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TI" ${1C 4nd its ti,tectOf Will, for many Ylfrs, be a crucial link 
wllleli all"'(If the .m"if/qu, p,rfprm,nc, sf, 9f ,,,, S.~9 tf} ~ 
tr(l[JJ@fltJ intf} ~ff(Jtiil.l f~r t!ram!f!~ t1!St;PVl!ry. Thif I~ 'VhY f~h 
@4IrSlgfQI!J' If wprk(ng 9n thl. ,nterpn..,; @11!# WhY, In tzei1.! 9' ~ase 
Rf()JUem cp(1Jm!tm.ent~, that group has tJilllt up 'f} mu~h mom,ntum. 
It If the oDin Ion of both tfie U.S. (lnd non-U.S. members of the spe 
th~t I~ l!1aee!l f6gpM are needed, ,he e~tri funding lilvolved Is' . 
syfflC:1ently m¢.est on the ~ca/e of the SS(1 enterprise that It will be 
ft?unCiln the totality of countries Inv~/ved. 

fl 
~ 

'-----g 

The Committee r~~veg I report frq!!l ~SDC 4t~j~~t.mg col!~skr!bl!! ~'Qt~~1 
progr~s on I!'.!~y of th~ 4,~or syb~ys~. ~ additio~~ the C?v~r~l ~gm~~r~g ~nd 
system in\~!!~Q~ efforts @re mil<ing ~)(~lllnt progr~ p.~ th, C\lrr~\ly Y§~ ~Q$t 
esti.m~ting proc~l,!r~s ~11\ te;> Pe r~llistiC;. ~.£!~~ ~Il tl\r r'pqrt WIS I pl~n te.> reguce 
tlw scale c.>f the det~\or by ~ "thinning-~own" 9f tll" ~!lfi8\1ritiQJl cj@Sqi~~ in th~ Letter 
of Int,nt -- th, ~W 4~ign has an esti~t~ ~t of $S9$M,'bued on t~ crit~i~ 
,still>lish~ py tl\~ n\t~riot Panel. The COl!'mitt~ ~cknPwled,et i p9§itive ~fort on the 
put Qf \N! ~pc \9 r~l:h a design with a r~ist~ ~~ 

Hpw,ver, in light of t!le Committee's belief in ~ d~i!'4\Jmty of pr~~il\g witlt twC) 
ffliljor detecto!s, it i~ un!!~~ly that the f'!1l~s av~!bl~ for th, CQn.truet:iOft 01 the i~ 
Mtector will ~~ th~ir current cost estimates. At the pr~~ time, rtllOftible 
estimates of the ~ounts of ~boratory and foreign ~ds th~t eM be lINd to eoftstruet 
the detector are less than $500M. As noted by the collaboratlOl\, tome or ,II of nus 
shortfall may be recovered by the development of more effieient man\lfaeturlng 
techniques and further optimization of subsystem designs. Nevertheless, in the 
realization that these efforts may be insufficient, the Committee examined scenarios in 
whic~osts were reduced to the $500M level by the elimination of some detector 
subsystems and the reduction of the coverage of others. The r.ulting detector appeared 
to be capable of addressmg most of the major physics goal. of the SOC, particularly those 
that are likely to be acce&aible during the initial years of the sse program, albeit with 
somewhat reduced effidende. In some areas. Thus, In .plle o( the atrinsent financial 
con.traint., we expect that the SOC can produce a proposal for a powerful detector within 
a credible flnanclal plan. The PAC reiterates the requirement that the ant of the detector 
must be wlthln the hmdlng the collaboration can re nably anticipate. ~ 
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The $PC has c;qnfi<lflnct! th~t it c~n I1pild a "tl1inne~-cjown" version of the 
gillfriJ pure2~e ~i"ltt~r ~@~cribe~ in the ~Q'I'=Ol fgr -~P9~t S~OO".· 
~~~~~tUJUt.innin9 nte" fy,rUllr ,t.Y~y, buJ the ~2nmu;jQn i§ \!Jllik~ly 

The ~UtCf. i~t@n~§ to !ity~y (yrther Ulo§e m~ny ireu (gr whi~h, thrQ\l1J1l 
mort' Igfnt QlinufDctYl'lnIJ method§. ther, i~ it ~hilnce thit ~g§ts 
~YklIJI r,mll 'wthtlr towiF~ tho I~OQM 'eye I. • - . -

T() Qti:Jfy it~ phy:}i~$ 9PIlI$, th~ ~pp fel!l$ th€lt it mu~t maintain 
1) II' pres,(Jt .et}fJe'lgt Il§ I! g~nerlll Pllrpfl~e cI~t~ftqr, . 
?J f'" full ",9.ity ~9vl!r~ge definet! in ~he '=fll. 
~,tlle filII r~ d~y .t?9VlJrI!91! cannQ' be achil!veti /!t tumon, it $hf}uld I!e 
~v~!$..b!~ 1!y t ,tim, th(lt thl! S$C <,om,s clC}!i(1 tf} it$ fll!$ign 
sp~.r;ca"~n,. . 

About 700 physicists from a dozen eountries, ineluding about 400 from 
the U.S. have jOined together In the SOC to develop the eoneept 
proposed In the Lol. Abandonment of 1) or 2) above would seriously 
jeopardize our large potential nem-U.S. support, 88 well 81 the interest 
tf ,ur U.'. G9nting.nt. 

-------------~~'l:~ 



Rlmarks on S~oRe R~~y~tion 

TWQ l1lIlh2taJ Qf ~gPl rlducUan: 

1) ''Thinning ~WJl" , 
Tbll rtllMalli§.t whll. 'UIIIlJlin"m.~lsIli1I.ktl •. 
!!gR~'" IShn/ftlanfi llltalif& 'iM-1JI rtRliIiM u ,.,. tuntlJllflljsiiiJjf ,JljJliJl!j;-

I) .~"~ q2§t {ly rtdut:ing Inlti" ~r'(fJl', 2r Bl.oglP9 th, 
tllftrQlfJg· 1l1Hf}ll!!rly ~"I,(lff!, thl§ fin ~, Yegrl9f9 II mil" 
fJIn~i ~.RIRI' Ivlll.',. 

T9 @c~l~ve th, rt}gulrecj cQst geals within Ql,lr P, re.ent C#etetter ,en",t. 
we n"d ~9 l!!!m~lne"'" slrat~les. It Is Itelt" Ie SI~g8 th~A te ",V, a fQrever e:,mpreRlI .. _ (lft"ter thr .... ,h ,.",,19., 'WAning". 

The SOC detector will run fer many years. an_ ,.rha,s Ihe wheta 11ft 
ef tfle SSC. ' 

I?riJl~iRJI Gglltt for Thi§ l41!~ing 

Q,lJJII(I revie)' ql If,n'''~1 glgrl",etry. 
(Ill gr __ f9r , C!.nw ql t9t!t:tn9.~Y tql!, m,!!! In the fall). 

QIOnI1~n Qf C1tg~r scoll' fqr prqpC1HI (~!t ~ ~~M). 
,If 

Tl1;ls Involve, not only cost. but technl~llls$ues. 
(tGtf rt22rt C?f TF-qn to"rl!1 in Trll1t~lnfJ Y2!.~me) 

Tracldng yo~me must be decided this week. 
(thlilnlflP ~'" fgrm-of ~~pe ri~~~tI~n) , 

~~l'YiltfJ1 fiVlt t.lrget~ will be given. 

§"(linfl 9Ptlgl\, m~§1 ~ conslder~. 

Npt,: Trying to m,et subsy~tem cost t~rgets ~III fend In the 
dlrecllon .f ., ••• pfng by thinning c!~wn. Pos$lbllitles 
of ,rellter .. vi",. "'rough staging must be considered ,n fIIHtI,HfI. 

') 
'-1-- _ 

The Committee recommends lhat the Laboratory support the R&D and cllginccrinr 
studies neeQ~d by the ~DC for the preparatIOn of a Technical Design Report. We 
note, however, lhiH t.h~lr request for 1992 signific~ntly exceeds the amount of funds 
th'!t are exp~tN to l>~ ~v~lable. A substanti'!l reduction in the level of required 
fl.lllW coYkJ be IlWde If pinll~l ~D activiti~ Qf\ t/l~ s!.ll\e detector component, 

piruc~~rly in the ueu of lr~c~ng, m,!on cietectQr~, ~~ci forWllrci ci!!prLmetry, were 
diiCQIlIiII\WI, iWI qilleelillS ~tudi~s of nQJlgiti~"pilth items wer~ sloweQ !jOWf\· 

WI eJWQYfilS' thl SOC to pro~~fwith its plin to 51.lPmit I T~~igJ De5igll Report 
by AprU, 199Z. In the mellltiJm!, W~ r~C9q\meftd thin tM C9!W>QriWw mlU oril 
pro .... repcn tilt 1NII\btl$ of the fAC ill CleWbir gj ~ y~@f. 

What 0011 This Meln For The SOC? 

On April 1, 1882, w. IIlUJI propoa it dll.ctor wWl th' following 
COlt Itruatur.: 

• $27111 +/. 11011 In contribution. from U.S. SSCI" fWldi. 

• RlmalnlnglHtl cr.dlbly dlltrlbutecl among non~U.S. ~oIlAborltorl. 

Th. prtol .. d.flnltlon of non-U.8. contrlbution~ will ~~iII t.!Ike some 
tim" tJut eur ", .. nt werkln, "timete II S20QM tQtl1 In In-Idnd 
HntrHtutien. inti Hmmon fund •. 

Th, 'DC mUlt th.r.for., .t thl. m,eting, d.velop , plaA fer. d.t.ctor 
ef Initial ee.t .bout S500M whloh ean o. Br.e.fUIIY upgrad.d It 
.ddltlenal tun"lng from U.I. In_/er non- .1. lour,., ."oom .. 
,v"lIaltle. 

! , 

l." 

Mather consequ.nc. of the PAC recommendatlona la that we must 
r.sau8e aur ".D/Engln •• rlng bu~get to .bout h.lf af present r.quest. 
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Deli,n study of the SDC thin superconductlo, lolenoid is being 

cartled out to co-operative aork bet ••• n lEI. and FNAl.. ThiS report 

deSCribes pro,ress of the desl,n study and status of baSiC RID. 

the solenOid is requited to have a central .agnellc field of 2 Tesla 

.llh a useful .alnetlc voluee of 3.4 a in dla.,t.r and 8. In length. 

The transp.rency of 1.2 radiation len,th (Xo) i. considered to be 
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thl s report. 
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Ishik .. aJlaa-Hariaa Heav)' Industries Co. Ltd .• Tokyo. Japan. 
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!. INTRODUCTION 

The SDC thin superconducLus sDlenoid has been deSilned to provJde 

• aalnellc (Ield ot 2 lesla w'th a lranparenc), ot 1.2 10 in the central 

region of the SOC detector as one of aajor detectors to be constructed 

the Superconductln, Supe Coilider (SSC) in Texu. U.S.A. Figures I_I 

and 1-2 shoa cross sections of tao options of the SOC detector 

configuration being discussed. 

A Ichuatjc sketch of the SOC .olenoid b.in, considered II shown In 

Fi,. 1-3. It is an iaportant duiln requlrennt to provide the .. ,netic 

field of 2 tula aith keeping a transperenc)' of around 1.2 radutlon 

lenuh to allow partilce pauln, thou,h the • .,Det .aJJ. 

AccordIng to the task force aork in .the SDC. the .a,net is ea:pecud to 

be adapted In operation either Ilith closed Iron return ),oke or Wllh no 

I ron )'oke depending on calon.eter deSign In the SOC detector deSl,n. 

ThiS report desCribes pro,ress of the deu,n stud)' of the SOC solenOid 

and status of RID efforts. 

... ... 



~.' bas.: ft~-:;_ rel!'t:~ts 

1Ie.::::. ~::. -'6 ~: C I 5:: .. s s. :. ns 

a s ~ ~ . 1 Olt. S 

Magnet S'l.e 

~ . ~. g 

A •• a 1 ~_.,.: • e',,' 

2 Tela 

Transperenc)' (1)'C) <- J. 2 Xo 

return yoke or Iro aU-

,., conceptual cross seetlor, of the ucul end of the SOC solenoid IS 

sho.n In FIg. 2-1. The Sl1e of the .. ,net has been fued as. result 

of co'proalutlon 11th the phYSIcs/cost of the detector. The .agnellc 

field of 2 tesJa IS beIng understood '5 the hllhest field to be achIevable 

In presenuechnolol.Y level for thin solenOids. 

The .. ,netic field deSl,n In the solenoid has DOt been yet fued up 

due to contlnu-Ing dISCUSSIons on calonaeter deuln In the SOC detector. 

The .. ,ne t IS reQu ICed to be ab I e to adap t to either "Inell c 

desiln _Ith iron return yoke or .uenti.lly In air cora operation. 

2.2. Oe! 

Table 2~1. Main "arneters of the SOC thin superconducting solenOid. 

Cryostat Inner RadiUS 

01.1 te r Rad 1 us 

Half Len,th 

Coli Effective Radius 

Hal f Lenllh 

COil • OSC 

Trackln, Aperture R.dlus 

Hal f Len,th 

Transper.ncy Rad IIti on Th I cll.neS! 

Interaction Length 

Electrical Paruters 

Central Field 

I I'll. B. d I ('1 -D) 

('1 -I. 0) 

(1)-1.5) 

~oal na I Cur rent 

Inductance 

Stored Enern 

E(!f, 

Mechan I cal Paraae te rs 

Efrecti"'e Cold "au 

Total Wel,ht 

R.dul "aanetlc Pressure (ez-O) 

Alial Total Coapresslve Force 

Superconductor 

Nb. Ti/Cu/AI ratio 

Overal I conduc tor lite 

Load Line RaLIO(1 2.2T. 4.2K) 

RRR of pure Al (I 8-0T) 

Yield Suenlth of pure Al 

In alf 

I. 75 a 

2.10 a 

4.0 • 

1.85 a 

3.8 a 

44 • 31a. 

I. 7 a 

4.0 • 

1.2 10 

0.25 .l 0 

2.0 

3.' T •• 

T •• 

T •• 

8.000 A 

4.2 H 

133 ~J 

7.' kJ/kl 

18 tons 

23 tons 

1.6 ""1.2 
18 MS 

O.S/O. S/29 

4.37 JI 4.4 •• 2 

SO , 

600 

65 ~Pa 

In 1 ron 

2.1 ( "2.2) 

3.6 T •• 

B.OOO A 

4.6 

160 MJ 

8.9 kJ/kg 

T 

:::-:10;:5 :::1:' s:: seier,c.,;: oes'~:-: 

H.g~, s~ee:: Q"e~.c:-: p:-':;Jaga!.lc~. b) InlXlduClng 

a concept of pure AL .. - lal strip quench propa'alor. 

Hone)coa!:> .. all In cryostat. 

"t: ~:-C;::SE t: lake e !"::gt:e:- E'''' ra:l: Cr)~ kJ/kg In coaparlSon .Ilh t~al 

cf a:::l'J: : Il~ Kg :v:' ells:.ng ones as s~,oar. In Fig, 2-3. !lie Intenc to 

:a:e~.a: "It~ a le • .:< cf:: \ ,n cca;:a~lso~ "Itt: prcse~.: ~GI:;~' 

IS ve:-:-. lR~c~:e~,: to dultp lhe stored energ) 

j,::,:gc-,;~~~.J In .r~ C:::l: :~a~ tt:a: 0: eX1Stlng .agne:.. "(-

ha"e lntroo:'::Iii'~r.e ~Jre A. s::-:p que~,c~, propagator" to enhance 

~uet.ch ~elocl~) resul~ln, In aore ur.lfora enerl)- dUIIP. 

thiS concept has been alre.dy ev.luated In RlO prolra. at KEK for a 

superconductlng aagnet In space use. I t has worked fine. 

llie understand that the .Ulault coil tellperature after quench 

1$ one of the aos: Iltporta!'.t Issues to be concerned. 

If lie assuaed unlfora energJ dultp In the COil, the E'M ratio enable 

kno .. an average teltperature rISe after quench according to the follo .. lng 

re! at Ion 

R • E/" • H(TI) " H(T2) 

_here H - INTEGRAL Cp dT is the entha'flY as • function of the "ltperature. 

As shown In Fl'. 2-2. the en.halpy of alualnua of 10 kJ/k, corresponds to 

11 - 80 K .nd .... to ieep the theraal strelS uill ne,lllible after a Quench 

and full en;;I~"'dur:p'tln the worst case. Fuure 2-3 show E/M plots as 

a function of the stored .nerly in varlOUI .alnets. 

the SOC solenOid based on the above deUln concpU are suaaarned as 

foJiolls (Table 2-1): 

"S-

3.MAGNETIC FIELD 

The field dIStribution In the thin lol.nold has been evaluated IIllh 

pro,r .. code POISSON and ANSYS. Filure 3-1 aho_s the flux lines 11th the 

Poisson code In the SOC 10lenOld to be operated In alf. The &ll:lal 

electro •• ,nulc force II 1770 tonf with. central .a,netic field of 2 T. 

Filure 3-2 sho_s varioua confilur.tior6of Iron return yoie and coapreulve 

ni.I force in aach cue. In. tYPicallY al.pie confllurlttlon. the 

axial coapr ... ive force is 1120 tonnel and. half level in coaparlSon IIlth 

the loIanoid operated in air. The .alnetic '.pulae( i.e. bendln, power) I 

n the solenOid IS plotted as • function of psudorapidl ty in each tYPical. 

I r core or I ron doal nlled solenol d _ Ifl~' l 

The peak field In the solenOid c.oil hal been carefully evaluated 

In the clSe of the IIr core ,olenoid. A peak (lald of 2.8 Tesla 15 

calculated at the 11.111 coil end pOllibly due to the effect of lar,e 

current operation In the solenOid .nd dut to the .. If field effea.. 

Under this conduction •• load line ratio of the SDC superconductor IS 

about 50 S. and the conductor stili has a plenty"'.ar,ln. 

-" 
•. TRANSPERENCY 

Transparency of the 'olenoid wall has been calculated as suaaarized 

In Table 4-1. The radiation thickness of 1.210 and Interaction length of 

0.25 ..t 0 has been calculated In the present confi,uratlon. 



Tatt;e ,-;. -:-ra~s;.€,!,€,.:.i s~ !.~-= s:: S:;€~:;.:. 

Ou ter Va:. "a; 1 (Aj -ti/C. 

C;;ter Ra~. She:' 

S .!:" 

Outer Support Cj:ltlde~ 

S\.:pe'!'::~r.c..:::~c:-

(A:' stat. ; 

(r.b. TI/Cu) 

IGFRP) 

(A: S: ~ ;., 

: !' ~,'" ~ ',i!.:. 

~l'. T: let; 

CFRP 

ICFR') 

M}'larCS/J) 

3: 

4 .. ~ 

Xo 

89 n 

1£ .. 

190 lIS 

2.8 

1.0 

€. 

(240 u) 

287 III! 

" 0 

394 u 

174 u 

530 .. 

(550 .. ) 

617 1111 

" 
0.0", 

c.4t ; 
0.175 

005 

C.C.: 
t.e:: 

1.2:,e 

".C::2 

c. 

0.0:£l 

C.C::: 
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5. MECHAf')CAL STABILITY 

The Sr>C thin solenOid IS required to have lIore relable .chanlcal 

desl,n than that of eXisting thin solenoids presently operatec. because 

lhe lIalenel IS to be operated up to 2 T full eltCltallOn In air. 

The followlnl SlresS IS especially Illportant to be conSidered 

I) Co.blned hoop and uIII stress In superconductor due to pOSSible 

lIalnet operation In air. It creates the .aullu. shear stress (2 r & 

"1-"Z},,lIt the ulal cOil center, ...... ~c....4 ... \..~.~ t ... ....e AIJ 

2) Shearing stress at boundary betlieen the coli and the outer support 
'" 1:,) 

CYlinder due to axlll electro.alnetlc force, especllIJy at the 
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pr a Bz2 / 211-0 = I.S MPa (~ ISat. a 227 psI) 

Therefore. hoop stress loaded In the coil and suppOrt cylinder 

". a R / t A pr 
• 1.85. / (0.044+0.031) •• 1.6MPa 

• 39 "P. 

On the other hind •• cOllpresslVe force .Jon, the coil aus in the Jonl 

IOlenoid IS .pproliaately. 

F, • dE/dz 

B2 / 2 II- 0 A \' I zco I I 

82 / 2 ~ 0 A Sap 

1.7 a IOE7 p.; 

1,700 tonf 

where E is the sUlred enera>. , IS the effeCtive cOil lenlth, V IS the 

.a,netic voJulle and Sap is the area of effective aalnetlc aperlure. 

Therefore. the intelrated ulal stress In the COil and suPPOrt cylinder 

is approllaatel)' ,iven by: 

0' Fz / C22( Rt) 

- 20 MPa 

These two stress coaponents .ill be coablRed and accuaulated at the cOil 

center and the .aAlaue co.blned stress (lhe lIuillua shear stress: 2!' ) 

in the conductor is ,iven by : 

Col - ,,2}. Co2 ~ (3) + C03 ~ oj) 

.. ( 0' - 0 z) 

• 39 + 20 "Pa 

• 59 "Pa 

( "y • &6 MPa ... EJ .. tic liait) 

Shen Slress at epOAY bond j n, betliun the co i J and support c)-'l Inder IS 

another i.portant ISlue to be .ell evaluated. We .ay ellillate thiS 

shear stUll by a "aple aodeJ in the IIOSt pessillillic case as foJlolIs: 

i~ ;s c":'!' bas::: cc,.s;de:-at;o~ u: ~he s:: .e::ha":lca~ des:g, t.:: .al'.£' ::-'t 

de.s.g~ :r Las:.: reg.::-.. base: or oe\e.opller.~ C': !":.~"': s::-en;:·.~ 

a:;;t;'!'.'.;e s:.at.:.:zed sl..~e'!'cond.J::tc'!', even though the no. !'Ia! fa';' 

: :- e s: a . r. t:-.€ s ~ . €:':.: . C. :- t1€ '£,\ € D; I",.: 0 r h: g~. s: re t1g'; a::.:I",· _" S' ~: 

lzec super.::or.::_;::·.~r :s r€~.:) a kf-: 

stresses "e have d£'rlne~ al;o.aoie stress In the co;; structure 

follolls: 

J,: s: ~: .: 2.E'r ( :-~ \ :\.::; : c r < 66 "'Fi!. (10::- \ ~ L S.' 

C::-;=, G< 

Conducto: Insu!at:c: ~.i. ::J::t; 

'Iaterla: 3\S;:r-Al; GFRP(GKG): Ai-SeE: 

Me.:nanlcal Prcc€ss 

Heat Process 

Young's Modulus (IRT) [GPa] 

11"'1 [GPa] 

L:1Uute Strength ('HT) [MPa] 

(1771i) [MPa) 

0.2t; Yield Str. (IRT» [MPaJ 

(17710 [MPa] 

80ndlnl Shur str. (IRT) 

117K) 

[M'a] 

[M'.] 

RRR) 

Alloli. stress (I<77K (MPa) 

JOt ReI:!, 

130:: (! Sh : 

70,000 

70,000 

49 

66 

626 

66 

34,500 

34,500 

>20 

>20 

100 

7C.00C 

75,000 

141 

100 

First, lie conSider apprOII.ate eleclrougnetlc stress In the COl] 

tt)- uSing a slaple anal}'lIcal aode!. Radla: lIalnetlc pressure In a lon~ soi 

'!nold IS appro.lIIately liven by: 

-9-

If the .alnelic field at the coli end has only radlll co.ponenl lilth 

a field Intensity of 2 Tesla. the electrollalnetic Lorents force IS 

liven by 

h Br I I 

2 Tes la • B.OOO A/. 

16.000 N/II 

We assu.e thiS aual force IS supported by r.d,1I1 outer surface of the 

cOil. Therefore. shear stress at the outer boundary of conductor IS 

cal cuhted by 

a (shear) fz / liZ 

16.000 N/. / 0.0045 II 

3.6 MPa 

( ( 0 (shear~breakdolln) • 18 ~ 30 "pa) 

where WI is the •• Ial Width of the conductor. A practical shear stress 

should be saaller than above. because the end part is also axially 

supported by another part of the conductor continuously liound¥o the 

centra I part of the cOil. 

Finite elellent analysIS has been carried out to verify stress lIore 

preciSely. Fllures S~I and 5~2 show structure confiluratlon. aesh 

distribution, force on the cOil and defor.ation with eAcltallon. 

Filure 5-3 sholls the stress level cOllpuled. 

shear stress in conductor IS 59 MPa and shear stress at epOAY bondln, 

is I "Pa or Jeu. We have concluded the present SOC thin solenoid 

destin is still in elastiC rellon and stable enoulh. Su .. ary of the stres 

s anlllyslS IS liven by Table 5-2 . 

</0 
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Ta~le 7-1. Coaparlson of isogrld and Honeycoab configuration. 

Iso!rI d-2219T8S I 

I Physical Lhlckness 27.94 .a (1.1") 50 

t.O 

; EQulv. Lhlck. in lolid plate 26.a 26 

lIoel,ht Reduction RatiO 4.8 6.5 

r··············· ... · .. · .......... . 
Leak t Jlht JOint 

Lnl forailY 

':'I;'S Ign base' 

~uek; Ing ellerna I pressure' 

... l.ler RadiUS 

rd! ~ Lenlth 

beller 

aodest bet ter 

3.8 a 

Further Lr.de of( sLudy _I) I be neceslary lO fill lhe deilln. 

~ sJlillar deSi,n is also belnl conSidered for the innner vacuu. lIall 

,::- prevent buckling of lhe Inner _all in case of .bnoraal poslLlve 

t:~"SSlJre In the vacuu. chaaber. 

• I 
: , 

'1 I 

t. .... ~ : \.,. ::.' .-.' 

~es:c',s are g:ver In Figs. f ,-!. 6-2 and 6-3 for R(du.p reuster) • 10C, 50 

a--: : t ~-:. reS;f. :.·,e.,~. :- t~es" ca::-.::atICr., _e assuae plJre ~j 

St:-1P Que~:i'. ~,;ag.!~.:;r •. ·.t .! ~~,('11.!"'ess of I .. resulting (. kz/ ... f; • 

(,085. Il'e aaXle,,::" ~ea~era~'..:-e IS less than 100 K even In the case of 

R·O; .hole energ) dlJapee lr.tO the COil. FI,ure 6-. sholls lhe effect of 

the COil after 

C. 08~ seeas to be reasonatle. 

.:e" .... a ~es;~· 

F,g ... re >: a:1: .', S-.,. ::-:~~ oS':: .~'.' :;~ ~he :::rosta: a~ tne co: 

a,.: \.a,:::...5 S::1t!'..o :::~ S:":::~~':.q: s .. ·_:~ure. Ir. the cu ... ren~ deslg, .. 

... ~ a:-e i!ss~~:ng :~ ~a\f- or.t" :',le: e~: and the othe:- free alor.g 

',~,€ ce,; aXIs. It IS a..:ch slllp!e:- ;". deSign and fablrlcatlon. 

rlg.:re5 7-£ ar.~ • sho .. genera: ~·Ie ... s of the SOC thin sclenold 

l~S',iI;ja:::,"1 I~:C strll:'.ure as tentatlVe plans to be dlscussec. 

F!':~ the ,Ie. pOln'. c~ the aagne'. Insta;lallon. It IS eaSLer to plJt a 

chlann Stralgh~ Up tc the top of the deteCtor pasSing lhrough Iron 

Structure. FlglJre 7-8 sho.s a cross section of lhe cheaney In _~uch II 

c laae'.er of 30 ca IS asSlJaec fer the chlaney pipe. 

It IS ver)' effiCient to use hone),coabs. or lSolrld strucutre In the 

OlJter vacuua wall Ln order to 5Q"'~ uterlal wllh ieeplnl stiffness 

against elternal preSSlJre. ';'he fc.'lo.ln,s are coaparlSons of these t.c. 

structlJre. FL!Ure 7-3 s!'.o"s scheaatlc conflluratlon of the liO!rid 

vaCUlJa vessel wall ane Fig. ;-4 sholls the effect of lhe liolrld 

structure on the radLatlon thiCkness of the a'Inet. Fllure 7-5 sholls 

characteriStics of the hone),coab wall struclure. The coaparlson of 

lhe char.cleristlcs belaeen lhe lSolrld an honeyco.b conhlur.llon are 

liven In lable 7-1. 
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8. COOLING AND CRYOGENICS 

"e are evaluallnl L.o options of (I) Lher.oSiphone uSlnl lr&vllallOnal 

puapln! techJnlque and (II) ordinal forced flo_ lwo phase heliu. LO 

Circulate liqUid hellu. to cool do.n lhe a.lnet. A .che.atlc dlllr.a 

and lechnic.l co.paruons are liven as follo.I (Table 8-): 

Table 8-1. Co.parlson of lheraosi.phone wlLh Force 2. He. 

Thenos Iphone Forced 2. Flo. 

Du!ra. 

• m 
CoollnJ Pass Short' Parallel Lon! and Single Pass 

Conft!uratlon Coaplu SIlPle 

Larler space Saaller .pace 

ConducLance Very hl!h 5 .. 11 or aodest 

Coolin, Perfo,.. 

Pre-cool I n! 

Del tao 1 nailer larler 

Tiu petlod shorLer lonler 

I nSLabllllY pOSSible leu 

SteadY OperaL ion 

Stablll L)' Hilher Lower 

Operation SUbl! SiIP!! 

: . 

. , 
" 1 



Te conSIder a refr;Ie."'e:IOr. s;,stelt ~: -:::. d:.· ~te .!r~: 

laJr,laln sta~)je aalnet op~ra::~r at :It;w:-C hellur te .. ~e:"atl.;!"e. 

Cold Mass 

Cool do.n tjae 

Q .. en:t: riec" ... ery TI.e· 

2C tons 

10 da;, s (w 12) 

4 h-:.c:s (- 12; 

ke se ~:~ :a ~ a: . t) • 

":':. _.::;w:: S:: :-agio 

I. Coolwdoln: 3€C I/h (12.5 I,'S) 

i(efrlgerallor:-- wl,250 .. 

LIquefaction ---12.5 g/s 

Cost Fac::~or w--1.6 

2. Ct.arllng lIIJainet. 500 .. and 35 I/hr (1.2 lIs) 

Rerlgeratlon ---620 .. 

LIquefaction -~·6 2 g/s 

Cou Factor ---I 

3.4 hour Quench rec::over)'· 1.756 Ilnr (6Cl/s) 

Boundar) condition: 

Stored Eneru --- 130 MJ 

Cold Ma.. --- 20 tons 

fe.perature --- 75 k eQui I IbrlUIl 

Option 'I: 

Refrl&eratlon --6000 .. 

LIquefaction ~-60 lIs 

Cost Fac::tor ~.$ 

-16-

9. R .. 0 WORKS 

9-1. Developaent of Superconductor 

The SDC solenoid il required to have the central field of 2 Tesl a and. 

therefore. higher .echanlcal Itrengh in the conductor is required. 

Accordlnl to the design stud),. the fOllo_inl para.eters have been 

conSIdered, 

" (0.2) ) 6 lI.,f/ .. 2 • 80 MPa 

) 4.5 II.lf/ .. 2 

RRR ) SOO (p 300kl II 4. 2k) 

4.4.44 •• 

(I (77 K) 

(I ( 300 K) 

The prOlress of the superconductor RID is as (ollo.lnl 

,,(0.2) ) (6.5 k,f/ .. 2 • 65 Mfa) 

) 4.811.If/ .. 2 

RRR ) 626 (.300kl.C.2k) 

(t (77 k) 

(t < 300 k) 

COlpOlltion: SS-AI + upurlt)' (200 ppa) 

Process: Cold ~ork (lei reduction) and 

Heating (130·C. ISh) 

The coaposltlon of 5~(99.999\) aluRlnull plu. i.purit)' IS 

• Ite)' 1I1ue to optiaue charac::terlStlCS of hllh atren,th and 

residuaJ r.lillivit, ratio (RRR). Th conductOr cro .... ction and 

the picture developed are Iho-n in Fi,. 9-1 and 8-2. ra.pectiveI). Ficure 

9-3 sho.s IRR ratio and .echanicaJ ),Ield Urlq;th of the pure alu.inn a. 

a function of aechanlcal redUCtion b)' cold work. The cold work .ay 

enhance the .echanicaJ uren,th effectivel), and decr ... e RRR as aJlo 

.bo_n in Fi,. 9-4. 

The Al .tebill1er .i I J be enneaJed during cure procelS after coi I 

slndln, process. Includln, thiS effect. the coJd worll. of 10 S reduct Ion 

in thicll.ne .. of aJuelnu. stabiliud luperconductor hal been decided. 

Filure 9-5 abo.s plou of RRR •• a (unction of ,i.ld urenlth 

uncler variouS conditions for cold work and h.at procen. It is 

_1'1-

. "' .,. 

c; : : :~. ::. 

:.g~~~ ~ :: S.~=II.~ ;::;s~.::~ :.011. s:~.el:'':::: ::: nel:ut s)s~e'" a:-:.:: Fl b . e~~ 

s;-;CJ1i.S a:1 elalt;:,€ fc:- the &agnet c::oolwooftn c::harac::terlstlC::s. 

-17-

interestlna that the characteristics la), roughl)' fit to the foOo.lni 

relation: 

RRR - k US - ,(RT)) 

RRR - k US - ,(LN2)) at 77 k 

The .echanicel stren,th il i.proved at lo.er te.perllure. then 

we could expect the characteriltics of 6.S k,f/ad in ,ield urenlth 

and 625 In RRR. 

As a lualar)'. the folJo.in, process and characterillici of hl,h 

stren,th pure aluainua IS concluded. 

• (0.2) RRR 

2.0 Itlf , •• 2 758 

2. CoJd Work (reduc::tlon) •.. > 10 t. 5.7 5.2 

3. WindIng .nd Curlnl .. ,> 130·C, ISh >4.9 626 

4. CooJ-do_n to •• ,) <77 K >Ii. 5 626 

Fabrication of larle scale conductor With hilh aspect ratiO in area 

has been successfull), tested ... ho_n in FI'. Reduc t ion of 

thickness In cold work has been also succeslfull Without de.a,e in 

Nb. TilCu luperconductor. Filure ••• shows .ehcanicaJ bonding of 

superconductor to pure alullnu •. Mechanical shear atren,th il 

• •• Itlf/ .. 2. 

Measure.ent of the critical current of the superconductor hal been .ade 

end results are sha.n in FI, ..... The load line ratio in operation to 

the 'eelured Critical Current IS about 50 I and sufficientl), stable 

enouCh• 



9-2. RiO for eoll .Indln, 

Research and Developaent or the ee.; .:ndlng u:hlnE" ha!,. tee~. ca~~:e:: 

o:.r:. _Ith the folloalng parale~e~s' 

Coi 1 dla. 

COil leng',h 

2.8: I ~ 

(.2 I 

H u. 3, 

4.37 x 43.7 1112 

COlI th.Ckness 

Condue tor s I I.e 

YIS of conductor 

Ct-;:. Insulatlor: 

Turn·to-turn Ins 

.; kgU .. Z fl Rool TelP.) 

GFRP _Ith a thlekness of 0.2 

GKEPP (2 x J 00 UIl) 

F:g.J:"e 9-7 shou 

t~.e cc.:l _Inc!;ng H:. ~:-co::ess. The cr~lSS se::ticr. of the condu::v::-

• rGP~ec! "It.t: t;.::-n-tc,-t .. rr, ,r.S.la;IO'. aas observed as sho .. r. In F;g . .:--: a~.:: 

InsulatIOn Including grClur.d Insulation IS shown Jr. Fig. 9-IC. 

Figures 9-11 to 9-101 sh~ .. "~:-eo::ess of the shear strength betilloeer, Cal; anc! 

suppon e)-llnder ("lth~I.7"'K~o ... nc! :ns .. ..latlonj. The result of) 2.lkgf!!!'''2 

IS sufflcent enou,h for our reQulruent In the deSign study as follolls 

o (sh; ) I. 5 kgf/1ll2 

Resu Ils o {sh) ) 2.1 kgU .. 2 

-20-

Table 10-1. Main paulLers of the prototpe cOIL 

Desisn praraleters 

DI.enslons: 

Cr)'ostat 

Coi I 

I nne r Rad IUS 

Outer RadiUS 

Hal f Lenlth 

Effective Redlus 

Hal f Lenlth 

Co I I • OSC 

Aperture RadiUS 

Hal f Lenlth 

Trlnsperenc), Radiation Thickness 

Interaction Len,th 

EJectrlcal Pan.eters 

Central Field 

I nt. B.dl (." .0) 

Nounal Current 

I ndUCLance 

S Lored EnerlY 

E/M 

Mechanlca I Para.eters 

EffeCtive Cold Mass 

Toul Weill'lL 

RadII I M&lnetlc Prellure (It-O) 

hul Total Coapresalye force 

Maulul hoop It reu 

Maai.ua .. i.1 strass 

Mauau. shear ureu (2 T ) 

Max. shear stress on bonding 

Peak field in coi I 

Load line Ratio 

-22-

L 75. 

2.10 a 

4.0 • 

I.as • 
3.8 • 

44 • 31 

I. 7 I 

4.0 • 

1.2 10 

0.25 l. 0 

2.0 T 

3.4 T.. 

8.000 A 

4.2 H 

133 MJ 

7. I kJ/kl 

18 Lons 

21 lons 

1.67 MPa 

17.7 MN 

41 MPa 

-21 MPa 

62 MPa 

<10 MPa 

2.1 T 

SO , 

PrOtotype COil 

J, 7S • 

2.05 • 

1.2 • 

l.aS • 

0.B5. 
44 • 31 •• 

I. 7 a 

1.2 • 

J. 2 Xo 

0.25 }, 0 

1.54 

11,250 A 

0.69 H 

48 MJ 

10 "J/kS 

4.5 tons 

9 lons 

i. 73 "pa 

16.7 Mt\" 

43 MPa 

-18 "pa 

62 MPa 

3.8 T 

:0. PROTOTYPE COIL DEVELOPME~T 

be: r.g stane:: to StUl:) of: 

H:g.": E'~ ra: tC .. 

fast. Quench Propara',len .1 tl": pure A~ strip 

HI,h Strength AJ basec! superconductor to be 

loaded under E kgf/ .. 2 In the IUIIUI shear llress (2 T) 

EQUivalent IXlal foree loaded b)-' puttlns current SO, hllher 

than nOlldna) cuurer:: II', the lain coil. then shea:- SlrengU' 

a~ boc!:ng bet .. een t!'.e cc;' anc the outer support c),llfloe:"" 

to be test.eC:, 

Stat;;)t.} ar.': ":rl)aUr Que:l::t: energ,:. tc be .easured tc 

unoers t.ar.C: safe:) aarg: ns . 

Quench beha\ IC:'::- a:-,,: t.he aal-IIEUr tellperature and therr.al 

St ress leaSl.:re_e:u 

fl,ure 10-1 shon a sehe.atlC desl,n sketch of the prototype COl I 

winding aachlne I(lth the outer support c),llnder. The .a,nellC flux lineS 

and contour lines of the prototype cOil are shown In FilS. 1(I·2-\a) and 

(bl. The axial .. snetie force and the central field as a function of 

eoi I length are shown In flS. 10-3. It IS clear that the operation 

of the prototype eoi I at I • 112S0 A IS eullYalent In IXlal load 

In coaparl$on 11th the .aln .a,net operation at I • 8,000 A. 

figure 10-4 shows. quench eharacteristies in the prOlot),pe coil. 

The deve lopaent pro,ra. has been approved and proeurelent IS bel ng 

carried out to aelect the Industrial partner lO proceed the prOLot),pec:c..'..c: 

RID. "aln parUetefS of the pro~t)'pe COil are as foUolIS (Table 10-1) 

-21-

Table 10-2. PROTOTYPE AND MAIN COIL DEVELOPMENT PLAN 

YEAR 

JFYI8BO 

(APR/90 -

JFYI891 

(APR/BI -

JFYI992 

JFYI893 

JfY19901 

JfYI995 

JFYI99E 

JFYI897 

RlD ITEMS 

BASIC RID 

- HIGH STRENGTH AL STABILIZED SUPERCONDUCTOR 

- INNER WINDING TECHNIQUE 

PROTOTYPE (l/4L) COIL DEVELOPMENT 

- SUPERCONDUCTOR (6 1M) FABRICATION 

- COIL INNER-WINDING MACHINE DEVELOPMENT 

- COIL WINDING 

- CRYOSTAT ELEMENT 

- ASSEMBL Y OF CO I LAND CRTDSTA T 

- COOLING AND EJCITATION TEST 

- EVALUATION AND ENGINEERING DESIGN REPPORT 

MAIN MAGNET FABRICATION 

- SUPERCONDUCTOR (25 IH) 

- CRYOSTAT ELEMENT 

- COIL WINDING 

- MAGNET ASSEM9LY 

- COOL-DOWN ANO ElCITATIOfi TEST IS AIR 

- TRANSPORTAtiON TO SSCL 

- I NST ALLAY I ON I NTO THE SOC DETECTOR I RON STRUCTURE 

- COOL-DOWN AND EXCITATION TEST IN IRON 

- FIELD MEASUREMENT 

-23-



J 1. sew. ~.~ A R Y 

I. DUlin stud)' of the SO: thlr, superconduc~lnl solenOid IS be;ng 

2. The SOC tt.u. sc.ler:c,ld desig: ;s ~eas":'"t- •• tl: a :::er"~ra: aag:-:t-"" 

field of 2 T and a trar;sparen:) of 1.2 Xo, 

3. The coil Ilia) end radial (orce .a), be .untalned _llhln elaulc 

5, Preser.l .agr,~·" d~s:lr, aa) t~ aCa;~~::l to ellh~r \:r, al!' or In 

o~t1on of cal:)!" leeler S,)Slp 

6. " Drc~olY;:le (; I:' length) "Ine: IS planned lO be developed tn theSE 

threee ),ears. The saae order of the coeblned eee:hanlcaJ 

:-~I!' SDC je~ector 

stress (2r) IS to be loaded In the COil _Ith hl&her current 

apPlied Into the COIl to verlf) the ealnet deSign and to Slud,) of 

the characteristics of the high ElM thIn superconductlng solenOid 
for the SOC expert.ent, 

-24· 
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Solenoidal Detector Collaboration Meeting 

LBL 
August 5, 1991 

M. G. D. Gllchrlese 

Milestones 

Brief update on SDC experlmentel facilities status 

1992 R&D and Engineering Plan status and budget 

Technical Proposal production 

Descoplng 

Drawings and parameters 

Requests 

Budget target 
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FIGURE 2.0-. 
AREA SITE PlAN 

IR-I - IR-~ 
7/22/91 

TYP/KH - R20000322 

I SELECTED SOC MILESTONES FY91-91t 

FY9I MILESTONES 

Revised "buellne" design 
IR locallonlhall cOnslruttlon I'JIf 
Establish "baseline" ror costing 
Draft FY92 R&D plan 
Draft R&D Managemenl Plan 
Revised cost estl1lllle 
Draft construction schedule 
SSCIJPAC stalul rovlew 
Forward caL R&D dlrecllons 
Scope dodslon(new cosl "baseline") 
Complete ISIlp .... nlS ror Tech. Proposal 
ElllbUsh Iracklnl "buell .. " 
Complete pro-Tille I hall roport 
Cenlral caJorl .... I .. selecllon 

Mar. IS 

Apr. 15 
Ma,lS 
Jul. I 
Jul. I 
JuLl 
Jul. I 
JuJ.8 
Aug. 10 
Aug. 10 
Aug. 10 
s.p.28 
Sop. 30 
s.p.3O 

FY92 MILESTONES 

Final FY91 R&D pllns 
First draft of rnponslblll, malrlll 
SSCIJPAC ...... Inl 
Fill "baseline" ror Tech. Proposal 
Begin Tille I for underground hili 
Draft Managemenl Plln 
Flrsl draft of Tech. PropOSII 
FIrst draft or Cost&Schedule Book 
Second draft or responslbnll,1IIIIrill 
Inlemal cost ro>lew 
SSCIJPAC slalus rovlew 
Revised Managemenl Plan 
Due dale for Tech. PropOSII 
Due dale for Cosl&Schedule book 
Final responslbllll, malrix 
Begin Tille n for underground hall 
SSCIJPAC review of Tech. Proposal 
Final ronslruttlon Managemenl Plan 
DOErovie .. 
Draft agreemenls 
Conslrucllon slarl 

Oel.1 
Oel.1 
Oel.3? 
Ocl.lS 
Ott. IS? 
Nov. I? 
Jan. 15 
Jan. 15 
Jan. 15 
Jan. 20 
Feb. I? 
Mar. IS', 
Apr. I 
Apr. I 
Apr. I 
Apr. IS? 
May IS? 
Jun. I 
Jill. I? 
AII~. IS?' 
Ocl. 1 

U1~ Q 
\ k~~ 

f.Jt.\:-~ 

t Revised Aug. 1 1991 

Update on Experimental Facilities for SOC 

• Location - IR4(see picture) 

• Requirements to initiate Title I design of underground 
hall to be completed by September 1991 - see pictures 

• Title I expected to start in October 1991 

• Title II to start April 1992 

• Hall complete January 1996 - see schedule 

• Presentations tomorrow starting at 9 AM In Bldg. 2, Rm. 
100 at Integration meeting 
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Iechnlcal prQPosal Production 

• Due date Is April 1, 1992 

• Start nowl 

• Propose to disburse technical production of sections. 
Overall coordination to be provided by Don Groom, Editor 
and his crew at LBL(B. Armstrong, P. Bautz and L. 
Robinson) 

• Instructions available at desk 

• Section editors to be Identified by Technical Board 

• Don, Pat and I will be In contact to organize 

- ----aJ: 

Technical proposal Production 

The soc Technical Proposal· Coordinating Institutlons(Tentatlve) 

1. Introduction· LBL 
2. OVerview of the Detector· LBL 
3. Physics Performance· LBL 
4. Central Tracking System· LBL, ORNL 
5. Superconductlng Solenoid· KEK, FNAL 
6. Calorimeter System· FNAL 
7. Muon System· SSCL 
8. ElectroniCS, Data Acqulsltlon,Trlgger and Control Systems. LBL 
9. On·l\ne Computing· SSCL 
10. Off·llne Computing· ANL 
11. Safety· SSCL 
12. Experimental Facilities· SSCL 
13. Installation and Commissioning· SSCL 
14. Test Beam Program· SSCL 
15. Cost and SChedule Summary· LBt., SSCL 

'" \. a I"'''" ~ ,A~~ 

sse INmAL EXPERIMENTAL PROGRAM 
PREUMINARY SDC DETECTOR SCHEDULE 

~""·t-;.1i.'=~,~ _._~. .' '. "I 

1992 R&D and Engineering Plan and Budget 

• Draft produced for July 8 PAC meeting 

• Request was about US $26M(+O.9 for computing) 

• Recent budget guidance from SSCL is about 1/2 the 
request 

• Subsystem budget targets given to Technical Board 
and to be discussed at this meeting 

• Detailed budget to be formulated over next few months 
via individual subsystem meetings as well as at 
collaboration meetings 

• Revise draft In accordance with detailed budget by 
October. Budget agreements as appendices. 

-ColI 
c;.o 

\ ~ 
J.\~ CJ1 



-,T~-- .to 

,." 
~Jt" l'NH ,... 

~ '"'' 'II ~ _____ t1}H 

"--------41'"'' 

x 
""" Iiltl'IIfJt\'O!IS" ,,/Rtu/ltlPt 

, ... 

... 
OJ .. L'd '.Id 

t I ) 1 , '" 

\ Costing Baseline - Established May 1991 B} 
nt' 

" 

S£CIION K - X 
1Iti:.tll .... ,tlII .... """'''''''' 

: \ 1 \ t I. 

.... 

... 
~ 

\ Costing Baseline - Established May 1991U] 

~'~'1Z:5 i:tff~:;::yn Cost Baseline(May) - $800M 

Oescope I(Aug) • $600M 

~ 
Tech. Proposal Basellne(Oct)· <$500M? ????? -<:D r.., 

, ~ ~~~J 
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, Costing Baseline - Established May 1991 a 

Descoplng 

• Drawings and parameters for "Descope I" have been 
produced based upon information from June 
collaboration meeting. Limited number of copies of these 
are available at the desk. 

• Total cost Is "" $600M • see tables 

• Nothing Is finalized yet! 

• Need much more Input in detail from subsystem groups 
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Descoplng 

• What Is required to meet cost target of =$500M? 
• Further "thinning, In particular tracking volume? 
• Staging plan? 
• Combination? 

• Need feedback from working groups on scope, cost, 
tracking volume and staglng(and performance I) 
• Wednesday morning mldcourse correction 

Final presentations on Friday 
• Technical Board Friday night 
• Summary on Saturday 

• Critical dimensions - must define by end of meeting 
• Tracking volume: compare(at least) 1.7x4m to 1.5x3m 
• Inner radl.us of barrel toroid -, d 
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Meeting Logistics 

• Overall agenda Is available at registration desk 

• Subgroup room assignments available at registration 
desk. Mollie Field Is room coordinator 

• Subgroup agenda received as of Aug. 2 are posted and 
subgroup leaders have copies 

• We want copies of III presentations and notes presented. 
Subgroup leaders will receive envelopes and Instructions 
at registration. Plan to publish "proceedings" with copies 
of transparencies. 

• Any problems ask at desk outside 
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• Information to local decision card. 

I) 2 Threshold bits to<" eacll °JetO tower Indicate 
It tower IS above any ot three tnreSlloldS. 

• DecISion card logiC. 

I) single Jet trigger over IIIgh threShOld 

2) dl- Jet trigger over low threShOld 

3) prese'led Single Jet trigger over low threshOld. 

MJ$$JOQ Et 

• Et<x) and Et<y) from each crate sent to global 
trigger. 
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• Information to Local OeoCSlon card 

I) 2 Threoshold Olts for ~Vf~ry eom tower These indicate 
It the tower IS aDove one of three program mao Ie threSholds 

2) , hac/em to!! tor every em <32 total) tower Indicates 
tnat tower IS eltner acove or oelow programmable 
nao.'err cu~ 

"]} 1 !solatlo!" C:t for eaCh em tower02 total) InOlcate-s 
tne ratIo Of nadron1C energy In 8 border towers to 
e-m tower energy IS be-Iowa programmable- value-

4) I track matcn Dlt for e-acn e-m tower(32 total) Indlcate-s 
a track above a programmable Pt ttw"eShold matcnes 
tne- e-m tower. coorOlnate- ot a tOwe-r over either 
tnresnolO Also has caQablhty built In to matCh In 

• at tne snowe-r max Oetector granulanty 

• Local deCISIon card logIC (I e triggers) 

I) High Pt .anCl ,solated and naCl/e-m anO track 

2) two Low Pt . both nad/em and Isolate-CI anO track 

3} prescaleCl Single Low Pt 

4) prescaled Hlgn anCl low Pt wltn one- Crltff"la relaxed 

5) prescale-CI programmaDle crlte-rla 
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The SOC LAC group 

• Electron hermeticity 

• 7J-3 

• Depth 

• Preamp reliability 
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Critical Issues for the LAC 517 
Item Status Comment 

Preamp BNLhybrid: 
(Rad.hardl > 1 0'3nlcm2 > 12Mrad 

Speed 'r,g.,s30ns 
'rpso100(EM),200ns(HAO) 

Noise aE, (.1R<O.15) 

3 meas., "fp-S0-200ns 

Pileup aErO.5GeV 

eA1meas. Hadron module beam test 

e hermeticitJ 970/0accepl( aE<250/0/{Ej 

Reliability <0.2"10 failure(SLO) in 10Ss 

PIa cooling KEKlRochester test results 

Safety SSCL Safety committee 

1l-3,d, KHI,LBL 

Integration ~L 

Cost MMA 

• Introduction 
• The objective of the LOI design was the overall 
configuration. 

• In November, critical regions were identified: 

(1) Wall thickness around 71-1.2-1.3 for electron 
acceptance, 

(2) Wall thickness around 7}-3 for hadron 
acceptance. 

• En$lineering efforts have been paid to eropose 
solutiOns to the issues (see the talk by Bill Pope). 

• Th~u~rements for the calorimeter de~re 
~ntral) and ~121J{lntermediate). 

The~as designed to have 
-91 ntral) and -111j{lntermediate). 

( .... 'ale -I IA,was chosen _1118 ~red I 2)., was not informed 
well.) 

• A new requirement for 10 TeV di-jet mass resolution 
has put the depth requirement 10±1 1/. We I)ropose a 

design if the 10 1/depth requirement is absolute 
necessity. 

• Other issues were the reliability of preamp for a long 
term usage and for radiation damage. 
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• Electron hermeticlty 

. Wall thickness around 11-1.2-1.3 for electron 
acceptance 

• Thjning the Barrel walls~Cryostat cut-view 

• Utilization of the extra Massless gapCMLG) for the 
1}-1.2-1.3 region~EGS modeling 

• Dead material in front of the EM calorimeter without 
the extra MLG 

• EM resolution with the MLG correction 
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• 11=3 issue 

Wall thickness around TJ.,3 for hadron acceptance 

• The LOI design was not optimized for the issue. LBL 
worked out a design to thining the inner walls of the 
Endcap cryostat (LAr and Vacuum vessels). KEKlKHI 
also figured out a design for the LAr vessel. 

• Dead masses in front of the calorimeter for the LOI 
and for the new LBL design 

~ 
e 0 

~ 
:;: 

C' 

~ 

525 

\ @ 
\ 

527 

l-
e.. 
W 
u 
Z 
0 
u 

c.. .. 
u 
0 
Z 
UJ ~ 
...J < co 0 

3 
UJ 
z 

I! 
1,1 

" " ," 
'Ii ,', 

'--J 
(J\ 

> 
0 

~ 
Z 

u 
« 
-.J 

U 
0 
(/') 

\ 
\ 

c 
c: 
'" 

\ 
\ 

528 

526 

c -
o c, ..., 

N 
> ' 
0 .... 
z 
u ~ '" .. ~ 0 

~@ 
e 

(; 

8 
:: 
o • o 

o 
'" ~ 

.c 
u 

~: 
c -. -
~ '" _ z 

~6 

'E c.. ;; 

~ ~ ~ 
- > ('~ 

~e; 

o 
u 



r-

@ 0' @ ·530 

0.... 
W 

529 u 

" Z 
9 c 

~ 
0 

:' 
...... 

u 
c 

~ 0.... 
-

a'to 
c 

~ 
« . u ':? 

~ .. 
0 

c::> z 
~ w 

.·C ::::-
c:::> 

t :z 
--.J 
CD .. 

i '-' 
--.J 

<C 
:c --J 3: 
~-W 
D- '--J c -

Cl 

« 
z '" -

'0 '" V"') 
_ z 

~o 
p-t·, 

.c _ 
u Q.. a . 

. ~;~ 

••• 
...,0" 
~o 

-;;; 

• 
i .§ 
'e 

0 t .. • ... .. .. ... .. If ... • 
1lUt1ll' tIOl.uwl&Nl 

<® 
531 532 

i Z , 
% 1 

\!) 

\!) 

• (I) 
TS en IlJ 

w ..z-. ••• 
a 

~ 
0 

J ~~ -' 

I 
m ...J 

-' 
~ 3: ~ I w 

I 
z 

~ 

2 

i e 
I 

., 
! , r 

~ 
1:" 

••• I • .. .. .. 0 • .. .. .. ! .. .. .. 11\ • .. it • III d a ~ 
IIOI~ ; ,. ...... , -'5 

.... '""A.~I • ", "t 
Ii ~ 
CIt 1# 



• Summary of the 11=3 issue 

• The material in front of the first active region of the 
new LBL design is 

s 1.5A/. 

• There is a common ground in the LBL and KHI 
design and a (to be developed) KBL design will have 
the mass s 2 A/ in front of the active region for 77S5. 

S'l x. 
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• Depth 
• What factor drives the depth requirement? 

• Containment of hadronic showers 

9-10 A/for 1 leV jets (D.Bintingerl) 

10±1 A/for 10 leV di-jet mass resolution (-2%) 
(D.Green2) 

• What is the requirement by physics processes? 

Missing lEt -- 7 A/2 
Intrinsic width of a new resonance into jet-jet: 

lechni-p rlM-20% (acD coupling) 
Excited Quark3 rlM-4% (QCD coupling) 

Z'-+jet+jet is undetectable4 (EW coupling) 
(Note that only those with acD coupling can be 
detectable over the large acD jet-jet 
background) 

1 D.Bintinger, Proceedings of the Worl<shop on C8Iorimetry for the 
Supercollider, March 13·17, 1989, Tuscaloosa 
2 D.Green, Proceedings of the SOC Collaboration Meeting et KEK, 
May 13-16, 1991, SOC-9HlOO33 
3 U.Baur et aI., Int Jour. Mod. Phys. A2(1987)1285 
"J.S.whitaker et aI., Experiments, Detectors, and Experimental areas 
for the Supercollider, Berkeley. CA., 1987 
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• If there is an absolute necessity to have a thick 
h~dron calorimeter, we propose to change the 
thickness of the LAC by the following amounts: 

(1) BarreI9A./-+10A./ : /R.2.1m-+1.9m 

(Le. Tracker OR=1.7m-+1.5m) 

(2) Endciap 1 U/-+12A./: Z1-4.4m-+4.2m 

Obviously there are two ways to go: inward and 
outward. Outward step increases the radius of the 
calorimeter and drives the whole detector cost up we 
prefer to go inward. ' 

Reference: 

Hadronic module density: 10.0 glcrn3 

Interaction length of Pb: 194 gI~/A./ 

-+ 19.4cm!A./ 

Preamp Reliability 

Goal is failure rate <0.004% 11000 hours 
->-0.3"10 failures in 10 years of operation 

(not calendar years - preamps off during 
downtimes). 

previoys Experience 

SI.Q: preamp failure rate is 84134000 per year 
_ 0.028% 11000 hours 

• sewn times larger than desired, but SLD 
preamps are a~. C; electronics failure 
rates are ~~to r~alkta 
(a="activa4'Fhergy , o. < < 2~ ev for IC's) 

-> orders of magnitude improvement at 88K 

~: 584 preamps operated at 88K for 3 years with 
no failures (1 infant mortality) 

._> failure rate < 0.015"/011000 hours, 90% CL 
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• Preamp reliability 
• Failure modes 

1

1 Random failure 
2 DC power ON/OFF 
3 Cryogenic CYCling 
4 Sparks 

(5 Radiation damage 

• How to verify that the preamp lives forever? 

To establish at the 90% C.L. that the probability of 
an item failing in time t (or number of cycles, t) is £, 
we must test N obieets for time (or number of 
cycles) Twith no (ailure, where 

True failure rate S; 2.3/NTS; Eft, i.e. 

N~.3tl£. 

• Tests to be conducted: we require £-0.1%. 

(1) Random failure in t-1()8s (10 operating years) 
-+10,000 preamps (in LAr or LN2) for 267 days 

This failure rate is 0.OO4%11000hrs. 
SLD experience is 0.0280/oI1000hrs at room 
tem~atur~; seven times higher. But, orders of 
magnitude Improvement at cryogenic temperature 
because the failure rate varies as exp(-rJk7} (MIL
HDBK-217E). 

(2) DC power ONIOFF in t-500 cycles (once per 
week for 10 years) 
-+ 100 preamps at 1 cycle/min for 8 days 

(3) Cryogenic cycles in t-2O cycles (2 cycleslyear 
and 1 0 years) 
-+100 preamps at 10 cycleslday and 46 days 

(4) Sparks are unknown but,let's say, t-1oo 
sparks 
-+ 1 00 preamps at 1 sparW10 sec and 7 hours 

(5) Radiation damage; tests are underway 

JFETs are exposed to 

2x101 Gy (2otMrad) at 87K 
1014 neutronslcrn2(25% noise increase). .. eo" 

MESFETs are exposed to 

1015 neutronslcm2• 

At the nominal luminosity of 1033 cm-2sec-1, at 
11-3 and preamps after the 25Xo or the back of 
hadronic module, the ionizing dose is 
<1/10xSkGylvr and the neutron fluency is 
-1I2x1.5x10f3neutronslcm2fyr'. MESFET is 
already acceptable for 10 years of 1()34 cm-2sec-1• 
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• Summary 
(1) Electron hermeticity 

97% at atlE<25%1{E 
still sensitive and electrons will not be lost 

(2) 77-3 

(3) Depth 

<2A, • <t)e. 

9A, in the Barrel 
1 U,in the Endcap 

• Request to clarify the requirement by physics, 
not by containment. 

• If absolute necessity, we add thickness of 
19.4 cm/A, . 

(4) Preamp reliability 

• Establishing random failure rate appears to be a 
major undertaking but feasible. 

• Neutron fluency is the limiting factor. JFET is 
acceptable for 10 years of the nominal luminosity 
of 1 (j33 an-2sec-1 and MESFET can live with 10 
years of 1034 cm·2Sec-1• Further radiation 
damage test for other JFErs should be continued. 
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Objectives of the beam test 543 
) Drift velocity of electrons in the Uquid Argon is said 
be slow. However, what we need is the Signal, and 
51-readout can be achieved by fast charge transfer 

"e and by shaping the signal tor an appropriate 
laking time (detail will be discussed by C.Hearty). 

The objective of the beam test is to test the fast
adout with bipolar shaping with the peaking times of 
',100, and 200 ns, for HADRONIC and 
_ECTROMAGNETIC calOrimetry. 

~ e1n (e/h) measurement with Pb absorber in 
,"' .DRONIC calorimetry with the fast-readout. 

) Uniformity of response aa-oss the module crack in 
~ECTROMAGNETIC calorimetry of the SOC design. 

,-: ' " 

,-' 

Y.Unno UI911816 

Critical Issues and Beam Test 

Y.Unno 
KEK 

and 
The SOC LAC group 

• Ust of remaining issues 

• Beam test setup 

• Results: resolutions, e/h 
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Summary of the BNL A3 beam 
line 

• Triggers: 

S1·S2·V.C1·~S -+ e-

S1·~·V.C1·C2.s -+ n-

S1·~·V·C1·C2-S -+ W 

F1. F2. and XV Fiber hodoscope were used to 
define better parallel beams and poSitions for the 
EM module. 

• Momantum: 0.5-20 GeVic 

• Intensity: 1 ()3-1()6 partideslspill 

• Extraction: -0.8 sec 

• Electron concentration: -1% at10 GeV/c 
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Figure 8.16 

Schematic view of the BNL Spring '91 test 

Readout Electronics chain 

Very much like the proposed electronics chain of 
the SOC LAC option other than Analog memory (or 
more correctly. we follow the readout Chain in the beam 
test laid by the Liquid Argon subsystem R&D). 

• Preamp in the Liquid Argon 

• Intermediate amp on the feedthru (outside) 

• Variable Gain Amp in the counting hut: 

(1) tp-1.00 ns Bipolar shaping to individual ADC's 
(2) AnaJog sum to a shaper with t~. 100. 200 
ns shaping. then to an ADC or a transient recorder 

• Calibration chain 
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Summary of the BNL A3 beam 
line 

• Triggers: 

S1-S2-\i-C1-~.g -+ 

S1-S2-\i-C1-62-s -+ 

S1-S2-\i'C1,C2'S -+ J.1-

F1, F2, and XY Fiber hodoscope were used to 
define better parallel beams and positions for the 
EM module. 

• Momentum: 

• Intensity: 

• Extraction: 

0.5-20 GeVic 

1 ()3-1 06 particles/spill 

-0.8 sec 

• Electron concentration: -1 % at 10 GeVic 
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Figure 8.16 

Schematic view of the BNL Spring '91 test 

Readout Electronics chain 

Very much like the proposed electronics chain of 
the SOC LAC option other than Analog memory (or 
more correctly, we follow the readout Chain in the beam 
test laid by the Uquid Argon subsystem R&D). 

• Preamp in the Uquid Argon 

• Intermediate amp on the feedthru (outside) 

- Variable Gain Amp in the counting hut: 

(1) tp-100 ns Bipolar shaping to individual ADC's 
(2) Analog sum to a shaper with t~, 100, 200 
ns shaping, then to an ADC or a nnsient recorder 

- Calibration chain 
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Results 
The beam test data are under rigorous analysis 

among collaborators. The results being presented 
here are one of many and also should be taken as 
preliminary. More and better-understood results will be 

. available by the time of the Corpus Christi Conference . 

• EM module: 

Energy sum of EM1 and EM2 

• Hadronic module: 

Hadron energy resolution at tp-1oo ns (individual 
digital channel sum) 

Responses of electrons and pions tp-1 00 ns and 

e/rrratios 
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From the e/rr to the elh ratio 559 

• The pion response(n) can be expressed by the 
electron response(e) and the hadron response(h) as 

(1) 

where the factor, fJr°, is the (average) 7t" fraction in the 
h~dronic shower .. "J!len the electron response over the 
pton response ratio IS 

(2) 

After some manipulation, we have the e/h ratio as 

• D.Groom's ansatz is 

me c 1 - (1 - hle)(ElEO>~·15 

where Eo-1GeV. 

(3) 

(4) 

• Non-unity eIh induces a constant tenn in the hadronic 
resolution, parametrized as 

aElE(oonst. by e/h) .. 0.14xI1-eIhI . (5) 

..... ;-=oEF'Cif04I:IIIl...J'MPQIISTI"UoII( TO:Cl""'174 JU.. 25. 1"1 e:S'?A'I ..• 
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Z I I I 
IX! " . ..., r- ~ !HI -til f: 

0 ... 0 In ..-I CI) 
E- li 

c .IC • 0 .. 
~ f- ~ -

...:( 
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::I 
0-.... 

...J -0 r- -
In ... -::I rn 
CI) 

ec: 
t' f- H4-i -
til 
C .... H4-i 

8 .... ~ 
Ql .... ~ I Q.. 

"! 0 CD ... 0 

Jl./a 

eln=1.15 @E=20GeV, then elh 
? 

• We have estimated the 7t" fraction by using 
. GEANT/GHEISHA. We have 

fJr°.0.361 @2OGeV. 

The data 

ehc-1.15 

istransfonned into 

e/h .. 1.26 . 

• When we use the D.Groom's ansatz, we obtain 

e/h-1.25. 

• The induced constant tenn will be 

c:r&E(oonst. by e/h) .. 3.5% . 
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Liquid Argon Performance: 
Speed, Noise, Pileup 

and Electron Uniformity 

Christopher Hearty 

August 7, 1991 
SOC Collaboration Meeting at LBL 
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Introduction (and Summary) 

• Liquid argon has a fast risetime that is 
preserved by the SOC electrode structure. 

• resolution and uniformity across phi crack 
are acceptable; very good elsewhere 

• electronic noise and pileup sufficient for SOC 
physics program. 

• <5 ns time resolution for >1 GeV in EM 
channel, 5--10 GeV in hadronic. 

• The response of the detector in all of the 
above is understood and can be calculated, 
as has been verified by beam test data. 

OUTLINE 

1. Introduction 

2. Speed 
• speed of response 
• time resolution 

3. Noise 
• pileup 
• electronic noise 
• summaryltotal 

4. Missing Et 

5. Electron Uniformity/Hermiticity 

Speed of Response 

Current in ~ 9~rise time: 

I I 
'POOk .... 

lime ---

Charge transfer time and preamp response 
time slow leading edge. 

y-j5e.. +i:-~ 
cons~~ 

t,uk t.IOfI-

• ~ ':::oiL·C.'==> need to keep inductance low 

• noticable signal loss for tau ~ tpeak 
(signal loss <==> increase in noise) 
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Beam test results 

(electrode structure same as SOC) 

Collected signal vs tpeak for 10 GeV e-

10 

lines - expected variation with tpeak for tau « 50 ns 
(arbitrary normalization) 

Even for tpeak = 50 ns, no significant 
signal loss from finite rise time effects. 
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Timing: Trigger 

Use -5 waveform samples to measure 
amplitude and zero cross, and to tag Significant 
pileup. 

51 

Level 1 may be simpler 

Time Resolution 

• bucket tag using zero cross of bipolar 
shape 1 

\I 

CIt :t. tpeN<·.!:!... 
s 

t;~-

For 10 GeV e- into test beam module, 
EM2: S = 5.1 GeV 

N=0.067GeV 
1peak = 100 ns 

==> sigma_t (expected) = 1.3 ns 

Measured: sigma_t = 1.5 +/- 0.2 ns 

Timing: Readout 

Trigger determines the bucket of interest 

For each channel, record waveform at 
expected location of peak and zero cross 
(s1,s2) 

==> timing information is preserved 

, 
$. , 

, 
I I 

, I 

51
1 

I 

---~--, "":s.1.-
I I 

I I 

Maybe more (five?) samples for EM 
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Effect of Timing Resolution 

Electron Isolation 

Expect small signals, so do not apply bucket 
tag to isolation cone Oust sum s1 for each 
channel) 

==> never create "isolated" electron by 
mistiming accompanying energy 

Missing-EV Fake Signal 

Probability of placing a ~80 GeV Et jet in the 
adjacent bucket is 2E-S. 

==> <1 Hz at 10**33 

Level 1/2 trigger issue only; easy to spot at 
level 3 or offline 

For SDC, at eta = 0, 

Sigma_t < S ns for 
• E > 1 GeV in EM channel 
• E > S -10 GeV in hadronic channel 

(See summary table later) 
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Convolution of shaper and triangular input 
current: 

• .0 

too 
E 
< 

·1.0 

(b) 

200 400 600 100 1000 
Tune 1m} 

Resulting shape has long, low amplitude 
negative tail and no net amplitude 

==> average observed energy is zero 
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Pileup "noise" from non-zero rms: 

crt = ~C.Ee)· 'vJ 

CJ(Et) = variance of Et deposited per crossing 

w 

0 .., 

= effective duration in number of beam 
crossings of observed shaper output 

= i h"C.t.) 
" .. 

t><. tpeak (approx) 

~ .,jt . AJl . t. f>t't If 1 ( oppr-ox.) 
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Several effects will improve this (not yet 
included) 

• pt spectrum is soft 
==> many pions will not reach barrel 

• pileup mostly matters in electron 
isolation cone 

==> threshold on each channel will 
suppress much pileup energy 

- (e.g., 200 MeV / EM channel) 

580 
Effect of Pileup on Electron Isolation 

Fraction of crossings with observed Et above threshold 
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I .' 

For tpeak=60 ns, observed Et in 0.2XO.2 cone 
is > 1.5 GeV less than 2% of crossings at 
10**33; 4% at 10**34 

==> very small inefficiency for reasonable 
threshold 

• probability of creating an isolated e- similarly 
small, but needs more study, including 
electronic noise 



Beam Test pileup Measurement 

10 GeV pions incident on BNL hadronic 
module at rates up to 1 Mhz. (histograms 
for 2 and 400 kHz) 

Increase in rms of 10 GeV peak in 
agreement with expected value. 

SOC EM tower hit at rate of 800 kHz, but 
effect is very much less than BNL 
because pileup pt is much less than the 
10 GeV of BNL test. 
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Electronic Nojse 

Equivalent Noise =~ 
ENC is the impulse charge on the signal 
pads of the electrodes that gives the 
same response after the shaper as the 
electronic noise 

N 

0 

-~ , 

i 
0' 

Damping Resistor 
EQuivalent Series 
Resistance 

S 
f 
• i 

Detector 

Stripline 

cs 

:J~ fa?-
1:n Input_ 

transformer Capacitance ~ 

Schematic diagram of front end for calculating noise. 
Rds and Rs are the two significant noise sources . 
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Only series noise is important for JFET: 

ENe"-.. ~ [ P.. '/;uC/~", Rs Ts ( ~ ... n.<::z )J 
'Rds is dampin~ resistor at temperature Tds 
Rs is the eqUivalent series resistance of the JFET at 

temperature Ts 
C1 z Cd + Cs is the total capacitance upstream of 

transformer 
C2 .. Cfet + Cstray is the total capacitance downstream 

Transformer matches C1 to C2, so ENC 
depends linearly on C1 in 1 st term and on 
sqrt(C1) in second term. 

For SDC, Rds = 2 ohms, Tds = 88 K 
Rs = 17 ohms, Ts = 300K (equiv) 
Cfet = 40 pF, Cstray = 10 pF 

Choose stripline so Cst rip - Cdet/3, but Zstrip ~ 4 ohms 
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dG - 3.0"2. S It 2..£. !ltB~eck 
dE - ~ Q. P 

• 3.03 is LAr ionization 

• Bblock = 0.9 for charge lost on blocking C 

(finite rise time effects would decrease 0/00) 

586 
Equivalent Noise Energy 

Relate energy deposited in the 
calorimeter to charge collected during the 
effective integration time (tpeak). 

• Ballistic deficit: 

• Sampling fraction: 

O.~1t 

o·lf~ 

tpe.k':: ~Ons 

tpeeJr • /00 os 

fraction of energy in LAr from dEldx. 
s = 0.13 EM 

= 0.023 hadronic 

• p/mu: fraction of energy deposited in 
LAr by showers is less by 

e/mu = 0.66 
pVmu= 0.53 

Electronic Noise: Test Beam Module 588 

EM2-A Pedestal Width and Muon Peak 

200 ~ ________ ~R~U"~~3~33~1~0~~~V~mU~0"~S~~ ______ ~7mOO~2~9 

~rle:m,.1 W,"dt!" Entries 1149 

175 

ISO 

125 

100 

r-::- loIeo" 0.98S5E-Ol 
'7 MeV \-,RM.:;=.S ___ --"'0.""200~3rl 

4.349 
Constont 171.2 
.... on 
Si mo 

COl 29 X EIoI2 29 with peds 

-0.1400£-01 
0.6661E-Ol 



SoctioD 

EMI 

EM2 

HADI 

HAD2 

EM~-A Pedestol wicHh 

lAC 

100. 
3631 

11.82 
'O.!!! 

O.15-&E 
13~.15 

It.te 
to." , 

°D~--~2~O--~~--~~~~~~~~ 

pces 'OR OI-I)-'GOt 

J::"I~",~-e, I. P~ch';~ ..,,;,.fl. (I\OC (e .... .d-s) -ror-

C /.,:.~~. (.. (E"1.:!J V6..'l 'J«'~ • /0. 

Summary of Noise per Channel 591 

• eta=O 
• pileup for 1 0**33. ., 
• Mip = energy deposited by mlp; mlp 

SIN is signal-to-noise for mip 
• sigma_t is timing resolution for 10 GeV 

in channel 
• two preamps per hadronic section; sum 

before readout 

............ p .... CIooaael 

N_.r H .. , <r> CD C. C... D I,... ENC ENE ENE Pileup To&all Mip 

em pF pF pF .. IC MeV MeV Me\' MeV MeV 

I 5 23& '70 340 J31~ 5 &0 1.7 27 27 30 40 32 

1 2Ii 255 15&8C 4&0 114e 11 &0 U 75 75 34 t2 161 

2 18 314 310< 1031 41~ , 100 2.8 114 274 44 278 112 

200 2.0 80 113 63 129 

2 27 387 707~ 153( 11&0( 13 100 4.t 337 477 3 477 "3 
200 U 139 197 4 1'7 

Mip 

SIN 

0.8 

\.7 

1.3 

5.1 

2.1 

M 

5S9 

-, ., 
< I 

< I 

2.! 

2.6 

4.! 

3.S 

Comparison between measured and 
predicted ENE (MeV), BNL test beam 
module: 

Channel 
EM1-A 
EM1-B 
EM2-A 
EM2-B 

Measured 
16 +1-2 
17 +/-2 
67 +1-7 
50+1-7 

Predicted 
23 +/- 5 
23+1- 5 
50 +1-10 
50 +1-10 

Measured values are consistent with 
expected thermal noise (not a surprise). 

No significant pickup. (EM2 pedestal 
width corresponds to preamp output 
voltage of 150tJV) 
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592 
• Total EM noise essentially constant for 

60 s tpeak S 100 ns. 60 ns selected to 
minimize pileup at 10**34. 

• EM noise increases 2.4X for 10**34 
(proportional to Lum**0.38) 
EM+HAD1 noise increases 1.6X for 
10**34 
(proportional to Lum**0.20) 

• Noise insensitive to details of pileup 
calculation: 

+1- 30% in sigma(inelast) or Lum 
==> +/- 5% in EM+HAD1 noise 

• 200 ns tpeak for hadronic clearly closer 
to optimum than 100 ns. tpeak limited 
by pipeline and level 1 trigger time. 

• separation between ENE and Mip 
==> threshold per channel before sum 

(not used in results next section) 



• hadronic section electrode structure 
optimized for minimum radius. Other 
options: 
- 3mmgaps 
- double gap structure 
- 7mm lead 

all give HAD1 noise -20% less. Latter 
option also gives substantially better 
hadronic energy resolution. Each 
requires 4 to 10 cm additional radial 
space. 

Noise in Cones 

tpeak (EM) = 60 ns 
tpeak (had) = 100 or 200 ns 
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~ectrcmic Noise (Ge V ileup Noise (Ge V ota! 1/";,. (GoV 

eoa. Radius ElccJuded Sectio t,. .. _100 D 200 D' 100 DS 200 D. 100 DB 200 DS 

Sillile Tower - M6 0.24 0.13 0.15 0.57 0.2S 

HAD2 0.29 0.14 0.13 0.15 0.31 0.20 

0.15 - 2.9 1.3 0.53 0.96 3.1 1.6 

HAD2 1.5 073 O.SI 0.93 1.7 1.2 

Electrode Structure 
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a) Double gap Electrode Structure 
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b) Single Gap Electrode Structure 
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Electron Uniformity 

Three areas to check: 

• cryostat walls near eta = 1.3 (Nobu's talk 
yesterday) 

• tie rods 

• phi crack 

All three studied with EGS and/or Geant. 
Phi crack studied in beam test. 
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Phi Crack 

3 mm non-projective cracks between 
modules ("'1.5% of surface area) 

Effects studied at BNL test beam 
- preliminary results only 

Order of presentation: 

• Geant study of 10 GeV e- on test beam 
module 

• preliminary beam test results 

• Geant study of SOC 
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GEANT 
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Calibration 

• optimize EM1 + EM2 resolution 

Re.$OlcJtion of EMI.~' £MA.. 

- errors in calibration will be reflected in 
non-uniformity near crack 
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Introduction (and Summary) 

• Liquid argon has a fast risetime that is 
preserved by the SDC electrode structure. 

• resolution and uniformity across phi crack 
are acceptable; very good elsewhere 

• electronic noise and pileup sufficient for SDC 
physics program . 

• <5 ns time resolution for >1 GeV in EM 
channel, 5--10 GeV in hadronic. 

• The response of the detector in all of the 
above is understood and can be calculated. 
as bas been yerjfied by beam test data. 

I 
RADIATION DA~A(T E-, I 
BEAM TEST 

.. 
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K.T. SIA"'MAriill"l, if,e. r.esu/ts 1'~~rrkJ ">' 
J. ErrtltAe.i.." 0.." SACLAY test 
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RADIATION DAMAGE, SOURCE 

V. HAGOPIAN 
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TEST MODULE 
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2.0. 1.1 x. 
~ .. aJ 

,. 
1 

sc. SII - PI 

~ BCC::-'lill. 

Summary 

UJ 
(l) 

• Critical issues in engineering have been answered 
yesterday. 

• Critical issues of the LAC with fast-readout have 
. been investigated in the beam test at BNL. To 
understand the data fully will take more time. but... 

• The (preliminary) results are: 

EM: CTEl&18%1...JE (@tp,,-Eimm) 
(without Shower max strip) 

HAD: aEf&63OloI...JE (@tpt,-12mm) 

eI1r(HAD)-1.15 @2OGeV ~ Blh-1.25 
C1EIE(const. by 8I1J)-3.5% 

These values are as expected by simulation 
programs. 

• This leads us to expect for the Pb absorber thickness 
of the SOC LAC, 

EM: aElE.13O/ot...[E (@tPb'"4mm) 

HAD: aElE-3.5o/o+68o/oI...JE (@tpb"'14mm) 

( eAJ-1.25 should be slightly better for larger 
tptltA~ 

616 
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CrItical Issues Related to the 
Engineering 

Y.Unno 
KEf( 

.-td 
n. soc lACgruup 

I • Electron hermetic:ity 
I 

• rr-3 I 

I 

~ 
• Depth 

• Preamp reliability 

i 
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• Summary 
(1) EIecIron henneIIcIty 

l7%ata~ 
IItiII ~ and eIec:IrQns will not be lost 

(2) fJ'-3 4J.J 

(3) DepIh - 81,In ........ 
1 U.,In'" Endcap 

• Request to clarify'" NqUhrnMI by phy*:I&. 
nat by OWl iIIIIi ii." 
• ......... I ." ...... IhidcI ... of 

1I . .caw!,. 
(4) Plump reliability 

• EsIabIishIng random failure raIe appears to be a 
... undef18kIngbut ....... . 

t, 

......... ~ ... 1rNting factor • .FETis 
~ far 10,... of the nominal luminosity 
of 1()l3 Qfi 'we tend MESFET can he with '<l 
years of 10'4 c:m4sec-

'
• Furtt. racIaIiCJn 

damage tilt tor oIher JFErs should be continued. 
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Critical Issues for the LAC 
Item Status Comment 

/reamp 
Rad.haid) 

BNlhybrid: 
>10'ln/cm2 >12Mrad 

Speed t'~ 
t'p-100(EM),2OOns(HAD) 

Noise aEt (MkO.15) 

3 ....... , t'p-50-200ns 
Pileup aErO.5GeV 

eAJrneas • Hadron module beam test 

e hermeticitJ 97%accepl(aec25%NE) 

Reliability <0.2% failure(SLO) In 1()8s 

PIa cooling KEKlRochester test results 

Safety SSCL Safety committee 

TJ-3.~t KHI,LBL 

Integration ~L 

Cost MMA 
--
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3.141 
..(1.1394£-04 

0.1218 

0. ... O.~,tt."~~lbI"'-' 
". 6. "~'t1:4.CO'~ 

• 0.1 

0.4 

0.2 

2.~ 7.~ 10 12.~ 15 17.5 20 
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8NL'.,1 ~Ol: L"C ",~ .. ; .. i._1f)' 

{o1I11 .. &1'1~ ohl~' no shwtI' Mo.K . 
400 f- 0 20000 

Entries 1002 - 1.124 
IIIIS 0._ 

I~t .... t 2.624 
383.3 -" II.BllI 

300 15iDmc 0.5024 

J~6 .... ~ (OUliV 

150 

100 

50 ... 
,- j Il. 

1 16 20 24 0
0 II 2 

Sum of col;".oted [." OM ["'2 fi6rURE 2.22 

• 

• 

• 
690 

1{,,tD<3"'OVVl of (Ji -<t-.>*.: ; . 
r •• r:-e.5pOrtSe.. 0-1- 5=1\ pOI~t- ~ 

St.l~ -'I "'DC. L"'C. l'~f~il4i .... ,-'1 

0.9788 

If=tont 13.34 ,. 
..(I. 162J 

~ 
~ 1.279 

6o.uSS"IQI'\. fl~ 12 

? 0-" 1·::t'5 
10 -=::;> 0 .iO 0-

/Qt<..€ ss w,d i r 
II ~ LfoMe..V 

6 
EO.5% f1Cf\ur ,{or",;! 

• 

2 

J tt 
0_

10 -7.5 -5 -25 a 2.5 - 5 7.5 10 

FractIonal deviations F'6>uRt: 8.31 

Why Not Tile/Fiber for SDC Calorimetry ? 

Gerry Abrams 
August 4, 1991 

Liquid Aqvn cue II.u been PreBeIlted. 

BNL Beua T_ P.bmed '" 
Coaceptullloelip Report V 

Martin Marietta Coet kiuWe V 

We DOW have. LAc ..... ,bat worb 

Is Tile/Fiber better ? 

In some ways 

Faster -

Integrates better -

Cost 

BU'I 

Yes-

pileup, 
but LAr alrea.dy OK 

pipeline shorter 
4 p8eC _ 3.6-3.7 ? 

no plumbing 
uniform B 
,. access 

Nov. '90 + $ SOM 
Aug. '91 111 

692 
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. ~t'\. 
Current 
.a.eUne 

~sbli 
~O,11' 
21,171 

• .,010 
l- as ..... bl' 2,105 
~'zilire. 10,115 
~ .. t Equipment 1,72' 
'Tran.portatlon 1.152 
Cryogenic S, ..... 1,321 
Facllltle. Z.101 
Return INft 4,134 
EDIA 17.511 
Total 106 612 
Contingency (28.0%) 28,724 
Total w/Continaency 135336 
Derived Inb 11.74 

SOC Central Calorimeter 
TUe!Fiber Baseline Design 
_ _ Venton: AUlust 5, .991 

Presented by 
TIIomasB. W.Klrk 

Arion_ NMional Laboralory 
REP 0i\'isiDa 

at 

SDC Full Group Meetlnl 
Lawrence Berkeley Labol'lltory 

Berkeley, c.llrornia 

AUlust 5,1991 
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.c ... en .. • c.t ann,..,., .. 

ICI_N't 

Curr.nt 
•••• lIn. 

D.I 
at.t 
a.1 
a.1 

-t •• , 
1.7 
1.2 
1.1 
a.t 
4.1 

'7. , .... 
a •. 

us.s 
11.74 

Note: lOr number of $133.4 .. included .. Mdilicll ... 
$14.1 .. lor eIedIalllic& end ..,pI f " 

• 

TilelFiber Calorimeter 
Features 

• EIIerIY Resolution 
EM ~ution .is JOOd enough to see the 80 - 140 GeV 
H~ in the mode: 

W + if ___ _ 
'-.Iv -rr 

896 

• Speed 
energy collection lime well matched 10 sse collision rare; 
upsrade potenliallO 1034 Luminosiry xl belrer than LAr 

• Ber .. idty 
tight barrelkndap ,eomctry and low SlrUChmlI mass yield 

894 

good resolution on missing &r -r,.tf, I(rt"k 

(rIA "".'f~~' 
• Compensallon 

EM and hadron energy have equal response (~=I.o); he1ps 
abe jet c:netD' resolution due 10 rragmentation fluCbl~j~nS --? C. 

G.J,,'f.; t'.'.". 
·1 

.Sarety 
Slfety hazards associated with the lile/liber ~ arc: 
small and manageable 

• Cost 
the tilc:/fibcr calorimeter is c~per_ 

but_ 
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TilelFiber CalorUlder 
Downscoping 

~!T __ . C4 f 

~_$!:f~S"M _sc. .•• ~ 
T.v. teoveIs or do\\'nscoping were COII5idered .., I< -n Ie. s .. • ,.11l ~ 

Dollar reduction gOlls from June '91 SOC MetL walt: 
_ Level I do~'IIScOpe ++ Descope I, Descope 1 (-$ I SOM) 
_ Level 2 downscope ++ Descope 3 (-$ 120M) 

. »esc. 1 (cst cost .. /2' M ) .&81< 71~s 
-UK'I-4Ds 

_ same gc:ometric:a\ size and absorbtion as Baseline 
_ xl reduction in HAC I, HAC2 longitudinal umpl ing 
- HAC2 has 4~" 0.1 x 0.1 
- x2 redllc:tioll ill SMD IiIe CIOUDt 
- Ofte EM Jle3do111 dlannel 

. eDescope 1 (est cost -'"0 M) ~:2)<"'11 .. ~ 1\ . 6010< 5"",,Os 
_ same geometrical size and absorbCion &I Baseline 
- x2 reduction in HAC2 longitudinal sampling 

• 

-HACI,HAC2have4114+-0.lxO.1 
- x2 reduction in SMD tile count 

• Descope3 (est costi~' M) ;taK7iles 
~(JK S/II1J)$ 

_ same longitudinal & transverse granularity u Desoope2 
_ same absorbtion thickness as Baseline 
- Rinner - 1.9m (down from 2.1 m) 
- Linner = 3.9m (down from 4.2m) 

Comments: 
[)escape 2 has few serious performance compromises; 
Dc:scope 3 has not been well studied at this point in time 

-;4 

Jaramcl('r 

BamII.R.(m) 
Endcap Fronl (m) 
Solid 0u1U Sreel 
Dq>th@'l-O 

D.p<h@'l-3 

1;\1 
Lon~. Ch.ln.ITowc:r 
Lon~ C",n. (en!) 
Trans. Gr::In. 

Sho......er Max. 4. 

Layer 14cp 
Layer I 6.'l 
l.oty~r2~ 
1 ",,),cr2 .1'l 
l·lkJrowcr (A\"Cr.) 

HACI 
l...on;Gran. (em) 
Tran". Groin. (6.'l.1q» 

IIAC2 
Lnng Gmn. (em) 
Trnn ... Gr:1n. (t\T1~(!'I) 

Tile/Fiber CcnirAI Calorimcu:r 
Oescopc Model ner.nilions 

Version: August S. t991 

" .. cline DC'fupt' vc'c.~ 
2 

2.1 2.1 2.1 
4.2 4.2 4.2 
Y .. 1'0 1'0 
1O1. 101. 101. 
12), 12). 12), 

2 I 2 
I I I 

.05 JIi .05 .05 ... 05 .05 x .05 

.05 .05 • ..05 
.0125 .0125 .01::5 
.000lS N/A .006!5 

.05 NiA .05 
12 • 6 

2 4 2 
.05 x .05 .05 x M .lx.1 

• 8 8 
.O~ x .O~ .llt.1 .lx.1 

CharactcriSlics common 10 an models here: 

EM an.J HAC I ab~r i< c"!tollead ~ .. ilh J.13in!c!Ios slee:J n:inrnrC'CmcnL 
HAC2 ab~r is boiled 51lOCI plalcs. 

: ,. . :: 

MECHANICAL DESIGN 
OF 

LEAD AND STEEL 
PLATE CAWRIMETER 

VICTOR GUARINO 
ARGONNE NATIONAL 
LABORATORY 
AUGUST 5, "91 
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UCiCope 
3 

1.9 
3.7 
1'0 
10l. 

121. 

2 
I 

.05 x .05 

.• 05 
.0125 
.00625 

.05 
6 

2 
.1 x.1 

8 
.lx.1 
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First Results from the Optical 
ConnectlDisconnect 
~ 

i~~~' 
... rvc......" 

A.1urIon. ~. CobII. H. o.-n.n. 5.1Aone (lNFN P8dcwa .. PiIa) 

• 2 PraeDtypa buill 
• toW of ..... glued in 
• no sophisicated SUIt_ treatment ,. 

• -> reproducibility for each of the 8 fiber connections 
better than 1% 
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Tower 6-3 
.- -..... ..... ...... 
em --.---.... .. .-.... ... -.... 

• I. .. - .. -
C-~ l."~ 

~ = 74/0 
(G...;~ :3 .... 1') 

..... 
..... -.~ -~~ .......... 
-eo.,. 

OIIIIMI_ ., 

• " .. •• .. .. eo 

--~ 

con S'~\5S o..J 
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Details: IOlve noNinear equation: 

d2(E2)/du2 -2Ej0n2[1 + Cl(E/<E>· 1)] 

CI measures •• of ionization VI field .trength 
-Cl- 0 and o.s for LA and TMP, respectively. 

SC4.LED EFFECT OF POSITIVE IONS ON FIELD 

l-r-_~ 

2 
ion IE cath ) 

E anode IE cathode 
O~-T--r-~-T~r-~~~T-~~ 

D:2 0.4 D:6 o:s U) 

CONCLUDE 

• Scaled distortiON depend UttJe on CL 

• Between modelt distortion and coUape of 
field there is UttJe differenc:e in ionization. 

• Therefore, major distortions are irrelevant 

7S3 

WAW • .,."I 

FIELD DISTORTION BY IONS - IADlADON 
LiMIT Foifi6NIZAuON CALORIMERTSY 

-E..... 
-.-.~ .. ~ 

~iofts~ 
-.-.e-

•• $-
electron -.-.'-

We neglect recombination - MISTlC! 
(see J. P. Rutherfoord for general approach .. 
"Wi1l a Liquid Argon Calorimeter ~ork at High 
Luminosity?". t1 of Arizona. unpublished.) 

For £anode ~ (); (Eion/~th)2 $ - t 

Eion2 • 41tIg2/1l SENSlTlVE GAPS SHOULD 
BE NARROW WITH LARGE Ecath 

I • specific ionization rate - radiation level 
g • gap width - 11 - ion mobility 

I Edx/ g • IEdu • <E> - independent of ioN! 

THIS NORMALIZATION MINIMIZES DiE 
EFFECi'SOF fIELD DISTORTION 

WAW • .,.". 

FIELD DISTRIBlTl10NS - Ean/Ec:ath - 0 and 0.5 

2 
IEdu-<E> 

1 

O~-r-O~2--r-0A'--r~~~~OAr-~~t~ 

CONCLUDE 

• For a given Eion the scaled distributiON are 
essentially independent of CL 
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EXECUTIVE SUMMARY 

Aside rrom small varianls, the proponenll proposed basically two a1lernalive 
desisos ror the straw lube placement onto Ihe support structure: 

0) "single slraw" approach where single Ilraw tubes are assembled and placed 
one by one on Ihe supporl slructure, 

6) "modular" approach where aboul200 lira'" are placed in rigid sbells rorming 
modules which are Ihen placed oato tbe support structure. 

It is imporlanl 10 note Ihal there are many R&D issues common 10 Ihe Iwo 
solulions. One or them is the support structure design which is envisioned 10 be a 
stable base composile cyliader. 

The Committee delermined Ihal several tasks musl be completed to allow a . 
cboice to be made based oa souad engineering resuill. It seems unlikely Ihal Ihe 
envisioned mileslones can be mel berore January, 1992. These milestones are: 

0) ror the single slraw concepl: an 8m straw musl be conslructed and lesled 
wilh sense wires and mid lerminalioM in place. A slraw placemenl device 

or appropriale lenslh (-3m) has to be conslructed ror proor or principle to 
demonstrate quick and efficienl slueing wilh low mass. 

b) ror the module desiSO: il is necessary to demonslrate Ibal a 4m sbell can be 
rabricated wilb tbe required 50 micron slraigbtness after loading witb slraws. 
Time and runds mlllt be made available ror possibly Iwo attempll. 

For bOth concepll, tbe consequences or tbe differenlial .><pansion and swelUng 
. - or Ihe lubes relalive to tbeir coaslrainls (cyliaders or sbens) have to be evaluated. 
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Additional R&D 

Committee members witb experience in buildins larse trackins devices pointed 
out the followins areas whieh need attention lOOn: 
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A. Mechanical testinS of all materials and assembli .. 

B. Radiation testins of all materials and assembli .. 

C. Quality control of all material. and proc ..... 

D. Assembly and test procedures (or bow the, wiD be determined) 

E. CostinS that i. determined by the actual procedur .. proposed 

F. Some indication tbat tbi. is beinS treated as a manufacturins problem (lOOk 
straws) and not a lah project 
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The above tasks should carry the hiSh .. t priority even to the extent of di.· 
placinS present planned FY91 activities. Should additional funding be required to 
complete the above specific tasko, a requ .. t should be made immediately. 

If a 4m shell can be constructed with the required tolerances, it is further rec· 
ommended that this confisuration be selected as the central tracker straw baseline 
desisn. Within the time and funding available, the sinsle straw activities should 
continue until the module d .. ign proves workable. If the module design prov .. 
unworkable within a finite amount of time (e.s., 6 months) then the .ingle .traw 
confisuration should be adopted. 

We do not recommend construction of a full·.ize stable base support cylinder 
at this time. Instead _ recommend that a visorous program in Finite Element 
Analysi. (FEA) should be undertaken to as .... the effects or stresses, temperature 
and humidity on the complete structure or straw tubes/modules, supports and 
cylinders. Special attention should be given to the end flanges and the supports. 

The committee is concerned about tbe very sketchy costing. 

Areas of concern 

• Effect of CTE differences of support cylinder and other 
components 

• High risk of "thin" walled support cylinder both for fabrication and 
vulnerability to radial loading 

• Accessibility at end of support cylinders for module maintenance 
and replacement 

• Sufficient time not allowed In the schedule for the procurement 
process 
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STRAW TUBE PLACEMENT 
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APPENDIX C 

AGENDA ror the SDC STRAW REVIEW 
MAY 29. 1891. sse Lab 

8:30 Execulive s-ioa 

1:00 Dioca.ion of s-e oad O ....... d IluIeo of Review 

"10 P ..... l&&ioo by Pbyaicia .. " Eqi~ 

AI Goohaw (Dab): la'rocIuc\ioa 

':20 Str.w~ 

IWoIcI 0_ (Iadiaaa U.) 

Ropr 5_ (WSTC) 

Job Mayball (ORNL) 

11:00 Siy!e St.raws 

s... Ob (DUKE U.) 

Dawid Vaadoopif' (ORNL) 

13,00 -kioc ~ with Spubn 
13~ Executi ... _ 

14:15 AI Goobaw (Dub): IU<D PI ... 

14:30 R.ecalJ. EoIiDeel'S aod PhysicialS fnr Open F&oor Queaiions 

(Oh. OpeD. Goohaw) 

l:i:30 Executive Seuioo - Write Report. 

17:00 Adjoum 
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MEMBERS or the SOC COMMITTEE on STRA\\f PLACEMENT 

Morris Binkley (FN AL) 
fuch&ed Boyce (SLAC) 
Richard Kadel (LBL) 
Hutmut S&drozinski (UCSC) 
Roser Sto.e (LBL) 

BINKLEYOFNAL 
RFBOSLACVM 
KADELOLBL 
HFWS20SLACVM 
RSTONEOLBL 

(708) 840 3112 
(415) 92(; 2932 
(415) 486 7360 
(408) 459 4670 (CIW,) 
(415) 486 7360 

APPENDIX B 

CRlTERIA to DECIDE betw~n 
DIFFERENT STRAW PLACEMENT SOLUTIONS 

1) Slruclur&l iDteCmy 

2) Ease or assembly, alicnment &lid serviCiDC 

3) Amount 0( maten&! (upreaed. io radiation len",b) 

4) Cost 

5) We or manU(&Clurinc 

6) Compa.tibility With stereo layers 

7) E.ue or interfacinc wilh ~lectroniC5 (pounds) ADd coolinC 

Inst.itution 
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APPENDIX D 

STRAW TUBE PROPONENTS 
ATTENDING the REVIEW MEETING 
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Areas of concern 

• Effect of eTE differences of support cylinder and other 
components 

• High risk of "thin" walled support cylinder both for fabrication and 
vulnerability to radial loading 

• Accessibility at end of support cylinders for module maintenance 
and replacement 

• Sufficient time not allowed In the schedule for the procurement 
process 

dditional R&D 

Committee members with experience in building large tracking devices pointed 
ot the following areas which need attention soon: 

A. Mechanieal testing of all materials and .... emblies 

8. Radiation testing of all materials and assemblies 

C. Quality control of all materials and processes 

D. Assembly and test procedures (or how they will be determined) 

E. Costing that is detennined by the actual procedures proposed 

F. Some indication that this is being treated as a manufacturing problem (lOOk 
straws) and not a lab project 

go 
N 
Co) 

GIl 
N ... 

EXECUTIVE SUMMARY 

Aside from small va.riants, the proponents proposed basica.lly two a.lternative 
designs for the straw tube placement onto the support structure: 

(I) IIsingle straw" approach where single straw tubes are assembled and placed 
one by one on the support structure, 

b) "modular" approach where about 200 strawS are placed in rigid ,hells forming 
modules which are then placed ooto the support structure. 

[t is important to note that there are ma.ny R&D issues common to the two 
solutions. One of them is the support structure design which is envisioned to be a 
stable hase composite cylinder. 

The Comnlittee determined that several tasks must be completed to allow a 
choice to be made based on sound engineering results. It seems unlikely that the 
envisioned milestones can be met before January, 1992. These milestor.('s arc: 

(I) for the single straw concept: an 8m straw m1lst be constructed ;\nd test('d 
with sense wires and mid terminations in place. A straw placemrnt device 

of appropriate length ( ...... 3m) has to be constructed for proof of principle to 
demonstrate quick and efficient glueing wilb low mass. 

b) for the module design: it is necessary to demonstrate that a 4m shell can be 
fabricated with the required 50 micron straightness after loading with straws. 
Time and funds must be made available for possibly two attempts. 

For both concepts, the consequences of the differential expansion and swelling 
of the tubes relative to their constraints (cylinders or shells) have to be eVil.lllated. 

The above tasks should carry tbe bighest priority even to the extent of dis
placing present planned FY91 activities. Should additional funding be required to 
complete the above specific tasks, a request should be made immediately. 

If a 4m shell can be constructed with the required tolerances, it is further rec
ommended that this configuration be selected as the central tracker straw baseline 
design. Within the time and funding available, tbe single straw activities should 
continue until the module design proves workable. If the module design proves 
unworkable within a finite amount of time (e.g., 6 months) then the single straw 
configu ration should be adopted. 

We do not recommend construction of a full·size stable base support cylinder 
at this time. Instead we recommend that a vigorous program in Finite Element 
Analysis (FEA) should be undertaken to assess the effects of stre .. es, temperature 
and humidity on the complete structure of straw tubes/modules, supports and 
cylinders. Special attention should be given to the end flanges and the supports. 

The committee is concerned about the very sketchy costing. 
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. --'- Chamber Design -
- ---.----.---. - ------ - ------

w.e are presently protolyping four -
de~lgns -'~r the muon system chambers. 

----" - - -

. - . We Will make-ii-decision on-design(s) in 
January and have all agreed to work on the 
common design(s). The decision will be 
made, probably with the help of SOC 
mer:nbers outside the muon group, on the 
basis of performance and cost. 

------.--

-. _._--_._---------
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~- -_._------------------- .. ------ . 

_ _ 834 
.-- - -There are a few key problems which -- . - -

.. different grou.,s have solved in different ways: --
- .-. -

- -.- -Wires have to stretch over up to 9 meters. 
- -- ._- -... -- .. - -_. -- --- --- ._- .-::::--: =~-1'- Supported them only from their ends 

~ let them $8Q about 1 rom in the ---- - I 

_ . __ . center. ___ ~ ___ . __ :.=.:... __ ~~_=_.::_=-_---
.. _- ----_._--

2. Support them in one or two places __ 
and worry about the precise. 
positioning of the supports. 

The barrel theta chambers accept particles 
from 00 to 560 to the normal. 

1. . Use '(approximate) cylindrical_ -=--~~~= --
__ ' _. -- geometry. so that all angles are - .-
-.' -- - -, -equivalent.-·----_._- .. -"-- --_._-----
===::'--2-. ~ -. -VSe shaped fields and orient them ----. 
~-=-=-=-.:: so that

al 
partith·clefjsetcrd o~approxim~teJy _ 

___ ___ _ norm to e I 

-- .'----_ ... _--_._-----
----- - - ------------------j. • . ___ . ___________ .. ____ ---11 .. 
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_ -.Slanted Jet cell partitioned .!Vith stif'U:athodeplates 
- -placed in a rigid box frame- --.. - - .. --. ----- --- ------ ----------1'.,_----

-------. -- .----------
____ -.---Jet Cell Clauaber Module ---
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~_=__~=-=-:=-.-Oescoping Decisions_~ 
-- ---"_.- -- _._. -". ---"--'--'-'." --_._ ... 

=-~. __ . Access/electronics space ts very -~ .~. 
=-~ ~xpensive. 15 M$I(radialm).-:tIow muct:l O!_i!. ____ dowe~1==--=--=- .----------------- . ----.---.. 
------- --• Barrel torolcfSteeI is even more expensive, --

26 M$I(radial m). but It appears too risky to the . 
first level trigger to go below 1.5 m. -.' .. 

• - _ •• - -- -.. ----.-. - - .- + • 

• Forward toroidal steel is wor1h 6.5 M$lm. 
For reasonable amounts of iron. this is a 
resolutiOn issue. We think going from 4 m to 3 
m is reasonable. but going to 2 m gives up too 
much resolution. (We presently have more 
muon resolutiOn in the forward direction than 

___ G~~:) ." ... - - " -- --- ----

._------_._--

____ .. --_. _846 

Summary of chamber--styles 

.---_._--_.----- - ---- --- --- -----_. 

Cylindrical(C) or -- C - CIS. S._·- S_ 
Shaped(S) Field. _ ~--~--- - -

- -- --
Supported (S) or - U U S S 
U~supported (U) --- ----
Wires 

Drift (em) 4 4 - 8 4 
.--_._------- - -- --" .. =_ IndividualTubesll)- VC'- r.:..=- L-':':~ C'· ==-- o~ ~~ambers (C)--' -. 

- -'--=-- Tri~~t~=----- at 4t lit ~t+- =-=-
____ . _________ ----I--~ n-
__ .~_ --=--=-_____ ..L.----L-...L----l~.-J 
----_.--------------

.. ----_._------
------ -- ._-'" ---_._---

....."....,. , 
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_______ . ___ 848 

==----. ----------------~ ---------=-----,,--

( 



849 

., 
"i 

_.-.< . 
en 
~ ... 
o 

-L... 
o 
~ 

CD 
LL. 
.~ 

L. 
ID , 
L. 
o 

LL. 

=- -OJ 
-.'0' ... 
_ .LL.. _ 

.! ~ 
\ 

---l 
\ 

--1-

I , 

, 
- l , 

. , 

-. --I 
.~ 

"' -1 . ~ 
-\·i -- \ . 

t i -l . 
\ - \ 
\ ! \ 
\ ~ . -\ 

, \ ! \ 
, \ , 1 , \ ,\ 
, 1 i \ 
, \ i \ , \ , \ , \ - \ 

, 1 '- \ 

, 

~ , 

~
> - ,~ \ 

> c!c! ~ "'\~ . ,- -- - .. _. -
~ g g . ----- '-'- ..! 
CO) _ . __ ~ ____ .!_, _____ ! 

_ . ____ ad/act " ______ _ 

... 

. - ----------------

f 
• li 

I .. 
] 

- #I""; 
~-l 

,-...A--. 

i '.1 
- .---- . ., -I ! 
•• 'ii 

I! • • . , '" ~ ~ . . . I ·f t ,. 

--'---1 '·1·: ! 
-......~ ............. _-....0-10 ............ Jo_._.J -i! - .. 

~.--~---=--- -.=- .-~.~-.=~g-~~.~=.~-~--- ----~~~-. -_." 

851 

~.:=~~_ .. ' ___ ==~-- "~~_Ji.~.-.:.::=--==.:::::. -
--_ .. _-_._---------
----------------
--_._-------------

... ------ ----_ .. -- . - .- -

.. 

-i 
.. ....!! 

-
- I 

I , 
.. \ 

. -- .. __ . __ ._---- --_.----
_._------_._-----_ .. 

- ---_._---_._----- _._-_. ---

850 

852 

._------_._._---- - _ .. -- .. 

. • We h8v8 ·argued about the justification of every 
chamber in the system and have come to the 
1ollowing minimal configuration for the barrel: 

• Emphasis is on 8 layers, because 1hat is the . 
direction of the the 1 st 1eve11rIgcjer and the - . . 
redundant momentum measurement. However, 

=-::-_ . the. direction is-equ8l1y ~ biCausa It is ~-=-. 
-- ·-essential for the 2nd level trigger.We have -.--
--... reduced It to 1he"barel11inimum and moved It to the . -===-.. outsideJo saVe money.and _toa region of lower ~ 
- .occ:upancy.~ still needs further .nMew .. ----

I --.-- .. --- -------------
--_._-- ._--_._-------------

_______ ._____ .--'1 
----------------------------------.--, . __ .. ~ 

-1 
I 



------------------ ~3 

==~ -· We retain all 28 layers of chambers in the 
- - forward direction, as they are needed for a 

reliable momentum measurement .. -.:- __ _ 

: - - -. The scintillator counters have been -- .. 
=---= descoped to a singlephotomu1tijpli~rj)eL-=. _ 
---a>unter. -- - ---

I~-
Bottom line: --- . -- -. --- -

Revised LOI cost: -.- 148 M$ 

-0 d t .--- -----115M$-15M$1m escope cos: __ -- -
of radial space 

- ~._=~=:_:::-=----:: --.: saving: _- ~-. 

--_ .. _---------------- ---- _.-

,. 

------------------
--------------~ 
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Chip Parameters: 

SCA Parameters Achieved Performance 
No. channels/chip 16 
No. of elements/channel 256 
Power/channel 10mW 
Non-linearity +/- 0.1% (Ji.1,~~~ 
Pedestal variation 0.5 mV rms 
Charging time constant 1.5 ns 
Channel dynamic range 5000 
Maximum sample rate . 90 MHz 
Maximum readout rate 200 KHz 
Noise floor 0.7 mV rms 
Input voltage range 0.2-4.8 Volts 
Capacitor droop rate 0.1 mVimsec 
Outout SeUlina TIme 1.2 usee (to 0.02%) 

~urrent Status: 
Work continuing on maintaining large dynamic range. 

Leaming how to reduce effects of digital noise. 

ADC being Integrated with SCA. 

'esign Work in Progress: 
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1 ) Design an Analog Store with 5 volt Differential Inputs 

• 

• 
• 

2) Address G.,neration & Pointer Manipulation 

3) High Speed Preamp & Shaper 
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LEVEL 1 TRIGGER CRA n:s 900 

1. calorimeter-Tl'llck (Ia) 32 
o~ UCII<J.II 

(covers O<'rl~ 6+-0.8) 
8 Calorimeter Losic Boards .. 

Receive Data from Cal Crares for (4qaAAt-'" 
Sum Er.Ex.Ey in 6(.4 x .4) ReJions 
Find Cal. Iso. em deposits • 

2 TracIe Lop: Boards .'1 

Collect TnIc:b from Bane! or Jnrcr.( At-.t) 
2 CallTrkJShmx March Boards i .. 

RecleM $h. Mx. Hits for (411-1.6 ..... ) 

Matdt Trit + Cal. 110. em + Sh.Mx. 
Son Resulting e '5. 

I Regional Logic Board 

Son Electrons 
Collect .4 x A Regions> dlresh. 

Sum E,-.Ea.Ey 
Transmit Resul" 10 Level I 

1 C1ocklControl Board 
1 Crate Processor (DAQ Interface) 

_01 __ ' ____ _ 



1. MuoD Crate ~) 
(COVell 0<T\<3.~) 

... AUQ.-91 • la 

16 Muon IAIic -...nIs . 'f 
Receive Muon Tracks from I Muon Crate. (A~=") 

Son" Test against dlresholds 

I Rqional LoPe Board 
Collect Muon Tracks from Receivers 
Transmit Muon Tracks to Level I 

I ClocklControl Board 
I Crate Processor (DAQ Interfacc) 

-- __ 1_-
~I .'2 
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5. GleNI Clock/Control Crlte (I) 

I Interface 10 Machine Clock 903 
I Interface 10 Final Decision Module 
I Beam Pickup Interface 
I Deadtimc MonilOr Module 
I ClocklControl Interface 

Coinmunicalel with 2 Local ClocJclControl Cralel 
I Crate Processor (DAQ Interface) • 

J. DecisAoc. Crlte (I) 

8 Cal/rrk ResIIlr Boards 
Receivc Results fro~ CallTrk Crates 

I Muon Rcsult Board 

Receive Results from't Muon Crates 
I Elcctron Subuiggcr Board 
I Muon Subtrigger Board 
I Jct Sublrigger Board 

I Er Subtriggcr Board 

I E",iss Subuiggcr Board 
I Final Triggcr Decision Board 
I Control Intcrface 

Communicalcs with Global Clock/Control 
I ClOCk/Control Board 
I Cratc Proccssor (DAQ Intcrfacc) 

4. Local Clock/Controllnterflce Crlte H) 
16 Clock/Controllntcrface Boards 

Communicatc with" Front End or Trigger Cratcs 
) Clock/Control Mastcr 

Communicatcs with Global Clock/Control 
I Cratc Processor (DAQ Intcrface) 

OC-\G;\e.J f'r.+Oc.ol.~ I-l ~;"'ers 

1: s" .... Ys..., ir',,,cr: I..~ S"lDSY$. c.fttNI 
2 . ..,.{;,~H -, .s..lurs: 1..1. cl.c.K., c.r~~.~,.,s+ 
3." Ll. C.ft+~.' (Acccf'/ R .. J ..... .I ........ J 
"1. •• .. 1..1 N~ .... "~ ... (L.l. :too, I1 .. Ac." ","u .. ) 

lHVllM'V 01 WI5COfeN • MADISON ..... ENElGv ~ 

.11 

--,-- -' ., --
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TRANSMIT TUGGER SIGNAL 

TO COMPONENT PIPELINE 

904 

c.u .. of Delay TIme (ero .. lng.) 
'I ..... ' F,rn L_' 1\\'per C... 1 

1. GFL TB -> pipeline contloler (nearby) 

2. Pipeline setup & synchronization 2 ' •. n;""" 
F (far) 50 -. if t. '.:.-3. Pipeline Controller -> Pipeline anout ("1_tooJ") 

10 ('IU' ..... ~U 
4. Local Fanout to Pipeline 

Phase between pipeline and sample 

Loss of sample where pipeline stops 

Particle interaction -> pipeline front 

8. Presamples 

9. Signal shaping for sample of rise 

Total 

+/-0.5 

1 ) 

-5 

6 

-1 

64 

A tolal offset of 64 crossings requires the GFL T accept 

to be issued at a time 64 crossings less than the pipeline 

length. 



-- TRIGGER DECISION TIME 

Cause of Time Delay 

CalDrimeter through Global: 

Time (In Crossings) 905 

1. Propagation to Detector 
s~ 2. Digitization (inc!. synch.) 
:-2 \ 3. Local Pattem Logic 1... Regional Pattem Logic 

5. Regional Correlations btw. Components 

6 
4 

21 (~ In 
12 

6. Transmission to Component Global Logic 
6 

14 
15 7. Component Global Logic 

8. Transmission to GFL T 
9. GFL T Calculation 

Total 

Muon through Global: 
1. Propagation to Chamber 
2. Drift in Chamber 
3. Propagation along Wire 
4. Segment Finder 
5. Segment Unker 
6. Transmission to GFL T 
7. GFL T Calculation 

Total 

SfaY\dorci'i r:..-\ IOn 

Tri~J~r modv\~ 
. 
'''' 

50(~ 'izT) 

20 ~, 
148 (~l12-'iJ. 

2 
50-100 

2 
2 
6 

50 (~'fzl) 

20 
132.182 (- 'i ) 
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I ri «j ~ ef Co(JuoJ/cloc 

every Fe CrCl-te: 

~ bene,..fc. ~S<I- itl.rc.. ~~"c e.:f. 
(Jpero.-I-cr '" 'C.T"" &'Cl",,",S 

Teitel'"" sls:fert\ crf(ll"~ ~ InS'foa(~o+jo", /Te.ri 
Sitl:Jlc. 1",+e("~Ce.. (MellI- fat' Trr,,,er ~r"'-h'o", 
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Cause of TIme 0eI8y Time {In Cro ........ 

Calculation of Trigger Decision 

A e 4 u Co eo Calorimeter thru Global - 148· - <. l'i Z 

~ Muon through Global - 132 • 182 -

/3Z 1~. 182 ( • !I' ~ ) 

......" Propagation of Trigger to Pipeline 64 (-,.7) 

---'J Total 

= ~ -3.9 f.LHC 
3.1 (_. 3~S) 

·Note: Additional speedup in calorimeter trigger calculations can 
reduce 148 crossings below 132, reducing the minimum 
total pipeline length to 196 crossings or 3.1 pUC. 

Tr~~~er Oe.si,,,, Goc..l:: '3',AS {j!>6.f+;rtrJn~' 
Sof c. m~)(jWlo.l"",", ~I"" FE's:- 'IpS 
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WBS Syltem PIdimiaary EA~im&~ N_Tarp~ N'~ 
~tII lIM)'-' --SII"M- (1M) . .-

5 EledroDics 157.9 97 Kloc; 
5.1 -Fron~ End 59.1 37 15\-3 

5.2 DAQ 42.3 25 2.' 
5.3 Triuer 42.4 30 zet 
5.4 Controia T.3 3 B 
5.5 Power ConditioDiDJ: 6.8 2 '" 
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... cIooIgn._ .... __ In ... __ ~_ ... _ 
.......... In ... _ 

'Il10,,,,,,,,,,_ ..-..-.ptlo_ ... __ tor ... 
perIicuI.- _"'-n. _ ..-.. .. _In ... _. _ -. _ -.a. __ alJIgo __ • _"'-. _ _ ... ___ ... aI ___ In ... __ . 

8CHEDULE:F_, _ ... __ al ... __ al ... 

_tor"'~ porIIan_. 1IIII_1I1IoIng_ .... 
... --_ ..-.. ... __ .IIIIoIng_ ..... ----........... . MONTH0:1IIII*-Ing(lg2) _ ........ _~. ___ ... 
_-.gal ........ _ .... __ _ 

f9n3_"' _____ ....... ....- ........ .,..,.. 
1IIII.,..,.1I1IoIng _ • ..- _ .. __ ...... or -_ ... --. 
MONTH I: 1l1li *-Ing (Ig 4)1I"'~. 

Figuro 5 __ ... borrll bonom Ioyo< 01 pImM _~ __ pImM tor 
_. _lin ... _allIoIng_. In ... -.,-.... 
-.Illy -. __ • tarm tor ... _ aI ... _ ....... 1I1IoIng 
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UMmbfy frame, ulihZed as 8 form tor the rest of the ocunt P'ate., is being -. 
Figure'_"~_ -...,.In.--_ple-.Iot_a_ 7 -.g _. "'-'Y ... ..- ..... - _n_. 
Figur.7 __ pie-. lot _ 2 _ 8 -.g inI1IIItd. _ wtIkWoys.-. or. 
_ 1tmpCnriIy 10 .. _II ..... _ ... lit _ Iot-...o"IOO-. -_ ............ . 
...... _ .. _I ... IItIng_. 

MONTH'(llgl.nI}_"-' oI .. __ ~on-*, •. 

Figure 10 _ tOrwwd _ ..- 2 -.g _. __ pie-. 

or • .--.. on ",-tty cribbOIg __ on ... Hill...." _"-,". Allor 
uoombIy .... hydr_.-. .--.. on'" __ wllllitl ... toroid end 
"1IrI1pOr.-y cribbOIg ... be _. 

Figure 11 _ ... __ ..- 2 compItIO. 

Dr-.ga12 _13_ ... __ ..-1 ___ _ 
ThiI ___ -..sot • ____ from ...... II 

-. in _ dI-.gs. ~ ""aid weighl in ... ~ 01 2000 
~IOM. to. -","_800 1Dn--"'Y __ IOIIt_IO_1l. 
Figure 14 _ .. ___ ~_ compItIO. 

Figure 15_"'_ lot ... __ ~ __ ~r 
uFW3 -.g inI1IIItd. F--..d _..- one __ 01. __ 
__ III' trIOUgh_.IOIIt_ 10_ ...... 10-.; -lot uoombIyol ... -..trIg ___ . ~ .. ___ 10 -. 

___ --......... unIL 

MONTH 12(11g1.n 111_" __ ............ _ .. .,,01 .... 
_01,, ___ ,-_01 .. __ -. 

Figure 17 _ .001 __ 1ItIng _10 ...... _. _ pIcIure 
__ "largo _ 01 .... ___ .. ...-0I1ItndIIng IIhIough .. _____ 0I1IIndIIg __ on .. __ _ 

1hIough" __ -- --111' .... -...... -. ..... 1. _ .. _01 __ ,-_ ... __ 
_ . ___ Iot .... _. _____ ---
............ _ --... -... 10 _ .. ...- 0I--.e'-Y ....._- .. ----11110 ........... ThiI_lIlO11t _ In" _01 ___ ,-__ WIigh-_ ......... ______ -WIigh In" _011000 ......... pIut _____ IIIO_IDr .. __ . 

___ .. -""'11---- "jOCIdng_-' 
__ 10 ... __ (_ 19a2).- tr_IIOMIgnocIlO_ ... 

hOigh1_ ... ayotornol"'~_-""'II_. 

Figure 33 ___ up 10 MONTH 21. 

FigurtI 34 1hIough:18 _ .. _ 01 _01 .. __ . ___ "~_on" __ . wa __ 
__ "dHlgnol_ .. ___ " _ 
___ .1ItIng.-..... .... no __ II,,-on 

.... _ ....... _dHlgnll_. 

MONTH 1M IhIough -*' 41 __ on ...... ., IhIough C/, __ ... 

.......-,y. 
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This tool haS to be prOVIded with walkw8yS tor W'lStabbon work .... and be .. ~ to 
rUCh most Of the oaanlS ., 1M bIIrr ... 
Figurtll._11._ .. __ 10 ___ 001 __ 
on ... _ ..... __ 1. 

_ concopt ht<. io thai ... coil totrnont (which .... 10 be ___ ""- in 
one pitco) • _10 • _ thipping tr_ largo trIOUgh 10 _ 
_001 ___ ... _._10 ...... _110_ .. 001 
In ,--_10 __ .. 001_ .. -' _. T_ ..... __ 
---.oty IDr .... _ 

__ 001 ___ - -111' ... ----. Figure 20 _ ... ___ ... _1ItIng_1O ... _ 
_. __ tr_iolt1or __ ... _ _ lot ... coli 
-(1M 1igln21). __ iopr-., __ ....-. __ 
hydraulic cytindtrs __ ... ___ 10 ~ ... coil __ In .. -,_. 
Figur. 22 _ .. ___ 4$ CItgreM 10_110 _ .001 
__ In _2. _Igure __ ...... -.g. __ 1Dr 

1lalling1O ... __ t ThiI-" ...... It1or_1Dr ... _01_ 
oIItmbor"" guidH .. .-. in Igure 23. pIut ___ gao_. 

MONTH 15: ThiI dI-'; (lgur. 24) • _.......-". 

MONTH 1':ThiI dI-"'II(I'18 25) _ .. ___ In_ •. 
_ ... pic:IIft io ... npItntI<Ity. 
f"ogura 215 _. __ panallItIng _ on _ 4. __ _ 

Iotlhio _.- ~I __ willi .. _.-. 0ne_0I __ 11_10", __ IompOrwiIy ....... __ • _ 
_ ... __ . T ... WIIoyo __ lOplckup .. ___ I_ 

~. 
Figure 27_ .. _ 01 pIck""PoI .. ____ _ 

panaltoralOlIt_. _ .... In .... __ .. ..-__ an 
..-y_IO __ . 

Figure._ .. _ •• io_IO_ ...... on_Z. 

MONTH l' (Ig 21)- .. _II _1ItIng _10 ...... _ . __ .1ItIng _In .. ___ 01'" __ . 

___ WIighIIn .. _oI ___ . 1n_1O_ ... 
_10 ....... _ .• __ 0MIgn0cI1O_ .... __ • 
___ a ___ . ___ 0I._on1Op 01_ ... _11_. ThiI _11_ 111' __ ...- ...... ___ 
on ._01_ (-1g3O). __ 11 __ 10 ...... -111' 
_~_01"''-' (_1g31). 
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FUNDING ISSUES 

On ,,11,1"2. we mUll propoIIl dIteotar with tilt foIlowlne 
.... 1trUItUrI: ' 

• SZ71M +/. 110M In contrIbutlonl from U.S. SSCL fuIHI,. 
• RImIInInt CIOItI endl..., dlllrlbuteclllllOllG non-U." eolilborltorl. 

The ~III dIIInltlan of non-U.&. conb'lbutlonl will .. III 18k. l0III. 
111M, but our ~ working ........... $2OOM total In In-klnd 
contrIbuIIone Ind common fUndI. 

The SDe mu .. therefore, .. thlt m .... ng, develop I pIIn for • detector 
of InItIII COlt Ibout $5OOM which CIII be gracefully uPGrld1d II 
Iddnlonll fundIng from U.S. II1dIor non-O.S. IOUFCH bloOm •• 
IVlII..,I •• 

WhIt dltermlnn .... we .n In the +/- $SOlI nnga1 
I believe thlt In order to be on the poeltlVl .Ide of that rang.: 

W. must hIv •• ItrOng8r US repr ....... tlon thin GEM, 
W. must make I clair ca .. that we are not requesting unnecessary frill! 
W. must look Vlry I'IICIy to .... construction limited only by funding 

approval.. co 
f: 

co 
CID .. 

DETECTOR SCOPE 

Th .... will be request. for l0III. reduction. In .ub.ystem eo,t, from 
thOIi IIrIlCly proposad In y •• t.rd.y'. preHn .. tlon" with 80m, 
.... 1ttonI .. to how to milt thani. 

ThIll Ira not tlnel, and will be racon.ld.red at the Oak Rid,. SDC 
meatl",. TIl. burden of proof will be on the sub.y.t.m ,roup. to 
dtmonttrlt. Important dlmage to phy.lcs goel. I •• requlr.ment 
for In1 '"""" of the co.t targ ... . 

Any further coat reduction. nec ... ltated by Insufflcl.nt funds n.xt April 
Will proHbly h.v. to be m.t by staging scenario •. 

TRACKING VOLUME 

The tol8l co.t living Involved for radlu. reduction of 0.2 m k •• plng 
llpeel ratIo the .. me I. about '15M for the .clntlllltor Cllorlmetry 
option, end lOm.what llraer for the LA option. 

n the clecl.1on I. not to ching' thl tracking volum., the equlv.l.nt 
-:!:&~a to be found .1"""", within thl .ub.y.t.m •. H.nc. 
• of "no ch~" Impl ... I Judgment thlt the lIVIng I. b.tt.r 
mede .I •• where In the detector. 

The fr8cIclnQ volume decision mttdIIat this meeting will .tand •• the 
"..,. of the design proposal. 

co 
CID ... 
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• You he.rd yesterday from the lubgroups on their 
effortl to reduce cost => "Descope II" 

• COlt of Descope Ills .. $560M 

-

• Further reductions are necessary to move towards the 
$5OOM target. 

• Suggestions follow. 

• Evaluate by collaboration meeting at ORNL(Sept. 26-28) 
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DescQplng Homework and Targets 

Tracking System 

Present total: $92M 

Possible reductions 

Target:$85M 

I) Sllicon-straw-gas mlcrostrlp combination 
Further reduction In silicon layers(materlal)? 
Reduce straw superlayers to 4(2 axial, 2 stereo) 
Fix Intermediate tracker cost at $15M - what can be done 

II) Sillcon-fiber-gas mlcrostrlp combination 
Reduce silicon? 
What II functionality of fibers at cost of $30M? .... 
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Descoplng Homework and Targets 

Electronics System 

Present total:$1 OOM Target:$100M 

Looks OK but need rapid feedback on layout of electronici 
on back of calorimeter and feasibility of reduced access. 

Bemalnder 01 Detector 

Cost of Inltlilition Is a soft eltlmate. Look hard.r. 

Accounting? 

'--------a 

~. 
lIIl,.;2 ~. .---_ .. - ... _ ...... -- = 

IIII'lun __ .... • ...... .. --........ " "" l& _ , ..... ,,,... , ---

Q ..,. 

DescQplng Homework and Targets 

Calorimetry 

Present total:$142M Target:$135M 

For scintillator central calorimetry 

Reduce to 9A at 1'\=0 and Icale appropriately-what Is 
physici Impact? 
Continue to explore transverse and longitudinal 
sampling • can further reductions be made and what Is 
phYllcl Impact? 

For forwlrd calorimetry 

Cost savings from Inverted cone? 
Does rad hard-> simple:> cheap? 

---------------------a 
Descoplng Homework and Targets 

Muon System 

Present total:$115M Target:$95M 

Possible reductions 

Reduce access space to back of calorimeter($15M per 
meter). If calorimeter goes to 9A? Look very hard at 
access needs. 

Single Iclntlilator layer? 

Forward IYltem trigger redundancy? 
.... 
Q 
Q 
N 

~------------------~ 
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ELECTRONIC C 
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RH85FIBEE. STAV-CLEAR 
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plan and BlAu.,' 

• ae.pond to suggestions by ORNL meeting 

• Report. and discussions 

• ~hy.lc. Impact 

• Additional .taglng? 

'--------a 
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HISTE 

PERIOD OF PERFORIIANCE: JUt. Y 30, 1"0 - ':lECEIiBER 3 1, 1111 

YALUE: SUSK 

GOALS: 

• PROYIDE DETECTORS FOR FIBER TRACKlfQ EXPERIMENTS 
(SSPMlYLPC) 

• DEMONSTRATE YLPC OPERAnoN 

• IMPROYE YLPC PERFORMANCE 

HISTE STATUS 

• FIRST "LPC MA TlRlAL QIIOWN AND PROCESSED ON IRAD, 

WITII NO MAS" SET 
• DEVICES TESTED ON CONTRACT 

- OPERATE AS EXPECTID F1IOII IIODEL 
- PERFOMIANCE NOT ADEQUATE I'OR ... ER T1tACKINQ 

• DE_ AND I'AIfllCATID IISTE MASK SET 

- .... MATERIAL 
- I'A8ftICATID AND TESTED ON CONTRACT 

• SECOND LOT 01' YLPC MATERIAL QIIOWN 

• I'AIIIlICATID AND TESTID OEYICES 
- YLPC CONCePT DEIIONSTRATID 

- FURTHER IR .. PflESSION MQUIRED 
• ~ LOT 01' YLPC MATERIAL QIIOWN 

- DEYtCES IN I'AIfIICA TIOII 
- COMPLETIOII BY LATE AUQUST 

• DEYICI ctWIACTlJllZAnON 
- .. ~ OCTOIID 
- ftIIII'Y ".IIU PERFORIIA!ICI, IR SUPHESSION 
- EXPECT UNRISTItICTED DEYICES 

• DEY1CI! DELlYERIES 
- PIIOVIDE DEYlCES I'OR FlIER T1tACKIIIQ EXPEllMEtCTS 

- LATE OCTOBn, NOYE1I8E1I 

.. =.=."" 
"".~--

VISIBLE LIGHT PHOTON COUNTER (VLPC) 

CALCUlATED SPECTRAL QUANTUM EFFICIENCY 

-r----------------------------, 
n------~ ........ 

IOlIlIlrAlII .. Lt .... lEn -
... 1.'=--'--'-....... .uJJ~-.I,_-=:I:rz~=~L.....L.LJ-l.J 

1.1 ... .... tOl.1 
WA_IIIII1'II...., 

OPENS ODOR TO IIC DETECTOR 
APPLICATIONS TO IICH ENERGY PfI'SICS. 

• _" IAIID COIIOUCllllll DEllel 

• 1tl1llA-I_ "IOTOM DlTlCTOR II 
VI •• LI 'PEC~ 

• PRACTICALLY"'" II .. RAllO IPICTtIUtI 
I~ 1.11" .. 1 

• APPUCAILI TO 

AllIIONO.' 
_I E_' PHY.IC. 
IIEDICINI 

SCHEMATIC CROSS-SECTIONS OF VISIBLE LIGHT PHOTON 
COUNTER (VLPCJ AND SOLID STATE PHOTOMULTIPLIER (SSPMJ 

_RED 
REFLECTINO ttmIIISIC OAII DETECTION TRANSPARENT 

CONTACT REGION REGION REOIOH CONTACT 

.," 

..... -

UNOOPED 
SUBSTRATE 

SSPM 

INFRARED PHOTON 
!.Ide2lpm 
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0.1 1.0 10.0 100.0 

'1' :::::~= ..... , act.nc.c ..... , 
WAVEI.ENUIIIII·M) ..... -

VLPC DEVELOPMENT - FY'92 PLANS 

• DESIGN AND FABRICATE NEW MASK SET 
CASSETTE ~PPROACH 

• HIGHER IMPLANT DOSE FOR TRANSPARENT CONTACT 
REDUCED CONTACT RESISTANCE 
LWIR FILTER 

• ~OVED AR COAT~G 
~CREASE QE 

• MAXIMIZE RESPONSE AT FIBER SCINTILLATION WAVELENGTH 
• FABmcATE RE~D VLPC LOT 
• CHARACTERIZA TION'TEST~ 
• SCRE~G. PACKAQ~Q. DELIVERY OF 1024 DEVICES 

• TEC~CAL SUPPORT 
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Matrix approIimatlot\ 

Using paraxial-ray hypothesis, the _ 

transformation of the track parameter ~ can 
be written as, 

where bl is the transfer matrix, 

(r",·r,)2/2r;., ] 
ri.l.rj.(rj .. l-r j)2/2r j.1 

I . 

(1) 

(2) 

Using Eq. (1 l, the following relation can be 
obtained. 

where, 
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(4) 

Thus the track can be traced using Eq. (3) if 

the track parameter at innermost layer!;l is 
given. 



VerteI constraint 
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The transfer matrix from center to a 
layer i is obtained by assuming rj- 0 in Eq. 
(2 ). 

[ 

1 r/2l 
~ = 00 ri~2 [~} 

Using this transformation, the parameters 
90 and C are obtained from 9'S at any 
combinations of the layers i and j as, 

where, 

D - (r j - ri) / 2 

To obtain better track separation, precise 
determination of the track parameters 90 
and C is necessary. For precise 
determination of 90 and C, the distance 
between the layers i and j shaH be large 
enough. 
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1. SUMMARY 

J .. Desirn stady cr tN SOC tltin luperconductiQ& .olenoid is betns 

car:'led OUl in sgOP1"ui.e .crk bewteen K£lI. and FHAL. 

2. TH~thin lolennicl _Ii,n is ~ .itb • central .a.netic 
field or.l...T.. •• d ....... p.reDey or..!..l.!£.. 

3. The coil axlal and , .. dial [PtCI ur be "int'in,d .ithin .lutis 

...l..a.iJ... in aecbanical eeslili. 

, 
4. Shear ItUII kt.Hetl tb.e Q)j1 and the ou,.r ,upport cylinder 

Ihould De 11111 eao.ul!'!. Tte Ugly bendig' D,. 'M'tlin "(Ily IPSulh 

S. Present .... Ht .51eR .ax .! .dapted to either (in air or in iron) 
option of caIoria.eler sY$w,.I 

6. " prototYpe 014 lWth) •• n" is planned to 'e de.eloped in these 

threee years. Ii:! !:MIs .reler of tbe cHbiaed •• c .... ic.l 

stress (2,) is 10 b. loaded in I.e coil with bi,ber current 

appl ied into L.-e cail te !.riCr tile •• 'net d.siln and to atud~ of 

the characteriitici .r t" Itilh ElM 'hin .uperconductilll lol.noid 
for the SDC e.periae.t. 

'I. W, '51.0 TO "IX "!PO!I. MiliUS TO nAIlT ,. hDw'r", • 

c.u. Df:v&LD,.....".~ ~~ '\,IMMCIt, 
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CRYOSTAT DESIGN (see CDR, Section 4) 

A. LAC LQI (Nov. 1990) update 

1. barrel- eta .. 1.2 

• inner cylinderlhead flanges (moved 
away from comer) 

• LAr head thinning in EM end region 

2. endcap-the eta .. 3 problem (discussed 
below) 

B. Concurrent end cap configuration studies 

1. LBL conceptual design 

• double conical LAr & vac heads 
• EM penetrating stay (cylinder) 
• thin inner cylinders-no axial load 
• inner vacuum cylinder-close to the 

beam pipe 

2. KEKlKHI designs 

• existing LAr head shape 
• EM penetrating stay (rods) 

1370 

1372 

• thin inner LAr cylinder-with axial load 
• front vacuum head shape investigations 

C. Common Ground--The "KBL" end cap 

Calorimeter topics to be discussed: 

1 CRYOSTAT DESIGN 

a. Barrel LAC LOI (Nov. 1990) update 
b. New end cap configurations 

2 MODULE DESIGN 

a. Barrel EM and Hadronic 
b. New end cap "Big Wheel" 

3 CRYOGENIC SYSTEM DESIGN 

4 PREAMP COOLING 

a. Rochester & KHI experiments 
b. LLNL & KHI calculations 

5 SIGNAL CABLE FEEDTHRU DESIGN 

6 INTEGRATION 

a. Cryogenic piping interface 
b. Return Iron & its support 

7 ACCESS 

a. to Calorimeter & Tracker electronics 
b. to inner Muon chamber electronics 

8 LAC SAFETY 
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l![icf Ll!L End'illZ C!2nfiil.l[iltilm Invcsli&ilU!2n 

1-

2. 

(S~~ lBl SO, 0041, WBS 2..2,. July '91) 

Design Objective--lBl's goal was to achieve a 
design capable of meeting applicable 
requirements of the ASME Boiler &; Pressure 
Vessel Code such that it is; 

• 
• 
• 

LBL 

• 
• 
• 
• 

nO worse than the current KEK/KHI 
design for 0 S; eta .. 1.3, 

significantly better than the lAC lOI 
design at eta ~ 3, 

no worse at eta = 1.9 (the region of the EM 
penetrating stay) than the current design 
is at eta .. 1.3, where the barrel and endcap 
"overlap". 

Conceptual Design; 

.. 55 mm thk. double conical, front tAr &; 
vacu~m heads (locally stiffened) 

'" 12 mm thk. EM penetrating stay 

c 8 mm thk, ring stiffened inner LAr 
cylinder--with no axial load (SF ~ 2) 

'"' 2 mm thk, ring stiffened inner vacuum 
cylinder--close to the beam pipe-with no 
axial load (SF ~ 6) 
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MODULE DESIGN (See CDR, Section 5) 

A. Barrel Modules 

1. HADRONIC 

a. Baseline construction using 
developed technology 

b. alternate cast Pb concept 

2. ELECTROMAGNETIC 

a. Baseline construction 

• BNL test configuration 
• low dead area fraction (= 1.7 %) 
• Pb creep mitigation 

b. alternate construction option using 
developed technology 

• can also have low dead area 
• WE CAN CHOOSE IN A WEEK 

1383 

B. NEW BASELINE endcap "Big Wheel" modules 

• simplifies vessel ass'y and close-out 
• proven technology (HI &: D-Zero) 
• adaptable to vessel's eta = 3 solution 
• no special provisions for preamp 

cooling required 

, 
l:) 
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CRYOGENIC SYSTEM DESIGN 
(See CDR, Section 6) 

138i 
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A. BRseline Design is the pulsed, 2 phase N2 
cooling system developed by Watt Ie Barrera 
(SLAC). 

B. Proven Technology (MK II, Venus, SLD). 

C. Main Transfer Lines (MTL). 

• cryogenic fluid, vacuum, Ie vent provisions 
in large, robust, common conduits. 

• Invar cryo lines eliminate bellows in MTL. 

D. Small stroke bellows in common cryostat 
vacuum annulus have been minimized and are 
of double walled stainless steel construction. 

E. Cryostat-to-MTL hoses in vacuum annulus are 
braided, stainless steel. 

F. Gleason carriages allow endcap moves with 
fully functionRl cryo, vacuum, vent, and Safety 
Relief provisions. 

G. Large LAr Storage dewars at Detector level: 

H. This system has satisfied Preliminary Hazard 
Analyses by the SSCL review committee. 
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PREAMP COOLING 

The LAC'. prampt raide.t the INck of the llIOdules In LAr. See Section 1 
of the CDR for. complete dnaiptiDn of their properties md expected 
perfol'llWlce. 

1. Test II: Analyses strongly suggest that boiling 
of LAr can be avoided in the Baseline LAC 

2. Experimental Tests: 

2.1 University of Rochester 

2.2 KEJ(JKHI 

3. Design Calculation Documentation: 

3.1 LLNL Analyses (Don Slack) 

3.2 KHI Analyses 

4. Extension of the forgoing to Barrel modules: 

4.1 Sensible heat gain to LAr at HAD preamps 
can be removed by Watt's existing 2 phase 
N2 circuits (in the vacuum annulus). 

4.2 Sensible heat gain to LAr at EM preamps 
can be removed by additional 2 phase N2 
circuits attached to the LAr vessel's mid
shell wall (2 circuits minimum; 4 circuits 
with 100 % redundancy). 

-, 
! 
! 

I 
I 
! • 
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4.3 Local reduced density, single phase LAr 
is easily routed (at the back of barrel 
modules through slots in new T-shaped 
V-block supports-R. Richardson, SSCL) 
adjacent it's cooled wall back to the 
condenser, without entering HV gaps. 

5. Endcap modules of the Baseline "Big Wheel" 
configuration require no special preamp 
cooling provisions. 

6. Baseline Preamp Cooling System; 

The SDC LAC's Baseline Preamp Cooling 
System Design is described in 4 (;; 5 above 
(disregard reference to others in the CDR). 

7. Detailed, single phase fluid, PEA Modeling 
can verify the expected performance. 

8. Existence Proof of Barrel Module Preamp 
cooling; 

A relatively simple test, of a full-scale mock
up (region between 3 adjacent modules' outer 
strongbacks and their nearby, 2 phase N2 
cooled wall) in an appropriate LAr test dewar 
can provide an existence proof for the 
Baseline Preamp Cooling Design-

After the SDC selects the LAC ! 
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FIGURE 1. Cross-sectional details 01 the non-gas cooled signal cable Feedthru option. 
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HIGHLIGHTS OF PREAMPLIFIER COOUNG 

1. TESTING & ANALYSIS PROVE LOCAl BOILING OF LA, CAN BE MITIGATED 

2. TESTING WAS AS FOUOWS: 

2.1 COOLING BY DIRECT COUPLING TO LN. 

2.2 COOLING BY INDIRECT COUPLING TO LNo 

2.3 COOliNG BY CONVECTION IN lAr 

2.4 CONCLUSION: NO LOCAL BOILING OCCURRED AT OPERATING POWER LEVELS 
IN AHYTEST 

3. CAlCUlATIONS: PRELIMINARY CALCULATIONS INDICATE THAT IN THE LAC THE LA, 
IS SUBCOOlED AND DOES NOT BOIl 
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I 51 TRACKING 
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RETUAN_ 
ACCESS H019!. _________ _ 

I' I FORIIARD 
CALORIMETEA 

lWala c-s: General I ..... Dhlenslonal FNJIeS 

•• RESULIS •• 
DeFlections: 
x.ax = 2.989398£-82 Joint = 9 
YMx =-6.S4428ZE-82 Joint = 6 

Ilen4lnr 1IoMmt.: 
rt.ax =-4.883SZSE+85 
~ ... = 2 Joint = 3 

Shear FOl'Ce: 
u..ax = 4.611899Et83 
~=12 

Axial FOl'Ce: 
Aux =-9.829194Et83 
~"'=7 

Reactions: 
Ibaux = 2.B83666Et83 Joint = 7 
JIyMx = 1.188882E"" Joint = 2 
1IIaax= 3.5937S8E-Il Joint = 2 

DEFLICIIOft 
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F2PR1"1 F3DISP F6ItEXI F7tIDIJ F8REDO F9SIWE F18TOP := 

SECTION ]I • X 
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LA( ~S[OPE CPT ION t [RATE LAYOUT 
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~ sse Laboratory Physics Research Division 

Liquid An:oD Preliminary Hazard Analysis Results 

• No ''SHOW STOPPERS' uncovered 

• Engineering concepts currently present In 
preliminary design must be carried forward 
Into detailed design activities 

• LAr Storage dewars at same level at detector 
• Double bellows designs 
• Robust transfer line design and Installation 
• Thorough situation awareness Instrumentation of vacuum etc. 
• Effective ODH policies and procedures (Inc. training) 

• Endcaps moved "empty but cold" for major maintenance 

• Quantltatlye FMECA required during detailed 
engineering design 

Entlronm.nlal Sarti, and H.alth 
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• Electron hermeticlty 

Wall hdtness .-ound "..1.2-1.3 for electron 
a::ceptaI iC8 

• Thining the Barrel waIIs-+Cryostat cut-view 

• Utilization of the extra Massless gap(MLG) for the 
"..1.2-1.3 region-+EGS modeling 

• Dead rI'IaMlriai i'llront at fle EM calorimeter without 
fleexra .... G 

• EM resolution wiIh fle MLG c::on'8Ction 

• 

• 
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• '7=3 Issue 

Wa/l1'1Oness around fl-3 for hadron acceptance 

• The LOt design was not optimized for the issue. LBL 
worMd out. design to ~ the inner walls of the 
~ c::ryosmt (lAr Md V8Q,lum vessels). KEKlKHI 
IIIso f9nd cu • design tor the LAr vessel. 

• Dead masses in front of the calorimeter for the LOI 
Md for the new L8L design 

. s-.-ry of the Electf'on 
lllemleticity 

• 97% ac:ceplalllCe at • .,!E<25%I-/E 

• CalollilllllMer is ~siti.., ift the ~ ,!E>25%1../E and 
eleclr'ons will _IDe IcDst • 

(The • modlAe I:ICundary _HI be disoussed tly 
C.Hearty) 
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• Depth 
• What factor drives the depth requirement? 

• Containment of hadronic showers 

9-10 A/for 1 TeV jets (D.Bintingerl) 

1420 

10±1 A/tor 10 TeV di-jet mass resolution (-2%) 
(D.Green2) 

• What is the requirement by physics processes? 

Missing Et - 7 A/2 
Intrinsic width of a new rasonance into jet-jet: 

Tectrlil' """'20% (QCD coupling) 
E.-:l ~3 nIH% (aco coupling) 

Z'-+jet+jet is undetectable4 (EW coupling) 
(Note that only those witti OCD coupling can be 
detectable over the large QeD jet·jet 
background) 

1 D.BinIinger. Proceedings oIlIIe WoIUhap an C8Iorimetry 10r the 
Supen:xIIIiCIer. March 13·17, I., T~ 
2 D.Green. "'-dings oIlIIe SOC C,.. ~lMaeting at KEK. 
May 13·16, 1991, S!)C..91-00033 
3 U.Baur et aI., InL Jour. Mod. Phys. A2(1.7)131S 
4 J.S.Whitaker et aI., ExperimenIS, DIIIIIcIars, ~ Experimental areas 
lor IIIe SuperooIIider. Belkeley. CA., ,.7 
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• Summary of the ,,=3 Issue 
• Tille III!Ia8eri;iII i"I fIIaI'It III tile liIst actiloE l169ion of the 
!'lew LBL aIesign is 

$1.5 A/ . 

• There is a ~ 9'QUIM in '!he UlLand Il<iHI 
desql ;nj a (1c be de\)lfslapeclltllCBL Gesign will1have 
the mass $ 2 A/ i"liront of !he active <region .or '7~. 
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• I urge ~ Physics Assessment Group define dearly 1-12:2 
I1e .... ed mass resolution, since the 1hickness of the 
c:aIorl'nelef is one of the very costly items (if you a9<., at 
least tor I1e LAC option) and should be optimized to 
If8duce I1e CDSt of ~ whole detector. 

• Ray raci'lg tor ~ calorimeter thickness for the LOI 
a-ld tor he ~ LBl Endcap design. 

tlfy I' \.N ... •• J 142,' 

,,~ 

Ii?; 

:1 , , ,~ 

0 H "! . . ~ 
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""'IOITY 

FlGI'l ll(l:I'-./ 
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• J 

:J , , , . , 
0 .. .. ~ .. H .. 

"""DIT" 

J4:!5 @ 
• • twe is an absolute necessity tG haw al1id< 
~ calorimeter, we propose to change the 
hcMess of the LAC by the following .-nounts: 

(1)BImII9A/~10A, : 1R-2.1m ..... 1.9m 
~.e. TracMr OR-1.7m~1.5m) 

~ Endcap 1U/~12A/: Z,-4.4m-+4.2m 

0tM0usIy Iae are two ways to go: inward and 
CIUIWard. Outward step increases the radius of the 
caioI imeter and drives the whole detector cost UP. we 
prefer to go inward. 

Reterence: 

Hadronic modute density: 10.0 glan3 
Interaction length of Pb: 194 glcm2/A, 
~ 19.4cmI.iI./ 
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• PreMIp ........ litV 
• F IiIIJlle IIIIIIIIdes 

(1) lII;malom irIIillllt'e 
(2) DC jDOWer a.l/OFF 
(3) CI')Il!)mefllic C¥Clifll!ll 
(4) Spal'ks 
(5) RacdiatiCDfII umame 

• How" _!lily tfrIat tfrIe ~ lilIeS beller? 

To est3bIistl • I'Ie 90"'" C.L .. art '!he probability of 
., iIIem tailing in lime t (or "'limber Of tOyOles,~) is E, 

we musUes! Nabjectsfor1ime{ornumber'a! 
cycles) Twitfrl fIIl!)faih:,,~,where 

TI'Ue failuI!e r.ate ::; 2.3/111T::; €It, ~.e. 

NT':!2..3V£. 

• Tests to be conducted: we require £-0.1%. 

(1) Random tailure in MOSs (10 apenIIing years) 
-+ 1 0,000 prean'1IIS (In LAr or l..N:z) IIJr 267 clays 

This failure rate is 0.OO4%11000tws. 
SLD expet iet ICe is 0.028%I1000hfs at ,,"oom 
.,...ature; seven limes higher. But, orders of 
magnitude irnproIIement at ayogenic temperature 
because the failure rate varies as eltjp( ..rIk:r)o(MIL
HDBK-217E). 
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1\.1\ 

r"'jI1I I 

9.2 V.ri.tioD or tb r.nure ...., .. .,.... _II wilh 
IOmperalure IRer. 9.121. .... __ -. Mimi! all 
de.ices considered. C-, _I 4 ". III MOS.lllliDeat . 
• "" bipol.r EeL de.ices ill tile ___ .. _.rion. 
Curve S lollows &be ... Ie _ ......, .... feilUft rMes (tlence 
acceleration racton) doable ,. _ ..... IO"C. 

PFeamp Reliability 

Goal is fIIUe rate <0.004% 11000 hours 
-> 0.3% IaiILwes in 10 years of operation 

(not c::8endar yeIn - preamps off during 
down limes). 

previous Experience 

SL.O: preamp failure rate is 84134000 per year 
.0.028% 11000 haus 

• .a¥en WItIes ager.., desRd, but SlD 
P"EIIlrTllS II'e • 40 deg. C; eIedrOIlics failure 
rates.e piopor1iollal" e-(-a,1(n 
(a.-activation energy", 0.2< a< 2.0 ev for 1C's) 

14:7 @ 

_a> orders of magnitude improvement at 88K 

~: 584 preamps operated at 88K for 3 years wiIh 
no failures (1 infant mortality) 

-=> failure rate < 0.0150/011000 hours. SIO% a.. 

Testjng 

E~ testing needed: 

• ....... ....,.. through Infant monatltv 
Wn i $' ,. " or Ilbsequent testing 

• gyp ~ing: 100 prumps cycled 50 times 
daily r 10 days with no failures 
-> <0.05% (90% CL) wiD fall In 10 aye cycles 

-* qMB!' CIIdiJr, 1= cyded eveI'f 30 88OOI'Ids fer 106 Gars .... no faIlns 
-> ~.C6"'1o f9O"'Io .. in 1000 cycles 

• JiIHIdsiDg: verify transformers and/or protection 
CliodeSal Input protect against sparking 

- random failures: test at elevated ~ 
(otherwise impossible to see) 

Results of testing -> redesign 

1429 .~ 



trY Refiability 

soc will have 38000 m-2 of exposed lead (tiles 
covered with G 10) 

_> 380 shorts (70% il hadronic section) 

• at least 5 HV circuits/channel; no channels will 
be kIed bot HY stp1s 

• ClClTec:t NISPCi 88 01 aftIaaed channel by in situ 
~""'i 

• Summary 
(1) Electron hermeticity 

143:' 

97% at cs,!E<25%1{E 
still sensitive and electrons will not be loSt 

(3)DepCh 

<2A1 

IA/il ht Barrel 
1111 il the Endcap 

• Request eo darify ht requilwment by physics. 
not by con&ai melll. 

• ........ [f it). we add thickness of 
19.4cm'A/· 

(4) Preamp reliability 

• Establishing random failure rate appears eo be a 
major undertaking but feasible. 

• Neutron fluency is the limiting factor. JFET is 
acceptable foe' 10 yeans of the nominal luminosity 
of 1 ()33 cm-2sec-1 and MESFET can he wfth ~'O 
years of 1 ()34 cm·2sec·1• Further ndaIion . 
damage test for other JFErs should be oontinued. 

14~1 @ 
(2) DC power ONIOFF in "=500 c:ydas (onoe per 
week for 10 years) 
~ 1 00 preamps at 1 cydelmin foe' 8 days 

(3) Cfyogenic cydes in '=20 cycles (2 cycles/year 
.-.d 10 years) 
~ 100 preamps at 10 cydesfday and 46 days 

44) Sparks are unknown but. let's say. MOO 
~ 
~ 1 00 preaf11JS at 1 spark/10 sec and 7 hours 

(5) Radiation damage: tests are underway 

JFETs are exposed eo 
~ 

2xlci' G,-~ at 87K 
1'0~~~ noise increase). 

MESFETs are exposed to 

1015 neutronsfcm2. 

At the nominal luminosity of 1 ()33 cm-2sec-1, at 
'1-3 and preamps after the 25)(0 or 1he back of 
hadronic module. the ionizing dose is 
<111 OxSkGylvr and the neutron fluency is 
-1I2x1.5x10f3neutronsfcm2/yr. MESFET is 
already acceptable for 10 years of 1D"'cm·2sec·'. 

_.~I/IlI.7"'AM 

aSC .. I-&-1I115 

.... -= 
L __ J ...... G.~L-. .. ......-,. .. _ ........ 

'''-1991. 
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SDC Central Calorillld.er 
TilelFiber Baseline Design 

Version: August S, 1991 

f 
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Key SpedrlCalions: 

"oiocal 

Aaocal 

Rinner 

Router 
L,nnet' 

Lauter 
Weight 

2.lcm 

4.4'9IR (exclusi~ or PMTs. electronics. ere.) 
,,20m 

7.08m (exclusive!'f PMTs. electronics. etc.) 
2683 Tons. barrel 
962 Tons each 

Passive absorber 

Active absorber 

steel-reinrorced cast Pb. EM &: HACI( A/fLo 
bolted steel plates. HAC J ~ 
2.Smm radhard scin. plastic 

Shower Max. Del. 

Hermiticity 

Speed 

8 sc~n. str~psltower ~n ~11 J "JJ SuI.... 
4 scm. 5tnpsllOwcr m ~ sIr 1-' .I 

12 stripsltower. 4.5 mm thick cl'~.~ 
calorimeter closed down to 11=2.97 
barrel/endcap Yen. crack = 7.0 em 

charge collection time = 16 ns 

SDC Central Calorimeter 
TilelFiber Baseline Design 

Version: August S, 1991 

Presented by 
Thomas B. W. Kirk 

Ar'lOIIM Safional Laboratory 
HEr Division 

at 

SDC Full Group Meeting 
Lawrence Berkeley Laboratory 

Berkeley, Calirornia 

August 5, 1991 
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TilelFiber Calorimeter 
Features 
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• Ellerr.- Resolution 
EM resolution is good enough to see the 80 • 140 GeV 
Higgs in Ihc mode: 

w+Wl 
'-tlv \...YY 

LoI 
F'r, rz. 

• Speed 
energy collection time well matched to SSC collision rate; 
up~adc potential to 1034l::aminosity x3 beuer than LAr 

• Her_icih-
tighl barrellcrldcap rcomctry and low structural mass yield 
~ resolution on missing ET -,-;.~. l~r,.l:.. 

(rIA ",,,.'t~~ 
• Compensation . 

EM and hadron ene~y have equal response (c:Jh=LO): helps 
the jet energy resolution due to fragmentation nuau~i~ns .; _ C 

t;~"'f .. {'- -c· -, 
• Sarety 

safety hazards associated with the tilelfiber bXhnology arc 
small and manageable 

• Cost 
the tile/fiber calorimeter is cheaper_. 
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ANLSIM 1.05 EVENT 4 

Tile-fiber dimensioning 

:,' 'II' 

~ 
H.-J. Trosl 

-... en 

Hermlllcily Study 
H J Trost 

H~" ~ rtrc;r., fe-sf
T,o,r$. I<r" k. 

(flit fV01Yf?$$) --- . -
ANLSIM 1.05 S[TLlf' 21)/'1,1 

60.,,0:")/\ ~ 
lor7i1·m~. 
~D""" 

Til~-riber d;mrnJiofllnq 

--1 ~--=?~ 
Hodron Colorl_'" 

,0010cllve, 

'1.--EM Colorlmolor ,oil ocllve, 

...... f~' 
,01l0CIIvO, 

SCCOII~ AI_borY 
.1 
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~ 
H -J 1'0,1 

ANLSIM 1.05 SETUP 181 'I'll 

Liquid argon dimensioninq 
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Fig, 3 

TilelFiber Calorimeter 
9uestions 

• "". it _ni"e the radialion damage? How about 10 
V ~~lo-l'!! 

1v'J-£-,£ ! ---..s.lots of talks here on this subject!) 

• Will the llaht yield and tile unirormity allow the 
" intrillsic ~&Y resohItioa to be achieved? 

(J" F_ &; Jim ProudrOOl's talks) 

• Will the Pb calorimeter stand up? For 10 years?? 

(Vic Guarino's talk) 

• Is the cost estimate reliable? 

(Dave Scherbarth's talk) 
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TilelFiber Calorimeter 
Downscoping 

&..¢.fr~ ~iJI~ 
a._$I:t/I~S"M 
-seJi"'e . 

Tw. k-vels or downscoping "'ere considered =1~ I< -rile. s 
+ II.,. K S/IrlD!; 

Dollar reduction goals from June '91 SOC Meet. were: 
- Level I do\lo'Rscope H [)escope I. Descope 2 (-$ I SOM) 
,Level 2downscope H Descope 3 (-S I 20M) 

• Descepe I (esl mst = /2' M ) '"1&/31< 71/.s 
~I< 'JI<JDs 

- same geometrical size and absorbtion as BaseTine 
- x2 reduction in HAC I. HAC210ngitudinal sampling 
-HAC2has4~=0.1 xO.1 
- x2 reduction in SMD tile COWIt 
- one EM Jleadout dlannel 

• Descope 1 ( est cost = 110 M) :a:aJr("'11I&s-
60~SMDs 

- same geometrical size and absorblion as Baseline 
- x2 reduction in HAC210ngitudinai sampling 
- HAC I, HAC2 have 4114. - 0.1 x 0.1 
- x2 reduction in SMD tile count 

• Descope 3 (est cost..,. a? M) :R:lK "Tiles 
&DI<SMDs 

- same longitudinal &; transverse granularity as Desoopc2 
- same absorbtion thickness as Baseline 
- Rinner = 1.9m (down from 2.1 m) 
- Linner = 3.9m (down from 4.2m) 

Comments: 
Descope 2 has few serious performance compromises; 
Descope 3 has nOl been well studied at this point in time 
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Version: Au,uSI 5, 1991 

r.,aa: ... .,. -- -'10
" 

IICU ..... 
2 

~II .•. U'" 2.1 2.1 2.1 
En.Xilr ....... ' em) 4.2 _.2 4.2 
5010,1 Oua Sal v. ~o No 
o..,..~".O lOA lOA lOA 
Drpth€~.J I~ I~ IV. 

£\1 
Lon. Chan.n-nwcr 1 I 2 
LA ... &: Gnn. lenl~ I I I 
Trans Gran. ..os a.os ..os • .oS .115 0.115 

Sa.c-'C1' Mn G. 
Layerl" .05 .05 .115 
u}'CrI 4T1 .01l5 .0125 .01:5 
La,cr24q .00fi~ N/A .llllC5 
1.1,cr 2 j,'1 .OS N/A .05 
lIA,,.rr(M'Cr(A'"Cr.1 12 4 • 

H"CI 
UwI: ('lI'2ft. (em) 2 4 2 
T r'Ul). Gran. (411.).) .0,. .05 .115 0 .05 .10.1 

II.~O 
..... 'Onn.(cml 4 • • Tr .. ·'h C'.r:t" fL\n!\l"'Il .OS •. ~ .1 •.• .1 •. , 

~camman lDaIl",,*Is~: 

EIoI .... HACI._'i'_Icad __ .... ft>i'*"-nL 
HAO_'IS bollCll_l ........ 

OO'OOt 

1468 

_ ... pc 

l 

I,' 
3.7 
~o 

lOA 
IV. 

2 
I 

..os .. . OS 

.()S 
.0125 
.()()6~S 

.(lS 
~ 

2 
.1 ... 1 

I 
.1 '" .1 

a.CE)) $tU:b'y ~«<'J 0. ~Ii#flc-t(, d.,fk,ile=,:/"j 
~I>Je' Jt tHe. c:::.c ~ -~-

s... 
C) ....., 
C) 

E 
0 

~ 
U 

C\1 

C) 

0.. 
0 
C) 
til 
C) 

Q 

s... 
Q) 

..0 .-
~ 
'--.... 

Q) -.-E-< 

! 
I 
i 

1467 

o--.....!,.:..==..:f~::==T,-=;:::i:---- ---,:r==o;;-:.=:.:..=l!.:i 
I 
I 
i 

TilelFiber Calorimeter 
Options 

1-169 

• ~!Fe Boundary in HAC Section 

- JM'e Fe aptian may fail the Lol hadron energy-resolulion 
pcrlormmce crilerion 

- thinner Pb HACI, thicker Fe HAC2 moves away from the 
performance oplimum 

- thicker Pb HACl,thinncr Fc HAC2 raiscs cost, suffers 
B-flux return problem and gives small resolulion gains 

- more Fe, less Pb may resull in sOIDewhal lowcr COSI (nol 
yet comparatively a:udicd) 

• Boer Sampling in EM Calorimeter 

- below I.OXO plale Ihickncss, casllcad must yield 10 lead 
pi ales wilh AI or slcel skins for mechanicalllmlSth 
(CDF :lpproach) 

- 0.5 Xo EM plalcs will yield a 30% improvement in (he 

slochaslic energy resolulion tcnn (O.I8/'IE ~ O.l3/-JE) 
- no clcar physics case dcmands Ihis resolution 
- Ihe cosl will be higher Ih:ln Ihe Baseline EM dcsi"n 
- bul beller is beller... .. 

Comment: 
The oplions wilhin the TileJFiber ~me wnl II'tquire a bi! 
more sludy to arrive at an optimum 1IG1ution. 
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LEAD AND STEEL PLATE 
CALORIMETER 

DETAILS 

A • Barrel EM structure 
B • Barrel HAC} structure 
C • Barrel HAC2 structure 
D • Barrel/end cap transition 
E • End cap EM structure 
F • End cap HAC} structure 
G • End cap HAC2 structure 
H • End cap magnetic/coil forces 

geometry 
J. Support channel· module 
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SOC SCINTILLATOR PLATE CALORIMETER 
LEAD/IRON ABSORBER 

REF: WESTINGHOUSE DWG. D.389.4136A73.R5 
SCINTILLATOR TILE QUANTITY 

TILE QUANTITY 

COMPONENT BARREL ENOCAP TOTAL 

EMC(1&2) 128.512 34.560 163.072 

SMO 

HAC1 

HAC2 

TOTAL 

86,018 34,580 120.576 

196,_ 121,472 318,080 

140,288 183,138 303,424 

551,424 353,728 905,152 

SOC SCINTILLATOR PLATE CALORIMETER 
LEADIIRON ABSORBER 

REF: WESTINGHOUSE DWG. D.389.4136A73.R5 
PHOTOMULTIPLIER TUBE (PMT) QUANTITY 

PMT QUANTITY 

COMPONENT BARREL ENOCAP TOTAL 

EMC (1&2) 14,336 5,740 20,096 

SMO 1,344 540 1,884 

HAC1 7,168 3,804 11,072 

HAC2 8,400 4,928 11,328 

TOTAL 28,248 15,132 44,380 

LI:AU IHUN CALUHIMt.It.H 
DETAIL ELEVATION 

~----, -4407.60 
-41198.B2 )..10) 

3562.59-
3351.92 

r. HAC2 

~~~~~~~~~\\mmm - 3038.82 ).;" I 

25'032--l-~"';:'~~l:5 Pb HACI 

~~~ss~~~~lli!dittll- 2342.~6 •.• 2163.50 --l--+-;;;:"';;~"';;;;'~~ :::i _ 2100.00 
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SOC SCINTILLATOR PLATE CALORIMETER 
LEAD/IRON ABSORBER 

REF: WESTINGHOUSE DWG. D.389.4136A73.RS 
BARREL (WBS NO. 2.1) COMPONENT MATERIALS 

MATERIAL EMC SMD HAC1 HAC2 O.S.S. 

Carbon Steel 
VOluma(m3) 0 0 0 165.4831 88.560384 
Mass (kll) 0 0 0 1,299,042 695,199 

Stalnle •• srel 
Volume(m) 2.6675 0 6.338 0 0 
Mass (kll) 20,940 0 49,753 0 0 

Scintillator 
Volume (m3) 4.9487 0.4498 9.8109 11.6537 0 
Mass (kll) 5,206 473 10,321 12,260 0 

Lead 
Volume (m3) 10.3922 0 60.8277 0 0 
Mass (kll) 117,941 0 690,334 0 0 

Void & wra~ 
Voluma(m) 3.9589 0.36 7.8487 9.323 0 
Mass (kll) 0 0 0 0 0 

TOlal 
Volume (m1 21.9673 0.8098 84.8253 186.4598 88.560384 
Mass (kg) 144,087 473 750,408 1,311,302 695,199 
Mass (tons) 

TOTAL 

254.043 
1,994,241 

9.0055 
70,693 

26.8631 
28,260 

71.2199 
808,275 

21.4905 
0 

382.6227 

3,192 
2,901,469 I 

Mass (tonnes) 
~. -----

~01 
---~-- ~~-

SOC SCINTILLATOR PLATE CALORIMETER 
LEAD/IRON ABSORBER 

REF: WESTINGHOUSE DWG. D.389.4136A73.RS 
END CAP (BOTH ENDS, WBS 2.2) COMPONENT MATERIALS 

MATERIAL EMC SMD HACI HAC2 O.S.S. TOTAL 

Carbon Steel 
Voluma(m3) 0 0 0 114.638 72.47098 187.109 

Mass (kll) 0 0 0 899,909 568,897 1,468,806 

Stainless Steal 
Voluma(m3) 0.671711 0 2.647 0 0 3.3187 

Mass (kll) 5,273 0 20,779 0 0 26,052 

Scintillator 
VOluma(ml) 0.775542 0.12926 3.64306 8.0731 0 12.62096 

Mass (kg) 815.87 135.98 3,832 8,493 0 13276.9 

Lead 
Volume (m3) 2.985837 0 21.354 0 0 24.3398 

Mass (kill 33,886 0 242,346 0 0 276,232 

Void & wra~ 
Volume(m 0.620434 0.10341 2.914448 6.458481 0 10.09677 

Mass (kll) 0 0 0 0 0 0 

Total 
Volume (m3) 5.053524 0.23267 30.559 129.17 72.47098 237.486 

Mass (kll) 39,975 135.98 266,957 908,402 568,897 1,784,367 

Mass (tons) 1,963 

Mass (tonnes) 1,784 
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FA'" I 'T Y ColJS T/fV' T tO~ 

SVifFACE AS'Y 2 IAJSr. 
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COST ($ ) 

(l3~~E .. COl.)r.~e:.e-.;c'() 

Z3,O~~, <f04-

2+,3Si',QI'l 

35,"130,060 

9, ,+I,Sr,,1l 

10, 7 qs:,sr. 5 
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10, Viol, 7<j1 

'i,qz.q,Z73 
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13,47£,135 
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HI 

H2 
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EMC 
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HI 

HZ 
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SCla/TILL4T0 f. S 
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STIWC.Tv"1£ 

PHOTOMuLTIPLIER. TVGES 

()J.)TE"1 STeEL 

MOl>IILE. ASS Y, SHIP, f 
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soc SCINTILLATOR PLATE CALORIMETER· OESCOPE 1 
LEAOIIRON ABSORBER 

REF: WESTINGHOUSE DWG. D.389.4136A73.R5 
END CAP (BOTH ENDS, WBS 2.2) COMPONENT MATERIALS 

MATERIAL EMC SMD HACI HAC2 .O.S.S. 

Carbon Sleel 
Volume (m3) 0 0 0 114.638 0 
..... (kg) 0 0 0 899,909 0 

Stllnles. Steel 
Volume (m3) 0.671711 0 2.647 0 0 
Mas. (kg) 5,273 0 20,779 0 0 

Sclnllllator ) 
Volume (m3) 0.n5542 0.0646 1.822 4.037 0 
MHs(kg) 815.87 67.99 1,916 4,247 0 

lied 
Volume (m3) 2.985837 0 21.354 0 0 
Mas. (kg) 33,886 0 242.348 0 0 

VOld&Wra~ 
0.620434 0.168 4.736 10.495 0 Volume(m) 

Mass (kg) 0 0 0 0 0 

Total 
Volume (m3) 5.053524 0.23267 30.559 129.17 0 
Mass (kg) 39,975 67.99 265,041 904,156 0 
Mass (tons) 
Mass (tonnes) 

SOC SCINTILLATOR PLATE CALORIMETER 
LEAOnRON ABSORBER 

REF: WESTINGHOUSE OWG. O.389.4136A73.R5 
SCINTILLATOR TILE QUANTITY 

DESCOPE2 

TilE QUANTITY 

COMPONENT BARREL END CAP TOTAL 

EMC (1&2) 128,512 34.560 163,072 

SMO 43,008 17,280 60,288 

HACI 49,152 30.368 79,520 

HAC2 17,536 20,392 37,928 

TOTAL 238,208 102,600 340,808 

TOTAL 

114.638 
899,909 

3.3187 
26,052 

6.699 
7,047 

24.3398 
276,232 

16.019 
0 

165.015 
1,209,240 
1,330 
1,209 

... 
CIt 
o .... 

... 
CIt 
o 
CJ' 

SOC SCINTILLATOR PLATE CALORIMETER 
LEAOIIRON ABSORBER. 

REF: WESTINGHOUSE OWG. O.389.4136A73.RS 
PHOTOMULTIPLIER TUBE (PMT) QUANTITY 

OESCOPE1 

PMT QUANTITY 

COMPONENT BARREL END CAP TOTAL 

EMC 7,168 2,880 10,048 

SMO 448 180 628 

HAC 1 7,168 3,904 11,072 

HAC2 1,600 1,232 2,832 

TOTAL 16,384 8,196 24,580 

SOC SCINTILLATOR PLATE CALORIMETER· OESCOPE 1 
LEAOIIRON ABSORBER 

REF: WESTINGHOUSE OWG. O.389.4136A73.RS 
BARREL (WBS NO. 2.1) COMPONENT MATERIALS 

MATERIAL EMC SMO HACI HAC2 O.S.S. 

Carbon Steel 
Volume (m3) 0 0 0 165.4831 0 
Mass (kg) 0 0 0 1,299,042 0 

Stainless Steel 
Volume (m3) 2.6675 0 6.338 0 0 
Mass (kg) 20,940 0 49,753 0 0 

Scintillator 
Volume (m3) 4.9487 0.2249 4.905 5.827 0 
Mass (kg) 5,206 237 5,160 6,130 0 

lead 
Volume (m3) 10.3922 0 60.8277 0 0 
Mass (kg) 117,941 0 690,334 0 0 

VOld&Wra~ 
Voluml(m) 3.9589 0.5849 12.7546 15.1497 0 
Mass (kg) 0 0 0 0 0 

Total 
Volume (m3) 21.9673 0.8098 84.8253 186.4598 0 
Mass (kg) 144.087 237 745,247 1,305,172 0 
Mass (tons) 
Mass (tonnes) 

TOTAL 

165.4831 
1,299,042 

9.0055 
70,693 

15.9056 
16,733 

71.2199 
808,275 

32.4481 
0 

294.0622 
2,194,743 
2,414 
2,195 

... 
UI 
o 

'" 

... 
UI 
o 
w 



SOC SCINTILLATOR PLATE CALORIMETER· OESCOPE 2 
LEADIIRON ABSORBER 

REF: WESTINGHOUSE DWG. O.389.4136A73.RS 
END CAP (BOTH ENDS, WBS 2.2) COMPONENT MATERIALS 

MATERIAL EMC SW> HACl HAC2 O.S.S. 

carbon Sleel 
Volume (m3) 0 0 0 114.638 0 
Mass (kg) 0 0 0 899,909 0 

Slalnless Slrl 
VoIume(m) 0.671711 0 2.647 o ' 0 
Ma •• (kg) 5,273 0 20,779 0 0 

Sclnllllator 14•037 VoIUme(m~ 0.775542 0.12926 3.64306 0 
Ma"(kg) 815.87 135.98 3,832 4,247 0 

Lead 
Volume(m~ 2.985837 0 21.354 0 0 
Mas. (kg) 33,886 0 242,346 0 0 

VOld&Wra~ 
Volume(m 0.620434 0.10341 2.914448 10.495 0 
Mass (kg) 0 0 0 0 0 

TOlal 
Volume(m~ 5.053524 0.23267 30.559 129.17 0 
Mass (kg) 39,975 135.98 266,957 904,156 0 
Mass (Ions) 
Ma.s(tonnes) 

SOC SCINTILLATOR PLATE CALORIMETER 
LEAOIIRON ABSORBER 

REF: WESTINGHOUSE OWG. O.389.4136A73.RS 
SCINTILLATOR TILE QUANTITY 

DESCOPE3 

TILE QUANTITY 

COMPONENT BARREL END CAP TOTAL 

EMC (1&2) 128,512 34,560 163,072 

SMD 43,008 17,280 60,288 

HACl 49,152 30,368 79,520 

HAC2 17,536 20,392 37,928 

TOTAL 238,208 102,600 340,808 

TOTAL 

114.638 
899,909 

3.319 
26,052 

8.585 
9,031 

24.3398 
276,232 

14.133 
0 

165.015 
1,211,224 
1,332 
1,211 

... 
'" c::> 
(I) 

SOC SCINTILLATOR PLATE CALORIMETER 
LEAOIIRON ABSORBER 

REF: WESTINGHOUSE OWG. O.389.4136A73.RS 
PHOTOMULTIPLIER TUBE (PMT) QUANTITY 

OESCOPE2 

PMT QUANTITY 

COMPONENT BARREL END CAP TOTAL 

EMC(1&2) 14,336 5,760 20,096 

SMD 672 270 942 

HAC1 1,792 976 2,768 

HAC2 1,600 1,232 2,832 

TOTAL 18,400 8,238 26,638 

SOC SCINTILLATOR PLATE CALORIMETER· OESCOPE 2 
LEAOIIRON ABSORBER 

REF: WESTINGHOUSE OWG. O.389.4136A73.RS 
BARREL (WBS NO. 2.1) COMPONENT MATERIALS 

MATERIAL EMC SMD HAC1 HAC2 O.S.S. 

Carbon Sleel 
Volume (m3) 0 - 0 0 165.4831 0 
Ma .. (kg) 0 0 0 1,299,042 0 

Slalnless Steel 
Volume (m3) 2.6675 0 6.338 0 0 
Mass (kg) 20,940 0 49,753 0 0 

Sclnllllalor 3 
Volume(m) 4.9487 0.4498 9.8109 5.827 0 
Mass (kg) 5,206 473 10,321 6,130 0 

Lead 
Volume(m~ 10.3922 0 60.8277 0 0 
Mass (kg) 117,941 0 690,334 0 0 

Void & wra9 
VoIume(m) 3.9589 0.36 7.8487 15.1497 0 
Mass (kg) 0 0 0 0 0 

Tolal 
Volume (m3) 21.9873 0.8098 84.8253 186.4598 0 
Mass (kg) 144,087 473 750,408 1,305,172 0 
Mass (Ions) 
Mass (Ionnes) 

TOTAL 

165.48 
1,299,042 

9.0055 
70,693 

21.0364 
22,130 

71.2199 
808,275 

27.3173 
0 

294.06 
2,200,140 
2,420 
2,200 

... 
ell 
<;> 
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SOC SCINTILLATOR PLATE CALORIMETER 
LEAOIIRON ABSORBER 

REF: WESTINGHOUSE OWG. O.389.4136A73.R5 
PHOTOMULTIPLIER TUBE (PMT) QUANTITY 

OESCOPEI3 

PMT QUANTITY 

COMPONENT BARREL END CAP TOTAL 

EMC (1&2) 

SMD 

HACI 

HAC2 

TOTAL 
---

14,336 5,760 

672 270 

1,792 976 

1,600 1,232 

18,400 8,238 

LEAD IRON CALORIMETER 
DETAIL ELEVATION 

DESCOPE 3 

20.096 

942 

2,768 

2,832 

26,638 
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UNASSEMBL£P 

HORIZONTAL (THICKPLATE) 1/2 WEDGE ASSEMBLY 
COST aREA)( DOWN 

OPERATIONS REQUIRED: 

1.) Punch hoI •• 
.2.) Grind pUt •• flat and parallel 
;).) Mill slota 
•. ) Deliver to TNAL un •••• abl.d 

OPERATIONS REQUIRED: 

1.) Punch hol •• 
2.) Grind plat •• nat and parallel 
3.) Mill alot. 
•. ) Stlckin9 fixture 
5.) Stack plat •• 
I.) PluCJ veld 
7.) "ill welded ...... bly taci. and tiber alot. 
'.) Deliver to FHAL 

REFERENCES: 

1.) Ryeraon St •• l 
25S1 w •• t 16th St. Chicaqo. IL 60601 
Attn. Chuck Brown 

.2., Id •• l Tool 
5615 So. ClarellOunt Chic.qo, IL 60636 
Attn. Fred Dion 

3.) Chicllqo IriclCJI and Iron Inc. 
St. Geor,. Rd. lourbonnab. IL 60914 
Attn. Allen Wr19ht 

4.) Younqberq Industrie •• Inc. 
P.O. 80)( 217 Cherry Valley. IL 61016 
Attn. N.H. Mortonson 

AVI. cost 
S2.65/lb. 

Ave. cost 
$3.11llb. 

r =. 
1536 

• Ryerson 
~,-_.....;"iE";:'C"-"'7t.Df~.::..""-~~?~I",l~L . .--. .. 

InlMds-ll,.,.".,.. tnc 

FfitZ,.,. Nft'TlDPtI.- R~LtfIIA~ J.AB. 

/"I!ii!L.1b"TT lID-
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A-rno.J Mit, 8t IAN Wit iI!UiI£ 

~ ""fl.. I4JIINfJIR. 

~, 
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~ .. r WI"" 1111 ~D HJ~ .. ~, .t...o 'T.iJo w..-y 
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JOHPf'I T ",.rlon • Son. Inc 

QUOTATION 1535 

rD.EA1::::~:L~::~~ ~==CI 
~"o ... :1'2, • .,.,,01. 
IIAll :1'2'.7 •.•••• 

:el"'r.:! 
:.a:.:c:-:a: i\cce:er-a:C:" :"a::oratO!_ 
P.O. Box 5:>J 

DATI July 15. ~99:' 

YOUR INQUIRY 
r';a11 Stop 221 
Batav1a, Il11n01s 60510 D ....... 

"A:tn: ~r. 1:;1'18n Wheeler RIQUIST 01" Brian Whee ler 
ATTENTION' 

OU"NTITT 

?::'ease accep: :::.::.s quotation of pr1ce and delivery 
aa a as follows: 

Ba!':"'el Calo:-1mete:"' wedge 
Consisting of approx 90 plates. 

Iaeal Tool to machine each plate .,lth appro x 24 
slats and 12 2" III holes uslnc .4-36 HJlS a. received 
f:"'or., Steel Warehouse. No finlshlng top or bottom 
of plate quoted. 

NOTE: Plates only quoted - the a •• embly 15 too heavy 
for Our equ1pment and cranes. 

If finiSh on top and botttJlII of plates is requlred 
(Clean up only.) 

Quote Is approX1mate only and price may cha.n&e 
when requoted . 

Approx. 
*1.500.00 
each plate 

'80.001130.( 
each plate 

CluvlRY negotiable 
ftI ..... - .. T _ _.-· ........... x dellvered 

W. T ....... " TOU"CHI TN. ~TU"'T" 
0" OuOTI"G """0 W.,," ........ C' .. T. 
•• c •• Ir ..... TM" 0-.0 ••. 

...-....... -...... .. 57390 .... "' .• --....... - Prederick L. Dlon 
Sale. Enclneer 

:::~.::!: :::.'::::::''::':::. ::::. -::.::::::'::':':':::" -:~ -::.::..::,--;::::.:.:: ==~:= :::.:::::..::~ 

T ~ _ _ ~ e _ ,':' ':' - .. _. 

~-----
TELECOPY 

DATE: _, -1'3" - .91-___ _ 
TO: "Brc:lc.."" W~~ 

I~IL"''Q 
FAU1OQ) 840- 4'34'> 

FROI.<' ~u.. ... "" lA:n.1I:.uT 

~~ ')s3VIC~~ 

WE AIlE TllAHSMITTING --1_ I.E'I1'ER SIZ£ PAGES II£I!O!NG '!l!!$ coyElI SHEET 

IF ANY PAOIIlEMS ARISE. PLEASE CALL (1I$1I133-ZIOQ, 

WE AIlE TRANSMITTING ON N4 ADLER ROYAl. FX .. S GAOUP , ~E. 

OUR TElECOPY NUMBER IS (115) 13U'122. TELECOI"f OPERATOR IHA!!ON HQ!NA!!Q 

1537 

1C'E' : "C>A.ltil!G.. C ...... ort.t .... E"TEI1. ~ 

Mr. WIoIE:E\R!I. I Co"'.'!!.""I"'" "TbOAV:' ~H9'5 ~~; 
~!U: 's "1Zo<>~.... ]:. "'pGrCfT "'P!t,c.,"!J? ""mHO .. -re6lt.1(.JSt'It:O 

Hta.TL', Fpn. 113) .... ')~.., S .... ., "E9Y==5?'rlS ": 

-S",I?!'""E;T ~Ic:.s:=. ,..,e.O""i "?ae';r..o p::o ""i?ru;...,..;s!"'D:>o:., 
cos.TS . 
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DRAWI~G OF BRACKETS ATTACH
I~G EXD CAP WEDGES TO EACH 
OTHER 

DEHLOPED TRUE VIEW OF TOP SCRFACE 

BEA~ AXIS 

iBm 

nEW A-A 

II 

II 
• I 

Ii 
I: 

1543 

·-~II -"-' ~~-"-' ~i; 
•. ' : i 

, ILJI~li li!ll!i! I 

JI 

I 
I 
i 

II ~ 

-1_--=.-_-_-

I 

I 
( 

( 



-'3 
~ 

= 
= = = = c:::::===4 

.q 
= ===~ 

1546 

1548 

! I 

I 
' I ' ' 
• ••• 

I •••• 

• ••• 
• ••• 
• ••• 
• ••• 
• ••• 
• ••• 
• ••• · ... 
• ••• 
• ••• 
• ••• 
• ••• 
•• • • 
•• •• 
•••• 
•• •• 
•• •• 

1547 

1549 



---
... 
ell 
ell 
W 

-j 

... /'."" 

x 

[. I 

~ 

.... 
til 
til 
<= 

.... 
til 
til .... 



...... f .. 

Mf) t"'-,f)I' 
AJI, ·,t .. ", 

l,)I,-r(",,·"'. 

! 1\)2" 

""1 .1.1· 
11,11:" 
Pl.''' .• 
PII"fLE.,.'S ........ 
n •.• 
'" .. ,y -, 
•• Sh ....... 
If •••. 1 
" __ N.ln 

" _HJ.n. 
NlCI. lllDOIH 

... 
CIt 
CIt 
a> 

... 
CIt 
CIt .... 

-_II 

II 

... 
CIt 
CIt ... 

... 
CIt 
CIt 
CIt 



• 1 .. 1", .1"', .............. _ .1 • __ ,.1 

.... '1_1 I'" _ nil •• , '· ...... _.1.11_,.1 

.It'll ,ltr .. , ... " 
'UT". , 
POITI .111'\.. 
ITIP_' 
In_., .......... 
IUPC ....... 

HeA""."1 .. .. ,. 0' 
1'1 •• 
.Uh.,U .... 
IF ••••. nl 

" .11 
" .·.1 .... 

IICI.·'" NlUSI: "&111M 

.It'll ,ltl' 
'In •• ' 

PlOT fe. I 
,"y. DIll'\.. 
In'.1 
ITI". 
_ ... NIN. 
UPc: ...... . 

HeA_'21.M2 
.. 0' .. 0' 
IY 0' 
DIIT.I ••.• II 
.. • 1 ••.• 11 " ... 
" ••• 1.'16 

"'.~'H 
,.CUf .. IODIN 

... 
(,II 
cr: 

" 

_ •• ,.1 1'" ..... , .................. 1 • _ .. 1 

.It'll ,I.:' 
','4,5. 

,ur NO I 
'OSti hE ... " , ... -
.. 0' 
IY ••.• 
.Uhl ... ... 
., _I .... " 
'1" .12 
W .-11.611 
AltCI··U. 
"11(( IH: "10001 

1l'sn 1:6~" 
U,42:11 
'lOl NO I 
,osn DIS"t. 
ST(r~ I 
lJ(It~1 

OM_ •• '111'1 
('"'("' ... " 
DSU.U:J.'71 
.Y.l 
'l'Y.1 
IY •• 
DlShl".' •• 
XI ."I .• n 
" .Jf 
If .·I"IUI 
AltCla-U' 
PItICrsf HIOOEH 

... 
til 
til 
en 

... 
UI 
UI 
CD 



1562 

I , 
1 
~ 

1564 

.~I.. ct .. ~..,-H- I L6 Kt ... iN~';!..+ 
~"v~"'.5 - e. .. s;~ c;vrr'"t 

• ~ ....... ~+.;:+~ ~ ,,0 ~_ks lo ... ..;...,-., T:lc.s 
fl. c"''T.~''+ .) 

...... 

1563 

c. .... [.,..., .. c7(... """"De>S(~'" 

- FKE~I~ItN 

• Cc""e ... t ~I ... ec.k .. :c .. 1 c:ies.;., 
'·"0" ,I\ov's ~"~e"t.;,....t (s .. {<) <SDleu;".; 

vn;~ .... W\ 13 

.eel.. lOt f'e..,fl" I L 6 \<-;-... iN e.;!.. + 
<;;""~,,,.5 - e. .. s;~ c;vrr'"t 

~Q" ... ~ +,;:t~ ~ 110 ~_ks lo ... ..;...,-., -t-:lc.s 
fl. C"''T.~''+ .) 

• fl. ... rt...,·'3e- crt'! ...... ..... Y:a. T:l~ '" EIJ't 

0.1 

0.4 

0,1 

1565 

r
l%~'~H' 

aX : I." 
• \~ I 
-.-._ / ('rl;~. 

:---. .- . 
-----~ -

1.0 
MIleY) 

,""V;',I.O 
t\ 

10 



i : ; . I • I I I I ! :, '. I I : I I , I I I ,f I I; ~ I I, ' I , . I ; I I 

'0 
70 

80 

~ 50 8 40 1111111111111111111'111111111111111111111" 

~ 30 ••• II •• III~IIIIIII 

20 

10 

O ........ -~ 
~ • ~ 0 MG. N ~ e ~ • ~ 0 ft 

~ - ~ - ~ ~ ~ ft ft M • • 

I I 

TOWUNUMBER 

I 
, - ~ I , t , 

1 
( ) 1 ' 
, 

• "HAC2"/4 

o HAC 1 

• ElM 

11 lIIII1I1TIi~;II" \ 
:": i 



:: 

I 

II 
,.. Of i ::::. 1571 ... , ::J 

I l-
I 

JI 
I Vi 1& I 
I > 

I I-...... 

iD 
w : n~ 
...... I"-,~ 

= 

~II 
". Pl . .. 
= 

~:. 

~D 
..----, I 

LJ~ 

= 

> 
~I EI >- 1573 

~I 
.', t 0 tt~ 1572 :::> 

'~'i'-i, 11 

I 

~ 

I IlL 
If) 

, - I 
>- III 

I -. I 
~ 

I .J I D~ 
H 

, - I 
U ~;. 

l-

I 
H i i~ 

-d I 
~ :.-Ji' 

0-

IIJ 

- mit 
~ 

= 
a: n)illJ~ w 
:I 

~~. (f1 Di I ia': l!:) 
L-...J. 

L:J 



c: 
w ... 
w 
Z .... 
c: 
0 
-l 
.::: 
u 
(D 
0. 
"-
w 
"-.. 
>-
0 
::> 
t-
III 

>-
t-
~ 

U 
H ... 
W 
~ 
a: 
w 
:r 
tn 
l!) 
w 

H .. J.r", 01'1,"_1 f1ss .. bl~ 

("" s ..... t: ca.' CuP f"rf'+)~) 

• -t; I"s CLI" .'" ,.i, II 

• .J,_s _ "';,.fel 
'1atvl .fibtt'S ~I"e.l ,III t 'ue 

..., ..... fred 

c.\~o.,.. +,Iq.r ~pl,~ 0" 

;u1 .. 1Ie.cl ' .. 1. ept,('~l -re.ek .. ~~ 

• -,,,st .. IIJ 11ft Fe 

19st.J It ,,; ... J If! ?lo..ce. 

1574 
II~ 

-O 
Ii 
01 

1576 

.irt"o.r 

_.-n ........ 

~.,..) 
SQlt~TIC c...a ... IY/SoIIIT.1iloCs 

SQl.S.II01~L. ~fI£11Il "OtlUL£ 

1575 

1577 

.. . 
~. 

~ = 
.~ 
I.~ 



1'~"O wi('~ -teo1;,.n~ 

E"" .. oJ"lc \" .. st ... ((eel ."" H"'C 

Vol L.. S f..~s "~HOrel. 

· WL..S "'\\""5 'Spl.~~ +0 cleo...,.. . 

• +';~e~ 0. ,c(' ... b(~ +e~ed 

• .t;'wfT Q..'n""l,l~ -t-L.,,~.clJ ;"to t;/u 

• .t'ibtofS d."c,,~J +CI cook:e. 

;'etrt /-tr:"" 

I 
I A;X:,...:S::.:~ ___________ ---, 

2<0 

200 

" 0 

~ 
'10 ~ 

t a 
f c C 

120 r-

-f 
<or 

GG 

fiq. II <b> 

wt~5kJ. -tlc. VVl;~r'~.+) 
\J ~ 2. ./ ..... H~ ...... sk .... , 

1578 

1581 

1586 1587 

I :. ~ 
I • 

I o.~ E 

I 0.1 
O.Go 

0.02 

'-I 0.+ 10 
00~~~0~4~~0~.~~0~ .• ~~~0~ __ ~~~ 

Fj~. 12 <b> y~ 

-t t'"o-","e r~e. 

0. ~ep1·ble. 



I 
e l-

i 

t 

~,~(- ~.- t:l~ L- '( n 
='" ?.<\.tJr~' ! I 

\'V , ".~ I I 

11 

() 

En_ -!IUS 

1590 

60~ i 
36 I 

1.000,i 
0.6394£-01 

o L---0~.6~----~Q~.8~L-~--~----~~~------~I~.4--~ 

n_aliM\j.iqllt yield. em .prototype 1il .. 

1592 

-
-, ----s: 

" \f\ 

-.:g 
s I;) ,.,. • c;:) 

+1 
Ie 

~ 

,. ---,t 
""'t" 

-' - ~ 00, 
> 

.. I/"'. :; 
_:I:, 

J ci .!! 

~ 
~ 

'" 
~~ 

~ ~ <:> 
i • 

~ 
':> 
~ -- d -I 

~ 

... 10 

~ I 

l-
I .... J 

JC 
L......I 

~ 
.~ 

...-r 

~ 
:;? 

:: '" C:;; 

1591 

._.---

1593 

f ~ 
I 4 

PI' I ... '&. L ,. --L 
eL- I I" 
I( I - • -Po I !-I --~I ci I :; :: I 

1 
.. 

~ 0:: I ... ! > • 10 ] -
~ 

-r: c; 
~~ .~ 

I ~ 
~ 

~ 
;; 

y .; - .. 4-
"" '" ~ 10 "- I-
I 

i 

I;) 
M 

~~ 
I I I 

:0 ... '" .... - 0 Q 0 C 

"lU11:;al.:a~ 



., 
lMO ., 
'" '20 

ID 

40 

, 0.'0 

JI) 

• 
, 

I • 
2 

I °200 

I 
I 

.; 

1594 

C'Df «..J p 1"5 "'Jro"f' s4 ",ted ~ .., .... '-

-"I.sk,its .,. ;",J,;;J...A ",,~sk.~. ~O"'C.t"$I.~ .. 

5~~;c:. fWI",~~,;;~ Co .. +,..!leJ. +r ..... J ,., rton . .,,.;{ 

70 ..... i-I. j, :t 2 %, If s.e. "f' ~ .-/-. ye.f ~.'

e"?1\~~ .+ f'II4.s k. I-"" +\ .~. -{' ,., .. {-i- ~_,~, 

'i\e c ... ll ."j"'" ~ lIfIC!t.;,. ci\~J.·,,:d.J fWl4-$ Lt I~ 
Woof io o-djvst -t~le CLLs"/Jte (~"f" 71eU . 

1596 

T:Il U·"'·3 

-7.5 -$ .2.5 0 2.5 $ 7.5 .......... 
~2 

q 
244.8 
..'79 

:zzo JOO 

U1IIes.- , 

.., ... sk.cL Eftl +;le 

:=1"1 t; 1~ ~o-sk 
l ~ eIla"c.) 

1595 



L l'Sr rlllN 

-en 
Q 
Q 

t. ... r< II..." Ai

L ... ,tfc s h, c.M) 
s-.-u ~ .. \.t ~ 

-en 
<::I ... 



1602 

160~ ~ ~i&----________________________________________ ~:::: 
r!i 
§ ;1.,£ ~.~.~a.~"=--____ ~ __ -::-I 
~ ;':::', :3 '~ 
-' • a .• 

•. 1 

, .... ~ ... 

-'.-

OM ' ... 
..ct.' _ 
( -' .. ) 
'.III 

•• t:~~';U.~~"~2"~O.N~~~--~';"'-~'''~~I~.~~a;':~A 
c::au.1 '4'" r-.. 

---.-

------------------------------~~1603 

.' , 

". 

., 

:.. 

" ... 
" 
;j 

/]I~ 

~ 

I 
u 

. ". ~ i 
: 

. 
:~ 

. 
----~~~~~~~~~~~:i 

~ 0 i 

.~ 7,_ 

~ 
laS .7 .7 .. 

1<11 .7 .7 .. 
- 4 .. 1.-

-.. .. .7 .. 
au .. .7 .. 

-... ... ... 
2 

---... 
----
4 

... ... ... ... 

-... .. • 7 ... .. 
.7.Dla 
.7."'lt 

- 4 

MO._ 
111._ MO._ Ie._ -

17a._ 
1711._ 
1711._ 
171._ 

o 

• - o 

7 o 

m m m m 

m 
m 
m 
m 

IIII· .. U -
207.1077 -
207._ • 
207.1111 , 

I ..... 

ID .... 
1 ..... 11 
117.4121: 
I ..... .. 4.l1li 

m m m .. 
m m 
m 

.. .. 

4.81U 

17II.~. 
1711._ 
1711.1171 
1711._ 

4.a17 

•. 11" 

0.-

1605 



To",r 

7-1 
7-2 
7-3 
7-" 
7-5 
7-6 
6-1 
6-2 
6-3 
6-" 
6-5 
6-6 
5-1 
5-2 
5-3 
"-1 "-2 "-::I 

Yieldfi· 3re/ .. ".( 

0.84 
0.84 
0.89 
0.87 
0.85 
0.87 
0.99 
0.97 
0.98 
0.99 
0.97 
1.0 
0.73 
0.78 
0.79 
0.81 
0.85 
0.84 

1606 

I 'co. If - 'y' ~ S 
\ J E.. -

sigma/mean 

11 .9(") 
12.1(") 
12.5(") 
11.2(1) 
9.2(") 

10.8(") 
11.5 (") 
9.5(1) 

11 . 5 (I) 
10.2(1) 
9.2(1) 
8.9(1) 

10.7(1) 
11.9(1) 
9.5(1) 

II .6 (I) 
9.5(1) 
9.1(1) 

J 

...... 

.-..... ...... .... 

..-

..-
G.-.... . --oa> 
DA8 ..... ... 
0._ ... 

Tower 6-3 

t. -.' 
l ~. ~.' 

1607 

J60!! 

t. .. .. 



I 
t 
1 

I 
I 

1610 

T_6-3 .- -..... .... ...... .... ... ---Il. 
Il. --.-
Il_ .... .... ..... 
a.. 

'0 .. m .. -
C-; 2.'% 

~ = 7% 
(c..: .. ~o..r) 

1612 

A i\(.e .. I'-0I5 ! ?f"~.f,""":'5 -+;b~V" be~l 

~I'''') G""..1. 04- 'f 1."J TV., .. j 

"" "-) J + c.. 't' "I • '5 .,., ... s 

J. ,. , 
• ),licll~ 

lIaW! e I"t .., ... ~«(" ko-+- .... ~... """'~tJ$ Cod 1- dCII.,w I J, " . 
."e.\-u. 

iO+".l;.l QC F", J '( -; (' ~ \,.~S 

.. t"t~J l,-~\.+- f"n. .. s ... :sc,o" +~~" Co-,l Vs ,...;. 

,;.. .. .,J;;«.\~ I Scl"~S, 10 d .. )~, .00..)5, 

~ C'OVI <:) luJe. ",,7+t. '2V IJ II'~"~ (:tH~ 

o."'JI".5 ~A" flO 'U"_\I~.s (V" .......... ., •• ~I.,) 

~ ,,0 ~111""\:-".!> .... 5.J Ioe~~ ~.,. .. oi-1. • .--
OS ct.".",e$ 

~ ..... b ... '1'o,\ ()..,j\,,~~I"'~ 

First Results from the Optical 
ConnectlDisconnect 

1611 

1613 

A. 1kriDn .... CGbII. H. Grassman. S. ~ (INRI! "adova and PiSa) 

.+'~.'~+-~=------------+------~ 

- 2 Pr«*llypes IDwIIt 
- toIaIlII. bra .... in 
. no sophisica:lact sulface ~ ,at 

=> Pepfoducibility for eactll of the 8 fiber connections 
better hIn 1 % 



soc Calorimeter 
Tillelr"r Fabrication aDd Cost 

... .,...... ., .... Fer.nab Technical Support Section 

.... ~ .... , S. Gourlay, Fermilab 

Aaca.t 5, 1991 

a.c"ft 1_-- --- - trO.11 

1 .. - --, •• I' n I_a._ ... .., 
.-e, , I·r UI III . I_ INI'O 

1Iw: ....... • ·r '0 UI 7131 

IIw: 'lID .- •• ·r 71 UI .IIa 

,,",C2 1- 12·Ir II 'n · .. 0 ,,, .. 
I ·'r II UI 1120 

... Eroic.. 
T, __ ' 

a ·r 1010 •• In.o 

"" lINt 

T, __ ' a . ,. 2. I' , .... 
I 

IEftIt , .... "2 I' '0,.1 , , 
.11' 2131 132,,0 _ .......... Po ..... , .... 

-.. ~., .•.. -

Pogo' 

1614 

1616 

f 
I 

I :: 
I 

} 
I :: 

I J 
I J • i 

I f 
I ~ 

J 
f • 

.. 
f 

I 
J 
l-.. 
I 

I 

1615. 

I 
I 
f 
! 

! 
'15 

t f 
-
~ 

-1 

1617 



t 
-I 

II 
~f 
Ie 
~ 

I 
~ 

J 

TikIFiber Cost Baseline C •• parisen 

c:..p.rc JaDC/DaJlu Bueline With Current Baseline 

OricIael aeseliDc • 

• Modeled after CDF prolOl)'pC endplu, 
fabrication lCebniques 

• Auumed that all fabriealion steps would be 
carried out gsin, lab facililies 

New aaseliDc • 

• WedacsaUue! IIiII ..... _ CDF uperience 

·~"'.IIIIIIaoae-.s 

• Subcontract for cos. effeaivaaess 

• Oblain vendor ._ 

• Modify clrsipl (Baled _ SOC 
manufaeturiD, allClia. 

• Reduce Unds_ ........ ...s Mndlin, 

• Descope 

Eumples ••••••• 

1618 

1620 

1w.II __ ..... ~ 

_____ I -, -- - -- 16I!! --t=:.. .................. ,., • J::: al: ... -...... • ............ _,...t, .. • .- -----........... -- =-' -'-..... ' .. -- .:= ...... ., ....... -.-__ n .. c,- ... -.- .. -....... c ... n .. -.- u: --_ ... , .. -.-_ .... -
_u ................ • -.- --..... , .. ~ • -.- ... -
~-'::':1 :::-:. __ .... I.' -.- .0.' 

I -.- II .... --- -.- -.-" _ .. - ... -.- 1
0

.' 

-~ ... ~ .... , .............. '- • -.- -,-' ........ __ .,t .. " .... _ ... 1 II - -c. ........ ... -.- 1

0

-' 
...... ', ......... ..- ... -.- ' .• " ...... • 11_ ...... • -.- ...... .. ,t.,. ......... ... a.-._ ..... ... ~,-,- .. ., ..... • -.- 1.-' .... -. ............... .....-- • -- '.-.............. -.- • -.- .... 
"- ............. -~ ... -- '.-...... -. ..... • -- I,." ..... .-- ......... ~ • -.- ... " ........ ... -.- '.-~ ...... ., .... ., ...... . .. -.- 1.-.. ,., ........... • -- ..... , ...... _ ..... 
E::'=::-e:!!:...-== ~t~ • -- --... -- .. -• -- -, '-" ....... ",. 'e .. , ...... ... -- .. -..... , ... -..... I -- -' .... --.Q.UI ... ..ua .......... " .. ..., ...... • -- --.......... .,.'1 ........ " -t:!:: 15 ........... " ...... ......, ... 
.. 'I ............. . .. =-= ::::. -= ::.~..!!~.: .. • -- == I == __ '.'1 ............... I == ::r.:.:1=.!.::.~!!.I .. ,-1- ... iSS ... c:= ...... el .. ,. ....... __ ........ ... .... _,.-..-." .. -.-_, ................ - -- lei = = :!!T:l.f:->..., - .IE -c.. .. ' ....... '_1 ......... • "''-'1. = == == c.. ...... f'_ ..... ', • ..... " ,-.1..,1_1 _I __ .... • -- -..... 11 .n .. ___ a'" • -== ... -...... ,_--.. ...... - .-~ I .. a'_" .1'.~ • -- ·1 .... 

1621 

I--~ . 
--oj 

1--' I • • 
on 

I .. 
(:0, 

'" • • 1! 
. ~ r 

• • 
" 

• • 

t=J 

-I 



I:x ,hs.6 ...... e Mo6tfications 

'IiIe c..-. 
amgin.1 .. lim .......... d ..., IJII'OIOl)qle oClDF 'Iile IprodUClion 
.. inll a .nllie-head oompUlor _mrolled .. ouler 

=> TIuv..,ul _ 1180 lliles/ellifl 

• s,.cellli'lieed 'lleSIS 

• Use ef WluiIi-bead machines 

• VcMar ~ (~ COIa .. on procedure) 

-> Thtu-pul or 400 IiIcs/IIouT 

=> COSI reduaioll eI ,. ., IMIed On vendor quo,es 

• LaseT CUrtinl 

• Injeclion moldi_1 

Tenlalive q_ rz- &..; for ,barrel -liles 
appro ... j2M 

1624 

=a --~...-. 

--.. 
-~ 

00p00I c.o .. , 

• 

1622 

C!)riginall~ IIaeod en "ming oin4Iiwllual 'Iile -edges 

• lDcI'ioood a _ok painling IIOOhnique 
III um; .... Ib .... dhng IindiYillual Itiles 

• "Iehes of 100 - :.100 -tile. _ • 'lime 

• l.IiIM:q lIone • llile -ouning wrep 

• ., Ce ... lLodual'ion 

• &educe m.leI1ial !II .... dling Iby .,liminaling ,half _ .e iiioer Ipii<:cs 

• Eliminale fiber -1Uoc 

16?! 

• Reduces avenle labor aile fnIm ~!l0 - S2S/hr 

We'" INC ..... ,.t _ 
...., aAD iuues ID be attacked which dri9C _ 

New _bly tec .... iques 

• Filler iasalioa/ulClllbly tecbniques 

• SooIrce tali_&J\onliludinal maskinl 

• Tile cuninl proccu 

• Maski_1 ...... - ..,toe _ -.ary 

J625 



"Iron" Detector Simulation 

GW Foster Aug '91 

)OIL MODEL - Dimensions Taken from 
June '91 Engineering Drwg. 
FNAL Solenoid Subsys 

Includes: 
- inner vacuum shell 
- inner N2 intercept 
- Conductor 
- Bobbin 
- outer N2 intercept 
- outer "isogrid" vacuum Shell 

(approximated by 2 cylinders) 
- End Ring Attach fixturing 

(approximated by Alum. Block) 
Ignores: 

Chimney 

1626 

- Warren Girder Cold-mass support 
- other junk near the end of solenoic 

1628 

I 

-
_J 
I' I 
II I 

'.1 

il 
L , 

h il ~--, 
, . . 

V. 

~ 
H 

~ 
CIl 

CIl 

fB 
Z 
H 

I 
E-4 

~ 
At 

~ 
CIl 

Q 
H 
0 

~ 
CIl 

CQ 
ClI 

0\ 0 c: ~ .... 
S-t 1+01 

$HS-t 
!iCll.2 

iCQ'g iN 
e~-;:c 
S-t 0\ 

1+01 • ., .... 

i~~:J 
~ec:'C 
"'S-tcorot 
~ 1+01 >-trot 

ell'" 

8B-§~ 
.... CIli 
CO::J'OI i"' .... c: 
~'3oe oi .... 

'iiI'ac: 
10Cll .... 

1627 

+J S-t • 1629 c: ClI • ClI > • S-t 0 v 

~,... O~ ClI 
0 CQ 

00 CQIU IU 
X e~ 0 , 

3:: IU +J 
+J CQ 

C:ClI +J:J i i1 &08 
:<!. Q.~ ! :JS-t 

ell 

i~ 
1+01 

~~ 
>-t 

rot 
rot 

~& CQO IU 

=! :J lISe ~ 
0 

,80 ell., '" 
8~ al ell 

it: .... 
C co 
0\. '3 .... ~ ........ 

!~ !fI} 
ell '3 A 

rot I 
10. 11104 I 



- Dt.eDsions and Tile COIIDts taJten frail 
L. Bart:oazek CAD files for Iroa/pb CAlor 

- 1/1· Pb UllPliDg 1D Barrel 

- 1/4· Pb SUlpliD9 1D I:Ddwall 

- 2. s.. Sc:1Dt thicben 

1630 

1632 

- AlaiDua CoNr Plate for Stack ec.p:reasiOD 

- 0.020· aa.er 8k1D 

licit bcl..s.d. 

- Phot:o.taUsUc. 

- PiaDO vires for 8tacJt c:lmIpruAOD 
(These are IIOD-ftOject1_> 

.................................. -.... -.. 
110 ·.SSU:SS GAPS· OR 0'rHI!:It CXlRRIIC'1'IOMS 

•••••••••••••••••••••••••••••••••••••••••• 
. . • thue will illprc:we the re&pcID&e ~ 
of the coil ... 

w 
(f) 

Z 
o 
a.. 
(f) 
w 
0:: 

-------

o~~~~~~~~~~~~~~~~oo 
o 
!!l 

rq..lll) esuodS8~ 

1631 

1633 



Et RESOLUTION vs THETA 
0.25 

0.20 

8 
;::: 0.15 
w .. 
:;. 
III 

0.10 
c 
2 ... 
~ 
0 .. 0.05 • a: 

0.000 

EGS HE~METICITY STUDY: ~F.a~ RESPONSE vs THETA 
1500 

1250 i- i i 1--- I 

I 
1000 I 

.0 
L 

~ 

• 750 
co 
C 
0 
Q. .. 500 • a: I 

I 

250 
I 

I 

0 
29 30 

THETA 

... ... 
en en 
w to.> ... C.1 



RESOLUTION ACROSS 2mm BULKHEAD 

1.0 

0.8 

8 
Gi 0.6 .. 
l;-
III 

c 0.4 
2 .. 
:> 
"0 .. 0.2 • a: 

0·~1.5 ·1 
1.5 

r 
! 

D~DII~ 
'Inc'"'''' j~ "OLY~'''''l AI.. 1U..t, ..... UUILllJ ................ JLI •. .&I...tl.JJ 

-en • <:> 

-en • 

EGS HERMETICITY STUDY: 

RESPONSE ACROSS 2mm BULKHEAD 
1 000 r.,-,-,-r-r .......... -r-~...,...,.-r-r-,-.,.-,-,-,-,-.-,rT""1r-r-~ 

BOO 

.Q 
L 
~ 600 
• .. 
c 
0 
Q. .. 

400 • a: ,.. 
0-
L • C w 200 

0 
-1.5 

1.5 

.... 
0) 
w 
co 



::;:: 
, ~. 

:::. 

1'.-) 

. ' 
;:-... 

.. 
r, 

~I 
>-. 
1-/ 

t ~ 1 
,~ I -, Iw 
1-

'::: 
I .J.J ' 

: :r I 
L": ; 
0: 

" I WI 

R~~,,,,s t.IIC 

L e "J +I.. (Ii) 

Ac.cus 
H • .,t""~ 

ID.6"' ... S.c. 
".~'1 ... 
"'-1", 

1641 

II~ 

D~ 
Wi,;; . 
·:1" .. 
•• , Q. 

• 
1644 

I D. llool '" 

17.fJ.]"" 

.... J '" 
pc"&. 3-Y", 

l);FI~1f 01( 

~J 11 ... " Pl.,. t "'-
CI, ... r .... fJ(. c.1. .... r .... I.II. 

"" 1.,.,. ~, ...... 

c..,.. P;r;~ 

liNh~ 

x 

INTEGRATION FOR LA. TILE/FIBER 

D. BINTINGER 

r--- ~ -------1 

~ 0 

r-~ ~ 
~;. 

1643 

1645 

x 



1)000 

t)hO--
U6~0 

""6 .... lOI"'-~IIJIIS_ INIIIHIJtIUIS 

1~)10 

IJ128 

20800 

!"I·I""" I J "" SOC LIOUID ARGON ( LAC OES(OPE OPT ALORIMETER OPTION 
ION 1 

8Wl 

RETURN IRON 

ENO PLATE 

LBL OWG • 2300175 813/91 Y MINAMIHARA 

y 

,-.-1 

LIQUID ARGON 

BARREL CALORIMETER 

MUON ELECTRONICS 

-~ .... 
CO 

\ , 
\ -:-~~ - AB5URBlR 

SEC T ION X - X 

hOlf AU 0.t'I(N5IONS 1M! ,tol,(('"(HIl'. 

~-L~~;,111 

43Z0-

-4000 --

BARREL 
CALORIMETER 

1,/11 II 

T R A C ~1r:JGMJI) 
CALOR I t1ETRY 

2 M 

1,'11 

1_, 
,/ h-

,,'Il) I 

~ I lUI)" 

i 



1650 
1651 

1 
~----" i 

\ r-0 § ~ ~ -
~~ 
::i~ 

~= 3 i D 

~N 

~~ 

~ §;: 
~l!s 
!'~~ 

~ ~~; 
iii"'~ ~ 

~ D 

J , - - i 

f: 

i 

I -, -, ~ I 
1> ! 

I ; , 

1652 
J653 

rn 

o 

~tte:M"TIC. ElI:v. VIEW O~ END PlATf.. 
OF FLUX. RETI.l~N ~TeE.L 

NO'l "lb "5CALE. 



1654 

S~ S~.&.u.. ~ 
3> S~ W.~M 

I&-r.... ~~d1tc.r 
lln\,J ~ ~se. 

f. \C. . :)cr6 
~~.£ ~ ~~ 

1"'. A.. ~ 
~ ~ ~~ 

~ 

• 
165G .. :JO..~~ La. .. ,,-, 

t; .. 1Mt-, "AC~ "Y'1mIL 
~O' 0.(,,1.(1( "1411' ~.~I' If -'fCfG. .. ~.&. O.G0C4«c '.US' 1'._ "\.Gee 

~o~ o. Co'clc l·In SO· .... ".'S4to 

~O'4 0"1(" ~,~, S'~e. ... en 

~Ot' .. ~ .. S·C~ ",",4 "t.~n 

~~ ! ~ 
I(~.'f. 

%. 'I~.'(O 

~ l ~r.c.o 

" 1~.'4· 

f (+' .• 0 

~ l1li. 1C .1._ ~ 

1655 

Conflgu_. Simu_ 
~ H </,Qc. NAc.2 

AUGOI 
Pb'ScInI PblScinI FelSconl 

Th_. 0.5510.25 1.5Ml25 3.5510.25 
, cells 20 :so 27 

AUG02 
PblScinI I'b'ScnI "-'I 

Thicknesses 0.5510.25 3.!IM)25 7.55JO.25 

• cells 20 15 '3 

AUG03 
PblScinI FWSclnt 'Fe/Sclnt 

Thicknesses 0.5510.25 3.5510.25 3.5510.25 

• cells 20 15 27 

AUG04 
PblScinl FWScint IFe/Scint 

Thicknesses 0.55/0.25 3.5510.25 7.5510.25 
• cells 20 15 13 

AUG05 
PblSconl Pb/Sclnl Fe/Sclnl 

ThociU>e ..... 0.5510.25 '.5510.25 7.55/0.25 

• cells 20 34 13 

1657 

'OGeV 30GeV 75GeV 125GeV 250GeV 

• hadnIns 500 300 300 200 

• electrons 200 200 2IDO 200 

Note thaI ., 250 GeV only CClfll9nlion ""005 _ lUll 

""0 V'IW. 'Sw.,.:.\.w.. ~ ~ ~,;.; .• ., 

~~~~~~ 

200 

200 
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Weighting Factor 

Resolution Function 

1660 

Hadron· AesCD11IJIion ((lIE) 
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D + X ... 0 
GI DHD DlIl! 
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p ... 

AUGCn 

AUG02 

AUG03 

AUG04 

AUG05 

AUGOI 

AUG02 

AUG03 

AUG04 

AUG05 

165!! 

Electron AeS01l!1tion (a IE) 
0') 

D + X M 0 
ClDI»CDQlQ) 
C:C:C:C:C: 
c)CCICCCCC 
00000 
(1I~WI\) ... 
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• b 
0.1786 +I- 0.001II 0._7 +1- 0.0095 

0.1747 +I- 0.0120 0._+1·0._3 

0.1788 +I. O.OOIN O~ +1·0.11024 

0.1'7116+1· 0.0071 0_ +1·0.0045 

0.1&76 +I- 0.01 14 o.ooll6 +I·O.OO2l! 

• b 
0.5114+1-0_ 0.0271 +/. 0.007~r-

EJ 
0.-+1-0._9 0.0542 +I. 0.0098 
0._", •. _ 0.0788 +I. 0.0014 ) 

0.7.., "'0.0514 0.1023 +I. 0.0094 

0.5262 +I. 0.0234 0.021 I +I. 0.0086 



10GeV 30GeV 75GeV 125Gev 250GeV 

AUGOI I.~"- 1.017+/- 1.023,,- 1.005 +/-
0.011 0.006 0.006 0.005 

AUG02 1_068 .,- 1_010,,- I_Oil *" l.oH +I-
0.0'4 0.010 0.006 0.007 

AUG03 1.068 .,- 0.167+'· 0.899 .,- 0._"-
0.0'6 0.0'0 0.007 0.0118 

AUG04 '115"- 0979 +/. 0.1126 .,- 0.928 .,- , 
0.0'6 0.011 0.0118 00'2 I 

AUG05 1.072 +/- , ens .,- ,.Q25 .,- 1.025,,- 1026 +/- I 00'0 0006 0.005 0.004 0.003 

Y.Unno 199118.'6 

Critical Issues and Beam Test 

Y.Unno 
K614. 

and 
The SOC LAC group 

• List of remaining issues 

• Beam test setup 

• Results: resolutions. eIh 
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YoU 1991/6118 

Critical Issues for the LAC 

Item Status Comment 

Preamp BNLhybrid: 
(Rad.hard) >10'3n/cm2, >12Mrad 

Speed Tris;>30ns 
Tp-100(EM),200nS(HAO) 

Noise C1Et (.4R<O_15) 

3 meas., T~0~200ns 

Pileup C1ErO.5GeV 

elhmeas. Hadron module beam test 

e hermeticil) 97%accept.(C1ec25%1VE) 

Reliability <0.2% failure(SLO) in 10Ss 

PIa cooling KEKlRochester test results 

Safety SSCL Safety committee 

11-3,i't KHI,~L 

Integration ~L 

Cost MMA 



Objectives of the beam test 

(1) Drift velocity of electrons in the Uquid Argon is said 
tobe slow. However, what we need IS the Signal, and 
fast.readout can be achieved by fast charge transfer 
time and by shaping the signal for an appropnate 
peaking time (detail will be discussed by C.Hearty). 

The objective of the beam test is to test the fast· 
readout with bipolar shaping with the peaking times of 
50, 100, and 200 ns, for HADRONIC and 
ELECTROMAGNETIC calorimetry. 

(2) e/rr (elh) measurement with Pb absorber in 
HADRONIC calorimetry with the fast·readout. 

(3) Uniformity of response across the module crack in 
ELECTROMAGNETIC calorimetry of the SOC design. 
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Figure 8.16 

Schematic view of the BNL Spring '91 test 
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0.4 
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Readout Electronics chai., 

Very much like the proposed electronics chain of 
the SOC LAC option other than Analog memory (or 
more correctly, we follow the readout chain in the beam 
test laid by the Liquid Argon subsystem R&D). 

• Preamp in the Liquid Argon 

• Intermediate amp on the feedthru (outside) 

• Variable Gain Amp in the counting hut: 

(1) tp-100 ns Bipolar shaping to individual ADC's 
(2) Analog sum to a shaper with tp"'5~, 100,200 
ns shaping, then to an ADC or a transient recorder 

• Calibration chain 

3.641 
-0.1394£-04 

0.6268 

~' .. Jo.\~ 

2.5 

A" O .... JC.4~O'IIJ",-1 

w" o.~~t1:0.'.'~ 

7.5 10 12.5 15 17.5 20 

s ~V 
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Results 
The beam test data are under rigorous analysis 

among collaborators. The results being presented 
here are one of many and also should be taken as . 
preliminary. More and better-understoC?d .results Will be 

. available by the time of the Corpus Christi Conference. 

• EM module: 

Energy sum of EM1 and EM2 

• Hadronic module: 

Hadron el1ergy resolution at tp-1oo ns (individual 
digital channel sum) 

Responses of electrons and pions tp-1oo ns and 

el1r ratios 

incfey. ch . • um 
"6. 1.4 

~ 

1.3 

t 0 ~ 
1.2 

~ 0 
0 0 0 

1.1 

0.9 ~ 
0.8 

0.7 

0.6 

0.5 oL..~-'-.L...--'---'-.J.8""""'~.....J., 2 ......... ~~, 6o-'---'-""-:21:-0~"-'''''2~.J 
beom momentum (GeV/c. ) 
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el7r=1.15 @E=20GeV, then e/h 
? 

• We have estimated the 11 0 fraction by using 
GEANT/GHEISHA. We have 

br°., 0.361 @2OGeV. 

The data 

e/ll'-1.15 

is transformed into 

eIh= 1.26 . 

• When we use the D.Groom's ansatz, we obtain 

eIh=1.25. 

• The induced constant term will be 

aElE(const by elh) =.3.5%. 

-OUTLINE 

1. Introduction 

2. Speed of Response 

3. Noise 
• pileup 
• electronic noise 
• timing resolution 
• summaryltotal 

4. Missing Et 

5. Electron Uniformity/Hermiticity 

1678 
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Speed, Noise, Pileup and Electron 
Uniformity for Liquid Argon 

Test Beam Results 
and Analysis for SOC 

Christopher Hearty 

August 6, 1991 
SOC Collaboration Meeting at LBL 

Introduction (and Summary) 

• Uquid argon has a fast risetime that is 
preserved by the SOC electrode structure. 

• resolution and uniformity across phi crack 
are acceptable; very good elsewhere 

1679 

1681 

• electronic noise and pileup sufficient for SOC 
physics program. 

• <5 ns time resolution for> 1 GeV in EM 
channel, 5--10 GeV in hadronic. 

• The response of the detector in all of the 
above is understood and can be calCulated. 
as has been verified by beam test data. 



Speed of Response 

Iime-

Charge transfer time and preamp response 
time slow leading edge. 

T"i'~+i~~ 
cons~~ 

tto-k ~ 

• 't <;;-{L..c.' ==> need to keep inductance low 

• noticable signal loss for tau ~ tpeak 
(signal loss <==> increase in noise) 

1682 

1684 

~ 

Convolution of shaper and triangular input 
current: 

(b) 

·10 

1G) 400 100 100 1000 
Time Ins) 

Resulting shape has long, low amplitude 
negative tail and no net amplitude 

==> average observed energy is zero 

> 
E 
.., 
.c 
a-... 
Q) 

:z: 
Q) 
(I) 

:; 
Q.. 

Beam test results 

(electrode structure same as SOC) 

Collected signal vs tpeak for 10 GeV e-

10 

lines - expected variation with 1P9ak for tau « 50 ns 
(arbitrary normalization) 

Even for tpeak = 50 ns, no significant 
signal loss from finite rise time effects. 
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Pileup "noise" from non-zero rms: 

at ': ~(Ee)'W 

1686 

aiEt) = variance of Et deposited per crossing 

w :: effective duration in number of beam 
crossings of observed shaper output 

= .~ h~C.ti.) ..... 
ex. tpeak (approx) 

o-p CJ(...,jt.. AJl· tpt.k1 (o.pp~x.) 
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Several effects will improve this (not yet 
included) 

• pt spectrum is soft 

1691 

==> many pions will not reach barrel 

• pileup mostly matters in electron 
isolation cone 

==> threshold on each channel will 
suppress much pileup energy 

. (e.g., 200 MeV I EM channel) 

Beam Test Pileup Measurement 

10 GeV pions incident on BNL hadronic 
module at rates up to 1 Mhz. (histograms 
for 2 and 400 kHz) 

Increase in rms of 10 GeV peak in 
agreement with expected value. 

SOC EM tower hit at rate of 800 kHz, but 
effect is very much less than BNL 
because pileup pt is much less than the 
10 GeV of BNL test. 

1693 



169·1 

f,~"" , ~ 
.., 

:tJ 
0 

iii 
~N • 

C"( jj; 
I ~ ::P ::r:: 

~ ~ on· • N .... :::> _ID 
I ... ... I ~ Q) ... I 

r" z 
~ 

~ 
~ 

~ 

~ 
~ 

U 
.'~ 

--.~ 

.~ 
~ 

.r ....... 

~ ~ 

~ 
0 on 

~on 

~ 
8 
.,; 
N 

I 

i ~ § 51 ~ 51 ... N 

Electronic Noise 

c~rse 
EQuivalent Noise in r=l' 

~ ~ § 
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electronic noise 

51 

Damping Resistor Equivalent Seroe. 
R •• istance 

... 

0 

on 
N 
I 

Q 
on 

0
1 

1696 

Stripline 

Cs 

I YJf fQ~ 
':n Input_ 

transtormer Cap_ ~ 

Schematic diagram of front end for calculating noise. 
Rds and Rs are the two significant noise sources. 

E 
iI 
r 
D 
C 
D 

~ 

Only series noise is important for JFET: 

Rds is dampinp resistor at temperature Tds 
Rs is the equivalent series resistance of the JFET at 

temperature Ts 
C1 - Cd + Cs is the total capacitance upstream of 

transformer 
C2 - Cfet + Cstray is the total capacitance downstream 

Transformer matches C1 to C2, so ENC 
depends linearly on C1 in 1 st term and on 
sqrt(C1) in second term. 

For SOC, Rds = 2 ohms, Tds = 88 K 
Rs = 17 ohms, Ts = 300K (equiv) 
Ctet = 40 pF, Cstray = 10 pF 

Choose stripline so Cstrip - CdeV3, but Zstrip ~ 4 ohms 

1697 
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Equivalent Noise Energy 

Relate energy deposited in the 
calorimeter to charge collected during the 
effective integration time (tpeak). 

• Ballistic deficit: 
tpeak" = <';0 ns 

tpeoJr • 100 ns 

• Sampling fraction: 
fraction of energy in LAr from dEldx. 

s = 0.13 EM 
= 0.023 hadronic 

• p/mu: fraction of energy deposited in 
LAr by showers is less by 

e/mu = 0.66 
pi/mu = 0.53 

1700 

Electronic Noise: Test Beam Module 

EM2-A Pedestal Width and Muon Peak 

200 
R""o1311 lOGeV_ 

10 70029 

~est-al WI·eft!., Entries 1148 -" 0.11155£-01 
175 '7 MeV - /IUS 0.2003 

4.l48 
Constont 171.2 
Moa" -0.1400£-01 

1!>O 51 ma 0.6661E-Ol 

125 
rte.d\c.~ rt\i~ 
peo.l<, ~~O Me:V 

100 
1 

75 

!>O 

25 

0 
0 0.6 0.8 1.2 

col 29 X EM2 29 .;,. peds 
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dQ : 3.03 .. S " Q. .:.f. it BIoIe<k 
dE CiI. P 

• 3.03 is LAr ionization 

• Bblock = 0.9 for charge lost on blocking C 

(finite rise time effects would decrease 0/00) 
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Comparison between measured and 
predicted ENE (MeV). BNL test beam 
module: 

Channel 
EM1-A 
EM1-B 
EM2-A 
EM2-B 

Measured 
16 +/- 2 
17 +/- 2 
67 +/-7 
50 +/-7 

Predicted 
23 +/- 5 
23 +/- 5 
50 +/-10 
50 +/-10 

Measured values are consistent with 
expected thermal noise (not a surprise). 

No significant pickup. (EM2 pedestal 
width corresponds to preamp output 
voltage of 150"N) 

Time Resolution 

• bucket tag using zero cross of bipolar 
shape 

- 1 
v 

t;~-+ 

crt. :t. tpe-k . W 
S 

For 10 GeV e- into test beam module 
EM2: 8=5.1 GeV • 

N=0.067GeV 
tpeak = 100 ns 

==> sigma_t (expected) = 1.3 ns 

Measured: sigma_t = 1.5 +/- 0.2 ns 
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For SOC, at eta = 0, 

Sigma_t < 5 ns for 
• E > 1 GeV in EM channel 
• E> 5 --10 GeV in hadronic channel 

(See summary table later) 

• Total EM noise essentially constant for 
SO s tpeak s 100 ns. SO ns selected to 
minimize pileup at 10**34. 

• EM noise increases 2.4X for 10**34 
(proportional to Lum**0.38) 
EM+HA01 noise increases 1 .SX for 
10**34 
(proportional to Lurn!*0.20) 

• NOise insensitive to details of pileup 
calculation: 

+1- 30% in sigma(inelast) or Lum 
-=> +1- 5% in EM+HA01 noise 

• 200 ns tpeak for hadronic clearly closer 
to optimum than 100 ns. tpeak limited 
by pipeline and level 1 trigger time. 

• separation between ENE and Mip 
==> threshold per channel before sum 

(not used in results next section) 

170G 

Sectioa 

EMI 
EM2 
HAD 1 

HAD2 

1708 

Summary of Noise per Channel 

• eta=O 
• pileup for 10**33 
• Mip = energy deposited by mip; mip 

SIN is signal-to-noise for mip 
• sigma_t is timing resolution for 10 GeV 

in channel 
• two preamps per hadronic section; sum 

before readout 

per P,....,p ,..CMueI 

N ... , N .. , <r> CD C. C ... D ',. •• ENe ENE ENE Pileup Total I Mip 

em pF pF pF .. rc MeV MeV Mo\" MoV MeV 

I 5 236 no 340 \311 5 10 \.7 27 27 30 40 32 

I 2li 255 15680 410 114! II 10 4.' 75 75 34 t2 III 

2 18 ll4 31011 10l! 41341 , 100 2.8 1114 274 44 271 162 

200 2.0 10 \13 63 121 

2 27 387 7070 1530 16001 100 U 317 477 3 4T1 "l 

200 3.5 Il' 1t7 4 1t7 
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Mip ~. 

SIN .. 
0.8 < I 
\.7 < I 
6.l H 

$.I 2.6 

2.1 U 

U U 

170!) 

• hadronic section electrode structure 
optimized for minimum radius. Other 
options: 
- 3mmgaps 
- double gap structure 
- 7mm lead 

all give HA01 noise -20% less. Latter 
option also gives substantially better 
hadronic energy resolution. Each 
requires 4 to 10 cm additional radial 
space. 
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Electrode Structure 

a) Double gap Electrode Structure 

b) Single Gap Electrode Structure 
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Noise in Ganes 

tpeak (EM) = 60 ns 
tpeak (had) = 1 00 or 200 ns 

l~ctrOQIC KOls~ (GeV Pileup NOlie lC." Olal NOli. (C.V 

Conl1' Racius Excluded 5.'\10 t,ul = 100 ns 200 m 100 ns 200 os 100 ns I 200 ns 

Slogle TO\H'f 056 02-1 0.13 0.15 057 02S 

HAD::! 029 01. 0.13 0.15 0.31 0.20 

015 2.9 1.3 0.S3 0.96 3.1 1.6 

HAD~ 1.5 073 o SI 093 17' 1.2 

1713 

Missing Transyerse Energy 

Reduced thickness of endcap eta=3 cryostat 
boundary has substantially reduced problems . 

Study using clusters to measure Et and 
missing-Et, rather than channel sum . 
Advantages: 

- reduce effect of dead material (apply 
correction to jet cones containing dead 
material). 

- reduce effect of pileup and electronic noise. 
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Electron Uniformjrt 

Three areas to check: 

• cryostat walls near eta = 1.3 (Nobu's talk 
yesterday) 

• tie rods 

• phi crack 

All three studied with EGS and/or Geant. 
Phi crack studied in beam test. 
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Phi Crack 

3 mm non-projective cracks between 
modules ("1.5% of surface area) 

Effects studied at BNL test beam 
- preliminary results only 

Order of presentation: 

• Geant study of 10 GeV e- on test beam 
module 

• preliminary beam test results 

• Geant study of SOC 
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Tie Rods 

Cover less than 2% of solid angle 

Non-projective -=> no loss of signal 

o· 

0.3 

02 

0' 

o "I6LOI .IIC.pO 

TO TAL ENERGY OEPOS!TEO IN THE LIQUIO ARGON 

16 

14 

12 

10 

8 

6 

4 

2 

0
1 1.2 1.4 U 1.8 2 

IGeVI 

Effect Is vastly mitigated by the fact that the rod. 
constitute less than 1% of the total area. H the 

shower Is carefully aimed at the rod, the effect Is' 
4% In !"tt)chastlc term and 12% In response. 

1721 
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Calibration 

• optimize EM1 + EM2 resolution 

R~lu1"ion of EHI.~· fM~ 
~ 36 

.~ 34 

! J2~~~---------------T------~ 
• JO ~ __ ~ ______________ -+-------,.-i 

,. ,. -
24 --------

E T\ 
J :: I-_-I'~_~-_-_:-__ ~--_=-' -=--_+ _---=~:-:c.,.."y_-~~'-~-'~-_~t~-_:-:_'~,.,;.~:----+-1i 

,. ~ ~ 

: ~ v-, 
I,' 2,' 

errors in calibration will be reflected in 
non-uniformity near crack 
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f-j;,fogr-OVV1 of (f~ -<r->,%.; ~ 
r <' res- POVlSe.. o.t SeD" po, ..... t- l. 

BN~ '~I "'DC. LIlt. PIHli", >JAR '1 

I ~on.tonl 0,9788 

.4 '3,34 
Mean -0, .623 

r\ 
Sigma 1.279 

'2 OOuSS'IOI'\. 1 fit; 

'0 II l? 0-" 12'11' 
=9 o.'i/oo-

l2.>«..ess w,dth 
8 

~ '+oMQ..V 

6 l" O.s % non lAr ;{or,."i", 

• 

2 

J c ~ 
- ':. -7,5 -5 -2,5 0 2,5 5 7,5 .0 

Fractionol deviations F'C~VRE' 8.31 
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10 SC8,3 
Entrt~S 3223 
M~on 9 "31 
RMS 07536 

7" 2.998 
Constont 717.4 
M~on 9 "40 
S,omo 07036 
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Introduction (and Summary) 

• Liquid argon has a fast risetime that is 
preserved by the SOC electrode structure. 

• resolution and uniformity across phi crack 
are acceptable; very good elsewhere 

• electronic noise and pileup sufficient for SOC 
physics program. 

• <5 ns time resolution for> 1 GeV in EM 
channel, 5--10 GeV in hadronic. 

• The response of the detector in all of the 
above is understood and can be calculated, 
as has been verjfjed by beam test data. 

JU. 25· 1911 a:~ P •• · 

\.0' 
I t')' 

l"'..!. 
_ ~ '-V 
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Why Not Tile/Fiher for SOC Calorimetry? 

Gerry Abrams 
August 4, 1991 

Liquid Argon case has been presented. 

BNL Beam Test Performed 

Conceptual Design Report 

Martin Marietta Cost Estimate 

We now have a LAr design that works 

Is Tile/Fiber better? 

In some ways 

Faster -

Integrates better -

Cost 

Yes -

pileup ~ 
but LAr already OK 

pipeline shorter 
4 ,.sec - 3.6-3.7 ? 

no plumbing 
uniform B 
,. access 

Nov. '90 + $ 50M 
Aug. '91 ??? 

BUT ... 

SDC LAr Calorimeter Cost Summary 

Modules 30,916 
Cryostat 21,879 
Feedthrus 5,010 
Calorimeter Assembly 2,905 
Fixtures 10,135 
Test Equipment 1,640 
Transportation 1,152 
CryogeniC System 7,900 
Facilities 2,000 
Return Iron 4,681 
EDIA 17 516 
Total 105 734 
Contingency (28.0%) 29,602 
Total w/Contingency 135 336 
Derived $lIb 11.74 

7/31/91 
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Liquid Argon still outperforms with -

Intrinsic st .. bility, uniformity 

Impervious to radiation damage 

High quality EM calorimetry ( 0.5% constant term ) 

AND ... 

3) Radiation damage 

a) There is more to calorimetry than just the barrel 

'I - 1.5 is Dot e~ough 

(and note Kevin's talk on ti H) 

b) Development of rad hard plastic 

We need a schedule 

recent track record 
radiation chemistry 
optical changes 

c) Analysis ofradiation d~e in a T/F calorimeter 

damage effects 

accidental beam loss 
neutrons 
ageing 

how well can we correct 
plug design 
disentangle light ouput. transmission 

We must not let the calorimeter limit the tolerable lu
minosity 

1736 
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Tbe boOk on T/F is Dot yet closed ! 

1) No conceptual design report 

Don't know "'hat T /F design looks like 
Moving target 
III·defined 

1739 

How can you select something if you don't what it is ? 

The case for Tile/Fiber has Dot yet been presented 

2) Changes ( could be called Improvements) 

a) requirements 
b) design/engineering 
c) R&D 

Want to decouple the engineers from the physicists 

However we want R&D to continue· 

rad hard plastic 
automated production 
prototype development 
res~onse uniformity 

We need to know that physicists and engineers can work on their 
own side of the interface, and not interfere with the other. 

In a LAr design, we can calculate the effect of changes. 

In T/F? 

1741 
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4) Calibration 1742 
a) Uniformity 

b) LiDeari ty 

c) Resolution 

d) Prototype and Beam Tests 

e) Radioactive sources 

f) in ,il. calibration 

What does a T IF calibration system look like? 

J. E .... ".;" 

A-:. 6, "" (ULj 
S ~c LIlY RR. DIRT/O'" .AA,,.,A G-£ TeSTS 
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• Tile/Fiber Conceptual Design Report 

B E 
,"Deering and Physics for Tile/Fiber 
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• Schedule for Development of Rad Hard Plastic 

• Radiation Damage in a Tile/Fiber Calorimeter 

• Calibration for a Tile/Fiber Calorimeter 
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RADIATION BARD NESS TEST OF 

SCDtI1U.ATING 1'D.&'FIBER CALORIMETRV (I' 

...... ..,."'T ....... 
I. ' ..... i. It ...... T ....... T. Jt.aob. S. It;" K. Kondo, V. loIi,-o. 
$. ..,...., Y. Morita, t. Nobno, M. Obbo.l. Soauti. H. Takahashi, 
~. T~ N. Uemun. K. V-. 

«EX 
f. Abe, A. AIImi, A. ~. It ......... _. N. Kamikuboll. T. Kamitani. 

H. KoI>oyuhl.M. ~s.~ V. Yoshimura 

Goal: 

Irradiate tal fN _ ...... with high energy elccuuns .. d 

investigale ty!ll9laIIic effects of lIIe radiation-induced dal=-age 

on the c:akriIIea pafonnance. 

We. used: 

KEK 2.5-aeV dcdron linac to irradiate the teat modules, and 

electron IeIt beam at the pi-2 IeIt beam line of KEK 12-GeV 

proton Iynchrotron III aaeasure the danuae. 
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8 Tile/Fiber modules were irradiated by 2.S-GeV KEK Linac. 

Modules A, B: Response was measured before .ad after 

inadiation willi pi-2 elccaoo tat beam . 

• Module A will be .. III Pennnab tat beam. 
Module C: Bdore-rapIlIIR was measured willi lIIe electron 

beam and aft.er...aponse willi ""Ru source. 

"ModuleEI 

"ModuleoE2 ""Ru induced current was measured before 

"Module E3 and after irtadi.atiolllll c:ompan: willi data 

tWa rr- -co e&pOIIVC. 

Module Fl, F2 : ~ aJduIc:s IIhippcd back to 

FenniJab. 

Contents 

o Irradiation of Modules at Linac 

o Dose Measurement 

CI Response to Electrons 

pulse height peak, resolution, 

uniformity, pulse heights of typical individual layers 

o Measurement willi a ""Ru Source 

o Monte-Carlo simulation on radiation-induced degradation 

of the calorimeter performance 
o Conc:Iaiom 
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I. Eight calorimeter modules _ inadiIIed by 2.S-GeV 
____ III a dose belween 0.42 Mnd .-I 6.1 MnId (dose al 

lie ~). The dose aldle edge _ bee- 53'" III 69'1'. 

2. The 0.61 Mrad (mean dose) module Ibowed 17 .. '" lain 

docrase. The 0.33 Mrad (mean dose) aample Ihowed 12.6" 

lain decreUe. 

3. Response after imIdiaIiaa 01 G.61 Mrad (mean doae) was 

linear and Ibe CIIeIJY I II '. _ .. degraded in Ibe 

CDerJY range 0.5 ' 3 OCV .6 ... aperimenL At hip 
enerJiea. 1IDI\'Jineari1y .-I IeiiIIhIion depadalion are expected 

by simulation (aee 6). 

~. Uniformity of the responae map was DOl degraded. 

s. 'f of the damage profile with 2-Ge V electron 

lest lam lias • adler IarF enar but is consistenl with the 
~u 00IIRlI': m • 'fte 2..S-GeV electron Ihower 

induced dama&e •• r--. 01 doe qrees with Ibe·Co 
induced damaae-
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6. UsinS lIIe Geant code. radiatioo-induced degradation of the 

petfonnance of the calorimeter with I single phOlOlUbe readout 

was simullted for electron energy below 100 GeY. The dose 

was USIIIIIed 10 be induced by 2.S-GeY electron showen. 

'I1Ie dam. prorile WIS calcu1lted from lIIe measured curve of 

"Co-induced damase vs dose. 

_ The limulation for 2-<kY elecUOIIIi lqXOduces the pulse 

kipt reduction and enersy raoIlIIion observed in chis 

npc::rimcnt. 

_ Non-linearity of the rapoase • aboul S .. in an mergy range 

between S 10100 GeY for I peak darnaFof':so%· This 

non-linearity aeems 10 be c:onectabk ~ allilll(lle l'unaion. 

-'IlIe ~oo.« -c1 RIOlutioa iacrea_ willi peak 

damaF. nc ............ ge Induced Clllllribulion 10 energy 

resolulioa, ~ IIecDmes I.S" (3.0'11» It a peak damage 

of 30'1. (~.l. _Je¥idding to O.S Mrad (2.0 Mrad). 

7. ~ .. eM5 _ ........ Fl. F2. and A at Fermilab test 

.~ _ ~ ~ _10 confum lIIe simulation results 

for higher enereieS· 
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Conclusions 

1 . 60Co-induced radiation damales and 
2.S-GeV e--Wuced .... qes were 
evaluated by _eas.ring : 
(I) 106Ru-illduceci c.rrents, 
(2) pulse lleigttt dimibutions of 2.0-
GeVe-'s, 
and 
(3) number of phatoelectrons with 
90Sr P aoafces. 

The damages wer-e consistent with each 
other. 

2. Dose rate dependeace of radiation 
damages was very weak. 

3. No differences were observed between 
response maps measured before and 
after irradiations upto at least 1.0 
Mrad. 

4. No better results from the samples 
purged in N2 gases during 
irrad iations. 
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Outline 
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COMPENSATION 

AND 

ENERGY RESOLUTION 

T. A. Gabriel, Director 
Oak Ridge Detector Center 

Oak Ridge National Laboratory 

As I was putting this talk together, it become even clearer to me 
that the physics of compensating calorimetry is indeed very 
complicated. As I will use it here, a calorimeter is said to be 
compensating if on the average the signal from electrons and 
hadrons of the same energy produce the same signal. During this 
presentation I would like to briefly mention some of the reasons 
for achieving compensation and to present the factors effecting 
compensation and resolution since both are closely related. 
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Minimization of energy resolution due to compensation 

Pulse Height 

There is no, such thing as a compensating 
calorimeter. l'Tricks" are applied to yield 

e #OJ 1 
1t 

However, it is still better to apply these tricks and 
produce a quasi-compensating calorimeter than a 
non compensating calorimeter. 
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There are several important reasons for achieving 
compensation 

• Energy resolution is at a minimum 

• No constant term 

• Linearity of response 

1.3 
HETC/ECS/NOR5F. Calculation. 
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',1.. Compensation can never absolutely be obtained at all energies because 
of the nature of the hadronic and electromagnetic cascades and because 
of active and passive media responses. 
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• binding energy losses 
• neutron production 
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Physical segmentation & channel count 

& Compatil>ili~ with EMlbadron scintillating tile 
c810nme er ' 

Barrel End cap 

• 8wedges • 32 sectors x 2 end caps 

• 128 phi x 64 eta • 48 pads I sector 

• 8192 "towers" • 1536"pads" x 2 

---> 8 ch 14 towers "Phi" ---> 16 cho 1 4 pads 

---> 8 ch 14 towers "z"" = 12288 channels 

= 32768 channels ~ r 
1024 "phi" segmentation 

• Total = 45056 Channels 

soc ShowerMax • DSM· Sac/ay 816191 

Front end read out scheme 

&----====nems:;;7", --"1 
Basic com~16 ChlnelS .2816 pIeceS 
-> ASIC bit 50 MHz ? _ FAOC 2 x 10 I-POrt SRAM 
_> 16/32blt.OUI 

soc ShOwerMax • DSM· SscIay 

ASIC 
(IICh.) 

2x 10bll 
so MHz ? 

DII8 8CqulaHlon 

8/6191 ~ 

The ShowerMax ... an overview 

Multipurpose device -> 

o electron trigger (L 1 ? & L2) 

_> Increase the calorimeter granularity (Isolation criteria .. ) 

_> track match 

616191 

SDC ShowerMax . DSM· Sac/ay 

Mechanical Design I 
/ / o SM after 4 Lrad 

o Made of scintillator strips 
\ - • read by fibres . 

(same technique as the E.M I HD calOrimeter) 
• .t P"-'AfA.~ ~...,..d. 'Z-

/ ~~ q.....t-~ 

~I.kl.".f' 
\ 

.~~.-_z-
~ in it1 "( ~4'~ 

( .../ o .. e e .... ,~,. 

soc ShowerMax • DSM· Sac/ay 
8/6191 



Front end board layout (A) 

•••••• 12 ? Dual Port 
~ VME bus (or equivalent) 

• StatlcRAM • •••• -> Data acqulsnlon branch 

• 1124 'J:.,I. • r> Local extension Bus 

• '-('ii'''. 1 .. • 

_ level 2 trigger 

".... ....... •••••• l1li 12 ASIC • Input connector 

I "-·,.....·-.~I _data _16x 12. 192ch. 

•••• 
Total = 240 boards 

9U "JUMBO" ·YME board • barrel _.> t 76 
• end caps .•. > 64 

SOC ShowerMax • DSM· Sac/sy 816191 

Front end Crate (A) 

Local extension Bus 
to level 2 evfnt bullcler 

I 

... 
co 
CID 
~ 

VME "YME 
"'<VICbUS) 

boards 
• barrel-'> t 76 
• end caps ••• > 64 n 9 U "JUMBO" - YME crate lnout IIgnaIs 

Totel = 16 crates (192 m. per connector) 

SOC Shc1w9rMax • DSM· Saclay 
816191 

8 

9 

Front end read out partition 

Read out organised per octant 

. .............. 
<I(SMl11I (pN\ I 32 Cola) 

_.2CM8c:h. 
_1''''''''''--

o half octant: 
15 front end boards 

_>1 crate 
o total -> 16 crates 

SOC ShowerMax • OSM· Sac/SY 

. ,..ndcIP 
4 CSM) I 4jpN) , 48 (pads) 
___ • 7et c:h 
_' •• ~onI end bOards 

t 

'cs. topolOgical layout 
Electronl · 

& scheme 

8J6I91 

A Analog Pda~ector __ > on e 
~ 16 .JumbO· 'liME crates 

. ger l2 trig o. read out part 
DAQ butter ell 

_> on surtace 
(lBl CSA ... ) 

8/6191 



Data acquisition 

VMEBrsnch 

SOC ShowerMax - DSM - Saclay 

Front end board cost 

.> The principal Ingredient Is the front end board 

Component Nb FF ToUI Totll 
(FF) IS) 

PC bOlrd 6 loyers type (c)asse 4) I 1500 250 1500 250 
COMectors VME type 2 60 10 120 20 
COMector data 196 pins I 500 83.3 SOO ? ASIC snaper 'plpellne'analog buller 12 100 50 1600 600 ?? FADe IOblt-20HHz 24 100 50 7200 1200 ? Static RAM 50 ns - 16 bit x 1024 12 100 16.7 1200 200 
Contro I logIC VME • clock ... I 1000 167 1000 167 
Cabling & test I 2000 111 2000 III 

Cost per board 17120 2770 
Cost per cnannel 89 14 
EM cost Icn (Fermllib Fllsn encoder ) ISS 

? • Upper limit 

SOC ShowerMax - DSM - Sac/ay 

816191 

I 

Front end board layout (B) I 
I 1- _ 18 Channels - - ~ I Slow data bus ) I - - VME bus (or equivalent) - -= .• - -('.Ch.) - -., - - Q I High Speed data bus I - ADC CSA +RFO - -- - O· 

Input • - - I Clock & Trigger I - - -(,.en.) - -- -- -16_ - 9U EURO-YME board 

SOC ShowerMax - DSM - Sac/ay 8/6/91 

Front end Crate (B) 

Input signals 
(2 x 128 ch. connectors) 

SOC ShowerMax - DSM - Sac/ay 

AIW sequencer 
& Buffer card 

Control link & trigger 
synchronisation 

Optical 
data link 

(5 Mbit / sec) 

• 9 U EURO - YME crate 
Total = 16 crates 

816191 
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The Showermax at the level 2 trigger 

use the 21eyers (Phi & Z) digitized data to refine the level 1 
calorimeter trIaair 
_lsoIatecIeJiClron 
_ electron cluster 
_ topological cut 
_ line traCking merge 

c.~._--+ 

~u..ol'\. 

jl.owtrnU_ 

cr"D~i\",\ . 
,,!iltt.D1'I.. 

SDC ShowerMax - DSM - sac/ay 

t 
i ~ 
.~ f ilia ,.. -. 
~ .. "'.z-6 ..., -e 

r 

c;:.I.. .... , .... 
• '])SP · ,,"P • T.--,,...,,,. 

• • 
J"o.gQ 

3 p .. ,.." 
;s 
;r ~ 
f ,. 

i B l ~ r ~ .., 
:J 111 

3. 

f 
p 

4 ,.... 
:; 3: c'o 

:~ 
:D 
t:J 

IftJ ~t " ~ ~ It ~ e -0 .. ,I"t" 
1 ~ l 

I Summary & Cost I 
Number cost! cost! Total Total 

Compenents Description 
unit unit or type 
KFF K$ MFF M$ 

Photodetector 80 Cables APD. VLPC .... 45056 0.12 0.02 5.407 0.901 

Front end 
240 17 2.833 4.080 0.680 Front end card 192 ch. ~Itlser 

16 18 3 0.288 0.048 
Crate 9U Euro- ME 

16 18 3 0.288 0.048 Processor (Acqutsldon) FIC 
16 9 1.5 0.144 0.024 Synchro 80 trtgger LTU 
2 18 3 0.036 0.006 Processor (Monitoring) FIC 

16 15 2.5 0.240 0.040 Crete Interconnection VIC 
DAQ 

1 18 3 0.018 0.003 Crate VME 
5 30 5 0.150 0.025 Processors FIC80RAID 
3 15 2.5 0.045 0.008 Crate Interconnection VIC 

0.300 0.050 cables opdcal fibres ... 
0.500 0.083 Workstation 80 Perlph. SUN4 ... 

11.496 1.916 TOTAL 12.645 2.107 add 10" (protos.spares) 

& 240 FF or 40 $ per channel 
(Photodetector + Front end + DAD) 

SOC ShowerMax • DSM· Sac/ay 816191 

.... 
CD 
CD ... 

The Showermax at the Leyel 1 trigger 

Efficient & cost effective solution to Increase 
the selectivity of "Isolated" electrons and 
reduce the background rate as soon as possible 

• Extract one bit per "phi" bin at the front end ASIC level 
-> 1024 x 4 = 4096 bit (2 barrel + 2 end cap) 
-> merge with EM local or global 
-> merge with "tracking" 111 

SOC ShowerMax - DSM - Sac/ay 
816191 

14 
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co.C\ 
~t' ,-r-
n. 

-----) (]] _.' 
ft1 
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D IAlgorltnm Simulation 

~ ~ 

'hi t ~ at 
~ Po. 

s-
9 ... 
It 

• Multiplication. 15 ~ 
• Threshold comparison over 8 bit = 1 ~sec 

Operation 

• E.M. cluster- ........ , I · . . I 
• Hadron Jet" -3111:wl:ll lilt 

~ 
• "Isolated"electron· 
• Et sum* ! e.,'",. 
"0 I ,,~ ft • ver ap ~I _ .. tt , 

• assuming 5" of cell hils 

Time 

"- 2 J.lsec 

" 2 J.lsec 
~ 7 J.lsec 
~ 20 J.lsec 

....... 2 J.lsec 

....... ___ ... _________ JC'6rismo .'1.I.c~ .... tI. 'l7iDris ·1JSMSatf"!/ 

.... 
CQ 
CQ 
...:I 

.... 
CQ 
CQ 
CD 

Local Event Builder Board , 
9 U "King .i .. ··· VME homl 

Con~oIBUS ~ 
(VUE or equlvalenl) 

• r-

• 
~ J-Front end 

Dell 'I--! - b- e 32bil 
dlgltlser r"-

Oplical libre 

~ n • 16 KbylH To the boards Del 2 I--s-.--t l-
e 

D.al • and n Global 

~ 
i Por' 

crates 
Del3 I-- ~ ----t i-

f-!- RAM level 2 
Processor 

L-

-\' x 128 x 2 (Track & Energy) 
Compo,..nl Nb FF • 'lola_ 101.1 

IFF) 'SI 
PC board S I.y.,. IYJ* 1 , 1400 2333 '400 233 

ConnocI ... VMElype 4 .. I • 24. 4. 1 "phi" per board 
Slade RAM Son.-16b11111024 4 '00 1667 400 ., 
Conlfolloglc VME • clock ,_, I '000 1667 '000 .. , 
Cabling & I ... I , ... 2SO ,- 2SO 

Cos • .,.,- board 4". 70' 

SDC "I'el 2 trigger - c:eJ -DSM Sac lay 5106191 

Global Level 2 Processor Principle 

Tracking Energy 
1024"phi" x 4? "ela 128 "eta" 

128 "Phi" 

SM 

~_Si __ l_u_a~_e_r_I __ ~ __ ~~ ~ ~I __ SM ____ E_M ____ H_A~~ 
APEn Data representation In each APE APEn+1 

SDC "nl2 trigger. CEO· DSM Saclay 1/6/91 20 



ASP General Purpose Machine I 
Controller card (LAC) 
• Execute ASP appIicalions 
• High speed sequencer 
• Microprogram memory 

ASP card 
.9U "MAXI" VME board 
.8 HASP modules -> 8192 APE 
• I/O -> SObit/sec 
'I00Wans 

soc leHl2lrlutr. <:e). DSM Stlelll1 11/&'91 

Saclay Prototype & Test 

"Mini" I 

SUN4 
§!lui ~ VUE Bus (to DAQ ... J Developmlnt 

WIIrkmIIon -- .. 
~ 8 U "IIDI" IIInhrorel ........ 

VIE craie • PIC· 6I02II(JOi4O ..--Ile .......... tw ........ • VIP. VMI! Imaface 
• GEANT IimuIaIiaD (VMB, YSB,sbas •• ) 
• ASP aIp\IbaIJ limlll .... • LnJ. Local TrI .... Uail 
• Real ThIll UNIX dne~ (IlJds alllullaD) 
for "embedded " 61000 A RlSC 

'- • RAID .RlSCR3000 .......... 

~CGaaaI A Di" .. • DPM •• MbJlOl Dull part~ 

'I 
1"1 1m I .. ,. 

.a1 ..... 1ittIlIIIIIanJ • Local E_1IaiIder pnlIOIype ·1eII1D.NIIiIIIc~ 

• build • JIabaIl.e¥eI 2 • JIabaIIneI2 afaer wilh 1192 -> willi taIIlCIkdetoclar ~ 
VMI! Q'III wiIh 2048 APE proceaan ani (MPI'C) (Trocbn+~ + •• 7) 

APE,.-.or ani 
('I1W[1) 

I->=~I 
SOC leN' 2 ".",.r. <:e). DSM Stlelll1 11/&'91 

II) 
Q 
Q ... 

18 

19 

ASP Elements 

.. Exl .. _ VASP-64 1 El 
(Ao.".x) 

• Strtng 0164 APE 
" Clock frequency 20 MHz 

• 64 bl data register 
• Tome slot 40 ns 

• CMOS 2 Jim technology 
• 5 $ per elemenl 

New (June 81) -> VASP-64 1 Hl 
( Alpex + Hugues) 

• Clock lrequency ~ 40 MHz 
• TIme slot S 25 ns 
• 50S : rad hard SIlicon On Saphlre 
• 0.8 Jim technolOgy 

Future (941)-> ASP impIovmenl 
':1! 64 bI data reglsler possible (128 1) 
" Vector Data Buller 1 ---> very last 110 
• 1 dollar pet' element? 

SOC lepel2lriggtr" em· DSM StJclll1 8/6191 

ASP: Associative String Processor 

A short introduction '" > Basic idea 
(IndependanI 01 !he lec:hrique) 

> Basic COrTfJOnent : 

APE-> 

Associative Processor Element 

• Suppress memory access 
---> one processor for eoch data word 
• Suppress addressing mode 
----> Content addressable menwry 
----> associative acc~ss to mUltiple data 

SOC leNI2lriggtr • em· DSM Saelll1 8/6I9t 

I 
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• T. T_layorl+2+3 ... ~3? ·HA~_? 
->T+P? .--, • Muon • 8M .. ,hill 
--:>M+T -. SM + EM _or ? 

~ 13~s 

~ ,e,. S 10 psec 

• Track + EM clusler --> Electron ? 
• Track + Hadron --> Jet ? 
• NO Track + EM cluster -> Gamma ? 
• NO Energy + Track --->Muon? .. reject ~ 16~s 

Accept ~ 
I 

I • Topological correlations I 
• Total & missing Et I 
.... > 2e , 2 11 , ell ..... .. Flag ~ s50~ 

for/evel3 

SOC 1e.e1 2 trigger· ce:l. DSM Sacla] 

Summary & Cost 

Components DeSCription Number costl 
or type unit 

KFF 

Local Event Builder 
Board 256 4.5 
Crate 9U Euro-VME 16 18 
Processor (Control) FIC 16 18 
Synchro & trigger lTU 16 8 
Crate interconnection VIC 16 15 

Global 
Crate VME9U 2 25 
Control card LAC~ 2 50 
ASP processor card 8KA E 6 250 
VUE Processors FIC 2 30 
Crate interconnection VIC 4 15 
Cables optical fibres ... 1 500 
Workstation & Periph. SUN4 .. 2 500 
DAO Synchro Unit lTU 16 8 

TOTAL 
add 10% (protos,spares) 

SOC 1e'H12 trigger. ce:l. DSM SGelay 

costl 
unit 
K$ 

0.75 
3.00 
3.00 
1.33 
2.50 

4,17 
8.33 

41.67 
5.00 
2.50 

83.33 
83.33 

1.33 

8/6191 

Total Total 

UFF U$ 

1,152 0,192 
0.288 0.048 
0.288 0.048 
0.128 0,021 
0.240 0.040 

0.050 0,008 
0.100 0.017 
1.500 0.250 
0.060 0.010 
0.060 0,010 
0,500 0.083 
1.000 0.167 
0.128 0.021 

5.494 0,916 
6.043 1.007 

816191 
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The perfOI1D&DCC of t.be level· I mUOG tri&Pr uq: drift chambers is Hudied. We UK 

.h. work doD. by R. ThUD ... d A. Sima. ISDC-gl-00020j .. our bale model. EI«lo 
web as the .ise of the iateractioD rqioo. the iroo tMoid. thiekD_. DOD·liDear x-t 
relatiODS ud di8'en!iDt kiger requiremea.ta are iDWlltia.u.eci. The multiple KaUeriD, 
ud toroid defiectioD ace parameteriud aDd ca1c:ul&ted. in 5 em at.epI. We plUl to 
also iDdude the drift chamber raoIuttop ad triuer electroaia raolutioD iD future 
studies. 

Drift tubes are arrused in 8 em )( 8 em matrices. The maximum barrelleqih 
is 16 meters. The fint leCtioo of calorimeter (0.7 meten) is .... umed \0 be lead 
instead of iroo. Other paramet.en are very .imilar &.0 t.hat UJed by ThUD ad Simoo. 
We define the beam direction .. s-coordiD&1e in our .tudy. For 1.05 meter t.oroid 
lIUek ...... i. euto of 3mm, 5mm ... d 10mm....-.poad ... .......uuu p •• hresholds of 
40, 25 and 12 GoV Ie. 

The P, triuer threshold depends on , for • fixed I~ cut. We ca.a. coOlider three 
~, 

• As as.umed hy ThUD/Simon, t.he distance between chamber layers is fixed Uld 
the drift direction in drift tubes is Lhe beam directioD. 1D t,his case 

Fie· 1 .hows Lhe companIOn betweeD • fixed cut of 1% == 3mm ad • variable 
6% cut of 3mm/lin'S. The .ml.eniDI oft,he triger threshold due \0 t.he 1/.io'8 
depeadence i. obvious. 

• If t.he drift field is t.ilted .. IDOIt the drift chamber optioaJ UDder COIlIider&l.ion, 
we haft 

Fil· 2 ,hOWl t,he coatparimn between • fixed cut of 6% := 3mm ad • variable 
6% cut of 3mm/siD8. 

• If the drift field is tilted and also the di.t.&nce between wire pain for makin, 
ltluer decisions i. fixed. we then do not have .uch an anlular dependence. 

1- 1.~1t'l 
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U 10 10 GoV u. ...... liol ..... oa ron ..... _, B(UII) - 2,.2., 
....a.," s;.., .. d ........ ptOd.cIioa, .. d nl&liftlYlIDoIl ...... 0 .u. .. 
~. nat .... IOIH qMlt.iou .laiclt. req1Ure fvtller ia .. ti,aiiou: 

• ......... bic& .. e5ciooq lot B(UII) - 2,.2<,..... 

• oUaor pouillililioo lot u.. bic&" .0 ....a.," Hi", pJOdociioa 

• pouible el'edI 011. the det.ailed det.ermiaaiiOll of t-4llluk propertia 

AJao it .. iDter.iial too poiIIt ikat wbile fonrud mDOD I,.tem pla" a crucial 
role ill Z' .. ,mmetr1 mMiUJelDalt forw~d _!iloa triuer mua ao eueDtial 
impronmat. 

Phylical Geom. Po> IW.V .. > 3oG,V 
P ...... EI! 11'11<1.5 , < .5 , <1.5 I, < .5 

H400 - 4~ 0.621 o.gao 1.000 U74 1.1100 
H400 -2,.2. 0.816 O.aaa 1.000 0.177 1.000 
HlOO -~ 0.757 o.teG 1.000 0.G6G 1.000 
HIOO _2,,2c 0.113 0.164 1.000 O.lel 1.000 
HUll -~ 0.600 O.NI 1.000 0.152 1.000 
HUll _2,.2, O.HI 0.121 o.tl5 0.674 0.721 
HUll W- .... l o.nG 0.107 0.N5 0.4G5 0.774 
Z'looo - 2,. 0.710 O.IN 1.000 O.IN 1.000 
Z' 4000 _ 2~ O.lge o.t66 1.000 O.gee 1.000 
t150 -bar O.lIG 0.641 O.NI o.6lG 0.750 
1250 _ ..... 0.672 OMI o.tlO 0.570 0.101 
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lUHt rlt"t,oD' G..m Ell 1,1 < 1.5 
AI,. = I ,I' o Tit) 0.1~4 
I,,?',I > 3 0.407 U47 
jt"~"!J > 2/3 0.210 U43 
1.,·1 > 3 1'0"1 > 2/3 0.099 0.974 
All' =- 4T(1' U9(; 0.f6f, 
1.,·1> 3 0.613 0.9T8 
J~"~I > 2/3 0.318 0.U9 

- 1.,·1> 3 ko.~1 > 2/3 0209 0.ge3 
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Muon Triiier Si~ature (Bauel) 

• Timing + Pt : Scintilator Trigger 

• Bending Angle: Slope of Track (Cell Trig., Layer 
Trig., LayerfLayer Trig.) 

• Pt : Meas_ure Bending Angle in Toroid 

• ell matching: J.l Track matching with erc. 
• Isolation: J.l Track and CaTorimeter Matching 

2112 
Muon Triiier & Electronics 

Aug. 1991, Yasuo Arai (KEK) 

I. IJ Level 1 Trigger 
Deflection Angle, Trigger Electronics, Efficiency 

n. IJ Level 2 Trigger 
BWCl - BWC2 Matching. Isolated IJ 
Electronics, Cabling 

Bendini Power 

. 540 mrad 
"ToroId ( 1.ST,lm): 13 - Pt (GeV/c 

810 (mrad) (for 1.5m) 
- Pt (GeV/c) 

. 13 540 (mrad) 
"SolenoId (2T, 1.8m) : 2' - Pt (GeV/c) 

Source of Euor 

"Beam Length (±5cm) : 5.5 sin2e (mrad) 
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"Multi. Scatt. (256Xo Cal) : 224 (mrad) / Pt (GeV/c) 

"Multi. Scatt. (57Xo Toroid) : 106 (mrad) /pt (GeV/c) 
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Bending Power and Errors 
100 

- Toroid (105m) 

- 80 - Toroid (1m) 

i ••• TOI.I Error 
- Mult.Sc.l.(C.I) g - Mult.Sc.I.(Torold) 
•... Bellm LeMthi ... 5cm CZ> 

<I 80 
G) 

'01 c 
< 
c 40 
0 g 

0;:: 
G) 

0 20 

.'~'~'.'-'.'.'-'.~ .. :.;~:..-'-.. '.'.' 
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0 20 40 60 80 100 

Pt (GeV/C) 
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Triiier Sensitivity 

-Scinli Trig. : 1~ ': - 75 (mrad) 

-Cell Trig. : 0-: crr:n
m 

- 50 (mrad) 

1 mmx sin 8 . 
-Layer Trig. : 16 cm -6 sm 8 (mrad) 

.1mmxsin8 . 
-WC2fWC3 Tng. : 1.5 m -1 sIn 8(mrad) 

. 1 mmxsin8 1· 8( d) -WC1fWC2 Tng. : 1.5 m - sm mra 

250f,lm 
-4> Trig. : 1 CTC Layer - 8 mm - 31 (mrad) 

1mm 
2 CTC Layer - 15 cm - 7 (mrad) 
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WC1 - WC2 Measurement 

20 
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40 80 

Pt (GeV/c) 

uyer Trigg., : 1m Toroid 
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100 

21 

50 100 150 
Pt (G.V/c) 
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LIIyar Trigger : U and L3 (T ..... :~ I..t .... ) 

------ Seinti 
L2384noCiO_ ..... ) 

- L23121ns(t ........ ) 
------ 123 320nt ~SO_k4) 

50 100 150 

Pt (OaV/c:) 

l2 ; BWC2 e.S -CalOrimeter Matching 2121 

e 
B 
W Global 
C Level 2 

2 Processor 

s1 
s2 

C 
A • 2561 octant 
L 

l2 ; BWC1 - BWC2 Track Matching 

14k ch 14k 18/2 = 870 ch 1 crate 

B 
W 
C 
2 

e 

B 
W 
C 
1 

e 

10.5 k ch 

oIsolation : 

10.5k/8/2 = 660 ch 1 crate 

WeI Layer Trig (r-7m, A:1e - 6 sine mrad) 
--> r-2m interpolation 

A:1x - 6 sine mrad x S. me - 3 em 
sm 

for Trigger Tower (A:1T) x A:1cj1- 0.1 x 0.1) 
A:1r - 20 em 
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Yu. Oornushkin (JINR/ssc\') 
(GORNUSHKlN@SSCVX) 

.. ilh 

"~.:'I h19" In_,qy .,..or. toe, U'O\l9" • It\lft' of .. ~.rhl .le.lorilMt .... 
,. H'r:'':'cls lo;c.1 it lel •• s er •• rqy by colliliOft. 1.achr:, to icn!UUOr. ot' I':.OIU 

1:'". the u~.r.:..':' 1;.hat u trlvlraeel, and by rlch.ltion. fru. ... ,dlaU.or. c. 
t::'lUnr.hl~9 and I direct p&~r prod,..ct&OnJ f&ftll1), tr.n.fo~ 111to 
.:.ctr~9ft.tlC .cc~u\ ... nt cf auon which CI,. •• "enl" COIIIpI'-.i. •• the 
det"~.ft.tion ot' -.a01'l PClIlt10r. 1ft -.aon 'r.t ... 

At pr ... ftt • be" t.at of ":1 -.&on dcUt. t.YbrlI n.,OaborM ,roup) i. 901"9 on, 
to 'tud)' t ..... ,nlcta ,.per.a._nt,ll)'_ 

The •• dhbl. nl,"."t cIlcuhU_1 I" not ill • c-.lltl •• ..-nt. 
1M" .r •• _ do\abt.. about the AUUUit" of QI:AII'f .'-alati.o 
CI\I. to low .nol'ty t.hl'.no1da in GIANf p .... rea .1 ••. 

Ie 1.1'1. po:a1bil1t." to atYd)' the .ffect. c~t.ect w!l,b .1Rt~, ... t1c 
ac:ca.pt;.i.nM:-.':. of • -.aon bot.h •• ped_null" and ~ .'-a1n1on _" ••• _ 
.~v.n':.'9. ktt. fol' 11-.1&:1on Ind fol' It.ud" of ... on cbUIIIten .puat.10n. 
CI'I.ckin, t.h •• ia\lhUen I'.alollu at l.an at. .... point (500 GoY) a.per1_ftUll" 
". cln tl'ult _1" t.o .iIW1.tioft nault. at 1'110"'1' .... l"9i •• of .... n •. 

Th. fcllow1nt h a I' •• ult of .'-al.t.1Oft of ... on t. ...... tie. t.n 
a':. rNA1-, J~na 11. 

Th •• ,ilMll.tion code " .. N.ed on GIANT '.14. 
The conUfUut.ion of t.1le Ht. up h ,1'.Hftt.H Oft ri,.l. 

It. h ... _d t.o ...... Dlocll .. de of 4 lIyel'l Of ... Oft t ...... (w.ll •• 2 _ 
of c .... r. cell 01'011 'lctlOn 2.)2 • 20.' _ I putt.d "'to. Doa wit.b t.b1clLne" of • wall ( 
a luff ot' l.ad I 1I'OftI befo .... TM Clilt.nc. bet .... n ,ulff of l •• d and t.h. 
c~,aJI'M'" i. :,;) CIa. It 1 ... at.her clc •• te tbe n.l aituat,ion IIDC auon cha..,..' 
t ...... 4 11),.U 0: t..ta Chl"r' "1U: lbout I CIft d.aatanc:. h_ 1l'on tOrOid). 

cr. h,.J .lac an .-.ent w1\b • -.aon accCIIIiPII1Md ~ t.he pr"Ct.. of en 
:~t.I'.=tl.or. 1n .. t •• 1.1 Mfol" chlllbera 1. ahewn. 

o!':. F&9,2 tl'l. r •• "lt ot' I .1~1.t1on for Cliff.rln-=. t.h1cllLne •• of 1 •• d"0 .• 2.~. 
!I.e, 10., 20.0 Cl'll II" PI' ••• lIt.~. 

One cln ... tNt a .... c:'\ t.l'lck will M cOl9'l.te1" cOlllPI'o.iaed tty 
.lact ron. lif ono 1'11\ .1.ct.roniC. u.edl aft. •• I tb1Ck '''outh .tuff of .t.d.l 
with I ,Ulbebilit" about ", 

In a c ••• of lbout " of I"'nt.a tM". will M Z 01' , nll. with .l.ctron. t.oo. 
So for .uon tubel Ittar t.o.oid. I $00 GoV -.aon t.1'.ck can M _I,uhd w1t.h 
proper pl'.c1.ion of lMIon chUibera onl" in abo"" In ot' Iy.nt... Tbia y.lve 
"all be ec;~.l to In .!hci.nc:y of tuCk .ec:on.tl'VcUon if t.bl Mth .pac. 
r .. ohltion o! cbUlOeI'l ,,:.U M ...... d . T ... p .. ObebU.it." t.o bay •• COIIIp"01I'.i.ed 
track in all !oul' l.".n 11 eyen b1t ..... t.hen t.o bay' elect .. ona onl" in , 
1.)'.1'1. It. 11 .0 MC.u •• it. t.he f.int ca •• t .... elect.l'on. of b1,he" en ... ty 
C"~I dtht fro. •• ':.uff of a .. t.dal ""bU. in t. ... la.':. c •••• "" .... n oftl), 11_ 
~.r;r~.:~:: •• !~C!~:~:bo!~:y i:I':.::!!r Ct:~:-:b~~~~J ~all. of ... Oft tubes 

hg.J ,,,,,,:ltl a depentMnc. of a , .. obebU1t." t.o btl .... ..". .. 11 n ....... of 
layeo ... "1'1,, ... .,Oft '=-rack ,. c~l'C_i'ed by el.ct.l'on. Oft t. .... nel"9Y of I auon. 

n.. •• 11 In opinion tbat. the pollibla ""." t.o ceduce • I"ch Nck9rc;.and 

~:'I!!.~:t a ~:~;~ :o:'terill ""ith bi9h critical .ne.tty. eTba cdt.ic:.l enerty 11 

:~:! :o! ;~!~~. t~ '!~:!:=:n ~:~~ ~:Il:l;'=-ne:o ~h:O!~I;:":t.:t .. :~!'t1~h;~:b 
elllll.itln9 I hlth enol'D phot.on t.bat will COfty.rt to .n ellc:tl'Oft-poalt.l'Oft 1N1I'· 
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!: ._:~ .• :a:t~:~ ~:ll nct ,anar.ta er prepa;.':.. sho"'rs). The carben 01' 
':_- .•. ~_:'" ware s .. ;;.s:e~ to be p .. tte~ a!tal toro~d' jll'l to cl •• r the 1I'·~on 

~~~~«,::rcpar GL\.·:-:- si.:r,:.;la'uor: r.s;.alt.d ~n that it do.s not halp fer *"o1's "lth 
.-<!:;y c! • f." t, .. :'!C::raC: ca.v. Tt.e nW!lber of new track. that .<.10:: prod\lcas 111 

- ..... - :5 e"e· ro . .:re tt.a:'! tha r.~: .. : of .. Iuel': ~l at:sorl>!. F~9.4 pr.sen:, 
~~,;;; re! .. :ts So H w:.:l be H,:anstln; to ch.ek e.pan_fttall)' thll poiftt 

,,~.: t~. dapa:':de~,;e cr. the dnft t:.:ba c.ll croll •• ctlon ""a. iro".ltit.t.d. 
'::-,e ~:u;t~ ... ay to dea •••• tha nUll'bef of Chlftft.l. of I IlUDn ,),11.'''' l' 

te a~ ~.f9' the JlII.lOr. tMbel call croSS •• c::uon, In JOC det.cter tha duft t\!.be 
.!!z .. ~ tc be \lse~ lr: t09ger des~9;' .. The poss1bl. lill of drHt 1.n9~h in 

,ccordlllr.c. wH!'l 1.c: .is 4-S c., It c.n be d~fheult to b",Ud I ,ood t.nnu 
..~tl'l or.a hn TDC .1ac':.renic. for hi91'1 .n.rty -.a.n ",,1tbift .n .1.ctI'Oft·pa.ltl'on 
1r:\llI'C~:'!t in I c •• a of lal',. dl'ift 1.n9ht. Tbe Fi9.~ , ..... ~t. tb. dl'paftdeftc. 
ef a ~rebl.l>il't)' te hay. a cl.an .... on tr.Ck 1ft t.ube' ""Ub CliUel'ent drift 

l'n,ht for an eM~ty of. -.aon 1 and 2 teV. 

The bea:r, lelt ""ill I'un witb t.",be, .. de of copper et.her. 11 •• pecia1 
_thod.ac.l to,! for it). Table 1 'I' ••• ntl a c~d'on of • Pl'oHbiHt" t.o 
hav. I .1'ctrOC'olgn.tic Nck,l'oYnd in • c:h ..... l' •• de of Cliffel'.nt .. t.dal. 

the r:rcc.ab.::ity t.o h.y, •• yeral ft~r ot' c.ll. wbel'. back,.ound el.ct .. on 
(Fet CliU.r.nt .. tenal of walll of llUon c:ba .... ). 

: _______________ .-1------- __ I· -- ... - - -. I ___ •• ____ I .----•••• 1·---- - ---I 
• I I I I I I 
:: , e! tl.lba. ,,~.ua: 0 I 1 I 2 I J I a I 
I lII:.:on hlde::S by I I I I I I 
1- __ ------ ---.. -· .... 1·-··· .. -- .. J ------.-.. I ...... ------1· .. -----·-1 .-........ ---1 
I I I I I I I 
1 :...:! !O CIt. 10.'141 10.101 I 0.062 10.OJ04 J 0.0~3 I 
I .,; • .:.a C;.; 1 1Ir.. I.'-O.OC' 1.,-0.004 I.,-O.OOJ I./·O.OOJ I./-O.OOJ 1 : _____ . __ -________ ;: ________ ~: ---------1------_·-I ---------I --------. I 
: w.!la .1 1 III:" i 0.714 i 0,012 ~ 0.0~4 ~ 0.022 i O,O~. ~ 
I I I I I I 1 
::: _______ ~. ________ : _____ ----I ----- -- .-] ___ - -----1--------- I ----- .---I 
1 I % % % % : 
: .... :.:.5 pvC 1 ~ I 0.113 1 O.OU I O,OU I 0,01'7 I O.O!l' : 
I I I I I I I 
1--- - - --. -- - - ----- 1 -------. -I ---.----- I ••• - .. --- - I - .. --- --·-1 --- - --.-- 1 

.~,.n a"pa:iJllelltal data ""ill be ayail.bla t.be 'I'oper C~I'110n ""ith 01011' 
':'1':I1.Ilat,0Ils "i:'I be dona, 
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*13 

soc: LBL MEETING 
AUGUIT I, ,", 
HENRY LUBAm 

MUON DETECTOR SYSTEM 

SSC-WASHINGTON APPROACH 
(ROUND TUB9) 

•• "AIlATE THE FUNCTlDNACi'ft DF DRI" CELLS 
FIIOII COHITRUCTION DI' DI!TI!CTOR IIODULD 

• IACH DRJn CELL IS FULLY FUNCTIONAL AND .. 
CONSTRUCTED AT SEVERAL DlI'FI!RENT 
LABOItATOIIIU AND UNlVEMITIU 

• DR'" TUB9 ARE USED AS ITRUCTURAL EL1!11eNT8 
OF THE Dl!Tl!CTOR MODULO 

• ALIGNMENT AND DRlENTAnON OF DRI" CELLI 
WITHIN A MODULI! .. I'IXI!D BY DRJn TUBE END 

CAPS AND MODULE END PLATH 

• IIODULU ARE A .... LID AT THE sse 

21'73 

2172 

21'74 



~IRE DRIFT LINE PLOT 
.... " .. ILIC .... 

•• ." ......... __ •• _tt .. , ... I. can •• (1 

.4. 

.;. .:. 

........ 

. . . . ..... 

. . 

..... - .. - .... . . . . .. . . . .. . 
X-OXI. (C:IIJ 

\J \tl",& ': VCh'i't : .. &00 VOl.TS 

SO t'"'" .S""''' ~,,'c. 

2175 

2177 

DRIFT CELLS 

• EACH CELL IS A GAS-TIGHT, WORKING DRIFT TUllE 

WE USE CIRCULAR, EXTRUDED 3 In. DIAMETER 
ALUMINIUM TUllES WITH 1/11 In. WALL THICKNESS 

NO FIELD SHAPING OPTION 

FIEJ..D SHAPING OPTION (Cu on G-l0) 

CIRCULAR GEOMETRY ALLDWS FDR EASY ORIENTATION 
OF TUllES WITH SIMPLE LOCATING SYSTEM, eg. PINS 

2176 

2178 

DRIFT TUBE END CAPS 

THREE GENERAL FUNCTIONS 

GAS SEAL AND PROVIDES GAS IfO 

MECHANICAL 

REFERENCE SURFACE FOR PRECISION 
MOUNTING TO END PLATES 

CENTERS THE ANODE WIRE 

TENSIONS AND FIXES WIRE 

ELECTRICAL 

CONTROLS ELECTRICAL END EFFECTS 
(STATIC FIELDS) 

PROVIDES FOR SMOOTH E-II COUPLING 
TO OUTSIDE WORLD 

SEPARATES SIGNAL AND HIGH VOLTAGE 
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MODULES 

AAEllllLY AT sac: 

ASSEMBLY JIG 
(LARGE FLAT SURFACE) 

BASE PLATE-HEXCELL 

.. 

AI END PLATO WITH IlACHINI!D 
REFERENCE SURFACU 

TUBES PLACED ON SURFACE AND GLUED 
BO .. END FIRST. THEN FLAT END WHICH 
IS PINNED FOR FIXING ORIENTATION 

~i-111' IN AL 

j I, I 1 IN HEXCILL 

2190 

2182 
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Assembly 
sequence 

Horizontal Sccti on 

End views 
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Muon tracks 
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WORK IN PROGRESS 

END CAP DESIGN 

H. V. END 

1) H.Y. INPUT 
2) GAS 110 

~ 
a 

a) TERMINATE .. TUBE IMPEDENCE 
.) GUARD RlNG_m., not _d 

(PIELD AT END OF TUSE) 

SlONAL END 

1) DECOUPLING CAPACITOR 
2) TRANSFORMERB-Imped.noe melchlng 
a) GAS 110 

STUDY OF DRIFT VELOCITY 

IDENTIFY APROPRIATE OASES 
(non ... mm ........ mixture.) 

MAKE MEASURMENTS 

1. NO "aD IHAJIIoIG 
II. "ELD SHAPING 

2188 

2190 
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THREE COMPONENT MIXTURES 

A,-C02-C2He, A,-C02-CH4, A,-C02-CF4 
A,-CF4-CH4, A,-CF4-C2He 

IMPLICATIONS FOR NO FIELD SHAPING 
(ROUND TUBES) 

CALCULATE R VI. I FROM MEASURED 
DRIFT VELOCITY AND E • F(R) 

NONLINEAR BEHAVIOR IN ALL CASES 

ACCEPTABLE FOR TlllGClER 

WILL NEED OFF-LINE CORRECnON 
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EFFICIENCY STUDIES 
(T. ZHAO 1MII .En-G, 

NO FIELD SHAPING 

FIELD SHAPING 

PROTOTYPE TEST CELLS 

3 In. TUBES 

1. NO FIELD SHAPING 
2. FIELD SHAPING 
3. .010 •• 100 Mel .110 .... IIIL 

for a ... tubH 

MEASURMENTS IN T81. TEST BEAM 

BUILD PROTOTYPE MODULE 

* 

SMALL .. ft •• ft· IN SEATTLE 
""achanlcal IIrollla"'l flrat Ordar) 

THETA, PHI AND STEREO VIEWS 

FULL SCALE MODULE- 9 m 
(AT SSeLAB) 

.fflolonoy ve. Treneve,ao Momonlum 
to. Tube Chamber 

3 '" Tu\'e - 1.tMC... '" yr. 'l 
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SUPERMODULE DESIGN SUMMARY 
BOSTON CHAMBER CONCEPT 

• J1BW1, J1BW2, " J1BW3 SUPERMODULES ARE TRAPEZOIDAL 
SEcnON, STIFFENED THIN·PANEL BOX STRUCTURES 

• IIIIWI: 48 ... tIN TWO LAYERS 
• IIIIM: 48 IN ONE LAVER 
• IIIIW3: 48, .... ZS INntREE LAYERS (LATER TWO) 

• MODULE LAYOurs UTILIZE 16 X 2 em. DRIFI' mil, wITH 
TUBES COMPRISING'" 60 .. OF TOTAL MODULE WEIGHT 

• BOX STRUCTURES PROVIDE APPROX. 1 mm OR LESS 
CENTER SPAN DEFLEcnON 

• HORIZONTAL PANELS lII" (TOP/II01TOM). v." (INTERIOR) 
• BULKHEADS AND EXTKRIOR VERTICALS 1/2" 
• SHEAR WEBS III" 

• BOX IS OF WELDED ALUMINUM CONSTRUcnON, WITH 
REMOVABLE ACCESS PANELS AS REQUIRED 

SOC "BOSTON" MUON SUPERMODULE SCHEMATIC 
BW3 DIMENSIONS SHOWN, SIMILAR ntlCKNESS DlSTRlBtmON IN BWI 

.l'III,t.lI. 

~1:~run __ A_H& __ ~_D __ U_M _____ lenm __________ I_A_--______ ~ 
~~----------------,~-~--------------------~ 

SECI10N A.A' 

~ 
~ ... 
-..J 

Boston Muon Group 

Octant Boundary 

Oescoped U'[!".w.] 

-17.1 ,. " . 
El. 6560 m !! ;'-___... 

",/--li~~~~~~~~~~~;=(J' .I, ; 
'j /' .I! ; 

.-.. ,........ :' I I ,. 

/,; / ------
~~~~~--~--J!-~-~--~_~--~-~!j--~-~~ ,/f,l IS - - --- .. '/ , 

t:======~S;==:-:-:1.u ; I:, ; 
29.8004 [756.93) t-------"""~:iIiiI .... -. ....",' ; 

':--;: -'---. I V ; 
'"F======::;;;;;;:;~~=;;1 .. 1 ; 

-.---- {U / 
----- ':/ , 

'f ' 
1:::-=-=--=--=--=--=-=-=--=--~-~~~-:=--:::::-=.=-!fI. {Ii / 1.:_______________ /" ; 

L---t-----------= __ .......If, 1 i Electronics Clearance 
I' . 

75160 [38.51J 

Repair /Replace Access 

SUPERMODULE DESIGN & ANALYSIS REVIEW 
BOSTON CHAMBER CONCEPT 

• SUPERMODULE DESIGN SUMMARY 

• GRAVITY LOADING ON QUARTER SUPERMODULE 

• POINT LOAD RESPONSE OF FULL SUPERMODULE 

• DESIGN" ANALYSIS OF J1BW3IJ1BW2 TRUSS CONCEPT 

• SUPERMODULE COST DRIVERS AND DESIGN RATIONALE 

• PRELIMINARY ASSEMBLY SEQUENCE AND BOX COSTING 

• CONCLUSIONS 

JJ.G.lCSDU7 AUGUST '91 

~ 
~ .... 
(1) 



WEIGHT AND CENTER SPAN DEFLECTION 
ESTIMATES FOR "BOSTON"SUPERTOWER 

DESCRIPTION 

J18W1TUBES 
BOXSTRUCT. 

J18W2 TUBES 
BOXSTRUCT. 

TRUSS 

J18W3TUBES 
BOXSTRUCT. 

COMPo WT. TOTAL wr. DEFLEC'I10N 
(METRIC TONS) (MITRIC TONS) (MICRONS) 

6.0 
4.1 

4.0 
3.1 

13.7 
10.3 

10.2 no 

7.1 I 1160 

3.0 

14.0 

NUI'B: CUUBNf' WEIGHTS ItBFLECT ItBVISBD 11mB CIWSS SBCTlON AND 
CONTAIN 12'Jo MAIlGIN FOR MIse. AlTACHMBNTS AND FI771NGS. 
DBFUCTIONS IHeWDB SHEAIl aUT NUT FlNITB JOINT FU1CIIJIUTf 

'01/11", 

SIJ"E~"'()~ULE CDNFltfURIITlDA/ 

'1.n ... 

./Jl",el/llo.s 
iI. "'."'f¥ 

HDdeJ IIJUi "-(y.flol of ~ Jop."".Jull. {./fI"''''~!) 
• su~.,.",H(.(1. ,., .. ~Itt Ufo°,., • .,..,.,/: 2+ Tot/S (~LY .o/f,) 

'" '" '" ... 

'" '" '" '" 

2. 

SUPERMODULE COMPENSATION CONCEPT 
THETA AND snao 11JII1S 
UNDERGO CYUNDlUCAL lENDING 

STEREO AND 11IETA MOVAILE 
IULKHEADS TRANSLATE so AS 
TO ZERO (OR lIAS) WIRE SUPPORTS 

u ..... -------l 

9.52 .... --------1 

BW3 GEOMETRY 

! 0012 

,.1,,._ ......... ~",'W.I" t'." . 
.. lerl.1 AL\J4. 6063 • ~. :::; . 

'" '" ... 
CD 

.100 .100-~
!.: 

R I 

_I .. · ........ 

.oeo· 

chic . 
~.t. 71 

!.003 

DETAIL -B2X 
!.005 

NOTE : 
TYP.WALL . OBO 

~-----,---,----I'" 
high energy ,hyslc. ~ 

labor-.to,.y <:> 
h ,." r "" r,1 . 

I«JON TUBE DET A I L 
16 CM. X 2 CH 

B-SI2B2-U 
,rt . 
teelt 



S()MHllty of R£.JVLTS 

• "'IHiHT 

v~ /ow Jt'"a 
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STRESSES 

surtllllOOULE VIT" ,II1II IlUIt[ADI AND _All '''lEU 
IUlCAK I - ITEIIATION I 

FULl SU"ER.MO,DULE: ANAlYS.IS 

EIIQlua'\iol\ 0& C""t_~~-t~d l..oCld I,,51 .. f."t.f. Co05iici~ ... U 

- JO«J Newt."" ~o ... d S e...lk~~ :z:,,~ .. .seC'Ho.,. 
- Co"si,~,,\ tu;;~ Af Upfr"o AJ~U1tt'lt.",t 

Co ... f'o.~ .De£I~c-\,·o".s 0.4 Otl,t... koca.-tl ..... .s 

• AdcH\iO"'Cl.\ Wlec::\io".s U~~ S ...... \\ 

- U ... d",~ /..o ... d , I~.l ",icn~J 
- AcI~_ ... \ &..\It"-~ :r .. -krSecH"",.s 

,.s ",,:C""".s 
,. S' 
~.o 

I-If 
0.1 

~£FLCCr€b SHAP£ 

STRESSES 

SUPEIlIIOOUl.[ VITN '''U BUlK"EADS AND _All "NELS 
SUllCAS[ I - ITEIIATION I 

N/",z 
{IO'] 
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SUPERMODULE COST DRIVERS AND 
DESIGN RATIONALE 

• TYPE AND WEIGHT OF STRUCTURE 

• DISTRIBUTION OF TUBE ORIENTATIONS 

• PRECISION BULKHEAD CONFIGURATION 

• DISCRETENESS (Is) OF ALIGNMENT/COMPENSATION 

• ALIGNMENT AND ACTUATION HARDWARE COMPLEXITY 

• SUPERMODULE ASSEMBLY CONCEPT 

.IN SITU CALIBRATION REQUIREMENTSIPROCEDURES 

}J.G • • 7129191 

r 

L 



REVISED SUPERMODULE DEFLECTION TRADES 
THETA AND STEREO COMBINED 

~ ... --.-.-o--.-CI!N'IY.II--~---(M-ICI-OII!II---"'Z6 

; IS. c( !ItlpgMOOOLl! WT.(MF.n1C1ON!II 

, , , , , 
l\ 

'b" '. 
BW3 SUPER MODULE 

STt:RF.O + niITA/I.15" PANF.IJPIR 

22 

J 
II 

.!-~~~ __ ~~~~ __ ~~ __ 41' 
U ~ U U U U U v u 

PANEL THICK (IN) 

SUPERMODULE WEIGHT VERSUS DEFLECTION 

~ .~---------------------------, 

L. 
! Iii! ·1 .. 

S 

~ ·1_ 

~ Cf:N1ft DF.Fl.F.CT10N (MICIONS) 

BW3 SUPERMODULE 

5Tt:RW + THITA".25" PANt:1JPII1 

I .... +-----,r------r"---r-~-r__-__1 
16 II 28 22 24 

SUPER MODULE Wf. (METRIC TONS) 

DISTRIBUTION OF TUBE ORIENTATIONS 

• REQUIREMENTS 
• PHYSICS PERFORMANCE 
• LAYour CONSTRAINTS 

• CONFIGURATION OR PROCEDURE OPTIONS 
• STEREO SEPARATED FROM THETA 
• STEREO INTEGRATED WITH THETA 

• DESIGN AND PERFORMANCE ISSUES 
• STEREO I DEGREE DEVIATION FROM THETA IS NEGLIGIBLE 
• MAY USE SAME BULKHEADS FOR SAVINGS IN ALIGNMENT SYSTEM 
• INTEGRATING STEREO WITH THETA SAVES A 0.25" PANEL (2800 LD) 

• RECOMMENDATIONS 
• INTEGRATE THETA AND STEREO IN I1BW3 SUPF.RMODUU: 

TYPE AND WEIGHT OF STRUCTURE 

• REQUIREMENTS 
• MINIMUM PRACTICAL DEn..~ION UNDER DIVF.RSE GRAVITY J.OADINGS 
• MINIMUM WEIGHT CONSISTENT WITH DF.FLECTION CONSTRAINTS 
• STRAIGHTFORWARD (INEXPENSIVE) CONSTRUCTION 

• CONFIGURATION OR PROCEDURE OPTIONS 
• NUMEROUS COMBINATIONS OF PANELS AND nULKHEADS/STIFFF.NF.RS 
• STIFF, PASSIVE DESIGN TO DEFLECTION CONSTRAINTS 
• n..EXIBLE, COMPENSATED DESIGN 

• DESIGN AND PERFORMANCE ISSUES 
• MAGNET MOTIONS A WILD CARD AND SUGGEST MAXIMIZING CAPABILITY 
• FABRICATION AND HANDLING ISSUES WILL ADD COMPENSATION RF.QTS. 
• SUPER MODULE WEIGHT VS. DEFLECTION SHOWS A PRONOUNCF.D "KNEE" 
• A V AILAIlLE PLATING THICKNESSES ARE l!InI INFINITELY V ARIADtE 

• RECOMMENDATIONS 
• DESIGN SUPER MODULE TO "KNEE" IN DEFECTION CURVE 
• CORRESPONDS TO ABOUT 3/8" PANEL THICKNESSES FOR I1BW3 
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DISCRETENESS OF ALIGNMENT/COMPENSA TION 

• REQUIREMENTS 
• MINIMIZE OR COMPENSATE SUPERMODULE DEFLECTIONS AND 

GEOMETRY DISTURBANCES FROM OTHER SOURCES 
• REASONAnLE ACQUISITION, ASSEMnLY, AND UTILIZATION COST 

• CONFIGURA nON OR PROCEDURE OPTIONS 
• SINGLE MOVABLE BULKHEAD SPAN VICE SEGMENTATION 
• PERHAPS NO COMPENSATION FOR PHI TunES 

• DESIGN AND PERFORMANCE ISSUES 
• BULKHEADS FOR PHI TUBES MUST BE SPUT (I.E. J PER SPAN) TO 

ACCOMODATE SUPERMODULE PRIMARY BENDING. 
• BULKHEADS FOR THETA TUBES PROBAnLY NEED nE SPLIT; 

ANTICLASTIC BENDING AND MAGNET DEFORMATION RESPONSE. 

• RECOMMENDATIONS 
• BASEUNE SIX (203) ADJUSTABLE SEGMENTS PER PHI OR THETA l.AYER 
• MORE WORK TO JUSTIFY CONFIGURATION 
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Difficulties of tube designs 

Effective drift field - '1lXJ V/cm 
-+ PIO is the only choice for the drift gas. 

No choice in fut pIICI. 

i.e. No freedom ill dIe"CeII design. 

Common endplate /~ geometry 
-+ gu-sealiq ...... 

~ The structure wilillOt ~ very simple. 
1be construction will10t be very easy. 

DIm with field-sbapjac .......... 

E.ut - I kV/cm is posstie. 

but an incident-angle dependence of the resolution. 
-+ a rotated arrangement 

~ A very complicated and/or 

very space-consuming structure 

Shon spacing between the anode and the shaping 
electrodes 

~ A better tube alignment is ~uired. 

2251 

22.53 

# 16 
S. Odaka (KEK) 2252 
Muon subgroup 

SOC Collab. Meeting. LBL. August 4 - 10. 1991 

Why a jet chamber? 

The muon system of SOC is ~uired to have a 
capability of 

staod-a1one mOlllelUlMD -.rement 
-+ relatively JOOd IpUial resoluuOll 

- 250 JUDI ...... (superlayer) 

-+ good ". t (- 100 JUIl) ~uired 
-+ large ....... (aeveral m x 10 m) 

and c:o._ e.cIplates 
-+,no reason 10 avoid huge chamber designs 

and triggering. 
-+ projective geometry 

~ Jet chamber is a natural solution. 

What is more, 
constant drift velocity -+ covenient for triggering. 

KEKDesi&n 

A uniform drift field formed with 
very small Dumber of electrodes: 

sense wires 
poteDtial wires 

guard wires 
CIIbode pIaoes 

(110 jWd-sllllpilcg d«:trodes !) 

A perfect projeaive-aIJ arnDgemeDl wida 
ideDtiai ~ ..... meters 

(cell width. HV VMMes. wire spacing. etc.) 

for all cells. 

Note: f« projective-ceU acraageIDeDts, 
the IIWI1ber of cells - 3/4 of projective-wire arrangements 
in die barrel region. 

!2!:. "" In( n{i+7) . - 8 
1Ipw- x ' x-cot miD 

2254 
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LlefLL Jet Ceu 
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> "-" 
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1 

As + Ap + 2 W.c,eU oe = 0 

R
Ap 

'/$ = As 

2255 

225 

How to detennine the cell parameters 

Assumption of an ideal jet cell ~ charge densities on !be 
cadtode plane and the sense/potential wires 

Gc = - EoE'drift 

A. = - 2woeUGc /(1 + RsJtJ 

-\. = RslpA. 
weeD = 1 cm, 
and we chose E driCt = 1 tV/em and RsJp = - 113. 

Give the wire diameters => vokages to be applied 

Calculation based on !be exact geometry 
-+ optimization of the pard-wire voltage 

sense 
potential 

cathode 
guard 

diameter (pm) voltage (kV) 

50 
200 

plane 

200 

+ 2.87 
o 

- 3.23 
+ 2.87 

The wire diaMeters are still tentative and are to be 
optimized by the considerations on 

gas gain 
and mechanical/electrical stability. 

.......... ...................... . 

I 
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Chamber Gas 

First candidate: HRS-gas; Ar/COl/Metbaoe (90.'9/1) 

well established (HRS, VENUS, AMY de.) 
nearly saturating vdrifl@ Edrift ~ 800 Vk;ot 

nonflamable 
~ The operation point has to be optimized. 

Option: Ar + l ... lt% CF4 

nonflamable 
fast gas 

vdrift > 10 ctn/~sec @ Edrifl e I kV/an 

may have a pr<Jbiem in HV sl4bilily 
~ add some organic gas, e.g. a few % Methane 

~ need studies 
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4 D 4OXAr-20:CCF -40:CCH 
o IIO:cAr-20Xg;-30:c£H! 

3 eW-20J f2i1§ 
2 

0.5 1 1.5 

E (kV/cm) 
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R&DatKEK 

(l) Large chamber -+ Tenda's talk 

(2) Short chambers 
50 em long, Oftt! ull in each chamber 

For a proef of the calculation roesuks 

~ 2 chambers conesponding to 8= 90" and 30°, 

respectively, have been ordered. 
The ftrst one (8 = 90°) will be built by lite end of 

August. 

(3) Thin-tube chambers 
an array of 8 x 15.5 mm diameter tubes (20 cm long) 

Studies of chamber lasses 

present: gas gain of the HRS-gas 
A measurement has been done for a 30 !.lm' wire. 

-+ !bicker wires 
next: feasibility of/ast gasses (Ar/CF4-base) 

(lbP=H:Hi=======llb 
" ;.; ~ 

, 5 

~---------- ------------, 
1 : -- -------' 

b 
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~atl~m <elf}' nIb~ lLSlT!~ JJ~ (ClhSllDl'Mtr m~lID 
f}'<eltr 2270 

rubl8 ~lID(; Mm<Cllll JD)~a~(Ca<eltr 

KEK Muon Chamber Group 

Y. Funahashi. Y. Higashi. H. Iwasaki. T. Kondo. 
A. Maki. S. Odaka. T. Shinkawa. and S. Terada 

1. Idea of the Jet cell chamber for the SDC muon 
detector: . 



91.07.27 S.OJ, .. \:.4, 

Slanted Jet cell .. placed in a rigid tc,art
x 

fltlOned with stiff cathode 1 rame pates 
2271 

2272 

Jet Cell Chamber Module 

Cell Structure 

: 
:' 

91.07.27 

2. Principal . Items to be studied: 

i)M Hn 
echanical ri . . .. gldlty of th 

11) Performan f e chamber mod I 
." . ceo tbecb ue 
111) Mass prod' amber uctlon capability 

2274 

3. Design of the R& D prototype chambe . 

;) Outline of the R& r. Dmodule: 

- Frame size' 3 , m x 8 m x 0.4 m; 

e, taggered t - Layer typ , S box frame wo theta layers in one 

- Cell structure' Th . , ree sense wi ' 
4 cm drift, . res In a cell of 

0,30 and 60d egrees slanted cells 



2275 
ii) Frame structure and assembly procedure: 

I ; I -1-

- ~ I -I-~· 
·---·-I-·---,~ 

I 

OHI 

o 
o • ". 
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Rigidity of the Chamber Frame (~"9 ~t1'" ~od. ... '.) 
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i) Sag of the middle honeycomb plate; 
~i_ 1fo1lV~.~ -

111111111111111111111, ~~ 

t-.I 
All t:t/., {: ..... 

I') 
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Gdhode. fl .. t~ A~r-rI\~l\+' 

(fIl'f'fpaa,v. ,,~) 

91.111.03 

1111 Large Jet Chamber R&D Schedule 2286 
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Threshold vs. Time Walk 
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Comparison of 50 #Lm Wires 

SCIFER 'IIuIpteu Stainless 
(AISI304) 

Qwi!.y(g/ cn1") .u. .w. 7.8 
Yield Point(g) ~ -~ 
TeDsile Strengtb(kg/DUn') 425 320 270 
YOIID,'S Modullls(kC/mm') - 20000 40500 18000 
Specific Resi.tlUloo(IO-IOm)' 30 5.5 75 
ResislpnCC(n/nl) ~' ~ 380" 

~(ml"" .ll A 2.3 
R/IoJL .... 0.36 0.067 0.90 

Rf'Sislnnce wilh l.,m Au .m J.t:' 100 
AIm)'" II 33 8.0 
R/wL .... O.iT 0.057 0.24 

(.) 0 25'C 
( •• ) M .... llred ""III. 
f''') L K 1.34 ,.H/m, C '" 8.32 pF/m ( 4 an dinmet.r tllb. ) 
( .... ) 0 f - SOMH. 
Gold·plDted stainless wires IlU\Y Dot exilt. 

2.3" 10- Om 
7.2 x 10-1 Om 
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RESISTIVE PLASTIC DRIFT TUBES 
P. Border, K. Heller, A. Jones, J. Lin, D. Maxam, K. Ruddick 

University of Minnesota 

Progress so far. 

Design of tube to be co-extruded 
Extrusion die designed 

Contract for prototype with manufactur'er (Inplex) 
Ole being constructed 
First tube delivery "end of September" 

Cosmic ray test stand under construction 
2 small proportional chambers 

un' 

2 small counters 
Data acquisition system (CAMAC + IBM PC) 

--Wire 

END VIEW 
ONE TUBE 

conductive 
'Plastic 

Trl-extruslon of 3 polyester plastiCS 
Insulating shell - 0.07" Eastman PETG 

Resistive electrode - 0.02" DuPont Hytrel # 5544 
1012 Q I square 

Conductive electrode - 0.02" HHech conductive 
polyester 

0.6Qcm 

~ 
" ... 

~ 
w 
~ 
co 

~ 
w 
W 
Q 

"'''0 d;jr'~ ....... t" 
0 1 

0"'" 
')~ ')'a~ 

.5ft ~. 1 
.. .. 
+ 

"ii-
li" ~. h 

"" ~ .. 
--- .. 

'" 

~ .. 
W 
'g 

cp 

i 
L ___ -.-- _J-']' 

'----,J. " 

L ~ 1 ~~~ l ~ l§ q~ 
~;"><I ~ "1 CM-
r 1- ~ t : 1 .. '(:10 V 

""C. .. ~ ~ L.,... ~ 
~ .. (to n,. ... 

l . ...,- il!J;l .. - - ~ 
f J-
:r '" 

0- '" $-, 
n 

~ 

"'''l J • 

F:' • rT1 .. 
.) 1: ~. 

"" £ 
J--

~ 1 ~ 
." I 3 l' 
~., "s 
i'1:..e -::' 
%0 i (5 
Ii" if J. 

1-1 
~'i'i 
~i-1 

r 
~ 

~t 
"I'~ 

J~ 
--t 
~'i-

q> 

• • • 
:>,....., ;b 

" "" ,.. ... - l-
i J' 
f - ':'\
L'-':-
~ rl :. .. £-.. 

® 

!E 
;;;I' 

~ 
~ 

~i 
'" 

t~ } -..,4 

pi 'It ~ 
..... -;r '-./ 

II 
.",.!£ ~ IV , ~ 
--I 

.. 
q.. -,Jl. ~ 

w 
r-:. 
-.J 

---t1 ~ 

... ~~ ~~ " 
::' ~ -:<'" " 

~ ,., '" 
;J> 

. r ~J 
~. ~ ~r1' 
f -. 

.." ~ l? :s ,g 1 ~ -e 1t- l '! 
!- 4" 1- p":' .,.~. ~ ~ 

.. .!..l 
" 9- ~T 
~ ,. ~ 
~ ~ .. ~ 
~. 

~j 

ii"~ ~ q: ~ 
, (.... "'" l 11 
~....... ",. 

..:! !'1 i ~ 
~t t ~ r 
~~-'f "V 1 ~..,J: == ~ ..!. \.':1 ~ 
_f\-f f ,... 
I' ......... 1 &; t-- ~~ r+ 
J :hi:r ~ ;- , __... w 
~ V ~ r-:. ... ClO 



6 ~ 

,flo ~ i-r ,. 
I. • .... . 

-.D" '" . t. -L ) i ~ J I 
ft" . j" 1 t e; L" J £ 
~~f ~ t 
1 E. ..Jo' 
=-- 'j-t ,-
1~ O! t. 

C1' I- f ---<.. ~-. 
)0{: ~ f 
. , .r) 

~ J} 

ro~ ~1"f t Htl.l \ 1 \ ~~!D ~ '"'' -. ~~ , ,~ ~ 
I ,. ~ 

.. ~ r- V'I .A II-

' -..1 \ g ~. 'd' ~ . ~ 
?( - ", 

t ~ -h. I~!... 
r -r·Il· ~t q. ~ . 11\ J 

'''ft;-f!=-~ ~.t-\ . ~~ , : ~ ~~ ~~ 
J ~ ~ ~ .... """ }':... 

... 

..:;, 

~ t ~r ~f 
1 II' ,,~~ --

~ ~ 
I 0 

P j-

~.,. 

~'" It :.: N r_ W 

,. ~ 

1m 
Kodar PETG copolyester 6763 

Based on Poly (ethylene terephthalate) 

PETG Polyethylene AI 

2.7 

100 

Specific gravity 1.27 0.96 
Modulus of elasticity 2.9 2.0 

x 10 5 psi 

£. 0.44 0.48 
E 

~ lly=k1L 
E R2 

0.027 

PETG Is slightly better than polyethylene but stili has 
16 times more sag than aluminum 
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Muon Chember Coet Comperlsone soc_..-_ 

~ -..... - .. ~ :- - ....... - ......... CollI -' I-- 7l,1li ...,. 10,11' ,,,127 - -.an 

ToIIIwtl1t - ToIII ContI_ ContI:-• l1li\ % ....... ..-- ... ,. 7,114 ,,,., 11.- 111 ..... I.t.t _Torald 31.101 21.'" 47,537 
I.t.I _T_ "'" 32.7% 21.111 

IttIlC ..... ,4,140 ,,?II I4,aaI 4CIII ' '-'-._ .. .....-.... 1.1.1 UIIIIIoe '" 20."' 1.111 
I.U -- 1,310 24.", 

~: T .... 

_, 
2...,., -.... -.. ~ 

I.I.t -.c-.. 2t,27I 23.3 34,134 
a.u ~9IrucIuN 2,142 22.2% 2,117 
a.u ................. ',382 24-"' ' .... 
1.1.4 -....- :Me - 415 
1.2.1 ~~ 320 20.", 314 
I.U T .... CaunIIrII 15,271 25.7% 11,204 

Cell a- T .... Cell ~ T .... T ..... 
a..... -:l1li - -:-' laIIar ~ 

.... Cee1 - l1li1 IIId IIIIl l1li\ 

1.1.7 ............. AMImIIIr '.1 It 31."' "103 I.U ~IIIIHIM 2,3OZ 24.", 2,154 I-- ". 1,577 ...,. ... ... 11.111 ,s,m 
I.U 

Ti ___ , 

',301 13."' '.471 
I.I.tl .,.... 

1.721 24.", 2,142 - "... s.- 7,117 ,...,. 1,171 I".' 11.-
1.1.11 -". 1,531 24.", '.1CI7 .... _--- 10,714 25.3 78.11. jKlIC itA itA '4'- It. itA .. '" .... 

.... _- 11._ 
25."' '41.55: 

1· ... ,·1:33,.. 

Muon Chember Cost Comperlson. soc _ s,._ was 

CrII ....... - MIg Tal .. wtth 
a- Toll! Cell a..... T .... - .......- .... EDIA T..... ConI. ConI. 

a-IIIr Cell: -:: :- ......, -....., .... - -...c.I IIouIWCIII IIouIWCIII ....... ..-
~ 71.7 SU IOU ,.. 1.1 U 

I.l.t _Torald 
1.1.1 _T_ - '''' , ..... .1.1 U U U 
1.1.1 UIIItIM 
I.U --. 

KIIC itA itA 242.0 It. itA :u T .... 

---~s,._ 
1.1., T-.c-.. 
a.u ~SInan 

-_ ........ 
a.u ......-.. ........ 
1.1.4 -..-
I.U ~~ 
au ~CaunIIrII 
1.1.7 ~-..., 

,.. U I.U GIoIiII .... 
au 

TNo .... _' - u 11.1 I.I.tl ....... 
1.1.11 "'-YPe 

KIIC itA :u 
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Octagonal (WIsconsin) Chamber Design 2375 ~ 
0cfatI0naI c",,_, Unll eo.t. 

Ceillenath m 
units Slun~ 1 6 10 

CeII_ c:o.ta 
~ 
AlmiNIm (Umm) -.. 3.61 $3.61 121.66 $36.14 
Culling ..... 0.32 $0.32 $0.32 $0.32 
-..g cen 0.25 $0.25 $0.25 $0.25 

End,..._ cell 0.76 $0.76 $0.76 $0.76 
Wi ... -.. 0.117 $0.117 15.64 $9.74 
F_lUllEnd caps cell 10.00 $10.00 $10.00 $10.00 
Anodzing/CIeIning -.. 1.01 '1.01 15.16 $6.52 
s..-. Adhesive. Misc. cell 5.00 15.00 15.00 15.00 Che __ c:o.ta 

TQDIIIonom Chamber Skin mete .. 3.34 $3.34 $20.05 $33.41 
LeIIor EatI_ 

Cell AaHmbIy 
FTCHoift min/cell 5.00 5.00 5.00 5.00 
Gu Md ScNw HoIft minlcell 5.00 5.00 5.00 5.00 
...,..ng aI End Plate minIoeII 5.00 5.00 5.OCI 5.00 
Cell AaHmbIy min/cell 36.40 36.40 36.40 36.40 
s.n.. Wi .. Inllailalion min/cen 6.OC 6.00 8.00 8.00 

Chember AaHmbIy mi_ 
SkinPiacement minlcell 
CNmber MecIIanicaI mi_ 57.60 57.60 57.60 57.60 
Chamber EIctric:aI minlcell 36.40 36.40 36.40 36.40 

Cell ...... $!Cell 21.115 49.05 70.74 
Chamber MaIMoI $/Cell 3.34 20.05 33.41 

0181 _I $!Cell 25.29 69.10 104.15 
Cell '-t HauIIICaII 1.02 1.02 1.02 
CNmber _ Houro.'Cell 1.60 1.60 1.60 
1M« HouraICeII 2.62 2.62 2.62 
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OVal (Boston) Chamber Design 

..... ~I/If/tQoolo 
CeIIl.,gth m ..... ...... • 6 

~=-..:- - ~ 
.5.1. 135.02 

T_C. - 13.0. 1".0' -.... - - L30 12030 1".17 T_EndClpo OIl 1.30 .1.30 11.30 - ..... :! .0.2. 5'.78 - : 53.2' SI.2' 
-"- '.:M 1324 11.2' ClIo,.. :: 0.30 10.30 10.30 
Epcory 2.57 12.57 12.57 
loICueao- : 2-70 12.70 12.70 T __ fIIIrinII 

0.20 10.20 10.20 --QooIo 1,01. 
___ <'m) - .... , 501' tez.7' -- .... , 252 121.22 =- .... , 15 5.0 .• .... , '21 ...... 

~-T_~ 
.......... CuI .. _. DIbuIr = .0.00 80.00 .0.00 
_EndCop/W1N~_ .0.00 • .00 • .00 _. DIbuIr. CIoon __ - 30.00 30.00 30.00 
CeI~ _._T_ =: 20.00 20.00 20.00 
-. Epcory_._,,- 10.00 10.00 10.00 

-. Epcory -1Ihoping- - 30.00 30.00 30.00 11rq_. T_a-.~._ = •. 00 •. 00 10.00 
_. Epcory Tap lIhII*IcI- 10.00 10.00 •. 00 
CIIo ... ~c.- - 20.00 20.00 20.00 
~~ 
a.F_ - .s." .s ... .s ... _alT_ - :M.OO :M.CIO :M.OO 
~ - 21.12 21.12 21.82 -- - lUI 'UI 'UI ciw.-_ - •. .0 •. .0 •. .0 '*-- ~ .. ~ 0..-__ 

"", .. .,.1 '12.2 

~--~- '.! 1.1 

~- 2- 2.5 .. ..0 ,.0 
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'0 

151.7' 
130.1. 
122.17 
IUO 
52.1. 
1324 
13.2' 
10.30 
12.57 
12.70 
10.20 

.0.00 
• .00 
30.00 

20.00 
50.00 
30.00 
10.00 
10.00 
20.00 

.s .• 
:M.OO 
2'.82 
' • .26 
•. .0 
'35.0 ' .... 
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was 3 OPTIONS AND COST SUMMARY 

0P110N 

LOI I • II 

MaT_RCU) 7.24 7.24 6.74 6.74 

MBT I.e. (101) 29.6 29.6 29.6 27.6 

MBT Thic:I<nesI CU) 1.5 1.5 1.5 1.5 

MFT_Z(IoI) 10.33 10.33 10.33 10.33 

MFT~RCU) 6.4 6.4 5.9 5.9 

MFT Thic:I<nesI CU) 4 4 4 3 

BWI TIicIu.a CU) 1 1 .5 .5 

BWI Cell Size (MM) 75 75 38 38 

1IW2.IIW3 Cell 75 75 75 75 
Sim(MM) 

LAYOUT: 

BWI &e.~.2S 48.~48 48.~.48 48.~.48 

BW2 48 48' 48 48 

BW3 &e.~25 48 48 48 

IW2 48 48 48 48 

IW3 48.~ 48 48 48 

FWI 48 48 48 48 

FW2 •• 45 4Q45 48,25 48,25 

FW3 48 - -
FW4 48 48 48 48 

FW5 &e.45 &e.45 &e.45 &e.45 

CHANNEL COUNT 138 102 121 118 

TOTAl COST (1M) 151.6 129.8 12U lUI 
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was 3.2 COST SUMMARY 
COSTS ARE IN $101 UNITS, INCLUDE EDIA AND COImMGENCY 

WBSNO. !TEll LOI I II II 

3.2.2.1 _Chambers 20 13.2 17.6 17 

3.2.1.2 Imer.Cllambers 3.9 2.1 2.1 2.1 

3.2.1.3 FOlWalllCllambers 8.4 7.3 6.3 6.3 

3.2.1.4 Tooling 3 2.2 2.6 2.6 

3.2.2.1 _~rt 2.1 1.4 1.3 1.3 

3.2.2.2 lnI.r.~ .5 .3 .3 .3 

3.2.2.3 FOIW8III Support 1 .8 .7 .7 

3.2.3.1 _Align. 1 1 1 1 

3.2.3.2 Imer. Align. .7 .7 .7 .7 

3.2.3.3 Forw.", Align. .5 .5 .5 .5 

3.2.4 FiXlures .5 .5 .5 .5 

3.2.5 UIiIdies .5 .5 .5 .5 

32.6 Trigger Coumers 24 19 18 17 

3.2.7.1 -Aalernbly 4.9 2.9 2.9 2.9 

3.2.7.2 Imer.Assembly .8 .6 .6 .6 

3.2.7.3 FOIWeIll Assembly 2.9 2.3 2.3 :i.3 
3.2.8 Global Uti_ U 2.1 2.5 2.5 

3.2.. TraneporI8IiOn 1.5 .. .. .. 
3.2.10 5parH 2.5 1.6 1.6 1.6 

TOTAl 82 60 63 61 
~:n.~\.o;\"" :ournmary.cos 

~ 
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WBS 3.1 COST SUMMARY 

UW·MADISON 
PSL 
7/31.91 

COSTS ARE IN SM UNITS, INCLUDE EDIA AND CONTINGENCY 

WBSNO. ITEM LOI I 

3.1.1 B"""I Toroid 45.5 45.5 

3.1.2 Forward Toroid 21.2 21.2 

3.1.3 Utilities 1.2 1.2 

3.1.4 Forward Absorber 1.7 1.7 

TOTAL 69.6 69.6 

FF:mI<:C:\WPlF:summary.CS1 

COIL DESIGN STATUS 

J. CllERWlN.KA 

II 

42.8 

18.2 

1.2 

1.7 

63.9 

23!l5 

III 

39.9 

15.2 

1.2 

1.7 

58 
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Muon Magnets ..... ~ 
CoO Design Status J. Cberwlnka(Wl8COnaIn) 

'Banel Magnet and Support J. Western(SSCLl 

Forward Toroid II< Installation Concept L. Dlttert(Katoer) 
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w Cop ~ ~\ 2403 
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PRoPOs{D 
SOC SUPPORT 
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PRoPOSED 
SDC SUPPORT 

ISIDE YEw .. HALF'! 

.'0000>1'1' 

I 

0 

~ 

Ie 

IA 

sse Laboratory Physics Research Division 

SDC ' Support Milestones 

Approved Conceptual Design & Scope or Work '" October 1991 
(Internal Review ... September 1991) 

Note: In order to complete the Conceptual Design and Scope or work by 
October 1991 we need to: 
1) Fix the toroid steel thickness and size by August 9, 1991. 
2) Finalize the support concept by September 2, 1991. 

Selection or Engineering Design Firm ... January 1992 

Technical Review ... March 1992 

Technical Proposal Complete ... April 1992 

Detail Design Complete (I5 months) ... April 1993 

Support Fabrication Complete ... February 1995 

Pre-assembly Complete ... November 1995 

Installation Complete ... March 1996 

J, L, WESTERN 1/1191 



MAXIMUM PLA TE :7 
TENSION FORCE 

: 983 cos 67.5 X .75m 
: 282 METRIC TONS 

SOC DETECTOR SUPPORT 
MAXIMUM LOADING DIAGRAM 

Jeffrey L. Western 
Jury 31. 1991 

: 908 METRIC TON/METER 

INCLINED PLA TE FORCE 
908 MT 1m X csc 67.5 
= 983 METRIC TONIMETER 

-4+L----L-t"t-_ MAXIMUM JACK FORCE 
1.5m 

R : 983 MT /m X -2-

: 737 ME TRIC TONS PER JACK 

soc - DETECTOR DEFORMATION LIt.4ITS 

MAXIIIUU DEfORMATION: ~:'L~:fR~N)~~\li~~U:!t.~ ~~)EfTEcTOR 
IIAXIMUII RIGID BODY DEfLECTIONI i~M~.T&i l~~tIlVER THE ENTIflE 

fORWARD 
TOROID 
;--:.--
, " , " , " 
i--~:-
: :: 
: :: 
:--J!--
"._'-' 

EUIII'lE. fORWARD TOROID INS TALlATION 
BARREL TOROID 

TOP Of 
OPERATING flOOR 

/ 

t 

..... tllNED TOP OF' PUlE 
TO ...... 'CH ...... c~o POCkET IN 
fOROIO STEEL 

..... c .. O BOTTOM OF' put[ 
TO ..... TCH ...... CHINED POCkE' 
IN PLA TE GIRDER 

PROPOSED 
SOC SUPPORT DETAIL S 

_. "--'" 
.,-... ~.""-.... ,. __ ....... ", ..... ... 
.. _u •. 

d''''-'''-'-'-.-_ ...... _ ...... _.,.._._. 
c, .. • .. • .. -·-··_-.-... -.,..-
~_ ...... I'.·"·.'-....... --".--

l.OU' ',::* sse 

I\:l 
.to .... .... 
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Summlr! pI nala 

Toroid Mul ..... Mul ..... (I) Maximum. (2) 
Tbl.tDeIi Delle.lloB Plate Stre .. Boll Sire .. 
----------------._------_ .. _-------------_ .. _ .. _--_ ..... _----------------_. 
1.5 Meier 3.11 mm 13.0 N/mml 106 N/mml 

(0.113 inch) (1.180 PSI) (29.800 PSI) 

1.4 Meier 3.48 mm 13.8 N/mml 210 N/mm2 
(0.137 bleb) (2.000 PSI) (30.400 PSI) 

1.25 Meter 4.24 mm 15.3 N/mm2 219 N/mm2 
(0.167 iaeb) (U20 PSI) (31.770 PSI) 

1.1 Meier 5.28 nun 17.2 N/mml 132 N/mm2 
(0.208 bleh) (2,500 PSI) (33.700 PSI) 

1.0 Meier 6.27 mm 18.8 N/mml 246 N/mml 
(0.247 iaeh) (2.730 PSI) (35.720 PSI) 

0.9 MeIer 7.57 mm 20.8 N/mml 264 N/mm2 
(0.298 iaeh) (3.020 PSI) (38.300 PSI) 

0.75 Meter 10.57 mm 24.8 N/mml 316N/mm2 
(0.416 iaeh) (3,600 PSI) (45.770 PSI) 

I. Allowable P1ale Strell • 0.6 Fy (AISC Allowable) 
(1010 Carboa Steel) = 0.6 x 210 N/mm2 (30.000 PSI) 

• 125 N/mm2 (18.000 PSI) 

2. Allowable Bolt Stress .0.33 Fu (AISC Allowable) 
(MS6 C.... 1.1 Bolt) • 0.33 x 130 N/mm2 (120.000 PSI) 

= 275 N/mm2 (39.600 PSI) 
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4.1.6 SDC Del.elor Floor Loading Conditions 

The _ng loading conditions re_nlllle almllinaloons 01 loads u 
described on drawing R20000357 'SOC Oetedor Floor Loads" (Figure 4.1.6·a) 

4.1.6.1 Operallng condilion 

This is rapr .... led by load Case E. 

4.1.'.2 lna"'I18t1on Condition 

This is represented by lhe worst almbination el Load CUe A, e. c, end D. 

4.1.'.3 "alnlanance condilion 

This is reprasented by .ijher: 
a) The wor51 combinalion 01 Load CUe A, e, C. end D. 
b) Leveling 01 tho deledor (load CUe E) and lher. is a lailure 01 a 

number jacks. The maximum jaCI< loading is 737 metric ton per jaCI<. Seo lhe 
'SOC Detedor Suppon MaXimum Loading Diagram'. An .slimat. is that lhe 
individual jaCI< loading would incr.ase 20% (120% I 737 metric ton - 884 
metric ton maximum) il there was • local joel< failura. Dasig. 01 the IIoor should 
incIuda Ihis local 20% i ....... 01 Load C ... E (Exampte: one jacI< I.ils ... 1oad 
gat sproad ov.r 5 surrounding jacks. two jacks lail ... 1oad g.ts spraed ov.r 10 
surrounding jacI<s). 

4.1.'.4 Futur. CondlOen 

This condition would bo best satisfied by usulring • possibl. 5% increue 
01 any 01 lhe loading a>mpene ... u idenlified in Load Cue A, e. c. or D. 

4.1.'.5 Den.etlon Condltlen 

The sbc detector has • tot.rence Hm~ 01 +/- 3 mm over ijs enlire length 
01 whichllle majority 01 the tot ....... almptia .... is IIChioved through lhe 
hydreulic jacking system. To...,re oparetionaJ performance 0I1IIe detector 
and ijs suppon system, the oonc:ret. foundation must provide suppon lor the 
detlClor such that no diffarenhai _Iement 01 more than +/. 10 mm occurs 
..:ross thl jacking ptano (pili. bonding 01 the jacking pt.ne) throughout the IKe 
el lhe syst.m. Globalsyst.m (rigid body) .. ttlemant ollhe antiraloundation 
(bolh disptaoomant end rotation) is an ordar 01 magnitude loss critical end has a 
toterance range 01 +3 em (rise 01 the loundetion) I ,7 em (senlamant oilhO 
foundation). 

SCHlOOOOI 4.1-23 7129191 
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soc . Toroid Thickness Comparison 
Plate Bending Stress vs Thickness 
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SOC • Toroid Thickness Comparison 
Bolt Tension Stress vs Thickness 

..J18 HImm2 0 0.75m 
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1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

ftANSMIT 'nUGGER SIGNAL 

TO COMPONENT PIPELINE 

CauM of Delay nme (crossings) 

GFL TB -> pipeline controler (nearby) 1 

Pipeline setup & synchronization 2 

Pipeline Controller -> Pipeline Fanout (far) 50 

Local Fanout to Pipeline 10 

Phase between pipeline ancI sample +/- 0.5 

Loss of sample where pipeline stops 

Particle interaction -> pipeline front -5 

Presamples 6 

Signal shaping for sample of rise -1 

Total 64 

A total offset of 64 crossings requires the GFl T accept 

to be issued at a time 64 crossings less than the pipeline 

length. 

_OI_·......,... __ -.a 

-- .. '-- _, • I 2441 

TOT~PIPELINE LENGTH 

nme (In Crossings) 

CaIa dation 01 Trigger Decision 

Calor1meear ..., Global - 148" 

Muon .... GIcibaI - 132 - 182 
148" -182 

Propagation 01 Trigger to Pipeline 64 

Total 
212" -246 

= 3.4" - 3.9 J188C 

'NeM' Additional speedup In calorimeter trigger calculations can 
. recIuce 148 crossings below 132. reducing the minimum 

toUI pipIIine length to 196 crossings Of 3.1 j&HC. 

_01_'-·---
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TRIGGER DECISION TIME 

c...e of nme Delay nme (In Crosslnos) 

CsJOIitntJler through Global: 

1. Propagation to Detector 

2. Digitization (incl. synch.) 

3 •. LocaI Pattem Logic 
4. Regional Pattem Logic 

5. Regional Correlations btw. Components 

6 
4 

21 
12 

6. Transmission to Component Global Logic 

6 
14 
15 
50 
20 

7. Component Global logic 

8. Transmission to GFLT 

9. GFL T Calculation 

Total 

Muon through Global: 
1. Propagatiqn to Chamber 

2. Drift in Chamber 

3. Propagation along Wire 

4. Segment Finder 

5. Segment Unker 

6. Transmission to GFLT 

7. GFL T Calculation 

Total 

-- IDC ...... _ .... 

148 

2 
50-100 

2 
2 
6 

50 
20 

132-182 

-... 
AVAILABLE L&VEL 1 TRIGGER INFONIATION 

-.-: .... I~_I~_ ,, ....... liii0. .. TOLIha 

.... MIDI 2 0 1.8 47 32 4:PT 12032 

.... MIDI 2 1. 2.5 17 32 4:PT 14582 

.... TID 2 0 1.0 1 1024 4:PT S112 

~\...,c. ........ TID 2 1.0 2.5 1 1024 4:PT '112 
..... C& 2 0 1.8 1. .. a:e.u.. 32718 

.... C& 2 1.8 3.0 7 .. .:e.u., 14338 

.... s.ux. 2 0 1. 1 1024 1:111t 2011 

.... s.ux. 2 1. 3.0 1 1024 1:l1li 2011 
I\I.~ ~SIicon 
... L~ 0 2.5 10 1024 1:111t 10240 

LE¥EL 1 TRIGGER IAIEUE_ 

er..TrP- en. Cd8ICIt 1nIoJICcI: IhIIICd FIIICcITot AI 

.... MIDI32 UI 2 Till • (2:1'1,1 ~,4:PT) 14 512 

.... MIDI 32 18 2 Till • (2:q,1 :t,4:PT) 14 512 

.... TID32 18 2 Till • (2:t,4:PT) 12 512 

~t~c._ .... TID 18 18 2 Till • (3~,4:PT) 14 1 258 
1IInIc.J. .. 18 ZTow. ce:e.,.8:E.) 32 2 2011 
.... c.I. 32 18 2 Tow. ce:e.,.8.-e.l 32 2 1024 
111n18.Mx. .. ' 1 

1,* __ 
32 2 1. 

.... s.Ux. 32' 1 1 hit .... .. 4 1. 

........In~c.-. 

_01_._. __ _ 

•• 2442 
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-- .cLIWL1 ............ ......... ' •• 

'I - • Bin Size Per fiber 

System: 'I Bin • Bin 

Barrel Muon .034 .4 

Inter. Muon .016 .4 

Barrel Track 1.0 .025 

Inter. Track 1.5 .025 

Barrel Cal. .1 .1 

Inter. Cal. .1 .1 

Barrel S.Mx. 1.6 .1 

Inter. S.Mx. 1.4 .1 

'I -. BIns Per Crate 

System: .wert I 'II mn I'll mil 'I Bns • ana 
Barrel Muon 0.4 0 1.6 47 2 

Inter. Muon 0.4 1.6 2.5 57 2 

Barrel Track 0.4 0 1.0 64 

Inter. Track 0.8 1.0 2.5 128 

Barrel Cal. 0.2 0 1.6 16 2 

Inter. Cal. 0.4 1.6 3.0 7 4 

Barrel S.Mx. 0.2 0 1.6 32 

Inter. S.Mx. 0.4 1.6 3.0 64 

_OI"C:OO-.......... _lNIIIIO • .....::s 
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CLOCKICONTROL CABLES: 
SUBSYSTEM TO LI TRIGGER 

I. Level I Subq8tem Control: USC 
JIjY Data 
I Subsystem Trigger Busy 
2 Subsystem Data Busy 
3 - Subsystem Trigger Error 
4-8 Ambiguous CrouiDg 
9-16 Subsystem CrouiDg Number 

SUBSYSTEM 

j-
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GLOBAL lEVEL 1 
PROCESSOR 

: ,.. _ ... _---_ ...... ., 
: : L-..,.. ____ ...J L.-r _____ r-------+: : . ' , 1 : internal clock ' : 
: : trigger : : 
: : ,--.....L ____ ..... ......:..------.declsion: 1 
I I I I 

~i '. CONTROL : : 
• "" .", tri er INTERFACE .__ __ .:.~ 
II I control -- ~ : 
, , . I I k : : 
i i i~~r::~ofIOCk ~~~r::~of oc 1 : , , 

i i ISUBSYSTEM H data TRIGGER ! i 
l~~tnuGG~ I LOGIC --- -- ~j 
"---Td~ta-&--1confi2-

• monitor :uratldh I ,......!-----. 

~ 

a.......,..----' I , . 
: . 
t 

DAQ 

r~t;~--if::::::::::::::::::-
• monitor :confi uration 

TRIGGER 
COMPUTER --+DAQ 
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CLOCKJCONTROL CANJI!S: 
Ll TRIGGER TO SUBS'YS'IEM 

2. Level I Clock: LICL 
JIjY Data 
I 62.5 101Hz clock 
2 Bunch CroasiDc' 
3 Empty Bunch I ........ 
4-16 Spare 

3. Level I Control: LICT 
Bit.a Data 
1 Teat Enable 
2-4 Teat Trigger Type 
5-6 Trigger Type 
7-9 Readout Type 
10-12 Crossing Ambiguity 
13 Levell Reset 
14 Levell Accept 
15 Level 1 Reject 
16 Data Valid 

4. Level I Number: LINO 
Bit.a Data . 
1-8 Level lID 
9-16 Bunch Phase 
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nlER omc TRANSMISSION -' I GIlls 

I. SeucI dIJ.a in II bil quanlilia M 1.125 Obaud wi. cads 16 bilS of dala 

fallowed by 2 nwl<er bilS a,b. 

2. Paform pIIue c1ececlion on Ibe biIs ... 10 1cI«11be ialo from I capped 
delay 1iD12 _Ioq. 

3. A _puacor ,eneraccs I + pulse if UUlSilion ahead of expcelation, • 

pulse if behind eapec:lalion. 0 pulse if no uansilion 01' uansition when 

apecIed and clwJa 01' discIIqes I capacitor for IIIaI sipal. A sampling 

ADC dIects each c:apIdIor each I millisecond and adjuslS the delay IiDI 

gp. 

4. &ch 16 words (each 256 nsl, change lhe 2 I,b bilS 10 ,iYe I clear word 

delineation. (The bilS I,b could be from I 64 or 2S6 deep ROM so thaI 

they COIISIihne I Rpeatin, pattern which has 2121 or 2512 possibililia). 

The HIIdia, and receiYin, unill use lhe same pattern with seyerailines 

IIIIriDc the same actual ROM IC. 

,. The wwd delineation IcIceIl the dIJ.a from a tapped shift rqiJIer with 24 
IlillIO _ the :i: IOns yarilQon. The word delineation is operated from 
a __ with yery IIow comcIion (_ nul) 

6. &cb lipal has a binary comparator 10 compare Ibe 2 bilS a,b with those 
apected I bil ahad and I bit behind which cbarae 01' diacbarJe another 

capec:ilOl' u· above. I f an error persilU, the Ihift R,iller selection is 

.... anced if "~II,e rises or rewcIed if YOlllle falls. This an be quite 

IIow willi I second decisions 10 allow roc recovery from ...usuI chanaes 

wiIIIiII I few seconds. 

2449 

-- __ 1 __ 
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5. GloINlI OockICaatNI Crate (I) 
llafaface to MllCbine Cock 
1 JJIIeIface to FiIIII Decision ModMIe 
1 Beam Pidtup lllferface 
I Deadtime Monitor Module 

1 CJoctIConllOllnterface 
Comftllmic:ata with 2 Local Coc:kIConcrol Crates 

1 Crate Processor (DAQ Interface) 

_01_·_. __ MIIICS 

2448 -- __ 1_- _ .. 
3. Decisioa Crate (I) 

8 CalfI'rtt R-* Boards 
Receive ResuIIS from 2 CJU1'dc CraleS 

1 Muon Resulilloard 

Receive ResuIIS from 2 ..... Cnles 

1 Electron Sublrigger Baud 
'1 Muon Subbigger Board 
1 Jet Subbigger Board 
1 Er Subbigger Board 
1 Emiss Subbigger Board 
1 Final Trigger Decision Board 
1 Controllnlerface 

Communicates with Global Cock/Concrol 

1 Oock/Control Board 
1 Crate Processor (DAQ Interface) 

4. Local CockICOntrollnterface Crate (2) 
16 ClockIControllnterface Boards 

Communicate with 8 Front End or Trigger Crates 
1 Cock/Concrol Masler 

Communicates with Global Cock/Concrol 
1 Crate Processor (DAQ Interface) 
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CAUI1IICRESULT 

CA1J1'IUt RESULT 

CAUI1IIC IU!SULT 

CAUI1IIC IU!SULT 

CAUI1IICIU!SULT 

CAUI1IIC IU!SULT 

CAUI1IIC IU!SULT 

CAUI1IIC IU!SULT 

MUON IU!SULT 

---
~ ----~ 

CAUl1lK LI OtT 112 

CAUl1lK L1 OtT 112 

CAlII1tIC LI OtT Il 2 

CAUl1lK LI OtT 112 

CAlII1tIC LI CRT 112 

CAlII1tIC LI OtT 112 

CAlII1tIC LI OtT 112 

CAlII1tIC LI OtT 112 

MUONLI CRTIl2 

ELI!C11ION SUB'I1UOCII!It 

MUON SUB'I1UOCII!It 

JET SUBTRIOOER 

E,-SUBTRIOOER 

E .... SUlI'I1tJGG&l 

FINAL 11UGGERDEClSlON 

00N'I1t0L INTEJtFACJ! ~I 

C1OCXICONI'ltOL ~, 

atA~ l'R0CESSc:a ~I 
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I OF 16 CAL-11tACK LEVEL I TRIGGER ClATPS c-Ocrt<3.0 and 6+ • 0.8) 

CALORIMEIER LOGIC 

CAl.ORIME1Bt LOGIC 

CALOIUME'Iat LOGIC 

11tACJC LOGIC 

CAlII1tXJSHMX MATCH 

CALORJMJm!R LOGIC 

CALORlME1ER LOGIC 

CALORJMJm!R LOGIC 

CALORlME1ER LOGIC 

CALORJMJm!R LOGIC 

11tACK LOGIC 

CAlJI1UCISHMX MATCH 

REGIONAL LOGIC 

a.oc::x.<:oNmOL 

ClAn: PROCESSOR 

-- -_._-
2. MUOD Crate (2) 

(covers 0<1'1<3, ~IE) 
16 Muon LociC Boards 

I+-CAL II 32 (O<T}<o.4) 

CAL II 32 (0.4<11<0.8) 

CAL II 16 (0.8<11<1.0) 

TRK II 32 (0<T}<1.0) 

SHMX II 8 (0<T}<1.6) 

CAL II 32 (1.0<T}<1.4) 

CAL II 32 (1.4<11<1.8) 

CAL II 32 (1.8<11<2.2) 

CAL II 32 (2.2<11<2.6) 

CAL II 32 (2.6<11<3.0) 

TRK II 32 (1.0<T}<2.S) 

SHMX II 8(1.6<11<3.0) 

GLOBAL TRIGGER 

GLOBAL TRIGGER 

DAQ 

f4-
f4-
f--
f4----f--
i+-

-' f4-
f-+' 
~ 
~l 
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Receive I6Ion Tncks from 2 .... CraIeS (~.8) 

Son .t: Test a,ainstlhlallo&ds 
1 Rqionall.Olic Board 

CoUect Muon Tncks from Receivers 
Transmit Muon Tracks to Level I 

I Coc:kIConb'Ol Board 
I Crare Processor (DAQ Interface) 

LEVEL 1 TRIGGER CRATES 

1. Calorimeter-Track (16) 
(covers 0<1'1<3, ~.8) 

8 Calorimeter Logic Boards 
Receive Data from Cal Crates for (Al1=.4~.8) 

Sum Er.Es.Ey in 2 (.4 x .4) Regions 
Fmd Cal. Iso. em deposits 

2 Track Logic Boards 

Collect Tracks from Barrel or Inter.( A+=.8) 
2 Call1"rt/Shmx Match Boards 

Receive Sh. Mx. Hits for (Al1=1.6,A+=.8) 
Match Tric + Cal. Iso. em + Sh.Mx. 
Son Resulting e's. 

I Regional Logic Board 
Son Electrons 

Collect .4 x .4 Regions> thresh. 

Sum Er.Es.Ey 
Transmit Results 10 Level I 

I Cock/Conb'Ol Board 
I Crate Processor (DAQ Interface) 

I OF 2 MUON LEVEL I TRIGGER ClA1ES 
(_ 0<11<3.0 and ~. 211) 

MUON LOGIC 

MUON LOGIC 

MUON LOGIC 

MUON LOGIC 

MUON LOGIC 

MUON LOGIC 

MUON LOGIC 

MJON LOGIC 

MJON LOGIC 

MJON LOGIC 

MUON LOGIC 

MUON LOGIC 

MUON LOGIC 

MUON LOGIC 

MUON LOGIC 

MUON LOGIC 

REGIONAL LOGIC 

a..ocICJCOtmtOL 

ClAn: PROCESSOR 
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I+-BARREL MUON II 32 

BARREL MUON II 32 

BARREL MUON II 32 

BARREL MUON II 32 

BARREL MUON II 32 

BARREL MUON II 32 

BARREL MUON II 32 

BARREL MUON II 32 

INTER. MUON II 32 

INTER. MUON II 32 

INTER. MUON II 32 

INTER. MUON II 32 

INTER. MUON II 32 

INTER. MUON II 32 

INTER. MUON II 32 

INTER. MUON II 32 

GLOBAL TRIGGER 

GLOBAL TRIGGER 

DAQ 

f4-----I+-
f4-
f--
!--_. _. _. -. 
-: 
f4-
1--+ 
~I 
~I 



CLOCK/CONTROL INTERFACE CRA'IE 
(opcraaes 128 Subsystem or Trigger CI:afes} 

2455 

a.oc:x.coH'I1lOL IN11!RFACE • " (LISc,LIC1,L1 CI' ,LINO) 

a.oc:x.coH'I1l0L IN11!RFACE ." (LISc,LIC1,LICI',LINO) 

a.oc:x,QlImtOLIN11!RFACE • " (L1Sc.L1C1,LICI' ,LINO) 

a.oa.comtOL IN11!RFACE • " (LISc,LIC1,LICI',LINO) 

a.oa.comtOL IN11!RFACE • ,,(LISc,LICL.LICI',LINO) 

a.oa.comtOL IN11!RFACE ." (LISc,LIC1,LICI',LINO) 

~OL INTERFACE ." (LISc,LIC'L.LlCI' ,LINO) 

I-~ _____ O_L_INTER __ F_A_CE ______ -t ___ a" (LISc,LIC'L,LICI',LINO) 

a.oat.<XlN'I1tOL IN11!RFACE a " (LI Sc,L1 C'L,LI CI' ,LINO) 

a.oat.<XlN'I1tOL IN11!RFACE 8" (LISc,LIC'L,LICI' ,LINO) 

a.oat.<XlN'I1tOL IN11!RFACE • ,,(LISc.L1 CL.LICI' ,LINO) 

a.oat.<XlN'I1tOL IN11!RFACE a" (LISC,LICL.LICI',LINO) 

a.oat.(X)N11tOLINTERFACE ." (LISc,LIC'L,LICI',LINO) 

a..oc:xA:XINTROL INTERFACE ___ a" (LISc,LIC'L,LICI',LINO) 

~~----------------------t a..oc:xA:XINTROL INTERFACE ... (LISc,LIC'L,LICI' ,LINO) 

CJ.OCItICXlN'J'OL IN11!RFACE a" (LISc,LICL.LICI' ,LINO) 

CJ.OCItICXlN'J'OL MASTER 

CRAn PROCESSOR 

RACK I RACK 2 
. 

0--0 OM.9 
-.-n".-" _T"." . . 
_·111 _.tv 

l£VEL1 GLOBAL 
DEaSION . CLKIC'IL 

-_.:111 -_.:111 
-.-T".:III -.-T .. _:III ",-_ . ., MftR.-. • ., 
_-III _-III 

MUON LOCAL 
UVELI CLICIC'TL -_ . ., -_.:111 
-'-T"·" .... T ... ., 

. . 
_.111 _.tv 

MUON LOCAL 
LEVELl CLKIC'IL 

-_.:111 -INT·", 
-".:111 -.-T ... :III 

) I..... :III J \. :III 

I 

RACKS 3-7 
. 

OAM.Q 
.... T ... ., . 
_.tv 

CA1JI1UC. 
LEVELl 

-_.:111 
_T".:III 

'AftR'ANIL·., 
_·111 

CA1JI1UC. 
UVELI 

'AM_ . ., 
_Till .• '" . 
_.tv 

CAlJI1lK 
LEVELl 

_INT . .., 
_T".'" 

) \.:111 

I 
X5 

53U 

. 

, 
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RACK I 

Q.Q 
.... T ... .., . 
_-tv 

CAlIl1tK 
LEVELl 

PM_.:III 
-.-T".'" PAftR_·:III 

_·111 
DAQ 
INTERFACE 

(.--I) 

_INT·.., 
_r ... .., 

. 
_·111 

LEVEL 2 
INTERFACE 
(.--I) 

_INT·.., 
.... r ... :111 
J _\,. :III 

I LEVEL 1 TRIGGER RACK LAYOUTI 

. 
I :j' \ · . - .. 

t!!· ',1 
t.. 'I. _. " 
.. " .. ' 

1 .J 1\ 1 

" 1: .... 

iij
- \~ , .. 

· ~:\ 

:~ t~~~ 

t ··~ · .,......,... 
.' ; + 

; l I 
; ! J 
; I f. 

''', .. : . 
• 'l i • 
'~.. r • .,. • ..;.... 
/' I 

.: ~ .. .l~ 
---if· . .rf 

. I 

~ 
~ 
~ 

~ 
io~ /:! :;:)9 I, 

~u -.:,------
I II 
I II 
I II 

iif!; 
I II 

" II 
II 

CJ -::---------

" " " I I 

" I I 
I 
I . ----------

I 
I • • 

fi-------n--

2456 

2458 



• 

BASELINE CONTROL SYSTEM 

T. MOORE 
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IpMIfIc Requirements II 
c.' ......... · 
IINvIde local end remota control tor 41000 ohMneIa Of IIIIT MY 

e. M8lnt11ln .. leefad volt8ge on 41000 HV ch8me1a 
b. Monitor von.aa and current on alleuppl"a 
c. Evaluata Int.locka and taka approprlata action 
d. DaIact HV .... 1 .. end report to On-Una compo a,atam 

FftI ....... caa-
Provide local and remo .. oontrol tor 2500 channala of PMT HV 

e. M8lnt11ln .. leetad voltage on 2500 HV channala 
b. Monitor voItaae and current on all auppllaa 
c. Evaluata Inlerlocka and tak, approprlata action 
d. DttaoI HV _ha and r.,.,. to On-llna compo a,atern 

Muon WIre ChamHr • 

Provide 10081 and remota control for -3200 HV auppll .. 
a. Maintain .. lto1ad vohaga on -3200 HV channala 
~ .......... v=-:: current on all auppll .. 
a. IvaIuIIIe and taka a~rla'" to1lon 
.. DeIMt MY ...... Ind report to On-LIna oomp. a,a"'" 

N .. 
'" ex> 
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SDlClflc Requirements mill 
--~------~----~ 

... __ .... SolenoId-

t ........ 1oC8I_ ....... control .... I.C. pow.-lUpply ...... 

.. 1~:'='Cted CUrrent 
2. EnIu8telnterlocka 1I1CI ...... , ....... lOtIon 
3. IIonHor V .... 1I1CI CUrnnl . 
4. Perform oontr'iII fUnoUone In •••• RIII_ with preICI'Ibed .1gorIthm. 

It. QuInch~ 
1. 1IonItor· ....... rfoI ..... rm ........ ,.-of ........ tIItIoIIon .Igorlthm. 
2. ProvIdI ~ oonlrOl of trip .... within quench equdon 
a. ....... 1nIIrI1I .. 1I1CI ........ reprlMelCtlon 

I. fIrovIdI .... - ......... oontnIIot "I.C. cryo cooling IYItInI •. o,er.e. .... 1MIntIIn proper ............. pronll. wltfiln the LH. 
It. r:..1n ....... _tak •• ~ ICtIon .. .......1UIIInIIIehMnuI aonti'oI of oooI-down eye ... 
II. 0IertIIMtI wHl'llInIrei oryo .,...... 

IpIcIfIo Aequlrementl l&il!t 
~--------------~ 

PnNldlIocII_ remote control for 100 PMT HV ......... 
L ........ In IIIIcIId YOItIgI on 100 HY chlnnele 
b. IIonHor voIt8aIlnCI current on elleuppili. 
0. E ...... lnterlockl.nd tlk • ..."oprt8ta action 
do DItect HV ....... Ind report to On-Une compo ayat .... 

..... ToroId. 

PnNldlIooIIInd remote control for I high power magnet euppili. 
L IVII"" Interlooke tor operlllon .nil ufaly 
It. Mllntllln aeIeotld CUrrlnt 
t. lIon"or Yoltaae .nd Currant 
tI. Ceerd ..... wfth other Detector lub.y.teml 



_ .... 

Crye CooIIno .,.. ... 

....... -
Specific Requirements 

CInhI Cryo Syate~ 

ProvIde IocaIIIId remote control of the central cryo .,...... 
L Monitor .............. nd ........ ture. 
b. ProvIde tor menUlII.utOlMlIo ¥live tnlnlpu18tlon 
0. EVlh .. telnterlock condltlonllnCl tIk. IPproprilte IOIIon " =Iv ...... vIoIIIed. . . 
d. ....... to other ..., ........ nd IUpervleory control 
•• PrOvIde IUtomIllc/mlnUll oOoI-cIown function. 
f. CoonIInIte dh S.C. 801lMld. LAr. VLPC ute "Item. 

DAG plrllllIIIv ... 

.. ProvIde flit .VlIUltIon of Interlock' and pennl •• lv •• to DAQ 
It. "-viele .... IYIhlltlon of DAQ .Ignal •• providing pennllllv •• 

.. eubey ...... . 
•• "-vNMInterIook monitoring .nd stetu. dl.p18YI 

UtIlIty IIMI .... " MonItor-
/1;1 

""" (.0 

f'rovlclee Monitoring 01 Hleotecllnterlocki end taoilitylutlllty 0 

,.......,. tor....-y and trenemlliion to rellvent eu.Yltem. 



·C.O.'t.D.rI.v.'.r'_a_nd_De-sc_O_P8_0_Pt_IO_"_' _______ 1I 
""' .......... 1.1Ibor. HIrcIwWe II noI. drIHr 

....... or ........ 1III1an coat II In ..... puling. redeftMd..,. 

.. reduce Inlt8lIIIIon burdIn. 

8eYerII of .... prllindy coated ......... wllbe.,....., reduced 

1. I.C. Mlgnttcryo- . 
Crvo ConIroIj will be recIuoId .. ~ only InterfIIce functIori • 
.............. ayItem euppUId wItH cryOgenlcl rnanufIIcturer. 

a. CIntnII~ 
WI! protiIbIy 10 1W11 .1togIthIr. 

I. MY poww eupply oontroI win be bnIcI on completely different 
..........". thin ourrently COIItCI. 

3-4 lit recluellen tied up In .bove oomment •• Further definition and 
negeUltlen IIMnI wH' ...... wIU be required betore another full ,... ............. 
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"'" 00 
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Coat SUmmary 

...... 'M e",,,.I, II ..... II ... • ••• .e .. " , ... 1 
•••• 1.1 .. '.nke. . .. 11111 ... . ... •••• 1.1 II ... 'Jl"~'" -
•••• 1.1 't~ ... , ......... 
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SDC DAQ: Major Components 

• Development Tools (5.2.1) 

• Slow Controls Interf."" (5.2.2) 

• "'d-out Subsystem (5.2.3 oruI 5~4) 
... dout _k lot 1_ frunt.euI c:NaMIs 

• Front End oruI Triger Sys ..... Intort_ (S.2.5 and 5.2.6) 

• Event Builder Subsystem (5~7) 

24S? 

YuU 
FlIIltCI~tllO"llI'n. 
·1.5 YSIC IItancy 
111'1MC.ACMcIaGn 

..... 11 ... jecllon: 
1K .. ,OK 

10~C"""") 
10.10 UMC liIIenqo 

(uyncfwonoul) 1MoI .... _, 
'010100 

IaIU 
""KeftfI.~ -(10K.."."..,.,... CMPICIr) 

1MoI._, 
,0"'00 
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SwitdUns netwwk with 256 Inputs, 256 outputs, ..... te 
bondwidth 011 Gipbyto/_ 

• Tum",. Oock Di.trlbution Subsystem 
HiSh-spHd dedicated linb for 6OMh.z dock oruI tri""" 
distribution 

• 0.. .. Flow Control Subo,- (S.2.8) 
Dodicatod poirIHo-pOint -. Unb to --..I _t cia .. 
flow, with -. cIiIIributod to ~ _lioN 

• Online __ Subsys ..... (5~9) 
ProceuiJI& System with ..... pulina power 01 >10"5 MIPS 

• Online _ •• SUboys ..... ~10) 
Mus _. System with 100 MBytes/_ apacIty 

• ES&HSubsystem (5~11) 

• DAQ CoI>traI SoItwue 15~12) 
Software for control, monitori .... cIownIoodinS oruI ...,. 
Interf."" with the DAQ Iyst.oIn 

• Offline AnalysiI __ ~13) 

Hip I'erfonnanct MIWmI< link (1 Cipbit/_ ew pM_) to 
oIIIine ..... puIina .,... 

• System "' .. lion .nd Project Man ..... ent (5.2.14 and 5~15) 

2488 

.. .. --E'" 
=::~ - .. -....... .... &nS 

DAQ & F'rollt-EndlTri.pr Interface Goala 
For Both 

Event Data Readout & Slow Controls 

"$PC Sltnd.".. htnt p.,. 8,,4gpt InW", P9"S 
- lndUltry .. Upplied hardware. software w ........ pouIbie 
- Identical readout proIOCDII, 1ipaI ...... ....-s. cable." __ III Front-End 

• Triger Sys\aII 
( .... 01 ~ tillle- clata and .-.I .... may tustIfy an -.....u.. .. (hapoNIIy 
ClDlNllll'daI1 atop 01 clata -CDIIecIion" boIon the "ItantIud- ........ t Inwfaae) 
Sin8Ie IIeadout ControUor (ew ad}Wld aNIIMr "ItantIud DAQ _., 
(hu to fit In....ybody· .... Ie) 

- Opticmo for Ndunclancy (10 ... , two JI.aadout CantroIIon JIII' ...... etc.) 

"Soc Standard" Slow Om_, 'ntafacr r.."ls 
(for 4pwnJMd1nl ,,'tmi. 4I .... .u" ... 
- lndUitry-oupplied hudware • atware w~ pouIbie. 

Identical oIow CIIIftIIOb pn>IOCOIs ........ -.. ....-s. cable. etc ....... all _End. Triger Systems 
SinaIe Slow ContraIl CPU JIll' Qato 
(hu to fit In nwybocIy' ...... ) 1ndUItry-o-- Slow Controls ..w link to ............ "*'"<:ra.............s) PC 
-.Is 
Options for ndunclancy ( ..... two Slow Cantrals CPUo JIII' ..... , etc.) 
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TrIIO'" Ace'DI "''''0' L ,nit 
from I'Ilnt DI'I flow Control Suet'VI"rn 
(DMITri...,. ., .. , ........... Iftt.,.rac.J 

-- " Ivlnt 0. •• 
'Fe lvenl luthltr SuNYI,.m 

htnt Dati ""Hut 'ww:ttons 
con A ... Auxlll..., C .. tI) 

Slow Control I CPU & Readout Controller ImplementatIon 
VMEbus Example 

CPU FunctIons As Both Slow ControlS CPU & Readout Controller 

(SOC Standard Readout Interface On Rear AuxilIary Card) 

2491 
..,J 
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Slow Controls CPU & Readout Controller ImplementatIon 
VMEDus Example 
9U x 400 Crate 

One SC CPU & One ROC Per Crate 

(PasSIve Adapter Card) 

Event Data Flow Control Subsystem 

Dataflow 
Control 

Technology Choices: 

200 

• Star or daisy-chaln network 
• Type of communication 

Costs 
• 620 links OSSOO/link 
• Total $3001< 

Front End 
Interfaces 

Triger 
System 

E .... t BuIlder 
Subsystem 

Online 
""-r 
Suboyotml 
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Event Builder Subsystem 

Switching Network 

='~"""L 
(200 cables 
Ii 50 MByte / sec each) 

Technology Choices: 
• Speed of cables 
• Number of cables 
• Type of switching network 

(crossbar /dual-port memory /ete) 

SDC DAQ 

Manpower Casting 

• Developmenl Tools 15.2. I) 

• Slow COtItroIs Interfaeo (5.2.2) 

Total $13M 

• Fronl End IIId TriaPr s,sllln "'1IIf~ (5.2.5111d 5.2.6) 

• Eoonl IuIJder SuboyIIIIn (5.2.7) 

• Data flow COtItroi Su~ (5.2.1) 

• 0nIiJI0 _ SuboyIIIIn 15.2.9) 

• 0nIiJI0 Stanp Suboysllln (5.2.10) 

• Ese.H Suboysllln (5.2.11) 

• DAQ Control SoltwoN (5.2.12) 

• Ofllille AJtaIyIIs Intaf..,. (5.2.13) 

• s,s..... ... ...-and ProjIcI ............. t (5.2.14 and 5.2.15) 

To 

24!l5 

1 CByte/sec 
aggregate 
bandwidth 

Online 
Processors 
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SO.4M 

SO.6M 

SJ.8M 

SUM 

SJ.1M 

SO.9M 

SO.3M 

SO.3M 

SI.OM 

S2.6M 

SO.IM 

SUM 

24!lS 

DAQ Software 

5.2.12 Onlin. Data Acqulallion ConInIl Camputer SUbIJI_ Intafaco 
(Includes JlelwClrk interfa .. and links to DAQ C<III\JXIII8'IS and all Iyslem 
applications IOftware bul dots 1101 includ. any computer Iystem Idal&bues. 
oporatins Iystems. ,1<:.) _are) 
- Write interface requinalenlS _I _ write Interface 

lpecifications dOCUlNllI 
- Procur. " develop (hudw .... " software) infrUINc:turo 

5.2.12..3 N_ork 1aIafaco" lJab To DAO Cam_to 

5.2.12.4 Runtime V ... lnterf ... 
(Applications IOItwar. only) 

5.2.12.5 Control. MonltorinB " DownioadInJ V ... _a .. 
(Applications IOItware only) 

1 ApplicatioN Software for Supportlna Tho V .. Of Memories" Int.Uipnt 
Procouon 

2 Applications Software For Supportina "Slow" INon-E_t) Data Acquisition 
3 ApplIcations Software for SupportinJ VmuuaI Ocaunnca 
4 Applicationl Software For SupportinJ Tho COtIIn>I "MonitorinJ Of 

Adjustabl. Dni ... 

SDC DAQ 

Cost Drivers 

• 360 data sources, each pnwided with: 
• Slow controls interface 
• Event data flow control link 
• Event builder link 

• 210 of a- me -.andud" DAQ aatea, each with: 
• Readout controller 
• Diagnostic bus (boundmy ICIIII) Interface 
• Rack protection Interface 
• 1/3 of ... ck protection system (S2OJ() 

Note that the other 150 IIOII-Standud aatea must provide this 
functionality &om their budgets 

• 18 Cl'lltes (51 detector wbsystems) coated hen! 

2498 

S7K 
$0.31< 
S2.2K 

S5J< 
$3.21< 
$3.3K 
S7K 

• CI1I1e, backplane and power Npply S14K 
Note that other Nbsystems must cmt aatea In fnmt-end budgets 



DAQ Descoping 

Baseline Design: 

Descoping Target: 

S22M M&S 
SI2M labor 
SSM contingency (24%) 

Si2Mtot~-----

S13M MckS 
S7M labor 
SSM contingency (25%) 

S25Mtol~---------

COST/PERFORMANCE TRADEOFFS 

Curm.t DAQ/Trigger design is probably oYer-desigDed, providing 

full function Level 2 and Level 3 triggers 

_ Option A: ElimiDate Level 2 Trigger 

• Build Iiqle Jevellwd ...... Criger 

• ElimiDate data paths to Level 2 trigger 

• ElimiDate Level 2 buKeriDg ... d ';;-trollogic from FEE 

• Provide fast DAQ readout (50-100 kHz 0 200 kB/event) 

• Statle Level 2 trigger if needed for I'UIIDiDI .t fuIllumiDooity 

• Stapel Level 2 would ..... DAQ ~t for data path 

• Ewnta would be bulrered foDowiDS ~t from the FEE 

uti! t.be Level 2 trigger deciIioD 

• Canat Level 3 fum provides 1-2 Vax ~/fNent; is this 
oafIicient? 

Option B: Eliminate Level 3 Farm 

• Provide robust Level 2 trigger to reduce trigger rate to .. 1 kHz 

• ElimiDate Level 3 fum, write 1 kHz to tape usinc hish capacity 
tape drivel beia& developed for BDTV (Sony?) 

• sse bucIpt hal 87 MS Itt uide for computinc; leta ..... oome of 

that COIDPUtinc for IiDal event ItIoction 

• Some proaaiDs of events otiII needed for moni~, ~bra
tion, etc; this beco ..... part of the on1ine computing facility 
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DAQ " CONTROLS DESCOPING OPTIONS 

June meeting mandated substantial cost reductions in DAQ and Con

trols. To meet these cost reduction goals ""e must: 

• earefully evaluate cost/performance tradeoffs 

• Establish realistic requirements and specifications 

• Find cost effective solutions that meet the requirements 

• Consider staging options where appropriate 

• "lmpro..,· costing methodology 

Editorial: Minimizing the DAQ/Controls cost is important ainee 
unnecessary spending on DA Q/ Controls will reduce the physics ca

pability of the whole detector. However, we must also keep in mind 

that an inadequate DAQ will reduce the physics capability of the 
detector in a very direct and drastic manner_ 

COST EFFECTIVE SOLUTIONS 

• Minimize number of different DAQ/Controls modules by com-
bining funetionaJjty wbere approprl.te 

• Standardize DAQ ( ... d trigger) interface to FEE 

• U .. commerciallOlutionl wbere coR elfectIw 

• Dedicated Iincle directicm data patha are ftly coR effecti.." 
eIJ*iaIly for larse bandwidth I)'IteIIII 

• Intepte DAQ Ilow-control and Controli 

• Controls should ..... aame network as DAQ Ilow-eontrol 

• Provide rack protection/monitOfinc data to exiatinc crate 
processors usinc eeri&l1iak 

• Integrate controls into standard online lwdware/software 
environment 

• Intepte PMT HV, current monitOfinc into FEE crates 
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"IMPROVE" COST ESTIMATE 

• Is SSO/MIP too high? 

• HP worbtatiOD is .. S200/MlP 

• De experience: CPU coot/performaDce changed by factor of 
.. 15 bet .... n design &lid acquisition 

• Combine functionality, eliminate double counting 

• Assume some engineering and software development will come 
out of the hue program 

• Reduce number of preproduction design stages 

• Compare costs of alternative approaches 

- '-. ';.. '-~ -". . 
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DeICOpe and UPllrad. Scintillator Calorlm.t.r Channel Count 
LBL r.adout ach.me 

Aaumplionl and commenll 
,. Kirk·Wicklund delign • SDC-I'-OOO'8 
2. Proudfoot daacope • SOC SSCl meeting 6/22/9' 
4. 84 phi wadga. In bemal and andcep (2 barnat helves and 2 andceps), 
S. One am CXIIIIJ*1manI 0.05..0.05 In barnaI. 
8. Two am compatImaIItI 0.OSXO.05 in andcep. 
7. HIIc, oompartmanl O.OSXO.05. •. tId.....- 0.1..0.' 
I. --.. max contaI ..... configUNd with four nsadouts per .m. 
'0. AIllNdout ia via L8L _me and a.ch PMT Nquiras two atectronic 
ohennaII and --. mu NqUiIws _ par PMT. 
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". Split IOwenI __ the vertical cnck have their aIactronlcs duplicated on 
aithar Iida of the cnck. 
,2. \21 aIactronic channell per .SCA"1l'&ntand card. 
'1. 258 HV COIIInII and monilDr channala per aanrioII card, 
'4. The _ PMT Ia used to dHcrIba the "-r davIca for the shower max 
~ _ though _ may be soma other technology, 

~pe per~ga PMT countl (actual number of ,.al phototube.) 

Barr.1 
.m 28x4 .m 28x4x4 
hac' 28x4 
hac2 25x' 
tolala 249 . ~. : " ) 448 1·.~1;' l 

Splil (J: it,' : .,.~. ~.~'I) 

.m ,.8 am "4x4 
........ -': 

hac' 4x4 
hac2 8x' 

" ... lolal. 28 - '6 - .. -" ...... ) \,,~ .. ) 
Endc8p _j~1 

.m' 45 am 45x4 I"" ':~ .. 

.m2 45 
i ,,". ~ 

hac, 45 
hac2 12 , :;,;.,,) 10lals 147 '60 

CALORIMETER ELECTRONICS 
INTERFACES 

M.LEVI 

The total number of non-.m PMTa Is 27'36 and of am PMTs Is 4'2'6, 
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De.cope p.r .... dll. .I.ctronlc. counl (lncluda. crackl.d". .".cl.) 

PMT channels SCA channels SCA boanIs 
non·.m .m non .... m am non .... m am 

barr.1 252 448 504 448 4 4 
.plil 72 '6 '44 '6 2 0 
endoap 156 '.0 ,'2 '80 3 2 

DeICOpe per-Wed". card counl 
',,'1 

Barr.1 crat. - '4 slota ~ .• ' 
3 Int.rface card. _ 
8SCAcanIs '-. ,.,~-)",.\""'io'> 
3 PMT monitor and calibration cards 

Endcap creta • '3 slota (}Oft l., 
3 inlerface 
7 SCA cenls,. .• " " ", 
3 PMT monitor and callbralion carda 

SaIYica boards 
non .... m am , 2 , 0 , , 

UPllrad. per_dll. PMT counl. (actual number Of photolube.) 

Barrel 
.m' 28x4 am 26x4x4 
.m2 28x4 
hac' 28x4 
hac2 25x' 
lolals 36' 696 

Splil 
.m' ,x4 sm 'x4x8 
em2 'x4 
hac' 4x4 
hac2 8x' 
lolals 32 32 
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EndcaP 
em1 45 sm 45.8 
em2 45 
hac1 45 
hac2 12 
10Iais 147 360 

The lolal number of non-om PMTs is 34560 and of sm PMTs is 82432. 

Upgrade per-wedge elecironici counl (Includes crackledge ellecls) 

PMT channals SeA channals seA boards Service boards 

non·sm Om non-sm sm non-sm sm non-sm sm 

barrel 364 896 728 896 
split 104 32 208 32 
endcap 156 360 312 360 

Upgrade per-wedge card counl 

Barrel crate· 20 slots 
3 interface cards 
13 SeA cards 
4 PMT monitor and calibration cards 

Endcap crata - 16 slots 
3 interface 
9 SeA cards 
4 PMT monitor and calibration cards 

REVISIOS HISTORY 

6 7 2 4 

2 0 1 0 
3 4 , 2 
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eonliDIIIIC), anal71ft to sedlon G, 
updated Klleclwe and rale information 
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4.5.2 Card Address 
4.5.3 Slow RJW Write packets 
'.S.' Read Packets 
4.5.5 Cant slow RJW bus Protocol Conlrol SI,nal. 
4.5.6 Card RJW Con""lluncaon 
• .5.1 Card m _banism 

4.6 SCA Cards· _ Dcs:riplion 
4.6.1 Dili'" Deily Function 
4.6.2 Slow RJW Con",,1 Function 
4.6.3 ..... Butrer ItId Calibralion Functioo 

:l~:~ ~ri~c:nl~:;Funcrion 
'.6.3.3 Cahbntion fWlCOon 

4.6.4 SCA Function 
4.6.5 AOC ItId Buffers Fuoelion 
".6.6 Se1eaion of Evenl Data Mode 
'.6.1 RudOUI ConIlOl Function 
4.6.8 Address List Processor Function 
'.6.9 TnlJeT Sum Funetion 
4.6.10 Nonlinear ADC Function 
4.6.11 Fiber Drivers ItId Conlrol Function 
4.6.12 SCA Card Enor Reponin, 

4.1 PM Cumnl Monitor Cant 
UDall CaIIcaor Cant 

"'.1 CardE_.DaIlBus 
4.U Tnnsfer of SCA ....... Blocks 
.... 3 COII.·Even' Block 
4.1.4 Fiber formallnd Synchronizauon 

4.9 RJW Sequencer Card 
4.9.1 Local Bus Sequencer function 
4.9.2 Slow RJW Conlrolluncuon 
U.3 Cl\IIical Rcceivcrlimcrion 

4.10ThcLocal ~ItIdDall Butrcrs (LCDB) Block 
4.10.1 Buffer Memmy Funclion 
4.10.2 Clock Dwribution Functioo 
4.10.3 Slow Communiearions Funcrion 
4.10.4 Communicalion Pm Funcoon 
4.10.5 CFU Function 

5.0WartBrukdownllnlClllte 
5.1 Syacmdosip doc .... '" 
5.2-"._ 

llll'nirooypc _ end c1CC11'011ic. 
5.2.1.1 Pn>oooypc Iron. end cuds dosil" 

5.2.1.1.1 Procorypc prumpliftcrs <IRI 
5.1.1.1.2 Pn>oooypc .,-.ullipher ...... nrlllOllitorS <IRI 
5.2.1.1.3 Procorypc SeA. _L eahbnlion ItId zero 

U.I.=: dll. coDector <IRI 
5.2.1.1.5 ~ RJW sequencer ItId bullers 

5.2.1.2 =si .... I end i ... l'lrcdcin:uilSItIdpte 

5.3.3.2 Production of remote cracs 
5.3.4 _lion of ....... e ItId fronl·end ItId power .y....". 

5.3.4.1 Production of fronl and power syslml 5.H.2 __ poweraya_ 
5.3.5_ofClble _ 

5.15.1 Pluducrion oflrorM_ c.bIe ay-. 
5.3.5.2_of_ Clble.y-. 

5.3.6 Sullo,..... lISCIIIbIy ItId .... 

6.J~~ 
1.0 ScboduIo II1II_ ...... 

1.1 ScboduIo . 
1.2Mi_ 
1.3~ ....... _C 
I.l~pra('" 
1.1-
1.2 Procorypc_ 
C.3TatSlltlda U _ cin:uir canis 

~~~=rc:~..:-
1.1 Cables u_ 

9.0 CIbIe \oDJdIa ItId lias 
10.0 Spocc nq_1S I ... .,..... 
11.0 ........ dissipalion 
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5.2.1.2.1 Protorypc _lifter IClhybrid 
5.2.1.2.2 Protorypc slow road WThe IC 
5.2.1.2.3 Protorypc inpul buff.r IC 
5.2.1.2.4 Protorypc clip'" delay IC 
5.2.1.2.5 Protorypc aon1inear I bil ADC IC 
5.2.1.2.6 Protorypc .... _ eopociIa-..,.y IC 
5.2.1.2.1 Protorypc Iddrcss tis! proccs .... IC 
5.2.1.2.ll'Iocorypc ADC ItId buffer JC 
5.2.1.2.9Protorypc rudou._aoJ JC 

5.2.1.3 AUlCIIDatie Ie tat and 
5.2.2_cICCII'OIIic. rlc5i1" 

5.2.2.1 Protorypc .. more eloclrorric: cards 
5.2.2.1.1 Protorypc buffermcn.""l' <IRI 
5.2.2.1.2 Protorypc clock cliSD'ibu .... 1tId slow _nicalions <IRI 
5.2.2. \.3 Protorypc processor <IRI 

5.2.3 Prororypc cmes ItId bins 
5.2.3.1 Protorypc Ironl end "",e 
5.2.3.2 Protorypc remote "",. 

5.2.4 Protorypc ACIDC power 
5.2.4.1 Protorypc Ironl end ACIDC power 
5.2 .•. 2 Protorypc .. more ACIDC power 

5.2.5 Protorypc cable ay-. 
5.2.5.1 Protorypc Ironl end cable aySlCm 
5.1.5.2Prooorypc -. cable ayawn 

5.il=~~~ltIdcalibnlion_ 
5.2.1 System IOSlofpn>lOCype_. 

5.3 Production of clecaonics 
5.3.1 Production 01 Iron. end c1CC11'011ic. <IRI.1tId Ie. 

5.3.1.1 Producrion of Ironl end cards 
5.3.1.1.1 PrDducrion of_WIer con\I1Iy\lrid 
5.3.1.1.2 PrDducrion ofphoromulbplier cunem IIIOIIiIOr canis 
5.3.1.1.3 ProducrionlOrsCA. _L eahbmion ItId zero ouppnssiall <IRI 
5.3.1.1.4 PrDducrion ofdata coDection <IRI 
5.3.1.1.5 Producrion ofRJW _nccrltld buffers 

5.3Nt~~d=,.!.==.,~~~ cin:ui1S 
5.3.1.2.2 PrDducrion of slow road wri .. IC 
5.3.1.2.3 PrDducrion ofinpu. buffer IC 
5.3.1.2.4 PrDducrion of clip'" delay IC 
5.3.1.2.5 PrDducrion ofnonh_ ADC IC 
5.3.1.2.6 Producrion of"';_ capacilOr..,.y IC 
5.5.1.2.1 PrDduc:1ion of oddm. tis! ...,.,...... 
5.3.1.2.1 PrDduclion of _, eonIrollC 5.3.2_of __ 

5.3.2.1 Producrion of __ 

;JiU:::J=~::::~ ___ _ 
5.3.2.\.3_ of poceaa« <IRI. 

5.3.3_""10' 
5.3.3.1 PrDducrion of fronr end erates 
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~. ponic\es 010.6 GoV _ widtirll un. ofnpidicy. 11Ie -1iDJ .... p ...... 
~ili).31I,per ...... -(-.paiardopoaidoor). 

J.1.2 &_1 nIB 
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£.nerD bna;e(P,) Jet ntc/crossover 

.·IOGeV 
100IDOGeV 
100- 1000 GeV 
1-I0T.V 

1.6 
O.S 
2x 10' 
2>10-1 

3 .. J.3 M •• I .... ID .ee.pancy 

parocle encrgy 

O.6Q,V 
l.lQ,V 
SQ,V 
2DGeV 

O.DOS 
6.8 x lO·l 

1.3 x lO·.:! 
2.l x JO" 

::~~r ~ :u~ n::~ may cause fuU occupancy in • tDne of one ndianlunit of 

3.J." DYDa.ie rlftlt or tltelrolDllnttie and badron "'lions 

3.1.4.1 Hadron dynamic r.net 

The J.araeS1jetofiN~sl is defmed ula the beam encrgy. lOTeV. The average 
leadina; panicle is assumed to hive 25' of the momenrum and the muunl.lm energy 
uthe lcadinepll1lcle is rwicc that amount or.5 TeV. This 5 TeV ~le: will have a 
nnsvCIK shower width of 18.6 em FWHM or one lOWer un contain lboul4S' 
oflbeenero. Muimum sicnalofany e1c,D'tIni, ,haRnel is set at 2 TeV (assumina; 
equal WrinC of"'"'IY belWeCn Ihe (70%) fronl and (l8'7<) back scclions). 

. ," 
1",.,!,,,'I8y'''- IJ"I'."~ 
'64""no.. 1a.,....U_SCI 

"",V I"'. .ltv '0"'11' 10064 ... .... ·n.. '$" 
I I I I 

.. I .. 01IlOO 1000 CIOO 10000 

1(1' .... "'.4IOc ........ lM.· 
.... , ,-' "·'1.51 

, ...... ' .. 11.,.... 
I""'.~" 

fWIlD,·,30t.,._ I_ ... ·"_SC. , .. . 
~:v ..... , .. 11' IOhv 

"'-1 I II 

, ..... 
'10 to 500 .000 5000 10000 

.·.lllkl··Xc ..... 
~",·'c_ 

FKc./H 3.1.+. 1 

...... , 
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The f ___ IS ... derived _ IIIe physic. consaoinlS and pncIic:aJ considenliOll'. 
By _ ............ II< iIIIpI ............ depenckm specificaIian oomained in w. 1OCIion. These: 
_ ... uiJanenlS ..... ulOdl........-elill_Iopi.11he .... WIIIIII. 

'lIMn: .. 27.904,n-y c/IoMols ill tile __ and 11,264 pMm)/ cIIannds illlIIe 
endcIpeoIorinIaer. _dwlnels Ihould ... oddod ..... lpidemify~Qpticrnoisc. 
HV __ and c.natov ndiaIioo in Ibe flben and ........... TIle _oflOdll.dllll 
choMoIs is TBD. 

ll2 Calorl_e. "nlmllm bioi occupon., 

The_ill 111)/ ........ _1 ilO.3 .. perbClm ............. TIle ponicaJs dial ......... 
_ sipaJI wiII_ and _enazy of 0.6 GeV per_. 

3.1.3 1 ... 1 ".e 
TIIe __ jeI_wiIIoc:cupy _ximIIeIy l~oftlle_<hanncI~ Local 

==::.:.....r=.:::~oo..'::.~~k!f!'.::.cv ...... The_, 

12A SIpoI 181 .. nllon II ... 

The ..... loimeilleu_loonsec. Thesllapinl_tifierwill_ .. wllIIi.l~oflbe 
...... _til. in 30 _. and 0.1" in 60 ........ aod. 

3.1.5 Mazl .... m .ad lIIIahlium lil.a. 

_1ipIaJ flIr. primIIy _ is:ZO MeV (S pilato decInIns) inlbe hIdron ""lion and 2S 
MeVilltIIe--..--...(6,r-_.). 
_ Ii .... for.primuydwlnel is 1 TeV in Ibe-... _and 1.5 TeVin tile 

~-
3.2.1 D,...I111< RaIl .. 

TIle dyoamic _ .. illO'ili tIIe .......... _. 

TIle d,.ai< ..... illO' iIIlbe eIocaaDIpcIic: ---

ll7 MuI_ ....... 1_ ...... 1 for nII ...... 1 ......... 

_and_Ii .... flIrredundarndlamei ... 1110. (Nolo _ sipaJ will be_' ........ ____ u .. primIIyc:lllnnds). 

12.1 Sin,lt ellaftntl dead limt 

The minimum signal ofinla'eSt in an cJecuonic: ehannel is determined from decIron 
isoIaI:ion and muon deccc:aon. The minimum SlINS is dctincd 1520 Me V. 

Dynamic:~ee is defined_.s U:rS (l TeVtlO MeV). Fipre 3.1.4.1 shows this 
ICaIe will> IIIIIIimum ionil>n& ponicJ .. indIcaIed. 

11.4.1 Electromapelle d,...mic ran Ie 

The ....... jeIofin ...... ildefInedasl121be bamenazy.IOTeV. TIle ........ 
leadinl panicle is assumed 10 have 2S .. of Ihe momenlllm and !he IIIIXimum "'"'IY 
dlhe Ieadin, panicle illWice wlImourll or S TeV. 'I1Iis S TeV panicle will have. 
tnnsvcne shower width ofTBU (2 em FWHM) or one lOwer can c:onllin .bout 
)(X)t, of the energy. Maximum signal of any c:k.aronitthannel is Ktae 2.S Tc:V 
(with equal $harine of energy bcrwecn the fronl and back lCII;Qans). 
TllemiDimum ..... dimaalill .. ciecIraIi<.hannclis __ _ 

isoWion and muon d<Ieajon. The minimum Ii .... ildefinod as 2.5 MeV. 

Dynami< ran,. i. d.fined .. 105 (2.S T.·V/2S MeV). fi..,..l.I.4.1 shows w. 
scale wilb minimum ioni.2in, panicles indlca1cd. 

3.1.5 Tripe. nl .. 
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'Thc deltctar wW h.ve • 3 D"ilaer kyels. Level I and 2 D"iuers are Itnerated by hardware sysctms. 
l...eYe1 3 ~ criClers are aenerlted by sofr'ollare ealcul&oon thac rauh in eilher lAvin, on mass 
acnae CI" rejectine the eYCnL 1be followine table Jives there rateS, timin, and ealonmercr aaion to 
... 1Ikm 

Triper TUDe after a'OIISOYer IWeI.-d ~a<:Iicn 
\ 

LcveII_ TBD 3 mic:rotecond. 105 Save evCftt for readout 
level 1_ TBD :zoo IIIieroso:onds 10' Radoul ...... 
1eve121Ojoa TBD:ZOO_ 105 Delelcevau 
level 3 TBD 0.1 10 60 sec:ond TBDSIOIOO Nolhial 

3.J.li 11 ... 1 lupin, 11 ... _nl.ta 

ID ...... with. ndilll ofO.laailS ofnpidil)' _ .cIocaaa _ will be DO __ I (leV 

~ "::':.fnIm minimum bias.-... ( Nolo. iIIsc:",- _ d leu ...... 100Il10<_ 

3.1.7 Electronic Ke.ne, 

TIle eIocmIaic: cmn will be .... _ so.. d Ihe expccood caiClrimooer moI.lion. TIle caJorimefOf 
__ isupo<lCd II) be " .. in Ihe ~< lOCIion and~ in Ihchadnm-' 
diYidodbylbeoquu..-dEinGeVaddedinq_will> I". 

3.%.0 FUDctional requirements 
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A lin'" eIocmIaic: c:hanneI wiII_ I JIIObabiIiI)' of .......... 10-101 boin& bad due 10 prampIiIicrlOhnlion .. __ offecu. 

TIIe_ d...-Jy _ -. dIaI __ due .. deIecu or iIIIIIiIity II) c:aIibnle shall 

be leu""" 103. 

3.l.t Stud __ apollllllles .1 .,.e .. 

TIle_will "'",1Idividod ilmllllld _"-Thedi_ wiII ... _ by tile 
_ -... size dial ilbcua __ and _ inIIaIIod. n...e IIIIIayaa will provide ohe 

~=iII~=;'C;U~~:':'=":=wiIIbe"'" 
ll11 EIect ... le allbntJ .. 

=:r-::~a;;:;:td."!s~~~:''==::U-:'===' 
(IIOIIandioKciw .... will cause. ~ oIaciu.a' ......... wiIb. ph 'Iriplicr pin 
allO'). .. addilion IipaJs will be suppIiod for ...... ~ dial wiII_ '.c!- al phoDIs .. 
::''';:'''~'t. nc..-_ .......... - ~ 

lll1 SIpaI _I 10 .... tripe' 

:-.:F-'=.~~~-:t="'w:i~=.~'=on::r1Y 
~and __ -"TlleenazywiUbe:::_by"biI_ADC 

::"':'in.:~~~"""'IriC~~",,;::~.:w::l=:-__ ......... _ tripcrdaIL Euct apocificaIion ... TBD. 

ll12 SIp ....... 1 .... lrom '.e Irlper 
nctripcr.,....wiII..- ......... _I __ IJWjoct,_l __ l 
JejocI,c:IocI: and __ 1'bae wID be _. _ I ........ or level I ajoot .. __ . 

LcveII ........ _ will be leu _ 10' per _ TIle -... wID be atTBU 3.0_. 
_ .. _dIaI ........ _LFar __ I ....... _wlDbecilber.1eveI1_ 
alIevel1Jejocl,UwI2 ........ _wi11 be 1eu_10',..._ Thec:locl:lIi ....... _ ... -.dio..., ................... __ . The_a;,.aJ will,... .. fnlmend 
-...:. •• __ TBD.!uc:tIpOClllo:adons ... TBD. 

llll aa""llon ... 1_1 

~"C~~~=:..:-=~'!:.~~~1::'~~on level at 1hiI_ is TBD. TIle __ • _IO,...alndialioo wiIbaon 
depIdaIion dial offecu tIIe,...aemems or II"'- n:pIaI:anenI_ be definod. 
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3.2 .• 4 laCerface 10 Ute DaCa Acquisition System 

The calorimeter will provide less than tOO labeled tbla srreams to the Data AcqulSlDon S)'stcm. Th! 
fomw ad SD'UCture of the <bta records are TBO. 

4.0 STRAWMAN DESCRIPTION 

In dais lCCIion.. the functions of the eleca'cnic s)'stmI for the scintillation calorimetry arc described. 
Ahhoup the physical p1ocemen, of panicular funclion. may Chan&< as !he deu,n pro ... "",. for 
the pnposes of d\e S1I'I.wman each major functional block is siNlicci in one of three physical. areas
·1) On {)eleCtOr, 2) II Ground Levell. I shielded room close 10 the dcteclOr. and 3) at Ground 
Level n IOmC distance from the deteCtOr. 
Also rei' the purposes of the. sn .... man. the electronics in areas 1) ~ 2) are considered pan of the 
ca1arimacr decDOnie s),stem; that in 3) &S pan of the data acqWSiDon system for the SOC. This 

~f:::=~~':f.::::,,!he~."J,f."~~~~~':r~. 
I)'SIaD" but In DOC considered pan of it in this dlscussion. 

4.1 Mojo. Functlon.1 Bloc'" 

The major fun<tional block. inYOlvcd in !he Row of clara from rhe _or 10 !he __ fann 
In shown in Fipe 4.1. 1bcK major blocks arc individually described. in Ibis subscaion. 

25::9 
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U.l F_, III. _ ...... 

11Ie-... S~is-.......oI~40_ ....... -... bJocts,20OD 
_ ... 0I .... ~. Eacb bIoc:k..- ...... fIam......,.-.y IOOOcaJarimny 
~ 11Ie_-... _ ................... ~ ....... ~.1beIr_l)'is .......,_ .. -_IiaIJI; ........ _bililyrar_ ...... _ ft·and .... aoI ==_ .... _ Far ......... faoiIiIiCorarihecaJibnlion~-;:...._. 

Eadt Wodt will be JllyIicaIIy ......... ill ...... (paJoenJod afIor. VMI ..... ) ... .......,uficr -_ ..... _. 
1'aIIowtoJt .............................. .., __ ..... \IIooIt; · === ... _oIpaIoflam.......-.,_ ....... -.oI .... =r;..;::-.. Jriae< ... _Ii ...... _ .... LacaI~ ... Dau 

.. :r:::rc .. PoI ..... rar_-.., .... Jriae< ......... __ ....... =-0I'!iJ.. :..~=.~ 'l1Io ..... - .. JII-'7l111odwilh 
• .. __ TrigerDooaolpalo .... Triger ..... 

11Ie-EndS~ __ In ___ dle-.plld,.......,..f .......... and --,. A_desaiI>in&_..-.is_,..,..........,_puup. 
~L2 '-I ea. ........... Da .. ___ _ 

=-~~ ~ ... ~:.=r.:.-~BJ.::'._·--.oIlWO 
• .. --.. .... dipoal_ ....... oId1e ___ ... _ ..... iI __ buffen 

.. - ................. iII • .....a-_ ...... ~OaIIoc:Icirblacb. 

....... baIICr_ .... ___ .......... oI .... mc_ = 11IeLmBWodt_fultrlgor ... -. ....... fIam .... OIoboJ 

--=:=!:..,~-=-"""'==:0I=:.,-==-1ipaI. · ....... pan...................... I I _-UO_.!he .. R/W~k ........ ___ ... _ ... 

~-... --... -.. _---..,._-=_ .. -........ ..-._.... 'I 

· .. _-........ -_ •• __ .,-rar ...... caIi-. _1IinI ... _1llriD,0I .... ______ ... __ _ 
.. GDDIn:tIiod vii .. =em". t': r DIIWart duriaa tbia phuc. 

~L3 E_, CalJeetor __ 
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The ..... cia .. balrered in each LCDB bloclt on rnnsmiaod CD !he £ .... , CoIIccror Block. Th;. 
bIoc:k is _ pan oldie CaIariInetry ._ie .. yscem, bu. mu .. be delilnod for compaubiliry 
wiIh die LCDB blacks. As _ in Pi .... 4.1 •• sinlle £_. CoIIecUJr (or perfIaps ._-
_ b_ end) wiU.....,. die ...... CIIorimeIcr. II i .... ¥laaaod ..... !he priJNIy fuocIioa of 
JIIis bIoc:k is .............. ......,..s by die caJorimellY _. _ ....... "Nquired. and 
...................... __ farm. n.e queSlioa oIwbelher ir r-. ..... por:Irea 01 data _loI .......... _ .... wllelherll_ ........ canWIIIIIlplnial_ .. man 
arbilnry .... _ is boyand die ....... 01 dIis diJawion. 
UA Tric ... __ 

11IeTrigorB--flam!heflam----(QwTrigorDola) -
~ .. JlllteJUl ___ npnIinILo>d 1 and Lo>d2J1iAOn. 1. __ • 
__ oetolJriae<data_hbolmClOUinI(nay 16_). I.pe-,.-.- .... trlgor _ .. ...........-___ IO .... GIobaITriper .. _ TriperdaIL 

UJI Global Trlaor; Fu, SlID'. Se, 

~.:.rr-pn.~.:t~.t,;~~..:::~bIock 
-. ..... _~::l~_aU ...... data .. JIIIte.deJ:isian .. OVGl' 16 
_. wIIeIher ........ Lo>d I Tripcr ... Lo>d I ReJOCL 1I __ ~.on • ..... _-. _1O ..... 1cvrI2 Trigenand Lo>d 2""" 

In ..... -. ills __ ..... die Global Triger is !he _01 ... fullimlna lipW'_ 
bydle--,. , .... _).-;c _ ....... SDC. 1kMfulli ....... _ 
_ die .... Sipoloetinclude: 

Lo>d 1-... Jriae< 

Lo>d I Reject trlgor 

Lo>d 2-... Jriae< 

Lo>d 2 Rcjoct trlgor TeII __ 

11IeQ __ CIOUinI cIoclt 

.... ~_(lOsyndInJaiz&_. ____ ... SCA_) 

:. '::-" fuI:pats .. ......,..s wirh • hip depM 01-. pncision.le.. 01 .... Older 01 

4.2 c-Jca_ .. , ... 
The~_inFillft4.1 incI ....... ..._oI......-____ Jlllh. 
~1 .... JllyoicaI~_ .... ~andGnJuadLo>d 1 ... _Ground 
Lcvds I aad II. 'I1Iese pdI. haw various requimlltn .. in ....... of I\Ieod and limina pnc!sion. 
~u_iII .... JiII_.-_J'A'!!'wiU beimpllmenaodlllUliftber 
opdcs. .. is expocIId .... aD _ OD _ padls wiU be UI diPol-
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•. 1.1 'a ....... __ De ..... r and Ground LeY,I I 

ne ce:nmmirarioN ~, between 1he delCC1Ol' and. OIound Level I are: 
• CnIe £_ 0. .. Potb - _ of diCiIi2ed doll from die coIcirimt.., elements now 
___ -. .. dleLCDll_ on die 0... £ .... DaII paths. Th. packelS _lip" ~ .... _ ofOlipn. and die ..... or lriaeroumber,.;th 
_die dill io .... po<UI"_ 
!:f~~~;:=;::~~~!t==?s 
opUI ioro. bl ......... and .Iow·nn, • ......,,_.) The ~ 0... Even. Daa 
JIOIh_of.llllllof.o1iben. 

~~d~~~~':.,,~UD'B~':-:'!"~::v'!': 
:~-'. = :rtr.o ~~~S. Each of Ihcse sipals is wried 10 each crate on its own 

(A limn pojec:t will be ID e'p .... possible mtans of ..... ponin.lI1 ..... siCnal. on • 
lin ... fi ....... _ ............ by _,dle llllllaumbcroflibcn for this purpose to 
.0). 

~1:::=.!'.::hti':;:W';"~ ~~~J::::,";:: ~n, 
_ will include t/tmbQId and mode _ -JOinI" tile Front .. nd 
bIocIts. and IWItS inlormation ""';n, from the "'OIU-end blo<ts. In lull· .... e 
~ litis inlOllDllion";ll oripnote in. and be _ lor ..... 'Iobal.y.tem 
__ • GrauIId Level D. In debucClnC sintations. die 1ocaI_""" in the LCDB 
block can CCIIIIIDIDd and. monCIOI' ill two Franc...s blocks in • szand-alanc mcde. 

This is a bi_onal path. '"'IuUinC rwo fibm per _-end block; IKlIibcn lor the -. 
Crlte Trillfr Da'a' I.b • Pn-procened '.1. required by the U'illcr 
pmealOr to pDCnle Lcvd 1 and 2 lnacn IDd rejecu: now over I Dumber 
of VCr)' liiJh speed parallel "liats from the froDloCad block. 10 the Inlier 
It&oct. 1'k pn.procuaiDI will couill of Pc _miD, ud dilitiJiD,. 10 l
INt pnciIioII. of IMram lkpoIilCd la IO'fNn, A coaaplelC .. of triger dati 
...... IIi .... ...., 16_. 
'lkcaloofdle = will be. ______ ofiDdividtW links 
~aaddle . _ofdle_. _ ....... dtat.for_ 
of ......... iItpuu .. dIe triper_ ........ adoQuIao for badI Lewli and 
Level 2 trigen. ...... ___ wiII_ an _ ofo.l_. 0.1 io npidity. 
1lds will ......... cipliiola __ SCA card to .... 1riper _-I_ of 8 
percard • I canis per ...... 'O ....... 2560 IiDks. 

-. ploDs .... trapJemonr .... liok. llincJe apical Ii ...... This is _ on the 

tr::~I1='~-:'===~==it 
_pair cable. To achieve the nquiftd speed. OKh Iiok would consist of 16 or --pain. 

2533 
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l1Ic __ aad .............. .--for .... oode .. 1iaed io AppeDdix A. 

FRONT 11m BLOCKS roR CAl.ORINETER 
(lOr 40 CRATES SHOWN) 

~~~--~ .. ~~~------~--~ 
Ht:===:h;;;;~L.ai!!!·..J---

--.... -=:' .-

: )-_. __ ._-
~_:~I-jtJ.-=.::..J-"""-"''''' --' ._--"'::;,i 

LE3=- .. _---.... _-
L ___ .. _ ... ___ .:;;;~ __ 

" ____ 41 

Jllcure 4.3 
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Laser TriCCtr Path· Under COntrol of the SOC system controller or the LCDS. ICSt 

or.calimoon laght pulses can be Injected uno every"scmtillator channel. The means {Or 
in,ectin& la,tn pulses uuo scintillawrs has not yet been selecwl. 

(Tell pulses can also be injeaed inco me from-cnd sysrem IE rwoodter points ofevery 
channel. 1'bese are: I) an clec:1rtWc: chll'Je deposited imo &he input of every preamp. 
and 2) an......,c sipW injected inlD each inPUt buffer -.. (on the SCA <anI5). 
The corlll"01 of these 1'WO injection mechanisms is villhe Cocks. R.esetS and. TnJlCl'S 
path and die ~ons Nerwork paths _bed below.) 

•• 1.2 'aln ..... _ Ground Le.,1s I and II 

Block £_. 0. .. Pa.h • 'Lara.' packets of event doll ... Iorwanied from the 
buffering funaion of Ihe LCDB block to me Evenl CoIIeetors (Section 4.6.3.1). These 
packets ... lormo:I hom a lar&e nwnbcT of the .......... paclccu oripnased by the Front· 
end blocks and include adchttonal hi&hcr-1cveI1ocation-identif'ac:aoon fidds. 

One opUc:al fiber is Rquimi from each LCDB block lOwEvent Collector--. total of 40 
fiben. 

~e:: :~al~= ~.:!~~!!!:~n=::==)~~ and 
GkKIal aiuer system 10 &he lDCB blocks on Ibis path. These slplalS include the 
sicnals in the Fa .. Silftal .... ti.ted in _tion 4.I.S. 

=. ~...:r~.:'~;c~~ ~tt;t&~Sb~~=~~=~ i':'.separatc 
Communicalion NftWork Path· All command and conD'Ol information from the 
SOC systml conauller is lorw.roool .. the LCDB bIo<ks 00 this path. S ..... 
informauon is sent back in the other direction. The data format is buieally Itw of &he 
Write and Reod packets (section 4.S.1) _ted with .yn<ltnxtia_ and 
rulundoncy b,ts. 

This will probably be ~lcmented as .. Ethernet-type link, _,_ cable. 

4.%.3 EYenl Data Word fO ...... 1 

Event doII ... iaid&llymatcd in .... 'OFront·End blocks. The'O .... t-<lall ......... 

=.tuoIl~::f=c..=:;a=.~:::=""-=..iIs;:ft=~ 
.>elU doll have. uniform formaL In,...m. _.lIready Ut the _ .. notmodilicd as 
they III'" throup die syacm; _. additional wads an: added at == as the 
="':'=~~~ ~on. The additional wads.. . y biaba'.)evel 

All Event Data ... unif ...... y 1_ as l6-bit wads. Each _hu twO fields: a 4-bit 
Code field. and a 12·bit Viii .. field. 

I~ ViIuc 
12·bits 

Paalr 19 

Each mml-end crue is paucmed after a VMl crate. The crate has a capaci.ry of 21 cards. 
~:'~~.:~~~~the 21 cud slots";ll be filled. The toW front-end .y.tem i. housed in.o 
As shown in FlJW"e 4.3, the func:Dons of the front~nd block ue disaibuled on Ibe vuious canb 
and die CfttC is __ .. the .... of the .y&tem via cable. and opticallibm. 

Crate LoaiaIIcs-

~:::"'~:::~(~vV:~~~~==p~f" 
iochOJ blah by IS iochOJ deep. 

DC low.voIIIp ..... will be _lied frcnt .. tomal ..... _1ies. 
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EacIt ente wiD dissipate power in die ..... of 1·2 tW. Each ..... will have .... tcr ..... 001 
....... ch .............. heat from the en .... 1ot:al lon:cd air __ The cil<ulatinC air 
willbavc_.inthe ..... 1().20·C. 

0.... ";llhave __ in' _billty durina beam oft'pencds. 

CorrnounlcatlaooJ toIlrom Cnte • 

MuhI-dtdNtd <Da _ ........ carry the blp- and low ...... silftal• from each 
_ti6er .. dleente. n-cablesan: connectod directly .. the SCAcanIs bymcans of 
e<onneC1On on die front of each cud. A typical eli ...... from preaIIIpIifitr ....... is 10 
feet. For .... tcdondatu _Is (section 3.1). only the Hip· ..... silftal i. used. 

JMf/IIlrilobM arbIu wiD';" from _ peampli(oer card .. iss _ted PM c.rr.nt 
MoaiJor card Ut die am. They carry die anode de aipaI .......... "die PM Curftnt 

=:-in=-~!:1!'~~~~veI" .. "':..~~andthe 
Opdatl fib<rJ ................... die loIIowina sipaIs .. lNlIor from the ..... ( ... 
•. 2.1); 

~~=b!:t:'=::=:~~~~::" . 
CIocI:.t Triper - 5eparIIe fibm .. each ..... an: UIcd lor each of lito ...... sicnals in 
litis poop (.I11III of.o, 7.210 libm). l1Ic Iiba{.) .. _7_10 
apicaI_va(.) cos die J.IW Seq and Butrer card. 

Que _ J.IW - Two 100 MIn ftbcn, OlIO for_ disectioe, .. UIcd .. carry die 
_ Slow J.IW sicnals .. and from die ...... l1Ic _1Ibm .. directly 
_~y ..... apicaI_and .. opoicaI_ .. dIoJ.IW Seq 
and_card. SsondanITAXleblpsan:Ulcdfordoll_ .. 

0... Triuer DIIa sipals (.I11III of .0 ••••• 2560 Iibcn) .. _ from die ..... :. "S~~. These abl ..... directly """""'"" to opticaIlnltSItIIncn on 

MMlri· __ ·win cablucmy DC_to the ...... 
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• l.trao.C,.te Communlalio .... 
WdhiA ad> ...... die _, .... of liJIIIIs ... __ die individual coni. via 
bodq>Iane wirin,: 

· =:'S~'=-.(7:~~;=!""'n=:. ~...tincl~~~er 
Ful SipaI ... _ ia _4.1.5. 

• Card _ RIW Bus (321iaes) • The Slow R/W data _ clillribullld fnxn Il1o R/W 
Seq IIId BIIIfcr coni .. die individual SCA _ ...... parallel 32·line daIa bus. 

• ==:.u:..I8~~~n:.~=~by:..!c:.== ..... 
'hi,1Hpoed' _ •• cycle lime of 32 nsoc. The 291iaes include 16 daIa Iiacs. 12 coni 
IOlectliaco and • 'flllilh· Ii .... line. 

:;~~,r.,u::=~~~~~.!:dIO==~ ... ;'=. 
fnIm • _ ... """ uid ICIecIs Ihem in response 10 Il1o t.c.tcI llIId 2 aige: 'i,nal •• uid 
diJilis.lho ...... daIa 10 ICIocIIId. The cliJilizocl daIa .. 0UIpUI1O Il1o Dua Collector via ......... -,.... 
_ ..... -. up ... SCA canis, ad> of which cali accqx 256 cIIaMels of anaIo, 

;&'~.!,:=..ea:==I~~.:.::,u~=~.:~ _1_(hi ....... eonlr)-·uplO 1024_ .......... 

-I"!" a.tr .. Card· 'IIIe R/W Seq '" BuIrtr_ -. die faa 00cIt '" 
~..:r."" - dleLaoal Clompuw IIIdDua Jlull'orllld __ lhem .. die ..... 

II .... _ u die ....... pan ... Il1o Slow R/W aJIIIIIIIIIIiea __ .. 
__ die Slow R/W _O«dIe ..... in biloJOrial __ ..... apIicaI fiben 
(_rar __ ). 1I--....miIl .... SIowR/W __ die ..... iabil-
ponIIeI_ via die boctpIanc. 

_ ..... bas .... R/W Seq '" Bulrtrconl. 

• IIoIa c..... Carll • 'IIIe Dua CaIIecuIr Cord aoquiIa cliJital .... 1I daIa _Il10 SCA 
CInIs via ........................ Cord E_ DIll bus. 110U1pU11 __ via an 
opIicIl_ ...... J..d)B __ 

_ ........... DoIaCalloaar Con\. 

PM 0IrraI .......... Cards (4)· _ .... bas __ PM OannI_CanIs. 
_JlMOIaoIII_Cord ___ iII ........ of256 

,. MrIi .1IId"--_,, _dle_sipal_iIIad> 
of die 256..-ba; 

a...a- anaIoa liJIIIIs 10_ die ompIi_ ofdleclwp Ii .... iajocllld imoac:b 
JIVUP of II .... pampIlfior inpull (32""'" siJIIIIs ror 32 ........ of ei"'I); 
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Enables or disables the inje.c:oon of char,c into Ihc JI'OUpS of ciaht prumplifier U1puts 
(32 enable/disable controls); 

Adjusu die timing of 1he Injection saobc lhat causes lhe injection of ttwac into Vtc: 
",,"p' of ei"'l preamplifier inpu .. (321in11n, conl1015); 

GenenItI anaIo, liJIIIIs 10 _ dlede bi,b -.e supplied .. _...-... (lS6 
""'1101 liJIIIIs). 

U Si .... 5ou.-; PHtOlu .... and P ..... ,. 

The tiPI Ii ..... cIevdoped ill _ alii""'''' __ by. pbooomuIliplior .. be. The 
p/1<>IcIIube _ eloclricaJ siJIIIIs ... amplified by_Iif .... fiJ\n U dw ... physically 
close., die p/lOIoIIIbeo. Each proamplifier develup •• biah ....... uid • low· ...... "'1pII~ wlUch 
... c:aodllClOd by _<bannel cables 10 die era ... 

PHOTOMULTIPlJER AND PREAMPlJFIER CARD 

-...::::-} .. '":.. 

t:::=========S -...:,... -----
} .. :-_ ... 

}-==-:J __________ ~LD~mm_______ ... 

Fleur. 4.4 
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4.5 n. Card Slow RIW D ••• Bus 
Th. CIId Slow R/W Dua .... is dIe_ by wbicb _ual_1S of die ..... '7"<m ... 
_and-..s 
TheIlW Seq and __ 111_ ......... u. __ dleCordSiowR/W bu. and 
die ........ CnaoSiow R/Wbus __ iI ____ " Slow R/W ... .......,..,dIe 
UDB __ .. dw ..... 'IIIe~is __ biloJOrialODlicalIibon, .... ror 
_ diocIiaa. 0aIJ _ nlf"1C IIIOOiIIod wiIh die poniouIIr ..... flows ... ibae ..... 1iben; die 
R/WSeq 1IId_. ___ oo ..... _-. ... _-"" data. Slow 
R/W .... _ in __ ... dIe ..... •• Cord Slow R/Wbul u32-bilpacbu (-). 
Evay,..... ... SoIIit __ 1icId and .I.lJiI_.__1icId. 'IIIe __ ofdlebilS 
_ .......,_ ... die ......... _. 'IIIe __ ref .... die pbysical paoiIiaD of die 

_IIIdIe ...... (A ..... addreuls_~ .. dIis-._dlellbcn .. lIodic:aIIIdlO. 
panicoIa' ...... ) '\1Io,-u flow in bll· __ ... dIe fiber IIId in bil-ponlIeI_ 011 die 
~ __ ....reropeodrarll __ iI~Y 5OOnsoc .... padcc&. 

A ~ ofdle _. of pacbu is ill AppencIiJI B. DctaIIs of Il1o Cord Slow R/W bus 
IimiD& 1IId_1IId"-wi1I be in • r ..... AppaIdi& c 

4.1.1 DdItsICIaII of ......... Wrltt ,....111 

=:'=r...!~·wrt=~::.~~..:=.!!'==dIe _ .. wbichlbe7 __ SamcWri",-ucony_ .. IIo_bydle 
_1IId_ao_-'c:anyregUClllrar __ dle __ . A bil 
• __ ,....._~bil-lipilies_dle __ il .......... wiIh ===-dIe~::; wi1IlIoa.:o:.r.::=I:"='=="ia(=':"~ __ ofdle_canI. 1r._ ...... _ .. _CI· ..... >_.__bil.-dle-....... ausmiaod 
via die Cord slow R/W bus wi1I be die IIIOOiIIod lad padcc&. No _ ""rile pacbu will 
be~OIId1ebuslOllil dleladJlllOka __ bas_ ~...,.,.in die 
_of._.__T-... 

4.5.2 Card AU.-

=..~~!:"..=:."::'"~~~.Cord~=,::e.:=. 
.dleaasois __ dle_L 

4.S.l _ BIW Wrltt ..... 111 

SIowR/W_ ........... ..-...s by die.", Seq IIId 1IaIIir_ hD .... UDB 
bIoct. 'Jkoepacbal7JlicallY_. __ ........... "-wilbiJl 
......... Far.-..icI_ ......... dleR/W Seq and BuIrtr __ .-.,...ua 
_uid pIaI:a die _IS or Ihorec:eiYCd packet ... die 32·bll Cord....., R/W DoIa .... -
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BilNo. 31 

~r~c...O:t::; ... :;:-=-r:1 ,0:::-::: .... =.,'-------... ----.... -...,-.-.. -... ------::.. _ .. 
Card -.. Pllysical_ of can! in the cralC. CanIs.,., numbe:ed 0 duou,h 20 

ICCadinI to Iheir p:»sition in the cntc. 

Response bit- '0' typically indicates tim no Re&d packel response is expected after 
exCC:UDon OfUlC command in Ulis Write packeL 

T alWlYS indicateS Ulll UlC addRssee is to nnsmil, Read packel in 
response to dris Write packet. 

function· Indicates the rypc of operation to be executed by the addressee. 

O· Generic function; c., .• w addressee can c"ecutc only one function. 

1 -ID. Requesl. A.I ..... ys sent with Response bil. '1', Addressee mUSI 
respond wilh ill identif"u:ation dol>. This may include Iypc of can!, serW 
number, CIe. (sec 4.5.7). 

Others· 0Iher _ codes ... listed in Appendix B. 

Write pacers ~ssed to SCA cuds c:any • channellddress in • sw.dard location when the 
- field _lOins a 0IIde pcnainin, 10 <hanne1·..w..1 aperatiaru: 

• No. 31 

~~~o:.::;~~~~'r.F'-:-=~~~,-.~a.m.=.=~~.~~-r-----~-.-.. -~--------.; _OIl 
0aMe1 No. • ~255 _ '" _ on of the 256 channels 011 an SCA can!. 

256-511 _ ocher '-1iooJ 00 an SCA can!. 

U4 R .. d ...... ttI .... -== are pnerued by an.sdreuee UaIUpOftle 10. Write pKket it has juSI received. 
:J'ritc packss:.! r:~~ !c=:o ~~ IS soon u possibJe altftreceivin, lhe 
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If. for some rasoR. UlC addrtsSet cannot assemble ... ahd lnformallon to Insert In UlC Read 
packet ... -athU1 10 nut"mseconds, It must send an Unable to Respond Rud piCKeL. 

t! the tCDS does not receive lhe response Read pa;kel in • reasonlble tune, il can declare a 
Tune OUI condttion, send an &bon c:orrutW1d to thc addressee. and lWtanotber nns&Ct10n. 

The format fer I.encric: Read paQa is: 

~-r3~'~~~------------------------------------~ .H"::.~I 
"'[ .... 1)' 

C:ud Address - This is the physical address of lhc Rud pKkel oriJinator The phySical 
address IS the poslllon (5101) of lhe card 111 the aile in which 11 resides. 

om field· In the case of addressees on SCA cards, lhis will include lhe channel 
nwnber and olher data .s necessary to identify lhc oripn.lOr. 

~.S.5 Card Ilow Ill'''' bus Prolocol Control Sicn.ls 

The Card slow RJW bus is under the control of lhc Local Sus Sequencer funcuon on the R/'W' 
Sequencer card (section ~,9). Spec-ificanons for the aminl of operations and bus tOI'ltrol 
sipals will be developed dunn, lhe cowv of the deslln work. 

~.S.6 C.rd RIW Control function 

Eacb card in the craie has. Card RJW Control function. This function interactS with the Card 
slow RJW bus contrOl sipals. It teCOlnizes and acceptS Wrile packetS addressed to lhe cud 
on which it resides. It prepares and OUtpUlS Read packets. 

Eacb card his an intchW bus ID'1IC:"l\ft Ippropriale 10 its particular needl with reprd to Slow 
RJW uuencaan. 

~.S.1 Cud ID mecbanism 

&cb card in the aate has. Card Identif1Clnon, which can be IUd oyer the Slow R/W bus. 
The Card _OIl consiSlS of ,",0 r .. lds. a Card Type code. and I Card Serial Number. 

='rr:!nr::;~si:,:w~:==S~:u:-:.:~:.~scrial 
COIlICrlIS. 

•. 6 SeA Cuds _ Fundioall DescriPtion 

A funaional bIocI: Ilia ...... of die SCA can! is ....... in Fi .... U. The prime funt1i ... of Ibe 
SCA can! is '" nceive • ..-.. and eIi,;ti .. Ibe sip. from 2S6 analo, siJl1ll chlMels. The 
runaioos of the individual bIoc:ks on the can! on: described in Ibi. Je<li0ll. 
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46.1 Di&ital D£1a)' Function 

~u: ~~~ ~~:~~e!:iu~;c:r::v:~s~:s'~':os:~s::O'54~;~ 
:t'...':':.:.: ':~a:::~~ard~~::::,."=.~~~rn:.::=e 
""""""'I the _a .. tiOll delay is provided. 

This _ ... is done by die Di,;w Delay f .. eIi .... which can adju ... iJ1dependendy.dIe 
deIa)' foreao:h of the (seven] fastsipa1s as appropriau: rorthu panic:uJar can!. The IC'poinlS 
beach delay ... _ in Slow RJW Wriu: pac:""- The __ IIinin,lbe 1<' 
poioIS may oriJinate eilber in the enu:·. \.CDB can! (panic:ulatly wheII the enu: it nanninl in I 
__ alooc tDOCIe) or_the c:alorimetry fYSIOID .... ttoIIer. 

Thedela)' of _....., pminlduousfl Ibe dipwclelayl'ttncDonls ........... dy adjustabk. 
'J'hc nnp of adjUSUhent is 16 nsec~ the precision of adjustment is 1 nlCC. 

The I1JOals thu "- adjus .. ble delay. on:: 

l.cYcl I Aa:ept 

l.cYcl I Reject 

l.cYcl 2 Aa:ept 

l.cYcl 2 Reject 

Clock (62 Mhz) 

TcuEven,S_ 

SynchrDniaation S_ 

•. ,.2 Slow RIW Control Fundion 

Details of die inu:mal bu.1INc:IlIn: on the SCA can! necessary 10 implement all the Slow RJW 
_s will be developed as pan of the desi,n protCS •. 

• .6.3 Input Butter and C.Ubration Function 
The Input B __ CIIi_ r ___ 256channeb of ....... IiJOals _ the 
PIIotomuItiptie I'Jumps. For Primary (ICC 3.1) 1CinIi __ .. these will be _ bi&l!. 
~~.;..~=.":.!~~orR_'_dlanneIs.thesewiU be 

Thelnpulllulfcr and~ _ -_ ampfi~_ pube 1ip1als 
00 _ chItUIelI. I, _die analoll1&nal. '" die SCA _..... It abo (orms eiaht =. tum sip1alscach _tinl the inalol_ of a poup ofB hip·levclprcamp 
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Theanalo, liJIIIIs .. IOOOiYCd u sift"e-Cllded1lll1oa Iipllls willi sift"e clclay-bne shapUl,. 
These lienal' nvd from _ .0 Inpu. Buffer canI on • couiaI cable nnsmissioa llne 
baYia&. _ impedance of SO ohms. Thi. poin. will requin: ""'"' SlUdy. 

The dwuIeIs .. _ 0 10 25S. For Primary sc:iNiIIa.or chann.l$, evcn-numbmd =.:a. U1Iipod .. Iow-Ievollipllls fJom lIIe phoumuhiplier _ odd-1IUIIJberoed .0 

U.3.1 .urr.rlnl Fuaction 
The B_I __ .... 1III1oa liplli. from .... preamplifien and elecIrically 

~~..;:::~~==.~~c'::r~~IOI~· 
also provides f ...... injeclion die .. even. liplli. inIO .... anaIol siplli .......... 

4.6.3.2 Trilltr Summin, Function 

The Input Butrcr CII'd forms ci,hl sum signals which Ire forwarded 10 me Tri"er Sum 
JIUICIicn. Each IipII is .... ...., of. _p of 16 hi&h-levtl anaIol oicnal. _ .... 

=~:-:=,~,::=;'o.';""..:t=~.r:;l:~~~=~Y 
~ .... liminl ond shape of .... inpu. oiplli. 10 allow associoIion of .... 1riger 
iDfomwioo willi • ponicular beam _I. 

• _'-3-3 c.ubnlloa Function 

The InpuI Bulrer IIId Calilnlion card can insen colibnlion~ ... of pre-propammod 

=:....~-=:t::':'=~d...:~..!':::OU"YII~'~~ 
='!r':r.!~~=~-.:u~~.::.:~-of-
_boom_I-

=I~~=-~",=:,¥!~,=;:::-~=~} 
.... propammcd ampti .... is !hen insened inIO each _ channel. 

.,,_. SeA F.nctlon 

~~~s~~~ft===r...~of=:-~ card IIII:reby _lOS 256 cIwIneIs-

A _dacripoiaa 01 .... _..- oI .... SCA ICfoIIows. 

'!beSCA ICison-..Jly ___ (~tnaIo&~. 1.-w.a96umple and 
_ ...... ~ooUs subdivided into 16 cbInneIs of25600Useadl. By ....... of_, 
-.. .. ........".....,....r by .... Al.P-._ctllCIII beusi ........ oneoffour 
_ 1dI._ LcvtI I Fadinl. LcvtI2 Fadina.1IIII CluIpuI Pendinc. The Al.P funaion appli •• 
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In dIiJ 1IIDde. all grm'a Sbenne" at: n=pruenlltd in 1be OU1pUt III'ArI1., however 
oaIy 121 seA s"'nnc1s appear in lhc 0UIpUl1II'IIIID-1OIDe will be C¥Cft. and some wiU 
be-' The SCA cIiiiiDdi dill do _ .. in _ order; 

.,. .. _ - 'Ibi. is a opociaI_ ofHiJIIII.--. in wbich only _ 
__ diPlisalvalucis_a~_"_L The FIFOs ___ in _anIer: bowevte. __ ..- tnaIo& sunple 
1owI_ below __ "'ppod. . 

no ..... oI_oIlbodne_ls_via .... SIowR/W dolo bus. 

4.6.7 __ ea.1'" FuctIoa 

... SCA card bu altadoat Control r-tIon. 111..-- is .. _ .... _II1II_. 
oI_data _ .... 16ADC., .lIIferfunclion .... _ card_ .... ClOd DoraE_ bus 
_ .......... R/W Soq"JIvIfen_. 

00 Ibo SCA card lido. II...,.. ... 0IId -.. .... _ (card-IevoI) 12-10 ....... dolo bu •. 
Allllta LcvtI2Moep1 =: 1IId ....... _ ........ maJoa-diftol_ond FIFO 
::: it~_ - __ • .............., __ OondcndiDl 

~~_oI __ from ..... dlanndis-.plisllod __ 1iIIIpIe 

Doa~-OenoroIOd by .... _.ControI F_. 1lIisisa_JIUIinI 
~~~'":.i:"'_""'is __ "'''''ADC''Buffer-

• DoaIloady-~by""""""" ___ ADC".uff.r-tIon. 1lIis 
_1fw ........ I_ ............. _ ond isOlllpUllin& an _data _ ... 
~ ill _.u_ by .... _of .... lD/DoIasiplal. (Ia .... ___ -. 

~==01_'_"beaelf--'_dopcnden,of"" 

ID/DIII- Goncntod by Ibo --.. Control "-'ion. A '1' NIl_lilt ADC., 

==::'='::':="':"'~._IO-' .VrequcslSUID 

==--:'-~:':'=~~FuncIion. ApuIac ... 1his 
A_~oIlbo ..... ""_oI .. _. __ .... _ 

FInI, Ibo Dora a.a--.. is puood .. channel cr. ADC., 8uffer functiaoL The Data 
-, "-' is_ The IDIDoa IipaI is ......... '1' __ The a.-IID far __ 0' ........... __ noDDoia .............. V-. no __ 
_ .. :;:: .............. w... ......... a..I ................ -.lI = .. bt-=-~~.:.:..~==~:= .... _ .. Ibo __ lboiaSldlannd.wbichlipllls .... endol .... nadoulf ....... 
."IIIL 
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.... _lical ... erin,ldd:o .... 10 all 256 channel.. All 256 chaMeIs an: !heref.,.. opemUlI In 

precisely the same manner. 

The SCA Ie can sample and """,lIIelo .. 1 of anaIol inpulS ... 62 MIll ta ...... can 
Iimulaaneously acre and rclricve anaJos; samples from twodiffen:nl cells. It IS lhercforc 
capable dDXin, and seleclin, sample. d liplli. _ .... _IiIIaD'" c:aJorimcIers in 
_ willi .... LeveIIJ2 Tri"er PmtDc:oL 

The SCA _ has U ilS inpuIS .... 256 anaIo& lienal. from .... 1npuI Buffer" CaliInIion 
func:Don. 1bese siJnals m sampled and ston:d. II • 61 MHz ntc. in die Level 1 Pcndinllists 
1n_IOLeveII and Level 21ri&Jers...,..,.of .... ......, samples an: __ 10 ..... 
0uIpat F<ndin, 110'0 ( ...... an: .... sunple ..... van.1O accepced evenlS). All _eepUlI 
oecessuy 10 accompli.h Ibi. is performed by .... Al.P funcIion. Awoe sunpl .. -..I UI die 
0uIpu. F<ndin,lis. are OUIpu.1O 1110 ADC., Buffers funclion UDder """DOl of .... Al.P 
funcDoa. 

•. ,.5 ADC and Burfers Function 

The ADC ., Buff ... funclion is physically composed or 16 ADC in ..... '"" _IS- Each Ie 
c:OIIIIins 16 12-bi. anaIo,-U><Iicilll con..-n. plus 16 clicilll FIFO buffers dill can -- .... 
I<SUhs of .... iaSl four analoo II) clicilll ccnversions. The ADC ., Burrers ru...- on an SCA 
canllhen:by accommod .... "2S6 channel •. A conversion Ilk •• 32.....,. '!be .... 11 of oach 
conwnion is. 12-bi. number. which i. placed in .... f_-word FIFO buffer f .............. 1 . 

The_lion of .... ADC., Buff ... funcn... is _led by .... Al.P _on. Under 
_ or .... Al.P. each channd or .... ADC., Bun-... function RCCi ... an anaIo& .... 1 from 
.... SCA fUnction. The ADC., Buffers funclion may opeme in eiIher d_ modes: • sparse 
mocI<; ... DOlI-spano DIOde. 

In .... __ spano mod •• each ADC <hannel perf_ an -I--Jilll _version on .... 

=-=~'""~=!~'"';~=.:::~'";"~~. 
_of .... conversion. Di&illl_ dill readI .... _of. FIFO _ .vailable., be 
nnsfem<! 10"" Readout ConaoI f..,..;on. The_is via • ioca1 (canl-IevoI) 12-bi. even • 
data bus. willi tppn>priaIe _Iiplli. (sec Iller seclion fer clellils) . 

• _U Selection of E_I Do'" Mode 

Thesysltlll conlrOller. vi ..... SIo .. R/W bus. may ccmmand III, ADC ond Buffers funclion.o _ ond __ for _n, .... evcn.data ..... it nnaIers ...... _. 0>aa0I 
fIuIcIirxL Thednc...wIiD,_.of __ .. : 

All ..... _ - ThemullSofall256ADC ___ aNd in_ic 

order; 

Hi&1IIlAw _ - Analo& liJIIIIs _ primary aciDIiIIa .... (section •• 1) _ divided 
inIO Iow- ond hi",-ran, ... Each ranee is .......... y d1ciliaod- Ia Ihia -. only .... 
.... Iow_ clipized value is nnsfem<! (evcn-a __ ........ ) is nnsfemd. 
_Ihia value is I! .... __ end of ill ran .. (.09S). If .... only .... bi&h-raoce 
clipiJedvaluc isnnsfcmd (odd-n .... _Channd). 1lIis_isindividually 
made on each channel few CKh cyan dala nnsfcr. 
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NOTE: ODoonaDy. for. non-sparse mode.lhe time 10 rudout an event may be CUl in halt if Ihe 
Readou. ConDOl fuaaion keep. ill IOID ... tino in .... V ...... ond pulse ..... Read Transf.r 
dock _every word is nnsfem<!. In Ibi. fashion.::::\ evcn.data word. __ on .... 
="'~i.:!::...-_in_ inlO .... Card- YCD.bIock (sec below) by !he 

The_ islilDilar fer .... spano DIOde ••• cepI ............... wilhoul an ..... data word for 
dill evtn.liDt>ly pasa ......... on 10 ......... channd _ ...- ond wilhou'_1 
DllaRcady. 

_.0I_a. aIpaI ........ =. for .... 1ocaI_ dolo bus will be_loped in ........... 
of .... -cn _II1II will appear in Appcn4ia C 
The~CaatIaI_ Jllhersond _ .... doIo .... an __ • ..r
_,_ ill aClnl-E __ via .... Quo~DaIa bus. 

'!be __ data _n,perfcnnod by .... Readoul CaaaoI_ iDch*s; 

Eapanclcach data word n:cciYCd on .... ioca1 dolo bus from 12 bill .. 16 bill by-I a..a.CGdeIidd. wiIh~""'u_In"" __ bdow. 

As.~ ........ Clnl-EYfIIl bIoct.add dnel6-IIil_a-dNumber.E_ 
Emir Code. II1II Lewd 1 TriUer NUJDbcr. 
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'J1Ie _ ala ConI-Event block 0II1he ..... -. Event DII& Bus is: 

COMMENTS 

vent ue 
12nd) chlMCl 

eU:. ) Repeal Channel no. 

l--lI------:eu:O::-. ---l) and ..... 1 daa 6eIds 

A descripcion aI .... Crotc Evatt I>oIa Bu. is &i- in _ 4.1.1. 

4.'" Address Lilt Proeeuor Function 
AI __ In _ 4.6.4. _ -"'I ~ cell In .... SeA is usillMd _ of fourcdl 
_, Idle. Level I Pendina. LcvcI 2 PcniIiIlJ, and Output Pendin,. TIle Address US! 
_ IAL.P) performs .... booIdtecpin, in_ in lllipina and -.ut, .... _ of 
_cdl 
lntcmaIly ..... AL.P moimain. four lists of cell _ .... four lists .,.,.,.spoodina to die 
four cell scates. In. !aCt (power up) condition.1be addresses of all cells ate assicned 10 &he 
Idle list; .... __ lists ... .....,.. Aftcr_. ucach anaJo';E1c for_ beam 
_a a_ by .... SeA. ............ oflhe cell boIdina dial is",- in the Level 
I pcDdin,liIL A Levd 1 A«epI Tn" ......... Ihe _ allhc: boldin, .... cell from Ihc: 
&ppn>priaIt beam _, ID be...- in .... LcvcI2 Pendin,IiIL A LcvcI2 ........ .... 
... .:r::t:celI_-dial bSlID~ in 1he00tput-', IiIL 'J1Ie_tents 

:"diJjdIorion. "'==;~~~, :::.:..~~--==':!'~ 
"-... _lDtllcldlclilL 
ADcelI __ ',d _ .... AL.PandIheSCAavla __ ,_ 

__ One _Ihe __ allhc:"" cdlIDrcc:civc anu-UnallWo& sample; Ihc: ocher 
-. .... _ allhc: .... ",,0 ID be diJitizocl. TIle ADCA Buffer Function _ the 
diJitiwion ala umpIc upon nccivinaa DiJitizc c:ommand from Ihc: AL.P. 

2549 

•• 7 PM ea ...... M .. hor C8nI 

A_<III.- far Ihe PM c..... Monitar CIrd aln fipo 4.7_ EacII_ pcrfonDI .... 
faIIowiD&_f«tllcl56~ .. bes and~ ..... It",-,,: 

o..-"iI~-=::""-::Is-:==-1,.",&:,"~~DoIa 
C"'''::'''"':alcidlcrlheJ.a)Bo<lhecalorialeay __ . 

It _ ......... ~ allhec:ollbnrion ...... puI .. injected imD_ """'" alaJlu 
~ficrsf«_. This_II via nDACs,_ alwIIicII ji-kiIcI.I via 
.... Cold Slow R/W DII& bits. 

• 1l='h'nMfnhln'" injIcIiaD 0I1bc chlr&epube iaIouch IIVUP oIeiPt 
~ 'DllloonaoI a via a 32-11it IIIdt, IaotIcd via .... ConI Slow R/W DII& 

1& -. .... d .... allhe 1njocIod ...... puIsc ..... a_pal 16_. 'DIll oonaoI Is via 32 di&itally -.od lime delay&. _ alwhicb .. con_ via .... ConI Slow 
I/WDoIabits. 

1&_ .............. 11IIIIIIII._"-""- nIs_ II vial56D1\CI, 
_ aI wbicb a-au.d Via Ihe ConI Slow R/W Ilota bit •. 

It suppIjcs'" power .. Ihc: pnompIifier cotds. 
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The Al..P bst processin, i5 identical for lxKh sparse and non-$pUSC meade$. 

The Al..P bst pnx:cssin& is stimulated--i.e., controlled--by the four D'luer siln~s: Levell 
Ac:ctpt:; Lrvd 1 Re~ ,Level 2 Aca:pl and Level 2 ReJeCt. The procc:ssm& IS nmed by .the 6~ 
MHz ,kick.. Upoa n:cclvin& • CIrd Reset, The ALP puts all cell addresses in Ute Idle list. 
WI><n ConI ~ is ~ Ihc: list processin, bcJins at 00«. 

'J1Ie number aI celI_ available ID Ihc: AL.P is equal .. Ihe number aI copacitive .-,e 
clemeNS per c:bInnd of the SeA. This number is frozen inlO the deli,., of the SCA. and must 
likewise be _ imolhc: desiJn of Ihe AL.P. 

Cauln operabonaI'cmn' may oecur in the operation of !:he ALP. Fer compte. an 

~J.~::t~!.~~~:¥:.~=f=u~i::aal~'in 
available in the Idle lisI in which 10 sum incoming data. which would thereby be lost. Means 
of detcClinl and reporting these trrors will be developed in the desisn process. and an 
IS5CSSlDtnl of the cffea on evem data rehabiliry will be made. 

".6.9 Trillu Sum Function 

TheTriger Sum funcQon consists or t6 Triacr Sum Junctions. Each junc:ti~n f.C?1onns I 
c:onlinuous anaIo& sum of the 1I1a101 silnals in Ute hip-level nn&e or ei&hl san~lalDl' 
dwmds. This poupm, c!fceuvely defines lOWers 0(0.1 radians It 0.1 in rapidity. 

".6.10 Noolinear ADC Function 

TheNonlin<arADCf_ consisu of 16 Nonbncarl-bitADCs. Eac:hdipnus dI ... &Io& 

=::ene~~~~~is~~~~~ic':~n~~;::,d:~~='~:~ 
clock. 

The span of .... anaIoI inpul liral is equivolenllD an CMrIY no .. al300 Mev lD 
~y S Tcv In .... scinlilJalOr _cr. The diJilal 0lI1p11l is an I-bil aumber. 

The non-linearrdatiOll berwccn die value of Ihc: diJilal 0II!pIIl and Ihc: anaJo, inPUl wiD be 
JpCCified durinalhc: dcsiln process. 

t.6.11 Fiber Drivers and Control Function 

~':s=.u""'~.:=:!umr:~~~ai&r"~~c:.':'R'::' 
Driven and Cmaol FIIDC1ion consisu of aah' Fiber Driver and Conaol_ons. 

Eacb _OIl ocquim .... apI-bit data words from _ Non-Iincar ADCs every 16 DIOC (each 
Iict aI .... 61 MHz beam clock). It assembles die lWO Cilltl-bil -. imo a l6-bit Triper 
Tlct· ........ TIle pocta is _-encoded intO an 11- 0< :10-1111 won! lID maintain Wequality), 
bit-scrislized and OU!plll on'" an optical fi ..... One or twO synchroniwion -. .. inscncd 
iDID .... daa mam pa;odicaIl)' '" CIlSIIIO won! synchronization at .... rcc:civin& cod. 

'J1Ie bit-scrial trUlSlIIission speed on Ihc: fiber is appro_ly: 

llbits/pacltct a 6lal()6packen/scc.1.I2Gbitisec. 
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AD .... ohoYe II ........ COII>eyOd oia _ ol cables _ ..... PM eum:., Mon;IOr cards ond 

::: ~~':J~f~~chle~.r.ysjcaIIy eIosely coupled 10 !he p/Iooo<ube.). The .. cabl. Nn. 

The __ ad! sincJc _Iifie<cord 1I1d!he PM CUrm>1 Mon;UIr cord include. !he 
faIlawin'liIJIII poW pills ID -.we _ ol.....,.ol ......... , 

• • wile JIlIn..,... _1IpuJ.ean.m 1ipaIs .. tile PM CUrren! Manisor cord; 

• wilaCOllYiD .......... be lIiP·voIlIIC ca"rolllpllls .. die _liIIerc:ord; 

I wile (poir) COIIYiD, die irljocIian ampIinldo .... ""IIIIJIII; 

I _ (poir) COIIYiD, die injoclian _II .... (_liminll. 

Of die above ,; ...... 111 b." tile last ... (slow) de II1II0'11 ...... appuprialely fiJlend far noise 
;;;r" •• :::;, •• ·n,.~.r.- _II .......... be COII>eyOd with liminl !'=ilion II1d SIabiIilY 10 

~'::=~~~=h"!.:!:~~ftci~"I1""'issd_byth. 
The _1I .... _II'na1 sdeaion is -...oDed oia the Slow RtW bus. Recepaon of. Slow 
RtW Wrilc pack .. thai performs • __ wilillso couae !he ADC .. be lrigen:d after. delay 
~ ...... speed ol .... in!"" MllX. The ADC.diliw _ ... read 0lIl_ tile Slow 
IIO~""==::'~' ~= .. ~!he __ , Wrilc podIcL (Then should be 

The de 0IIII= si .... far ........wn,. pbocombe·. hiob voIIIae ClriJiaaICl irI_ ol256 DAC. 011 
.... PM Conenl Mon;IOr coni. Theae DACs ... 1oaded oia!he Slow RtW bus . 
The de_aoIlipIIIs far _, .... ~nIdo olcharp IIpIIIs injooIed _~in IS 
... --by 3l12·biI DACSOll .... PM Conen. MoniiiIrconl._ DAClarcoCb _: 
.~-. 110ae DACs ... lIso Iooded oia .... Slow RtW bus. 
The -. ol .... -.. IIpIIIs injooIed inIoth. eilhlpnamplillor illpuu OIl. pampIiIIer card 
... ~ by ~ 3ldililll ~ IIIIiu 011 die P~ CUrren! Moni ... conI. Each aallcaIIR>ls the :!: oldle .. __ ~ ... pnompliflCtconl. 110ae delay ........ 1rDIIed oia!he 
.... L RtW bus. The iadivi4uallnjocaoo -. COlI IIso be __ ... disaI>Ied oia .... Slow RtW 

• .1 Data Collector Csord 

The r..caon ol .... t>ua CoIIecur Cord is .... _die ...",_ from aD SCA cards in ...... 1I1d 
~~ -. .. UI aptica! fiber ....... LCDB block. A ..... may ca".in up .. 12 SCA 
-- A bIoct diacr- II in Fipn .... . 
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~. ___ II""'" _ .... DIll Co1IocIo<CIId __ .Lewl2Ac:ccp1 

="'='==:~"":":':b:"~~=:"~~thaI 
~"=;"~~-=;:>;:::'~~~a.!.~.=" 1IIcI:t. ___ .......... ___ ~by ................... _L 

... \YIiOII~-.. .... DlllCal*aClld ......... SCA __ from SCA cords .1IIoj......... II ...... ___ .. opiCII_1isIIo:iarllo_ia _11 ___________ ' ... _ia .. _of 

SCA_loIao:b ...... by .. DIII Cal*acan\. Each, _. II......, wid! III E ..... D>. __ ._OIIIity .. _ .. ___ -.....-...uy.campIac 
_ol _ _ " __ "'ponicuIar_1I. 'I'IIiI __ beRlqllind in an 
SSC __ ... -,oll0J4 III1 ... ___ ..... _irl ___ . 

'-&.1 Csord E_I Dala au 
'Il00 __ ... _ SCA cords .. DIll Co1IocIo< cord II oia. JqIHpood bodo:piIne bu •. 
..... -..IIiIlHPOOdIqlics.I6-III. __ ... ol31_. The bus_ol 16 __ 12c1odiCa1od IIot painIIn (N _>.IIId. _ol __ __ 

_ ol ........... _DlllIIos .... _III"-*A. AI_-.dIe 
...-.wIII_lipo1lioo_aild1ilDllllill_ol ......... _-.. 

uz '--or 01 IICA_ a-. 
.... DIII~CIId_ .. _ol.~SCAClldby ...... ........ 
N .......... lIotirl_ .. SCAcord_ 1IooSCACIId_ ........ __ _ by-. .. ~E __ It ___ .... -.-.~ ('I1Io_ol 
__ 11 ..... 1114.6.6.) nolilllinaol .. _..,...._I1.....uodby .. 
IIoIa~CIId .... ___ VIa_ol .. __ ...... SCA 
IipoIs"DlllCaIIocwClld_"IaII_ol"_~E __ II .. .. 
__ noDIII~CIId ___ "N1IIIo"'''_.SCAcan\. 

_III SCA __ WIIIIfenod .... Clod.- bIoctf ..... __ .. DIII 
~cord _____ LowI2~ ...... 

4.I.l CnIo-E_t a ..... 
.... .".... __ ........ DIII~CIId.=::: ... _ ............ _ :,r--_ .. _ ...... __ nII _11...-•• 0._ 

Aa-.a-_......., ....... ol .. .__ ___ SCAClldl'llidlatill 
........ _by .. __ ol ... SCA-. ............. __ -. ... 

--.. by._-' ....... ol.o.e-aw._iI: 
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(1!6:1c::Jc:::~1::::~~:::::~ 
'-&.4 FI .... F_ .... 5,.., ........ 11011 

, ... 39 

~..:..w-::.~.'3':::...~~:...-:<c=..":n"":':J;.. 
:=. .. ~~~=::::..~~::.:.'::.r:e 
i.c.._ .... CIIdoandVIllue ......... Nu1I __ y"'_~_'" 
_. o..-E_ block, and ........ discanIod by"_. 
The ................. CIDIIIisbina IIId a.inIIinin, _1IId -1JIICbIooIIIIIo will ... _--...sduriDlthc ....... ol the dell .. wert. 

U a/W~C8rd 

A_ .... ol .. l/WS-cardislll~ ... 9. III1 ........ ·lpan ....... CIadt 1IId1kilFr .......... and .. 0aIc _ RtW padi. _ ol __ 10" LalB __ II 
___ !rigor Ii&nIII from .. CIadt andl'rigorpodl and ___ 011" 
......... ol ....... bywlaicb .... 1I ........ distribuIid .... __ 11_ ... bi· 
__ ..... _ .. cansilDwRtW ......... _IIId .. a.._RtW ..... ... --. ......... ..... 
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:=. :::,:c.:.::=:..:u'tl:r=.':r'::=-'-=';,.~ J:'t&:::.1ioo 
~=~~~=.:"c::.':.a::t.::.=;~~~'i"""; 
-.: and a c.aa.nwucoaan JIlIn. AD ........ CPU and ~nrico""" Port fllllClions DO 
dupIicoIaI-i. ... _ ill ___ bIocI< foreadt 01 ............... dill .... LCDB ......... 

4.10.1 Bulf., M_.,. F .. ctlon 

",. _ __...-01 .... - ... _- ("FiJlft •. IOb) iI .... ul 

=-=.~--=:':::"":"'...:E'"_~~=t"~=...s ... ~= 
U. 
",._ ... M.ay_ .... __ 01 __ includinJ: .............. forloc:al 
1IIIIysis.00111_t_.dIu(IIId",~,IIIem)iII_forla ... _ 
_._ .... E ..... 0IIIecIar I aymhesiJod oaol.-. diu fordilpallic purpcII<S. 
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As soo"'" in Fig 4.9, ~ch of the sc\'cn fast signals on the Clock and Tn"er pith IS received \"Ia 
an opocaJ fiber. An opnea.! n:cci ... er fOf each Signal IS on the card. The ~I ... ed SIgnalS an: 
repealed OftlO the craie backplane. The Crate slo,," R./Vr' path that connccu the R./Vr' SeqI.tC:RCcr cW 
to the LCDB block eorwsu of No'O fibers, one (cc each du'cc:'aon or commwucaoon. An opocal 
~lvcr and an opDal nnsmtntr 10 uucriKe 10 lhese rwo fibers ut on the f;In1 

4.9.1 Local Bus Sequencer function 

Signals n:c:ciYCd over the Crate slow R/W path arc nnsfcm:d verbatim 10 the Local Bus 
$cquencer (unC'lion. These ftICCi ... ed signals will be in the farm of 32·bit Write packets (section 
4.S) IOCCther with synchronization and ~undaney biu. All packets received by the card will 
be tntended (or this cn.te; &be LCDB block is responsible (at Idecl:iDI and forwltdin, only 
1bose Write packets chat arc relevant to dlis tnlC. 

The Loc:aJ Bus Sequencer function n:c:cives the incoming continuous bit-serial SC'Cam 
origmated by the LCDB. A IUle pan of thIS Stream ",ill carry nuU words, whose purpose is to 
EDaltlWl"l word and bit s),ndUOnlUition at the receiver. The (uncDon performs a scnal-puallel 
con ... enion on Incoming words and extnlcts those conlo'eyin, Wnte packets; null words ut 
discarded. It aJso performs a redundancy check on the word ronvcyinc the Write PK"keL U 
lbe redundancy check is OK. the Write packet ts placed on the Card slo .... R/W bus. to,ether 

s:~ne::isC:~'R~~~m:,~~ :,:edMrk~~~:m ~ Bus 
paraUel-seri&l eonversion.1dds synchronizauon and ~undaney bits. and ftIIsmlts via the 
Oate slow R/W path to the LO>B block. When no Read packets Il'C wlinn, to be 
nnsmined., it places null wards on the out,oinc Oate slow R/W fiber. 

The: concrol of me transacDons on the Card slow R/W bus is described ia Section 4.5..5. 

Received WrilC packets coraininC emn IS detected by 1he redundaney check Il'C not 
(orv..'uded to the Cud slow R/W bus. The Local Bus Sequencer function prepares and 
aansmi.s a psuedo-Read packet infonninc the LCDB of the error. 

4.9.2 Slow RIW Control function 

The Slow R/W ControIfwtaion on an R/W Sequencer card .... identic:al funclions ID those on 

::rS=~t~~C:SJ=c:,1:~ :'I~':~t!:.: ~~. C::f~~':; to 
detect Write pacbu Iddressed to the slot in which the R/W sequencer card ft:sides. and to 
apply the pacI<a alii ..... appropriaIely 10 the Opcic:al Recoi ... funcIions. 

•. 9.3 Optical Receiver function 

The aplic:al ......... __ the opcic:al sisnaJs ..... ved on the fibm 10 c1ecuic:al sipWs. 
wbich an: _aed ID .... other CITds on the en," bockpllnc. 

UO The Local Compuler Ind Dill Burre .. (LCDB) Block 

The Local Compuv:r and Da .. Bulfm (LCDB) bloc:lt, situated II Ground Levell.1<tS u the 
iruerface between rwo Front-cnd blocks (cn.tes) and lhe pan of the calorimelry 1)'$ICm located It 
Ground Level n. A tentativc block diacram is in fiJ'ft ".IDa. This fip&rt:depicts the main 
functionallties of lhe LCDS block; however.lhe precise wly in which the funcaons ~ pamooed 
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4.10.3 Slow CO .... unlcal...... Fundi ... 
11IiI_ (o.1Ipn 4.I00I1_II1II __ Wria:1IIII_ ............ Iiarn.c:m. 
;:~~SIowl/WpodI. ""'-..,II1II-. iI __ oI .... C'U 

CLOCK DISTRIBUTION 
AND LOCAL CONTROL· roR TESTING CARD 

.. -=-----

4.1 .... c-.Ica_ I'Iort ~ 
111<0 ; t.· __ II._ ....... EdIcmCI·IilleCoas_. t __ 
Villllil-.It __ ...... ! •• _~Lcvc1 D(coIarmay 
_-..IIer).II ....... - ........... CPU'-...... bil· 
~a.-aC'UW ............ -....... .......... __ 1IId ---.-_. 
S- I I .......... oIWri .... IleadI'l' ... --. ..... _RIW 
poda. o.Jw_ _ wfII .. in ... rormol_ ......... _1IIods 
_.,.IOIfnxnIheCPU func1ion. 

4.10.2 Clock Distribution Function 

This func.oon (see figure 4.IOc) is responsible (or supplyin8lhe fast ~lgna1 set ofOoek and 
Tri"er SlgnalS 10 I crate VlIW CkY.k and Trigger pith. The set of S11nals may bave 
oripnatcd U1 either of rwo places. Dunn, normaJ cVCJla-Wa.n& opcn.uon, II wiU onpnate in Ihe 

:",~Y lfSIe:s;:=~n~~=::..YCI~=;:::Sif=Y 
In die I:z.t:. ubiavy panem. of ...... 1 1II1II ...... 12 lrinen ...... II1II .... pubes .... be 
.... ...-.... er lb. oon,,01 of Ih< looaI Cl'U funelion. 

Scleaion of one or the other ~ of che: fast Sipal SCI is via 1hc MUX. which in cum is _ by Ihe CPU f_. 

Tbe ~PDon delay of each of me flSl Siena) set Wou,h the (unction is under conD'Dl of me 
CPU funcuon. 

SLOW R/W CARD 

rt,u.re 4.10d 
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4.10.5 CPU FaDellon 
11Ie"""'0I .... CPU _ is. ____ .... wi1hin!he LalB pKIrqe. 11Ie 

,,",,-,",wID .. buod .... f .... 3l-bi1 word·size. ~ <_ u .... 68(40). 

"wiIl"~by'IIIIIIIROM_.J..':='=I_""-==- ~~~:fu~ude';"·';';;If""'::':=r..=:-
~~~~==:r.::=.= 
~- d~:=~":~;-':"c:aa-icaIion_· 
1kCPU ........ _._oI_ Amona--

o.tnIPI 01 Slow RIW _ualalloa • The C'U .... u "'1ocaI pan ... !he Cmm,, ____ .... nIr ..... Ihis-. ... C'U_s!he 
_RlW_<s:ammandslliarn ... ..-y_'. _ 
__ .. cilherol .... LCDB' ........ lIf __ IO .... ::=_oI 
::,';!.=~..u:~==i:::.sa;.:S~~kct. 
_lIIIIpuood ........ C'U. 1f~ ... C'U_ ... Ial_ ..... --. 
'!':...m.;::.::::r-...:!o."":n=::':~:-'::'':'Iw • ___ .... _ ...... u ... __ . 

.... TrI ..... Gtnenlloa • By _ 01 ill __ ... Clock Distribution 
_,!he C'U func1ion can choose _ __ 01 .... .... _ .... Ful 

~:="~!:'':::~:C~~~~~'GIoboI __ 11I<_il_
durin

llllnd. ___ . 

~ =:!":.. "'!":J.i.:.. .... pncnDca 01"'- ...... ...... 1haI1njocl1OSI 

..... ..-Oponlioa • Once: downloaded willi ... ftquisiIC appIica_ ~ .. CPU_ ............. __ iII. __ ror_ .. 
-..-. llllhis-. ........... "_uaedy. Ifpon 01 .............. 
--"_ 11Ie CPU wID be .111 ... _ .... pncnDca 0I-.ry 
...... tlLcvclI .... Lcvc121rigers. rorCllllllplo, u DIIIioaod in _ 4.10.2. 

AaoI_oICnI. E_ lito .. ·TheCIU wID ... IIIe ........ ___ 01 .... 
a.. E_Daao _1haI_1hrauah ... 8a1f .. -,.-.a.. 11IiI_y -iI,ror ............ .....,.. ... ,.,r-oI __ liaill .... __ 
-. .. __ IIOIisIicI. ... . 
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APPENDIXES 

Ap,..dIs A • Vall_ E_I Do .. Formal 

At III poims in .... _ .... 1 dIIIlftlllliformly fOl1lllnod IS 160bit __ Each _ has 
_1Idds:. '-bit Cede IicIcI. and. 12·bit Value 6eId. 

I~I Vllue 
12-bits 

1be foUowina: table lists the codes and lhe value ranees expected for each code. It also lists the 
point ill 1M $)'Stem It which the coded word is insencd inlO the event da~ stream. 

~ 

rCODE NAME SOURCE ~1~gi 
uU Word I Dalll:oUector IU 

Beam IOssovor NumO<r I 50. <;onI/RO CorlllO 1"'-: 
.o. Ul'lI .101 NumO<r 1·o.canllRUconao IIHU 
.o. "'"' UllMet NumDer I'LA er I ... .,' 
>:vent UIlIDD I·LAUlWAlJ<,; I"""" 

I .o. Ul'lI t:m>r .l.A uro 1·"""","Ia •• e 
[l:riCr1 Accept umoor SCAI..IRl/KVum"", I ().«)9~ 

O'Ite umoor Data CoUoctor 1(1-
I SWl ofBIoek Data Collect« 10 
I End of Block DOlI CoIIeClor 10 

110 I Wortl COUnl LDUSBulfer 10-0<I'I: 

Null Word: NulI_ 1ft UJOd IS '8Um'to _ .... _I)'lICbntniZllioa 011 
dill JIIIh. '!bey _y be JDII'I*I out 01 .... _ by __ buffcri1l.fuIlI:Doos. 

SCA ConI_ Numllor: TIte pbysical position (card slot) 01 .... coni in tbc Front-end 
cntc. 

SCA Card Cllaa .... N_ ..... : Fer primary (non-redundlnt) ICintilllton. • ....,. 

=~=:r.:..~=::=:.:=:f'';::::'':-~ 
Ii&nifi<lnt bit 01 tbc SCA c.nI 0wuteI Nomtbor. 

E_ Dolum: TIte mqniaxlo 01 lb. Jianal for I ponicuIar clwlnol. 

2565 

'1.0 SC A Card Dlal .. 1 DeI.y Funetlon 

011 tbc SCA cord. tbc _ delay forCKltIianaJ in .... Fill SiJDl! lOt _y be individually adjusted ="" ,..;=:..nn.£.y 1:" .:=:~';'~ ":.t. "':..';"'o1U' ~ =-;:r.=. For 

='::":.:..~~~r.:.~yadj-.. TIte ..... oI.adjustmenti. 

TIte ...... oItbc Fill SipII ...... _adjasllblo deIa"ODd _ Dolly 11)'1 are: 

Level I AooepI (DoIay ID. 2S6) 

Level IItejocI (. 2S7) 

Level 2 Aa:ept (.251) 

Level 2 ItejocI (.259) 

Oodt (62 Mhz) (.~) 

TOIl Triuor (.261) 

c.nI_ (.262) 

1110 _ 01. typical Slaw R/W Write padr;el.ctin& tbc doIay 01. ponicuIor lianal iI: 

• .. - I;,~;, I 
13.0 SCA Card Callbnollon Funetlan 

13.1 HII pallirn pocket 

1110 CItonnoI GnIup ftcId _. _ 0I16 ........... wIIicb tbc HIt l'IIIImapptios. 
(no fcatrloulliani/iclnt bill 01 0wuteI number _ cai __ tbc 0wuteI OIoup 

~~'=!"!""""ar:: U="inc::""~""O.c~:::!I:"= 
wn_-aoIs .. upcIatc 16of .... 2S6lillinlho'-'.ulfm~,..;-. UplO 
16 sud> Write podI:oIJ are '*"IIIf)''' define. HIt ..... _.III2S6 .......... on an 
SCAcord. 

"~_""·M" 
., 
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seA Card Error: The folio"ing able usa the significance of \lanous error \ iJucs thl! 

bave been asSigned More lS.Slgnments may be made as lhe design progres~s 

v)\1.~" >Ju"u-.~A.~,-" 

IV _~_~_~Jror 
1 ~"UlleT vvt'nlO\lo 

I' ~-"-"Wl.,vven..". 

I' _ Dus)'~.unaDle 10 ~spona 

~ 
~ 

App~ndix B • Slow Rud/Wrile Bus Pickel Formats 

The basic specifications of the Card Slov.' RJW system art lJ\len in Seelion 4 . .5. In thislppenchll, 
the specific fmnats for many of the Wme and Read packetslJ't hSlcd.. 
Each rype of Write piCket has I unique FuncDon code. 1'btse function codes have not yet been 
ISSlgned. 

BI.O Cud m mecbanism 

Each card in the C!1.te fmcludin, me R/YtI Seq and BufTer card) has I Card Identification, which can 
be 1<1<1 OYer .... Slow R/W bu •. The Card Idenrifi<lllOll coruillJ 01 rwo fields, • IOobit c.nI Type 
axIc.1Ild a 160bil c.nI Serial Number. Each unique card type has ill own c.nI Type c:cdc; cards 
wilhlIl dtat type have I unique serial number. The format for .... write packet nquostin, I card id 
IS: 

B.~ .. ~3T'~~~~~~ ____________ ~ __________________ --; 
H ";'",.:~ I '.~ ::. 

1bc fermat for Ihe IUd packet ~sponse is: 

"No.31 L '$ 
lolc::.~ _ c;;::- f 

o 

By melDS of dais mechanism. I remote system mnuuDu can 'map' the cratE CCllltenu. 
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83.1 Ruel Hit 'auern packet 

This faCg 10 zero all Hit haem bilS stored in 1M Input Buffers Hil Panem rcpstcr (all 
2S6 channels DOC hit). 

... ,.... ...... 

Il.3 Amplilude Conlrol PIckel 

A 160bitfield carrioJlho Calitntion Pulse arnptitudo fortbc SCAcard. Any suboequent 
Test Event S~I __ by .... card will inject puIsos 01 this arnptiaxIo into clwlnol. 
enabled by tbc Hit Panan ,",isler. 

.... 0 SCA Card E .. at D ... Mode Select 

Section <.6.6 tim lhra: dill mocIcs for .... ADC and Buff ... _ 01 .... SCA coni. A 
ponicular mocIc is _ by' Write packet. The format is: 

~~ .. ~3~~~~==~ ________ ~~ __________________ ~~r·; 
Uc::.-I~ I Z_ JI 

............. (1...,: •• __ 

............. ·11_ 

,.a._ 

• 
I 

I 
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B5.o P~OIOIu'" Moni.or Card 

8S.1 PM MonitoriDI Ch.nn~1 Selection and Readout 
~ of tbe ponicular"notorube wIIose_ cUlmn is 10 be monitored is """""piisht<l 
VII ': Wnae pICkeL R~Don oIlhis packel by • PhOlObibe MonitCl' card Cluses Ihc a.uTent 
~ .. be trigend I0Il 10 _lop I 12·bi. number roprescntin, the .,._n vliue of 

'I1Ie Wrilo prrcter f_ is: 

• ,.....1' ... I 

'I1Ie JteadplCltct ;"_10 tbe ...... is: 

BU .......... HV ... 

=t.-=I~~r:ototUbe is_trOlled by IDAC. 'I1Ie fOllllll fartbe Wri .. 

---"''''''1-

B5.3 o.u.. AmpII'ude _I 

no rom. ....... Wlilo prrcter ..... _. ponicuIar DACu: 

• a... ................... 11_ 

.. dIis Writo pocket. the 1M _ si&nificut. biu of the ar-J No. field aeIect I ponicuIar 
DAC;tbe ......... 01,,-, bia _ ·don· ..... ·bi ... 

o 

I 

I 
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8S.. Control or Timing and Disabling or injection It robes 

The format of \he: Wnte packet that loads a paro;l.llar lnj«tlon TurunC delay IS. 

Zeros ·13b .. 

The format ftl' enablinJ/diSlblinc an injection saobe to • peamplifia- card is: 

Zeros-15b111 

Appendi .. C .. Slow RndIWrite Bus 'rol«Ol 

Appendb D • SCA Card ;" •• ma1 dati bus 

Appendl. E • Cn •• Event Da'i Bu. 

5.WorItBroakdownI1lUClllft 
'I1Ie _ ~ SllllCllnfartbe lcintili.atin,colorimcter 
dcca'anics is showh below. Each subdivision inc:ludes I shon 
description ..... lion, with tbe description is Section 4 defines 
Ml.it is contained in Ihc IIU of me work breakdown SV'UC1W'C. 
Nolo 10 ..,.. .... '" SOC WBS tIUIItben n:pLace tbe Ieadin, 5. by 
5.1.3. 

5.·~==~simull".desianond""critical upec:u of .... _ an: _ ;" this _aerY. 'I1Ie 
~clesian_lIcld II the end of thi • .,- wiI1 be 
_ .. ..my the doIian befcnltll1ill, the prototype pMK. 
"'-Ial produced far .... _ wW include n:quirenIaIts, 
intaf .... specification. medlaniclliayours. _ desip. 
IdIeawics ond upcIIIOd COSIS and ",_I ... 

5.21'n>1DtyJ1e_ 
5.2.11'n>1DtyJ1e froot end _ 

lbis teC1Ions conllins all COlIS 10 desi," and ~ Ihc &onl 
end clecaonic cards. Coso of cables and bins 1ft in I differen. JIll! of the __ own struclUn:. 

5.2.1.1 PTotorype front end canl. 

medium low complexity di,hal deStin. 
In addition Ihc cost to propam the lellinl __ included. 

5.2.1.2.31'n>1DtyJ1e iIIpu.burr.r IC 
AD_todolian ond ~ this anall CMOS IC_ 
CCIIDined in ws lCCIion. This 11 • medium .......,..,u.y onaio& doIian· '!lie IC is_ 
ID caD" ... receivcn. and • IUmminl 
_Iilier. Tbese COIlS _ for I i_tal ............. RAD.,-_ 
iDpuollulfer 1C. 
.. _ .... COIl"',..,...." .......... ' __ iocluded. 

5.2.1.lA ~ diJitai delay IC 
:::.. .. ;,,~..::..~~anallCMOSIC_ 
"""'fIeoI1)'~~~f..'I1IeICis
=~;;;;..~~':!~.Jl;, 16_ 
.. _ .... COIl "',..,...." .... _. 

5.2.1~":;" -=.... bit ADC 1C 

~:~,t'.~~~~IC_--
......... diJIIU_ .... II..............u ADC .. __ .......... S70 ... ) 
1lIere_wW be __ forthis~L 

.. addition the COIl .. ,..,...." the ....... _ .. iocluded. 

5.2.1.2.6~_ .. pocilOl' .... yIC AD _lOdesi .. and JIl'IIOlYPC this CMOS IC ___ 
in litis 1eCIion. This is • hi,h compleaily 
.......... diJitaidesip. '!lIese_ ... 

:.;:.:W se:r~~ '" the RAD phase 
.. _ .... COIl ..................... 
_ ... included. 

5.2.1.2.7~addressH .............. IC 

~..:-..:.:.a~~::.groSIC ... -
diJitaI daIp. __ .. for I 

~:& .. ~~IC 
.. _ .... COIlto,..,...." ........... _ .. included. 

5.2.1.2.1 -". ADC and buffer 1C :.=.s .. ;,,~ "::"'~I""ADC andllulferlC_ 
onddiJilalICof-'re campl~ 
c::r.:.==·thelHlin. 
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_ II< included. 
'-2.1.2.9 PIoIorype readout controllC 

~ ~S:::!S~s'fsd.".:~~oreSxi~A are contained 
ctiehaJ desien. 11 is esdma1ed thai this 
FPCiA ean shan: the deveiopmen11U1 expense 
with the slow bus interface FPGA. 
III addition tho cost to _ tile taIin, 
_ II< included. 

llI.3A..-ICIOII_ 
AII_ to oeIect pardIuc: and ilIIIIII tho 
_IC tat Rand .. contained in Ibis -. ,.2.2 Praootype ~ electronics 

AD costS 10 desian the mnote elecavnic cards are contained 
iD this subsec:rion of the work breakdown Stnlc;turt. 

$2.2.1 PrcKoIype I'CI1'I01C EJccaonic: cards 
All costs to desiln and protOCype __ eIeartJnic 
c ...... 

,.2.2.1.1 Prototype buffer memory card 
All costs to tlesian and protOCype tho buffer memory card .. 
contained in this section. This is • cud of 
medium complexity with .pproximately 60 1Cs. 
In addition Ihe IICS1 stand. operI1OI' 
and mainlClllllCC lllllluals .. incluclcd. 

'.2.2.1.2 Prototype cloe.lt distributioo and slow c:ommuaicati_ card 
All _. to desian and .... orype tho elor:k distribution and slow 
c:ammunic:aDons cud .re contained in lhis seaion. 

This is • simple diJital card with .ppoximately 
~ Ie. plu. optical e.b1es. 
In addition &he ICJt IWMI. opcrItor and 
1DIincenanc:c manuals Ire incJuclcd. 

5.2.2.1.3 Prototype proeamrcard 
All_IS 10 oeIect ..... _ and pIOP'IfII tho........
protOCype card ... _tained in this __ 

,.2.3 Prototype aares 
All c:ostS 10 cIetIne and ........... protOCype 
fIau:-cnd and ranote cme Ire contained 
ia tIsis _on. Two aaoes of oac:h kind will be 
_ '!be ""'" end aam is. VMI type 
(9U lIiah by l.a tmI deep cards). The __ aate 
iI. VME ..... (6U by I~tmldeep). 

'.2.3.1 Prototype ""'" end aate 

:'=~'='".:...""'" 'IIIo .... .-,, __ .............. 1tIJIIIIy 

:-..!~.~~'l"J=-:.=-
GIl 0.1 inch centers. Each crate is assumecllO 
dissiparalC 1000 WlftS. TempenIUre rise in the 
aate is clelined to be '-10 de,,"", C ...... 
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me Wiler 1empennm. The mlcs are moUnted as 
a single UOlt on me OUtSide of the calonmc1cr 
III 20 or more lacaDons per end. 
In addition the froru-end mle system is documen1ed. 

5.2.3.2 Prototype .. mote t:rIIe 
All COIl to~ me ~e cnle are conrinued 
in this KCDOn.llus craIe IS mOSt likely I standard 
6U 160 deep VME cnte. In .dduion the _ CI'ItC 
SYSIitlll is documented. 

S.2'~~::e ct!~J~~type the ACiDC p:»wer sySleD1 
for the a"IieS is contained in thiS section. Two fronl..cnd 
and ~mote cmes are eqwpped with p:»wer. 

S.2.4.1 PIoIotype fron.end AC/DC power 
All casu to desip and protorype the AC/DC 
power system for the fronl end craleS is contained 
in tNS section. In adduion the front end ACIDC p:»wct 
SYStem is documenled. II is assumed that four power 
supplies are needed to suppa" a craie (SY II 
I~A. ·SV •• IOA.+7V" 20A and ·7V •• 20.). 
S ..... l1chmg supplies are assumed 10 be used with and 
AC mpul or IISY. The AC is assumed tOUisl in 
the Ira where the crateS will be mounled. 

S.2.4.2 PIoIotype .. mote ACIDC power 
AU aKts todesi,n and prototype the!,CiDC power 
syscem far me remote a"Ites. In addmon Ihe 
rerDOle crate syStem is documented. It is asswned 
that each cme will hive. SY It 200A and +- I2Y 
II lOA power supphes. The AC p:»~r is Illhe 
c:rale kxaOon and the racks contamlna 
coolin, exist. 

S.2.S PIoIotype cable system 

~lhii"~~:::ss~~fbef.~~ 
10 completely equip 1.3 crates of eleC1fOnics. 

S.2.5.1 ProtOtype front end cable SYStem 
All cost to perlonn the system enainecrin, and build 
proIIIXYpCs for the cable system are contained in this 
section. Each photDtube JrOIIp of 8 needs • cable of 
16 ..... s for the sianal (4 m lonl) and. 3M type 
cable(4 m Ionl) that is used for PM CIII1<'" 

=tn":S:f=sec!t,~~r,:~;..r:e. 
I~""of_ cables will be f.bricated. 
Each r:nte .... 64 triper cables (optical fiben 
100 M Ion&>. 70 triner cables will be f.bricated. 
In addition each aaa: needs the foIlowin, optical eables: 

7 CL clock and ai&&er 
2 ea. slow readlwrilC Ind 
lea. data. 

'Jluu sets of these cables will be fabric&lC:d 

cuds are coruained in dus section. 
S.3.1.I.S Produclion of R/W sequencer .nd buffers 

AU costs II) buiklllld debu, lhe R/W sequencer 
and buffer cards 1ft: contained in chis section. 

S.1.1.2 Production of ,lie lJRys and inlepaled circuits 
All com 10 bWkS Ind ICJt me inlepated circuits 
and pte unys are comaincd in Ihis secaon. 

B.I~ I ProdllC1ion of prumplirlC,lClbybrid 
All COSIS to build and rest tho _pur ... 
lCIhybrids are c:omained in lhiltcC"tion. 

'.3.1.2.2 Prodor:rion of slow ..... wri.elC 
AlleosulO build and test tire sIow ..... write Ie. 
are conWned in Ibil section. 

'.3.1~ ='\:::.r~:::.er~;' bulrerle. 
are contained in this scetion. 

B.I.204 _on of diJital del.y IC 
All ...... 10 build and test tho diJital clday Ie. 
arc coaainId in Ibis section. 

'.3.I.l.5_oI-w_ADCIC 
AII_IO build and tell tho.-linur ADC ICs 
are COIIIIined in Ibis section. 

'.3.1.2.6 _ of switched capacitor amy IC 
All COllI 10 build and .... tho _ 

5.1.1~~~~0a-:~t~=--
All COllI 10 build and test the address 

5.1.Jl;~~~=t=a:l~ seccion. 
AU eosu 10 build and tel. tho readout _Ie. 
are concained in Ibis seaion. 

5.3.2 ProdUC'lion oIremoce elecrronacs 
All costs to build and debu, the remote "_cs 
arc contained in this section. 
'.3.2.1 Production of remote cards. 

ljl2"cr ~~~:ofdet!~fe:=-:' 
All costS to build and debus tire buffer memory cards 
are contained in !his seaion. 

'.3.2.1.2 Production of clock distribution and sIow 
c:ommunic:acions euds. 
AUeosu to build and debu, tho cIot:k distribution and 
slow cammunicalions CIl'ds are contained in this ICC1ion. 

5.3.2.1.3 ........... oIpoce.sorcard •. 
AU _IS 10 pardIuc: and .... tho........-_ 
are containei:l in this sec:oon. 

'.3.3 _on ofaates 
All c:osts to build and debul the fron.-end and ....... e c:ntes 
Ire eonllined in thlS section. 

'.3.3.1 _ of front .. nd trltes 
All ...... ., build and debu& tho front end mres 
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me cmtained in mi. secaion. 
!Ii.3.3.2 Production of fronl·end power syStem 

All COSlS 10 build and debul the front end power systems 
me CICJftIIWd in Ibis secUon. 

5.3.' PnxIUCIion of.....,.. and ("'.II-end _ sysccm 
AU ..... '" build and debu, die _ one! fnXII-end 

mr:C""uc:;n=.;~-::"" 
AU costs 10 build and deb., the fnXII and power sysccm 
me cmuined in d1is 1tICIion. 

!Ii.3.'.2 Production remoce power IySlem 
AU COSU 10 build and debu, die mnore power _ 
are c:onWned in this section. 

!Ii.3.!5 Production cable system 
All costS 10 build and debu& the cable sySIC"m are contained 
in this section. 

5.3.5.1 PnxIuaion of fIonl-end cable system 
AU cosu '" build and cIebu, the fronl-end cable 
sYSIeIIJ are conta.ined in ws section. 

IOLfllOlO OETfCTOO COU .. OO.TlON CALooliEn. fLfCTlIONlCS 

COST SUNWtV IltEU I.ZI _.--_ .. __ ._. __ .. __ .. _-_._ .... _ ... _ •..... 
I1Eft O(SCRI,tJON ENG no lMOR MTL MRlTOTM. 

I'IONTMS ftON1MS ICI •• •• 
S. I SYSTEft DES lIN DOCUfIlNT ---------------------_._---------

2' II "'.1 2S 332.1 

S.2 Pfl:OT01'IPE ELECTRONICS 

.ubt.t..l 

S •• PftOOUCtJON £lECTItONJC& 

... t.etal U.II .n.1 In •.• _.1 _I.' 

IS II 111.1 7Z 1,..1 

ENI "0 LMOR MTL TOTM. 

C"LOIUfE1E1!: ELEclRONICS 338 311 4111 .:551 13.' 

",*,"5 1ION1MS ICI .. .. 
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5.3.!Ii.2 Production of remote cable s~ stem 
All COSIS to buud and debuf. the remott cable system are 
conwned in thl s section 

!Ii.4 Subsyslem &SKmbly and leSt 
All costS 10 m.wl and debu, the !>uTe1 and end cap 
ulonmcter electrorucs is conwned in thiS secaon. It 
aft: assumed that each logical system v.;~ be debuled and 
tested then sent 10 the SSCL for inswlauon and 
beamaestin,. 

5.5 Mana..-nl 
All COSUo for mlnaa:emenl of the barrel and encicap eaJcrimeaer 
elecaonics aft: conllined in this section. Technical 
manllemenl conwns effort 10 plan. schedule. monitor. 
~ ..... ~pon and derme interfaces. 

~ ~~ =~: contains aft:.s of costinlthal may belonllO other subsystemS. These item~ are 
coruained heR: because it IS n01 clear It thiS ume if they are common 10 ~ su~y~. It IS 
assmncd that the developmenl COSI may move bul the production COSIS WID n:ma1I1 In Ibis cost 
esQmale. A bscin& of the dcvelopmenl costs for the ilems wt may lIIOYe me show below: 

~ 

5.2.3 
5.2.' 
5.2.1.2.2 
5.2.1.2.' 
5.2.2.1 
5.2.2.2 

5.2.2.3 

Prototype CRies 
Prototype AC/DC power 
Protolype: slow reid wnle Ie 
Prototype cbpt.ll delay IC 
Prototype memory card 
Prototype clock distribution and slow 
communicadons 
ProtOlype: processor card 

QmJU 

132 
75 
39 
95 

227 

"5 
153 

Tac:al COSt of ilCm WI may be moved 10 other subsystems 166 ItS 
\ 

Taal project COSt is 1511 KS when die Items 10 be IMYOd an: subolcled. The EDIA .... is aboul 
3O'iI> of the rota! casL The ra ... used ..... 8.98K/MM enrmeer and 6.53K/MM te<:hnician. 

1be detailed COSt estimate foUowed by the unn COSt and COfttin&enc:y analysis is shown on the 
followinl PC"': 

SOLENOID DE1EC1OR CCILLMOR"1JON C"L.ORII'IETEII ELEC1RONICS 

S.I S'lS1Eft DESl6N DOCUftENl It£v 1.21 

J1E" DESCRJP1JON ENG no LMOR M1L. SUlT01"'-•..........................••. _ .. _ ...................•...•... _ ..... . 
IION1"S PIONl"S kI ICI ICI 

S.I S'IS1Eft OESI6N DOCUt'lENl 

S.I.I ENGINEERJ" ·Ift' n • 2,z." • 2,z., 

S.I.Z SLI'''OftT EFFORl (ft' I. 15.3 • IS.I 

5.1.3 '''''VEL • 25 2S 

fN6 no L .... MTL T01M. .................... -....... _ .............. _ ....•.. ---......... . 
S'ISlEft EN6INE.EIltIH6 Z'7 II 31'7.1 Z& 332.1 

•• ··f .' . 
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SOlENOID DETEC10R CDLLA8OIIftllON CAlORlrtETER ELECTRONICS 

5.2 PROTOTY'E ELECTRONICS S.........vtv ItEV 1.21 ... _.-............ -._ ................. _ ...••.....•...•...•...... 
ITEft DESCRIPTION EHS Tao LflSOFI ""n. SUSTOT",L. -------------------------------------------------------------

fIONl"S I'IOHTHS tta 
5.2.1 PROTOTYPE FRONT ENO ELECTRONICS 

5.2.1.1 FRONT C"'ROSCf'O 5&.25 S2.2S "'.3 1ge 1136.3 
5.2.1.2 FRONT ENO ICS eft) 5& 2S &&6.1 76 74Z.1 
5.2.1.3 flUTO TEn STftND • 5 & '4.1 135 219.1 -----------------.. -------------------------------------------

• ..,lItot.1 117.25 13.15 159&.5 '11 1197.S ------------------------------------------------------------------
5.2.2 PROTOTYPE RE"OTE ELECTRONICS 

5.2.2.1 RE"OTE CARDS 2'.5 11.25 339.2 

:>'.5 IB.:>5 339.2 

5.2.3 PROTOTYPE CR",TES NolO 81"5 
5.2.3.1 FRONT CR"'TES e") 86.5 
5.2.3.2 FlErroTE CR"'TES '") 1.25 2.25 25.9 

80 '19.2 

e0 '19.2 

" 5 
96.5 
30.9 .. --------------------------------------------------------------------

a..,1I10t.1 1.25 7.25 liZ.' IS 127 .• -------------------------------------------.. ------~-----------------
5.2.' PROTOTYPE ftC/DC POYER 

S.Z.'.1 FRONT At/DC ,,,, 
S.2".2 REttD1E At/DC C"' 

2 2.'7S 35.1 
.2 2 31 

31.1 
33 ---------.. --------------------_ .. ----_ .. ----------------------

awbtohl '.75 1i6.9 5 71.9 ---------------------------_ .. ------------------------------_ .... _------
S.2.5 PA010lY'PE C"LE SVSlEft 

S.2.5.1 FROHT eMlLES ,ft) 7 4.5 92.2 23.& 115.6 
5.2.5.2 "ENITE C"L.ES c.") 1.75 1.25 23.9 3.9 21.1 
5.2.5.3 CMl..E 5"SlE" e", 3.5 &7.8 35 112.8 -----------------------------------------------------------------------

aylltohl 13.75 1.25 113.9 12.5 24'.4 -----_ .. ----------_._---------_._------._---------
'.2.1 D€FECT LOCATION AND CALlllh\TlON SM1wME -----------------------------------------------------------------_ ... _--

aylltoh' .., 12' 117.' • 117.1 ---------------------------------_ .. --------------------_ ..... ------
1.2.7 TEST OF' "ItOTGr'IPE S"STE" ---_ .. ------------------------------------_ .. _----_._-------.. -.... _----

aYlltotal (,.) 2. 9 238.. 25 2&3.' ------------------------------------_ .. _-----_ .. _----------._----------
EN6 1&0 L"'IOR ftAo1L. 10UL 

;;;;;;;;;·;~;~;;;:;~;·;;.:;;·······;;;~~·;;~;;·i;:;~~··;;;:; .. ;;;;~;. 
---------.. ----.-...... -.. -------.---;.;;~;--;;;;;---;;-----;;-----;;---
---.. ---------------------------------.. _---------------------------

SOLENOID DETECTOR COLLMORATION CN.ORhtETP lLECTRONICS 

1.1.1 PftDTOT,,, FRONT END ELECTIlONICS Ccont.' REV 1.21 

~;;-... ;;~;;:;~; .... -........ -.-;; ... -;;~-~;; ... ;;~-;;;;~ 
IOITM5 ftOHtMS •• 

5.2.1.1 'A010T'''E '''ONt EtC) CMOS Ccont.) 

5.2.1.1.4 PROTOTYPE OMA COLLEC1OR CARDS 

I.2 ....... t 
5.2. 1.1 .... 2 
S.:.I.t .'.3 
5.2.1.1 •••• 
5.:.1 ••• 4.5 
5.2.1.1.'.' 

EN& 2 '.1 2,.2 
suPPOIlT •• 5 2.U tI.2 
FM I 1.S .... 
TEST 51tC) 1.5 1.'75 2 •• ' 
01' MN '.5 I.S 7.1 
MI.'''''' '.5 '.5 7.' 

1 ~- 7 II.' 

1.2 ••• 1.1 PRtTOlYPE ",., UOUlN(:EIt. CMOS 

5.2.1.1.1.1 
I.~.I. t.5.2 
1.2.1.I.S.3 
5.2.1 ••• S.' 
S.2.1.1.5.S 
5.2.1.1.5.' 

EN& 1.25 
SlrI"OAT •• 5 ... \ 

TEST ,TtC) 1.1 
01' IWI '.1 
MUn MN •• 1 

'.'75 1&.1 
2.25 11.2 
1.71 2'.' 
'.71 2'.' '.1 7.' 
•. S 7.' 

5.25 7.S 15.2 

•• .. 
I 22.2 
• 11.2 
I 21.' 
3 27.9 
, 7.' 
I 7.1 

12 111.7 

• 
1 
1 

.,.1 
11.2 
21.' 
21.1 

7.1 
7.' 

12 "'.2 

ENfi liD L~IOR ftATL TD1M.. 

FROTGT't-E F"ONT E.ND CMoS 5&.:5 52.25 '4&.3 III 1'36.3 

..oNl"; ..oNT"S tea •• .. 
C cont I "",ad on M_ t P.o.' 
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SOL.Elllaie OElE:::1QR eO:,.lo'lSOR"TlOtl, 

5.2.1 PROTOTlOPE FR~T ENO ELECTRQHICS REv I.:, . ...............•............ -.... _ ............................... _ ... . 
ITEr! DESCRIPTlOH EHG no L."'SOR ftATL. SUS10T"'L. 

5.2.1.1 PROTOTYPE FFIONT ENO C",R05 

5.2.' .1.1 PFIOTOTVPE PR[MPLlF"iER C"'ROS 

5.2.1.1.1.1 
.5.2. 1.1.1.2 
5.=l.1.1.1.3 
5.2.1.1.1.4 
5.:.1.1.1.5 
S.:.I .1.1.6 

.... btot.l 

EHG e.75 31.S 
Su.aPQRT I 2.75 26.9 
FlitS 3.75 '.5 1i3.1 
TEST 5TNO 1.71i 1.5 25.5 
OF ""'N e.5 1.5 1.8 
""'ttl,T " ... '" 8.5 e.5 7.B 

10.5 18.1i 162.S 

S.:.I.I.2 PFiOTOTY'PE PHOTDf'lUL.TlPLlER ftONITOFl C",RDS 

5.:.1.1 Z.I 
5.: .1.1.~.2 
5.:.1.1.2.3 
5.:.1.1.: .• 
5.:.1. 1.~.5 
5.2.1.1.~.6 

lIUb\ot.1 

E'G 1.5 21.Z 
5UPF"CRT 1.75 2 l!iL8 
F",S 1.5 26.5 
TEST nNO 1 1.75 21.' 
OP f'I"'N 1.5 1.5 7.8 
"",tNT ""'N 1.5 1.5 7.8 

5.25 7.25 .'3.5 

.. .. 
2 33.S 
II n.9 

2. 87.1 
213.5 

7 .• 
7.' 

30 15:.S 

• • '. 3 

• • 

21.: 
19.8 
42.5 
Z3.' 

7 •• 

7.' 
19 12l.5 

S. ~. 1 .1 .3 P"OiOTVPE SC'" .RE"'OOUl • C"'LlIR"'ll ON C'-RCS 

5.2.1.1.3.1 
S.:·1.I.~.2 
5.:.1. '.3.3 
5.2.1.1.3 .• 
5.2.1.1.3.5 
S.Z.I.,.3.5 

E.G 
liuPPOFll 

'" . TEST STNO ".5 
DP ft"'N '.5 
MiNT fto\N 1.25 

1.75 '13.0 
5.25 43.3 

5 &a.6 
I 219.' 

1.5 1.6 
1.5 5.5 

• 7. 
.s 

I 

• 
wbtotal Z8.25 21 31'.3 111 581.3 

SOL.ENDIO DEtECtOR COLLMORA11ON CI\LOftII'lETER £L£CTRONI C5 

5.2.1 "ROTDT'tP£ FRONl END ELECTRONICS Ccont' REV 1.21 

;;;~ .... -;;~;~;;~~~ ..•.............•.. ;:; .... ;;~ .. ~:;; ... ;;~.;~;;~~:~ 
fIONTHS ftQNTHS .. 

5.2.1.2 PROtOtyPE FRONT END ICa 

5.2.1.2.1 PROTDTYPE 'REMF" IC/H'IRIDS 

5.2.1.2.101 
'.2.1.2.1.2 
5.2.1.2.1.3 

EN' 
SuPPORT 
FfiB/TEST 

2 • tI 
• ..5 3.3 
3 2 •• 

2.5 '1.2 

5.:.1.2.2 PFlOTDTypE SLOW ':'E"'O WAJTE IC. 

5.2.1.2.2.1 
5.2.1.2.~.: 

5.2.1.2.:.3 

aybtot.1 

, .. 
SuPPORt 
F",eITEST 

5.:.1.:.3 pRDTDnPE 1NPI.'T 8uFFER Ic. 

5.2.1.2.3.1 
S.2.1.:.3.2 
5.2.1.2.3.3 

.ubtot.1 

, .. 
SuPPORT 
FIt8ITEs1 

5 .. L 1.2 . .& PFI"l0nH OIe.!T"'L DEL.'" IC • 

5.:.1.2.-.1 
5.2.1.2.4.: 
5.2.1.2 .... 3 

lloIbtoteI 

, .. 
SuPPORT 
FMITEST 

1 II 
'.5 3.3 

15.5 

1.5 3&.7 

1 .. 
'.5 3.3 

2 .. 

2.5 61.2 

35.9 
6.S .. 

II.' 

5.:.1.:.5 fi'P.010T'tFE HON-I..1NEM 18n flOC. 

5.'2.1.2.5.1 
5.:. \,2.5.2 
5.:.1.2.5.3 

lubtot.t 

'N6 
SuPPORl 
FMl/lEST 

• 1 

12 

71.1 
13.1 

'0 

• 133.9 

•• 

1 

• 

.1 

18 
3.3 .. 

'5.2 

• 11 
• 3.3 11 26.5 

11 

1 

• 
3 

1 
1 

• 

• • 2. 

II 
3.3 
.3 

35.9 
,.S 

S • 

1 .... 

7LI 
13.1 

" 
21 153.1 

C4 

2580 

t..1o 

2582 



IDl("C:O DETtCTOR CClLLMOAATlDN CALORlfET£R ELECTRONICS 

1.2.1 PIIOTITYM 'MINT INO ELECTRONICS (cont) lEU 1.21 

;;;~ ..... ;~;;;;~:.-.-....•... -.. ;:; .... ;;~ .. ~;; ... ;;~-;~;~~;~ 
----.--.... ----------.-.-.. ;;;~;-;;;;~;---.-;;-.. ---;; .. -----;;-

5.%.1.2 PROTOTYPE FRONT END IC. (eont' 

----- .. -_._._._--_. __ ... ----_ ... _ ... ------_.-_.----------------------
5'=S:2~i ?2 • .,~~OTOTVPE £:ORES5 LIST ;ROCES5~R JC... ,. 

5.2.1.2.".2 SUPPORT • I &.5 I.S 
5.2.1.2.".3 FMITEST 2.9 55 ------... -------... --;~~~~-------- ... --------.---;;~; .. ----;- .. --;;~;-

-----_ ..... ----------_ ...... ---_ .. _-----_ ... _ ... ----_ .. ---_._-----_.--------
5.2.1.:=.8 PROTOTYI'E MC ANO .~F[R IC. 

5.2.1.2.'.1 I", 3 
&.2.1.2.'.2 """,ORT • 
5.2.1.2.'.3 FMITUT 2 

... tot.} 

2&.9 
5.S 

" 
26.9 
6.S 
II 

72.5 ------------------_ .. _---_ .. ----------------_.----_._._----_ .... ---_ .... -
,·.2.1.2.1 PROT8TYP£ ItEADOUT CONTROL IC, 

S.%.1.2.1.' EIII6 •• 35.9 
5.2.1.2.S.2 Sl.PPORT • '.5 3.3 
5.:!.1.2.9.3 FM!TtsT 2 2 31 

IS.' 
1.1 
IS ....... ------------_. __ .. _ ...... ---------------... _-----_ .... _._------_ ..... _----

,ulltot,1 2.5 71.2 • 74.2 _._---_ .......... __ ._--_ ... -_ ...... _----_ ... _---------------_ ..... -------

EHi TID LAlOR MTL TOTAL .................................. _ ...................•.•..•........... 
fRYillTYP[ FIiIei!T F.ND Je. 25 11&.1 

fIONTH5 ttONTH5 lei •• .. 

SOLENOID DE:TECTOR COLLMDIIATJDN CALORJICTER ELECTRONJCI 

lIEU 1.21 

,N& TID LAlOR MTL SUl18TAL 

flGHTMS flGHTMS •• .. •• 
5.2.2.1 _Tat_ 1lE1IOT[ CMOS 

5.2.2.1.' PIIOT8TY'PE IIEJICNIIY CMO 

5.2.2.I.j.l - • 1.15 ..... 2 '2.' 
1.2.2.1.1.2 ....... T 1.15 1.5 21.5 I 21.1 
1.2.2.1.1.3 ... 2.1S I 11.1 IS U •• 
5.2.2.1.'" 'EIT " .. '.5 '.15 11.' .S 11.1 
5.2.2. to loS 01'_ I." I.S 7.1 I 7.1 
5.2.2.1.1.1 MJNT MN I.S I.S 7.1 I 7.1 

....... _-------------_ ... _--------------------
,ubtehl 12.5 II 1'77.1 '2 211.1 --------------

1.2.2.1.2 PROTO''" CLOCK DJITflJIUTJDN MIl) SLOW COIWUfICATJONS 

1.2.2.1.2 •• - 1.15 1.1 " • 21 
1.2.2.'.2.2 

_t 
I.S J.I H.I I ZI.1 

1.2.2.1.2 •• . .. '.25 ..... 22.'7 12 3'.'7 
1.2.2".2.' TEll ITIiIO I.S 1.25 .'.1 II .'.1 
5.2.2.1.2.S 01'_ I.S I.S 7.1 I 7.1 
1.2.2.1.2.1 M,NT MN I.S 1.5 7.1 I 7.1 ... _ ... _---_ ... __ ......... _-. ... _ ... __ ...... _--_ ... _ ............... _---

""e •• 1 7 117.1 ZJ 1".1 

5.2.2.1.3 PROTOTYPE ",ocnsDI' CARO 

1.%.2.1.3.1 
1.2.2.1.3.2 

... btotel 

SELECTJON 
"",'(VItI.. 

1.25 11.5 
33.5 

1.25 .".1 

I 
IS 

.s 

11.5 
_8.5 

59.1 

ENi TID LMOR MTL TOTAL .......•..........••.••......•.•...............................•.•••.... 
HOT8TYM REft01£ ELECTRONICS 24.5 1'.21 3n.' I. 'IS.2 

•• •• 

t-'1 

2583 

e· " 

2585 

2584 
50I..E"'OIO OETEctOR CO,"-L.IUiOR .. no'i 

5.2.1 PROTOTYPE FRONT (NO (l,.(CTJlC\NlC5 CCOrlO R(V 1.21 

~ ~; ~ ..... ~;; ~:~; ;;~~ ............. -_ .... ;:; .... ; =~ .. ~~; ;: ... ~:;:.;~;:;~:: 
------------------------------------------------------------------------.. 

5.2.'.3 "UTOtt"TlC Ie TEST STANO 
5.2.1.3.1 EVAL 3. 26.9 • 26.9 
'5.2.1.3.2 PuRCHASE" • '35 135 
5.Z.1.3.3 IN5TN..L. 2 '57.1 • 57.1 --------------------------_._---------------------------.. _----------_.--

.",btot.l U.I 135 :'19.1 

(HI; "0 LABOR "AlL TOTAl,. 

:~;;~:;;~-;~.;;;;-;;::~ ........................•.... ;:~~ ... -;;;.-.;;;~~. .. •• 

5.2.1 TOT "L PROTOTYPE FRCtlT END ELECTRONICS 

ENG TID Lt1I:eUlt "ATL TOT"1.. .. _ .... _ ........... -._, ... --......... --........................•...•.... 
PROT(jT'l'P£ FRONT END ELECTRONICS 11'7.25 B!.ZS '''6.5 .. , 199'.5 

•• 

........- IV 

SOL-ENOIO DETECTOR COLLABORATION C",-OAlrET[R ELECTRONICS 

5.2.3 ftROTOTYI'[ CRATES AND IINS It£v 1.2' 

;~;; ..... ;;~;~;;;;.--......... -.-.. ;:;.-;;~ .. ~;;; ... ;;~;;;;;=~ 
"ONTH5 ttONTH5 

S.2.3.t PROTOTYPE FRONT END CRATES 

5.Z.3.l.1 I .. 
5.%.3.1.2 FAIl NC) TEST 
S.:Z .3.1. 3 OOCtM(NTATlON 

•• 

.. 
22 

11.5 

• • 

I 
II 
I 

•• 

" 12 
15.5 _ ... __ .. -------_ ..... _.--------------------------_ ... _-----_ .... ---

lUII'otel 11.5 •• 16.5 

5.::.3.2 PROTOTYP£ REttOTE CIIATES 

5.2.3.2.' (N6 
5.:.3.2.2 F". Me TEST 
5.:=.3.2.3 DOCUl'lENTATJON 

,ub'ot.1 

PROTOTYPE CRATES AND I1NS 

'.5 •• 5 ., •• 
'.5 I II 

'.25 1.'75 '7.1 

LIS 2.2S 25.' 

I.' 
IS 

7 •• 

H.I 

E.... TID LNiDlit RATL TOTAL. 

".25 7.25 112.' IS 127 •• 

I'IONTH' flGHTH' KI •• •• 

2586 



SOLENOID DETECTOR COLLfllaORAT ION CALORI"'ETER EL.ECTRONICS 

5.2.' PROTOTYPE ACIDC POUER REV 1.11 

Iff" DE5CRIPTJON EN6 TID LflBOR "flTL. 5UBTOTflL. 

ItONTHS "ONTHS .. 
5.2.'.1 PROTOT'fPE FRONT [NO ACIDC POWER 

5.2.,.1.1 EN6 
5.2.'.1.2 FI\8 fiNO TEST 
5.2 ••. 1.3 DOCUl'SENTfllTlDN 

auDtot.l 

I IS.S 
'.5 I II 
'.5 '.75 9.' 

2.75 3S.9 

15.S 

" 9.4 

38.9 

S.2.'.2 PROTOT'fPE REPIOTE fl.C/oC POlo/ER 

5.2.'.2.1 [N6 
5.: .,.2.2 fAS "'NO TES! 
5.2".2.3 OOCUH[NTATION 

alolbtot.l 

I •. S I:.~ 

'.5 I 11 
'.5 '.5 7.8 

3. 

12.2 

" 7.8 

EN6 TIO L.AlOR ""'lL. TOTN.. 

;;~~~~;:;·~~;~~·;~:;;··(,;r··················:~;;···;;:;···········;7~;· 

"OIHHS "ONTHS 1<. n 

.... ..010 DETECTOR COLI.MCNtI'ITION CALORIItETtR ELECTRONICS 

-------------------------------------------------------------
RONTHS ftONTHS •• •• .. 

5.2.& CllLORUETER DEfECT LOCATION lIND CALIIRATION 50FrwME 

1.2.1.1 nnE" DESIIN • '35.. , 35.1 
5.2.1.2 CODIN5 Me TEST I • 53.1 I &3.1 
1.2.1.3 DOCUI'EMTATION 2 I II I " .. _------------------------------------

awt.t.1 12 • 1'7.' 1'7.1 .. _-----------
,- TID LMOR MTL TDT~ 

;;~;;;;;;-;;~~;~.;~;~;~-;;--.-.-;;--;-;;;:; .......... ;;~:;. 
. ~ ... -.. -------------------------------------------... --------

I'tDNTH5 RONT"$" ., ICS .. _----------------------_ ... _-_ ... _----_ ... _---------

t -II 

2587 

2589 

CfI:..ORII"IETEF. EL.ECTRONtCS 

;.::.; PROTOTYPE CAe~E SV5TEP'I 

JTEI"I OESCRtPTlO~ EN; TlO LASOR "filL. SUBlOlfl:.. .. '.1 

5.2.5.1 PROIOH'PE FRONT ENO CABL.E SYSTEI"I 

5.1.5.1.1 £N6 
5.2.5.1.2 fAB ANO T[5T 
5.2.5. 1.3 OOCUI'IENTfl.TlON 

Z 
1.5 

58 
22 

1;.2 

• 23.6 

• 
58 

'5.6 
12.2 

'.5 92.:: 23.6 115.8 

5.2.5.: PPOT(llYPE PEP'lOTE Cfle:..E SvSTErI 

5.2.;.:.1 ENG 
5.2.S.2.:: FoliE fl.NCr TEST 
5.:.5.1. 3 OCrCUl'le~T~TlO~ 

'.5 
e.::; 1.5 
f.S 1.25 

5.5 
6 .• 

• 3.9 

• 
12.£ 
9.' 
6 .• 

1.75 1.:5 23.9 3.9 =7.8 

5.:".5.3 Cfl.hE TreT tNG 5v:iTErI 

S.:.S.J.I EN6 
5.:".5.3.2 HB flfiO TEST 
5.:.5.3.! oOCuMENTATJON 

SOL.ENoJO DETECTOR COL.LfIIBOR"'TlON 

5 • .:? 7 PROTOTYPE SVSTE'" 

HEPI DE5C~ t PT J ON 

5.2.7 PRoTol'fPE 5,S1E" 

5.~. 7.1.1 fIISSE"BLE FOR TE5 T 
5.2.7.t.2 TEST LABOR.MTL 
5.2.7.1.3 SOFTIMRE SuPPORT 
5.2. '7 .1 .• OPERATORS MNUI\L 
S.2.'7.I.S EHiS REvlEw 

I 33.5 I 33.5 
2 22 35 57 

1.5 12.2 e 1:".2 

3.5 67.B 35 I.:.B 

EN6 TlO L"'~ MTL. 5UiTOTAL 

n.75 9.25 113.9 6:".5 :::'6.' 

I'tDHTH5 "ONTHS u .1 

C"'L.ORJPf£TER ELECTRONICS 

REV 1.21 

EHi 1&0 LAlOR Mill SUBTOTAL 

I'tDNTH5 ftONTH5 •• •• •• 

Z ".1 IS 59.1 

• '1.' " til.' 
S ".1 • ".9 
3 2&.1 • 25.' 
2 31 • 3. .................................... _ ......... _ ........••••............. 

TEST OF PP.oTOTYPE 5yST(PI 21 I 231., 25 2&3.' 

•• • • 

C-12 

2588 

2590 



c- \S 

SOLENOlD DETECTOR COLLA80A~T10N t"LORI"ElEA ELECTRONICS 

5.3 PRODUCtiON ELECTRONICS S\JI'W'WIty REu 1.21 ... ----_ .......... _ .. _ ................. _ .... _ ..................... -.. 
JT£t'I DESCJttPTJON £N6 "0 L~80R MTL. SU8TOT/liL 

"ONTHS nONTHS 
5.3.1 PRODUCTION FRONT END ELEC1JtONICS 

•• .. .. 
5.3.1.1 
5.3.1.2 

FRONT END CMDS 
FRONT END I CS 

9.1 25.1 251 1'55.2221&.25 
11.5 35.5 335.1 5" 929.1 

21.2 '1.& 58&.1 25'9.2 3135.35 

5.3.2 PRODUCTION RE"OTE ELECTRONICS 
5.3.%.1 AE"OlE CAf!CS 3.5 •. , 61.5 211 332·5 

5.3.3 PRODUCTION C""TES , 81NS 
5.3.3.1 FRONT END CJtA1ES 
5.3.3.2 RE"Ol£ C~"TES 

5.3 •• PRODUCTION POWER !YSTE"S 
5.3.'.' FRONT END POWER 
1i.3.'.: REP!OT£ pOWER 

."btot.l 

5.'.5 PRODtJClJ ON CIISLE sn T EPIS 
5.'.5.1 FRONT EN!) tABLES 
5.3.5.2 RE"Cl1E CABLES 

hllltoteI 

5.3.& PRODUCTION iUl5YSTE" TESTS 

PP.OOUCl1ON [LECTJtONICS SLIt'IMR'f' 

3,5 •. ti 61.5 271 33:.5 

I.S 3 33.1 98.7 131.8 
'.S 2.25 19.2 IS.S 3'.1 

S.25 52.2 "'.2 In .• 

2.5 • ".& 
'.7 2.8 2".6 

3.2 5.1 73.1 

I. 132., 
IS 31.6 

19 112.1 

2 t.H 2'.1 535.1 55'., 
•.• '.& 11.1 31.55 '2.&5 

2.' 1.15 35.' &6&.15 1'2.55 

U.25 .. jl5.3 15.2 .... 5 

Eltl T,O LNiOR MTL TOTAl. 

'6.15 122.' 122'.1 3iS5.3 '189 .• 

noNTNS M)NTHS •• • • .. 

2591 

~- \'1 

SOLENOID D£lECTOR COLLNIOItATION CALORItt(lER ELECTRONICS 2593 
5.3.1 PttODUCTJON "IIONT £NO ELEtTRONICS Cc ... t I REV 1.2t .... _-._._._._--.-.. -. __ . __ .... -._. __ .... 

DESCIUPlION ENS no LNiOR MTL SUITOTAL 

,.,..TH5 I'IONTNS •• •• •• 
S.3.I.l PRDOUeTION 'RONT END CMOS cc ... t, 

I.3.1.I.a NODUCTION Dl'TA COLLECTOR CMOS C'''' •• 51 

I.3.I.l.a.l COORD Cftl I I 15.5 I 11.5 
S.3.1. (.4.2 PMTS ••• 1 1 
1.3.1.1 ••• 1 PC CMOS • • • II II 
S.3.1.I.a.. "SSLV/DI' '.1 1.25 2.5 2 •• 5 
S.3.1.1.a.S DEIU5 '.1 1.25 2.5 • 2 .. 5 

......... _--------_._-----._._ .. _._--_._---. 
eubtot.1 I.... 1.5 2'.1 21 a1.5 ------... _.------_._._._--------_ .. _-----_._-----

•• 3.1.1.1 NOOUcllON ., .. SEQUENCER CIIItDS un •• 5, 

S.3.1.1.5.1 COORO un I 15.5 11.5 
1.3.1.1.5.2 I'MT5 •• • al al 
1.3.1.1.1.3 PC CMOS • • • II II 
I.3.1.1.5.a AS5LV/DA '.1 '.25 2.1 1 1.5 
1.3.1.1.'.5 1E8U5 '.1 '.8 2.5 • 2.5 ._-_._._-----_._-----_ ... _ .. -.... _--------------------

"'tot.l 1 .. 2 I.. 2'.1 11 ".& --_ ......... _ .. _ ... _-------------_.-._-_._ .... __ ._---
ENG no LAlOR MATL TDTM. --.... ;..-~-;;;.;;~.;;-~; ..... ;:; ... ;;:; .... ;;;.;;;:;.;;;;:;;. 

....... _ ... _. __ .--... _ .. _ .. _-_ ... --.. -- ... _--.------.---_._-------._---
IIONT"S 1OI1HS IS •• •• ... --.... _---_ ... _--._---.... __ ._ ... _-......... _ .............. -.... -------

(cont • ...,.., on fteJII( .eDe' 

SO~£"Ol::: OETE::TOR co .. L.Ilieoc,t.-:- lOr, 

5.3. , PAOOUCTION rJtONT EN': EL.ECTRC'rdCS 

lTE~ DESCRIPTION ENS no L.IlieOR MTL SUSTOTIlil 

•• .. 
5.3.1.1 P~OtluCTJON FRONT END CMOS 

5.3.1.1.1 PRODuCTION PREAf1PLIFJEA CARDS IOTY. ,,", 

5.3.1.1.1.1 
5.3.1.1.1.2 
5.3.1.1.1.3 
5.3.1.1. 1.' 
S.3.1.1. r.5 

SublC>1 .. 1 

!5.3 .I.I.~. I 
S.3.1.1.:.2 
5.3.1.I.Z.3 
5.Z.1.1.2.a 
5.3.1.1.:.5 

COORG (PH 2 
PARTS I 
PC CARaS • 
MSL.HOA '.9 
CEpu6 '.5 

3.' 

caOAo c!\) 1 
PIli~TS • 
PC CARGS • 
ASSLy/"A 1.1 
DEIU~ '.1 

1.1 

2'.5 I :Z5.5 
, azl azl 
• 158 III 

53.8 ...1!Z u5.1 
31.6 I. ".i 

12 lel.9 

15.5 

• I 
7.' 
7.' 

H.' 

995 1183.9 

1 16.5 
2S 2S 
11 11 
38 37.' 

I.' 
13' 1& •• 3 

5.3.1.1.3 'fiOOUCT)ON SCl\,lOEIliOOUT,CALIIRAl1ON CARDS IOTV.351) 

5.:!.1.1.3.1 
5.3.1.1.3.2' 
S.:.I.I.~.3 
5.3.1.1.3 .• 
5.!.1.1.3.5 

COOfllJ lP! 1 
PtllUS 
PC CAAuS 
AS$L¥/C;" 
OEiU~ 

I cont "",ed on "e .. t GaOe I 

• • ... 
I.' 

2 

• • '.7 
'.' 

3. • 

• 31i.25 

• 21& 5.5 193 
3'.1 18 

3: 
31S .:5 

:1' 
198.5 
5:.1 

2.11.111.6132.':518:.15 

SOLENOID D£l£CTQR COLLIISORAlION CAL.8Rl"iTER ELECTRONICS 

5.3.1 PRODUCTION FRONT END ELECTRONICS (col'll 1 REU I.:.?I . .... -.................................•....••..•...................... 
tTEft D£stJtIPllON ENG no LABOR MTL SUl18TI\L. --------------.. _---_ ... -------_ .. -_ .... ----_ ... -_.--------_ ...... ----_ .. --_ ..... ---

ftDNTHS PIONTH5 •• .. • • 
5.3.1.2 PRODUCTION FRONT END lC. 

5.3.1.2.1 PIIOOUCTJON PIIE~ IC/My,RIOS 'on· ".311' 

5.3.1.7.1.1 
5.3.1.2.1.2 
S.3.L2.I.S 

CDOltD (ftl '.5 
FM COST • 
tEST 

•. 5 
I 

11.' 

• ..5 
&7 11 

5 1Z.1 -----------------------------------------
1.5 

5.3.1.2.2 PJtOOUCTJON SLOW REIaD URnE lC. ~a1Y.1I51 

5.3.1.2.2.1 
5.3.1.:.:.2 _ 
5.3.1.2.2.3 

• "'tot.l 

CDOItO ,ft, '.5 • ..5 
FIlS COST • • • 
TEST '.5 •. 5 1.' 

1.5 

5.3.1.2.3 PItOOUCTlON ItlPUT ..,FER IC. 10,.,·11511 

5.3.1.2.3.1 
5.3.1.2.3.2 
5.3.1.:.:.' 

COORD ,ft' '.5 
FM COST • 
TESt 

'.5 

•. 5 
I 

35.1 

39.S 

5.3.1 .. 2.. PROOu:l1CN DJIITAI. D£LAY lC, COTV-lIal' 

5.3.1.: .•• 1 
5.3.1.~.a.2 

S.3.1.2.a.3 

CDOfU) ,", '.5 
FIlS CDST • 
TEST 

1.5 

... 
• 2: 

25.5 

5.3.1.:.5 PROOUCllON IION-LII1EAA 181T AOCs COn-&I501 

12 t".2 

II 

2 • 

... 
II 

I.' 
32.2 

•. 5 
a1 a' 

5 a'.1 

5: 

• 5 • 
5 

'1.6 

•• 5 
S' 
27 

Sl 12.5 

5.3.1.2.5.1 
5.3. 1.: .~.2 
5.:.I.::.S.3 

CCDtD Cft, '.S • a.5 I •• 5 
... COST I I • lSI I" 
T[ST 1 5'.1 5 51.1 

59.: 163 2::.% 

2592 
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SOLENOID DETECTOR CDLLMOR"T1ON tALORIPI£TER ELECTRONICS 

5.3.1 PRODUCTION 'RONT END ELECTRONICS Ccont' REV 1.21 ........................................................................ 
OESC~IPTID .. E .. 6 1&0 L"BOR PI"TL SUnOTM. 

ftONTHS I'tOHTHS .1 r.1 .1 
5.3.1.1 PRODuCT1ON FRONT END 1Cs (cont, 

5.3.1.2.& PRODUCT1ON SWITCHED C"'''CITOR "RR~YS cSC'" cgTV-6161' 

5.3.1.2.&.1 
5.3.1.2.&.2 
5.3.1.2.6.3 

lubtotal 

COORD CPI' 1.5 
F"B COST I 
TEST 

1.5 

4.S 

• 
54.7 

5S.2 

e '.5 
Isa 15B 

5 59.7 

li'3 22Z.:! 

S.3.I.Z.7 PRODUCTION IlDORESS LIST PROCESSOR IC, ,gTY.IS40, 

5.3.1.2.7.1 COO~D CPI' '.5 •• 5 '.5 
5.3.1.~.7.2 FA8 COST I e 47 47 
5.3.1.2.7.3 TEST '1.6 1 42.6 

.... _----_ ... _-------------- ... _-------_ .. -----------_ ... _------_ .. --------------
s"btot.1 1.5 5 '6.1 48 9'.1 ---------------------------------_ ... -----_ ... -------~----------------------

5.3.1.':.8 PROOUCTION RE"OOUT CONTRCH. IC, COTY.38S, 

S.3.1.2.B.1 COORD c .. , 1.5 •• 5' '.5 
5.:!:.1.:!.B.: '''B COST I • 19 19 
S.3.I.Z.8.3 TEST I 15.5 I IEi.5 -.. ----- ... --~--------------- ... -.. ------..... ---------------------------------

.",lItot,I 1.5 I 21 21 '1 
_ .. _-----------... -...... -.. ---------- ... _--------_ .. _----------------------------

EN6 TID L"BOR ftATL TOTM. 

;;~~;;;,·;;;~·;;·;~:··············~~~;···;;~;··ii;:;····;;; ... ;;;:;. 
-.. ----~--------~-------------------------------------------------------

ftONTHS ..aNTHS KI KI KI -...... _ ... ----.... -... _------------------------------------------------------

25S5 

SOLEN01D DETECTOR COLLMOR"TlDH CAl.oRl":TER ELECTRONICS 2597 
5.3.2 HODUCTlON REftOTE ELEClIIOHICS REV 1.21 

EN6 1&0 LABOR MTL SUlTOT~L 

ftDNTHS ..aNTHS .1 
ItEnoTE CMOS 

5.3.2.1.1 HODUCTION ":"ORY CARD 

5.3.2.1.I.t 
5.3.2.1.1.2 
5.3.2.1.1.1 
1.3.2.1.1 •• 
5.3.2.1.1.1 

COORD IIU I I 15.6 
PARTS I I I 
PC CMOS I I I 
AISLY/Q#\ •• 1 1.25 2.5 
DEIU5 1.1 1.25 2.5 

1.2 1.5 21.1 

.1 

I 

25 
t , 
2 

'" 

16.5 

2' , 
11.5 
4.5 

., 11.' 
5.3.4l:.1.% PIIDDUCTlON Q.0Ck DISTRlBUTlON. AND SLOW COMUNICATJONS 

5.3.2.1.2.1 
1.3.%.1.2.2 
5.1.2.1.2.3 
5.3.2.1.% •• 
5.3.2.1.2.5 

.. ,.t.1 

CQOIItD CPlI 1 I 15.6 
twllS I I I 
PC CARDS • I , 
115SLY/~ • 1.1 1.25 2.5 
DE'Vi '.1 '.25 2.5 

1.2 1.5 21.6 

1.3.2.1.3 PIIODUCTIDH "OCESIOR CMO 

5.3.%.1.3.1 
5.3.2.1.1.2 

..,lItotol 

COORD I'" I 
"""CM/OII '.1 

1.1 

I 15.5 
1.& '.1 
1.6 :1.3 

I 
51 

7 
5 
2 

16.5 
sa 

7 
7.5 
4.5 

65 '5.& 

1 11.5 
156 112'.8 

159 179.3 

ENG TID LNJOR MTL TOTM. 

PltotucTlON REftOTE ELECTRONICS 3.5 '.1 11.5 271 332.5 

ftONTHS ftONTH5 KI .1 .1 

s.'3.C PROOUCTION FRONT END ELEcnO"lCS (co .. t) REV 1.11 

~;;~ ..... ~;;;:~;~~~~ ........ -.. -...... --.;~; .... ;:; .. ::;;: ... ~;;:.;~;~;~~: 
~-----~----------------------- ------------_.- -----_. -~--~-~------------

'.1 

5.3.1 TOTAl.. PRODUCTION FROf.T END El.ECUcONICS 

ENG H.D LABOR PlATL TOT"I.. 

;:~~~;; ~~:.;;;~;.~~;. ~:~~~: ;~~ ~~.- ..... ;:~; ... ;;~; .. ;;;~ :.;;:;~ ;.;~ ;~~;;. 
--------------~-------~----------------------------~-~--~--------------

SOLENOID DETECTOR COLLNIORATION C"LORII1ETER ELECTRON1CS 

5.3.:3 PROOUCTIONCR"TES. "BINi REV 1.21 

;;;~ ..... ;;~;;;;;;: ................... ;:; .... ;~~ .. ~;;~; ... ;;:.;:;;~;;~ 
--------------~----- ----------~---------------------------------------

I'IONTHS "ONTHS .. .1 .1 

5.3.3.1 PRODuCTJON FRONT END CR"TES 'GTY·42' 

5.3.3.1.1 COORD ,"I '.5 "' II 
5.3.3.1.2 PMTS • .11.7 98.7 
5.3.3.1.3 "S5LY '.5 "' 11 
5.3.3.1.' ~/OEBtJ& 1.5 (I,,, -_ ...... -------_ ... ---------------------------------_ ... ----------_ ... -

1.5 33.1 H.7 131.1 ----_ ..... - ... _---_ ... _--------------------------------------... -_ ... --_ ... _-
5.3.3.: 

5.3.3.2.1 
5.:3.3.2.Z 
5.3.3.2.:3 
5.3.3.2.' 

CtiORO ,", 
P"RTS 
"SSLY 
O"/0E8U6 

'.5 1.5 

• • • 1.25 
'.5 

• • 
• 15.5 • • • • 

• 15.5 

• • ---------;---------------_ .. ---------------------------------------.----
s"btoUI '.5 2.25 19.7: li.5 3 •• 7 

fU\,O.ttilN EN6 no LAIOP. MTL TOT"I.. ............................•...............•....•..•.............•..... 
~ CR~TEs.e 5.25 52.2 1".2 lIis.' 
-------------------------------------~----------------------------------

25!l6 

C. ::l:2. 
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SOlENOID DETECTOR COlLMOR"lION CftLOAtft£1ER ELECTRONICS 

5.3.1 "ROO,,~hENO CfiI"TU POW£R REV 1.ii-

;;;; .... -;;;;;;;;:.-.-....... -.--.... ;;.-.-;;~ .. ~;; ... ;;;~.;~;~;~ 
... ------------... ---------... -... ---..;~~;-;;~~;-----;~-----~;------~;-

4. 1 
5.3 .... 

5.3.3.:.1 COORD 
5.3.3.2.2 ''''ITS 
5.3.3.2.3 "5SLY 
5.3.3.2.' Ch\/DE8U& 

5.3.c.2 

5.3.'.2.1 COORD 
5.3.'.2.2 "MTS 
5.3 .... 2.3 ftSSLY 
5.3 .... 2.. Ch\/DE8U& 

1.5 
I 

0.5 
0.5 

2.5 

26.5 
o 

" " 
.B.& 

'.2 '.5 5.1 
• • I 
• 1.3 &.5 

'.5 II 

'.1 2.1 2 •. 5 

• 
II 

26.5 

•• 
IS 

" 
I. 132.& 

• 15 

• 
15 

5.1 
15 

0.5 

" 
39.& 

ENG TAD lMOR I'W'TL TDT"L 

J. , -------------------_ ... _ ..... -------------_ ...... _----_ .. ------.. __ .. __ .. _-----
ftOtrfTMS tIONTH5 KI •• .. 

...... _ ... ----------------------------------..... ----...... ---------------------

2559 

C-J.S 

SOUNOIO OETECTOII COUMOOATICIN 

5.1.5 PIIOOUCTICIN MnSTf. TEST -----------, 
DESCtIIPT10N 

1.1.& S"'SYSTE" TEST 

1.I.I.t INSTALL FRONT '1iG CMTE5 

5.1.5.2 IIIST ... L 'RONT fNO eMUS 

5.1 ••• 1 IOIST ..... MIIOTE TfST CR.TfS 

1.1.& •• INSTALL AND DEIUI ELEC 

1.1.1.& ELECTIONIC RE'AII 

'.3.1.' TRMIlL 

S.3.I.7 TES,.. 

SUlIYIT[" T£5T 

ONUl£ I_STALL"TION 

CALOftlflE'TEfI ELECTRONICS 

TID LMOft MTL SUlTDTftI. 

tIONTHS ftONTHS •• •• .. 
1.25 1.2 ".1 11.1 

25.2 .'1.5 21 211.5 

I' 111.2 2' 13'.2 

11.5 

2:.2 22.2 

,. 

ENI no LMOR MTL TOTAL 

".25 ... ,tl5.3 15.2 .... 5 

ftONTH5 fIOHTHS .1 •• •• 

NOTE, T" FOLLOWI ... COSTS FOR ItllSt"LLATIOtI OF T" CALORlfEm 
ELECTRONICS IS COS1ED ELiE.....rF.E ANi) INCLUDED N£IO.E FOR IEFERENCE 

•• 1 .H5TAl..L AEPIOTE CIII"TE CML£S '.6 5.2 5.2 

•• 2 

•. 3 ... 
•• 5 

.. 1 

IIIST"'L afOOT( CR.TfS & DC 

DE'''' ELEC 

lLECTltON.C at',,11 

EN" tofIII'LIMCE "IIIE., 

SUl5YSTE" TEST 

0.3 

Ie III.: 21 '31.2 

:1.& .21.1 

• 15.1 • H.t 

='.5 2'.& 

ENS no LMOR MTL TOTftL 

13 IS.: :15 •• :, 235.· 

ftONTHS "orlTHi .:1 .. •• 

2601 

5.3.5 PRODUCTION CMLE 5V5TE"S lEv 1.21 
;;;~-.... ~;;~;;;~~~:.-................. ;:; ..... ;~; .. ~;;; ... ;~:.;~~~;;: 
.. ----------------------------- .. ---.. -... --_ .. -------------------------------

ftDNlMS ftDNlHS •• •• .. 
5.3.5.1 'RDOUCTION FRONl ENO c"e:..E SV5n", 

5.3.5.1.1 CDORO C"1 I. 18 

5.3.5.1.2 PRODUCTION 
5.3.5.1.:!.1 P,."t:R~TE '.53 3.5 21".8 2c8.3 
5.3.5.1.2.2 TRtG6(R I.n I.' 216 4:77.1 
5.3.5.1.2.3 CR"TE/LCr.. '.25 1.6 .... 3 "5.9 

----------------::;~~~~;---------------;---~~;;---;:~; ... -;;;~~---;;;~;-
------------------------------------------------------------------------

5.3.5.~ PRODuCTION R£,.,OT£ c"eL£ svsn'" 6.7 

5.3.5.~.1 COORD C"' 1.75 1.1 6.7 

5·;:;:;:;.2.I
PROO 

CF'u.tl)rl" 8.15 •. : loB '.85 ;:.65 
5.3.5.2.2.2 T"166[R • 1.1 '.7 29 29.7 
5.3.S.~.Z.3 "E"I£VNT • 1.3 2 1.7 3.1 

--------------.. --::;~ ~~ :;-------------; ~; ----;~; ---~~ ~~- -;~~;; ---~;~;;-
-----------------------------------------------------------_ .. _----_ ... ----

EN6 ,,0 L"SOR ""ll TOl~l ........ -.......... ~ ................................................... . 
FJlOOUC.TlON c"er..ES ;:.& 1.55 35.'1 S66.5S 61':'.55 ------------------------------------- .. ----------------------------------

t;1 .. 
----_ ......... ----------------_ .. _ ... -....... _ ........... -_ ... -----......... _---.................... _-----_ .. -

C-2b 

SOLENOID O£TECTOR COLLMOR"TJON C"LORlrtETER ELECTRONICS 

5 .• 

tTE" OESCRIPTION 

5.' 

5 .... 1 ENGINEERIN6 

5 .... ~ SUPPORT EFFOftT 

5 .... 3 TR"II£L 

lEU 1.21 

EN6 TID LAlOR MTL 5U1TOTM. 

ftQNTHS ftONTH5 .. 
55 

• 
I 511.7 

36 235.1 

• 

.. .. 
• 511.7 

• 235.1 

72 72 

ENS 1&0 LMOR MTL TOTM. 

MNA&EfI£NT !' is H "'.1 72 IH.' .. _--------_ ... _----------......... __ ... _-............ _-_ .. -... -... _ ......... __ .... _--... --_ ... -
ftONTHS fOrI1MS KI •• .. 

2600 
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SCINTILLATION CALOFi:Jf'!ETER UNIT COST 

C·2 '7 

2603 

CollI-urn t 

,,85 • DESC~tF·TJDN COST I COST U' ) I 
CARD CHANNEL 

s. I 
S.2 

Svst .. d •• 'Vn doc:u .. nt n.. B.l 
fTototype .1ect.,.onl ca na 78.9 

'5.3.1.1.1 Prod. p .... ..-p. c.,..d and 
'=i. 3. 1.2.1 Prod. pr •• ap. Ie 
~.3.1. t.2 Prod. Pt1 cu,.,..nt .onito"'· 
5.3.1.1.3 P,.od. SCA e .... a and 
S.3.1.2.2-8 Prod. aU Ie· •• Mc~t p,.. ••• p. 
~.3.1.1.4 Prod. data collector c.,.d 
".3.1.1.5 PrOd. R/IJII • .,quttnc.'" ca,..a 
S.l.::!.l.l P,..OCI ........ y c.,.d 
'~.3.~.1.2 P"Od. clock di.t. and .10 .... co •• unlcatlon 
~.3.2.1.:] PrOd. p,",occ ••• or car-d 
~.3.3.1 PrOd .• ,.ont-.nd c ... t. 
~.3.3.2 PrOd. r..,t. c .... t.. 
'5.3.4.1 P,.od. f ... ont-.nd po..,.", 
5.3.4.2 P,.od ..... -at. pow ... 
:5.3.:5 Prod. cabl •• 
~.3.b Subsvat ...... lIblV and t.st 

Tot .. l p,..oductloon 

S7 

23:: 27.9 
B2Z 3.'" 

4~36 3~.4 

10:i5 ... 
1944 1.9 
I:i0::<: 1.' 
1902 1.9 
7471 3.b 
3138 3.1 
2991 e .• 
294. =:.9 
33ee e.6 

14.7 
11.7 

.. e 
21.7 

218.7 

C-29 
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... es I DESCRIPTION RISKS ASSES !lEIGHT FAC. CONT COST COST + 

~.3.1.1.1 Prod. 
TECi COST SCH TECH COST SCH X K$ CONT. 

Pre.ap. b - 2 2 , 2_ 1184 '30S :50.3.1.1.2 P,.od. "" --. • - - 2 2 , 2_ , ... 203 
:50.3.1.1.3 Prod. SCA ca,..d • • • 2 2 • 30 8103 189:: 
:50.3.1.1.4 Prod. data colI b 4 4 2 2 • 2_ _S "9 5.:1.1.1.5 Prod. R/ .. eeq. • 4 • 2 2 • 2. S7 .87 
5.3.1.2.1 Prod. prea-.p IC 2 3 - 2 2 • .4 1_' 'b4 
:1.3. '.2.2 Prod. ,.,,, IC 2 3 4 2 2 • .4 32 3. 
:1.3. '.2.3 Prod. buff. IC 2 3 4 2 " • I. .2 1114 
:1.3 ••• 2.4 Prod. delay Ie 2 3 4 2 2 • .. .3 .-5.3.1.2.5 Prod. ADC IC 2._ 3 • 2 2 , .- 222 253 
:1.3. '.2.6 Prod. 8CA IC 2 3 4 2 2 • 14 222 2:13 
:1.3".2.7 Prod. ALP IC 2 3 4 2 2 I ,. 9_ .87 
5.3.1.2 •• Prod " •• dout IC 2 3 .- 2 2 I .- 441 4' 5.3.201.' Prod. _c.,..d • 4 • 2 2 • 2_ •• S_ 
"5.3.2.1.2 Prod c1k • c~ • 4 4 2 2 1 2_ eo ••• :1.3.2.'.3 Prod. p,..oc .. eor • - 4 2 2 • 2. 179 22. 
:1.3.3.1 Prod. FE c.-ate 4 4 • 2 " • 2e 13:: .SS 
:1.3.3.2 Prod. R c .... t. 4 4 • 2 2 • 20 35 42 
5.:5.4.1 Prod. nAC/DC 4 - - 2 2 • 20 .33 159 
:1.3.4.2 Prod. II AC/DC • - 4 2 2 20 4e 40 
:1.3.:1 •• Pr ..... FE cable 4 • 4 2 2 20 :108 .72 
:1.3.:1.2 Pr ..... It cable 4 4 - 2 2 20 .3 :I. 
:1.3.6 Pr ..... ...... • - 0 2 2 2. 48. ..:1 ----- ------

ProdlolCtlon total. • .. 2 .841 
PrDCfucti on conunvencv ~-: 

- 2 ~0 n. leb9 

S,..and total. 93:01 114~ 
Gr."d cont 1 ngenc y 2" 

co: s 
2604 

contlr.g .... ' 1 

SCINTILLATION CALORIMETEr.: CONT I NGENCY ':;'NALYSIS 

•• s • DESCr.:IFTIOfJ F\IS~'S ASSES WEIGHT FAC. CONT COST COST . 
TECH COST SeH TECH COST SeH ,. .·,r corH. 

:'.1 S~· •. d".l~n 0 • " 2 .9 333 'C10 
:'.2.1.1 .1 P"'oto. p,.. .... p. • • 2 " 2' .93 :3~ 
~.~.1.1.Z F-roto. ",., """'. • 2 2' 12:: I:':: 
~.:.1.1.3 P"'oto seA c,.,..d S • • 2 "0 "el b •• 
~.:.1. I .... f·,..oto. d .. t. .. col • • • • .4 112 .". ~.:i!.1.t.5 P,..oto. R/W ... q. b • • 2 2 ". .". 13~ 
'.2.1.2.1 P,..oto p,.. •• "'p Ie 2 ~ 2 .b b" n 
:'.2.1.::.:z' F''''oto. Fi:/ ... Ie 2 2' •• "9 
:'.2.1.:.:!- f""'oto. bL.,.f. Ie 2 .b b4 74 
~.=.L::Z.4 P"'oto. del.y Ie b 2 24 .e0 124 
'.:.1.:.:' P"'oto. Ace .e 2 2' .". .90 
:'.:.1.:.0 F""'oto. seA Ie ~ .b ." 90 
:'.2.1.:.7 F",..oto. ALP Ie · 2 lb 79 91 
:'.:.l.~.B F,..oto. ADe buff • 2 24 72 S9 
~.=.1.=.9 P"'oto. ~c cont b 24 7' 9. 
:'.::.1.3 Ie t.st .t,.nd b 2 =. 219 ;;!71 
:.. :.;!. 1.1 ",..ot. ... p.r •• c .. ,..d .. • 2 2 2' 2::0 27:: 
:'.::.2.1.:: f''''oto. c .. co ... '" " • 2 2_ .-. .7_ 
:.Z.Z.I.:- F",..otc. P"'OC. " 2 .b ". b. 
:'.2.3.1 P,..oto. FE c,...te • = 20 97 11b 
!i.Z.3.~ f""'oto. R c,..at. - 2 2 2GI 3. 37 
:..: ..... 1 P"'otc. FE AC/DC - 2 2 2e 39 _6 
:'.2 .•. 2 P"'oto. R AC/DC 4 · 4 2 2e 33 39 
:i.2.~.1 P"'oto. FE cabl. b - 2 2 2_ 11b 143 
:'.2.:'.: P"'oto. R c.bl. 2 2 20 2B 33 
:s. ::.:'.:" Cabl. t.st .. ,. 2 .4 ur~ 1::7 
:'.:.0 Cu.l ,. d.bL.'g SW = 24 'B. 1:::' 
S.:.7 F,..otc. "'~ t •• t b =4 26: :'::0 

F,..ototyp. total 3"68 .375 
F",.ctot.ype contlnoenc:y --

2606 

, ... 62 

7.0 Schedule and mile SIOneS 
7.1 Schedule 

The top level schedule usumin& I swting date of Oclober 
1991 is shown below. 
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LEVEL I SCHEDULE WITH MAJOR MILESTONES 
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D -- DlUVERAItl/TASI 

Figure 7.18 

LEVEL 2 SCHEDULE WITH MAJOR AND MINOR MILESTONES 
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C) 
o 
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,e" • 

""'---------0{. \ •• N ..... _ 1-1 ---------' D -- .r."" ...... /f". i 
Figure 7.lb 



Front-End Electronics for the sse 2G11 
Participants: R. Ely, R. Jared, I. Kipnis, F. Kirsten, 

S. Kleinfelder, M. Levi, T. Merrick, O. Milgrome 

Task: Development of Analog Readout Circuits for Calorimetry 

256 deep 

OVNAMI C RANGE 
so~v· 20 MeV 
S.ov • 2.0 lev 16-50n5 

62Mnz AD DR 12-bit Digital 

Requirements: 

Control 
& Buffer 

1) High Speed -- 62.5 Mhz 
2) Large Dynamic Range -- 18 bits Constructed 

from Dual Range of 12 bits each 
3) 256 Storage Locations (4 J..LSec Memory) 
4) Digitize Data After Trigger Decision 
5) Store Signal Transient 
6) Random Access Analog Memory 
71 Simultaneous Read & Write 
8 Hold Data Pending Trigger Decision 
9 OnChipADC 

10 Digital Storage Buffer 

~c." '"~ P..-n>"TYI'I!S 
l'Ao ...... -r.O .. 

1'&0 ... .,'1" .. \ 
., .. t>~''''r',.tJ 

,U""._p. 
...... .,y ••• 
t£.".xT. 0 oJ 

, ... ",--,.,ur.7y7U 
,._ .... ~ l' ,fHoI 

Y'"~ 
I"II.:-~T~".r ., __ r.II"" 

~ .,.,.I,.,./t 
?tl.ilTOT'f~ 

;tJU.~ .. r..oN 

~.&." "'$TSI"a.",.,.'" 
PU"7"YHV 

'~~Jc.""'.,J 

# I"" II! ,n 

2S7 

I" 

(~ .... o'h'(~) 
2G13 

,",,5. 
SCINTILLATION CALORlt1ETEF;. UNIT COST 

DESCF.:JF'TION 

S.l Syst_ d •• iO" docuaent 
5.2 Protatyp •• 1~t"onlc. 

5.3.1.1.1 Prod. pro • ...,. c.,.d and 
S.3.1.2.1 Prod. p,...a.p. Ie 
:5.3.1.1.·2 PrIXl. Prot CUf"",..nt -ani tor· 
5.3.1.1.3 P,..od. SCA c.,-d and 
:5.3.1.2 .. 2-8 Prod. all Ie' ••• ce-pt p,.. ••• p. 
5 .. 3.1.1.4 Prod. data coll.ctOf"" card 
~.3.1.1.S r;-",od. R/W .~u"'c:~ card 
:5.3.2.1.1 P,..od . ...".Y c.,.d 
~.3.2.1.2 Prod. clock di.t. And .10t0! C:~MUnlC:ation 
S .. 3. 2. 1.3 Prod. procC ••• or card 
S.3.3.1 prod. 4ront-end crat. 
S.3.3.2 Prod. r..at. cr.t. 
S.3.4.1 Prad. front-end pow.,-
~.3.4.2 Prod. r..at. p~ 
:5.3.:5 Prod. cables 
S.3.6 Sub.y.t_ .... .ely and t •• t 

5.4 

t51!t/"",n: so, 
P,c.;z,-r-y~ 

¥tt.atlCI/oH 

.,.,..,.... ,.LLF< 'DaC 

?"'" n>"T"/I'n 
'1'".-.,..,r">1\1 

lOt. 
411 .... 

11'1-,,, 

Grand total 

c-~ '7 

2G12 
cal-unit 

COSTI COSTU·) I 

CARD CHANNEL 
8.1 

78 •• 

87 

233 27.9 
82= 3.2 

4~36 ~.4 

11115~ 1.1 
1.44 1.9 
IS1112 1.5 
1'IfI2 1.9 
7471 3.0 
3138 3.1 
2891 "." ,..40 2.9 
331111 ".0 

14.7 
11.7 

lie 
21.7 

218.7 

2614 
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Dynamic Range 2617 

• Two 12·bit ranges (1 :4096) 
• Dual range extends the dynamic range to 1:100000 
• Least count is 20 MeV 
• Greatest count is 2 TeV 
" Fractional Accuracy is always « 1 % 

> • c:I 

IOOOO~------~------~==----~--------' 

~ILI~------~Io""--~--~Ioo~""----~IOOO~------~I=OOOO 

ADC (COUnls) 

2615 

- .......... 1IIo ___ .... c..IClQ •• __ _ _ ...... _--1IIo1ILC ______ _ 

----......... ....... 
,.. ............................. .. 
-r .................. ....-c .... ---.. ............ '-........... --
• __ .-...-. ...... _0..-

.c.... ..... ~ ... ____ "---... _-
• .. '--=twI .......... ~ ........... 10'0_~_ .. _ ... -. ".------

GLC_ 

2616 

......-..~ 1IIo1ILC ____ .... __ 

-.....,.-....-...... ---.. ~ __ __ eo.-_-_ 
........ .. ~..--. 

..-..., 1IIo1ILC __ • __ - __ 

...--__ .-__ 1110 

cu: ........... u.a. ......... ....__ 
_,,~ ... _._.IIC_ ... 
...' .......... CIIIII1 ... ___ _ !=--... _-_ ... 

IBM 
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A 256 Element 16 Channel Switched Capacitor Array 
With a 12·bit Single Slope ADC 

SCA SECTION 
AIlC SECTION 

Basic Cell of Switched Capacitor Array: 

:r:~~M~&-.-

Digital 
Control 
& Buffer 

Basic Cell with Simultaneous ReadIWrlte Capability: 



2619 
seA Pedestal Variation 

== Single shot variation dominated by kT + 11t noise 

== Differential inputs with 10 volt etfective input swing. 

~OO5'----------------------------------.-_~~~.~~lfi.O~m~VV __ -
O~~--------------------------

50" 0.001 -;,--' • .--.. , ... - . • • • 

.Eo 0.002 •• • •• ••• • : ._.'. .' l'... :... '. .• § 0.001 --I· ~ •.•• •• _........... .....,.. •.. _ ...... . 

~., •••• ......... ~.- - •• , ••• _~ _ •. __ e_a. 

>
i 0.000 ,. ....... : ... ,;-..~.;;.-:-. •••• ~~: .:.. - -.\,.- \ •• • .._ • e ••• : 

~.OOI ..;L_... ... - .. . -. I.. . .. . 
~.QOl ---Moe_I ..• •• .• _. • • _. ~ • ••• .,. J ~.ool - ~~ 
4OH~------------------~I~~------------------~ 

Cell Number 

I.' 

== Pedestal variation must be S 1.2 mV rms in a 5V 
range to achieve 12-bit dynamic range (1 :4096). 

SCA Linearity 
2621 

~ '.0 
CD 
DI .. a .• -g 
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0.0005 +--------+------+------:l::-----:.r. .. ------;5 .• 
2.0 '.0 G .• 1 .• 

Input voliage M 

0.00.0 ...------;----:----;;'-----------------------1 
~ 0.0035 -l-------~...oWl_ ..... t:!.!~/>A."¥"\.;:::_:_--------------l 
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0.0020 

~ 
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0.0010 
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'C 
CD 
D-

0.0000 -... 1 .• 2.0 3.0 4 .• 

Input Voltage [V) 

Chip Parameters: 

SCA Parameters Achieved Performance 
No_ channels/chip 16 
No. of elements/channel 256 
Power/channel 10 mW 
Non-linearity +/- 0_1% 
Pedestal variation 0.5 mV rms 
Charging time constant 1.5 ns 
Channel dynamic range 5000 
Maximum sample rate 90 MHz 
Maximum readout rate 200 KHz 
Noise floor 0.7 mV rms 
Input voltage range 0.2-4.8 Volts 
Capacitor droop rate 0.1 mV/msec 
Output Settlil}g Time L2_J.lsec (to 0.02%) 

Current Status: 

Work continuing on maintaining large dynamic range. 

Learning how to reduce effects of digital noise. 

ADC being integrated with SCA. 

Design Work in Progress: 

2622 

1) DeSign an Analog Store with 5 volt Differential Inp~ts 

2) Address Generation & Pointer Manipulation 

3) High Speed Preamp & Shaper 
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Address List Processor 

Address Generation & Pointer Manipulation: 

1) Generates input storage locations for the SCA at 
62.5 MHz. 

2) Maintains a list of saved data until trigger decision 
is complete. 

3) Pr/?pagates the list of ~inters through the multi
tiered trigger decision chain. 

4) Generates addresses for SCA readout. 
S) Consists of four hll1!l-speed First-In Rrst-Out 

memories. -

PendIng 
Levell 
FIFO 

L lstrolle 
(62.5I'1HZ) 

level 1 
accept 
reject 

Pend1ng 
Level 2 
FIFO 

L2 strobe 
162.5 kHz) 

level 2 
accept 
reject 

Pend1ng 
Readout 
FIFO 

LJ strobe 
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Coumer 

12-bit pipelined gray code counter. 
Counts on every edge of 125 MHz clock (2'SO ~ 
effective rate) . 
rlfftJ 

Analog Ramp 
5V ramp in 32 J.LSec . 
Excellent linearity due to improved error amp/Iif-ier 
'f (1'./ 

COUWCalor 
5 stage linear' amplifier with hysteresis 
DC gain of 108 

sensitivity S 1 mV 
5 mW/channel 

Operation )2-

12 bit conversion with fit kHz throughput . 

Integrated circuit successfully combines high 
speed CMOS 'elk .. 62' MHz with analog Signals 
smaller than 1 mV 

26::8 
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Output vs. Input 

~'------'----'co.I/T==~S=v&=IRIT~=\IOL=t=~='------------------
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i qes 
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OUtput VIS. Input 

co.I/T& V& IRIT \IOLT 
11& AOC.I ._._--+-----+ '-' ---,-@p. 

., 

1.0 2.0 3.0 •. 0 5.0 

Input Voltage M 

Deviation From Besl Fit 

1.0 2.0 3.0 •. 0 5.0 

Input Voltage M 
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0uIpuI Vollage as a Function of ... ~ 
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t:.goc!usjons 2642 

1 ) completed conceptual and baseline design for calOrimeter 
front .. nd electronics based on switChed capacitor readout. 

DesIgn Is compatible witt! a variety of calorimetriC detectors 
(e.g. barrel, end-cap, shower max.), and a variety 01 
calorimetric technologies (e.g. scintillator or liquid argon). 

2) FlnIt version of 12-bit ACe functional • 
• 32 pMC conversion time at 2 mW In 211m CMOS. 

• 16 paec conversIOn time with taster clock. 

3) SCA moved to adYallced technology 1.2 pm CMOS process. 
Version with 256 elements/channel lust fabricated. 

4)' L 11L21Readout Architecture chip (ALP) layout completed In 
1.2 pm CMOS. 
• FIFO memory fabricated In 2 pm CMOS and tested at ~ 
up to 330 MHz. 

5) DesIgn of preamp for lOW gain scintillator PMT Initiated. 

6) Design of mul\l-Channel bOard begUn. 

• Decision point later this year for SOC electronics 

• Barrel/Endcap Calorimeter Electronics 

• Detector at EM Shower Maximum 



Mechanical Design I 
II 

• SM after 4 Lrad 
• Made of scintillator strips 
• read by fibres 
(same lechnique as the E.M I HD calorimeter) 

• ~ r~t<.s. 'i'li......d.. ~ 

<:11 ........... 

ca.l.k"''''.t' 
ri ..... _<:: rolot& 

i I ± ! 1 
_z-

I 
./ 

Ooc c ..... _'t' 

SDC ShowerMax • DSM· Saclay 
816191 

Physical segmentation & channel count 

& Compati\>ilit~ with EM/hadron scintillating tile 
cillonme er 

Barrel End cap 

• 8 wedges • 32 sectors x 2 end caps 

• 128 phi x 64 eta • 48 pads / sector 

• 8192 "towers" • 1536"pads" x 2 

••• > 8 ch / 4 towers "Phi" ••• > 16 ch. / 4 pads 

••• > 8 ch 14 towers "z"" = 12288 channels 

"" C') 
~ 
CIt 

= 32768 channels ~, 
1024 "e,hi" se9.,mentation 

• Total = 45056 Channels 

SDC ShoWl1rMax • DSM· Sac/ay BIl!I91 I\:) 
Q') .... 
Q') 

The Shower Max Electronics 
(tltsc.opuL Scl.t",() 

Summary of the Sac1ay group investigations 

--..,~ 

DSM·SBCllly 

P. Bonamy. E.Beuvilie. JC Brisson. J. Ernwein. 
R. Hubbard. J. Luglez • ~ 

The ShowerMax ... an overview 

Multipurpose device .-> 

• electron trigger (L 1 ? .. L2) 

_Increase the calorimeter granularity (Isolation criteria .. ) 

_> .".ck match 

soc ShoW8/'Max • DSM· Saclay 

V2.0 

July 1991 

"" Q') .... 
w 

816191 I\:) 

C') .... .... 



Electronics: topological layout 

& scheme 
A Analog part 

--> on detector 
,~ 16 "JumbO" VME crates 

~B 
L2 trigger 
DAQ buffer & read out part 
_> on surface 

(LBL CSA ... ) ~ 
~ 

LoCation 

-- ....... ., 

Front end board layout (A) 

•••••• 
12 ? Dua, Port ~ ~ VMe bus (or 8quivalentJ • 

Static RAM. ~ _> Data acquisitIon branch •••• 
• t ,..! , •• II "" """"""- .... I 1./' •. "'.1.1 • 'r' ¥ -feve121r1gget 

~-~ I • "~c • , 'nputconnector 

• 

~ .......... ~-.,.. ~.. -> data - 16 x 12. 192 ch . ••••• 

8f6/91 

-- (!'otal = 240 boards ".JUMeo-."""_ ·--~'78 Jj !ll 
t; end caps ---> 64 g 

SDC ShowerMax - DSM -SscJay Bl6l81 8 

Front end read out scheme I 
SvIIchronllltkln • 

0ItIct0r 

• 4ift'!~ 

& 
I BasIC components : II 
-> ASIC 16 Chanels· 2816 pieces 
_ FADC 2 x 10 bit· 50 MHz '1 
_ 16/32 bit· Dual Port SRAM 

SDC ShowerMax • DSM - SscIsy 

.,. 

~ 

ASIC 
I'SCIt) 

2. 10 bit 
50 MHz ? 

Data Icqulsltlon 

816191 . ~ 

"'" o.J 

Front end read out partition I 
& Read out organl!l8d per octant 

.,.,""' ....... 
4(SM)' "(phi). 32 (ell) 

-.*'-"'-.. ,,-........ 
_tontend/Jollo1.'fIIl __ 

• helt octant : 
15 front end boards 

. _1crate 
• total _ 18 crate. 

SOC SIrowwMax • DSM - SscIay 

'" 
~ II 

~ . ,., .... ..,. 
• (SM), • (pili) ... (pado) 
_Ned! 
- ....... tnd_ 

816191 I\) 

O'l 

"'" CI! 



Input sIgnals 
(2 x 128 ch. connectors) 

SOC ShowerMax • DSM - Sse/ay 

R/W sequencer 
& BUffer card 

~ Control link & trIgger 
~ synchronIsatIon 

Optical 
data link 

(5 Mbit / sec) 

• 9 U EURO· VME crate 
Total = 16 crates 

816191 I\) 

c;, 
CJ1 

'" 

Data acquisition I 
Inlelllll'"1 
lennlnl! 

I Trigger. ayncnIIIlntlon • I Evenl builder • I 
Ii i .. 

SOC ShowerMax • DSM· SllClay 818191 I\) 
CD 
CJ1 .... 

Front end Crate (A) I 
& 

VME 

n 9 U "JUMBO"· VME crate 
Total = 16 crates 

SOC ShowerMax • DSM - Saclay 

Local extension Bus 
to level 2 event builder 

"VME 
"'(VICbUS) 

Total = 240 boards 
• barrel ---> t 76 
• end caps ---> 64 

816191 

Front end board layout (8) I 
J 

1- _ _ 18 Channels - -- - ~ I Slow data bus I r - - VME bus (or equivalent) 

~~ . - -... - -(l.CII~ 

] - - Q I HIgh Speed data bus I IcSA ADC 
• FIFO - -(1~. - -- -- - .. I Clock & Trigger I - -- -- -16_ - 9U EURo-VME board 

SOC ShowerMax • DSAf· SadIIy 818191 

I\) 

~ .-

I\) 
c;, 
CJ1 
N 

10 

9 



The Showermax at the Levell trigger J 
.. 

Efficient & cost effective solution to Increase & the selectivity of "Isolated" electrons and 
reduce the background rate as soon as possible 

• Extract one bit per "phi" bin at the front end ASIC level 
--> 1024 X 4 = 4096 bit (2 barrel + 2 end cap) 
-> merge with EM local or global 
-> merge with ''tracking'' ??? 

SOC ShowerMax • DSM· Saclay 8/6191 

The Showermax at the level 2 trigger 

& 
use the 2 layers (phi" Z) digitized data to refine the level 1 
calorimeter trigger • 
-> Isolated electron 
-> electron cluster 
-> topoIoglcel cut 
-> fine tracking merge 

e.~.---t 

~ea4<.o1'\. 

~Qci\",. 
,.J;~ .... O\.. 

soc ShowerMsx • DSAf· SacIay 

"e" 
-Je •• 

c;;cJ.. ... 'Il~ 
• '2)JP 
• MI'IP .T_,,..I. .. 

8/6191 

N 
0') 
CJt 
-.J 

N 
0') 
CJt 
Q) 

[ - - Front end board cost I 
i , 

>- The principal Ingredient Is the front end board 

Compon.nt 

PC board 
Connectors 
connector 

? ASIC 
?? FAOC 
? StltleRN1 

Control logIc 
Cabling & test 

Cost per board 
cost per ClllMeI 

6 layers type (ellss. ~I 
VI1E type 
dltl 196 pIns 
shaper -pIpeline-analog burrer 
10 bIt· 20 I'tlz 
50 ns' 16 bit. 102~ 
VI1E • ctOCk ... 

EM cost feh (F.rmltab Fllsh encOder) 

? • /Jpp&r limit 

SOC ShowerMax • DSM· SacJsy 

Nb 

I 
2 
I 

12 
2~ 
12 
I 
I 

FF 

1500 250 
60 10 

500 833 
300 50 
300 50 
100 16.7 

1000 167 
2000 JJJ 

Total 
(FF I 

1500 
120 
500 

3600 
7200 
1200 
1000 
2000 

17120 
89 

Total 
(I) 

250 
20 

600 
1200 
200 
167 
333 

2770 
I~ 

ISS 

¢l 
8/6191 CJt 

CJt 

I Summary & Cost ~ 
~ components oncrtPtlon Number cost! cost! Tolal Tolal i 

or type un" un" KFF K$ MFF M$ 

PhO\odeteetor a Cables APD. VLPC ••.• 45056 0.12 0.02 5.407 0.901 

Frontflttd 
Front end card 192ch.~.er 240 17 2.833 4.080 0.680 

crate 9U Euro- E 18 18 3 0.288 0.048 

PIOC888or =,181t10n) Fie 18 18 3 0.288 0.048 

Synchro a er LTU 18 9 1.5 0.144 0.024 

Pr0c&88or (MOnItorIng) FIC 2 18 3 0.036 0.008 

crate Interconnection VIC 16 15 2.5 0.240 0.040 

DAQ 
I CraIe VME 1 18 3 0,018 0.003 

proceasOr& FIC a RAID 5 30 5 0.150 0.025 

crate Intercon .. 'I8CIIon VIC 3 15 2.5 0.045 0.008 

Cablel 
optical t\tIrW ... 

0.300 0.050 

Worllslallon a Perlph. SUN4 ••. 
0.500 0.083 

TOTAL 
11.496 1.916 

add ''''' (ptOIOI.lpares) 

12.645 2.107 

& 
240 FF or 40 $ per channel 

(PholOdetector + Front end + DAO) 

14 81e191 

SOC ShowWMaX • DSM· SadaY N 
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FIBER TRACKER ELECTRONICS 
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A. BAUMBAUGH 
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PCDR for Fi ..... wacker: 
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acapt. ...... 1 .i II a .... it. .. ~ ......... ""- ·r ....... FIFO· .i"'in "'- ASIC. 
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Crat. R.adout IoIIrd 

Power Dissipation Estimate 
ScI-FI Receiver Card 

Each Board 

Each receiver card has 640 Inputs 

640 DllCl'lmlnators @ 50 mw 

10 ASIC I's @2 Watts 
(Pipeline store & Segment Finder) 

5 ASIC I's @ 2 Watts 
(Track Ander) 

2 VME Interfaces @ 2 WaHs 

Total Power Dissipation WaHs' board 

Power Dissipation Estimate 
Sci-FI Receiver Crates 

Each Crate -
Each crate holds 24 receiver cards 

24 Sci-FI Receiver cards @ 66 wans 

I 
2 YME Processor cards @ 25 Watts 

2 Trigger a Clock Distribution @ 30 Watts 

Total Power Dissipation Watts , Crate 
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1. Requirements for the atraw-tube readout 
BYstem 

.. Time __ tiOD 

final position reeo1ution Ox - 160 JUD 
clrit\ velOllity ill the tube 100 \UIIfIIIee 

110 JUD _1.6...... (obamber +e1ect.) 
00>0.711_ ( .... ) 

(G.711 ~ • (4 tllU+ 0.482) 
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DfPtIuIIoa -
G.8 ....... At I SQR1'(llI) 

_> TMC .-IUtiOD 4t .2_ 

b. RadiatiOD harcIa.a 

I 

....... radi_ ofStra_tube. 70_ 
DoH rate • 10 IdladIy 
Bad. ~ required_1OO kBad 
for the detector Ufe of 10 yean. 

Co Power-...ptiOD 
leu duIIl80 mW/ab wldUD the cIeteetor 
wa1I 

Total power Iukle- II10Jrch K o.os W 
..... kW 

d. Levell buffer depth. a ." JIMC 

e. Deadtime 1_ readout 

CENTRAL TRACKING 
MODULE SHAPE STUDY 
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/1-·------122.69 MM 
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2. Conceptual Design 

1.1 Straw·tube Detector Parameteno 

Wire CIOIIftpnatiOD 
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lL2 Key Componenu of the 8)'SteJD 

Pre-Ampl Shaperl DUe:. 
8cb per chip 

TMC 

Gain. 800 mV/l06e
PeaJdnc time • lL3 • 4.5 ....., 
Bad. Bard: I MBad lor Y 

1013 neutroluo _2 

Time-to-dijritaJ CODverter 
4 chi chip 
Time ~Iuti_ At- 2....., 
FiNt level data butferm.lor S - 4 """ 
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8ecODd level data b~ 
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OPTICAL TRANCEIVER 
development at KEK 

6U VME module 

8 MBlsec max with TAXI (120Mbps) 

Is made for SOC test module 
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SOC Meeting at LBL 

August. 1991 

Masaharu NOMACHI 

KEK online group 

Flberoptlc Data Link 
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1.10 bIIa 
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lI-APR-l.l (B91W5-6a) 
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PIcket Structure 
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Packet handshake 

Optical barrel shifter 
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II II 

......... NIractIve IncIex 
• a function 01_ 
~. 

Optical Crossbar Switch 
4 x 4 Is already ~lIable. 

DrIve voltage 17 V 
Crou talk -15 dB 

8 x 8 will be ~lIable 8OOn. -+- 8 x 8MB/s = 64 MB/s 

Upto1 Gbps -----~ .... 8 x 1 Gbps = 800 MB/s 

(S0C81MAY-oPTa) 
13-MAY·l"1 SDC DAQ_ng 

fUJITSU ASIC TECHNICAL INFORMATION 

1.4 E128H ClrcuH Struc:tura 

1.4.1 ChIp Layout 

1be E12IH cbIp _ is _ in die fi ...... below. It comains: 

• 16 (4&4) InIImaI c:eu. 10 implement ..- apecific Io,ic fllnclians 
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·4Bia1V ....... a.-.-_ 

Fujitsu Umiud 
March 1990 
CiAno319A 

• Iapul SipaJ __ for WrpoIIina iapulliplall fnIm 1be _ oquipmenc 

~ = ~ore~od iD • 4 x 4 -= wid! wirina _I Ilea IIIITOUIIdin& 

-1 Cell 

Bias Circuit z ~.' 

Pad for Sianal z 16 
Pad for Power Supply 
(Larae type : 6. SmaJl : 2) 

-,-
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FUJITSl.1 ASIC 'IE0INlCAl. INFORMATION 

1.5 Pac:kage 

Fujiuu UmiIod 
March 1990 
CiATI0319A 

1be pactq. 'or die E1l&H is die 14-j>in _ IIat packqe. tbis peete,. is ...... 
for an efficient -.. -lina. _ •• low ;.-;_ .. IberaW _. 

• ~ m-n _ (Cue NO. FPI'-14C-A03) 
• lbermaI ResiSWK:e 6 ·CfW (I_on to Cue) 

HOle : 1be _ (heal-opnader) of 1be pacUa' is _ to VEE. 

...... calUlMtC ""'AL IIAU fLAT 'AC8CMI1 
CAllNe..:""~ 

-,-

FtJlII'St} ASIC 'IEOINlCAl.INFORMATION 

1.4.2 Internal Cell 

----

The E12IH __ 16 InIImaI CeO.. Eacb InIImaI CeO 0DIIIisIs of two 1OCIi_ called 

;~.;~~~.~~ ~-:=~ T="":":"!I===' == 
-.ntof_. 
The fi ...... below -. ......-aw Joaic ......... wbicb .... be ~ In All 
InIemaI CeO. 
There is • fusiJJ of Joaic fllnclianal __ JII'odefinod for _. Jaalc deIiDa. 
1hue ......... are ~ in die ·MACRO SPECIFICAl1DN" (~no31rA). 

1be oeD lIiu circuit is locally used to suppIJ lIiu >DItaJe widIin 1be InIImaI CeO. It is _ 
used anly wilen 1be InIImaI CeO is left unused at aU. 

~4Dft~Cb""""U·'''''' 

gQo::a:gp: 

'n· 
CiOfVNDR) COR~""".~ cz·, ...., 

, oEo:Ba:~ 
cD-La.., (loLa ....... ) 

~~ 
r, 
.' , ' 
: \, 

i------__ ! \ 
'foI' 

-4-
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3.7 Characterization eurva. (Cont'd) 

0uIpat BatJer AC 0IarIctaiIIics 

-.. .. 
l---, . -

H : 10IlpI/div. 
V:_V/di •. 

0..- of RtoolF.ll T_ ... _ .. 1, 

(210-"") ... _ CIdout Mfr 

Itl 

II 

II 

71 .. 
-S.7Z -S.41 -S.I -1.11 -I." 

VEE (V) 

Fujitsu Limited 
March 1990 
GA110319A 2739 

l)ependeftCe of R1,e/F.ll T_ 
Oft A.i)1ent r...,.rature 

(210-.,..) 
oM-

r I; 
~ III 
I-- II 

~ 
II 

- 71 

II 

I II 41 .. .. 
TC (~) 

-:10-
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FUJrrSU ASIC 'IEOOOCAL INFORMA110N 

3.6 AC Charaetarlltle. 

3.6.1 AC CharacteristiCs 

- SynIboI 

~-
Difforemial 
0uIput 

tr 
~IeEDded 
0uipuI 

?W'¥'_ Dilforemial 
Ouq>ut 

tf 
SIDIIe Ended 
0uIput 

TOIII.Frequeney !loa 

Props,au ... Delay T_ 
q1d ••• 

T_~:Tc.25·C 
_ Supply VDhap CandiIionr. 

~ 
LIIw_ Middle _ 

Hi&b_ 

LIIw_ MicIdIe _ 

Hilh_ 

LIIw_ 
Middl._ 
Hilh_ 

LIIw_ 
Middl._ 
Hilh Power 

-
-

vee (PinI 4. 7, 10. 16. 19. 22) • +2.0 v 
VEE (PinI I. 13) • -3.2 v 

0uIput TermiDaliaa: 

50 0 ID VI' • GrIIUIId 

SWITCH 

-17-:. 

6U vue module 
Controlled via vue 
Four 4x4 barrel shifters 
worb at 1 Gbps 

FwrrsU's custum ECl 

Min. 

---
---
---
---
3.0 

-

Control Nglatar -

Typ. 

230 
130 
95 

230 
1.0 
145 

220 
100 
75 

220 
120 
15 

4.0 

-

-_ ..... p 

¥ME 

Fujiuu Limited 
March 1990 
GA1103l9A 

2740 

Max. UaIt 

330 
195 
135 

330 + tdr: 
l!Ii!5 + air. 
195 + lAIr 

315 
pi 

155 
110 

US + tdf: 
180 + 1df. 
125 + US! 

- (1Hz 

. 
pi 

2742 

SelecI2 Mblp 

MadilOn 3· b 
M.Nomechi 
16-july.11191 
0tnaI 
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8 x 8 Barrel shifter 

One module 

16 X 16 Barrel shifter 

two modules 

2745 

large scale barrel shifter 
using high speed Eel chip 

ECl (FWITSU) switch 

512 x 512 barrel shifter 

Addressable FIFO 

SOC Meeting at LBL 

August. 1991 

Masaharu NOMACHI 

KEK online group 

L8Ll-C: 
at Nom8chi 
29-juty·1991 ...... 

Link speed 
bit rate aCIUIII data byte IIIbI 
800 Mbps -> 80 MBisec 
625 Mbps -> 62.5 MBisec ( sync. to sse clock) 

Data flow 

62.5 MBisecllink x 400 links - 25 GBisec 
- If lIze of event fnIgment II wei bIIIanc:ed. 

Size of event fragment 
o.a balancing logic .. possible. but • may not help. II /!lUll be 
done belDteliilks. 
o.a balancing Iogle at IIIIIdouI crate II WIlY dIfIicuIL 

Average size of event fragment should be 
less than 6 KB. If It is more than 6KB. use two 
links. 

If the lIze of event fnIgment II not baIIInced, IIIIIdouI buller 
must be big enough. 

6 KB x 10KHz (Max level 2 trigger) _ 60 MBisec 

1 MB 1400 crate - 2.5 KB (average fragment size) 

Belanclnll 
M. Nomactoi 

31-JUL·11111 

• 2746 
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(S0C81MAY.fNAl2) 
13-UAY-I181 SDC DAQ-.g 

_DAQ -- .... lImln·a -.-
rl-----I-.,-\. 

~ 
H:::r1--------I 

---
...... 5 CorInII Flow 

.... rIIl .... __ Io_Ia __ ..wud~ ___ '1110_ 

rill opoicoI or ____ ._ (fIc1n '> wID.......uy _..w dMalrllllllliuiaa_ .... IapuITSIs ....... lllpLeveI-.... ___ A512 __ 

c:uaId dial be ...-I0Il in aliDp ...... 

SwildliDl ._ .... NpJaciDI ltudud baaa u lb. prefemd ---. far _t 
_u t::=r~~I)=-_w:::=...addltiaaaI_1IafforiJI&, - --.. 

page • 
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FJcu"' A4 "J.aCk:aI" Swllob In_on 

Switch 

(SOC81MAY.fNAL1) 
13-UAY-1181 SOC DAQ ........ 

, 2750 

GIoINII alglIIII 
SwItch I8IJ4l t------ (>9bit tor 512x512) 
Robe' 

... ---- clock' 

, notUNd 

16 X 16, dual 8 x 8, or quad 4 x 4 

< 64 cabllIlL--I~r-r..,.., 
< 64 cabllIIi.. __ ..... _ ..... ~ <64 cabI,IIIi.. __ ._+_~ 

<64::=l!.~M <64 
< 64 cabllIIi.. __ -It--i'~ 
< 64 cabllI5..--a--t--1'~ <64cab1l-1 ___ 1i 

<512cables 
ID OUTPUT TSI 

• 

<4 modules of 16 x 16 
handles each aegmenl 

<4 modulellegmenl 
x 8 aagmenl -32 module 

1'''-
64 of 8 x 8 1IWiIdI. 

Two 8 x 8 tor each module 
84 I 2 - 32 module 

Switch LBl2-b 
M.Nomachi 
1-AUG-1991 



InputTSI 

<64~ 

< 64 optic:III 

Ink 

<64~ 

<64~ 

<64~ 

< 64 opIicIII 

< 64 opIicIII 

< 64 opIicIII 

Ink 

--. 
Ink I' 
Ink • 

Ink 

Ink 

Ink 

Ink 

Partition 

112 ...... 

........ 

........ 

1211npu1 

,. Input 

........ 

2751 

8 optical input 

8 cable output 

400 18 - 50 module 
I 50 module - 3 or 4 crate 

InputTSI LBL2·a 
M.Nomachi 
1-AUG·1991 

2753 

, .................. ...... 

"1IUIpUt 

"1IUIpUt 

, .. '.0UIpUI 
'.0UIpUI 

X 
Barrel .hlfter . ' . • "1IUIput 

llnary partItIOn Ia euy and cosIa notthlng addlllonal. 

partlllon 
".Nomachl 
1-AUG-1991 

OutputTSI 

Ie;] ~ 
2752 

II~ GIoI* 

ID 
< 64 opIic8Ilnk 8 optical output 
< 64 opIica/ Ink 

8 cable input 

< 64 opIic8Ilink 

< 64 opIic8Ilink 

< 64 opIic8Ilink 

< 64 opIic8Ilink 

< 64 opIica/ link 

< 64 optical Ink OutputTSI 
LBL2-c 

M.Nomac:fII 
1-AUG.1991 
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Ricbanl Partridge 
LBL SDC Workshop 

August 5. 1991 

TECHNICAL PROPOSAL BASELINE DESIGN OPTIONS 

• Current bueliJu! desip adopted primarily for c:oRiDg DAQ 

• For t.ec:hnicaI proposal. we must: 

• Provide a bueliDe DAQ cIaip that the DAQ poup be

lieves is the best desip available at thia time witbiD the 
east CODatraints aDd DAQ requirements. The baMIine de
IiSD may Deed to provide optioDa IIDd a1temauves where 
tec:Imic:aI chokes are DOt dear at this time. 

• Demo_te that the desip is c:ndible IIDd meets the re
quirements. SimulatioD ...uts are _tiaI to demoDltrate 
the c:ndihility or the desip. Furtheruwe. the bueliDe de
IiSD mould be baaed aD atraipt-fonrard enrapolatioDl of 
proWl! tec:hDiques ad DOt rely aD exotic tec:hDology. Where 

UDproWl! teclmiques mow promise. there ohould be lID aI· 
terDative OpUoD usiq J>IOWII tec:1moIogy. 

• BaseIiDe desip ohouId have muimum iDput rate or ... 5 kHz. 
with a c:apocity for 10 kHz. 

• Event me ca1cuIatioDl indicate lID averace ewut aize of 100-200 
kB. which iDdicatea 1 GB/. is probably IUfticieDt for tunMm. 
with expIID&iOD c:apaIHIity to 2 GB/. ill the futDn. 

• DAQ meetiDg Sept. 5 at FermiIab to diacua tec:hDica1 propoaal 
bueliDe desipl UId other topics 



BASELINE DESIGN OPTION n 

• Front End crates with DAQ readout aequencer 

• Suboyotem crateo &0 proYicle data collection for each ouboyatem 
and provide Jinb &0 the ouboyatem computer, Jocal triger inter
face, and DAQ control interface &0 triger and DAQ oupervisor. 

• Farm crateo with DPM ........ t bWlder and commercial CPU. 

• Subsystem computers &0 provide Jocal control/logging of ou!; 
I)'Item.s in stand-alone mode 

• DAQ oupervisor &0 determine availability of farm procaaon and 
assign event routing 

FRONT END CRATE COMPONENTS 

CRATE: VME 9U 400 mm with Itandard Jl, J2 backplanes. Clock 

and triger distribution on custom J3 Backplane. 

CPU: Commercial CPU for monitor, dOWDload, c:aJ.ibration, and con
trol. CPU includes Ethernet Jink &0 alow-control network. 

DAQ READOUT: Readout aequencer &0 read out FEE cards over 
VME backplane. Data is sent &0 DAQ uaing fiber optic Jink. 

TRIG/CLOCK: Triger/CJock interface card. Provides clock and 
triaer lignals &0 FEE and DAQ READOUT cards uaing J3 back
plane. FEE: Front-end electronics cards. Provides LeveJ 1,'Leve1 
2 buffering and mak .. digitized data available via VME following a 
LeveJ 2 trigger. 

2755 
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FRONT END CRATE 

CD T F F F F F F F F F F F F F F F F F 

P A R E E E E E E E E E E E E E E E E E 

U Q 1 E E E E E E E E E E E E E E E E E 

G 

R / 
E C 

A L 

D 0 

0 C 

UK 

T 

. 
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SUBSYSTEM CRATE 

CD L U U U U U D D D D D D D D D D D D 

P A 0 NN N N N A A A A A A A A A A A A 

U Q C U U U U U T T T T T T T T T T T T 

A S S S S S A A A A A A A A A A A A 

C L E E E E E 

0 D D DDD C C C C C C C C C C C C 

N T 00 00 00 0 000 0 0 

T R L L L L L L L L L L L L 

R 1 L L L L L L L L L L L L 

0 G E E E E E E E E E E E E 

L C C C C C C C C C C C C 

T T T T T T T T T T T T 



SUBSYSTEM CRATE COMPONENTS 

CRATE: VME 9U ((J() mm with ltaDdaM J1, J2 backplaDes. DAQ 
_1 em CIIItoIZI J3 Backplane. 

CPU: Commercial CPU for mODitarillc ud IP)'iag em the data. In 
Joca) mode, CPU pnw:ides IUdout of _ mlUboyatem computer 
1IIiug Etbmaet 1iDk. 

DAQ CONTROL: Generates busy aipaI 1IIiug ADd oeuds it to 
pobaJ triaer logic: or LOCAL TRIG card. Receivee event routing 

iDformatiou from DAQ Superviaor ... d 1Upp1ies it m DATA COL
LECTcards. 

LOCAL TRIG: Local trigger module for ,...orating puller ud caJ.. 
ibratiou triggers for IUboyatem wbeD ill local mode. 

DATA COLLECT: Dat& coUecUcm cud. CoIIecta data from up m 
8 DAQ READOUT carda ill froDt end c:ratea for the IUboyatem. Pr0-
m. data output m DPM ED cards ill farm asiDg high opeed fiber 
optic 1iDk. In Joca) mode, data cau be Iud by the CPU uiDg VME. 
CPU cau &lao _pie iDcoaWI,c _ta .... mouimriDg ... d calibra
• duriDg data &akiDg mode. Adds routiq iDformatlou m pedret 
Iaader that iDdieateo ODe ( ... _> ~em CPU'. ill LeveI 3 
farm. Provides DAQ CONTROL with iDdic:atioJl of peDdiDg DAQ 
busy coaditioa. 

2759 
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FARM CRATE COMPONENTS 

CRATE: StaDdaz-d Futurebus+ crate. Could be. dilferent bus_
daM if ODe ia adopted ... d widely aupported by illduatly. 

DPM ED: Dual-pmt memory event builder cud. Aecepta 16 high 

opeed fiber optic IiDka that carry data from 1Ut.yMm c:ratea. Storea 
events with appropriate routing head .... in local memory. M.bo 
event data aw.ilable m FARM CPU cards uiDg Futurebus+ back
plaDe. 

FARM CPU: Commercial CPU for LeveI 3 ~ of events. 
U_ DMA \rUIII'er _ Futarebaa+ m M:qUiJe _ data. U_ 

FDDI uetwork IiDk for dOWD1oadiDg, remote couaole, ud output of 
accepted eveuts from LeveI 3 algorithms. 

2760 

FARMCIlATE 

DR F F F F F F F F F F F F F F F F F F 

P E A. A A A A A A A A A A A A A A A A A 

M S R R R R R R R R R R R R R R R R R R 

EM MM MM MM MM M MM MM MM MM 

E R 

B V C C C C C C C C C C C C C C C C C C 

E P P P P P P P P P P P P P P P P P P 

D U U U U U U U U U U U U U U U U U U 
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DATA PATH COST 

Item QuUltity Uuit Coat W&S Total <A 

DAQREADOUT 300 2K 200K 800K 

DATA COLLECTION .0 3K 300K OOK 

DAQCONTROL 10 2K lOOK 1201< 

DPMED 30 SK 300K 4S0K 

Total cost of data path: 1790K 

Mally other DAQ costs DOt iDcluded, but .... COIIIIIIQIl mother deaigus 
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PlPEUNE LENGTH 

W.SM1TB 

'llUGGER DECISION 11ME 

c.u .. of TIme Delay T ... (InCro ...... 

Calorimeter through Global: 

1. Propagation to Detector 6 

2. Digitization (incl. synch.) 4 

3. Local Pattem Logic 21 

4. Regional Pattem Logic 12 

5. Regional Correlations btw. Components 6 

6. Transmission to Component Global Logic 14 

7. Component Global Logic 
8. Transmission to GFL T 
9. GFL T Calculation 

Total 

Muon through Global: 
1. Propagation to Chamber 
2. Drift in Chamber 
3. Propagation along Wire 
4. Segment Finder 
5. Segment Unker 
6. Transmission to GFL T 
7. GFL T Calculation 

Total 

15 
50 
20 

148 

2 
50-100 

2 
2 
6 

50 
20 

132-182 

2771 

277:l 

2772 -- ..: ... 1_ ...... ..........., • 1 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

TRANSMIT TRIGGER SIGNAL 

TO COMPONENT PIPELINE 

c.u .. of Delay nme (erosslngs) 

GFL TB -> pipeline controller (nearby) 1 

Pipeline setup & synchronization 2 

Pipeline Controller -> Pipeline Fanout (far) 50 

Local Fanout to Pipeline 10 

Phase between pipeline and sample +/- 0.5 

Loss of sample where pipeline stops 1 

Particle interaction -> pipeline front -5 

Presamples 6 

Signal shaping for sample of rise -1 

Total 64 

A total offset of 64 crossings requires the GFL T accept 

to be issued at a time 64 crossings less than the pipeline 

length. 

--
TOTAL PIPELINE LENGTH 

c.u .. of nme Delay nme (In Crossings) 

Calculation of Trigger Decision 

Calorimeter thru Global. 148' 

Muon through Global. 132 - 182 

Propagation of Trigger to Pipeline 

Total 

148' - 182 

64 

212" - 246 

= 3.4' - 3.91JS8C 

2774 
•• 

"Note: Additional speedup in calorimeter trigger calculations can 
reduce 148 crossings below 132, reducing the minimum 
total pipeline length to 196 crossings or 3.1 J&S8C. 



TMC-SSC Spec. flan 

• Timing Resolution - 0.6 ns. 
• Least Count - 2 ns ( -0.6 x 112) 
·4 channels 
• Memory -16 bit x 96 rows 

-1536 bit (3.072 J.ls) 

-28mm2 

2775 

• Si area 
TMC1004 ; 
(4ch x 1kb) -12.8 mm2 + 6.9 mm2+ 8.3 mm2 

(Pads) (Control) (Mcmory) 

l x 11.5 l l x 1.5 

TMC-SSC: ._~··l5.7.u:un2 + 6.9 mm2 + 12.5Dl_~2 
(4ch x 1.5kb) .. 35.1 mm2 (25% increase) 

TMC-SSC Spec. ftag 11 

• Timing Resolution - 0.6 ns. 
• Least Count - 2 os ( -0.6 x 112) 
·4 channels 
• M~mory -= 16 bit x 128 rows 

- 2048 bit (4.096 J.ls) 
• Si area 

TMC1004: -28mm2 
(4ch x 1kb) -12.8 mm2 + 6.9 mm2+ 8.3 mm2 

(pads). (Control) (Mcmory) 

l x/2 l l x 2 

2776 

TMC-SSC: _ ~18.1_~2 + 6.9 mm2 + 16.6 mm2 
(4ch x ~kb) - 41.6 mm2 (50% increase) .,--- ., 
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HISTE 

PERIOD OF PERFORMANCE: JULY 30, 1 990 - DECEMBER 3 1, 1 99 1 

VAWE: S43SK 

GOALS: 

• PROVIDE DETECTORS FOR FIBER TRACKING EXPERIMENTS 

(SSPM/VLPC) 

• DEMONSTRATE VLPC OPERATION 

• IMPROVE VLPC PERFORMANCE 

HISTE STATUS 

• FIRIT VLPC MATERIAL GROWN AND PROCESIED ON lRaD, 
WITH iliaD MAIK lET 

• DEV~E8 TEITED ON CONTRACT 
_ OPERATE AI EXPECTED FIIO •• ODEL 
_ PERFOIIIIAHCE NOT ADEQUATE FOIl F.EII TRACK.U 

• DE8IQIED AND FA8R~ATED IISTE MASK lET 
- lIP •• ATERIAL 

_ FAIRICATED AND TElTED ON CONTRACT 
• BECOHD LOT OF VLPC .ATERIAL GROWN 
• 'A8~ATED AND TEBTED DEVICEI 

_ VLPC cONCEPT D£IIOM8TRATED 
_ FURTHER. SUPPIlEIIION REQUIRED 

• TIIRD LOT OF VLPC IIA TERlAL GROWN 
- DEVICEI. FA8~ATIOH 
_ COMPLETION IY LATE AUGUST 

• DEVa ctWtACTEJIIZA TION 
- BEPTE!I8EII, OCTOBER 
_ VERIFY V ... LE PERFORMANCE, III IUPPIIEIIION 
_ IXPECT UNREI~TED DEV~EI 

• DEva DELlVERlEI 
_ PROVIDE DEVICEI FOIl FIBER TRACKING EXPER ... TI 

- LATE OCTOIER, NOVEMBER 

VISIBLE LIGHT PHOTON COUNTER (VLPC) 

CAlCUU TID IPIIC'TIIAL QUANTUIII!FFICIENCY 

IMr------------------------------, 

II 

IIUIITAlI __ ...... 

O'ENS DOOII TO BC DETECTOR 
APPLICATIONS TO IIOH INEROY 'HYBICB. 

• IIPUIIITY BAND CONDUCTION DEVICE 

• UlTllA-1IIIIITlVI PlIOTON DlTICTOft II 
V.UILI _CT_ 

• 'IAC11CAI.LY IIUN1I II _AIID "BCTIUM 
I~ 1.1 "'"' 

• APPlICAIlI TO 

AlTRONOMV 
IIIGII _OV '"VIle' -

SCHEMATIC CROSS-SECTIONS OF VISIBLE LIGHT PHOTON 
COUNTER (VLPC) AND SOLID STATE PHOTOMULTIPLIER (SSPM) 



CASSETTE/CRYOSTAT CONCEPTUAL 
DESIGN STUDY STATUS AND PLANS 

• VlPC CONCEPTUAL DESIGN STUDY WILL PROVIDE ENGINEERING NEEDED TO 
SUPPORTSDCPROPOSAL 

- DEFINE A FEASIBLE CASSETTEICRYOSTAT DESIGN CONCEPT 
FINAlIZE REQUIREMENTS 

• PACKAGING TRADES (DESIGN, MATERIAlS) 
PRE-AMPlFIER TRADES (COlDIWARM) 

• CRYOGENIC DESIGN 
CABLING AND CONNECTORS 
CRITICAl INTERFACES 
HANDlItIGIRElIABILIlYIMAINTAINABILIlY 

- CONCEPTUAl DESIGN REVIEW TO BE HELD FOR COMMUNITY REVIEW 
- SUPPORT DEFlNlTlZED DEVELOPMENT AND PRODUCTION COST ESTIMATES 

- FINAL REPORT TO BE AVAIlABLE FOR INCLUSION IN SOC PROPOSAL 

LOI FUNDING STATUS 

U_-"VIJOI: 
IIODUI. •• 
<PEllc_n. 

- CONCEPTUAL DESIGN STUDY TO BE FUNDED THROUGH FERMILAB 
- CURRENTLY FINALIZING TERMS AND CONDITIONS WITH FERMILAB PROCUREMENT 
- PURCHASE ORDER TO BE ISSUED ONCE T&Cs FINISHED 

(POTENTIALLY BY SEPTEMBER I, 1991) 

SUPERCONDUCTING SUPERCOLLIDER <sse) 

fIB •• 0PJlC II880H 
_crOll 

... -_'4_ 

l 

I 
i 

VLPC SPECTRAL QUANTUM EFFICIENCY 
100 

10 :-

1.01:-:---

0.1 :-

0.01 ':-_-'--.L-.L-1-.L..L.LW __ L--...I.-..J....JL...J...LLJI..L_--L'::::"'L-J....I...J..J..u..J 
0.1 1.0 10.0 100.0 1>:1 ... 

WAVEI.t:NG'lII (11M) '1'r::::=...1 ~ ... _ .. 
-~ 

VLPC DEVELOPMENT - FY'92 PLANS 

• DESIGN AND FABAICA TE NEW MASK SET 
CASSETTE APPROACH 

• ~GHER "LANT DOSE FOR TRANSPARENT CONTACT 
REDUCED CONTACT RESISTANCE 

LWIR FILTER 

• IMPROVED AR COATING 
INCREASE QE 

• MAXIMIZE RESPONSE AT FIBER SCINTILLATION WAVELENGTH 

• FABRICATI! REFIIED VLPC LOT 
• CHARACTERIZATION/TEITING 
• SCREENING, PACKAGING, DELIVERY OF 1024 DEVICES 

• TECHMCAL SUPPORT 
• CHARACTERIZE EFFECTS OF NEUTRON AND GAIIIIA RADIATION 



PERFORMANCE SPECIFICATION 

The scintillating fiber readout system shall function as a phOlotransducer 
with single-pholon counting capability. It Is to be a pixel system which 
converts photon pulses to standardized digital electrical pulses. 
Performance requirements listed below are based on the photon signal 
frOm a tracking element consisting of a 4-meter long. 0.75 mm diameter 
scintillating fiber spliced to a 4-meter long. 0.75 mm diameter clear 
.. adout fiber. The photon signal due to charged particles traversing the 
scintillating fiber will have a dynamiC range of 1 to 30 photpns. The 
tlme-dornain representation of the photon signal is a Poisson interval 
distribution Ibal has a mean interval of 500 nsac and is truncated at 16 
nsec by the lime structure Of the accelerator. 

A. Quantum Efficiency 
> 70% lor the wavelength range 500 to 600 nanometers 

B. Single Photon Counting Efficiency 
>60% 

C. Background Counting Rate 
<5KHz 

D. Cross Talk 
< 2% for 1 to 30 photon pUl$es 

E. Time Slewing 
< 5 nsac betw"n 1 and 30 photon pulses 

F. Long Term Timing Stability 
relative drift between pixels less than +/- 2 nsec 

G. Output Characteristics 
connector 25-mil pitch. as per Spectrastrip 

845-x-x .. -P-ALAOO 
cable 
logIC levels 
pulse width 
bit rate 

SIngle-ended ribbon. 53 ohms to ground plane 
(work-in-progress) 
14 nseC 
62.5 Mbs 

H. Self Testing Feature 
JTAG diagnostic port for loading/readIng back test palterns 
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PHYSICAL PARAMETERS AND CONSTRAINTS 

A. Footprint 
36- wide by 20- high by 20- d"P 

B. Orientation 
vertical to allow pool boiling helium option 

C. Subassembly Size 
replaceable unit containing 1024 pixels 

D. Assembly Size 
16 subassembly units containing a maximum of 16384 pixels 

E. Reliability 
300 years mean lime to failure per pixel 

F. Useful Lifetime and Number of Thermal Cycles 
10 year lifetime 
50 thermal cycles per subassambly 

G. Cooldown and Replacement T,mes 
6-8 days for cooldown of a fulf assembly 
3--4 hours cooldown for swapping one subassembly 
(subassembly capable of being withdrawn cold) 

H. Environmental Factors 
external environment is at room temperature 
helium and nitrogen vapor recovery is required 
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UCLA FIBER TRACKING EXPERiMENT RESULTS 

Cosmic ray tracks indicated by ADC counts given for each fiber. 
Each picture represents a separate cosmic ra~ _v.nt . 
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UCLA FlBER TRACKING EXPERIMENT RESULTS 

Cosmic ray tracks indicated by ADC counts given for each fiber. 
Each picture represents a separate cosmic ra.l _ •. _-t. 

UCLA FIBER TRACKING EXPERfU'£NT RESULTS 

Cosmic ray tracks indicated by ADC counts given for each fiber. 
Each picture represents a separate cosmic rlY event. 
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UCLA FIBER TRACKING EXPERIMENT RESULTS 

Cosmic ray tracks indicated by ADC counts elven for each fiber. 
Each picture represents a separate cosmlC r-'v event. 

.. ... 

... 
'" 

, ... P,yr.oU,;,.~,.D .. Chri .. '" J.P~r." 
".,"~.-~~~?.-I'I.-~.-.-~-~l'7t.-_--

~.: ~n·.'lNmJ. 

2806 

C H ARC E (0.25 pC/chan .. , ) 



-

'" running 

JI ... 
I '-.. \ J 

'V 

\ / 
\ I 

I W 

6> . 
i 

I 

2807 

1 100 ej//~" 
." .. t. MO.O.I 

1.000" SQI:I de 

2 2.00 aII/dJ' 
• " .. t. -5. 000 .' 
1._' 1 SOlI d. 

-56.000 no -6.000 no ... :000 n. 
10.0 no/dlY 

_l-:-l't~ty_/cU~f~oo.ooO _- 1~ 
_ 2 2.00 _/cU9 -I._.V 11'1 

Trl __ ·aIVe . 
011 __ 1U_ aIVe of a..-u 
Tri_ ""-1(.) 
_1 - -07.5000 _ (noUe NjeCt orr) 

IIDI.", - .0.000 .. 

s.~ 

.... ~.1 f'\at~ S.s y~" 

aS~S&Ui 

1 S"'7.50.· 
..-plinv z......-

de 50 aID 
de 50 aID 

2809 

i 

I 

I 
i 

c: ~ a: 
~---""'...J--~-...::Ji ql 

."; en 
z c 
-' 
~ 

" ., 
>-
II. 

... 
z 

.. ·1 
~ o 
-' w 
> w a 
CJ 
~ 
-' > 

PROPEKllES OF THE VLrc 
(VISIBLE LlGIIT PHOTON COf1NTER) 

PARAMETER 

Ayerqe "'WI' . 
Bre.kdo .. v ..... 

Opentlq VO'''' 
~"""LneI 

~ 
<.~ 
3. ..... 

<It .. 

•. as: 
I 

.' 2.5l,,7/. 
I 

(2M .. JM.Occ.) _A 

- LlIiW 

7.S~ 

,.SV 

> I'" .,atl-
OpentIq Temperatllre 'K .17K 

" .... t •• ~ieIJ ..... ~ .,. t. M1\8-

2808 

2810 



BIAS AM> TEMPERATURE DEPENDENCE OF 
X = 560nm QUANTUM EFfiCIENCY (~!, FAST GAIN (~F.)' 
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MODELING WITH RESQME 
(THE RESEARCH QUEUEING 

PACKAGE) 

W.S.KOSSACK 

812191 

IBM INTERNAL USE ONLY 

FEATURES (PORTABILITY) 

1/21.1 

PORTABLE MODELS 

• PORTABLE TO ANY RESQ PLATFORM 

• TEXT MODEL DESCRIPTION FILES 

CAN BE READ OUTSIDE OF RESQ/£ 

CAN IE EDITED OUTSIDE OF RESCIItE 

(ACTUAL IIODEL DESCRIPTIDN BUILT USING RESIII1E) 

,. .......................................... . 
I1ODEL' 1lAKE0PN 

ItETHOO. SIItUI.A lIDN 
NUI1ERIC PARNIETER. BATCHSIZE 
NUI1ERIC PARNIETER. IAT 
DISTRIBUTIDN PARNIETER. BAKEST 

/tf. _ ... ___ .............................. .. 
S~. BATCHSE 

_ERIC P_ETERS' BATCHSIZE 
DISTRIBUTIDN PARNIETERS. PROCESSTI" 
CHAIN P_TERS. CH 
GlOBAL VARIABLES. IUtINBATCH BATCHTI~ 

NUIIINBATCH. 0 
BATCHTI~. 0 

QUEUE. PROCESSQ 
TYPE. ACTIVE 
SERVERS. BATCHSIZE 
DSPL' FCFS 
CLASS LIST. PROCESS 

WORK DEltANDS.CDNSTANT(BATCHTI~) 
SERVER-

RATES.1 
QUEUE.CVCLET~Q 

IBM INTERNAL USE ONLY 
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Contents 

HISTORY •...•.•......•••••.••••••...•...•.....•.••.................... 
FEATURES (PORTABILITY) .................................................. . 
FEATURES (GUI) ...............•........•.................................. 
feATURES (ANIMATION) ..•......•........................................... 
feATURES (MOOEL TYPES) .................................................. . 
FEATURES (MODELING NODES) .•............•.••.•.•.•.•.•••.•..•......•.•... 
PERFORMANCE MEASURES •••••••..•.••••.•.••.••.•••.•.•.•.••••.•....•.•.•. 7 
SAMPLE MODELS ....••.•..........••....•.••.••...•••.••.•.....•.......... 8 
MODELING STEPS (DATA COLLECTION) ....•.•..•.•.....•..•...•..•..••........ 12 
MOpELING STEPS (APPROACH) .•.•..••..••••.•.•••••••.••••••••••••••••••... 13 
MODELING STEPS (STATUS) ..............•...•.•............................ 14 

112/91 IBM INTERNAL USE ONLY 

FEATURES (ANIMATION) 

• 

112191 

MODEL ANIMATION 

§IVl"-1 --H •. ~ .. -
H ... 

SHOWS 

BATA FLOW 

TI"INGS 

QUEUE LENGTHS 

tool.3 

CAN BE SAVED AND VIEWED LATER 

SELECTABLE DURING ANIIlATIDN 

NfV PORTIDN OF I1DDEL 

ENTIRE IIOIIEL 

NfV PART OF SI~LATIDN _ 

SPEED OF ANIIIA TIDN 

IBM INTERNAL USE ONLY 
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FEATURES (MODELING NODES) 

1'2191 

• 

• 

DIFFERENT NODE TYPES 

ALLOCATE NODE 

USED TO CONTROL WAITING FOR RESOURCE 

AND ALLOCATE 

WAITING FOR RESOURCES FROM MULTIPLE QUEUES 

DR ALLOCATE 

WAITING FOR RESOURCES FROM ONE OF MULTIPLE QUEUES 

• TRANSFER. AND RELEASE NODES 

DISTROV AND CREATE NODES 

DESCRIPTIVE PARAMETERS 

• HUIIERIC 

• DISTRIBUTIONS 

• NOOES 

• CHAINS 

IBM INTERNAL USE ONLY 

SAMPLE MODELS ••• 

• COMPUTER SYSTEMS 

BATCH SERVICE --, 

• MINICOMPUTER 

------~c::------

112111 IBM INTERNAL USE ONLY 
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SAMPLE MODELS lEM 

LARGE SET OF PREVIOUSLY DEVELOPED MODELS 

BULK ARRIVALS 

\ / 
_/ 

.--"\ 
::e::: _~~ 

\ -
=---=~:---""7"": -_--..,....: 
",.' .n,o" ""~/ ~.",-.' 5,'·' 

CONDITIONAL ARRIVALS 
I ~:::.~-:~:--.. I ~ 

ROUND ROBIN SCHEDULING 

112191 IBM INTER NAL USE ONLY 

MODELING STEPS (DATA COLLECTION) 

112/91 

DATA COLLECTION 

• MODELING TIME FRAME 

• 

COI1PLEXITV AND ACCURACY OF IIDDEL IS DEPENDENT 
UPON TIE DURATION OF ItOOELIHG EFFDRT 

WHAT INFORMATION IS AVAILABLE? 

SYSTEM DESIGN 

USER REQUIREHENTS 

RESPONSE TIlE 

ACCEPTABLE TIllE DELAV IIETWEEN USER REQUEST AND 
CotIPLETION OF TRANSKISSION OF DATA 

FREQUENCY OF USER REQUESTS 

SIZE OF DATA REQUESTED 

IBM lHTERNAL USE ONLY 
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MODELING STEPS (STATUS) 

1'2111 

STATUS 

• DATA COLLECTION BEGUN 

• MODIFYING SIMPLE NETWORK MODEL 

LOOKING INTO ADDING LONG HAUL NETWORK 
FEATURES 

IBM INTERNAL USE ONLY 
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Opel1ltions Concept, Requirements Development 

Operations Concept 

Description 

The SOC computing system operations concept: 

1. Is a descriptive NmodelN of how SOC computing will 
be done. 

2. Is documented in terms that are understood by the 
intended users of the system 

August 2. 1991 Operations Concept 1 

14 

Operations Concept, Requirements Development 

August 2. t99t 

Operations Concept, Requirements 
Development 

August 2. 1991 

Robert J. Ennis 

IBM Federal Sector Division 
Houston. Texas 
(713) 282-8958 

Opel1ltions Concept, Requirements Development 

Operations Concept 

Purposes 

The SOC computing system operations concept: 

1. Promotes user involvement in the process of 
defining the system. 

_. It communicates the planned system to its 
intended users. 

2832 

2834 

• It provides a framework for user input to the 
process. 

2. Drives requirements definition and analysis. 

3. Drives problem domain analysis. 

4. Helps to validate the system requirements and 
design. 

- 5. Is a starting point for the development of operational 
procedures. 

August 2. 1991 Operations Concept 2 



Operations Concept, Requirements Development 
2835 

Operations Concept 

Contents 

The SOC computing system operations concept: 

1. Identifies and describes user/system interactions. 

2. Identifies non-human elements (e.g., sensors, other 
facilities) with which the SOC computing system 
interacts, and describes those interactions. 

3. Identifies and characterizes the classes of users. 

4. Describes the major functional scenarios supported 
by the system: 

• Each scenario is factored into a sequence of 
activities. 

• For each activity, the element (system compo
nent, organization, ... ) responsible is identified. 

• Activity inputs and outputs are identified. 

5. Identifies programmatic goals and constraints that 
drive the SOC computing system 

August 2. 1991 OperatIons Concept 3 

Operations Concept, Requirements Development 

System Requirements 

1. System requirements are specifications. 

They specify: 

• The functional capabilities the system must 
supply. 

• The performance levels the system must 
achieve. 

, 2837 

• The computational and storage capacities the 
system must provide. 

• Other mandatory operational characteristics. 

2. They are targeted at those responsible for system 
developmenUaquisition. 

August 2. 1991 System ReqUirements 5 

2836 
Operations Concept, Requirements Development 

6. Identifies any assumptions implicit in the operations 
concept. 

August 2. 1991 Operations Concept 4 

. 2838 
Operations Concept, Requirements Development 

Plans 

1. General: 

To support the Computing and Analysis Software 
Subcommittee in the development of an operations 
concept and system requirements for the SOC com
puting system. 

2. Specific: 

• Refine/extend operations concept material in 
draft SOC Proposal. 

• Refine/extend requirements in draft SOC Pro
posal. 

August 2. 1991 Plens 6 
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Activities Started 

• Software Infrastructure 

• Object Oriented Analysis of Problem Domain 

1). Identifying Problem Domain Subjects 

2). Finding Problem Domain Objects 

3). Identifying Structures 

4). Identifying Atbibutes 

5). Identifying Services 

-1-

Software InfrastructUre Cont' 

• Components 

• System Services 

1). OS + Real Time Exl+Security 

2). Network Communication 

3). User' Interface 

4). Data StrucIure Management 

5). Batch Intert_ 

6). Parallel '"-sIng OS 

7) . System Management 

• Common Application Services 

1). Event Selection 

2). TaHy System & Histogramming 

3). Experiment Monitoring & Diagnostic 

-2-
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API __ 

.. -

-1-
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Software Infrastructure Cont' 

• CharacteristiCS 

• Portable API's 

• Inter-Operability 

• Platform Independent 

• Reusable Ubraries 

-3-



2851 

Software Infrastructure Cont' 

• More Common Services ( less cost) 

• Separation of Concerns 

1). API's Are The Only Visible Pan 01 The Services 

2). Applications Concem Only How To Use The Services 

• Isolates Platform Independence & Inter

operability 

• Promotes Use of Standards 

• Can Support Multi-Language API's 
(FORTRAN, C, C++, etc) 

• Allows Delay of Hardware selection as long as 

possible 

• Less Sensitive to Underlying Hardwar& 

Environment { e.g. centralized or distributed 

architecture. API Services may be local or 

distributed}. 

-.-

Software Infrastructure Cont' 

System Service Component Alternatlyes; 

1). os: OSFI1 or.r POSIX os 

• Real Time Ext.: POSIX 1003.4 or Custom 

• Securfty: NCse C2 

2). Network Comm.: OSI TCPIIP, DECnat 

3). System Management: 

OSIICCITT X.7oo, POSIX 1003.7 

4). User Interface 

• Windows: X-Window 

• Graphics: Data V_, PEX, GKS 

• GUI: MOTIF, OPEN LOOK, SAMMI 

5). Data Management 

• Data Base: OODBMS, RDBMS, Custom DBMS 

• Date Storage: IEEE Mass Storage ReI. Model 

-6-
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Software Infrastructure Cont' 

• Early Because Applications Need Services 

Underneath. 

2852 

• Anaiyze Requirement and Determine Common 

Components. 

• Search For Existing Standard Packages 

(e.g. COTS) 

• Search For Existing Reusable Ubraries 

(cernlib, C++lib, etc.) 

• Solicit Contributions 

-.-

SW Infrastructure Cont' 

6). Distributed Environment Support: OSFIDCE 

7). Balch ....... : NOS (*'-Ie CIuUng Systam) 

8). Parallel Processing OS: Custom 

-,-
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ObjectS!ore Work 

C. T.Day 
ICSD/STA 

Lawrence Berkeley Lab 
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ObjectStore Features 

• Type (and language) independent persistence via 
disttibuted persistent vinual memory 

• Database object access via navigation, i.e., pointers 
persist and can be followed with no special code 

• C++ classes provided to support collections of objects 
and queries on. such collections 

• C library access to all ObjectStore features ( => 
FORTRAN access?) 

• C++ class layout automatically stored 

• Detects attempted restructuring 

• Allows for data browser 

• Makes database "self-describing" 
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Query Structure 
~ 
(D 

• Select EventSet such that "Leptonl->charge = - Lepton2->charge" 

• Create DiLeptonSet from above EventSet 

• Select DiLeptonSet such Ihat"7.0 <= massS" && massSq <= 15.0" 

• Write out selected massSq's. 

> ~ ~ 
6' 6' In 0- ~ .... ... 

() w 
n n 00 00 () r .. N tTl ;:0 .. ::: n 

::r n n -g < = n 
2 < -. 

~ ~ 
::r n ::s ::r n 

8 n '" :a ::s n n ::s 
n ::s 

~ g: ::s c ii &; 

'f" c 3 ?! "'0 ::s ::s 3 &" 3 -0 5· &" ... (D 
3 n ... 
n .. 

~ :a n 
c ::r 
3 n 

< 0 n 
~ ~ 

~ 

~ 

~ N , 
Q) Q) 

Q) UI .- (Q 
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Real 'P Data Structure 
Event Structure for CDF Psi Events 

OIac A l •• uxillld with one B: 
OM A is auccil1ed with.c CII' IftOrI B"s: 
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What's Next 

• Install local ObjectStore 

• Translate real 'I' and J.1 data 

• 250 MB yte 'I' 

• I GByte J.1 

• Verify I/O gains 

• Interactive queries 

• Model larger systems 

~ 
c 
:; .. . 
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The High Performance Computing 
and Communications Program 

Goals: Strategic Priorities 
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Exlelld U.s.lIIdInaIocicalleadcnhip in hi~h pcriOlllW1CC computin~.nd 
COI11JUICt communic:ltions. 
Provide wide-distanination and application of \he technolo,ies boIh '0 sfJe(:d 
\he ~ of innovation and to serve the national economy, rulional seclinty, 
cduahon. and \he ~lobal environment. 

Spur cains in U.S. productivity and industrial competitiveness by maldn~ hi~h 
performance camputin~ and networkin; technologies an inlc~nl part of \he _ ... lOCI pIUducIion __ 

Strategy: Integrating Priorities 
suppon solutions to im(1oRlnl scicntir~ .nd'lcchnial chaJlcn~cs Ihrou~h I 
v~oroul R&D cITan. 

Reduce the uncertainlits '0 industry for R&D and usc of Ihis lechnolo~)' 
throu~h i~scd cooperation between ~ovcrnrnc:nt. Indusuy. and universities 
and by the continued uSC: of {!ovemmenl and ~oYcmmclll-rtilidCLI facilities as a 
prototype user for cart)' ~l f.lPCC prodUCIS. 

suppon the undcrlyin~ research. nclwork. Ind computalional infraSIIUcllu'CS nn 
which U.s. hi~h ptrfomunce eompulin~ leehnolo~y is based. 

SUpporI lhe U.s. human n:~lIrcc ba~ 10 ntCellhc needs or indul>It)'. 
universilics.lnd ,ovcmmcnl. 

Program Components 
HiJ:h Perform:lnce Computin~ System .. 

ReSCilrch ror Fllilln: Generalions or COlHllllliu~ Syslcnl.\ 
System Desigll Tonls 
Advanced PrOIOI)ltC S)'l>tcOiS 
E\'aluallon or Earl), Syslcnl' 

Ad,'anct'fl SoO\\"are Tlechltf",'J:.Y and AIj!urilllm.'IO 
Sonwarc StlllflOrt (tlr Gnlllt! al.ll1clI;C~ 
Sonwlrc COfUJlOnCnt, and Tonls 
COI'Pf"nalinnal TeehllitlllCs 
Hi~h Pcnom.ance Comlllllm; Rc,;can;h CClllcr~ 

Nalinnal R6fareh and Education NIeI\HlrL: 
InlerJg:ency Inlerim NRE:'-l 
Gi:allll~ ReseaR:h a.lt! [)cvclotllnclII 

na~c ReMOirch and Human R~ntr'("(''' 
Basic Research 
Research Partfclllll.on allt! Tr~III1I1:; 
Jnrnllilruclurc 
Educat.on. Tntntn~. 'tid CumcululII 

~------------------~--------.-----
-3-
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DATABASE PROJECT DEMONSTRATION 

L.. E. Pria, Jal, 11, 1991 

1 GB CDF lie ill Object Sta<oe ...t S~ 

Out.1iDe or HEP query I..anpage 

Campue FORl'RAN ODd quay ~ ..... ..-~ 
R.uclimeat.ary but. _uaenive IIIMI' ilderface 

. A low a--1iIroe upecto 

Vary cuta OD fly 

Point to cuts em cme (or 1Il<Jft) bisto wbile watchilll deet on other 
BishliKht rqioD OIl .... (at IDOI"O) hmo ... d _ ooIected part of oth ... _ 

Set up direct compariooaa ~tb PAW 

Demoad:rate apeci8c dau.bue upect.. 

!lad oaIy wbat is aeecIed &om dioIt 

DemoDStration: 

RuD Ulaiysis with 

Cuts 00 & few quaotiiiea 

CoIculatioa of DeW quaatitieo 
\ 

~of_quatitieo 

PoiDt or demoaatratioa: 

5-' of Ulaiysis hued OIl iDcIaia& (1) 

Eue of exprssia& Ulaiysis ......... 

Interactive twidclliJ18 for opUmiJ&tion 

... Com ........ with FORl"RAN Ulaiysis + PAW OIl wbol. d.ta ..... pl. 
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DATA WORtCIIEHCH 
)( 

· DATA WORtCIIEMCH )( 

)( 
SQI. · 

. 
SQI. )( 

hc.ll 
C __ 

s... C-.nd Edlt ? . 
~ !!Up1, R .... lt. r 

:~lnt .~~1 U _) ;_. R .... 1u -

Run C--..I R.c.ll C_ SO •• C ..... ond Edit ? 

u •• p.12 
.elect count(.) , .... dilOUon.2 
.el.ct .u"-"",,,be •••• ent-""","" e'l.ptonJ.,M'ly+l.pt0n..2 __ 'IY. 

/. thAI ,. p.'2.3 •• ,,1 ./ 
.... p.n ./ 
/. to.t en 0 ••••• t .. ~ '0. hUtlll._l"lo • btl ... 
• e1.ct .. , .... twoJ •• uc • ..JOO" ....... to) • 0" to . 

I 

pz.plz.p2z_ p".Pl".p2~. p_.ph .• ,2)( 
into twoJ •• uch_4. • ... di .. uon.2 ....... ch'.I._l+ch'.I.J·O 
.ehct count(.) , .... tw0J •• t1c1e_4 • 
•• 1I'ct ru"-"""bl'r. I'v.nt-"KM"Hr. "' •• ~rt ( ••• -pz·pz-PW·py-pw.px) 
into twoJ •• Uc1 ........ , .... twoJ •• Uch_4 • 
..l.ct .u .......... b ••• to , .... twoJ •• tlch ................ ) 70 o.d •• by .... c 

DATA WOIIICJIEMCH )( DATA WORKBENCH X . . 
SOL )( SQI. X 
DI SPLAY RESULTS ... )( 

... + • . 
'o"..tl Next b.u1UI R ••• nl Swat ... 'o .... tl • ? 

DISPLAY RESULTS ... X 
...+ • . 

'o .... tl ~xt R •• ult.1 Rerun I Sy.t ... 'o .... tl • ? 
... FWI\IIIIb •• .. ru"-ftUlttber ... nt-"UOIb •• z-coo.di n.te 1.ptonJ_· ... ·11I --20484 70.54 

20484 77.60 
19882 79.64 
19367 81.47 
19883 81.82 
19970 83.82 
20514 84.26 
18743 84.98 
19604 85.44 
19no 86.76 
19404 87.31 
20!02 88.16 
19575 89.02 
20355 89.83 
19153 90.24 
1'294 90.31 
19153 90.3' 
19441 90.16 = :H: 

20498 " -37.57 6.68 
20501 34 0.89 3.56 
19441 59 -10.77 4.05 
26949 31 0.45 3.78 
19102 86 13.31 3.14 
19213 63 1.04 4.78 
19225 77 -2.55 3.50 
19116 89 28.72 4.7' 
19250 54 13.81 4.42 
19283 92 -17.05 '.72 
19311 28 -1.45 8.61 
19414 67 -4.96 3.07 
19180 83 59.57 . 4.06 
19181 87 -58.53 4.15 
19422 36 -5.80 12.00 
19184 12 -30.04 3.97 
19453 94 32.17 4.18 
20060 56 -54.78 3.56 ... END or DUl'R'I' RESlL U -- 18 ROoIS SELECTm ••• 



• .. ~ . 

-r;."."s /,..f,~, "'..:. .. .,,,. . j~2{~~;:'f;":' 
.talll r/JOf .(:. r..-. ',f.. '; s;~~'i:~ " 

. 1.1':,1. ;,,,,,~c./ -f-• .II4U ' 

ll~~~s 
*,"-~ I'D /.. ••• 4 "(:'.I~'''-''~'~'''' 

c:te~' &,../-,.( 

~ijif.{Jt;.'·,,;, '.~\~.;j:.,~~{ 

, ),~~;~f!,-:e . 
, "'~'1#!T'A 
. *cifli .. , 

,: .:\tln's . 
,':'I;{it~ 
*~~i. 

ass 

2903 

, 4!"'X'ID,... ... -{/O'" of /,,..~,.~-h.':' 
t/ /A 'P/I'A'/ 1!A,t' F I Ave / . - - . 

2904 

2906 



Computing Standards -
Status 

C. T.Day 
ICSD/STA 

Lawrence Berkeley Lab 

Standards Users 

Jllel'role 

• An ideal framework would isolate user from other 
standard APIs. 

• Frameword API should be as portable and 
interoperable as possible. 

• Developer role 

• Must use available standards and SOC 
conventions to implement the framework. 

• For maintanence reasons, the broadest applicable 
standards should be used. 

• In rare instances where only once copy of the 
system will run, e.g., the online or the central 
production facility, nanower interfaces may be 
used for efficiency. 

2907 

2909 

__ ----------------------------~2908 

Software Infrastructure 

Software Infrastructure 

U1-__ -

From Adele Goldberg 

• "A framework is a domain specific description of how 
parts should interact." I.e., they capture in a program 
outline much of the domain specific behavior 
described in operations concepts documents. 

• "Object systems are more like fractals than biological 
hierarchies." I.e., they have complex 11rUCture at many 
scales. Standards sets are similarly intricate . 

2910 



Standards Components 

• Syntax definition - how to access it 

• Exact, explicit name of the function along with 
numbers and types (where appropriate) of 
arguments. 

• Different syntax for each language (or command 
shell) supported. 

• Semantic definition - what it does 

• Exact, explicit description of the behavior 
invoked by the function including error responses, 
side effects, etc. 

• Described in terms of a computational model for 
the standard, not in tenns of any particular 
implementation. The more general the model, the 
more general the standard. 

• Ideally, the semantics are language independent. 

• Very hard to get right and a prime source of 
loophOles. 

2911 
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Some Relevent Standards 
- Operating System 

• PQSIX.I 

• Program interface to operating system for simple 
programs. 

• Unix-like interface;-but VMS is/will be POSIX.l 
compliant. 

• C binding is standard now, FORTRAN binding 
by yean end. C compliant systems available 
DOW, FORTRAN systems in 18 months? 

• NITS test suites in place to ensure compliance. 

• POSIX.4a 

• Rcsl time system extensions. 

• Light weight threads for building concurrent 
servers. 

• Semaphores, mutexes for intcrproccss 
synchronization. Slow in coming. 

2912 
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Standards Sources 

• POSIX = IEEE lOO3.x committees 

• Institute of Electrical and Electronic Engineers 

• ANSI - American National Standards Institute 

• NITS - National Institute of Technologies and 
Standards, nee National Bureau of Standards 

• X Consortium - MIT Athena Project, ffiM, DEC 
and everybody else 

• OSF and USL - Open System Foundation and 
Unix System Laboratories 

• Europe 

• Isb - International Standards Organization 

• X!Open - Industrial consortium pushing 
standard Unix. 

Some Relevent Standards 
- Operating System 

(cont.) 
• NCSC Cllevel JeCUrity (POSIX.6) 

• Don't panic. Only after the equivalent of 
discretiolW)' Access CmlllOl Lists. not normally a 
part of Unix. 

• OSF/I or System V Release 4 

• Full operating system API from program 
viewpoint. 

• Base implementation from vendor viewpoint. 

• Cover more ground than just POSIX. 

• Should allow platform indcpcndcnt applications. 

• Market success unclear. 

• There are two of them. 

2914 
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Some Relevent Standards 
-Network 

Communication 
• From soc's viewpoint, DEenet vs. TPC/IP vs. 

ISOIOSI should be left to the technical specialists. 

• X/Open Transpon Interface 
• Provides network independence and transparency. 

• Comes with OSF/l. SVR4's n..1 is very similar. 

• Still pretty low level. 

• OSF!DCE - Distributed Computing Environment 

• Does not assume OSF/l. 

• Provides RPC standard, IDL compiler, 
world-wide name service, threads, etc. 

• Early stages, compliant systems just appearing, 
market success unclear. 

Some Relevent Standards 
- Application Graphics 

• X1i~ 
• Always available given X. Tedious to use. 

Graphics model in pixels explicitly (Motif can 
ease this problem) .• ,_ 

• Custom Xt Widgets 

• Always possible with X. Could be developed 
commercially for SOC. Some sets may appear 
commercially anyway. Begs the question of what 
the widget writer uses as graphics API. 

• DataViews 

• Similar to custom widgets. Good for online, but 
expensive. 

• GKS-on-X 

• Provides the standard GKS 2d graphics API 
running on top of X. At least one such 
implementation identified. 

• PEX (Phigs on X) 

9 
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• Similar to GKS-on-X but 3d. Supposed to be pan 
of Xl IRS, due any day now. May need hardware 
suppon on X server end for reasonable 
performance. 

'-----------------~II!r---------------~II~ 
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Some Relevent Standards 
- Graphical User 

Interfaces 
.• X Window System 

• No significant competition. 

• Low level interface. 

• OSF/Motif, OpenLook 

• Two contenders for interaction framework. The 
use of a common interaction framework is meant 
to increase "user ponability". 

• Motif seems to be pulling ahead a bit. Motif is 
also deliberately compliant with Window 3.0 and 
OSn.'s Presentation Manager. 

• Neither framework really addresses the content of 
uSef\graphics. 

Miscellaneous Other 
Standards 

• Distributed Batch Services 

• NQS from NASA is current de facto standard for 
Unix. Basis for POSIX.lS 

• Data Storage 

• IEEE Mass Storage Model is developing standard 
for automatic migration of data to IrChival storage 
for very large data sets. 

10 
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Summary 

• A great deal of activity. not necessarily all compatible. 

• We need to track what is going on and do some 
experiments. 

• We should think about compiling our own AES. 
Application Environment Specification. 

13 
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Frail.: .pattc •. pardue.EDO (Gefttt SpaUozd) 
Dat.: 14 Dec .0 00:26:05 GIM'f 

It'a beelll ~ t~ .iaca I poned any info~t101l on tb. SEIlC .0 I 
bet that uny Of ,OU ..... n·t .... rd tM info~t.inn. .eop1. int.r.ned 
ill " •• _rch on t •• UD9. cIial:N",.in". -.t .. .ic •• prntotypin9. CASE t.ool., 
pr09 .. ..u.n9 • .iela, _lya.i. toob, a •• r .int.rf.ca •• i9ft •• nd .-or. will 
probahl, be .int.H.ted .in tb.i. _terial. 

Pi .. at. a *COIIIP1.t.· bJbl10trapby with ab.tr.cU of .11 IERC t.chnical 
.. apon. 1. updated eonthly for ftp. You can get tbe fU ••• 10n9 with 
athel' info~tiOll about the a:ac, by anonr-a. ftp fre. 
h't:hllZ'.c •• pard .... edu looJr: ill tb. dir.ct.ory -ftp/pub/.erc 

What followa 18 t'" -About-.ac- Ul. f ... tbet UHetOry: 

& dacada OZ' ao a90. t ..... tiocal .ciertc. Foundation •• tabli.hed • 
provr- to .ncO'Glr." cooperative ........ ch bet .... n .c."-J.a .nd 
.lAduatry. "be 90&1 of t ... PZ'ovr- .... ~o •• t.aI>l1ab .. U-.ufUci.nt 
""erCh cent.r. of __ llen.oe in er_. of critical t.chnOlogy. '1' ..... 
oantu. woald be located .t .aj,,,. ... iti •• , aad Raff.d principally by 
f.cult, and atvclent ....... ~.. fto •• r •• aucb.r. wovld c:oopa ... t. 
elo •• l, witb ac1ertUat.. aad _9i~ •• t partn ... OS iIldu.tri.l 
conoarae. aad coDCluct HMUcb into critical topica of _r-t.~ 
iJIponaace • 

fta i ....... aUp1a .-... - iIldaatry fnlka would prcwida 9U1danca aad 
f .... ct. fUAd1D9 •• ftCl ~ coopereti .. " ..... CIa. Mo.t t.Ipon.nt.ly. 
t"'y wou.ld prOYida Z' .. l-.odd date and ...,.ri.nc. to ... lp the 
r ...... cbaz. ill t ... ir tfOZ't. ....,..,..11.. t ... _1 .. ra1ty ...... rcb.r. would 
oont.dlNte t"'ir t~ aad tal.nt. "'1A9 e_atly' t ... H ... reh 
f.cil1U •• of llIeir aai".u1U... to conduct. 1_oyati .. " ..... c .. 1oto 

!d~::V~--:! :.a,,:.::-::. l:::t!:!r::::r!: =l:~~~: .. ~:r c:~:·:~lY 
Uoeft.iD9 or ... lepi .. tM "nlt •• f th1 ...... arch a. a dJ.not 
pa,-beet for t ... b ·ft ... ~. • 

__ un CaftnlU119 Ce. 

H,T .. 11_ 
"11co" 
.. U IIOI"tItUn ....... cb 
CiDllllpUter .c1aoce. COZpo%.t10D 
Coatel 
DJ..,ital ... i ..... t c:ozpuatiert 
ft'& Deta aozo.toe. 
" .. ri. cOZ'pO ... tion 
JaM CoZ'pOratinn 
Mapa". Gower_at and 1aduat .. ial &l.etZ'OAic. 

<:unat CR9IAl .. Uoaa1 Affiliat •• and coatacu I 

rlo:dda tith ".abnolOlY aad IDCIa.try Coaacll 
"t1on&l aciance FouocIat1oft 
II kay Iafo~t1on a,at.. &agiDHl'iIlg c-.and 

Jo1D1n9 , ... 1, UU,. 

IIDc:Jc.weU COQoHt1on 
a.n IUc .. hyat_ 
"&tingh.... e ..... aaa&h at ... lant) 

294J 

fta ........ a.-..... u I'~ ~ ..... _ ~ .... ..-•• t .... l.-.ocld 
.ta ......... 1a1lftl to .aU .. t ...... U -.Iel ......... ~u .. MarCIh. 
fta, .. t to oarp1oa-. 1C1oa. llIey at.ht DOt ot. ... nr1 .... t. to .... ni •• t •. 
ru.rt ... ~r.. they 9ain in t.h. interact.1on with ...... rcMr. at 
affiliate cOlllpani.a •• nd th.y 9ain .cc •• a t.o ._ .tAbl., lonq-t.za 
I'vndinq for their WOl't. '!'be c.,...nJ.o •• ain by ... "ia9 ~.t.e acce •• 
to innovati"e r ••• arch t"'t i. often cn,at.ida t ... an •• tbey can· 
avppon. They get to int.r.ct. with ac.a wor1d-cla •• r •• _rehe .... and 
t.h.y oft.n 9.t to t.ta .dvant.qe of new 9r.cluat. •••• _r lnt.rn.hipa. 
and poaai.biliti •• of a.nding th.ir pal'80nn.l for ac:tv.nc. da9ra •• while 
working on cc:.pany-.pecifie projact. •• It·. • w.lA .11 t... way .round. 

ft. I:alC i • .,... af 0Ye1' 50 •• ch _ntU ••• t.Dl.iabacl by _SF. aad tM 
oaly on. devoted to .oftwar. aD91n .. riD9. It we. f01lftdeCl ill 1.". It 
.... bean .alf-.upponiag • .lAe. it. iaception. fta provr_ i. known 
.t .SF •• the Indu.try-tJnJ. ..... ity COoperati ...... r ... ch Celllter proqr_ 
(~ocac for .hon). 

!'tI. SDC .i. eo-located .t Purdu. Oai .. r.ity aad the Uni .. uit.y of 
FloricLI in Gein.avill.. .. al.o b .... cti .... e._rch a.aociation. 
with faculty .ftCl atvclenta .t .. 11 St.t. Unb.r.Uy. tb. VIli .. r.ity of 
"at Florida. the tJni".r.ity of Centr.l FloricLI. the tJni .. uity of 
Minne.ota. Geor9i. 'fech. tha On1 .. r • .ity of aouaton, DC Irvia •• and the 
Univer.uy of ...... chu •• tt.. .. ..... _ O"'r of .Uili.t. 
or9ania.Uona -- Our indu.try panner. ( ••• tb. -.fUl.i.t •• - fil.,. 
And. of cour... _SF i •• till •• uppon.r of OUr wo .. t. 

.. have had f.evlty .ad Uudant. fre. CS f a, Iaduat .. i.l 1:",.in .. rin9. 
_ ... .-nt. and Syu_ En9ina.rln9 .U in'tr01wed with sue proj.ct •• 
'ro 90 throU9h an .Mir. liat would taka too "Ch apace (we c.n •• nd a 
tach Z'eport Uat on raqu •• U. ..· ..... d proj.et. in PntotYP.ia9. aer 
int.rf.ce •• CASE t.chnolO9Y ••• i9l' _thocu •• oft ...... t •• tin9, protr_ 
cIatna.ft.ing ... int.nance toole. _u.-nt-ori_tad _tric., z-eal-tt.e 
an.ly.b. _na~nt -c.hoda •• ,.ct.-odaated da.1.,.. and _H. Char 
r .... l'ch i •• 1ao .upponed by ouuida fundial' .ouca ••• _11 •• our 
affiU.t... Cv .. rently. _ "'ve an app.roJU.at •• nnual expel1d.ltura r.t. 
of 0 .... Sl atllioo doll.r •. 

Our .ffiU.t •• 9At to l ... r.qe into all t"i. naearch _d activity for 
• total co.Ut~nt of '30lt pa .. year. Yup. only '30.000 -- about 1/3 
to 1/. t ... coat of • IIS-l.wel .0ft_H ... laM... aow. .. r •• ClataDIt nf 
tb.t ,30lt COM ... ight baet ••• ~1.1 Us uecU.t et ... ~nt .... y 
.. ch w.nU tM •• c.nt.ra to continue t. ... ir 9re.t a"cae •• ). AdiaI.1ttecUy. 
th ......... _ .dd1tion.l oo.t. -- tbe cCllllpanJ' .... to be". .a.eon. 
eo.. to _a.a.-at _tiD9.. .nd la..on. .... ~o Uk. t ... tt.e to read 
all th. "MUCh infnr.ation _ Hftcl out' Owerall, tha OOlt i. *YeZ'y* 
Z'aa.OOabl. for "al ... rac.i..cl. .Del tbet i. ODe ... 80a tM pz'~ .... 
been ao Ivee ••• fal. 

..... 90t lot. of ot. ... r th1 .... _'". been cIo1A9. teo, incllldin9 aa 
en.ui .. publication ... ru •• ~nu •• participation. ucI 
aponaor.b1P .lA wort.bope aad .,..o.i •• utioul boarela, ad ao On. 
n. !i.t. ... on. INt if J'01I follow tM" tb.lqa, l"Du'_ al .. _dy ... n 
.. luted. If DOt ... c_ •• nd roa fun ..... dataU. 11 rou want. 

I can •• nd la.e pr.lAtad "'0 on t ... 1&aC. iIlc111d1.n9 an .p-to-clat. t.ch 
repon li.t .ad ~ pa.t ""'Il.tter. if roa •• nd _ your po.t.l 
,.vrfaca) adcU.... I _ .110 w1l11luJ to follow-1ap to any • __ il 0" 
phOlMl ...... tion. l"Du .y be... .. ...... abon pn .. ntation .. e.n 
.. t •• in per.on oa- il' pou·d lite to .,i.it ••• nd ..... -- ~. of Oil&' 
work. h.t l.t .. Imow. 

CUEr.nt CO-reial AffiU .. t.e., 

eo.14 ............. _ ..... '.11ev'-9 --= ~ ~.z 
~-ft-ll-P- & -'hocIoI09Y ~or &acly .. n~ u •• aat. ... t10n 

=:::~:: :..t:t.:oran &=~~!.., ::!!-;: =~ ....... .,i .. n....-. 
uac-ft"'l5-P- An b.l .. t1on ofaxoelar_tor 
nac:-ft-l'-'- An baluation 01' ~ .. k 
IDC-ft-l ..... - All ... l_tion of De.i9ftA,1d 
SDC-n.-20-'- An .... l_tion of SA '1'001. 
Sate-ft-Z'-.- An h.l_t1on of &POS 
SDC-ft-"-.- An .... l_tiOft of DCDI 
IDC-ft. ..... -P- A UMb111ty COIIpa .. i.on of DCDI w1t1l r1" hpul ... CAS& '1'001. 
IDC-ft-'5-'- ~~ ..... Dewel .... nt Info~t1on -lupprftted by DCDa 
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IDC-ft.-,,-.... Ioftw .... De .. 10Jl8llM\t 10fo~t1on hppo:rted by 'rIP1 .. 1 CUE 'tool. 
aac-ft-')-.- ".. Chell.nqe of .. ft_H &Dg~Z'iDv .ro,.ot ..... .-nt: 'len 

IIy addI' .. a ia I 
I.ra Lat.Z' 

Inrill GaiH. 
P._lab l1li-12, PO _ 500 
"nYu, U. 10510 

I _ wo .. k1a9 ert 8O.ftvu •• ,at_ fo .. aD IIC e..-ziMDt. aDel _ &2a in t. ... 
pnce •• of cbooei., .oft ..... _,,1aeeeriDv toola _. ".. ...... Z'ep0ft8 will 
be extr_lJ' "'lp1ul to u •• 

ftaDJt Y" .... y .acb.. 
Inr1D 8&1 ... 
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n rJ(-Ire.e' S/:iCSIII:u. 
P1J7(. ~ ~' 

• ~~~~ ~w'6.~~C.~ 

- ~""'.. .."" ... .J.i~ u.~s 
St.(., .file, 

• O.~('~I "''',-\l0E, "".6 
OC~oic.,&S 

• 1>Ow" .. ~V" ~"c.-...a "'", c.'''', tic. rail'" 

• &01- Rc.s .J.o .., .... ~ .. SUA,} 

~A'&.CO ... ." """S 
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+~"(JR.D 

-.fC'~~S 
II.,Y',;I' 

.,.~/to .,. ~eszF 
1;'.4 Y'1't) ft. D lib 

/'Hw ",ItNJ~ 

• p'U""~$ 
·I1f'C6' 
$I£Q 
:z:F '~t ....... ur 

• 6J ,1~ "Ii~ Will" "IWI't"E 

·/~"/~~,. .... ", .. cc. ;4 ~"It~~ 
. P.~. ,.,. At • .-

8. u.I1l.. "i.e·" 
"7~,v,,f(· ,.., ~ 

PIf.,C."'''' 





LPBautz:8/~1$1 





" ... 

17 -, Ie r/,c 

tilf~ ." 1IA11~ 
I!S~ ~SS Ik IIM$ 

~ GNV- C. {., VMS 

:lti"~/"~ 
ii"'e~;,e 
1/ un«el'/"e 
.# ;'~/t!1 
I/;·il"t/d 

-HiI' 
Ii-tl,"f' 
#~nJ,'r 

'lfJ>"Cf* Co 

lI~d~ 

II J,;,~' 

~&t:,.. 

hH"C". 
~A('r~ ,.... .. ,,...., 

..... '" , 

. " 
. ·IIi / ..... ~".: .. : . ;:-.. 

... ,.... -. ' .. 
.'. ~ .,!,: 
.\1 
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h~ul/~e,,~Jf Vlnr'CIlt:r:.. (i2 .... ~ J ) 

J Ogt;li ••• f 01:1-101_ Cc ... n.llt.i"9 •• ct.ion of IDC Technical 'I:opo •• l /4.{«./1 ';}. 

1) 0.._1 ..... : T ... On-Io!."1 C~ot.ift9 ,,.It_ con,iltoo of an .n .... j. ... _nt; for 
-.ua, on-li_ t..lk, Cincl .. cl:i.ro. t.h, o.c ...... y b.rd •• .,., •••• t of t.ool, 
... d by on-U._ p ... ce ••••• and a •• lection of apacial tpa-i911.,_d, ... oc ••••• 
pl'o .. icU. ... _na1D n.aadazd •• ~i" •. 

2, .... ct." .... l ...... ,h_IIt..: 
" Actpll'in, pel __ rdi .. dat.a 

.... nt dat.a 
·1IoG-e .... t.· (._1~.t..l' dat.a 
calU ... t.ion dat.a 

bJ 1 ... 1'10' .t.. inta,d-t.,. 
.. t.aet.r ,. .. fo_nft .edt. ... ift' 
• ...... t. ... aad eoatiprat.ion __ .... nt. 
CaU.b ... t.1on .,_ic •• 
........ detaction ... d .l.~ 
Di.9ftOn.!· •• ~ice. 
Det __ •• /hi.to .. ,. •• ~ice. 

c' 'byde. p .. oe ... inv 
C ... phiul dat.. di.ph,.. 

a_ftt di.pl.,.. 
J .. t. .... cti ... dat. •• nal"'i' 

.... p .... tiOn and __ 9_nt. of .t. ... .,..,. of •• l.ct.d .... nt.. , ...... t pool" 
-rull- .... l,..i. of •• l.ct.d .... nt.. ift off-li ....... ly.i. f .. _we .. k 

'!ba •• funet.i •• _ill ... iJIIpl ... nt.d by • coll.cti.n of ha.t au., 
_ .. knat.ion., oon.ol •• , ,u.yst._ 00 •• ~ut. ••• a"ge .... tU.k., _ ••• t.O"'9' 
ey.t._ ••• t_dr. •• nd \~ ..... pe .. iph .... l. suffici.nt t.o _.t. t.h .... d •. 

ell aoft. •• ~. TOole: 1'h.- en"'lin •• y,t __ ill ... qui .... t.IUI ... d .oft ..... p.ek'9.' 
fo .. coda _"'9_ftt., d.t. _n'9_nt., eod. d .... lo ...... nt ••• t.. b ••••• '~.phie' 
_d ...... I'l i ..... f.c'" 1'h •••• hould be t.h ..... p.ck.,.. us.d in off-lin' 
.,..t._ • 

11 .. l.U •• hip. w!th ~ha .. au.,..t ... 
1'''' on-li'" ec.put.in9 s,..t ....... l.p •• nWllba .. of "hel' d.t..cto~ 

.... ,..t..... .. ... _ da.e .. i_ t.h. bo ........ i •• bet ••• n Oft-lin •• nd t.he.s othe" .,..t .... 
• , , .. ont.-end alaetftMlio. It, Iooeftl 1 aad la ... l 2 t.ri ...... ,..t_ e, ,,-... 1 , t.&'in'" .,..t_ 
., Det. """blt.ien 
" 11 .. Coat.nl 
f, Off-li_ e.iputinv 

" V •• ~ otMIIi 

4' On-U •• Ca .. ,aUn9 A.:I'chit..et ..... 
• , .......... Itloek 'i., .. _ 
It, aoft_ ... Itlock .ta ..... 

If Dadp philo.ophi .. and _theelol ... i •• 
• , ..... d .... . 
It, .oft .... . 



. , .. ~.-~. 
-"t- ..-p1R.~' 
_alLataUona/conlol •• 
a.a,at_ erv. ............... ~. 
..... k. 
..... t .... , •• ,at_ 
.. t. .... ,. 
• rbt .... aMI otMIl' ......... _18 

• ) Ioft-an 
C-.. oial aoft __ ,.cIt .... 

Cotk _ ... .-at 
"ta ..... .-ftt 
CCMIe ..... 1 .... M. 
Data NI. 
"'aphiCI 
a-n 1M ... , .... 

fr .... OOfltrol 
CoftUp ... U.on .. ,.. ..... "t. 
Cal1b .. lt.lo" ....... 1 .. . 

&ftcapaa1a'ad _rd._. 
.... ' .. 01 int ... ,ae. 
-'tadftl iftt ... ,.ce 
at •• e .... 1M ... ,.ce 

Dati -'toziftV ....... i .. . 
aun .emitod,ng 
S .. ftt .... ,1'" 
int .... cU .•• aNlrai ••• r.1 ... 
... fIt pool, 
off-liM analrata '&'_"0"_ 

c..cu.tion aonitoriftV "1'9ic •• 
·..,. ...... nt· datI .c.ulaU.ion 
!M •• f'ca to .ccel .... to ... n. " ..... at.c. 
tn .... U,on into data at ... _ 

u.au/u.-na 
aot ificatiltftfcorlract. ion 
'.'art.ton in Clate .t. ... _ 
loeal 1...,1.,. 
eraphicel intarface 
aut ... t.ic tu.at.09r_ oMck!n, 

..... or 1...,ift9 
&an .... q lOW'll .. 

'7) aea.. • .u 
.. £1 •• 1. ..... 

7echftol..,. Choiaoa 

• ) ... 1Ied ",1) 
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Oft-liM .. t.. "I. will 'aclad .... cant. _lI.fi9U&,lt.lo" •• brief I'u,. 

._I'i •• fOI: U ••• n~i~ ..... I:u..n~ •• nd full I:un ........ I:! •• frOlll t.he 
la.' .an,h. Tot.l ... c. 100 ••• 

cl • ..,.ic. pIrDCe .. in, 
elraph!cal •• , •• hpl.,. 

heM lI1.pla,. 
A' 1 ••• , S .,a,i .... tOI' int..I'.ct.i •• ..ent. IIIi.pla,. 

la'.lract.i .... ,. _nal,.i. 
At. 1 ••• t 10 at..,ien. 101: illt..Ir.ct.i .. dat. •• naly.i. (.yn ....... c b!stOVE."" 

.fillAt.ion •• 'c.1 
..... ~.t.ion ..... __ .-n' of .t.~ ..... f •• l.ct..d ... nt.. ( ... nt pool., 

...... will __ t. ... capattilit.y .f "fi"i.,. ••• nt. •• l.ct.ion ori~ ... i. t.h.t 
.111 aut._t.ieall,. c~ •• ~. ·pool.· .f •• l.ct..d ..-n'. foil' aaal,.i •. 
........ pooi. ean ate .hal:.d tty _1:. " ... n 1 .... Ir . 

.... n ......... t.o 10 .... ~.t. • ..en, ."E ..... with .n int.o.E.t.d ~.t. 
. of ca •••• nd __ •• " ... n •. J •• ill Ony .ill.l •• t.n_. 

-..J.l ..... l,..i •• f .al.ct.ad ._m. in .ff-line a_l,.i. fl: __ .k 
~c lin .. iftV of U •• E ~out.i .. a. int.o • oon.~.n~l, .. unnin. full offline 
anal,.i. II:_wol:k .ill be .upp0l:t..d. Jt. i. a •• _d ~h.t • ~.l.ct.ioft of 
full, "con.t..uct.ad ••• nt.. i •••• ilabla .nd t. ... t full .n.l,..a.. ~.qui~ •• 
100 lCi.p-a.c/.on.. 100 Itd.p. aE. t.hu. I' ... uil'.d t.o pEoyid. lHa c.p.c:i~y. 

'1M •• I_ct.i ..... ill M "'l ... n~ad by • coll.ction .f ho.t. crUS. 
_I:k.'.~ion.. con.ol •••• ub.y"" CPU.. DOI!IPut.e. •• rY ..... di.k •• _ ••• t.o ..... 
• ,.,_ •• _t.woa-'" .nd ct. ... 1' .... ip ....... l •• uff!ciant. to _at t.ha n •• d •. 

• 1 'oft.".I'. 7001.: Tb. Oft-lin •• y., .... "ill I'.quil' •• ".nd ... d .oft" .... p.ck •••• 
101' code __ .... nt ••• t.. _n.,_n,. cod. d •• alo,..nt. d.,. b •••• , .".phic. 
aIICII 11_11' ut. ... f..... 'l'ha ••• hould be the ._ .. clL., ••••• d in off-lin. 

.,..t. .... 

'Iba on-lin •• y.t._ •• Ul p .... id ••• t.nd.l'd in' ... '.c •• to the .low cont .. ol 
.,.t. .... t.o aoni~ol'in. pl'oc ••••••• nd to data .t.I' ..... , •• ".11 •• the •• d .• ty 
of .oft. ..... "001. ilrlpliad in "b ••• qui ..... nt.. li.t.d .bo". fol' ••• nt. loV.a.n9· 

-onitOI'!n •• Dd .naly.i •. 

., &equidn ...... _ .... di., .. , • 
• ... nt dat.: 

100 •• 01 1 _yt •••• nt. to .. n.n.nt .to .. _,. 
>20 .t. ...... of ... Uy dh'oi .. t «20111 ".I'lap' ... nt. 

(open ...... UOft: co.biniftV .... -dh'oint nr .... fol' .... l,..i., 
.... ..... liM .t. ... _: 1 II. 01 •• l.ct..d •• t. (w .. ich i. f .. ll, dupllc.,.d 

itl ot_ ... t ...... , .... di ... ctl, t.o off-Ii ... _al,.i •• ,.t.... A 
furt ..... It ... ductiOft ,."nt •• I.ct.lon/ ..... ' CICIIIP.ct.iOft' ......... t.b"" 
10 n/~.1' .tn_ to IOOD/,..1' .. ,.. ... ntl' ... d"nt "te . 

-.oa ...... M· •• n.i~_nt.l' .. t • 
&11 "t.. (1aclttdinv cali.b~.tion .~oea .. eutput.. a. _11 a. IIV ... , ... t 

..... nat ••• '"'i~n' •• tc' .... t.o .t 1 •• ,t • _.t.~ .t~._ '0" 

..-...M .t.o~... (look. i •• t l11L ....... at .t~._'. C100 D/aac. 
lie,. al •• eo t.o ... t ....... 

caU.b ... Uon .t. ....t.. .... t .i •• 20 .. yt. (.U chann.ls Oft, 
Loc.l C.1Ib.,.at._, c.1U:'~.'iOft ".fI\Ib_ .. t. (fol' u.d"idtb, .nd 

.I' ..... inv .... 1', a~ .... ciU.d in DAO ........ ,.t_ ~ •• ub ... n' •. 
a_ cont.~ol 

.... .-trol .ut.-,-ieall, .t..rt. all ~ .... i~ •• en-li .. p~oce..... It. 
can ... *1Ift tty 2 .... -.kiU.d ... ,.aJ.cht •• t l ••• t 'Dill 01 t. ... t.'-. 

Cold .t.rt: <'0 -tn 
.. .. n.rt: <10 ain 
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a,op/.t ... , .. _ ir\a.u <$ -tn t ... d t.o wai' fOI' pl .. li ... /l ••• 1 J to il .... ' 
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_IoD I: ODIID. ComputiD& 
DRAFT DRAFT DRAFT .IUD. It. Ittl 

8.10nn1ew 

The nline: computiDa ~cm proTida 8ef"rica, raoW"CCI, &Dd leDcrall,. aJl CD,""i. 
_ for ... b _ 'Iri&la da~&aIdq. TII_ CODOisI Waely of ..... donl 
........ ODd &ooIa •• lIiell ... ~ illlo _pI&&e _ ..... 00 &Ia&& .be 
wariau ~ ......,., lor Illata tU:iq !.aft • 1IOIDe'W1iat 1IIIiform I\native 
uclSet modJy b:r. ... Dad f1I uer CDCIc .., coatu. wit= lk .tazulud oaliAe 
acapnl.u... n...w...,. ...... _I porfonD aoI oaJy biah Inel nul _Iro!. 
.... 1 ....... facliou of -. da.a .. _I ... elia ... d of momlorinl 
tIM data ... d dat .. twac proc:aIlo iuare thi data iatqri&1 i. maiDtaiDed. 

1.2 M.lbodolop .... d PbiIooopby 

Fint 1ft: ideaLifJ tJae fuDctioaal NfI1dnIMDiI of .. cmline ~cm. Tlaeee requin
mati focu OIl tJae ,0.1 of -. data OD permueat media i.D. .. form in which 
it am be necmstruded. U data u bt or corrupted ill lOme wa1, tlaeD tbe online 
.,.I&cm au failed. T~. meaaa we III1In achine .. hish decree of nliahlit, ud 
a&.eui~,. JDODitor DOl oaJy tIM data, but all nlnuat pvameten .. el proceun 
.1IicII alleel &Ia. dala 'aliII& _ ODd aIlimalcly ... pby"" NIIIII. of ... 
aperimoDl. W1a ... poaible _ '" aboormaI _eli ..... iboaJd be d_ 
&ldomaticall,.. U recoutnactioa of tJae Uta ofIliAe NfI'Ur- fwiber iDfonaatioD 
..... &Iaa& _d OD pormaMD& media dariq da~'o&i",. &Ia. oaIia • .,... ... is 
iacaDJpIotc. Cue _. be .... 10 nconI all iDformalioa D.-.ary. 

n. GIIIia • .,....... _ ...... LnoI !D. DAQ. Trigu. S\ow eo...rcIo. FtaD .... d 
.leclraGiCl, ud oIIiDe cIal.~, Eztnme care IIIIIIt be lakeD &0 iDnre 
&Iaa&~"" balm- _ .... _ .... oab-oyotemo. W. _ .. ri .. 10 

....... poiaI. of _ .... 11IIiaiIDaI ODd oimpIe 10 &Iaa& panIIol dnelopmea. Il101 
,........ ill aada ",.be ... b ~ wi .... 1 _ .. iaIenI.,..._ req..m.., 
... __ lie ...... ofcoapeoatioD aDd...-. TbiI ~y_do 
__ Wide ... ..w.. .,.._ 00II ..... _ illlenl.p .... I ... oe of _ ... d 
DDde ..... be 1IIiDimiead. n. poia\I of _I _ be opeciliecl al ... ..ny 
dale .. &Iaa& doooIopmal will aoI be beId ap aDd oIIori wuIed. 
no _ "' ... DIIIiDe .,....... is_.,...u ..... W. &&_pl ._ poaiW. 10 _ 

~c brd .... ODd 00II..... Where poaiW. GIIIia. ,........ .w fa ....... 
illdopadoelly of ... opeciSc IocaIioD of &Iaoiz _ cpa •• ka. aIIowiq foil_ 
_ udaDcr ... d III1IIlipio _ '" a ...... cpu. A Wae pari of &Ia. _I .w 
be to iJDpl_* ucI maiD •• \he oaIirte .yt.lem 10ft..,... To tbit ad, we 

1IIIIIt.arch b appropriate COIDmCI'Cial eoflware ud dnot.e tlae IDOl' doli to 
CIOa&iDc aofI .... nDcIiq bIocb .laiell an .,. ...... wid. "aDdardo 10 Ika' .be 

• .13 Operabilil, ... d lIaIiUiIi.y 

,.. .,. ... _ IIIIIIt operate ill .. "JaOnDaI" mode at leu, • out f1ilO day. of clata 
tU:iq ad ia tIaiI mode opwatioc. abould ,..1Iire DO IDOn tlaaa two pb,Reml .110 
do aoI .... opocial UiIlo III ..w.. --,"",. Foil ..... 10 _. W. req";.......,1 
will __ .. DIy ...... foil ..... 10 _ ... _ req.u-I .laiell is .hal 

... I)"I&em .... ha .. Iou ..... a ." foil ......... _wocI by &Ia ..... io of 
limo ........... Ior ""';doo beomo for pby'" 10 lbe 'imo ... oaIia • .,..1 ... 
io -....... TbiI '" __ DO' iIIdade .... dopoadoe. deed.1imo 

iIIlrodaoed by DAQ ... d Trigu .,.Iema. hom limo 10 limo. it will be -orr 
to "n-coafipft" the oaUDe IY'&em. Tbia uould &aft DO IDDft tlau 5 mlaute.. 
We recopia tJaat tJaere wDl he u milia! • ..... e-dowD· of the eDtire cletector 
aacI d.''''akiDa .,-I\ellll wbere tbae·oNflwrcmellii IDa,. DOt. be IDet, Further to 
J'efpliremaat. of oa1iae .,... Nadia .. , we Wen ill,,' it .bould he able to 
be .. tu1ed i.D.leu Uaaa 10 miDUte. uel .. "cold" 11art. requiriDi rebootiDI ad 
Ioedl", '" DAQ. Trigu ................ lIaoaId be &hie 10 be accompli.k.d i. 
.. tb ... 3D minta. 

8.3.4 D ... M .... &oriq 

It wiD he ......". to 1DOIli\ot ,be data .. it .. acquired aDd writ'" &0 tJae 
.... ...... .yltem. Tlae -UK .,." .. mull he capable of routill& lpecified 
.. of data to -n0UI "dat .. lDCIGitoriac" procelNl. Tbae proceuet wW he 
-'>I. 0I1ootiac al .... 1 1 H. of ...a ..... d &lao .amber of oaell P""'
will ......,...d 10 lbe __ of oa ... .,. .. _ req1liriDc nelllDOlli'on..,. Some 

MclitiouJ ~ wiD he NflwNd &0 moAitor "DOD<CftD'· data ",ell .. BV'. 
ucI o:riftlDm.tai coadiliou .. well .. tJae operaticm ad COIIdition of die oa1ine 
.,....... illoU. Some of .... wiIIoporalo al ..... lip 10 10 Ba. 

8.3.as.m.. 

Staadard .nic:eI will he prarided where poIIible. Tlaere will he .. ll&Ddud error 
Ioailll ad cletedioa .nicc which am hudJe 10 &s of·alarm· _ ... ud 
1110 H. '" ~d ...... _. AD al ......... d limil. J>&CbIe will ,....;d. 
a otaadonI ..... 04 of _iDa ahaormal _eliliou Ibroqh compariooD. of 
....... 1 _ditiou wi.b W_eol oaadilio.... TbiI pacbco .w be ..,.1>1. of 
In<kiq ... ft!o. of a wariahle _limo ... d d .. ....u..iaallpificaa. wari&&ioD ill 
a anenl w81, .ch u ..,. ...,. CCIIIlpaNoll of ~ftOF'am to a .lazulard hil'opoam. 

II will be~ Io""';de 00II .... 10 ......... cali_ d&&a aDd calillnlicm 
........... -- i • .w be _ 10 los calihralioo da'a for aIIIi.e 
---. ... d al oIber u .... calihraliou .w be prooeuod i. lb. oaIioo/DAQ 
""_ aDd aaly .be don .... _ ... Ie Jaaed 10 ... allliD' .,. ....... 
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........ "'i_ of code .WeII_ be CN&Ied aft miooimiaed aDd deb ...... aDd 
-.ualaiaucc .we _pUW. 
t.I llaquiN_au 

..UD ....... 

no GIIIia. _ .w be ..,.W. '" -.Iiq .p 10 1110 JolIIyIes pOI _d 
'" eoeo ....... TbiI __ do 10 ... _daN __ .... _Inel DI 
..-... of 1110 MBa of 1 IIB,. • .-s. The data.w be __ illlo ononI 
It.IUIDI (OD order 20) for I'eCOI'diDi Oil pamaant medi .... howewa, tHn it .,.. 
a.c:em u &0 .betber .ach "rumt wW he aaRicieat.1y clitjcUt ud .belber DOIl-

6joiat "ftUIU will iDtrodace clif6cuhin i.D. ,be pbJtict ual,u. of Ole data. AD 
apretIliu dream wW Keept .lat. at ap to 1 BI for ilD.mediate Ualylil ud 
redaction. We .limate ,b.t aile!' reduction Uai. "ream wW Nflaire 100 GB/yeu 
at penD&Dentl,. JWideDt dal.. Adclitioully, all otber pwalDeten 11K....". for 
aIlille rccoallnac:liOll wW be recorded u -ceu&r'J &0 aliDale "ream. Tbit it data 
oe ..n0lll ezpcriJDatal ·coaclitiou·, i.D.dudiDi ,be detector BY'., tJae lIII.pet, 
~ tcmpen.tlll'U &ad. n'riromDeJ:atj.J ..naWes. ud codp.ratioa panmeten . 
W ... imale &laal &IaiI "",am will be lou .baa 1110 KB,. .. /_. 
II will be --r for ... ..w...,....... 10 __ .. fIam_ oIber &laaD 

_ m .... aaly for -"mala! oaadi.ioa dal .. bat ..... for a.1iD& ..no.. 
..... of &Ia • .,.._. AD al_ ...... IOIU"Ce will be ,,","dod 10 ......... nell 
dal .. _bliDB ...... iDa of .... da.a illlo 1nel!D. bypuoiac of Inel m ODd oIekr 
.. ell 1_ .. Il101 be _. Occuioaally. il .w be _ for ... oaIiII. 
.,. ..... 10 -.I calihralioa ........ Tbeoe __ II Il101 be .....J. Iupr &laaD 
play ... ...a ... Tho oaIiu .,....... will be ahIe 10 .-__ Ie up 10 20 IIByIes 
ia Jac&b ~ &0 ow ha\ ....... &0 u • .0. cJaauelt OIl· .'utioa. 
U.2a....c-troI 

Bicb - "'" -uaI is ... ~1aiIi.y '" ... ..w...,........ TbiI.w be 
JoiPI, ... -..1 pahapo _PIaJiDC aD ..,... .,....... 10 docide laiical_. 
no hlll ... _for ..... _"".w be __ III ........... I ... I ........... 
..... _ will be pami.1ed aaly flam ....... Iocaliou. A kiP IneJ _ 
__ I ....... .w be _ 10 iII_ wilk"'~ ............ IO.haI 

day 10 day odjutmall, adeIlliou .... d o&Ia .. _Goaliou 10 ... b_ ia ..... 
face will be _, ........ ed 10 IIlIIpI. edi .. of parii ...... "_" ddaod ..... 
a ....... editor. Sa.u oIIoaJd porfonD ... fwocliaa of eIi.p1a, of oaJi .. .,. _ 
dat. &ad iDten.etioe witJa bu.maa operat ... limultaaeoual,.. A oaliae 'YltaD p~ 
......... oIIaald be ahI. 10 ;..,pI ..... 1 a DOW ........ 10 ... oaIiao .,..1aD ill lou 
..... OD. day'. won. II IIaoaId be poai .... 10 iII.cracI -DB lilllplc _d 
_. poiol ... d dick. fa ....... 8Y', ODd proIoaW, ...... 

no ..w.. .,....... will reqairo a dalahuo 10 .. _ ... daIeiI. of _I ....... 

watiou, 1:mel .... IIU.IIIID&Iia for tJae du.tiOD at tJae apermi .. t ud full .... 
............. for _. null ( .... , ... put _k). W ..... icipal. &Ia&& .Iai • .w 
... _1110 GB of diU_. 
Physi .. p ........... 

U ... will ha ..... ..,.bIilil, '" d1"amically dobi", ecIoc1ioo alloria 10 _ 
Me -pocU. of .... lI which CUI tMa he Uarect by ..... aI ...,. .ho willa to 
do playlicl ... al,.... n • ..w...,....... oIIaald be oapa1>l. '" .upporti", ap 10 
10 • ..... t.poal· 8lreamI wi,b u iadiM.aI .. ate of DO more 'baa 0.5 BI ud 
aD iatcpa.ted rate cwu all "NaIDI of DO more taau 2 Be. Tbere Uould ~e & 
work'latiou proYidecl for iat.eracUft ual,.til , 9iewiD& of Palt-pool d.t., ud 
popIUcaI eIi.pIa, of ...al •. 

A ............... of faIIy ......... I ... tled ._ .. .w be _icled 10 • _ .... lly 
I"UIUq f71taD ,laat call clyaamicall,. allow ,At DIU to i.-It bit GIrD ual,.lil 
..broa.tiaa Uato u uaI,. •• framework. TJait ,,"am wW he pnmcle .... t ... 
MedecI ..,. tlae uaJ, •• roatiDet .p &0 a mu:imtrm rat. of 1 &S. 

Documat.tiOll 

EIIori will he reqairod 10 d-.I lb. oaIioo .,.. ..... cod .... d ...... alioDal p .... 
__ . The b ........ ioloJface will ,....;d. _PIiD& ... d kelp .boa .be _ 

request. it. Documea'atioc. from DAQ, 'inlier, etc., gould alto 1M aftilable to 
... d probably ....,u...I ill ......... -y .. 'be oaJiIIo _Ialiaa. 1I.w 
he difBcuh to lDIiDiaill Dptoclate doaameat.tioa ia • rapicll,. ..oI9iDc lfIlem. 
We wW taM Mll.docWDellliD& code to 'b.t eome dOC1UDelll.tion caa he pau. 
&led .. &omalically. Doc ....... lllIaoaId be ...... qed .... '" lb. cod._, .,....... 
Sof ....... Tools 

no ..w...,....... will reqai", IIaIIdanI 00II .... ,....... for cod .......... _1. 
data m_Dlemaal, code dewloplDtDt, dat. bua. paP~CI, ucI b ..... bater. 
r-. Where _Dl ••• be ...... I ... danlo IIaoaId be ..... d io .be aIIIi •• .,..IaD. 
S ...... onI illlorfacu.w be ... aiJed .... _ oaIiH _." weII ...... _ 
aaIiII • .......- ... d _ io o&Iaor ... ....,......... ... parii ............ daN 
_ '" puIiq _"" _ ... d iDformaliaa .... d 01 puIiq __ I ... d 
__ data will be p"";ded. TA- _danIo .w be 1II....,...&&ed 10'0 _ 
pIaIo _ .1IicII ... _.w _ 10 _Ie WI _. uo, code. ExIaIi .. 
_ of MAKE.w _ .haI ,;- of.he oaIiIIe .,. ...... an aplod&&. wilk OD. 
&DOtlMr ud ,bat D.D.eceu&l1 compil.tiou udliDk. are DOl performed. 

1.4 RaJalioDlbipe wllb OIW l)'Olo_ 
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TM_.,-__ dinc\IJ .... iadinc\IJ wilh __ 01 deIecIoo 1111>

.,.u-. 0...0" it ada ... -Md- .WeIl pro9:i_eerwic. to the "~' 
lib era. CIOmpiJen, ~ pe.rame&en, ud lie _...-at _d .&Gnp. 
TM __ .,. ... Mo ~ ... d iIIlimale _acI wilh DAQ. Tria.,. Slow 
Coa&taIa, .... Loft! m. II Mo _1acI wi.h __ code ....... aD 01 \he .n .... 
_ ~ .... Qio ___ ... oI·aIIi .. • .. __ ,. It 

... ............ __ ... _ ...... &lie ..... _hicIa It.no. ... &IIe 
_ ..... .,- .... \he _ ....... .,-1tooU. 
~1:IocUom .. 
TIle" _.,- will udIi ......... 1 _len ....... capabI. oIl1Ipplyiq 
_ 10 &lie .... I .. d OIl _d. II will ... poMibi .......... __ i. &IIe __ ............. ___ • 

Loft! I .... D 'JDac .,-
TM __ .,- will udIi .. rae-__ aDd ... capabl. oIl1Ipplyiq 
_10 .......... .,-.. 1ioIaaad. II will ... poMiblo 10 '1aF.' 10 ___ 
ill \he IIiaer .,- rr- ...... _len. A tziaer ............ ...- will 
nil ill ___ tai .... __ eode ....... \he .rigw poop. Th. CIIIIi •• .,-

io 0100 ~bIo "'Ioip InoI tziaer _1ftII ud ~. The_ 
.,. __ ............ data diJKII, rr- &lie Iriav.,-u--r. 
DuaA .... _ 

TM .... .,-will udIi .. rae-__ ....... capablo oIl1Ipplyiq 
_ ... &IIe DAQ.,- ............ II will ... poMible .... 1aF ..... __ 
ia \he DAQ.,- _ ...... _palen. A DAQ _ .... ...- will .... 
ia .... -w.ia& _ eode _ &lie DAQ _po TIle -.,.tom ia 0100 
_"bIo ... IIIaIa ..... DAQ~ ................. TMoaIiDe __ 
............ data_,_&lleDAQ.,-u-r . 
.. CcatnoI 
TM .... _wiIIud�ift--__ ....... -'>!eatnpplyiq 
_ ... _~.,- .. -.so II wiII ... ,-bIo ... "IoF ..... _ 
... ill &IIe_~ .,-_ ....... _ ..... TM oaIiDe .,ot_wi11 
.... _ "" -.Ii_ ............ ___ lIiell will pri-U,_ clal __ 

..... _ .. ---. -. orri-.I,...-. TM oaIiDe .,
will ... able ... lIoIII ............ _1ftII1IV'. ill &lie __ lroI _. 

V_Code 
TM .... .,- _ ... able ........ _roI. aDd _ ... __ I".. 01 
... _. n.. .... __ ill I'" data ......... oria& _. _dilioa_· 

iIariratI __ • ~ -1ariJII .... _lroI_ aDd oIher aub 
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.,.. ... _roI _. TM oaIiDe .,_ wiD ,....;da .udud MoDpIaI • 
10 ~Ie"" _ ao \hat ........u,1t Mo aD • ...w. •• _co ud 
1uc:1iouIi.,. 

0IIIi •• eompaliDc 
TM .... __ ,....;da ... willl·..,....·_ .. ~ _ 
Ii&. I. ia \he .--aibili., 01 oaIiDe 10 .......... &lie ..... ia ~ .... 
.. corrapted. B_ • ......,;-u' ....- will ... de ........ _lIiell ... 
.,aft CIIIIi .. _ ..... 0aIi ... wiD'" _bIo at ......... __ ....... cOlli ... 
_. I. will 0100 ... eapablo 01 ......... _ ........ oI_naCkd _ .. 

b OAliae IDODitoriDI a' .. ak of lip to 1 Ba. 
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4.1.5 SOC DeIlClor Floor Loading Condilions 
4.1.6.1 Operating ConditIOn 
•. 1.6.2 Inslallation Condition 
•. 1.6.3 Maintenance Condition 
•. 1.6 .• Future Condition 
•. 1.6.5 Deflection Condition 

4.1.7 Drlwlngs 

4.2 SOC (IR.) SURFACE FACILITIES 

4.2.1 SCope 

4.2.2 IR4 Sill Ovarvlew and InlrlltrUClurl 
4.2.2.1 Facilily Completion Dates (Beneficial Occupancy) 
•. 2.2.2 Roads 
•. 2.2.3 Utilities 

•. 2.2.3.1 Natural Gas 
•. 2.2.3.2 Water 
4.2.2.3.3 Conventional POWlr Ind Ughling 
•. 2,2.3.4 Communications 

4.2.2 .• Environmental Safety and Haatth Constc:Jeralions 

4.2.3 InduslrIII/A •• lmbly Ar .. 
4.2.3.1 Adminllab Building 

•. 2.3.1.1 Project Description 
•. 2.3.1.2 Floor Alea and Loadings 
•. 2.3.1.3 Cranes 
•. 2.3.1.. Conventional Pow.r 
•. 2.3.1.5 Technical Powlr 
•. 2.3.1.5 Communications 
•. 2.3.1.7 Environmental 
•. 2.3.1.8 Building Access 
•. 2.3.1.9 Special Requirements 
4.2.3.1.10 Occupency 
4.2.3.1.11 Environmental Salety and Hea~h Considerations 
4.2.3.1.12 Salify Systems 

•. 2.3.2 Industrial Assembly Building Nonh (Muon Chamber Assembly 
4.2.3.2.1 ProjeCI Description 

SCT«XlOO1A 

•. 2.3.2.2 Floor Alea and Loadings 
•. 2.3.2.3 Cranes 
•. 2.3.2 .• Conventional Power 
•. 2.3.2.5 Technical POWlr 
•. 2.3.2.6 Commun~ions 
•. 2.3.2.7 Environmental 
•. 2.3.2.8 Building Access 
•. 2.3.2.9 Special Requirements 

>2 I'1HI 
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•. 2 .•. 3 ~ilrty Building (Nonh) 
•. 2 .•. 3.1 Project Descnption 
•. 2 .•. 3.2 Floor Are. and Loadings 
•. 2 .•. 3.3 Cranes 
•. 2.4.3 .• Conventional Power 

Included in the conventional power for the underground hall. 
4.2 .•. 3.5 Technical Power 
4.2 .•. 3.6 Communications 
4.2 .•. 3.7 Environmental 
•. 2 .•. 3.8 Build.ng Access 
4.2 .•. 3.9 Special Requirements 
•. 2 .•. 3.10 Occupancy 
•. 2 .•. 3.11 Environmental Saflty and Heatth ConsM:Serations 
•. 2 .•. 3.12 Safety Systems 

".2 .•. 4 Personnel Headhouse 
4.2 .•.•. 1 Project Description 
•. 2 .•.•. 2 Floor AI •• and Loadings 
•. 2 .•.•. 3 Cranes 
•. 2.4."." Conventional Power 
•. 2.4 .•. 5 Technical Power 
".2." .•. 6 CommunicatiOns 
•. 2 ...... 7 Environmental 
•. 2 .•.•. 8 Build.ng Access 
•. 2 .•.•. 9 Special Requirements 
•. 2 .•.•. 10 Occupancy 
•. 2 ...... 11 Environmental Safety and Health ConSiderations 
•. 2 .•.•. 12 Safety Systems 

•. 2 .•. 5 ~ility Building (South) 
•. 2 .•. 5.1 Project Description 
•. 2 .•. 5.2 Floor Alea and Loadings 
•. 2 .•. 5.3 Cranes 
4.2.4.5 .• Conventional Power 

Included in the conventional pewer for the underground hall. 
•. 2.4.5.5 Technical Power 
•. 2 .•. 5.6 Communications 
•. 2.4.5.7 Environmental 
•. 2 .•. 5.8 Build.ng Access 
•. 2 .•. 5.9 Spacial Requiremeots 
•. 2.4.5.10 Occupancy 
•. 2 .•. 5.11 Environmental Safety and Health ConskJerations 
•. 2 .•. 5.12 Saflfy Systems 

4.2 .•. 6 Equipment Headhouse 
•. 2 .•. 6.1 Project Description 

SCT.()'lXlI)1A 

4.2 4.6.2 Floor Area and loadings 
4.2.4.6.3 Cranes 

&?Jl1 

•. 2.3.2.10 Occupancy 
4.2.3.2.11 Environmental Safety and Heatth Constderations 
•. 2.3.2.12 Salety Systems 

•. 2.3.3 Industrial Assembly Building South (Calorimeter Assembly) 
•. 2.3.3.1 ProjeCI Description 
•. 2.3.32 Floor Area and Loadings 
•. 2.3.3.3 Cranes 
•. 2.3.3 .• Conventional Pow .. 
•. 2.3.3.5 Technical Power 
•. 2.3.3.6 Communications 
•. 2.3.3.7 Environmental 
•. 2.3.3.8 Build.ng Access 
•. 2.3.3.9 Special Requirements 
•. 2.3.3.10 Occupancy 
•. 2.3.3.11 Environmental Saf.ty and Health Constderations 
•. 2.3.3.12 Salety Systems 

•. 2.3 .• 
•. 2.3.5 Hardstand Storage Area 

•. 2.. Detector Inltilialions and Operations Ar •• 
•. 2 .•. 1 Installation Headhouse (Non h) 

•. 2.4.1.1 Projed Description 
..2 .•. 12 Floor Area and Loadings 
•. 2 .•. 1.3 Cranes 
".2 .•. 1 .• Conventional Power 
•. 2 .•. 1.5 Technical Power 
".2.4.1.6 Communications 
•. 2 .•. 1.7 Environmental 
•. 2 .•. 1.8 Building Access 
•. 2 .•. 1.9 S!'fcial Requirements 
4.2 .•. 1.10 OCCupancy 
•. 2 .•. 1.11 Environmental Salety and H.a~h Considerations 
•. 2 .•. 1.12 Salify Systems 

•. 2 .•. 2 Installation Headhouse (South) 
•. 2 .•. 2.1 ProjoG1 Description 
•. 2 .•. 2.2 Floor Alea and Loadings 
•. 2 .•. 2.3 Crane • 
4.2 .•. 2.. Conventional PoWlr 
4.2 .•. 2.5 Technical Power 
•. 2 .•. 2.6 Communications 
4.2 .•. 2.7 Environmental 
•. 2 .•. 2.8 Building Access 
•. 2 .•. 2.9 Special Requirements 
•. 2.4.2.10 Occupancy 
".2.4.2.11 Environmental Safety and Health Constderations 
•. 2 .•. 2.12 Safety Systems 

SCT.()'lXlI)1A >3 I'1HI 

•. 2 .•. 6 .• Conventional Power 
•. 2 .•. 6.5 Technical Power 
•. 2.4.6.6 Communications 
".2.".6.7 Environmental 
•. 2 .•. 6.8 Building Access 
•. 2 .•. 6.9 Special Requirements 
..2 .•. 6.10 Occupancy 
•. 2 .•. 6.11 Environmental Safety and Heatth Considerations 
•. 2.4.6.12 Salify Systems 

42 .•. 7 Operations Center & Counting Room 
•. 2 .•. 7.1 ProjeCI Description 
•. 2 .•. 7.2 Floor Ale. and Loadings 
•. 2.4.7.3 Cranes 
•. 2.4.7 .• Conven/ional Power 
•. 2.4.7.5 Technical Power 
4.2.".7.6 Communications 
•. 2 .• ,7.7 Environmental 
•. 2 .•. 7.8 Building Access 
'.2 .•. 7.9 Spedal Requirements 
4.2 .•. 7.10 Occupancy 
•. 2 .•. 7.11 Environmental Safety and Health Considerations 
4.2 .•. 7.12 Safety Systems 

4.2 .•. 8 Gas Mixing Buildong 
•. 2 .•. 8.1 Project Description 
•. 2 .•. 8.2 Floor Are. and Loadings 
4.2 .•. 8.3 Cranes 
•. 2.".8 .• Conventional Power 
•. 2.".8.5 Techn~1 Power 
•. 2 .•. 8.6 Communications 
•. 2 .•. 8.7 Environmental 
•. 2 .•. 8.8 Building Access 
•. 2 .•. 8.9 Special Requirements 
•. 2 .•. 8.10 Occupancy 
•. 2 .•. 8.11 Environmental Salefy and Heanh Considerations 
•. 2 .•. 8.12 Sahlty Systems 

•. 2 .•. 9 Below Grade Utilities Tunnel 
•. 2 .•. 9.1 ProjoG1 Description 

SCT «KXlOl A 

•. 2 .•. 9.2 Floor Area and Loadings 
4.2 .•. 9.3 Cranes 
•. 2 .•. 9 .• Conventional Power 
•. 2 .•. 9.5 Technical Power 
•. 2 .•. 9.6 Communicattons 
•. 2 .•. 9.7 Environmental 
•. 2.4.9.8 Build.ng Access 

I'1HI 
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4.2.4.9.9 Special Require .... ms 

:I::;:~~ =::ntaJ Safety and Heanh Considerations 
4.2.4.9.12 Safety Systoms 

4.3 UTILITIES 

4.3.1 Convonllonal Sy.lom. 
4.3.1.1 Mechanical 

4.3.1.1.1 General 
4.3.1.1.2 Underground Hall Air Sysloms 

:t~:g:~ ::~i~r~::':~~ Room-Air Condijioning 

4.3.1.1.3 Surface FecilHie. 
4.3.t.l.4 Water System. 

4.3.1.1.4.t Cooling Pond Water (CPW) 
4.3.1.1.4.2 Chilled Water (CHW) 

4.3.1.1.5 ScIIematiCs 
4.3.1.1.6 Drawing. 

4.3.1.2 EllClriC8I 
4.3.1.2.1 SH, UtilHie. - Above Grade 
4.3.1.2.2 Hall and UtilHy Building Power 
4.3.1.2.3 Elec:lronics power 
4.3.1.2.4 E .... 'IIIftC)' Power 
4.3.1.2.5 General Hall Ughling 
4.3.1.2.6 Grounding Systom 
4.3.1.2.7 Heating and Vontilation Power lor Hall 
4.3.1.2.8 Heating and Vontilating Power lor DoIt1C1Or 
4.3.1.2.9 Totophone System-NormaJ 
4.3.1.2.10 _'rator tmertaos 
4.3.1.2.11 Fare Alarm Syslom 

4.3.2 Tochnlcal Utllll ... 4.3.2.1 __ 

4.3.2.1.1 Underground Hall Air Syslems 
4.3.2.1.1.1 DoIlC1orlEllCllOnic Rack Room Air ConcIiIionlng 

4.3.2.1.2 war .. Sysloms 
4.3.2.1.2.1 High Tomperature Low Conduclivily warer (HTLCW) 
4.3.2.1.2.2 Low T omperature Low Conduc:Iivijy Warer (L TLCW) 
4.3.2.1.2.3 Mixed Chilled war .. (MCHW) 

4.3.2.1.3 Gas Syslems 
4.3.2.1.3.1 Argon Ethane (or Argon CO2) 
4.3.2.1.3.2 Butane 

ta.91 
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Proposed 

FY91-92 MUnlone. 
SOC Experiment.a1 facilities User Requiremenls 

SEFUR R .... A 

SEFUR R .... B 

SEFUR Re>. C 

SEFUR R .... D 

S[FUR R .... E 

S[FUR Roo. F 

AUI 01 '91 
AUI 05 '91 
S.p 01 '91 
0<1 01 '91 
0<1 01 '91 
OCI 15 '91 
Jon 01 '91 
-F.b 15 "1 
Mor 01 '91 
Mar 15 -'2 
Apr 15 '91 
Jun 01 '91 
Jul 15 '91 

CoUobo .. lion MHllnl (LBL) 

UIC ... -TII" I Ropor! Compl.l. 

UIG Till. I Dosiln B .. I .. 

Site Infrastructure Title I Bq:ins 

UIC Till. I R'por! Compl.l. 
UIG TIll. II Duiln Bqlns 

In111ll1 Surface Facility DaiCn Belins 

4.3.2.2 Elec:lric:a/ 
4.3.2.2.1 D.C. Magnel PS and Busing 
4.3.222 Cryogenic Elec:lriC8I Systom 
4.3.2.2.3 Holling. Vontilating and AC Power DellClor 
4.3.2.2.4 Accelerator Interla"" 
4.3.2.2.5 Butano Elec:lriC8I Syslom 
4.3.2.2.6 LCW Syslom P_er 
4.3.2.2.7 Air Compressor System Power 
4.3.2.2.8 Hyd ..... ic Pump Power 
4.3.22.9 415 Horu~ .. 
4.3.2.2.10 Elec:lronies and Clean Power 
4.3.2.2.11 GabI, T .. ys 
4.3.2.2.12 Grounding Systom 
4.3.2.2.13 Public Address Syslem 
4.3.2.2.14 Panic Alarm Stations 
4.3.2.2.15 Radio Communication System 
4.3.2.2.16 Video System 
4.3.2.2.17 Eme'lllftC)' Tolephone Systom 
4.3.2.2.18 Technical Specilcations 
4.3.2.2.18A Elec:lrical SpecifICation Seelion 

4.3.2.3 Cryogenies 
4.3.2.3.1 Underground Equipment 

4.3.2.3.1.1 Detector Equipmenl 
4.3.2.3.1.2 Piping Access and Maintenance 

4.3.2.3.2 Surface Routing 
4.3.2.3.3 Surf_ Equipment 
4.3.2.3.4 EllClricaJ & Mechanical UtilHy Roquiromoms 
4.3.a.3.4 Safety 
4.3.2.3.4 tmertaoss 

5.0 SCHEDULE 

5.1 DetlClor Schedulo 
5.1.1 Summary SOC Projoc:I Schedule 

5.2 IR4 Undorground Facility Schadu" 
5.2.1 1R4 Underground Facility Summary Sc-.ro 

5.3 IR4 Surtaco Faclllll" Schedulo 
5.3.1 IR4 Surf_ Facililios Summary SchaduIo 

5.4 IR4 Utllliio. and Infra.lrUCIure Schedule 
5.4.1 IRe Utililiesand InlrastNClure Summary ~ 
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6.0 MODIFICATIONS TO THE DETECTOR HALL REQUIRED FOR LAC 
OPTION 2 

Proposed 
FY 91-92 Mileslones 

Experlmenlal Facilities and Deleclor Enlineerinl 

In •• rim Cbid Enclnoor a. SSCL (PRD) 
Initlat. Instal1a.ion PIInnlnl al SSCL (PRD) 
Facitlt;J~t.~~c:?nt.'~llon T .... ltlon 10 

CosIIScbodut.rrractlnl Tnaailioa 10 SSCL 
B'II .. (PRD) 

$cop. doeision (ne .. cost ..... lIn.) (SDC) 
Mechanica. Inte,ration Trauilion to SSCL 

B .. ins (PRD) 
Docum.nt Conlrol Transllion 10 SSCL (PRD) 
SDC Suppor! Approvod Conctplual Deslln ,nd 

Scopo or Work (PRD) 
Fix BaHlint ror Toe'nlcal Propoul (SDC) 
Inilial Installallon Plan R ...... (PRD) 
First Droll or Toebnicsl Propoul (SDC) 
First Drln or CostIScbodul. B_ (SDC) 
Int.mal R •• _s (SDC) 

~~C :ul\'7t~.~::b;l~t~~":''''(pIr:,D) 
Toehnicsl Propoul Submill.d (SDC) 
CostlSchodul. B_ Submlutd (SDC) 
Projoet MimI. Tronsllion to SSCL Compt ... (PRD) 
B'lln D.ltclor COIISI ruction (SDC) OCI 0 I '91 
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AUI 01 '91 
AUI 01 '91 

ADI 01 "I 

A8, II "I 
Au, 10 "I 

0<1 01 '91 
0<101 "I 

Oet 01 "I 
Oet J5 '91 

No. 01 '91 
Jan 15 '91 
Jan 15 '91 
Jan 20 '91 
Mar 01 "2 
Mor 01 '92 
Apr 01 '91 
Apr 01 '91 
Apr 01 '92 



sse Laboratory 

SEFUR Summary 

Physics Research Division 

5. Detector assembly shafts. 
a. Located 26 m. north and south of IR point. 
b. 11 x 31 m 
c. Reduced to)l x 14 m (Location TBD) 

~ 
.' 

, 

sse Laboratory 

SEFUR Summary 

Physics Research Division 

II. Underground Hall (Equipping) 

A. Lifting Devices 
I . Two overhead 100/20 tonne bridge cranes. 
2. Small equipment lift in cable shafl. (I x 2) 
3. Guided hoist will be defined with surface facility. 

B. Interior Access In U/G Hall 
I. Seven levels of walkways on East and West wails. 

a. One thru six on west wall are 4.7 m wide. 
b. All others are 1.2 m wide on both walls. 
c. Level seven for crane access. 
d. Spaced 4 meters apart. 

2. Two levels of walkways on North and South walls. 
a. Corresponds to levels 3 and 6 of side walls. 

3. Slairs 
a. Four flights connecting all levels of gangways. 
b. Four flights connecting operaling floors 10 pit. 

4. Four service elevalors 
a. Two on west side minimum capacity of 2000 Ibs. 
b. Two on east side minimum capacity of 1000 Ibs. 

11/4/91 

11/4/91 

sse Laboratory 

SEFUR Summary 

I. Underground Hall (Civil) 

A. Location 

Physics Research Division 

I. Located allR4.on wesl campus. 
2. Depth 10 beam line of 41.9 melers. 

B • Hall Structure 
I. Useful width 31 melers 
2. Useful length 105 meters 
3. IR point offset to the East and North walls. 
4. North operating f1oor~ melers long. 
5. South operating f1oora5 meters long. 
6. Detector pit length of 50 melers. 

C. Hall Shafts 
I . Two offset utility shafts (4 x 6) 
2. North Personnel Shaft (5.4 x 4.9) 

a. Positive pressure 4000 Ib elevator 
b. Positive pressure stair shafl 

3. South EquipmentJPersonnel Shaft 
a. Positive pressure 2000 Ib elevator 
b. Positive pressure stair shaft 
c. Guided hoistway (4 x 3) 

4. Cable Shaft (6 m dia.) 
11/4/91 
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tOmm M"X!WY 

FORWARD 
TOROID 

CALORII.tETER 

soc - DETECTOR OEFORMA liON LIMITS 

u .. 1IIUM DEFORMATION, ~:'IlMf~~Df~~~~~I(~tm~ "8: ~~~TECTOR 
UAXI\IUU RIGID BDDY DEFLECTION, iiDT~C?\-&il~~.l'VER THE ENTIRE 

EXAlM'lE. FORWARD TOROID INS TALlATION 
BARREL TOROID 

SOC - OElEC TOR OEFORMA TION liMITS 

TOP OF 
OPERATING FLOOR 

u .. II.tUU DEFORUATI()N, aror:.!~+~~FIoE~fflv~WI~U~~tD 
OF THE DETECTOR 129.6 WETERS' 

"AXIWIII RIGID BDDY DEFLECTION, +]0 mm I -10 mm OVER THE ENTIRE 
DETECTOR LENCTH 

EXAIM'LE, CAlDRII.t[TER INSTALLATION 
BARREL TOROID 

[IIT]]:::'-,:·::: 

20 min C tlO min M .. XIUUMI 

flCURE 4.1.6-d 
.... -----29.6 m-----~ 
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sse 

SDC DETECTOR SUPPORT 
MAXIMUM LOADING DIAGRAM 

MAXIMUM PLA TE --r
TENSION FORCE J 

: 983 cos 61.5 X .15m 
: 282 METRIC TONS 

Jef frey L. Wes tern 
July 31. 1991 

= 908 METRIC TON/METER 

INCliNEO PLA TE FORCE 
908 MTlm X csc 61.5 
: 983 METRIC TON/METER 

-t-t--'----'-fl"-_ MAXIMUM JACK FORCE 

R : 983 MT /m X I.~m 

----.~ 

: 131 METRIC TONS PER JACK 



c: 
o 
", 
"C 
411 
1:1.", 
E", 
o CII 
U'; 
",.!:! 
:.c 
c:~ 
--=", 
.!:!> .c 
~c: 
",0 -0= ... U 
o..!! 
~li 
,0 

U o 
tJ) 

2995 
4.1.' SOC Delector FlOor Loldlng ConellUonl 

TIle IaIowIno IoedIno CO/IIIIIOnI .... nllIMo combillltiOna 01 loadS as 
cIescribecI 011 drawino R2OOOO357 "SOC DeI_ Floor lolIds" (Fogu .... I.&-a) 

4.1.'.1 OperaUng oondhlon 

This II ~nled by Loed Case E. 

4.1.'.2 Inlliitalion Condillon 

This II ....... nled by lIMo ...... combinatiOn 01 Loed C_ A. 8. C. and D. 

4.1.'.3 lIaln,.".nOl condilion 

This II .... nIed by a~ ... r: 
a) TIle _ oombinaliOll 01 Loed Cue A. B. C. and D. 
b) lIYllino 01 t ... deI..,.or (load Cue E) and t ..... is • lailure 01 a 

number jaCka. TIle maximum j.cI< loadino is 737 metriC ton per jack. S8' t ... 
"SOC Detector SuPPO~ Muimum Loadino Diagram". All utimate is that lIMo 
i~ j.cI< IoedIno _ incra_ 20% (120%.737 metriC ton - ~ 
metriC ton rnaxImIIm) H t ..... _ • local j.cI< lailu ... Design 01 the ftoor .hould 
incIUCIe this _ 20% I ...... at Loed C ... E (Example: 0lIl j.cI< IBiI •... toed 
gel .. ed _ 5 ~ j.cI<S, two j.cI<S fail ... 1oad gets _ed oyer 10 

IUrrounciino jaCka). 

4.1.'.4 Future conditIon 

This ~ton _ be bHI ..... fied by UlUnino • possibta 5% Increas. 
ot 8I1r at t ... IoadIno cornpOIIIlIlS .. identified in Loed Case A. B. C, or D. 

4.1.'.5 Deltaouon Conelltlon 

TIle SOC ~ has • toIa_ ami! 01 +/. 3 mm _ iIIanU .. Iengt/> 
01 wIIich lIMo majoritr 01 t ... 1OfI_ oompti ..... is achlavad through thl 
IIydrIutIc jldcino ayIIIIIl To ....... ope"''''''' pe- 01 lIMo deI..,.or 
and ill auppo~ .yatem, .... _" Ioundllion must pravidllUppo~ tor .... -.-IUCII .... no __ .... nt 01 _ ..... +/·10 mrn oa:urt 
_ lIMo jIdcing ptano (pi" blndino of .... jldcino ptano) Ihroughout lIMo til, 
ot .... tySIam. GIobII aratem (rigid bocIr) _amont at t ... anti .. foundatiOn 
(both dI~ and ~) III 811 cmler 01 magniludo leu critical and has • 
1Ota __ 01 +3 em ( .... 01 lIMo iou_OIl) I ·7 em (._rnent 01 t ... 

loundation). 

SCHlOOOOl 4.1·23 7129191 
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Summarv Of Data 

Toroid MadlDulD MalliDlulD (1) MadmulD (l) 

Tblckull D.fl.ClloD PIli. Slrell Boll Stress 
aa _____ ... _____ .... __ ...... _ ..... __ ......... __ • ______ ........ • .. __ .. • .. • .................. 

I.S Meter 3.12 mm 13.0 N/mm2 206 N/mm2 

(0.123 inch) (1.880 PSI) (29,800 PSI) 

1.4 Meler 3.48 mm 13.8 N/mm2 210 Nlmm2 
(0.137 inch) (2,000 PSI) (30.400 PSI) 

1.2S Meter 4.24 mm 1S.3 N/mm2 219 N/mm2 
(0.167 inch) (2,220 PSI) (31,770 PSI) 

1.1 Meier S.28 mm 17.2 N/mm2 232 N/mm2 
(0.208 incb) (2,SOO PSI) (33,700 PSI) 

1.0 Meter 6.27 mm 1S.8 N/mm2 246 N/mm2 
(0.247 inch) (2,730 PSI) (3S,720 PSI) 

0.9 Meter 7.S7 mm 20.8 N/mm2 264 N/mm2 

(0.298 incb) (3,020 PSI) (38.300 PSI) 

0.7S Meter IO.S7 mm 24.8 N/mm2 316N/mm2 

(0.416 incb) (3,600 PSI) (4S,770 PSI) 

I. Allowable Plate Stress = 0.6 Fy (AISC Allowable) 
(1010 Carbo. Steel) = 0.6 x 210 N/mml (30,000 'PSI) 

• IlS N/mm2 (18,000 PSI) 

2. Allowable Bolt Stress = 0.33 Fu (AISC Allowable) 
(MS6 Class 8.8 Bolt) = 0.33 • 830 N/mm2 (120.000 PSI) 

= 21S N/mm2 (39.600 PSI) 
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~ SSC Laboratory Physics Research Division 

SDC • MUOD Toroid Milestones 

Approved Conceptual Design ... August 1991 (Jerr Cherwinka) 

Technical Review ... March 1992 

Technical Proposal Complete (Preliminary Design) ••• April 1992 

Detail Design Complete •.. April 1993 

First Steel Piece Made ••. January 1994 

Last Steel Piece Made ... September 1995 

Begin Installation ... March 1996 

Installation Complete ... November 1996 

I. L. WESnRN 111191 
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SDC - Toroid Thickness Comparison 
Bolt Tension Stress vs Thickness 
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SSC Laboratory Physics Research Division 

SDC • Support Milestones 

Approved Conceptual Design & Scope or Work ... October 1991 
(Internal Review •.• _September 1991) 

Note: In order to complete the Conceptual Design and Scope or work by 
October 1991 we need to: 
1) Fix the toroid steel thickness and size by August 9, 1991. 
2) Finalize the support concept by September 2, 1991. 

Selection or Engineering DeSign Firm ... January 1992 

Technical Review ••• March 1992 

Technical Proposal Complete ••• April 1992 

Detail Design Complete (15 months) ••. April 1993 

SUpport Fabrication Complete •.• February 1995 

Pre·asSembly Complete ••• November 1995 

Installation Complete .•. March 1996 

I. L. WE!TEIN 111191 
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SSC Laboratory Physics Research Division 

SDC Detector ES&H Status 9/5/91 
• Liquid Argon Calorimeter PHA Complete ••• Report Pending 

• Butane Cooling pnA in Process 

• Other Subsystems Scheduled for Analysis by Spring '92 

• SDC Safety Committee Under Development as Follows: 

• Detector ES&H Program Document Draft Ready 
(advance copies available this week) 

• More Detail on all Topics at September Collaboration Meeting 

• Near Term Schedule is as Follows: 

SSC Laboratory Physics Research Division 

SOC Safety Committee Makeup 
CHAIR 
~HAIR 
PROJECT ENGINEER 
ACCELINT 
SILICON 
BARRELnNT 
COIL 
CENTRAL CAL 
fORWABDCAI 
MUON STRUCT ./MAGNETS 
MUON CHAMBERSICOUNTERS 
EI ECTRONIC SVSIEUS 
RADIATION SAFETY 

EX-OFFICIO 

• Majority will be engineers 

SOC 
SSCUPRD 

SSCUPRD E.F. HEAD 
SOC TECH MANAGER 

• Now working on filling roster 
• Will contain at least one "Designated PhysiCist" 
• Primary function will be "Safety" engineering analysis 

and documentation thereof .•. PHA and DOE SAlt's 
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sse Laboratory Physics Research Division 
c a soc ES&H Near Term Schedule 
Q ~ 

0 Z AUG 18 Selection of SOC Safety Committee Complete 
:-::I ;J 
n c;'l AUG 27 PHAISAR OrIentation Meeting at SSCL 
0 > ; Z d 
til c;'l OCT '90 Title I for IR-4 
;d d' 0 til 

d ~ Z C APR 1, '92 Technical Proposal Due I Title II for IR-4 

9 a:: 
n .... 

a ~ ~ t'I'2 
MAY 1, '92 Preliminary Hazard Analysis Report on SOC 

0 .... 
~ i 5 

Z MAY 15, '92 PAC Review 
.." ~ 

!l! ~ 
c;'l JUL '92 Stage I Approval 

~ til V" 

I ~ I SEP'92 Preliminary Safety Assessment Report to DOE 

Z OCT 1, '92 Stage \I Approval, Start of Construction 
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OIARGE 1'0 TASK FORCE 
on 

MAGNETfJ'RAaaNG CONFIGURATION 

Dated: 3,I2lr,'91 

3047 

YQAL: To establish a conceptual design framework for future work and not 
to provide a final design. 

The Task Force is cbafled to usembIe and collate information regarding the 
configuration of the traeking system, the solenoid ... d its supports and all 
penetrations (cables, utilities, CI)OIenics, ... ) through the central calorimeter. 

hems to be addressed by the Task Force include: 

-suppon of the silicon tracker ... d beam pipe from the barrel tracker 

-suppon of the barrel tracker - bow is it done? 

-support of the intermediate tracker - bow is it done? 

-cable and utilities plan for thelilicon tracker, outer tracker and solenoid 
- a detailed enumeration of what pe:nCtnlles the calorimeter 

-suppon requirements placed on the calorimeter 

-active alignment andlor monitoring of tracker clements 

-access for repair of the tracking elements 

-requirements to insen the silicon tracker after commissioning of the 
SSC. This assumes the central calorimeter, solenoid and outer tracker 
are in place. 

-a detailed KCOIInting of the materials budget within the tracking volume 
including cables, utilities, supports, ... 

-a detailed account of the power budget within the volume 

• Assume baseline design for outer tracker. 

Cable and Utilities Plan Status: 3049 
Requirements identified and documented 

o Support Requiretneats or Calorimeter Status: 

o 

Concept identified 

Acti¥c A1ipment and/or Monitorin& Status: 

Not resolved. Looks difficult. Need more detail on structure for outer 
tracker 

o Access for Repair Status: 

A first evaluation taken. Benefits of access for baseline design looks low 

o Inspection of Silicon Tracker After Commission of SSClSDC Status: 

Appears reasonable. No reason found that this cannot be done. No 
major impact on design found. 

o Detailed Accounting of Material Status: 

Some information documented, but still need funbor work. Need more 
design details 

o Power Bud&cI Status: 

Power requirements documented 

SUPPORTS FOR: 

o Silicon Tracker 

.0 Barrel Tracker 

o Intermediate Tracker 

STATUS: 

Concepts have been developed and documented in the 
Magnet and Central Tracker RRR and Interface Control 
Document, SOC Tech. Note No. SDC-91.()()()26. 

3048 

3050 

FUTURE PLANS 

o Continue to refine and update information on a 
quarterly basis. 

o Add a design requirements document as design is 
firmed up which provide design details of the outer 
tracker. 



3051 
As a prtliminary cut at issues to be addrused in the meeting at 
SSCL on June 19, 1991, I have slarted the following list and 1 
am surt that you and others will identify other topics. 

g 

J 
I 

1. What in-place adjustment, if any, must be designed 
illto the tracer? 

2. Should there be active alignment modules? 

3. Given a one meter axial access, what maintenance 
can be done? 

Answer.' Appartntly none for the straw tube 
electronics. 

4. With the thrte meter axial access, what maintenance 
can be done? 

Answer: If platforms can be installed, all straw 
lube electronics can be accessed. 

5. CUTrtnt routing of silicon tracker cooling lines requirt 
cut ouls in the calorimeter and cut outs or other 
dimensional changes in the outer and intermediate 
tracker. The question is, what is the best solution? 

TAKEN FROM STRAW TUBE SUPERLAYER DESIGN CONCEPTS. Dated May 20. ,. n; 
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UW·MADISON 
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7/12191 

SOC MUON MEASUREMENT SYSTEM (was 3.2) 

Major PaIlS 1010 Surface Building 

~ ~ 

3.2.1.1 Barr,1 Chambers 

32.1.2 Inlermedial, Chambers 

3.2.1.3 Forward Chambers 

3.2.2.1.1 Barral Trusses 

3.2.2.2.1 lo1armadial, Trusses 

3.2.2.3.1 Forward Trusses 

3.2.6.1 Scintillalion Counlers 

3.2.6.2 CSl8nkov Counters 

TOTAL 

'From SSC DWG No. R20000256 

FF:mk:C:IWP:muon.sdc 

VOLUME (CUBIC METER)' 

3800 

600 

600 

4000 

1500 

600 

300 

400 

12000 

UW·MADISON 
PSL 
7/12191 

SOC MUON MEASUREMENT SYSTEM (was 3.2) 

Major Assembli,. Oul 01 Surface Building 

NAME Q!!: 

BWI 32 

BW2. BW3. B52. 853. Truss 28 

8S2. BW2 Drawers 

BS3. BW3 Drawers 

IW2. 1W3. 152. 153. Truss 16 

FWI. FW2. Truss 16 

FW4. FW5. FS4. FSS. FCC 16 

TOTAL 116 

'Ignores Division Due I, Cryostad< 

FF:mk:C:IWPImuon.maa 

VOLUME FOOT PRINT 
'!<!!B!!<M~~RI 'SQ!!Af!~ MHIif!1 

45 45 

218 80 
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75 80 
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3085 
LBL SDC 0035 

Page 2 

List of three character codes for major comoonents of the SDC 

Tracker section 
I TS0 
2 T00 
3 T10 

Magnet section 
4 MS0 
5 MPM 

Calorimeter section 
6 CB0 
7 CE0--
8 CF0 

Barrel muon section 
9 BWI 
10 BTl 
II BWl 
12 BS2 
13 BW3 
14 BS3 

Intermediate muon section 
15 JW2 
16 JW3 
17 1S3 

Forward moon section 
18 FWI 
19 FW2 
20 FTI 
21 FW3 
22 FT2 
23 FW4 
24 FS4 
25 FCC 
26 FW5 
27 FS4 
28 FAI 
29 FA2 

Tracker, Silicon 
Tracker. Outcr 
Tracker ,intermediate 

Magnet, SoICDoid 
Magnet, Polyelbylenc Moderator 

Calorimeter. Burel 
CaJorimcoer, Endcap 
CaJorimeoer.· Forward 

Barrel muon, Wire chunber 1 
Burel muon, Toroid 1 
Band muen. Win: chamber 2 
BIIKI muon. Scintillator 2 
Barrel muon, Wire cbunbe:r 3 
Banel muon, Scintillator 3 

(chamber ncarcstto IP) 

(chamber 2nd neue$1 to IP) 
(ICiDtillator 011 BW2) 
(chamber 3rd nearest to IP) 
(scintillator 011 BW3) 

Intermediate muoo. Win: chamber 2 
Intermediate muoo. Win: chamber 3 
Intermediate mu .... SciDtiIIator 3 

Forwud muon, Wire chamber 1 (chamber nearest 10 If) 
Forward muon. Wire chamber 2 (chamber 2nd nearest to IP) 
Forward mu .... Toroid I (torOid nearcstto IP) 
Forward muon. Wire chamber 3 (chamber 3rd ncarestto IP) 
Forward muoo. Toroid 2 (toroid fanhcst from IP) 
Forward mu .... Win: chamber 4 (chamber 4th ncarcstto IP) 
Forward muon. Scintillalor 4 (1CiD1il1ator 011 FW4) 
Forward muon. CerenIcov Counoer 
Forward muon. Wire chamber 5 (chamber Sib neucsllo IP) 
Forward mu .... Scintillator 4 (ICiDtillator ... FW5) 
Forward mUCII. Absorber I (pori ncar calorimeter) 
Forward muon. Absorber 2 (fIXed part) 
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SDClntegntion Draft LBL SDC 0035 
A.DuBois 

Revised 7/25/91 
Detector component identification code 

This .. visioo ...... pIS 10 accomodate opinioas offered in _ to 1he criJjnaI draft. 

On many drawings and sketches. it is difficuillO fmel room to identify 1he various 
dcleCtor components in an easy to read fashion. A compact. but widely UDde1'Slood • 
compooent identlficalioa code would be uofuI. This DOle propoaes such a code 10 idenmy 
each of1he JDligr funcriOllll ponioas of1he detector. It is boped. oace 1he ooacept is 
nndesstood, tbal wilbout momoriziDg 1he wbole Iis~ 1he ..-uiD& of a specifIC code eon be 
inmited from \be IeaerIDUJDbcs associalioas and 1he _=L 
The code alilizes a numbering 1)'lIOII\ whicb is coasisIeal with a rilbt loud -.we 
oy-.. Ut:Jl/bich 1he origin is .. 1he IP (In ..... bOO Poinl); a posili .. X _ iI directed 
away from 1he center of 1he aa:elerator. and. a posili .. Y vector iI _on!. Tbe posio .. 
Z vector is directed nonhward if the ball is on the west side of the KC:elcntor riDg. The 
OCWlIS of 1he bllKl arc numbered. from I 10 8. in a clockwiu din:clion when looting 
along Ibe posilive Z axis. OcWlI I is .. Ibe lOp. 

The code is 10 consist of two bloclts of characters. The finl block identifies 1he 
subsystem in • geoeric fubioa and 1he secoad block idenlifi .. a apecific ponioa of tbal 
subsystem. Of"", only 1he generic 3-Ielter block wiD be requiIed. 

Example· 
Bmel muon. Win: cbambcr 3 - is Ibe subsysIcm 

BID. 62 
Ocanl 6. Secli0ll2 is 1he spocUIC c:lwnber (NGIe tbal1he 

chamber _en Dnmbcrs iDaeue in 1he +Z din:cIioo). 

The first _-<IIglIS- code eon be foll_ by on N .... S if OlIO ___ to _ a 
specific Forward assembly - eumple: FCC·N would be 1he NorIb Caenkov CoaIIta 
and FCC·N6 would be ihC OCWII 6 ponioa of tbal counta. • 

On the following page Is • a_led Iiat 01 aubayalam oades, .tatting with 
out.ystems ... areaI to the IP. Where. e __ .. the third char_. this 
idenlifies tho whole device. When the group responelbe tor that IlUb eystem 
ident~ies • oet at symbols tor IlUb portions. the e.." be replaced. For .. ampl.: 
T 03 can Identify IlUpariayor 3 01 the outer tr._. k would .Iao be possible to 
drop the e and use just the firot two charactars lor tho whole devico. H th. 
context _ K dear that IIIoa two _s .... being _ ... I\lbSyst ... 
code. 

3086 

'i(ClIat. '......:IUOM f'w", 

DE ',,(l(Jllt ..... L St~l' _ .. _--



SL INttORATION M!ETINO JUN! It.'991. ILtCTRONICS, ... rING lO ACCESS WITHIN Tnr. IIARRr. ... ANDY DunOIS. 4'5·488·8 

Sirl CRYOSTAT DESCRIPTION 

F',aE ... S F .. o .... 11>P 
SUK.F .... C.e. NoT '5>\0 .......... 

koIC INTIOItA11ON MEETrNO AUG '1"1. F.LF.CTRONICJ AND ACl.&..U WrnllN THF. WARRU. ANDY OUI!IOIS. 4.5·488·1754 

CAUBRATION SOURCE PESCRIPTION 
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LIST OF CRATES INSIDE WE SCINTILLATION DETECTOR 
(Count for May 29 Baseline given in brackets, if changed) 

Half of silicon Tracker 
Electr crates VLPC cryostats Calib Sources 

0 0 
Half of wire Tracker 8 (16) 0 
Hal( I!( l!ill:Rl Cillw:im!::~[ J2 Il 
Total on hall 01 barrel calorim 40 (48) 0 

Half of interrned SiFi Tracker 16 16 
Qm:: !::DI!!<ill! !<al!!dIJll:~[ J2 U6l Il 
Total on ona endcap 48 (32) 16 

Entire trackr, barrel & endcaps 176 (192) 32 

Also added are 768 PMT's on the end 01 the barrel, at the gap. 
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RING 1 
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LIST OF CRATES INSIDE THE LlOUlD ARGON DETECTOR 
(Counl for May 29 Baseline given in brackels, if changed) 

Half of silicon Tracker 
Half of wire Tracker 
Half of barrel Calorimeler 
Tolal on hall 01 barrel calorlm 

No inlermed SiFi Tracker 
Q~ ~lI!I~DI! ~illQ[j!m:I~[ 
Tolalon one endcap 

Eleclr crales 
o 
8 (16) 
20 
28 (36) 

0 
211 
20 

Enlire Irackr. barrel & endcaps 96 (112) 

No PMTs on the end ollhe barrel. 

VLPC cryoslats 
o 
o 
o 
o 

0 
11 
0 

0 

Calib Sources 
o 
o 
o 
o 

0 
II 
0 

0 

TRAY 

--PH 
051 CHW11 

076 N RET 

0305 CRYO- STACK 

CAL 

1-------9440---'----l 
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RING 4 ~--'-I-L..l-'-''-u '51 M 

32 ELECTRONIC CRATES TOTAL PLACED 
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~06 300V COAXI4001 

o 3~ 250A COAX 

C-' ... 
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Other Scheduling Guidelines 

If you use: 

"Realistic" (for your institution) resource levels 
"Realistic· task _durations 

By comparing your milestone dates to SOC installation 
schedule, we learn if your: 

Subsystem has float 
Subsystem needs help (near critical path) 

If you don't do this: 

We don't learn mUch ... 
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Subsystem Schedule Milestones 

System level DeSign Reviews 
Preliminary DeSign Review 
Final Design Review 

Other Design Reviews 
Component level Design Reviews 
Fabrication Reviews 

Component Fabrication Start 

Subsysterrl Assembly Start 

Ship to SSCl 

... 

Arrives at SSCl I Subsystem Re-assembly Begins 

"Top of Hole" (at Headhouse ready to be lowered) 

·00 



Holes in Integrated Schedule 

Big holes: 

Electronics Systems 
Solenoid 

Lesser holes (missing milestone dates): 

Entire Tracking System 
Barrel and Endcap Calorimeters 

Preliminary Integrated Construction Schedule 

Float Areas (so far): 

Forward Calorimeter 
Muon Toroid Coils 
Muon Support System 

Potential Critical Path Areas (so far): 

Barrel & Endcap Calorimeters 
Barrel & Intermediate Tracking 
Muon Toroid Steel 
Muon Chambers/Counters 

Big Problems (so far): 

Silicon Tracking 

.... 
soc D(fE.ClOA H C0N5lAUCTlott 

Muon Toroid Support 

Muon 8..,.1 10r010 SIM' 
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