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Hybrid Central Tracking Detail 
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Figure 1 Cutaway view of one quarter section of a HCTC detector. with eet straw tube su:;elaverSj( wir~l and three O\1b!r sdntiUatina 
fiber supcrJ,,)'m (lter,ep# \l:Y. beri). 
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• P.l in GeV 
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From: In.t'·HORISeJ~-
To: JNtT'·garye.lac~-

,CC: 
Subj: Cost estimate for ACt. 

Received: From SLACVH(GARY) by HUHEPL' vith Jnet id 3217 
for FELDHAN@HUHEPL; Sun, 16 Sep 90 23:59 EDT 

Date: Hon, 17 Sep 90 12:11 V 
From: <MOIU SI JANJa:ltVX> 
Subject: Cost estimate for ACT. 
To: garylslacVlll 
Original_To: JNET'-gary'slacva-

Sept""r 11, lito 

Dear Gary: 

Unfortunately! cannot attend s.pttllber ... ti.wp at Dalla.. A. Mati, UK 
will briag se.. result. of our .tudiea on tM $DC ~ ayat • .tli~ iaelude 
the N:T syst... lie Uft .sted .itachi to _te • co.t •• tiMte for tM ACta vitll 
very siailar cbaraeteriatica to thoa. 1ft the Eo!. & ratMr crvde estu.atel:>f 
litac .. i ia .,t. ¥ell Mlow! 

Coil par .. tera 
St"M ... rcn 
llullll>er .f d.1ac~.t.· coila 
Cwr'-
!adlac:tuc. 
CooliaJ ~ ... 

&stiJMtecl co.: 
"l'ot.&l Ct,. ~., 

210 IU/Mt 
l2 . INt· 

1000 & 
1.1' lII .. t 
JaclU .. 

11.000,100 .... +-20\ J_ 
C~ .. .. 
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FIG. 24. ContinuoUi WiDdiDI aiMON',toroHl, from • pNlimin., "II' (April 1990) by Ad­
vanced CryoM&&netica, Inc. 
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not be reasonably provided by Nov. 1 1f we can agree on a vera10n at the 
Dalla. me.ting. Co ... nt. pl •••• ! 

CHARACTERIZATION OF SDC CALORIMETER OPTION __________ __ 

EM RESOLUTION STOCHASTIC 
CONSTANT 

_______ '1 (.qrt (E) (E in GeV) , 
NOISE O.lxO.l 

Nonuniformity only con.t.nt ('good') 
----- GeV 

-----, 
HAD RESOLUTION ./b 

STOCHASTIC 
CONSTANT 

_____ 'I.qrt (E) (E in GeV) , 
NOISE con. r-O.' -----GeV 

Nonunitority"only con.tant (j.t<12.CI) -----, 
HERHETICITY GOOD • ACCEPTANCB • 

EM us. NOMINAL, AVEnGE, WORST (to 2.9) " ____ " ____ , 
HAD US. NOMINAL, AVERAGE, WORST (to 2. C) • , _!"'-._~" ,%,",""~~_, 

(Note: r •• olution •• hould be for 50 GeV Et el.ctron. and 50 Gev Et jet •. 
The Nora.l.y p.r ... t.rization i •• ufficient.) 

ELECTRON ID , TRIGGZa 
EM SHOWER POSITION RES. _ 
NOISE IN A CONE OF 0.15 GEY 

CHARACTERISTIC INTEGnTION TIME ----- n. 
EM TRIGGD ItESOLU'l'ION '/SQRT (E), " GeV, GeV 
HAD TRI~ ItESOLU'l'ION '/SORT(E), " GeV~,--- GeV 

(Not.: that i •• toch •• tic, con.t.nt, .lectronic noi •• ana pileup .t 10**33 
ift O.lxO.l.) 

LINEARITY (Uncorr.ct.d) EM 
HAD (pion) 

Cc.a.nt 

_____ '/100 GeV 
_____ '/100 GeV 

RADIATION SURVIvaL (be.t tue.. presently .y.ilabl.) 
(Not.: this ref.r. to pl •• tic, electronic. &ad .v.rything. 
Two c •••• : 10 ye.r. at 18**33 &ftd 5 y •• r._~ 10**3. wher. 
one ye.r ia 10**7 ..c OD. ODaffect~ i. defia.d a. 1 ••• than 
l' cha~ in EN r.aollitioa a. oa1ift. corrected. hgradat.iOft ia 
not fractioa change or the au.ber.) 

UNAFFECTED PHASB SPACK I ETA I < , 

ab.olut. " 

DEGRADATION OF EM RESOLUTIOlf, AVEJQGE (ift i) AFfECTED " --r----, 
DEGRADATION OF EM RESOLUTION, WORST CASE --.-,--__ -_-_-_____ , 
REPLACEMENTS/FIXES ASSUMED ABOVE AMD I'EJItEQOEMCY 

(Note: inclUde le~l 01 ai ••• ...cly required.) 

SAFETY ISSUES: LIST 
IMPLICATIONS I'OR ACCESS -----------------------
IMPLICATIONS FOR THE MST ()!I' 'fiB DETECTOa AMI) BALL "----------------

CAL I BRAT I OM/MAIMTAIMAMC& 
STABILITY 1M lfOlItIIIAL o.DATIOtf +1- , TYPICAL CHANNEL 
WORST ~ CHAltG& IIC caZ_/JIIOlfTK .1 ... ~*~* .. 3 ..... --- , 
TESTBEM UQOIJtEIIII£lCTS: 



TOWERS CALIBUTED 
---- TOWERS HAPPED IN DETAIL 

EXTRA MODULES FOR STUDY: DESCRIBE: ----
LIST OPREATIONAL PROCEEDURES: 

COST AND SCHEDULE (CURRENT BEST GUESS, NO CONTINGENCY, '90$) 
CHANNEL COUNT \ 
TOTAL WEIGHT > APPEND DETAILS 
DENSITY / 
BOTTOM LINt CjJPEND ESTIMATE) M$ 
MINIMUM DURATION ~OM SERIOUS FUNDING TO COMPLETION 
... (APPEND SCHEDULE) YEARS 
OUTER ~IOUS FOR ACCESS J OTHER DETECTORS • 

APPEND DRAWINGS: 
SIDE VIEW 
END Vln 
RADIATION LENGTHS VS ETA (AND PHI AS NEEDED) LIVE AND DEAD 

THROUGH 30. 
ABSORPTION LENGTHS VS ETA (AND PHI AS NU:DED) LIVE AND DEAD 
SCHEME FOR MECHANICAL SUPPORT (ROUGH) 

NOTE: Material in .upport of the above i. reatricted to a total of 
25 page. total, in order to facilitate wide di.tribution. ~ much a. 
po •• ible .hould be in electronic fora. 

Prepared by _______________ Date __________ _ 

THE FOLLOtfING IS A SAMPLE (FAXED) OF WHAT ANSWERS MIGHT LOOK LIn: 
OPTION: iaaginary 
EM ~SOLUTION: 17, 1.5, 0.03, 1.4 
HAD: 1.05, 60, 3, 0.4, 2 
HERH: 94, 2.5, 2.6. 3.1, 9, 10, 12 
E, TRIG: 2, 0.1, 32, 20, 2, 0.1, 0.1, 70, 4, 0.2, 0.1 
LIN: 1, 2.5, both correctable to <0.2' up to 1 TeV 
RAD: 2.4, 2.2, 1.5, 2.2, 2, 4, eta> 2.6 replaced every 2xl0**41, not 

n .. ded if better plaatic. Same a. accea. to tracking end, 50 ton crane. 
No need for complete diaaaaeably to get at electronic •• 

SAFETY: high VOltage, aourcea, acceaa: falling, ventilation, 
aonkey bar. on doorlike muon chamber., .ourcea internally hou.ed, HV 
encapsulated, fana at opening to apace between muon chamber., .ultiple 
exit. in auon ayate. 

CALI8: <0.5, 0.2, 250, 250, 2, two central wedge a and two end aector., 
peds, charge injection, light flashers, mobile aource. 

COST AND SCHEDULE: 4x 10.8k towera, 250x256 multo prerad, 250001', 9 g/cc, 
80, 4~ 4.1 

J. Fred Mugg., 9/5/90 
(Note that anawer •• hould be directly editted into the blanka!) 
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PHYSICS CALCULATIONS FOR THE lOI 

Solenoidal Detector Collaboration Meeting 

L. E. Price 
September 20, 1990 



b. Assume a top quark with a mass of 250 GeV. 

- How is it discovered in your detector? 

- How accurately could the mass be measured? 

- Can its decay properties be determined? For example, 
if the top decays to a charged Higgs with a" mass of 150 
Ge V, at what branching ratio level can this process be 
detected? 
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- How accurately could the mass be measured? 

- Can its decay properties be determined? For example, 
if the top decays to a charged Higgs with a mass of 150 
Ge V, at what branching ratio level can this process be 
detected? 



Methods 

Isolated electron, isolated muon (EOI) 

Isolated lepton and jets (EOI) 

*Isolated lepton (from top decay), DOD-isolated lepton of 
opposite sign (from b-decay from same top) (PAC response) 

t --+ H+h 
H+ --+ Til (PAC Response) 

*H+ --+ C$ (New) 

People 

M. Barnett, L. Galtieri, B., Hollebeek, B. Hubbard, A. 
Palounek, P. Sinerv0.J A. IJ 0, ~ \J'. &. "",. e,,) II. - j . ..,-,.-o.rr 

Backup Material 
SDc,," ~o 
SIXJ Botes in preparatioa 



Methods 

Isolated electron, isolated muon (EOI) 

Isolated lepton and jets (EOI) 

*Isolated lepton (from top decay), non-isolated lepton of 
opposite sign (from b-decay from same top) (PAC response) 

t~H+b 

H+ ~ TV (PAC Response) 

*H+ ~ cs (New) 

People 

M. Barnett, L. Galtieri, B., Hollebeek, B. Hubbard, A. 
Palounek, P. Sinervo 

Backup Material 

SDC notes in preparation 
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events per year to roughly 1000 events per year, where a Pc cut oC 100 GeV Ie has been 
im posed on the pion. 

To judge the significance o( this excess, we consider the number o( I-prong decays 
wi th pc > 100 Ge V Ie. The number o( standard deviations above expectations (rom 
lepton universality, as a Cunction o( the branching Craction t ~ H+b, is shown in Fig. 15. 
Requiring a five sigma effect, after one· year we could detect t ~ H+b anti measure 
its branching ratio iC that branching ratio lies between 3 and 60%, corresponding to 
tan/3 = 0.5-4.5 or tan/3 > 12. 

t ~ H+b branching fraction 

0.9 0.5 0.1 0.016 0.1 
40r---~------~------~--------r-------~~ 
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FIG. 15. Sisnificance of the excess of isolated pions due to t - 8+., 8+ - T"". and T" - .. " 

relative to expedations Cor' _. W+6 (assuminl lepton unh·ersalitr) as a Cundion of tant' 
(bottom label.). The pion is re"uired to have pr > 100 GeV Ie and is produced in association 
with an isolated lepton with P. > 40 CeV/e. The upper label. Sive the t - 1{+6 branciling 
ratio. which reaches a minimum at Lan t' == a (.ee. Fis. 14). 

This method is not sensitive to t ~ H+b branching Cractions greater than 60% beca~se 
the branching ratio H ~ 'rll becomes too small (see Fig. 14). In this case we must search 
C()r the ei decay of the H+. We do this by using the second method described above to 
detect top decays. We search Cor events o( the type tl ~ n'bHb ~ illbe .. b by looking Cor 
events with an isolated lepton with pc > 40 GeV Ie, two tagged b jets and two additional 
jets. Tws work is in progress, but we expect thd Ule invariant mass oC the dijet system 
consisting oC non-b jets will show a peak at the charged Higgs mass as well as at the n' 
mass. 

22 
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c. Demonstrate the jet energy and resolution of your proposed 
detector by studying decays 

Z -+ jet + jet 

Z' -+ jet + jet, MZ' = ITeV 



c. Demonstrate the jet energy and resolution of your proposed 
detector by studying decays 

Z ~ jet + jet 

Z' ~ jet + jet, MZ' = ITeV 



Methods 

Generate Z, Z' in PT ranges around 0, 50, 500 GeV 

Pass through detector simulation with ANLSIM or SSCSIM 

Aim to understand origin of mass resolution 

Magnetic Field, Shower size, Calorimeter Resolution, 
Calorimeter Segmentation, Cracks 

People 

A. Beretvas, R. Blair, K. Denisenlco, N. Denisenko, A. Para, 
L. Price, B. Wicklund, W. Wu, G. P. Yeh 

Backup Material 

SDC Note(s) to be writtea 
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Where do we(LAC) go? 

(0) $savings with present design 
accurate cost estimation 

40M? 

(1) 010 readout -> tile 308mm 

Capacitaneelnoiae, Sampling ratio, Inductance ofHV cap-. 
alp (+O.05up?), Beam test required, EM tile? 

(2) 3 dive -> 2 diVe 130mm 

Where separation, EMIHAD, (EM+HADYHAJ) 
Mecbnieal analysia 

(3) CalIYoke space 0.3 -> 0.05 250mm 

Feedthrus on the heads (enough area?) 

(4) Iron inside the cryostat 500mm 

Force, No iron Barrel-Endcap 

(5) 6), LA~ + 3 A, Beinti-Yoke 500-amm 

Do we like it? Cold mass support 

(6) 8 A, at goo 218mm 

Scintl also can reduce to this ... 

(7) Pb -> Uranium 
Cost high? Who handles? 
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NEAlA FUTURE PROGRAM 

Nov 1990 : One protoype module (0.05 x 0.0491 x 12.1 m) 
Assembly 
Optical/radioactive source test 

Assembly procedure design/cost estimate 
Overall structure design 

Jan 1991 : Four prototype modules 
Assembly 
Beam test 

Mar 1991 : 5 x 5 prototype modules 
Assembly 
Beam test 

Aug 1991 : 5 E.M. module radiation damage test 

Oct 1991 : Assembly procedure design/cost estimate 
Overall structure design 

- Complete 

- Complete 

- Complete 
- Complete 
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81-Y7-R3 (acrylic claddiDc) fiber 

leAOQQ§A! : ~ • • • • • • • • •• lIIV •• a aa • •••••• •••• x •• a a a····. e. 
• • •• a •• • aaaaaaaa 

a-. • 1( •• • • • • • 

o Tolal dose: 0 rad 

D Tola! dose: 0.1 ltrad 

)( Total dose: 1 lIrad 

• Total dose: 10 Wrad 

• • a • • • • • • 

81-Y'7-R3 (Dew c)adctin&) Fiber 

• iltq§1 I I A·. • • 
........... It R R R n • ..... -.-.. •.• • • 5l .-.-.-.-.-.... 

. • _--'.-a-. .. _ I R i R R 5l i 5l a ----a- I( ••• a-

o Total dose: 0 racl 

o Total dose: 0.1 Urad 

x Tolal dose: 1 lIrad 

• Total dose: 10 Wrad 

' .. 
• a a • • • 

,,~ 100 (..tIt 

A'= \'10 c.'" 
i\~'~Ot» 

x~ ) 'to to" 
1\.';: \ ,~ c. ~ 

o 100 200 300 

Dislance (em) 3 "". ltU TA110,J 

~I~·~~--------------~~--------­
R'+ "c~L.~ ( ~ ,,40 __ ,,'lACk ,A'~ 



RADIATION LEVEL 
AT 

E.M. SHOWER MAX 

( Pb - SCINTILLATOR) 

Z =4.25 m 

2.5 m 

<0<8 
<09~ 

~~~~~~~~L:~~:~.':':.M <1~ 

«Sa 
<~ 

<~6 

<&t< 
<660 

<9.,9 

:1.1:11 

:1.:15$ 

:1.B4:J 
4.~ 

1.'4 



Phototube 
HAD 7,168 ch x 3 inch PM -=> $1.08 M 

$150/PM 
EM 7,168 ch x 2 inch PM ===> $ .93 M 

$130/PM 

Acrylic diffuser 
HAD 7,168 x -3 inch- ==> $ .22 M 

$30/piece 
EM 7,168 x -2 inchw => $.14M 

$20/piece 
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400 500 600 

Waveleng th(n.) 

Fig.3 Emiss ion spectra 
Concentration: 5.2 ppm in 

St DOnomer in lxlca cell 
Ex. wavel eng. : 440 nl (Y-7,Y-8,Y-9) 
Ea.Peak : 490 nl CY-1),511 aa CY-8) 

'85 nlll (Y-9) 
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k1---- 5.3 -----i=>l<'1~__l'_>4 
2.65 

Pb : Fe - 50 : 50 

CALCIUM LEAD 

0.5 mm CLEAR FIBER RIBBON (16 FIBERS) 

. SCALE : 1 0/1 
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AlB 0.8 mmT 

HADRONIC SEGMENT 
REAR SURFACE 

OUTEA SHEATH 
1.6 mmT 

AEAAEND 
REINFORCEMENT 
3.2 mm T 

FRONT END 
(A =2.4 m) 

en 
°E ~u 
oeo ....... o . II:: 
~ 

12.01 em 
Al1 = 0.05 

2 mm FIBEA 

SPACING 

FIBEA-FIBEAA: 4.4 mm 
ROW-ROW : 3.8 mm 



~--- EDGE ROUNDING 
0.1 A SCALE: 50/1 
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: Antimony-Lead 
2-30/0 
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IE.M. SEGMENT REAR V~EW 
TOWER AT 1'\. 0 -

( e. 900 
-

0.05 

87.13640
) 

A1'\ x A, - 0.05 x 0.04909 
(7t/64-2.8125°) 

E.M. SEGMENT REAR END A~.0491 

r -= 2.28 m rr-------11.19 em 
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/ 0.8 mm STEAL SHEATH 

1 mm FIBER 25 Xo TOTAL 

SPACING: FIBER-TO-FIBER - 2.2 mm 
ROW-TO-ROW - 1.9 mm 



• Lead: Calcium Loaded Lead (Doe Run Lead Co. SJM·610 or EQuivalent) 

Chemical Composition: Calcium 

Tin 

Sitver etc. 

Density 

Melting Point(Solidus) 

Ultimate Tensile Strength (kg/cm2) 

Yield Strength(O.~/. Offset) (kg/cm2) 

Elongation (Of.) 

Stress Rupture(Hrs to rupture 

@Stress of 281.2 kOlcm2(4000PSi) 

@Stress of 210.9 kOlcm2(3000psi) 

SJM·61 0 Lead·6°'. AnlltT:cr.y 

0.065 % 

0.7 Of. 

1 0 ppm or smaller 

11.35 g/cm3 10.88 gtcm3 

327°C(621·F) 252·C (486°F) 

(Rolled) 

632.8(9,OOOpsi) 309.4(4,400psij 

597.6(8,500psi) 196.9(2,800psij 

10 40 

50 Nil 

500 2 

-The properties of wrought lead-calcium(-tin) alloys are directional and all 

properties shown are in the bngitudinal ditrection. Transverse properties are 

somewhat bwer. 

1) E.M. Segment 

Density 

Xc. 
ANlnt 

2) Hadronic segment 

Density 
ANlnt 

: Scintillation Fber - Lead Composit (1: ~ In volume ) 

: 929 g/cm3 

: 7.0 mm 
: 20.3 em 

: Scintillation Fiber - Lead • Iron Composit (2: 5 : 5 in volume, 

: 8.18 glcm3 

: 19.5 em 

2 
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HAORONIC TOWER 

LI "X LI ~ = .05 rad X .04909 rad RECTANGULAR TAPERED TOWER 
( 1[/64 • 2.81250 ) 

Pb : FIBER. 4 : 1 { ~ - 9.3 glcm3 

.d A.,N = 102'1 A."nt - 20.3 cm In, ·I'IIt I 

(INCLUDING E.M.) t-.-... 
I "".......... I __ -, ........... --, -'-',<:: . . -.-. ......... .......... _._.-r /' ........... _.-._. , .-'-' , . 

-'-'-'- I I C\J .-.-.-' '. <D""'" -'-'- 'I· ..... _.-.-. I . ~ co""': _.-. , I -' . _._._. -----~. - I -' --- ~~ -' ---- . -... I . ------- ...... ----------- ......... . ------ ... ~ --------- ,-......... ------ . ... ~--- I ...... ---- " 

1 

- 190 -
(74.803- ) 

VOLUME ~ (R3 _ R_3 ) 
\j REAR FFr::»It XLl 17 x Ll {I 

- 5.07 x 10"'cm3 

WEIGHT - VOLUME x 9.3 glcm 3 

- 471 kg 

- 1039 LBS UNIT: eM 

~ 
I 
I 
I , 

E 
C\! 
~ 

" cr 

( ~ 4.2 meter) 

Rev. : Sep 15, 1990 
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1'\ e 

26) 1.3 
27) 1.335 
28) 1.371 
29) 1.408 
30) 1.446 
31) 1.486 
32) 1.527 
33) 1.570 
34) 1.615 
3'5) 1.661 
36) 1.710 
37) 1.761 
38) 1.815 
39) 1.871 
40) 1.931 
41) 1.994 
42) 2.061 
43) 2.134 
44) 2.212 
45) 2.296 
46) 2.387 
47) 2.488 
48) 2.600 
49) 2.725 
50) 2.868 
51) 3.035 

30.4894° 
29.5° 
28.5° 
27.5° 
26.5 
25.5° 
24.5° 
23.5° 
22.5° 
21.5° 
20.5° 
19.5° 
18.5° 
17.5° 
16.5° 
15.5° 
14.5° 
13.5° 
12.5° 
11.5° 
10.5° 

9.5° 
8.5° 
7.5° 
6.5° 
5.5° 

END CAP SEGMENTATION 



-------------------------

BARREL SEGMENTATION 

" e Z ( r=21 0) Z (r=212) d ( r=210) 

0) 0 90° 0 em 0 em 210 em 
1 ) .05 87.1364° 10.504 10.604 210.26 
2) .1 84.2799° 21.035 21.236 211.05 
3) .15 81.4377° 31.618 31.919 212.37 
4) .2 78.6165° 42.280 42.683 214.21 
5) .25 75.8230° 53.048 53.554 216.60 
6) .3 73.0634° 63.949 64.55.8 219.52 
7) .35 70.3438° 75.010 75.724 222.99 
8} .4 67.6695° 86.258 87.079 227.03 
9} .45 65.0455° 97.722 98.652 231.62 
10} .5 62.4762° 109.430 110.472 236.80 
11 ) .55 59.9656° 121.411 127.193 242.57 
12) .6 57.5170° 133.697 134.970 248.95 
13) .65 55.1332° 146.317 147.711 255.95 
14} .7 52.8166° 159.303 160.820 263.59 
15) .75 50.5690° 172.686 174.331 271.88 
16} .8 48.3915° 186.502 188.279 280.86 
17} .85 46.2852° 200.784 202.696 290.54 
18) .9 44.2503° 215.569 217.622 300.95 
19) .95 42.2871 ° 230.891 233.090 312.11 
20) 1.0 40.3951° 246.792 249.142 324.05 
21) 1.05 38.5737° 263.310 265.818 336.80 
22) 1.1 36.8222° 280.486 283.157 350.39 
23} 1 . 1 5 35. 1394 ° 298.363 301.205 364.86 
24} 1.2 33.5240° 316.987 320.006 380.24 
25) 1.25 31.9745° 336.403 339.607 396.57 
26} 1.3 30.4894° 356.660 360.057 413.89 
27} 1.35 29.0668° 377.811 381.409 432.25 
28} 1.4 27.7052° 399.903 403.711 451.69 
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Z - 4.2 m 

41 ~ - 7tl64 - 0.04909 rad 
(2.8125°) 

RARREL 
11\ I • 0-1.4 (90°-27.7052°) ° E.' 
41\ ~ N 1'1 N. NTr"u-= ~o 

I\JY~~ •• 

.05 x .04909 28 x 2 x 128 • 7,168 

INTERMEDIATE 
18 I • 27.7052°-15.5° (11'1 I • 1.4-1.994 ) 

~9~. Ne N. N~ 
1° X .04909 12 x 2 x 128 • 3,072 

1.8~, 

'.93, 

'.9a, 

<Os, 
<'3., 

<212 

<<.96 
<:J8~ 

<488 

<SOO 
<.., FORWARD .;2$ 

rli t\i 

<868 18 I • 15.5°-7.5° (11'1 I • 1.994-2.725 ) 

3.0.:l. 
~'~I '$ 

48 

1° x .0982 
N 8 N. N.rcMe 
8x 2 x 64 • 1,024 

VERY FORWARD 

I 8 I • 7.5°-5.5° 

~9 At 
1° x .1964 

( 11'1 I • 2.724-3.035 ) 

N eN. Nl'ONER 
2x 2 x 32 • 128 
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LONGITUDINALLY SEGMENTED 
SCINTILLATION FIBER CALORIMETER 

Sept 19, 1990 

: r-2.1 m 
: z=4.2 m 

Inner radius of barrel 
Endcap front face 
Depth of calorimeter : 2.1 m minimum along projective line 

=> 10.2 int. I. 
BARREL 
ENDCAP 

: eta - 0 - 1.4 ( theta - 90° - 27.705°) 
: theta =27.705°- 5.5° (eta - 1.4 - 3.035 ) 

Projective towers 
BARREL : d(eta) x d (phi) - 0.05 x 0.04909 

(x/64 - 2.8125°) 
ENDCAP : d(theta) _ 1 ° 

MATERIAL 
BARREL 

ENDCAP 

SEGMENTATION 

: Pb + scintillation fiber : 4 : 1 
(If magnetic flux is returned through 

Pb + Fe + scintillation fiber 
: Pb + Fe + scintillation fiber 

a) Pre-radiator + position measuring layer 
- 3 rad. I. • - 2cm deep. 

(Volume) 
calorimeter 

-5 : - 5 : 2 ) 
-5 : -5 : 2 

(1.4 rad. I. of the solenoid coil material is counted within this 
thickness. Therefore as the material thickness of the coil 
increases with the polar angle. the added material thickness 
has to be adjusted accordingly. 

b) Main electromagnetic segment 
Pb : fiber - 4 :1 
density - 9.3 g/cm**3 
rad. I. -7 mm 
nuclear int. I. - 20.3 cm 
toatal depth - 22 rad. I. - 15.4 cm 

*Toatl depth of electromagnetic section 
solenoid coil + pre-radiator + main e.m. - 25 rad. I. 
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ABSORPTION AND EM lSSION SPECTRA 

~ Polystyrene 
B 1.0 
o 
.!: 
a. _ 0.8 
o 
'-
~ 0.6 
E 
::J 
Z 0.4 
CD > 
~ 0.2 
CD 

Emission 

a: 250 
o~~~~~~~~~~~--~~~-,~--~~ 

0.2 

CD 
g 0.4 
cu 
.0 
'-g 0.6 
.0 « 

0.8 

to 
Polystyrene 

KUl<ARAY 
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Figure 1 

s c. ~ N ~ 1 = P S ~ P -1 P + ., E " 

Wavelength 

Absorption 
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SC.HEMATIC 1)IAG'RAM OF TH& RGB CALORIM6TfR 

I Y7 sheet 

Fiber Bundle 

2m 

Multi-Anode (8)(8) 
Red sensitive PMT 

IPMT 
( HAD I ) 

PMT 

Lateral Shower Profile 
and EM Total Energy 

( HAD 2 ) 

fcrYllc light guide 

Filter 
~4~-- (Red pass, Green cut) 

~~~~~ 

28 cm 

EM 

... 
18 cm 

( 1.'1. 0.05 ) 

t 

t 
SCSN81 ( Blue) 

~ Glue/Filter ( Blue cut) 

R3 ( Red) 

1.5 mm • 
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10 502 
Entries 1664 

800 f- Mean 0.8198 
RMS 0 l390 

f-

700 f-
f-

tt'\~: ~~ U:~ 
600 f-

~clt/eeNA~ f- <. , 
f-
f-

500 l-
f-
~ 

400 f-
f-

i-

300 -
i-

-
200 -

100 f-

o ~, l_ J 1._ l J .. .... 1..--<1.- L I I 

0.8 1 o 0.2 0.4 0.6 

sumem/sumtot 



700 

600 

500 

400 

.300 

200 

100 

o o 4 8 

50 GeV electrons 
10 
Entries 
Mean 
RMS 

ntoy. ). , GVJ 

504 
1664 

4.061 
2.684 



50 GeV electrons 
10 506 

700 I- Entries 1241 

f- Mean 2.687 
~ 

I- RMS 0.9805 
f-

600 -

-
500 -

l...-

400 I-

l-

300 I--

f-

200 ~ L 
100 l-

i...-

I I I I Ll • I I , I I • • I I I I I I I L I I o o 4 8 12 16 20 24 28 

ntow, high EM fraction'> • ~ 



600 

500 

400 

300 

200 

100 

o o 

50 GeV pions 

0.2 

sumem, ... mtot 

ID 
Entries 
Mean 
RMS 

102 
2113 

0.3539 
0.3459 



350 

.300 

250 

200 

150 

100 

50 

o o 4 8 

50 GeV pions 
10 
Entries 
Mean 
RMS 

104 
2113 
13.94 
2.751 

12 16 20 24 28 

ntow hit (Q.~0'\l" ., ~) 



1.1.'1.11 1 II" "III I "1'1.1 " I 

I d, 101 "I '0 

1'1,". 

I 0 I , 0 I I I I 10 I I 1111 

I ,,'01' '1 I III .'. ,I .. 
I I 0 III I I' "I I II II . 

I d. 11111' 11111111' 

11.11 
J1 . II 

: II',' , II 

'II, . I 1'111 I'll: . II I 11111 I 

I. : I . _:: I' I 

1'1,:'-:. I. 

1'111 ; 

I II J: 

( ) 
r) : II,' , 
{J 

\ 

J I II' 



I' 

.-

111'1 

,111,11 : "I I 

11.11 
II. II 
II.: ,II 

I, 11111 1"11 11,.1'1 :'1 I,. "I ,II I 
. .1,,,, 1111 1'11, .. .1 

, II I II I" I I I III I II 
• II I I I .,. • I 1111 I II I 

111111111,11111· 111,.1 , IIII 11111' I 

'''- -. ..-

•• _ .. f •• ..___' 

I" • 111"".1 1.11"., II .I! .'1 



1'/,1'/"'/ :1'/1, :11/111,,1',,1.1 /, ',,/11,' III I :: II' , ; II/I '."/111/1 , 

/ II, I" ,01 , , : /' ,111 I I "I "III 
I, 01,11 ., I 'ii I' I, , II , II 

II, III II , '" I III, ' 11,11 

I ", I III I ' , " I II " ' ,I, ',I , " 

I '1"11 II" " I ,'III ,1
'
,',' ,II I III II I 

. , , II I , , , 

--. I 

"- --..... 

((.-, 

'---, -.' '-
/ '/I I 

I III: II, II', 





RA[o~AT~ON IDAMAGE TEST 

US~NG REAL~ST~C !E.M. MODULE 

2.5 GeV Injector Llnlac at KEK 
TRISTAN & PHOTON FACTORY 

PLANS 

* Total dose = 10M rad 
* Over 6 months 
* 5 different fibers 

Blue fiber 
Green fiber 
Orange fiber 
Blue with fluorinated polymer cladding 
Green with fluorinated polymer cladding 

* Jan - July, 1991 



MAJAOR EFFORT 

• Optimal module design 

==> Best possible performance 
Practical ity 

material 
Labor 
Cost 

* Support structure 

• Better understanding of performance 
Basic characteristics 
Overall performance 

===> Monte Carlo 
Beam test 

ISSUES 

* Fiber quality control 

* Splicing 

* Radiation damage 

* Module assembly 

• Structure 



A) SINGLE COMPAR1MENT DESIGN ( A. Par. et al. ) 

6X5TOWERS 
* Front faee : 6 em x 6 em (0.03 rad X 0.03rad at r=2 m ) 

Rear faee: 12 em x 12 em 
* 2 m long ( 1 0 int. I. ) 
* Pb : Fe : Fiber = 40% : 45 % : 15 % ) 
* Total weight - 5 tons 

B) RGB DESIGN 

1 TOWRE 

* 2 PM 1 tower ( eentral- we.m. W + side -whadw ) 
* 2700 fibers 1 tower x 30 towers - 81,000 fibers 

* Front faee: 18 em x 14 em ( 0.05 rad x 0.039 at r= 3.6 m) 
Rear faee: 28 em x 23 em 

* 2 m long ( 1 0 int. I. ) 
*Pb : Fiber - 4 : 1 
* 0.7 tons 
* 3 PM 1 tower (2 Green - whad + 1 Red = W e.m. W ) 

EXPERIENCE 
A) Assembly procedures 

* Grooved Pb plate fabrication 

* Assembly procedure 

* Handling of large number of fibers 

B) Splicing of large number of fibers 

C) el7t separation ( Preliminary ) 

* Longitudinal segmentation : 1 E.M. + 1 HAD 
==> 11 760 @ 100 GeV (e eft = 97% ) 

1/1 000 200 GeV "" .. II 

* Lateral shower spread 
==> 1/2,000 @ 50 GeV (e eff > 95%) 



FEATURES 

lONGiTUDiNALLY SIEGMENTED 
SCINTilLATION FIBIER CAlOR~MET[ER 

Longitudinal segmentation : E.M. + HAD 

Clean e/1C separation 
Trigger signals at earliest level 
Software 

Independent optimization 

E.M. 4 ok in volume 
* Good energy resolution 
* Good hermeticity (0.9 int.I. ) 
* Possible smaller lateral segmentation 
* Possible faster timing 
* Needs to avoid channeling 

===> Better homogeneity 

>6° tilt 

1 mm fiber 
Pb + fiber 

Possible special method of fabrication 

HAD 96 % in volume . 
* Coarser energy resolution 
* Behind 0.9 int. I. 
* Good economy 
* Compensation by neutrons 
* No channeling 
* Long module 
===> Coarser homogeneity 

2 mm fiber 
Pb only or Pb + Fe 

No tilt 
Better attenuation length 
Simpler/economical assembly procedures 

Independent minimum ionizing signals for ~ identification 
Possible weighting of E.M. and HAD signals --> Better energy resolution for jets 

Better e/h 
Better attenuation length 
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Table 1 summarizes some features of thel. HCTC v.rsionl. An .stl-
mate of the momentum resolution was made alsuming 150 Jlm point I.t· 
ting error In the straw tubes and 15 micron In the scilicon strip Inn.r 
track.r. Thll resu" II tabulated .In Tabl. 1 and plotted In Flgur. 10. 
Obvluoully the real question about the varioul tracking versionl II not mo-
mentum r'lolution but the ability to carry out pattern recognition In the 
SSC op.rating .nvlronm.nt. A det~iled study o.f thel. probl.ml II b.lng 
carried out at Florida Stat. 'Unlverllty (SCRI) by Martyn Cord.n and Mlk. 
"ermildeS.l. 

Tabl. 1: Varioul HCTC D.t.ctor Configurationl 
Configuration Straw Tube' Sclfl R.latlv. COlt Momentum 

Channell Channell R.lolutionft 

fulllYlt.m 244.700 165.600 1.0 I % 
(Ie. Figure ~\ 

delcoped detector 117.000 110.400 0.75 10% 
(Ie. FlOur •• 6.7) 

r.duce rand L .-. 220.200 144.000 . 0.11 11 % 
by 10% (I •• Figur. 8) 

high lumlnollty 171.100 360.000 .... I % 
upgrade (se. Figur. I) 

... ligma of the distribution of Pt .rror/Pt using1 T.V particles(se. Fig. 10) 
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Figure 1 Cutaway view of one quarter section of a HCTC detector, with 
e\!!t;raw tube 5u:lav~r~l and three outer gintillatinc 
fiber aupcrLayen 'sm:cg,... Pez'J). 



CHP\lJ~L COUNTS VS. F\SeR. l)\RMETER 
(BRRRE\. R~'oN) 

<R) NmftS ~m. ~5~ ... 75~", S~"' 

'2.5 8 '2..e31 4S, 'a~2 41.SgS 3io,'bO 

tt~ 8 9',510 74,1.'38 b4,MO 56,171 

12.q ito 251,310 1qql S1~ 112) q13 152,570 

1"2.5 l' 32.'/12." 251,328· 2.11)817 1'12) 11, 

·nmu ... (pw hAlf) 745,439 57?>J414 4q,~ lisa 438J4f3 

TOTAL 1.,\-'M 1.1'5 M o.q~ M O.1SM 
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~ __ ..... .._ .. ~ ............. ~... ... ..... ~. __ ~ ... ~... ...,.. ............. "'~. ,..1' .. ..:II .... ~. '."\1 .uu •• qu.n~ 
comments) from Gil. I do not think there i. anythin9 reque.ted which could 
not be reasonably provided by Nov. 1 if we can agree on a ver.ion at the 
Dallas meeting. Comments pleasel 

CHARACTERIZATION OF SOC CALORIMETER OPTION __________ __ 

EM RESOLUTION STOCHASTIC 
CONSTANT 

_____ ,/ (.qrt (E) (E in GeV) , 
NOISE O.lxO.l 

Nonuniforaity only con.tant ('9ood') 
----- GeV 

-----, 
HAD RESOLUTION e/b 

STOCHASHC" --.~. . "aqrt (E)' (& 1n GeV) 
CONS~ANT , 
NOISB cone r-0.6 GeV 

Nonunifority ~nly constant (jet<12.41) , 
.......... 

HERHETICITY GOOD e ACCEPTANCE , 
EM QS. NOMINAL, AVERAGE, WORST (to 2.1) " " , 
HAD RES. NOMINAL, AVERAGE, WORST (to 2.4) " " , 

(Note: resolutions .hould be for 50 GeV Et electron. ana 50 Giv Bt jet •• 
~he Worasley parameterization i •• ufficient.) 

ELECTRON ID , TRIGGER 
EM SHOWER POSITION RES. _ 
NOISB IN A CONE OF 0.15 GEV 

CHARACTERIS~IC INTEGRATION ~IMB n. 
EM TRIGGU I\ESOLUTION '/SQR~ (B), " GeV, GeV 
HAD TIlIGGD I\ESOLU1'IOH '/SQR~ (E), . " GeV, GeV 

(Note: that i •• tocba.tic, con.tant, electronic noi.e and pileup at 10**33 
in O. lxO • 1. ) 

LlNEAaITY (Uncorrected) EM 
HAD (pion) 

'/100 GeV 
_____ '/100 GeV Co ... nt ____________________________________________________________ __ 

~IATIOH SURVIVAL (be.t gue.. pre.ently available) . 
(Mote: tbi. refer. to pla.tic, electronic. and everythin9. 
Two cases: 10 year. at 10*.33 and 5 year. at 10 •• 34 wbere 
one year is 10*.' .ec on. Unaffected i. defined a. Ie •• tban 
l' change in EM re.olution a. online corrected. De9radation in ab.olute " 
not fraction cbange or the number.) 

UNAFFECTED PHASE SPACE IETAI < , 
DEGRADATION OF EM RESOLUTION, AVERAGE (in i) ittECTiD " , 
DEGJU.DATIOII or EM RESOLUTION, WORST CASE " , 
JltEPLACEMEN'J'S/I'IXES ASSUHBD ABOVE AND I'EREQUENCY 

(Note: include level of aisa.seably required.) 

SAFETY ISSUES: LIST 
IMPLICATIONS FOR ACCES~S----------------------------------------

IMPLICATIONS FOR THE REST of THE DETECTOR AND 'HALL 
~------

CAL I BRAT I ON/HAI NTAINANCE 
STABILITY IN NORMAL OPERATION +/- , TYPICAL CHANNEL 
MORST RAM CHANGE IN GAIN/MONTH .1~O~*~*~3'4---- , 
TESTBEAH REQUIREMENTS: 



TOWERS CALIBRATED 
------- TOWERS MAPPED IN DETAIL 

EXTRA MODULES FOR STUDY: DESCRIBE: -----
LIST OPREATIONAL PROCEEDURES: 

COST AND SCHEDULE (CURRENT BEST GUESS, NO CONTINGENCY, '90$) 
CHANNEL COUNT \ 
TOTAL WEIGHT > APPEND DETAILS 
DENSITY . , .. ,._~. I. . 
BOTTOM Lid (UPEND ESTIMATE) M$ 
MINIMUM DUUTION nOM SERIOUS FUNDING TO COMPLETION 

(APPEND SCHZDULIU YEARS 
OUTU IADlOUS FO~ ACCZSS 7 Oi'iiii DBTECTORS • 

'-. 
APPEND DUIIINGS: 

SlOB VIEW 
END VIn 
RADIATION LENGTHS VS ETA (AND PHI AS NEEDED) LIVE AND DEAD 

THROUGH 30. ... 
ABSORPTION LENGTHS VS ETA (ANDPHtAS NEEDED) LIVE AND DDD 
SCHEME Foa MECHANICAL SUPPoaT (aOUGH) 

NOTE: Materi.l in .upport of the above i. re.tricted to • tot.l of 
25 page. tot.l, in order to f.cilit.te wide di.tribution. Aa .uch •• 
po •• ible .hould be in electronic fora. 

Prep.red by ________________________ D.te ________________ _ 

THE FOLLOWING IS A SAMPLE (FADD) OF WHAT ANSWERS NIGHT LOOK LID: 
OPTION: iaagin.ry 
EM ~LUTION: 17, 1.5, 0.03, 1.4 
HAD: 1.05, 60, 3, 0.4, 2 
~: t4, 2.5, 2.6. 3.1, t, 10, 12 
E, TRIG: 2, 0.1, 32, 20, 2, 0.1, 0.1, 70, 4, 0.2, 0.1 
LIN: 1, 2.5, both corr.ctable to <0.2' up to 1 TeV 
RAD: 2.4, 2.2, 1.5, 2.2, 2, 4, et. > 2.6 repl.ced every 2xl0**41, not 
needed if better pl •• tic. Same •• acce •• to tr.cking end, 50 ton crane. 
No need for coaplete di ••••• mbly to g.t .t.electronic •• 

SAFETY: high volt.ge, .ource., .cce •• : f.lling, v.ntil.tion, 
aonkey bar. on doorlike auon chamber., .ourc.. intern.lly hou.ed, HV 
enc.p.ul.ted, f.n •• t opening to .pace betw.en .uon chaaber., aultiple 
.xit. in .uon .y.te. . .. . . 

:ALIa: <0.5, 0.2, 250, 250, 2, two centr.l wedg ••• nd two end .ector., 
ped., charge injection, light fla.her., .obil •• ource. 

COST AND SCHEDULE: 4x 10.8k tower., 250x256 .ult. prer.d, 25000T, t glee, 
80, 4, 4.1 

,. Fred Mugg., t/5/90 
(Note that an.w.r •• hould be directly editt.d into the blank.!) 
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DRAFT Recommendations 
SDC Magnet Task Force 

Version: September 20, 1990 

1. We recommend that the Type-S and Type-I coil 
options be combined in a unified coil design concept 
(Type-U) and that the resulting Type-U design be the focus 
of future engineering design and magnet R&D activities. 

2. We recommend that the Type-L coil option with the 
coil extending to a solid iron return yoke be dropped 
from further consideration. 
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Cheek Plate Detail 
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