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Abstract: 
Transparencies from the Calorimetry Meeting held at the SSC Lab on 
October 1, 1991. 



GEM Calorimetry Meeting AGENDA 

3am-9:30 am 

9: 30 am 

October 1, 1991 

SSCL Auditorium 

technology subgroups meetings 

General calorimetry meeting begins 

Introduction - J. Brau (20 minutes) 

Engineering, costs, schedule, etc. - M. Rennich (30 minutes) 

Hadron calorimetry for BaF2 
Liquid Scintillator? 
Fiber? 
Liquid Argon? 
Discussion 

- H. Newman 
(30 minutes) 
(30 minutes) 
(30 minutes) 

(15 minutes) 

Comparison of homogeneous with sampling cal - M. Chen (15 min) 

12:30 pm 

2:00 pm 

Lunch 

Begin afternoon session 

Pre-radiator 
Monte Carlo studies of performance 
Pi zero identification 
Update on simulation studies 

Forward Calorimetry 
Monte Carlo studies of performance 
Tube Calorimeter Design 

J. Brau (30 minutef 
P. Mockett (20 min) 

M. Clemen? + P. Cushmar 

M. Shupe (30 minutet 
D.Makowiecki (20 mir 

Simulation Tools - N. DiGiacomo (20 minutes) 

R&D Budget Request Discussion (60 minutes) 

Plans for LoI Preparation 



]. Brau 
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BaF), and Scintillating Fiber {SF). 

We believe this conclusion to be self-evident when one considers the sta~~s or 
the a , o of these three technologies. their promise as well as their 
disadvantages, and the resources, persistence and demonstrated dedication _o; 
their proponents. The combination of these three choices appears optimal IC! 
the fullfillment of the GEM physics goals since they have complementary 
advantages and risks io both electromagnetic and hadronic calorimetry. We 
coo.sider it especially important to pursue electromagnetic calorimetry wi~h all 
three technologies. Electromagnetic calorimetry is extraordinarily demanding 
relative to hadronic calorimetry. At this moment ve have no technical reason to 
prefer one over the other. For example LAr and SF have demonstrated the same 
electranaqnetic resolution in beamtests with parallel geometries; both must be 
reconfigured for projective geometry. Also precision calibration of BaF and SF 
appears equally difficult. 

Ne advocate this prudent approach rather than trying to find one that fits in 
the framework of the charge to the calorimeter group. In our opinion the 
calorimeter group i• right in not making a choice between BaF and sampling 
calori.etry for precision electromagnetic calorimetry. The only way the 
calori.eter group could reject one of them is if it could be demonstrated now 
that one is seriou•lJ fl•wed. Clearly this is not the case at this time: 
aeither Ba.F nor the s.-pling calorimeter techniques have tested projective 
electranagnetic modules. 

~ forced to provide ~ decision on this issue at this time, one must wei9ht 
the physics impact of eAch technology, such as the possible negative impact of 
aaF (e/h) upon jet energy measureme~ts (supersynnetry, quark substructure, and 
wnforeseen phenomena) and of sampling calorimetry upon the dis=overy of a light 
Kiggs or unanticipated phenomena. Such judgements should be made by the 
collaboration as a whole MJ.d not by the calorimeter subgroup. 

The consensus recc-.,odatioo speaks of two calorimeter systems: one with a very 
high resolution electrca11retic section and one which offers a "conservative" 
approach. We take issue vi.th the qualification •conservative" that has been 
attached to the LAr technique. This technique relies upon a projective 
.ccordion with a depth-dependent sampling fraction which has not been tested in 
a beaa. In addition, two days after the calorimeter group attached the 
•conservative" qualification to the LAr technique, the suggestion was made by 
its proponents to investigate uranium instead of lead absorber plates for the 
hadron calorimeter section. We also note that only one very brief 
instrumentation paper exists about the fast I.Ar technique {a section in B~L 
Report 52244, 14 (1990) on HELIOS LAr with t;ranium absorber plates (si•.;) that 
is not signed by the HELIOS collaboration). We are frustrated by the fact that 
so little technical information about the I..Ar technique is documented, a state 
of affairs unbeccaing of a "conservative" technique. 

The qravity of the decisions in any of the GEM detector subsystems is 
extraordinary: desiqn, COl'.lstruction, and coami.ssioning of subsystems such as 
the calorimeters will take of the order of ten years and their productive life 
au.t extend over a period of perhaps fifteen years after that. There are no 
9eC:Ood chances except durinq- the period of a ' D and only if that takes place 
prior to carmencement of f~ll scale construction. The resources required for 
proper R ' D are negligible relative to the total cost o~ a subsyste.~. Early 

decisions taken without the benefit of prototype construction and beamtests c·. 
candidate techniques have in the past lead to much larger costs of sut°'syster 
ccmstruction and even to significant waste of .money and resources. 

Boston University; 

U. of Calif. San Dieqo, 
llichigan State• 
University of Iowa• 
Texas A&M• 

!'.id Booth, Robert Carey, Steve Dye, Jim Miller, 
•· Lee Roberts, Larry Sulak, Bill Worstell 
JlaoS Paar, Mike Sivertz 
earl Bromberg 
Mural Akchurin, Yasar Onel 
llob Webb 



DISSENTING Ol'INIOti 

lf the GEM Collaboration would decide to 90 for either one of the two options 
mentioned in the •letter of consensus•, it would have to face the problems 
arising from an extremely noncompensating e.a. section (estimated e/h ratio 
1.6 in the came of the I.Ar accordion, 2.0 for BaF2). 
A typical jet will deposit more than half of its energy in this section, with 
large and non-Gaussian event-to-event fluctuations. lt is an illusion to 
Udnk that the energy of jets can be measured with a precisioo better than 
10' at any energy with such a device and the calorimetric aissing E_T 
measurement would have a constant term that is even lar99r. 
Ttierefore, I suggest to drop the hadron calorimeter all the way and replace 
it by a dense passive absorber. The hadronic energy measurement, to be 
performed exclusively with the e.m. calorimeter in this scenario, will not 
}le 11Uch worse than in the case of a state-of-the art compensating hadron 
a.ction backing up one of the two mentioned devices. On the other hand, a 
substantial amount of money can be saved in this way. 

Richard Wigmans 
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Calorimeter 

LXe/Kr/Ar 
Scint. & 
Ioniz. 

Sein. Fiber 

Liquid Scint. 

Silicon 

Silicon Prera­
diator 

LAr 

tors 

f\)TW6"4io 

9 x 9 crystals; photodevice; 
electronics; carbon fiber 

preas1on beams; Dllrrors; 
drift diode and wire; FADC 
or Linear Gate, 

second generation towers 

Complete prototype plane. 
Design and build full-size 
prototype module 

electronics; Si procurement; 
protoype 

electronics; 
cooling 

mechanical; 

EM: I mm Pb accordion 
prototype; HAD: studies of 
EST and parallel plates; 
studies of feedthroughs, pu­
rity, simulations; studies of 
combining scintillation light 
with sampling (Sandi) 

~4 • &.S 

e and 11" resol'n, e/11" sep., 
rad. damage; UV monitor 

e resol'n using in situ a cali­
brations; rad. hard, B-field, 
off-axis photon vertex; -y / 7r
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& e/11" sep.; e/11" ratio 

Cost, 
kS 
1172 

895 

9 first generation tower (con- 923 
st ant term, uniformity pile 
up, and B-field) 

One-plane beam tests, study ll05 
uniformity, reproducibility, 
rad. damage, source calib. 

rad. damage -1675---

rad. damage; e/11" sep.; -y /11"0 470 
sep. EM cal energy correc-
tion 
beam tests, resolution; uni­
formity; radiation; repro­
ducibility 
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*********************************************************************** 

Parameters of the Proposed Calorimeter Systems 

for Simulation Study 

*********************************************************************** 

According to consensus of the 
calorimeter group meeting on September 4th and 6th at the SSCL, only 
parameters of two options are presented: 

1) BaF 2 combined with a scintillation hadron calorimeter 
(L.S. or Spaghetti); and 

2) Liquid Argon with Xe/Kr option. 

The configuration in the table represents what was costed. 
The geometrical coverage is assumed as letal < 1.45 (26 degree) 
for the barrel calorimeter, and 1.45 < eta < 2.5 or 3 for the endcaps. 
The forward calorimeter is assumed to cover 3 < letal < 5. Since there 
is no detailed design of forward calorimeter available, one may assume 
a similar performance as the Liquid Argon hadron calorimeter. 

The position resolution (delta X) of EMCs is defined for a 20 GeV 
electron/gamma. 

The energy resolution is defined as 

(aj\sqrt[E} \oplus b)% 

where \oplus represents add in quaduture. 

The resolution of hadron calorimeter is defined for jet energy. 
Thermal noise/cell (sigma_T/cell) is estimated according to proposed 
readout schemes. For BaF_2, for example, the triode with gain of 4 was 
assumed. If a multistage mesh structure PMT is used, the thermal noise 
of BaF_2 may be futher reduced. The thermal noise in r-0.6 cone, 
sima_T (r-0.6), is the sum of all channels in r-0.6 cone, assuming no 
co~elation. T~e pile-up noise (sigma_P) is estimated for 
10 [33}/~ec/cm 2 luminosity, assuming the readout schemes proposed. 



1. Electromagnetic Calorimeter Parameters: 

Option 

eta_max 

segmentation 

Longitudinal Sample 

peaking time (ns) 

delta X (mm) 

a 
b 

sigma_T/cell (MeV) 
sigma_T (r-0.6, GeV) 
sigma_P (r-0.6, GeV) 

pi_O/gamma rejection 

BaF_2 

2.5 

0.04 x 0.04 

1 

< 16 

1 

2 
0.5 

10 
0.3 
0.85 

No 

L. Ar 

3.0 

0.04 x 0.04 

3 

40 

1 

7.5 
0.5 

15 
0.5 
1. 2 

No 

Kr Barrel/Xe Endcap 

1.45 / 3.o 

0.04 x 0.04 

2 I 3 

40 I < 16 

1 I 1 

7.5 / 2 
o.5 I o.5 

15 I 10 
o.5 I o.3 
1. 2 I o. 85 

Yes 



2. Hadron Calorimeter Parameters: 

Option 

eta_max 

segmentation 

Longitudinal Sample 

peaking time (ns) 

a 
b 

sigma_T (r-0.6, GeV) 
sigma_P (r-0. 6, GeV) 

Note: 

L. Ar 

3 

0.08 x 0.08 

4 

100 

63 
1.6 

3.0(***) 
3.0 

(***) One may use only 6 i.l. to obtain 
veto energy measurement. 

L.S. 

3 

0.08 x 0.08 

6 

< 16 

so 
2 

< 1 
1 

Spaghetti 

3 

0.08 x 0.08 

1 

< 16 

50 
2 

< 1 
1 



M. Rennich 



~ Structunl/Support Rinp 

BaF2 Support 

Tnckor 

----ISOC>mm--+1 
..---------2300mm •I 

---------------~.S450mm-------------~ 

G.03.SC.00038 

Spaghetti Hadron Calorimeter 
Lead Shot Filled/ 0.10 Segmentation 
Barium Fluoride EM Calorimeter 

3890mm 

Rennich 



Structural/Support Rinp 

BaF2 Support 

Tracker 

----1500mm---' 
i..--------2300 mm---<w 
-----------------:SSSOmm--------------.i 

LS.03.SC.00039 

Spaghetti Hadron Calorimeter 
Eutectic Fill/0.10 or 0.05 Segmentation 

Barium Fluoride EM Calorimeter 

111111 

Rennich 



GEM Parameters 

Spaehettj Hadron Calorjmeter; 0.08 Seemeptatjop 

Absol'Mr Volume 274.72 11"3 

Channel• 5168 Each 
. 

Total Welaht 2364.03 Metric Tons 

EutMtic Lead 2000.4 Metric Tons 

Structural ComDonents 86.7 Metric Tons 

Sheaths 244.96 Metric Tons 

Fiber 31.97 Metric Tons 

Percent Struct and Gao• In Ab90rber 6.50% 

Total Absorption Lenaht 10.00 umbda 
Acttve Absorption Lenaht 8.53 umbda 
PoMswe Absorption Lenght 1.47 umbda 

llec.._ical Towers 5111 Each . 
Assemblies 51 Each 

~ .r WLS Fiber 1,477,100 lleters * 1111 u et WLS Fibers (3 mm) i,1••···· Each 
Number of Transm. Fibers (1 mm) i,1••.••• Each 

Heat Generated by Electronics cSlll Watts 

Inner Radius , .... Mm 

Outer Radius ...... """ Length 11110 -

MARK RENNICH/ 9/19191 : OAK RIDGE NATIONAL LABORATORY 



"A" 

·-

G.03.SC.00063 

Qw.er Structural lliD& 

Concentrator 

PMT(2490) 

Base 

Topl'We 

"A" ::4000 If Tower Is Pure Eutectic 
"A"=3890 If Tower Is Pb Filled Eutectic 

Spaghetti Tower Height 

Rennich 
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Tower Attachment Hole 
(21M required) • 

G.OJ.SC.00050 

Inner Strlldltnl Rina 

Spaghetti Hadron Calorimeter 
Typical Inner Structural Ring 

Mllterlal: J04I St St 

Rennich 
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Support Scheme Loading Maximum Stress (psi) Max.Den. 
inch (mm) 

.... . lle9afl-Wall111k) 15500 0.089512.3) 

._,~U-W.nL> 

Mii • c 
lron Plate (2.5 cm dUck) AeJ .1141 (.115) 

0.16 Simple lleam (S.. Wall Tllk.) IS. 1.-.S(l.3) 

Outer Rini ...... 
•••• ,...,. 11.~ 

Ara (ia"l) 4.33 

Eitrbt Point-Fixed-Outer Rina 8000 15000 0.122 (3.ll 

Saddle (180 DH\ Outer Sunoort 12000 24000 0.182 (4.6) 

SiMle Point-llottom·Ouler ilm. ,.... 100000 0.85 (22) 

t:•llt J'Qiat -Fixed-Outer a;.. .. 22600 0.165 (4.2) 
MMlillt, 

Eiallt l'Wit-Flud-Outer Rin1 - 0.102 (2.6) 

Beam Loadinl 

Fastenen 

Mark Rennich/Oak Ridge National Laboratory/9·18-91 
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1.00 
TaskNumMr 

1.10 
1.20 
1.30 
1.40 
1.50 

1.60 
1.70 
1.80 
1.90 
1.10 
1.11 

1.12 
1.13 

2.00 
T•kNu..._, 

2.01 
2.02 
2.03 
2.04 
2.05 
2.01 

2.07 
2.01 

Spaghetti I 18droft C.lor11M111 

Segmenletloft: .... 

STATIOHONI 
Alltfllbly 

T .... --T--
cio .. 

A111mW.-, __ k 
__ In,,_ ___ 

Qelhor-
Cul:Md- ..... 

lnol• - "' llllok -I 11ove--· "A I 
T•lotar 

STATION TWO 

AISemble Sl!Httle 
TMll~. ..., __ ----°"'""---- . -- 1n--- ... 4 

T_tar....._..._ 

-•• 
·.--·-UI ·-'I.I , 
I ... 

~·· ... ... 
• 

-... 
UI 
•• ... ... ... 
•.• .. 
•.n 

M-laeturlnt GI .-iron Spaghetti Towers 

fl•111111 I UNITOI- TOI.- --1 , ... - ~ 11 •••1 , UI - ,_ 
11 

_ .. 
, UI - ,_ 

31 --, UI - ·- 81 --, Ull - 1- 81 
_ .. 

• O.ll - - 11 •••1 , 0.1 - - 11 .... 1 , , - - 11 ---
2 I - .,. •• -··t• 
2 1 - - 11 ...... 
2 1 - - 11 ....... 
1 . .. - 1214 11 --1 ... - - 11 -•1 

11.- - .... , ....... 

, ... , I UNITOIPHAS -- Tat.PHAS --•1 -(Ill) 
2 , - 41131 11 ........ 
2 0.1 - 24411 .. ....:-&, 
2 1 - 4131 •1 ---
1 o.s - - •1 ·-·1 , 0.5 - - •1 ·-.•1 
2 1 - 4131 •1 ---, 0.5 - - •1 -·1 

2 1 - 4131 •1 ---• •1• .... ,. 

Mark Ronnlch/ Oak Ridge Naoional Laboralory/ 9-20-91 



M_ .... urint ol - llpogheftl T_. 

STATION THREE 
3.00 Aseemble Rndout Section• 

Task Nu,,.., Tooll-rtpl. - ...... I 
1 UNI Toi l'HM -- Toi.,,_ 

3.01 --- ;I- 1 1.21 - ·- 11 -.. 
3.02 ·- 1 .... - ·- 11 --
3.03 -- •1.1 1 1.1 - -· 31 ., ..... 
3.04 --- ·- 1 • ·- - ·- ill ..... 
3.05 CllllM~- . 1 1 1 - - 11 B .. 3.0& 

- llt- ' . 1 • - -- 31 ilM 
3.07 -- ' 1 1 1 - - 31 an 
3.08 -- ·- '. . 1 ' I - ,_ 31 IHDM 

3.09 ;;a 1 ·- - ·- 31 --
3.10 - !IM 1 ... - .... 31 --

T-lw-lllow 111• 11.• ·-1-1 $1 ""•72 

STATION FOUR 
4.00 Cut Tower 1111mlll11 ~ 

T•k- Tlllll -. ...... I UMITol- TAl'Hl.l!I! I llUlKll 
4.1• .... -- iU 1 •.• - - 11 == 4.H --- .... 1 ••• - , .... 31 
4.31 ••• 

,,, __ ,_ 
1 I • - ~ 31 -~ 

4.40 .............. - .... I ••• - ·- 31 .,. ., 
4.50 ................ -- 'U •• 1 - .... 31 *'11.12 
4.IO -~- • • .. ,. I.I - -· 31 I L-
4.70 ....... _.,.._ 

•U 1 ... - - 31 1-
4.IO - .... 1 ... - ·- 31 -
4.IO C...T- • 1 1 1 - -- 31 fill.02 
4.10 - .~- u • 1 - - 31 

~ 
•.11 ·- 11 ... u - ~ 

31 
•. 11 -- 1 I I - 31 
4.13 ~11 ••• 1 u - 31 
4.14 

_,_ 
·u 1 0.1 - ..... 31 

4.11 -T- ,. . ILll I 1 - - 31 *'11.12 
T_ ..... _._. .... 11 - &1au19 

Mark Rennlcltl Oak Ridge National L-•ory/ 9-20-91 



M•ulalluriftl el ......,. ,,.,...., Tewet1 

STATION FIVE 
5.00 Cast Readout Aaembllff 

Took- T_.,o-.tpl. - l'Mee' p UollTwl- TeL- ""'·- -·-5.01 .... ~ ... -- 0.1 , •.• - - 31 -·1 
5.0• ,_.......,...,. ... , •• - - 31 --
1.01 !nololl-PnlOClld ... I 1 - - 11 ---1.04 -•-Pnc•--?on ... • 1 - - II ---
5.01 FPHIWOldwlh-- ... I ·- - ,_ 

II --
ll.07 --- 1 .,. 1.1 - -· .. ·--
I.ff 

--"'~ ·- • •• - - .. --·· 
I.ff PwrfannPNCOll ·- • •• - = .. -·· I.ff c.i- 1 • • - • - ... 
1.11 Remove A-,,_ .,. • I - - ·-1.11 s·-... C11ID .1 ·- ... - -.. • I " 
1.12 ~- ·- I ... - 1114 .. ._ 
s.n a-.,.. AO ' ... - - • .. '!-5.14 •• ' •• - - I 

1.11 81 Ill •• 1 ... - - I .... .. 
T-IW 11 ... - ... ... 

STATIOlll ... 

11.00 A111mlll1T..., 
Took- --. - , .... , I Unll Tai PH• TeL- --· --11.0I ' I I • IM II --

l.01 ~T- ·- •• I 1 • - II --
I.OS 1.Mllo"""T ... , o.s = - II .... 
1.04 ·- •• 1 0.1 - II --I.OS T-- •• • , - - 11 ---
I.ff ••• • 1 - - II --
l.07 ·- I ••• - - .. ~ 

I.ff .... ... • 1 - - II == T--
. ·- 7.1 -

Maril Rennlch/ Oall Ridge National ~or,t •-• 



- .... uring ol Hadron Speghenl T-. 

STATION SEVEN 
7.00 Assemble Cones a T .... 

Task Nu- Tooll - , ..... ' Unll T .. r--.- - -r•.- -·~· ••a 
7.01 ...... c.....- I I 11 - - 21 

,._ 
7.01 -CIRllll '9- 1 I I - ·- 21 , ... 
7.0• l..oelll:• Tr----... - - .. I • - - 21 , .. 
7.04 lnllalOulor 

,_ 
. I I • - - 21 --7.01 ........ - 1' •• I ' - - • .. _ 

1.~ -T- u • ' - • --7.07 • ., • - ... • ---7.0. Dot.-
,., .......... _ 

I I • - - • --7.0I 1n11m11-·-T,--- ' . •• • .. ,_ 
• ..... 

7.10 lnotll-
,_ 

f I •• • - 1111 • _,. 
7.11 ·- ' . •• • • HI 21 --7.12 ~- I I • • Ill • ....... 

T•lll._ ......... __ ·- n 1- ···-
STATION llQHT 

a.oo Test Sub ,ay-
Took N""'llor roo11-. ....... ,. .. . 1 Unit Toi PHRS TaPHRS --· --l.01 ... ~-1----- I • • • Ill 21 1111.17 

1.01 ...... " I 32 • ,_ .. ..... 
l.03 -r- . " I 31 • ,_ - ...... 
8.04 ......_y_._ • I 11 • - - -.1a 
8.05 ~ M I •• • .,... .. l'ill.M 

l.OI --- ' I • • Ill .. &!U7 ,, - .,. 141 .... -11 

STATION NINI 
9.00 A ,._a Ttl!!l!I 

Tooll N""'llor Tooll-. - ,.,_, 
I UnHTCll PHRS .,._ 

Tel.- --HRI W.t(Q) 
1.01 ..... I'll .. I 120 • - .. ., ..... 
1.02 

_ ......... .. I 120 • - - ··--
1.03 .. I IO • = - ··-~ 

T-... 1- 320 --
r--- - ................ , "°"' ~ I "~ J 

-onolE I.JI M I- --- -f- I 
Ell-ad MM:"- .,1442 ,,urr.,. 

Mark Renntch/ Oak Ridge National Laboratory/ 9-20-91 



Equipment Required For Spaghetti Ctlorlmcter 

Equipment 

STATION ONE 
1.01 Fiber Cutting Machine 
1.02 Spacer Alignment Fixture 
1.03 Fiber lnMrtlon llaehlna 
1.04 lpaeer Exp Th" Fixture 
1.11 IT..._ ... 

........ lWO 
z.11 V.-ttrw • •-..... w • 
2.N .... ·nzn·' F !' • 
2.U 2 T W "1111 

s.u-..~ 

3.01 Fll>er 111•1IW' -11-len• 
3.022 T ...._ ... 

STA._JOUR 
4.11 LM9i1 C 'I I 9r1° F' .... 2-... 
4.t3ST..._ell .................. ......... _. .. .......... 

STATION FIVE 
5.01 RHdout C.1t!n11 lyltem• 
5.02 llold1 
5.03 2 T llonorall 

STATION llX 
1.01 Bind S.w 
1.02 llllllng llHhlM 
1.03 Tower Fl•ture 
1.04 Readout FIKture 
I.Os T- •a 1Mllly Stand 
1.01 Per-I 1'18tfor• 
1.07 I T llon«all 

STATION SEVEN 
7.01 Ring A-mbly lland 
7 .02 Ring LHtlng Fl•ture 
7. 0 3 Ring Ad1pt1r1 

STATION EGHT 
1.01 Vertlcll Aaaamblyllnap Stand 
8.02 Ring Ad1pter1 

STATION NINE 
9.01 Sub11Mmbly Sllnd 
9.02 Tempor1ry Bracing 

GENERAL IECUPllENT 
10.01 Envlrom1nlll Control 
10.02 Clothlng 
10.03 Cl11nln11 SuppllH 
10.04 Tool• 
10.05 Tempor1ry u .. llama 
10.06 Handlln C1rt1 10 to 100 

Total 

Qu1ntlty 

2 
2 
2 
2 
1 

1 
I 
1 

.. 
1 

z 
31 
z 
I 
I 

1 
31 
2 

1 
2 .. 
4 
2 
2 
2 

2 
1 

23 

1 
23 

I 
1 

1 
1 
1 
1 
1 
5 

Unit Colt 

$7K 
$8K 

$15K 
$10K 
$10K 

l111t 
UK 

$11K 

$10K 
$20K 

$250K 
$7K 

$20K 
l15K 
l10K 

l100K 
14K 
l10K 

$15K 
$250K 
$10K 
l10K 
$15K 
14K 

$20K 

$125K 
$100K 
$10K 

IHOK 
l10K 

IMO« .,.. .,.. ....... 
$2HK 
$1SK 

Total Colt 

$1'K 
$15K 
$30K 
$20K 
$10K 

$11K 
14K 

$10K 

$40K 
$20K 

$SOOK 
$217K 
140K 
$75K 
$20K 

$100K 
l1HK 
$20K 

$15K 
$500K 
$40K 
$40K 
$30K 
$8K 

$40K 

$HOK 
l100K 
$230K 

$Hiit 
$23tlt 

IMO« ..,.... ..... 
$11tK 
SINK 
$75K 

$4,532K 

Mark Rennich/Oak Ridge National Laboratory/ 9-21 ·91 



2 Ton Lift 

Personnel Plat,__ hifty Shatll 

Vertical s ••• I t 

G.83.SC.~ 

Spaghetti Hadron Calorimeter 
Spacer Array Installation Stand Rennich 



SJ08mm 

3000mm 

G.13.SC.Ht34 

Tower Llftlns Fixture 

Tower Assembly 

Assembly Cone 
(Half View) 

Rlns Modtlle Strudura~ Ring 

lllftc Auembly Table 

I• >< llUUl·mm----------eoi 

. . . . . . . . . . . . . . . . . . . . . . . . . . 
f!...t~t,t,t,\,\,\,\,~!t!2!2 

GEM 
Spaghetti Calorimeter 

· Single Ring Module 
Assembly Stand 

CONCEPTUAL DRAWING 
Rennlch 



i. -· -------~ 

'\- ,' 

'\,,,' 
, , , 

,' , , 

, , 
.......... 

', 
' ' ' ' ' ' ' ' 

t----------M•-------~ 

---
.....,..._ 

,@}:}?~{f t}%Jf$~}%t~~~Vt~~f!i~%¢.~"f}Jtt?if ~]ff %~~%ff$.t~t~ttPS:/K§§Jii,0[1.i%%?7/!}!/f!;,~;Z.!:i.~JJ~~ti~t1l1.0fNX7l.!t.;Jj(i.f.#}i/}\:·i:~~:;.\:!::<-·\:, 

G.13.SC.ttNt 

GEM Detector 
Spaghetti Calorimeter 

Single Ring Module 
Test/Inspection Fixture 

CONCEPTIJAL DRAWING 
Rennlch 



~~~~~~~~~~~~~~~~~~.811J--~~~~~~~~~ 

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

LU~ 

...... -

NU-

GEM Detector 
Spaghetti Calorimeter 

Single Ring Modale 
Lifting Fixture 

CONCEPTUAL DRAWING 

Adj- UtUna lloR 

Rennlch 



Iost•ll•t!on Menggwcr-SwM&t! Hadron Calorimeter 

Personnel No. 0.1'9tion Service Time Total Hours Hourly Rate Celt 
Monti• MH/Month 

Mil ' ' 170 2720 22.35 "iii: 7"'1: 

ElectalelM .. ' ' 170 6120 29.86 l 1112.'J,3 
c ...... 1 ' 170 1530 26.64 M(11t 
Iron Wtrlltr ' 7 170 71'9 22.35 = Pioenw ' ' 170 4G80 21.50 

Total ., 21590 122.70 lftt.tt.J 

Mark Rennich/Oak Ridge National Laboratory/9/19/91 



Preliminary-For Estimatin1 Purposes Only 

Cona1dMa _. Pwlltlen Alijustment Frame 

G.IJ.SC.-7 

GEM Detector 
Spaghetti Calorimeter 

Ring Installation Transporter 

CONCEPTUAL DRAWING 

lllllnllatlonRall 

1 .... M ... Cwnterwelght 
(Mlllt liie nlQMlled to match 
....... tniel 

llen111ch 



Note: The C..lnl ~,... w• ....... T••• ••fll7 ....... During The Inota••­
ProceR 

31 .. --------------~ 

•••• tccm.:Cel 

Sc # lllC-A_...Tec-.IH1••rw 

14.---..---•• --..----.. ,. • -.--. "' .... ".oil ................ . ..................... ,. ....... . 
I 

•• ·-·.·-·-··-·-· •• _._,._._._~ ............. . . ·.: . ' . . 
I
.·•. 
., . . . . . . . . 

1,.•,. ,. . . ,. 
1· .. • .... :::: 
1· .... , .. .·. 
I
· .. ·,.' ., 
~ 

. ·.· . . . . . . 

I

':::, .. . 
"',.", . . 
I• 

.--... -.---........... .. . ............... . . ................. ... • .. '. ' • • '.' • • ' . ' •• ' . ' • • • .. '. ' •• ' . • • ' . ' .. 
• . . .·. 

' . ' • • • • • '. ' •• ' . ' •• . ' ,-

1·.· • . .. . . 
~ ~ • • .. .. . . . . 
I... • • 
• • ,.,.,..,,.,.,..,,..,.,. AAA & • ..,,.,..,,...,,. ••••••••••••••••••AAAAAAA•AAAA 
A A A"" A A A A A A A A. A ..... A A A_A 4" A A A A A A A A A_A A A A_6 A•.• _A ._ .. _._A A A A A A A A A A A. 

G.13.SC.00067 

GEM Detector 
=ttiHadron 

._lion Sequentt 

"'"' t"'7 Id I tlOll Rall 

____ ...... 



1.1 
1.2 
1.3 
1.4 
1.5 
1.6 

Spaghetti Calerl1Mter- 0.01 Segmentation 
Fiber Frtme/l.Wb' 611'1' Cs''N 

Element n.aar1atlAA Ouentltv 

Base Plate 1.0 - Dw!llM .... 11.28 
PMT Freme 

11 -· 
I 4.00 

Fiber 1 -Tr- l'ltet' 488.19 
Llaht Mixer · · -rvllc. 1.00 
Shell 12 - ·-tmetel 12.59 
Fastener• 1/2 lft 8.00 

Total 

All Metelllc cen1111rie1u1 ere 304L stein.... Steel 
Fasteners ere • nen-lftlOnetlc metal 
Assumes one reecleut flber/WLS fiber 

Units 

lb• 
lb• 

meters 
ea 
Iba 

each 

Unit Coit 

I 12.00 
11.00 
10.22 

125.00 
14.00 
11.00 

Mark Rennich/Oak Ridge National Laboratory/9-111-91 

Total 

$135 
132 

$103 
125 
150 
It .,., 



Su11bdll B1dc110 Cal11cim1:11:c 

Cost of Sheaths 

... - . - . um C.a1Jllit 
- tl.tl Ull u $516 

JU2 Ull 5.5 W'7 
0 s 1'.11 ..... 1 $1' , .... "" ... -

M....W O...lity vu. C.Vllit 
Slaeetmetal 73.54 Ull 5.5 '* Bracln• 25.42 Ull 5.5 St• 
Fastenen 16.81 ..... 1 $16 
Total ... 
0 16 ~enllltioll 
Material OunlilY Vails Ca\Jllit 
Sheetmdal 113.14 Ull 5.5 $1.911 
Brad .. 53.11 Ull 5.5 $2t2 
F..aeaen 16.11 ..... 1.25 $31 
TeUI . . ... $1.32l 

Mark Rennich/Oak Ridge National Laboratory/9-18-91 



Liquid Scintillalor Hadron Calorimeter ( Version 0.08-1 ) 
Barium Fluoride EM Calorimeter 

TOTAL 11.73 >.. 

~"" I ~ z z z z f /'0 
/"'z z z z z z z z z z z z z z z .,..-;; s~peo~t ;u~ z z z z z z z z l 

. . . . ' . 
·.·.·.·:.·:::.-.·.·.·.·:.· E. ·1· .. l ..... ' .. ·::::::. ·:::::. · ................ ec romcs ..... . 

3600 M 

1~00 ""i 
Tracker -, 

5.75' 

! I ·~-------------' ----------------
_______________ L_ 

?~00 mm 

_,, 

Photomultipliers 

TOTAL 13.8 >.. 



Preliminary 

GEM Parameters 

J,IOUJD SCJNID,J,ATOB HADRON CALQBIMEU:B 

VOLUME 214.4 METERS CU. M•J 

NUMBER OF CHA.l\INELS 26100 Each 

TOT AL WEIGHT Metric 2028.7 Mtons 
WEIGHT OF LEAD ABSORBER 1812.6 Mtons 

WEIGHT OF STRUCTURAL COMPONENTS 173.4 Mtons 

WEIGHT OF SENSE LAYER BOXES 42.7 Mtons 

VOLUME OF LluUID SCINTILLATOR 27000 Liters 

PERCENT ABSORBER/SENSE BY VOLUME 89.70% 
PRECENT STRUCTURE BY VOLUME 10.30% 

NUMBER OF SUBASSEMBLIES 17 Each 
NUMBER OF TOWERS 256 Each 
NUMBER OF HADRON LAYER ASS. 5600 Each 
NUMBER OFT AIL CATCHER LA YER ASS. 4800 Each 
TOTAL NUMBER OF LAYERS 10400::(251 x 40.3) Each 

. 

NUMBER OF FIBERS/SEGMENTS W7- Each 
NUMBER OF TRAYS m.-. Each 
TOTAL LENGTH OF FIBERS 1,llO,IOO Meters 

' ' 
, ,., .. ' ' 

HEAT GENERATED BY ELECTRONICS 3500+ Watts 

INNER RADIUS 1,400 mm 
OUTER RADIUS (SUPPORT TUBE) 3,600 mm 
LENGTH 10,000 mm 

MARK RENNICH/ 9/19191 : OAK RIDGE NATIONAL LABORATORY 
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Liquid Scintillator Hadron Calorimeter 
Sampling structure scheme 

Cleo.re.nee 
60 MM 108 MM 

( 
Support tube 60 MM 

142 MM 

R 3600 MM 

t .. 

R 1400 PIM 

_ ... ..___ 0.36 A. 

.. 

... 
• 

.. 

.. 

( 20 MM Fe C wo.ll> 
0.12 A. 

19 la.yers 
Coa.rse so.r1pling 

40MM/Pb+5MM/LS 
4.34 A. + 0.1 A. 

40 la.yers 
Fine sa.Mpling 

20nM/Pb+5MM/lS 
4.57 A. + 0.20 A. 

{ 40MM Fe 
0.24 A. 

{ E -M co.loriMeter 
1.8 A 

TOTAL 11.73 A. 

A Pb = 175 MM 

A re = 168 MM 

A Sci = 1000 MM 
, 



Version 0.08-1 

Number of detector cells per module 
type 1 2442 

Read out channels 

' 'I 

I 

.. .....---- 5 x 3 

5 x 3 

... - --
4 x 3 

.-..J~ = ~r. "' -
7 x 6 
• 

·- - -· -- - - -- - - -- 6 x 6 

• - _ ___,,_ - --- - -- - - 5 x 6 

I. 567 mm TOT AL 150 ...... 1 _~6=61=--=m=m,___---i.I 
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Holes nre Mnde 
16 fibers/group by etching In 

fotos1>ns1t1ve glass plate 

Epoxy fdl/seal 

for 

, 

rlbers 

rlber blMdn 
Matched to PMT face 
<cut and f'l'llshed ofter 
epoxy has set> 

#0-ring 

V nriu tion of Fiber Seul 
Liquid Scintilla. tor HC riodule 

# 

fl a nee 
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Atmospl\er1c Vent 

overriow Stg. 

LS.1111~1, 

Atmospheric Weir Box 

Dr1p colltctlon 11ne 

Schematic Of Fill/Drain System For 
Central Module Of Liquid Scintillating 
L* Hadron Calorimeter 

F111/Dra1n Storage Tank 

Rl!NNICll 
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···-:-:·:-:::::;:;,;-;.·.· 

-

[ TC>ta.-Thickness:Io.6 Lambda I 
G.03.LA.00030 

5350 mm FEEDTHRU 

FEEDTHRU 

0::::::;·:·:·····-:·:-:-;-7 ::;::;;;:::;:::·- --···::-:-,·:-"'. ;:;::;:fa:::{:::=:~:: ::::=:1 

';itflifrtWtd@HieJM iid#Jt.i!M'il ' 

GEM 
Liquid Argon Calorimeter 

Barium Fluoride EM Section 

., 

~*! 
:;:t: 

.mbda 1111111 [t 

Incomplete 
Incomplete 
Incomplete 
Incomplete 

i~ 
·~=~: 

::t 

~~:: 
:f ~;~; 

Rennich 



1'otal Absorption Length: 11.7 LaaWa 

l 
m-

l 
f 1•-

Rl41t-

I I 
I I 
I I 
• I 
II I 
II I 
II I 
II I 
I I 
I ll 
IW 

I 

R4180mm 

~-

i..rReadout 

~ 

------------------- +------------------

G.03.LA.00027 

1 I 
I I 
I NI 

GEM Detector 
Liquid Argon 
Hadron Tower 

Rennich 



Liquid Scjntmator Hadron Calorimeter O,Q8·Cmf Aglys!s 

Catalforv Tot Uts SK/UNIT UaiU Total Cost 

1. M 11111 
l.lfi l..eM Jill $1~ MtoM $1.All .. ~ n... llC19' -- ........ sm 
1. - "''- ..... $I.Ml .. -., ........ l»'W ··- ... sm 
I.SQ •• ,, - - s.inm ... 1641 
1.60 CaLSowces WIW .... u ... $91 
l.7C P' I $111 

2. ...... J7tOI ..... Lilln Ml6 

3.ll ....... 
3.11 ~ 2'UIO $1,25111 Qautll .,, &"> .. 

3.20 PMT'1 3!184 $1,IOlll ... ··-· 
4.00 Structure 
4.10 Inner Rinac l»lJ Sltmt ..... -4.20 Suonort Gussets JOS6 ··- ..... u.n 
4.30 Tielllin • •-mt ..... SM 
4.40 S.-aTube Dim ..... .... 
.5.lr .U..lllJ 
.5.11 Ass&.Ttta '"157 . , ... ww ..... $1"--
S.21 T ...... ----
S.30 Le.I:-. I ml ..39ttl ..... 1117.l 

. .. 6.00 'J1ir.:ql c.a - . . .. .I!!! 
7.00 Testinlf --
8.00 Installation 
8.10 lastalL Mann 14356 $l.IJ1lt ... s-

. g,'.l!I lat.- . 
n < ... - ---

9.II Sia--- .. 
DIRECTCOS1 ,.,,., 
EDIA 25~ 

,_ .... 
. 

BASE COST $51,7'2 
CONTINGENCY 25~ ···-
SUBTOTAL M.~2 

R&D 11,. •1--

TOTAL $70,432 

MARK RENNICH/OAK RIDGE NATIONAL LABORATORY/9-20-91 



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

PRELIMINARY 
Scjptjllatjng Fjber Hadron Calorimeter 0.08 Segmentation 

With Lead Shot 

Catal:Ol'Y Tot Uts SK/UNIT Units Costs 
l.OC Material 
l.L 

. m.12 ..... 5',o54 -~ 

l~SW 1J1l.22 ·- ... $1,362 
1. ' Sb * 51'1 •s• ..... $2,tU 
1.4' LilllltG 1'r 5JiQJ .. 363 ..... $1,824 
i.~ s,acers 51'1 ··- ..... $413 
l.!M: T .. JWe - ·- .... Sl,112 
1.7\J 

CaillL I '' 
WI ••• ....... .. 

2.00 Sew)IMtrill '-l6E4' •""iii ? I r 

I ....., 
3.00 Readiollt 
3.10 PMT'a s• • iill ....... $3,111 
3.20 Electronics 511611 ·- ~ Sl,291 
4.00 Structure 
4.10 Inner Rina ...... • •11 ..... Sllt 
4.20 OuterRins )15111 IUl2 ..... $1,12' 
S.00 Fab&:A& 
s. )(J Fab,As&:Tat $11,613 
S.2(] T •. 5',557 
6.W Tbel lea.t $980 
7.m T. . 

$2,500 . , ... ......... 
B.J(J Install. Labor .. ,. allZ7 Man-Hour $463 
8.20 Install. Rails ill II I altl5 Lbs $900 
B.30 Install. T~ks 111111 ... , Lbs $600 
8.40 Module Pusher 2 -- Each $100 
8.SO Temp BracinE 251111 am Lbs $SIO 

9.00 Shippin2 ssee 
Direct cost --EDIA 25'Ji> $12,212 
Base Cost $61,162 
Contin2ency 33 ... sa,as1 
Subtotal $11,213 
R&D 11% $1.933 
Total $90,146 

MARK RENNICH/OAK RIDGE NATIONAL LABORATORY/ 9·20·91 



PRELIMINARY 
Sciptlllatjpg Fiber Hadron Calgrlmeter 0.08 Segmentation 

Cataeorv TotUts SK/UNIT Units Costs 

l.fVI Material 

m ~' $5S76 .... $11,154 
JIM i.:l $2,IM . . liii 1iilii 

. J18 ...... 8il 

~"* ·:: B I t: 1. ·---- 1tiii 
~ ••••• ill Uii;ii' lilii 1iiiiiiiii 1 

3 . ..=fi 
3.11: PMrs 518 = ~ii ---
3.20 Electnmia 518 IQ!:: 
4.00 Structure 

se."iii 4.10 Inner Rinl!ll 14931 ~ ---4.20 Outer Rinn 185000 SO.OU 

S.00 Fab&Ass. 
S.10 Fab,Als & Test $12,517 
S.20 ToolinR ~ 
6.0C net IC.. 1iii 

Im T - ' l1Jit" 
8.00 Inst••···· 
8.10 lnslalLLalllar 1&,"6 $0.027 Mu-Baur $463 
8.20 Install. Ralls "1111 $0.0015 Liii $900 
8.30 Install.-Truclla 111111 I -$0.006 ··-·-"· Liii $600 
8.40 Module Pusller J ~.000 Eacb $100 
8.50 TemoBraci•• 251111 $0.0020 Lm $500 

9.00 SbinninR $500 

Direct COit $55,395 
EDIA •• $13,lff 

Base Cost $69,244 
Con tin ~ $20,773 
Subtotal $90,017 
R&D 11~ $9,902 

Total $99,919 

MARK RENNICH/OAK RIDGE NATIONAL LABORATORY/ 9-20-91 



PRELIMINARY 
Scjptjllatjng Fjber Hadron Calorjmeter 0.1 Segmentatjon 

Catal!Ory Tot Uts SK/UNIT Units Cam 

1.II Material 
1.lC ..... 2000.4 $.5..576 Mac. Sll.IM 
l.~ llll SJ.m bell .... 
1. .. ........ G .... llll SUM bell :u.-
1.4( Srs en 330I Sl.llJ Eaclt $U7 
l.x T .. l'late 3308 SUtl Each $2,lll 
1.tll Calilt. •- uo ~ Each $240 

2.00 Sense Material 6JIOE+06 $1.001 Meters $6,801 

3.00 Readout 
3.10 PMT's 3308 ·- Each $1,985 
3.20 Electronics 330I Sl.259 Channels $827 

4.00 Structure 
4.IO Inner Rines 14931 .... u. $119 
4.20 Outer Rines 185000 $1.012 u. $2.220 

S.00 Fab & Ass. 
S.10 Fall.As & Test $9,G92 
S.20 Toolin& 5',.557 

6.wtTllter-1 Cont .,. 
7.00 Ta&im . . . $2, 11 
8.00 Installation 
8.10 Install. Labor 18,796 $0.027 )' I' Ml 
8.20 Install. Rails 600000 0.0015 u. .. 
8.30 Install. Trucks . 100000 .. • $0.CI06 u. SAi. 
8.40 Module Pusher 2 $50.000 bell $H1 
8.SO Temp Bracin2 250000 SO.Oil u. .. 
9.00 Shipping .. 

Direct cost $.St,213 
EDIA 25" $1i:J,5153 

Base Cost $67,"" 
Contingency 30% sa,;JJlt 
Subtotal ~ 
R&D 11% """' Total $97,786 

MARK RENNICH/OAK RIDGE NATIONAL LABORATORY/9-20-91 
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'._Ar Calorimeter Stack Layup ------- ----~ _ 

.EM 

--- - ----- -- - ---- --- -- -- -- ~ 

....._ 
,rfflahVoltllge 

CELL /\ ~sso.1mm 

p = 4.JlfM/ec 

X. • l.7'm 

A.• 36.llm 

Cell L•atto • 0.72 cm 

Hldrpnlc 

p • 1.llpe/u 

x •• t.aan 

A. a 21M• 

Cell t..16 • l.8 cm 

• 0.' """ v 010 llgnel BOlll'd 
1.0mm 

010 ......... 
1 """ 

"--
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GEM 
A PRECISION LEPTON-PHOTON 

DETECTOR FOR THE SSC 

• CALORIMETRY GOALS: 
DRIVEN By PHYSICS 

- The Highest Resolution Calorimetry 
System for Leptons and Photons 

- Within Budget and Schedule 

- Radiation Hard 

- Complementary to SDC 



GEM 
PHYSICS GOALS LEAD To 

TWO SYSTEM APPROACHES 

• LOWER RISK SOLUTION EXISTS; 
NEEDS HIGHER EM RESOLUTION: 

=> LIQUID ARGON With Fine 
Sampling Accordion EM 

• HIGHER RISK SYSTEM, With POTENTIAL 
LARGE PERFORMANCE GAIN: 

=> BaF2 CRYSTAL EM, With 
SCINTILLATOR HCAL 

o NOTE: Radiation Hard Production 
Not Yet Achieved 

- Requires One Year of R&D 
- Expert Review Panel 



GEM 
TWO COMPLEMENTARY 

APPROACHES 

RESULTING IN THE HIGHEST 
FEASIBLE RESOLUTION 

• LIQUID ARGON With ACCORDION EM; 
Liquid Krypton Option 

- Intrinsic Stability 
=> Ease of Calibration 

- Tested in Large Systems {With Plates) 
=> Small Systematics 

- Radiation Resistant 

- Uniform 

• BaF2 CRYSTAL EM, With 
SCINTILLATOR HCAL 

- Intrinsic Higher EM Resolution 

- Higher HCAL Speed: 
=> Lower Noise in Isolation Cone 

- Effective Compensation: 
=>Small Constant Term for Jets 

With HCAL e/7r ~ 1 

- More ,\ for a Given Radius 



GEM CALORIMETRY 

• COMPLEMENTARY STRENGTHS: 

INTRINSIC RESOL'N -z O> LOWER RISK 
and SPEED TECHNOLOGY 

• COMPLEMENTARY TASKS for EM: 
<7E/E = (a/v'E E9 b)% 

BaF2 + SCINT. HCAL .. , > LIQUID ARGON 
Reduce b < 0.5% Reduce a < 1% - -

t 
• h'es1cJ1 a.')t4ft '1'1Atfll(ATE 

QJ' Q ' f'CJR )E I ECTCJ 1\. 
oJ t;fNt 



BaF2 + CALORIMETER SYSTEM: 

Scintillating Fiber (SF) or 

Liquid Scintillator (LS); 
Liquid Argon Study 

Choice of One Scintillator HCAL 
By Early November 

HCAL SUBSYSTEM GOALS: 

•Complement the BaF2: 

A'f/ x .6.</> ~ 0.08 x 0.08 

=> Good Jet Resolution 

=> Missing ET Resolution, 
(With Forward HCAL) 

=> Improved Lepton ID and 
Measurement 

• Rapid Development: Ready for GEM 
System Choice By Design Report 

:::} Beam Test By Summer 1992 

•Maximize GEM's Physics Capability 



BaF2 + HCAL CHOICE: 

GENERAL QUESTIONS: 

Answers In October 

• Conceptual Design Layouts 
With Dimensions: 

:::} LS: Module, Layer Structure, 
Fiber Readout 

:::} SF: Module Structure, Fiber Readout 

:::} LAr: Segmentation, Cryostat, Readout 

:::} ALL: Mechanical Structures and Supports; 
Access/ Assembly /Disassembly Scheme 

• HCAL Depth (A); Dead Spaces 



Liquid Scintillator Hadron Calorimeter ( Version 0.08-1 ) 
Barium Fluoride EM Calorimeter 

I TOTAL 11.73 ).. 

I 60 m 

:·i;oo "~ 

1400 Mi 
' I Tracker 

' 

5000 1'11'1 

Support tube 

..................................................................... 
·.•.·.·.•.·.· ... •.·.·.·.·.·.·.· ... •.·.·.·.·.·.·.· ... ·f ·.·.·.·.·.·.· ... ·.·.·.·.·.·.·.·.·:.·.·.·.·.·.·.·.·:.·.·.·.·.·.·.·.·:.·.·.·.·.·.· 
............. i::::: :: : : : :::: : : :::: ::::1::::::::::: :-::: . :-:-: . ":-:-:. :-; . :-:-: : : : : : : : : :> :-: : : : : :: : : : : : : : : :: : : : : : : : : : : : :-· 

.. .. .. .. .. .. .. ..... Electronics .. .. .. . .. .. .. ...... . ' . . . . . ............... ' ..... , 

'f 
' 5.75' 

I I ! _ .. ---.. --------
1 -------------' --·---
1· 2300 !!l!IL - .I 

_______________ j__ 

Pholomultipliers 

TOTAL ~J~;J 



~ Structural/Support Rings 

~ rBaF2Support 

Tracker 

5. 

i-----1500 mm •I 
14-------:2300 mm-.! 
----------------5450mm ..i 

G .03.SC.00038 

Spaghetti Hadron Calorimeter 
Lead Shot Filled/ 0.10 Segmentation 
Barium Fluoride EM Calorimeter 

J890mm 

Rcnnich 



-------------5260mm--------------~ 

-1 

:4.4Lamb 

4000mm 

I 
750mm 

[!ota1 Tltkllnas: 11 Lambda 

~Ill I <\ 00819 

FEEDTHRU FEEDTHRU 

GEM 
Liquid Argon Calorimeter 

Barium Fluorirte Fl\1 Secti1m 

Incomplete 
Incomplete 
lncompld1: 

g 

I 



Liquid Scintillator Hadron Calorin1eter 
Sampling structure scheme 

60 l"ll"'l 

142 MM 

t 
R 1 ~ 00 l'lM 

Cleo.ro.nce 
108 l'lM 

{ 
Support tube 60 MM 

._,.1--- 0.36 A. 

.. 

{ 20 MM Fe (wo.ll) 
0.12' A. 

19 lo.yers 
,. Coo.rse so,Mpling 

40rwi/Pb+51"1M/LS 
4.34 A. + 0.1 :A 

40 lo.yers 
,. Fine so.Mpling 

( 

{ 

20MM/Pb+5MM/LS 
4.57 A. + 0.2'1D A 

40Ml"l Fe 
0.24 :A 

E -M co.loriMeter 
1.8 A 

TOTAL 11.73 A 

A Pb = 175 MM 

A Fe = 168 MM 

A Sci = 1000 MM 



BaF2 + HCAL CHOICE: 
PHYSICS QUESTIONS 

SIMULATION STUDY 
COMPLETED By NOVEMBER: 

• Energy Resolution, Behind BaF2 
for 20, 100, 500, 1000, ... Ge V Jets 

- Performance For Typical, Mostly-EM, 
and Mostly-Hadronic Jets: 

=> Reconstructed Energy Distribution 

=> Missing Er Distribution 

• Can Longitudinal Segmentation in the HCAL 
Improve the Muon Resolution ? 

• Can Longitudinal Segmentation in the HCAL 
Improve the BaF 2 Electron and 'Y Resol'n ? 

• flU/1(_BEF{ ~A~ 1'er:Jor"'7,<!'>tce. 



BaF2 + HCAL CHOICE: 

ASSOCIATED EFFECTS 

and ISSUES 

• Systematic Effects: 

::} Magnetic Field (0.8 Tesla) 

::} Non-Uniformities in Cells or Towers 

::} Fiber Attentuation Length, Non-Uniformity 

::} Mechanical Structure, Walls, and 
Typical 'Dead Regions' 

• Effective Compensation: Hydrogenous, >it 

Compensating or Overcompensating HCAL. 

• Resolution as Function of e/h in EM Section, 
With Varying Reconstruction Algorithm. 

• Transverse Segmentation Required by Physics 

~ GeANr 1/J'. HETC ... f~d.* : 

• -Pref,,,.,,.,, ttr(f ?;:~J'"Zi-ft.J' ( ORJIL) 



Y. Kamyshkov 



e/h 

1. e/h in BGO : 

a) L3 20 x 20 cm2 BGO/HC prototype beam test (1986) 

e/h < 2.0 (hadronic leakages) 

b) L3 Z0 -> 2jets data 

e/h > 1.4 (from jet resolution optimization) 

c) L3 MC with leakage correcions for single hadrons 

e/h - 1.6 - 1.7 

2. Ba F2 GEANT MC simulations (by K.Shmakov @ ORNL) 

a) GEANT gives e/h - 1.3 for BaF2 

b) e/h adjus~ent made (1.3 -> 1.7) by 

applying weights to e-m and hadronic 

components of hadronic shower in BaF2 ; 

Energy dependence of e/h from GEANT 

is preserved. 

c) No transverse segmentation was simulated. 

No jet topological reconstruction was applied. 



Birks coefficients for different detectors 

Plastic Liquid 
Detector BGO BaF2 LAr 

scintil. scintil. 

kB ? ? . 
0.004-

. 

g/cm2/MeV 
0.0013 same as 0.012 same as 

BGO 0.008 plastic sc. 



Electromagnetic fraction in a hadronic shower 

100 
HETC, GEANT comparison 

~ r 

~ " 
~ r 

VI Pb -GEANT 
80 -

- 0 BaF2-GEANT 

€1 Pb -HETC 
60 -

-
¢ 

-
40 -

- ¢ 
e 

- ¢ -20 - ' e 

' . --0 ' . ' ' I ' 
. ' ' I I I I I 

1 10 10
2 

BEAM ENERGY (GeV) 



Rtspons~s for e<r) and c~ar9ed. hrAdro~~ a.rt s-f-ored o.ft~r 
GEANT separate~ Q5 e\ - tAiMc( h; - hits 
• Non a>rr~~te.d GEA NT rts ponse. for hcadro)'IS E,_ 

RI<= ~e~ + !.h~ or < Rii> = <Iet'>+<~hi) h . ' . J 
L J 

< 1E:i, '> IY 0,55 

< I. h i '> N o. 'l / ( B Q Ft.) 
E., 

< 4 hi) - o. 35 (Pb/LS) 
E1, 

• . 

fro,,., 110.,.eorY.ecf.ed 

GEANT 

E = o.58 -to ruluct -tire. fraefi'o11 of ~ -111 e111Hp1H~1tf of 

hotlrPJric .rJ.1w~Y ;,,, G-EANT (st• f~,.) 

Yi. N I. '3 
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D 

BaF2 (corrected) 

0 D 

BaF2{GEANT simulated) kB= 0.00131 cm/MeV 
A 

0 

PB/LS {GEANT simulated) ., 
0 

PB/LS (corrected) 

., 
0 

r 
0.8 ~'~~---''~--'----''---'·--'-·~·~·~·~1~~---''~-.L.-'~'---''--'-'~'~'~'~ 
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BEAM ENERGY (GeV) 



Resolution optimi~~+ioh h_r_+.he ?Jmbinec1 syst~M BaF2+Pb/LS 

B;, - response of B~Ft i1i1 i.--l:h .eve1i1.t 
h\ - t't~pott~e of Pb/LS HC' i..., i-th ~vent 

R~con,.+ruc.ftd etterf)y : 
E ~c -: o<. '8 i + ~ h• - ~vt>t.t 114!v111i- if ot,p ,.~ ~"f.·,,.,d 

' 

For .every mo11ojet enet-~y iw<' C.C>"~frtt int-I weYe "'l'f'I iea 
io defihe. ol. crc.,,.ol p rd H,,.·s ehtrsy C E iet) -l:hws 

QJlowih9 for o<. ,.,,ol (b .etttr9y d~11r:lt/flfcf. 

. t- Ejtt_fo< J,, 
(1) < E ~cc). EJl = oi < B~>-+ fo<h') or el= < t,·) 

- -£1,.;,, frtStl'VlS N11ur,·fy of eiver~,t rtsp1J111e 

(2) Mih X1 = ,...;,,, { t-( cree_ Ejet)2.} 

,..;,,.;,,..;~Cl+ici" of l't v' S.i>t,)t 

('An bt ra,olvuf ""'" 'i +i~ I y 
/"A'~""t-tu ~ w;ll C'ltf,·,_~ p 
"lJ'J"'/~p = o e.ic ... ) 



Variation ~(Pb/LS) near the optimum value 

20 GeV jet 

12.5 

:&. 

JO 100 GeV jet 

• 
7.5 

• 
5 • 

ID 1000 GeV jet 
• 2.5 

0 0.25 0.5 0.75 1 1.25 1.5 1.75 2 

~value 
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Weighting coeffitients a, ~ vs jet energy 

Ejet = a•BoF2 + P'•Pb /LS 

Corresponds to the minimum of X2 

a - for BaF2 

• 

{3 - for Pb/LS 

l!!I 
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JO 
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JET RESOLUTION - GEANT3 
(after optimisation for a•BaF2 + ~•Pb/LS) 
BaF2<e/n> = 1.7, Pb/LS<e/n> = 1.0 

25 ~~~~~~~~~~~~~~~~~ 

15 

JO 

5 

o-(E)/E (3)= (1.8±0.2) + (50±2)/~E 

50cm BoF2 - 1 .8>. 

fine sampling Pb(2cm)/LS(5mm) - 5>. 

coarse sampling Pb(4cm)/LS(5mm) - 4.5>. 

JET ENERGY (GeV) 

constant 
+-

term 



MONOJET RESOLUTION 

optimized with BoF2<e/1T>=L7, Pb/LS<e/1T>=1.0 
180 ~~~~~~~~~~~~~~~~~~ 

~ 160 
~ 140 
;;.. 120 
kl 100 

80 
60 
40 
20 

20 GeV jet 

100 GeV jet 

0 to...l_;LLJ.._~.J.._J_L.LJ.-1......LJ-l-.___,_L_[___L....L-"-'--J......j_j-L...L...L.L.J.._J_L.Ll__l_L-L..l 

~ 60 :;;;: 
~ 50 ;;.. 
kl 40 

30 
20 
10 

0 25 50 75 100 125 150 175 200 

JET ENERGY (GeV) 

500 GeV jet 

1 TeV jet 

0 c__j__j_j_i--'-l..---'----l.--L...l..."'---'----'---"'---.L___l_'-'-1---'-L.........,___l___J_-'-=...L_j__J_J_.L_j_L-L-JL....LJ 

0 200 400 600 800 1000 1200 1400 

JET ENERGY (GeV) 



e/h. (Bet.Fe.)"" 1,3 > ejy, (HC) ~ l.O 

JET RESOLUTION - GEANT3 
(after optimisation for a•BoF2 + P•Pb/LS) 

25 r------------------

15 

JO 

5 

cr(E)/E (3)= ( 1.6±0.2) + (56±2)/ v'E 

PB(2CM)/LS(5MM) CALORIMETER/ 

TAIL CATCHER 

BEHIND BoF2 

0 

JET ENERGY (GeV) 



JET RESOLUTION - SPAGHETTI PLATE CALORIMETER 

~ 

(after optimisation for a•BaF2 +~•Pb/LS) 

Pb/LS<e/rr> = 1.0 
25 ~~~~~~~~~~~~~~~~~~~~ 

~ 
~ 20 --\:) 

15 

10 

5 

:>.=2.9m - e7(E)/E (3)= (2.6±0.2) + (51 ±2)/v'E 

;\=00 - e7(E)/E (3)= (1.7±0.2) + (51 ±2)/v'E 

50cm BoF2 - 1 .8;\ 

fine sampling Pb(15cm)/LS(3mm) - 9.5>. 

no toil catcher 

20 100 1000 

JET ENERGY (GeV) 

constant 
~ 

term 



GEANT3 - JET RESOLUTION for (BaF2+Pb/LS) calorimeter 

here Pb/LS <e/n> = 1.0 

After optimisation for a•BoF2 + P•Pb/LS 12 ~~~~~~~~~~~~~~~~~~ 

10 

100 GeV JETS 
8 

D 

6 
500 GeV JETS 

4 1 TeV JETS 

2 

0 

1 1.25 1.5 1.75 2 2.25 2.5 2.75 3 

eln in BaF2 



GEANT3 - JET RESOLUTION for BaF2+scint.HADRON calorimeter 

here BaF2 <e/1T> = 1,7 

After optimisation for a•BaF2 + ~•HC 

100 GeV JETS 

0 

8 0 0 
0 

6 500 GeV JETS 

4 

2 1 TeV JETS 

0.8 1 1.2 1.4 1.6 

e/Tt in calorimeter behind BaF2 
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GEANT3 - CONSTANT TERM IN RESOLUTION 

10 
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1 

for BaF2+scint,HAORON calorimeter 

(After optimisation for a•BaF2 + P'•HC) 

Here 

Pb/LS <e/1t> = 1.0 

1.25 1.5 1.75 2 2.25 2.5 2.75 3 

eln in BaF2 
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GEANT3 - CONSTANT TERM IN RESOLUTION 

10 

9 

8 

7 

6 

5 

4 

3 

2 

1 

0 

0.6 

for BaF2+scint.HADRON colorimeter 

(After optimisation for a•BaF2 + P•HC) 

Here 

BoF2 <e/n> = 1.7 

0.8 

t 

t 

1 

t 

1.2 1.4 

e/1t in calorimeter behind BaF2 

1.6 



Total Absorption Length: 11.7 Lambda 

Outer Module Support/Readout 

R4180mm 

1 
·--

20 ,,,.., Fe. 
820mm 4. 't). 

~ 
2400mm 

Middle Readout 

t 4o »im A2 
1300mm 

4.~?. 

Rl410mm 

·.:;:::: ::·:-·,:: ~ 2,s...,..., LA..-/r22z2 zpe 2 Jz 1 

'5 G~.., "''"" lii!!Zl/Z:-- 4 ..,..., s s 

I I 
I I 
ft I 
II I 1 
11 l I 
111 / 
11 I 
I I I 
I II 
I II 
I II/ 
I W 

lf rn...,. Fe. 

Inner Readout 

l 1 
r---' 6 0 ,.,, IY1 

------------------- +------------------

G .03.LA.00027 

1 ' I /II 
I /II 

GEM Detector 
Liquid Argon 
Hadron Tower 

Rennich 

Ae 



1.6 

1,4 

1.2 

.c 
'1.0 
QI 

0.8 

0.6 

··~· ... -.:....:.. 

····· ... 
"<:· ... ......... ...... 

.. 

Fe calorimeters ( b )! 

··~. 
··-:-:-.., 

-.---- 1 ---------• ····· ... ··.; ...... 
. -­····· ... 

·· .. ·· .. 

.. ...... 2· 

··. ·.. ·· .. . .. ·.. ·· ... 
·······... ·· ..... . .. . .. 

Exp. data 
·······... . ..... . 7 ·· ... .. 

• LAr (ref.2) 
• Scintillator (ref. 7,30,31) 

--- PMMA 
·-·- SCSN 
........ , .... T MP 
--- - LAr 
---Si 

(Smml 
(Smml 
(2.Smm) 
(2.Smml 
(0.4mm) Rd * 10 ! 

1,2,5,6,7,8,- 0.1 µs gate 
3,4 1 µs gate 
7 - k BPHHA 
8 - k BLAr 

···· ... 
·· ... 

···... 8 ···... ; .. 
"· .. 

+l.lf8 

0.4L-----'---1--L-'-..l...J.....L.L.L-----'----L---L--...J.....L.....L..J...J...J 

0.1 0.2 0.5 1 2 5 10 



G-eQ.Ylt yields LAr <e/rr) = 1.36 G)SD G-eV 

Ac-f Ju~+Y>'l~t /.3b --7 ( 4-8 

JET RESOLUTION for LAR 
(after optimisation for a•BaF2 + P•Pb/LS) 

BaF2<e/1T> = 1.7 LAr<e/TI"> = l.lf-8 
25 ..-----~~~~~~~~~~~~~~~~~---. 

~ 

~ 
~20 
t) 

15 

10 

5 

O'(E)/E (%)= (5,6±0.2) + (31 ±3)/v'E 

50cm BaF2 - 1 .8'-

fine sampling Fe(4mm)/LAr(2.5mm) - 4.3'­

coarse sampling Fe(2cm)/LAr(2.5mm) - 4.4'-

C) 

20 100 1000 
JET ENERGY (GeV) 

constant­
~ term 



28 

24 

20 

16 

12 

8 

4 

0 

MONOJET RESOLUTION - BaF2 + LAr 

500 GeV JET 

JOO 200 300 400 500 
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Thickness of Calorimeter 

1. Punchthrough of 7t and K simulat.es µ. 

Ltot > 10.5 A @ 90° 

2. Leakage fluctuations should not contribute 

to constant t.erm of hadronic resolution 

Ltot > 9.5 A @ 90° 
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Mark Renn~h 
ON. 

Ref: Your letter •GEM Spaghetti Calorimeter De1ign• dated Sept. 30 
1111 

Mark, 

Since our meeting at ORNL on Sept. 17, Drwper, du• to funding ) 
llmltation1, hu not purtued an altemate d11lgn nor develoPid a new 
colt estimate. 

We have no reason to btlleve that the design that you have outlined 
wlll not work and believe st•ongly that It will. 

However, u we stated on tht 17th at OANL llr.Ct In our telecon• since, 
thlra 1tt s!Ani''<""t dlfttr•nct• In our colt !!timate1 and theH 
!!IV! not bMr't reeotved. 

Din Sullivan 

cc: L. Sulak 

PS: October 1, 1991 

In a ltlecon with I.any Monday evtni~. ht 1'9QUtSted that I t11boratt 
on .,. tut 1tattrnent lbove. 
Over fie p111 ,,.., and a hilt, Draptr with BU and many ott\trs hat 
devtloped a mnqeptual iiilAn. flbricat1on mtlhodology. and 
app;l!'!!lt ooe• tor tht spaghetti calortrNter. Vour pre1ent design 
Ii s 111 tD ours in many wa~. At you know, we difftr In certa~n 
k•~ ~r;e:: '!;~~r arics OllOrlmt\er oo~~!~ where ...n. 
bi}i~ r ri1Ufii in an tquafixilgn at lower 
oost. 

Larry: Please bt sure Mark reoelve1 a copy Clf Jb!! before th• 
meeting. 
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September 13, 1991 

A Pizero Identifier for GEM 

The pizero detector serves as a front end of the EM stack. There is of 
course flexibility in the details but we are considering a system 
about 8 cm by 8 cm(covering 16 towers). It would be about 4 XO 
thick with the same plate thickness as the remainder of the stack. 
Alternate gaps would be viewed by x and y strips. The strips would 
have 2 mm pitch and every sixth strip connected together. The 
x strips would be read by 6 channels and the y strips would be read 
by 6 channels. Hence the signals from different sub regions would be 
folded on top of each other. Jon Eisenberg has been Monte Carlo 
testing an algorithm he devised to separate one gamma from two 
gammas. The first tests look encouraging. He is getting 100% 
acceptance of one gamma and a good rejection of pizeros. We are still 
in the process of optimizing the cuts. The pictures accompanying this 
note are for 50 GeV single gammas and 50 GeV pizeros at 85 cm. The 
pizeros are at minimum opening. 
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0 

IDENTIFIER SCHEMATIC 
(Parallel plate geometry) 

8.40 cm _____ __..i 

.;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;~- Y Strips 
------------------,,,n,------------------ - X Strips 

: : : : : 1 

A r- ,>------------- -----•+ ~ + ~ +-- -- ----- -------- -

------------------tttttt------------------
: : : 1 

i ------------------++++++------------------
\~~~~~ ,.........._ ::::· 

l ------------------++++++------------------
: : : : 

Basic Cell . 
1.2 cm-: 

6 Strips 

------------------tttttt------------

X - Amplifiers 

Y - Amplifiers 

··-··-----·- Dots represent 
Incident 
Photon 
Direction 

X - Strips 

signal connections 
and not signal routing 

A-A 

I Basic Cell: 6 Strips ( 1.2 cm) 
f4- -repeated 6 times 

6.50 cm 
(4.1 XO) 

1.5 mm 
Absorber 

l.B mm 
Hexcel spacer 
each gap 

0.193 mm 
Double-sided 
Kapton PC 

Strip 
Interconnections 



Run 2806 E=50.0GeV dist=85.0cm PHOT 

0.06 0.06 0.075 0.075 
0.04 0.04 0.05 0.05 

1 phot. 

0.02 0.02 0.025 0.025 

0 0 0 0 
-4.2 0 4.2 0 3 6 -4.2 0 4.2 0 3 6 

event 1 criteria 
x X mpx y Y mpx 

0.075 0.075 
0.08 0.075 

0.05 0.05 0.05 
1 phot. 

0.04 0.025 0.025 0.025 
0 0 0 0 
-4.2 0 4.2 0 3 6 -4.2 0 4.2 0 3 6 

event 2 criteria 
x X mpx y Y mpx 

0.015 
0.03 0.03 

0.015 

0.01 0.01 0.02 0.02 1 phot. 

0.005 0.005 0.01 0.01 

0 0 0 0 
-4.2 0 4.2 0 3 6 -4.2 0 4.2 0 3 6 

event 3 criteria 
x X mpx y Y mpx 

0.075 0.075 0.08 0.08 1 phot. 0.05 0.05 
0.025 0.025 0.04 0.04 

0 0 0 0 -4.2 0 4.2 D 3 6 -4.2 0 4.2 0 3 6 
event 4 criteria 
x X mpx y Y mpx 



Run 2805 E=50.0GeV dist=85.0cm PHOT 

0.075 0.08 0.08 0.08 1 phot. 
0.05 

0.025 
0.04 0.04 0.04 

0 0 0 0 
-4.2 0 4.2 0 3 6 -4.2 0 4.2 0 3 6 

event 5 criteria 
x X mpx y Y mpx 

0.12 0.12 0.12 0.12 
0.08 0.08 0.08 0.08 

1 phot. 

0.04 0.04 0.04 0.04 
0 0 0 0 
-4.2 0 4.2 0 3 6 -4.2 0 4.2 0 3 6 

event 6 criterio 
x X mpx y Y mpx 

1 1 1 

0 0 0 0 
0 phot. 

-1 _, -1 -1 
-4.2 0 4.2 0 3 6 -4.2 0 4.2 0 3 6 

event 7 criteria 
x X mpx y Y mpx 

0.06 0.06 
0.04 0.04 

0.04 1 phot. 0.04 
0.02 0.02 0.02 0.02 

' 0 ' . ' '\ 0 0 0 
-4.2 Q 4.2 0 3 6 -4.2 0 4.2 0 3 6 

event 8 criteria 
x X mpx y Y mpx 





Run 2807 E=50.0GeV dist=85.0cm PIO 

0.2 0.2 0.2 
0.15 

2 phot. 
0.1 0.1 0.1 0.1 

0.05 

0 0 0 0 
-4.2 0 4.2 0 3 6 -4.2 0 4.2 0 3 6 

event 5 c6teria MR 
x X mpx y Y mpx 

0.2 
0.15 0.2 0.2 2 phot. 

0.1 0.1 
0.1 

0.05 
0.1 

0 0 0 0 
-4.2 0 4.2 0 3 6 -4.2 0 4.2 0 3 6 

event 6 criteria OY MR 
x X mpx y Y mpx 

0.08 0.08 
0., 2 0.12 

2 phot. 
0.08 0.08 

0.04 0.04 0.04 0.04 

0 0 0 0 
-4.2 0 4.2 0 3 6 -4.2 0 4.2 0 3 6 

event 7 criteria MR 
x X mpx y Y mpx 

0.075 0.075 0.12 0.12 
0.05 0.05 0.08 0.08 

1 phot. 

0.025 0.025 0.04 0.04 

0 0 0 0 
-4.2 0 4.2 0 3 6 -4.2 0 4.2 0 3 6 

event 8 criteria 
x X mpx y Y mpx 



Run 2807 E=50.0GeV dist=85.0cm PIO 

0. 12 

0.08 

0.04 

0 
-4.2 

O.C6 

0.04 

0.02 

0 
-4.2 

0.08 

0.04 

0 

0.12 

0.08 

0.04 

0 
0 4.2 0 

event 9 
x 

0 4.2 
event 10 
x 

0.06 

0.04 

0.02 

0 

0.08 

0.04 

0 

3 
criteria 
X mpx 

3 
criteria 
X mpx 

6 

0.2 

0.1 

MR 

0 
-4.2 

0.075 

0.05 

0.025 

0 
6 -4.2 
DY MR 

0.12 

0.08 

0.04 

0 

0 4.2 

y 

0 4.2 

y 

-4.2 0 4.2 
0 

0 3 6 -4.2 0 4.2 
event 11 criteria 
X X mpx 

0.06 0.06 

0.04 0.04 

0.02 0.02 

MR 

0.06 
0.04 

0.02 

y 

0 0 Ql::..W..L.l.JU-l.J...J..J 

-4.2 0 4.2 0 3 6 -4.2 0 4.2 
event 1 2 criteria MR 
X X mpx Y 

0.2 

0.1 

0 

0.075 
0.05 

0.025 
0 

0.12 

0.08 

0.04 

0 

0.06 

0.04 

0.02 

0 

2 phot. 

0 3 6 

Y mpx 

2 phot. 

0 3 6 

Y mpx 

2 phot. 

0 3 6 

Y mpx 

2 phot. 

0 3 6 

Y mpx 



Mean Difference Radius 

0 ti: 50 GeV gamma c 70 

60 

50 

40 

30 

20 

10 

0 
0 1 2 3 4 5 6 7 8 

mean difference radius, mm 

0 ti: 50 GeV piO c 12 

10 

8 

6 

4 

2 

0 
0 2 3 4 5 6 7 8 

mean difference radius, mm 



Mean Difference Radius Cut 

0 70 
c: 5 GeV g 

60 

50 

40 

30 

20 

10 

0 
0 1 2 3 4 

mean difference radius (2mm strips) 

g 90 : x 
80 -

70 -

60 -

50 -

40 

30 

20 -

10 f : ' 
0 

0 

75 GeV g 

I . . I ... , I .. 

1 2 3 4 

mean difference radius (2mm strips) 

g 28 

24 

20 

16 

12 

8 

4 

0 
0 1 

5 GeV pO 

2 3 4 

mean difference radius (2mm strips) 

0 
c 20 

17.5 

15 

12.5 

10 

7.5 

5 

2.5 

0 
0 1 

75 GeV pO 

2 3 4 

• mean difference radius (2mm strips) 



Cut Value 
Ea.Tr 0.03 GeV 
DIPMAX 50 % 

EWIDCUT 50 % 

PEAK CUT 25 % 

ClITMEAN l mm 

NCU1WID 2 strips 

1t o Indentifier 
Cuts 

Description 
amount which a oeak must be greater than 
percentage of larger peak that dip between 
two oeaks must be less than 
percentage of the larger peak that all bins in 
the oeak must be greater than 
percentage of the higher peak that the lower 
oeak must be greater than 
minimum amount that the strip mean must 
be away (radius) from the shower mean 
oosition 
number of strips that a peak must be wider 
than to be considered 2 ohotons 



7to Identifier 
Acceptances and Cut Performances 

incident accept. number of number selected by cuts 
particle photons 
E 0 1 2 mean mean dip dip width width 

(GeVl £%) f%) (%\ f % ) (%) onlv f %.) onlv (%) onlv 

5 y 97 41 56 3 0 0 0 0 3 3 
5 7to 72 25 3 72 69 43 2 1 l 14 2 

10 y 98 30 68 2 1 1 0 0 l l 
10 ~ 82 15 3 82 8 I 56 1 8 0 14 0 
25 y 100 22 78 0 0 0 0 0 0 0 
25 7to 88 7 5 88 85 47 41 2 2 1 0 
50 y 100 1 8 82 0 0 0 0 0 0 0 
50 ~ 84 5 11 84 62 34 56 20 8 2 
75 y 100 17 83 0 0 0 0 0 0 0 
75 ~ 62 7 31 62 39 22 35 I 6 I I 7 

100 y 100 20 80 0 0 0 0 0 0 0 
100 ~ 38 3 59 38 29 21 16 9 2 0 
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Future Cuts 

• Dependence of ECUT (peak threshold) on total shower energy 
will reduce number of zero photon events at lower energies 

• Dependence of NCUTWID on sum of peak energies 
when conversion is deep (lower sum of peak energies) tighten width that 
is considered one photon 

.. 



M. Chen 



How Can Sampling Calorimeters 
Approacr1 Homogeneous Calorimeter~ 

in Energy Resolution? 

A summary of what discussed here: 
LAr, SPACAL, BaF2 , LXe/Kr, ...... . 

A Proposal for Unification 



High Resolution Sampling Electromagnetic Calorimeter 
Using LXe Filled Capillaries 

e {JETSETj Hertzog et al., NIM A294 (1990) 446. 

Pb I Plastic Scintillating Fibre Calorimeter 

• Volume Ratio 
Fibre: Pb: Glue = 0.5 : 0.35 : 0.15 

~ 

I mm diameter fibres placed on comers 
of equilateral triangles of side 1.35 mm. 

Xo = 1.61 cm 

• Test Results 
10 x 10 x 22 cm3 ( l4X0 ) Calorimeter 

Resolution : cr I E = 6.3 % I ...JE 

No. of p.e. I Ge V = 970 

a! .../E = 5.4% /.../E if photo-statistics removed 

% energy deposited in scintillator - 13 %. 

, ,.. 
, 

, 

I , . , -- :--.. .:::__ ,.. 
,.. I 

,.. I 

I 

I ' 

, 

, ,.. 

- -
-- -- --



)ACAL] CERN PPE/91-85 

nlume ratio Pb:Fibre = 4 : I 
1 nm diamter plastic fibres 
J % of incident energy in scint. 
)=7.2 mm, RM= 20 mm 

I~= 12.9%/.../E + 1.2% at 30 

·-~liminary Results front New Tests 
L. ?oggioli 

) mm diameter fibres ( P. C.o~m) 
t keeping the same volume ratio 

2 = 9.5 %.../E + 0.4% at 20 

otoelectron statistics : 500 I Ge V 
:o/o --> 8.4 % 

Angular scan ( 80 GeV e-) 

7 I I I I I 1 I I ,~ 

6 

s 

-
~ 4 0 -
UJ 

' b 3 

2 

1 

0 

~ 

¢ 
(I 

+ 
I) 

• 
·~ 

• 
1 2 

a a/E 

• Constant term 

@f!J New Te.Sf: 

a 

a 
O• a 

(] 

• 
• • • 

~ 
3 4 5 6 7 9 

8 z (degrees) 



Comparison between Three J<r·- nnd XE-! Cn.lor·imet.ers 
·-···-·------·.--·---··------·--·- --- - ·------·-·-- ------ ·- .. -·-···- -·- ---·----~--------·-----·----------·--------·--

Gnp 

'J'h icknnss 
t> f EI oc L r·ocles 

Length of 
Ca I or· i. 111 n L c-H· 

Di nm o L n r· or 
Cn Lor i.meLflr 

Number· of 
lloaclou Ls 

Thickness uf 
l::n l. ra ncD Window 

Energy 
Resolution 

Kr-Ca Lori met.er XP.-CalorimeLc)r 

I U SSI~ - I La l y I IUSSHI [Japan] 

211 111m 12.0 1111n 3 . 5 111111 

(J.5 1nm G-10 50JL m Al I 25 /..L m Kapl.on 
+ 2 x 18,u m Cu + 2.35 µ m Cu 

76 cm(lll.4 X 0 ) 50 cm(l7.7 X 0 ) 70 cm(25.4 x.) 

42 cm(!J.5 x.) 25 cm(~l.O X 0 ) 30 cm(I0.11 Xo) 

I !l 20 

2 mm Fo(0.13 X.)? I mm Fe ( 0 . 0 fi X" ) 

I . 7 % 
Jnr 1.2 GeV 
pos i L r·ons 

3.4 %/J E(GeV) 0.80 % for I GeV 
0.38 1. for 5 Gc!V 
0.30 1. forlO GeV 
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1. Intrinsic sampling fluctuations: 

6E/E = {3.2%) /(Ecr/F)(t/E) 

t= thickness of a layer in Xo; 
Mean fraction of detectable tracks: 
F(z) = ez (1+ z In {z / 1.526)], 
with z = 2.29 Ec/Ecr• 
Better resolution for Xe, Kr, than Ar. 
S tnaller Ecr: 
1 ~l MeV (Xe), 15 MeV (Kr) and ao MeV (LAr), 

2. Higher dE/dx: 
dE/dx(LXe)=3.8 MeV /cm), 
,1E/dx(LKr)=3 MeV /cm), 
dE/dx(LAr)·.-=2.1 MeV /cm. 

3. Fluctuation oi' t10nvlaible en•rlY ( < Ee): 
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LXe Macaroni 

Consider a Calorimeter with volume ratio Pb : LXe = 1 : 1 

• Use capillaries of 900µm diameter and 50 µm wall thickness. 
Effective X0 = 0.93 cm ( 27 Xo = 25 cm!'), RM - 1.9 cm 

'V '" 

• VolumeofLXc-3m3 (large volume cost : 2.5 M$ I m3 / 2) 

• % energy deposited in LXe - 2s % 

• Expected energy resolution ...,. 4% I ~E + b 

Light Yield 

At 175 nm : n(MgF2)- l.45, 

Capture light -10% 

n(L.Xe) = 

# p.e./GeV = 0.25 (.:frod:) 3.l07 (ys/GeV) 0.1 . 0~5 (q .. ~.) 

· use Si photodiodes => Can work in Magnede·flttd 
• 

t 

1.8 

-106 p.e. 



,., Idea can be tested by single tube:Oct. 1991 a11d tl1e11 

full size module:mid-92 
at the level of a protOY(>e that can contain a high energy e.m. shower 

LXe 

• 3'Xo ~ N 23Xo 

' .Advantages compared with Spacal 
Much better fibre to fibre uniformity 
Core material in direct contact with photo-device 
LXe, MgF 2: radiation hard 

rSi photodiodes at low temps are possible more radiation hard 
-;e[triode: calibration with a's .-



Pailles: diametre interieur=4 H7 longueur= 550 mrn 
par 2 couches saudees de Kapton 

face aluminisee MgF2 a l'interieur de le paille 
epaisseur totole paille: kopton 12.5 

kapton 12.5 
thermoscel. 12 

(circonference poille 0 4 = 12.57 ) 

(surface lotole kopton = 1.3827 mm') 

COUPE PAILLE 0 4 

IN TERI EUR I 

face thermoscellable 
ep. ,._,5 microns 

MgF2 (0.8 µ) 

face aluminisee---iiil'A 
0 

ep. < 2000 A 

Kopton 12.'.) rn1crons 

face thermoscellable 
ep. ""6 microns 

\t:_XTERIEURI 

,, t --" ri r on 
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2. Shower fluctuation for a 5x5 cell LXe detector can be re­
uced to 0.25 

x5 LXe cell is big enough to contain high energy electron/photor. 
shown below: , 

LO trans. leak. 
·XS (no long. corr.) 
x5(long. corr.) 

10 GeV lOOGeV 
0.65Y. 
0.65Y. 
O.SY. 

0.39Y. 
0.39Y. -->transv. leak small 
0.25Y. <--depth measurement import 



Conclusions: 

LKr-Accordion and LXe-SPACAL illustrate 
the versability of a Liquid Detector, 

Using Many Liquids for the Same Structure 
and 

Many Structure with the Same Cryostat. 
DE/E = (4/../E + 0.5) 3 

is a perfect match between 
the two terms and for Higgs Physica. 



M. Shupe 
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Physics Requiring a Forward Calorimeter 

Missing !h-
Higgs 

H-+ ZZ-+ t+l-vii 
B-+ ZZ-+ t+t-rf 

New heaTY qm.rks 

SUSY 
Trinic:olor 

~c-+ w*z•-+ t±vt+t- -
Leptoquarks gg-+ P3P3-+ br'1T 

New Gauge Bosons 
w'::1: -+ t± v 

Other sources of boson pairs 
w± zo -+ £±v£+ 1.­
w::1: w::1: --+ [::l:vf::l:v 

w+w- --+ i+vl-v if separable from ti 

Forward Jets 

vv scattering with fonra.rd jet taggi:rng 

Low x physics Tia. forward di-jets 
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10-6 

t 
10 ·9 -L.----1.-__.Ji..----~~-----1 

0 100 200 300 400 500 

Missing Transverse Energy ( Ge V ) 

igure 2 . The missing transverse energy cross section due to neutrino 
~'- _uction ( data points ), whole jet fluctuations into the cryostat edge ( solid 
lamonds ) and "electromagnetic" jet fluctuations ( open squares ) is show. 
he neutrino cross section has ignored processes with energies less than 50 
__ ,, ·~ '-; 1 ~ \h"' other two mecf:::.::isirr:5 h::ve irc1uded tl-,:'<:"'." f";:'r~ies. 
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PYTHIA Events with Pt Threshold = 30. GeV/c 
29-SEP-1991 16:04 
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JETSET 7.3 d-quark jets at eta= 1. 
29-SEP-1991 16:06 

40000 

~O GeV/c 
35000 

30000 

25000 

20000 

15000 

10000 

5000 

0 
0 0.2 0.4 0.6 0.8 1 
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Jet Radial Profiles 
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GEANT Simulation of BNL-LAr W 10 GeV pion x-verse 7-AUG-199111:13 
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10 GeV PIONS - Tungsten LAr Forward Calorimeter 
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10 GeV PIONS - Tungsten LAr Forward Colorimeter 
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10 GeV PIONS - Tungsten' LAr Forword Colorimeter 
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Calorimeter e/h Effects on Reconstructing 
High Pt W/Z ~Hadrons 

G. E. Forden 
University of Arizona 

The fractional energy deposited by secondary r"s ( u givem by GFLASH) : 
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This fraction is used to predict the response of the calorimeter on a shower by shower 
basis using the relation: 

E00s = K(f 11 + (1 -f x~~f 1} En; 
The average response to hadrons given by this model: 
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PllH€£11JL5 
RADIATION RESISTMTY OF DETECTOA MATERIALS 

The f ollowimc; table is 11e&llt to l:lie a rough indication of the doses 
that detector materials can withstand. The first column indieates the 
service life dose, and the second, the dose to failure. The actual 
doses will depend on the dose rate, the type of radiation, temperature, 
mechanical stress, and other paraaeters. 

MATERIAL 

__,. v Connectors 
')( C4bles 

- v Epoxy 
)( Foaa 

-..f' !Capton 
:X. Mylar 
>< Nylon 
X Delrin 
X Si rubber 
X Teflon 
Y. Tef zel 

- v .. G-10 
- ,.· Ceramics 

~ · Standard Elect=cnics 

.. 

SERVICE t>OSE 
(Hrad) 
1000 
5 
500 
50 
1000 
10 
2 
1 
5 
0 
1 
1000 

.Ol-l. 

FAILURE DOSE 
[Mrad) 
10000 
100 
5000 
100 
10000 
200 
50 
10 
50 
o.s 
5 
5000 
10000 
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1:!lW;J. PRESSURE GASEOUS IONIZATION TUBES 

ADVANTAGES: 

•ABILITY TO HANDLE HIGH RATES 

• DRIFT TIME FASTER THAN IN LIQUIDS 

• SPACE CHARGE EFFECT REDUCED 

• UNIFORMITY 

• EASE OF CALIBRATION 

• RADIATION HARO 
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The sampling fraction for a tube cab ineter computed along the random 

path perpendicular to the tube axil ii equal to_ 

• ext t diam CmmJ 10 10 20 20 10 10 •.. 
• gap Cmml 1 2 1 2 1 2 

•P [atm] 50 

.absorber Pb Pb Pb Pb w w 
•sensitive Volume [%] 24 44 13 24 24 44 

'""' ----...-r 
• sampl. frac. [%] .39 .92 .18 .39 25 .60 
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Liquid Scintillator 

vs 

Spaghetti 

vs 

Liquid Argon 

behind BaF2 

Studies at ORNL, presented by Yu.Kamyshkov 

SSCL, October 2, 1901 
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Tail catcher = coarse sampling part 

• Fine sampling part : 20 mm Pb+ 5 mm LS 

- 5 A + l.8A (BaF2 ) 

• Coarse sampling part : 40 mm Pb + 5 mm LS 

,,., 4.5 A. 

• This structure exists in Pb/LS design since 
November last year. Cost of this str;ucture 

is estimated (by M.J .R.) in September 20 book. 

Performance was shown before. 

• Tail catcher saves - 10 cm of radial space, 

reduce number of cells and fibers ( but not 

the number of readout channels) 

• Combined with overall reduction of absorption 

thiclmess down to 10.7A, all uniform 20 mm 

thickness is feasible without increase of radial 

space (outer radius reduces to 3500 mm). 

Number of cells/fibers -> 943 K , trays-> 203 K 

Number of readout channels -> 26 K 
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V. S ho"' t I< o 

Nov l'l'iO 

JET RESOLUTION - GEANT3 
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Liquid Scintillator Hadron Calorimeter ( Version 0.08-2 ) 
Barium Fluoride EU Calorimeter 

TOT Al 10.67 A. 
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Liquid Scintillator Hadron Calorimeter 
Sampling structure scheme 

t Ul\ifo 1"'"'1 J1tm.p Ii Y'I~) 

60 MM 

R 3500 l'lM 

t 
R 1400 l'IPI 

Clearo.nee 
108 MM 

{ 
Support tube 60 MM 

-- 0.36 A 

{ 20 MM f e (wo.ll) 
0.12 >.. 

70 lo.yers 
.. Fine so.ripllng 

20MM/Pb+5MM/lS 
8.34 A + 0.20 A 

f 
40MM Fe 

_,..,.__ 0.24 A. 

f 
E-M co.loril"teter 

-- 1.8A 

TOTAL 10.87· A 

A Pb = 175 MM 

Arr = 168 MM 

A Sci = 1000 MM 
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I.Ver. 08-01 with fine and coarse sampling 
------------------------------------------
40 layers x (20 111111 Pb + 5 111111 LS) + 
19 layers x (40 IDlll Pb + S 111111 LS) 

. Total thickness with BaF2 in front and 
support structure 11.73 lambda 

Outer radius 3605 111111 

-----------------------------------------------rinas cells trays channels 

----------------------------------------------· 90deg 

30deg 

45dq 

3 

4 

8 

endcaps 2 

total 

118k 

172k 

l38k 

179k 

607k 

30k 

43k 

35k 

22k 

130k 

II.Ver. 08-02 - all fine sampling 

70 layers x (20 111111 Pb + 5 111111 LS) 

7.2k 

8.6k 

6.8k 

3.5k 

26.lk 

Total thickness with BaF2 in front and 
support structure 10.87 lambda 

Outer radius 3500 111111 

cells trays channels 
-----------------------------------------------90deg 3 168k 42k 7.2k 

30deg 4 310k 78k 8.6k 

45dea 8 225k 57k 6.Sk 

end caps 2 240k 30k 3.5k 
-----------------------------------------------total 943k 207k 26.lk 

P.8/31 
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Muon radiation losses in HC 
and longitudinal segr11entation 

1. Bremsstrahlung energy measurement. 

In Spaghetti - effect of light att. length 

2. Recognition of muon radiation losses : 

for muons - em clast.ers uniformly distributed 

in radial directions ; for hadrons - charact.eristic 

longitudinal energy deposit profile. 
(MC simulation is due) 

3. Longitudinal segmentation allows to build 

ISOLATED MUON bigger 
(MC simulation is due) 

4. Longitudinal segmentation and brick.wall 
structw-e of readout cells improve 
the accuracy of muon tracking in HC 
(MC simulation is due) 
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25°/o/ll 

Pb/LS (fine. f'ut,20m111): 31.S"lo /ve 
Pb/LS(coa.Yse. fArt)40m...,): 50%/V§ 

RESOLUTION for e-m showers from MUON energy loss 

40 
.A. SPAGH1:tTI calorimeter h • 2.9m 

35 Y SPAGHEITI calorilMte A.• 4.0m 

30 
0 PB.LS calorlTMt~r -fiM sampling 

D PB·LS calorimeter ·Coarse sampUng 

25 

20 A• 2.9m 

15 A= 4.0m 

10 

5 

25 50 75 100 125 150 175 200 

E-M SHOWER ENERGY (GeV) 
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Fiber 11holes11 in spaghetti 
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P. ll/31 
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P.14/31 

MUONS IN SPAGHETfl CALORIMETER - 5mmjibers 
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COMPARISON OP LIGHT YIELD FOR MUONS AND HADRONS 

I SPAGHETTI 

Start with muons. Muon assumed to be MIP. 

1. Path in fiber ( L(module)•2m1 fraciton of fiber 1/5 vol.) 

<l>•200cm/6.33.3cm 

2. Energy deposit by KIP in polystyrene 

Edep•<l>*dE/dx•33.3cm*2.01MeV/cm•67.MeV 

3. LiJht output 60% Anthracene (61 eV/photon in A11thracene) 

Nphot=67.KeV•0.6/(61eV/photon).659,000 photons 

4. Captured in fiber via total internal reflection anzle 
21.4 deiree --> aperture 3.4%. 
[Bill Vorstel mentioned total int. reflection anile of 
15 degree; this will result in aperture 1.7%} 

Nphot•659,000•0.034•22,400 photons 

5. Light yield averaged by fiber attenuation 
(Latt•l.8m, no filter, no mirror) 
Y•Latt/Lmod*(l.-exp(-Lmod/Latt))•62% 

Nphot•22,400*0.62.13,890 photons 

6. Pilterinz (lambda < 450 rua) increases fiber uniformity but 
reduces reaponse be aver&Be factor 0.327 +- 0.057 
[Data from z-scan long John, R.Vigmans, Calorimetry in HEP, 
Lecture at CERN, January 1989) 

Nphot.13,890*0.327-4,542 photons 

7. Splicing of 3 111111 SF with 1 mm clear transport fiber (factor < 1/9) 

Nphot•4,542*l/9-505 photons 

8. 20% loss due to light concentrating/mixing interface 

Nphot•505•0.8a404 photon• 

9. Por PMT R2490-05 1 Q.B. 16% for lambda > 450 nm 
(Q.E. 22% for lambda 390 nm) 

------> Response (MIP) • 404•0.2 • 65 p.e./HIP 

10. Average muon eneriY loss in spaghetti 2m long module - 1.94 GeV. 
mule ratio for Pb sampling structure is - 1.6 
[see for example R.Viirmans, Advances in Hadron Calorimetry, 
CERN-PRE/91-39, 25 February 1991) 

~-~-> Response Cl GeV hadronic energy) • 65/1.94/l.6 • 21 p.a. 

P.17/31 
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COMPARISON OP LIGl!T nEJ..D POlt MUONS AND BADltONS 

II.SPAGHETTI ( Bill Vorstel estimate), 
-----~--------------------------------

l.H•a•ured reapons• - 400 photoel•ctros/GeV for 111111 fibtlr1. 

"AS NOTED IN TBE BASELINE DESIGN RIPORT, SPACAL MEASURED A FILTBllBD 

LIGHT YIELD OF 400 PE/GEV VlTH lMK FIBERS. TBE QUANTUM EFFICIENCY FOR 

THE PKT USlU> VAS COMPABABLE TO THAT OP A It2490, THI 3-1 TRANSITION 

LOSES A GEOMETRIC FACTOR OF 9, AND! VITB UP TO 20% LOSSES COMBINED FROM 

INTERFACES ON! IS DOVN TO 36 P!/GBV." 

2.take into account 311111-~>1111111 aplice 1 

------> 400•0.!9/9 •. 36 p.e./GeV · · 

"I BELIEVE PROK SP.ACAL A KIP IS. ABolJT 4 G!V EQUIVALENT (I VILL CBJCX . . 
THIS, BUT SEE FIGIJl\E 9 IN TB! BASE;LINE DESIGN REPORT). THIS IS 

CONSISTENT VITB 20 MeV/cm dE/dX. Thus I'd say about 150 PB/mip." 

------> 

3, HIP in GeV I 

Butactic1 dB/dx-11.0HeV/cm (49%) 
Lead : dl/dx·l2.8Mef/cm (61%) 
Fiber • clB/dx• 2.0MeV/cm (1:5) 

-----------------------~---------

L-2m -~> MIP • 1.94 GeV ---> HIP ~ 70 p.e. 
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COHPAllISON OP LIGllT YIELD FOR MUONS AND BADRONS 

III. PB/LS SAMPLING CALORIMITBR 

l.K•aeured response (from t••t cell with 2m transport fiber) 

Nl • 4 p.a. 

2.Por 59 planes in calorimeter : 

------> Response (mu) • 236 p.e./MIP 

3.In Pb/LS calorimeter L(lead).156cm,d!/dx•l2.7KeV/cm KIP.1.98GeV 

L(acnt).27.5cm,dB/dx•l.7MeV/cm KIP~46.7KeV 
-------------------------~---------------MlP•2.03GeV 

------> Response (h) • 236/2.03 • 116 p.e./GeV 

P.19/31 
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Calibration & Monitoring 

I. Sp~hetti : Co-60 or sc-137 lllDVing source in 2.7% of towers. 

Calibration signal • 0.6 p.e. 

DC measurements are required (each source > 10 mCi) 

II. Liquid Scintillator 1 U-235 source in every cell 

calibration sienal • 8 p.e. approx. 

with 900 Hz rate calibration to 1% within minutes 

III. Liquid Areon Test pulse at every pre1.111plifier input 

(Radiation stability of test circuit components ?) 
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MAJOR NON - SENSITIVE (DEAD) REGIONS in HC 

I. Spaghetti Projective separation between barrel and endcaps 

II. Liquid Scintillator 1 most compact cable way break 

(naadad only for cables) 

III. Liquid Arfon 1 Lara• aap (due to cryostat) between barrel and endcaps. 

P.21/31 
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Spaghetti 

Beam Tests of Towers/Modules 

Vill it be possible to measure individual towers or 

group of towers in the test beam before assembly ? 

II. Liquid Scintillator 256 individual transportable and testable modules 

III. Liquid Argon Vill it be possible to measure the response of the BC 

with BaF2 in front prior to installation in the pit? 
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llhat vill happen if one PMT or amplifier board will die ? 

This consideration is particulary important because front end 

readout elements (PMTs and preamps) are practically non-accessible 

Spaihetti : Consequences for missi111 Pt measurements has 

to be understood by MC simulations 

P.23/31 

II. Liquid Scintillator : With "robust readout option" (interleaved layers 

10 to different photocathodes; double number of 

PMT) - almost no changes in response and resolution. 

Included in base line cost estimate (Sept. 20) 

III. Liquid Arion interleaved robust readout is feasible. 
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Sopport tube 

I 
I 

~ 
I 

rR 3600 r R 3540 

SEGMENTED PMT 
PHDTDCATHODE 

I I I I I I I I I I 
I 11111 11111 

~ 

I co 

1~ ~ - READOUT 
TD\JERS 

11111 11111 
11111 11111 
11111 11111 
11111 11 II I 
I II II I I I II 

l=:===::Wi-1====1:1:::.!::i II I 
====i=t==lll : 

'= ::!::::::====F=~ll I 

Version of robust LS fiber readout 
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MODEL OP LIGHT COLLECTION IN IRRADIATED FIBER 

(see A.Maio, CERN 90-10, ECPA 90-133, vol 3, Dec 1990) 

Irradiation affects local light output as well as light absorption 

lallftb in the fiber. This model fits experimental data for 

follovillf scintillatin1 fibers : SCSN38,SCSN81,S101A,3BP,3BP+PTP; 

1.Local ligbt output depends on dose exponentially 1 

(1) I(z,D(x))•IO•exp(-D(x)/g); D(x) - dose of irradiation; 

2.Absorbtion of light depends linearly on dose 1 

(2) k(X)•ltO+a*D(x); 

k(x)al/Latt(D(x)), k0.1/LattO (nonirradiated); 

dI(x,D) 
(3) -~~- • - I(x,D(x))*(ltO+a*D(x)); 

dx 

3.Expression (1) and solution of (3) give dependence of light 

output on doze and on light emission distance x : 

(4) I(x,D)-IO•exp(-D(x)/g)*exp(-x/LattO)*exp(-a*D'), 

where D' is int~rated dose from 0 to x; 

D' • Inteiral (O,x} D(z)dz ; [D']-Mrad•cm 

P.26/31 
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PARAMETERS a AND I IN FORMULA ( 4) POR DIPPEBENT PIBIRS 

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

I - parameter describinr liaht output reduction 
[1)•Mrad ( the larger - the better ) 

a - parameter describin1 light attenuation lenath reduction 
l•l•l/(Krad*cm) ( the s111aller - the better ) 

P.27/31 

+--------------+--------------+--------------+--------------·--------------+ 

SCSN81 

I RB-1 I 
I assumed I 
I to be batter I than SCSN81 I 

I 
BCP-91 I 

(Version 1) 
I 

I I 
BCP-91 I BCP-98 I 

(Version 2) (clear fiber)! 
I I 

+------+-~----+------+-----~+------+-------+-~---+-------+------+-------+ 

I a I I I a I I II a II I I a I g I a I I II 
I I I I I I I I 
+------+-------+------+--~---+------+-------·------+-------+------+-------+ I 
j0.0043 
I 

I I I I I I 
63.1 10.00401 66.01.oooos1 20.0 1.000081 125. 

I I 
1.000021 

+------+-------+------+-------+------+-------+------+-------·------·-------+ 
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Spagetti calorimeter 
Nonunif ormity of response 

11 = 3, 
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15 
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0 
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JET RESOLUTION - GEANT3 
8oF

2 
+ Spagetti HC 

1/ = 3. 

34 
<> 5years~10 

o(E)/E (lS)• (4.8:1:0.2) + (48:1:2)/.IE 

J4 
2yeom10 A 

11(E)/E ('.;)• (2.t:l:O.z) + (49:U)/vt 

Before irrodlotlon O 

•(E)/E (is)• (2.0:1:0.2) + (Ot :U)/..t: 

20 100 
JET ENERGY (GeV) 

~ 

1000 
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Liquid scintillator calorimeter 
Nonunif ormity of response after calibration 

11 = 3. 

- - - • • • · Before lrrodiotion 

..... -... ' 2 yeo,.o 1 r/4 

s y90r901"4 
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0 25 50 75 100 125 150 175 200 
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JET RESOLUTION - GEANT3 
BaF' + J..S HC (Version 2) 

2 "-

1J = 3. 

34 
5 years~10 ~ 

v(E)/E (~)· (2.9::t:0.2) + (49::t:2)/~ 
Before irrodiotion o 

v(E)/E (~)- (1.8::t:0.2) + (~O:t:2)/v'E 

20 100 1000 
JET ENERGY (GeV) 
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