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Abstract: 

Agenda, list of participants and transparencies contributed to the Forward 
Calorimeter Design Meeting held at the SSC Lab on November 18, 1991. 



Memo to: 

From: 

Re: 

Steve Chae, Geoff Forden, Edward Kistenev, Don Makowiecki, 
Leif Shaver, Mike Shupe, and Bob Webb 

John Rutherfoord, 11/13/91 

GEM Forward Calorimeter Meeting 

As you already know we have scheduled a meeting on GEM forward calorimetry 
in Tucson on Monday, November 18th. The meeting will be in the physics 
department room 486 starting at 9:00 AM. I am Fed Ex'ing a campus map with 
the Physics/Atmospheric Sciences building on it. Room 486 is in the north 
east cornor of the building on the 4th floor. 

Some of you don't know Steve Chae. He is the engineer from Oak Ridge who 
will work on forward calorimetry. Much of the information imparted at this 
meeting should be directed towards him so he can get up to speed as quickly 
as possible on our physics and technology requirements, constraints, etc. 

A suggested agenda might include 

Physics requirements (J.Rutherfoord, ... ) 
General simulation (M.Shupe) 
Integration issues and constraints (J.Rutherfoord) 
Technology choices (Please include problem areas) 

High pressure gas option (E.Kistenev, D.Makowiecki) 
Spaghetti liquid scintillator option (R.Webb) 
Liquid Argon option (G. Forden, L.Shaver) 

R&D plan, budget, time schedule, coordination (Much of this is done but we 
still must write up a proposal. Some of you already have some verbiage 
that should do the job.) 

Decision process and timing 
What happens after the technology choice is made 
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Physics Requiring a Forward Calorimeter 

Missing ET 

Higgs 
H --1- Z Z --1- f.+ R.-v:;; 
H - ZZ - f.+f-rr 

New heavy quarks 

SUSY 

Technicolor 

P± - w±zo - f.±vf.+f-TC _ 
Leptoquarks gg -+ PaPa --1- lrrbT 

New Gauge Bosons 
W 1± --1-f.±v 

Other sources of boson pairs 
w± zo - f.±vf.+ ,e
w±w± - f.±ve±v 
w+w- - .e.+v.e.-v if separable from tt 

Forward Jets 

VV scattering with forward jet tagging 

Low x physics via forward di-jets 
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WW fusion process pp-> qqH. Dashed line is the signal and the full line is the QCD background. 
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::<"igure 2 . The missing transverse energy cross scetion due to neunino 
?fL _uction ( data points ), whole jet fluctuations into the cryostat edge ( solid 
iiamonds) and "electromagnetic" jet fluctuations (open squares) is show. 
The neunino cross section has ignored processes with energies less than 50 
GeV while the other two mechanisims have included these energies. 



PYTHIA Events. Minimum bics 

Vertical axis is logarit~.m of number of events 
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PYTHIA Events. 30 Gev Ptmin 

Vertical axis is logarithm of nwnber of events. 
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JETSET 7.3 d-quark jets at eta= 1. 
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BNL Pb-LAr Test Beam Colorim. 
7-AUG-1991 13:40 
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GEANT Simulation of BNL-LAr W 10 GeV pion x-verse 
7-AUG-199111:13 
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SI muLl1:rle1NS w llH c;~ -s.1+ (€6-s+..,, 
• IPF!S - 1. !DRAY - 1. 
• !BREM • 1. IHADR ,;. 3. 
• IDCAY - 1. !LOSS - 3. 
• !RAYL • o . 
• 
• Special TPAR for TMED 1 w 
• -------------------------• CUTGAM= 10.00 KEV CUTELE= 10.00 KEV 
• CUTHAD=l00.00 KEV CUTMUO"' 1.00 MEV 
• BCUTE = 10.00 KEV BCUTM =100.00 KEV 
• DCUTE = 10.00 KEV DCUTM = 10.00 KEV 
• !PAIR = 1. I COMP = 1. 
• IPFIS .. 1. I DRAY - 1. 
• !BREM .. 1. IHADR • 3. 
• IDCAY = 1. !LOSS = 3. 
• !RAYL • o. 
• 
• 
• Special TPAR for TMED 2 KAPT 
• ------~-----------------* CUTGAM• 10.00 KEV 
* CUTHAD=l00.00 KEV 
* BCUTE = 10.00 KEV 
* DCUTE = 10.00 KEV 
* !PAIR= l. 
* IPFIS = 1. 
* !BREM= 1. 
* IDCAY • l. 
* IRAYL • 0. 

CUTELE• 10.00 
CUTMUO= 1. 00 
BCUTM =100.00 
DCUTM • 10.00 
!COMP • 
!DRAY = 
IHADR = 
!LOSS = 

KEV 
MEV 
KEV 
KEV 
1. 
1. 
3. 
3. 

IANNI - 1. • 
!MUNO • o. • 
I MU LS - 2. • 

• 
• 

'/G N ~.,-"El\l • 
• 

CUTNEU•l00.00 KEV • 
• 
• 

PPCUTM= 10.00 MEV • 
IP HOT - 1. • 
IANNI - 1. • 
!MUNO - o. • 
I MU LS - 2. • 

• 
• 
• 

l<lt PT<:;1'J • 
• 

CUTNEU•l00.00 KEV * 

PPCUTM= 
IPHOT • 
IANNI • 
IMUNU • 
IMULS • 

10.00 

• 
* 

MEV • 
1. • 
l. • 
0. • 
2. * 

* • 
----'!~~ C. r ·-rrFF.S A. f!.'C I ¢ JC e V E°fYI J 

••••• GPHYSI error for material nr 18 
Tracking medium NR 2 and 13 have different parameters 

• • 
* Special TPAR for TMED 3 LAR h1Ci)u11J 9'UJt5rJ • 
* ------~----------------- • 
• CUTGAM= 10.00 KEV CUTELE= 10.00 KEV COTNEU=l00.00 KEV • 
* CUTHAD•l00.00 KEV CUTMUO= l.00 MEV • 
* BCUTE"' 10.00 KEV BCUTM =100.00 KEV • 
* DCUTE • 10.00 KEV DCUTM • 10.00 KEV PPCUTM= 10.00 MEV * 
* IPAIR • 1. ICOMP = l. IPHOT = l. • 
• IPFIS = l. IORAY = l. IANNI = l. * 
* !BREM = l. IHADR = 3. IMUNU = o. * • IDCAY = l. !LOSS • 3. IMULS = 2. * 
* !RAYL = o. • 
• • 
••••• GPHYSI error for material nr 17 

Tracking medium NR 3 and 14 have different parameters 

• • 
• 
• 
• 
• 
• 
• 
• 

Special TPAR for TMED 4 cu 

CUTGAM= 10.00 KEV 
CUTHAD=l00.00 KEV 
BCUTE = 10.00 KEV 
DCUTE = 10.00 KEV 
!PAIR - l. 

CUTELE= 10.00 KEV 
CUTMUO= l. 00 MEV 
BCUTM =100.00 KEV 
DCUTM = 10.00 KEV 
ICOMP = l • 

• 
• 

CUTNEU=l00.00 KEV * 
* • 

PPCUTM= 10.00 MEV * 
IPHOT = 1. * 



Calorimeter e/h Effects on Reconstructing 
High PtW/Z ~Hadrons 

G. E. Forden 
University of Arizona 

The fractional energy deposited by secondary 7t°'s (as given by GR.ASH) : 
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This fraction is used to predict the response of the calorimeter on a shower by shower 
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The average response to hadrons given by this model: 
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W-1.Ar Forward Cal: 200 GeV /c Pions 
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SIGNAL AND eesoLO'TlONS IN W-LAR FCAL 
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FCAL CONCEPTUAL DESIGN REPORT 
(Outline) 

1. Physics with a forward calorimeter 
Missing pT (lots of examples, e.g. SUSY) 
Tagging jets (speculative but important, WW fusion) 
Irreducible limits (Heavy quark neutrinos) 
Properties of jets at large eta 

2. Physics requirements 
Need to measure Jets to measure global pT of an event 
Properties of EM and hadronic showers 
Depth in lambda 

3. Geometry which satisfies physics requirements 
D=6.0 meters, segmentation, shower containment 
How close to beam pipe 
Other options 

4. Radiation levels, etc. 
Materials handling 
Activation and decay times 
Radiation damage to components and electronics 
Neutron albedo in central tracker 
Spray into muon chambers 
Heating and heat removal 

5. Technologies (Include strengths and weaknesses) 
Liquid Argon 

Plates 
Tubes 

Liquid scintillating spaghetti 
High pressure gas 

6. Integration 

cdr.txt 
11/18/91 

· Support 
Beam pipe 
Readout electronics, cables, timing, etc. . / ~ 
Interference with other systems .s"f~~;I /"-le ~ ,6:1.r I I I • 

7. Costs -.~ ... •I Met• 1 .... '"- fr e.c.K. "'~ 
Depends on technology choices for the central and endcap cals. Vol~*'-
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HIGH 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 HARD 
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ELectt-ic4l ScJ.e..,.t;c. o, Towers 

a bSol-- be tr- Col--e. : Pb_, W 

() bSoe--be&- l--od. : Pb w DU 
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The sampling fraction for a tube calorimeter computed along the random 

path perpendicular to the tube axis is equal to _ 

• ext t. diam [mm] 10 10 20 20 10 10 .,.. 

.gap [mm] 1 2 1 2 1 2 

•P [atm] 50 

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

• sampl. frac. [%] .39 .92 .18 .39 .25 .60 
- - - - ·-- .. -- - -
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Fig. 125 Christophorou cl al (1979) 
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Figure 3: Plotted is drift velocity as a. function of electric field a.nd pres· 
sure for different percenta.ges of dopa.nts. By va.rying the pressure and a.mount 
of dopa.nt we are able to· operate at comfortable voltages without substan· 
tially increasing the drift time. 
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SUMMING BOARD 

CERAMIC SPACER 

BARREL SUPPORT 

STAINLESS STEEL CATHODE 
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Figure 5: An enlarged view of the ionization ch11.mber. Notice th11.t there 
are no active elements on the summing boards which are located inside the 
preaaure manifold. 
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Figure 6: An end view of the high pressure ioniza.tion cha.mber. 
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• t~ns1t1iS510t\ Line. [i!o] = so.n. 
• c!etecto t- capacitance ( c.a = 4-00 rP 
' rise tit11e pr~a.1t1 p [ti-]; :io ~sfC.. 
~ pe.~Ki~~ t;i,.,e; dap~t- [tr]= ~ µste.. 

' 

~ delta. 'resportse 

convoluted wilh t6,.;~t = 50 t.Jse.c 

-a -8 -7 -1 
1.5 10 1.75 10 2. 2.5 10 7 .5 10 ~-

Figure 7: Simulations of the response of the proposed electronic cha.in to 
a. delta. pulse and convoluted wiLh the detector signal. 
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Figure 8: A simulation of the energy noise (MeVJ as o. function of dela.y 
time in the transmission line wluch connects the calorimeter to the external 
electronics. We ba.ve assumed for these calculations a gas mixture of 10%0 F'4 

and 80%Ar with an operating pressure of 50atm and t.srlJt = 30N aec. The 
absorber material was 25xo of tungsten witli a tube diameter of lOmm and a 
lmm gas gap. Nine tubes were summed together for a tower sizeo£3cmx3cm 
and a detector capacitance of 400p/. 
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10 mm 

Tube layout 
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Tube layout 
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1 
2 
3 
4 
5 
6 
7 
8 
9 

19 
11 
12 
13 
14 
15 
1 6 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
39 
31 
32 
33 
34 
35 
36 
37 
38 
39 
411 
41 
42 
43 
44 
45 
46 
47 
48 
49 
59 
51 

Table of Rodi i for GEM forward Calorimeter 
(calorimeter positioned at z•5.00 m from IR) 

dimensions given in cm 

eta 
2.50000 
2.55000 
2.60000 
2.65900 
2.70000 
2.75000 
2.80000 
2.850110 
2.90000 
2.95000 
3.11011110 
3.05000 
3. 101100 
3.15000 
3.2011110 
3.2511110 
3.300110 
3.35000 
3.400011 
3.45000 
3.50000 
3.55000 
3.60000 
3.650011 
3.70000 
3.750110 
3.80000 
3.85000 
3.900119 
3.9591111 
4.1100110 
4.05000 
4.100110 
4.15009 
4.20000 
4.25000 
4. 30ee0 
4.35ee0 
4.40000 
4.45000 
4.50000 
4.550011 
4.60000 
4.65000 
4.7ee0e 
4.75000 
4.800011 
4.850011 
4.90000 
4.95000 
5.00000 

theta( rad) 
. 15380E+00 
. 15585E+00 
.14827E+00 
. u101E+00 
. 13421 E+00 
. 12768E+00 
. 12147E+00 
.11556E+00 
. 10994E+00 
. 10458£+00 
. 99492E-111 
.94647E-01 
.90038E-01 
.85652£-01 
.81479£-01 
.77510£-01 
. 73733£-01 
. 70140£-01 
.66722£-01 
.63470£-01 
.60376£-111 
.57433£-01 
.54634£-01 
.51971£-111 
.49437£-01 
.47027£-01 
.44734£-01 
.42553£-111 
.40478£-01 
.38595£-01 
.36627£-01 
.34841£-01 
.33142£-111 
.31526£-01 
. 29989£-01 
• 28527£-01 
.27135£-01 
.25812£-01 
.24553£-01 
.23356£-111 
.22217£-01 
.21134£-01 
.201113£-01 
.19123£-01 
.18190£-01 
.17303£-01 
.16459£-01 
. 15656£-01 
. 14893£-01 
.14167£-01 
.13476£-01 

500 679 
.82642£+112 .11223£+03 
. 78561 E+02 . 10669£+03 
.74686E+02 .10142E+03 
.71006£+02 .96426£+02 
.67510E+02 .91679£+02 
.64190E+02 .87170£+02 
.61036E+02 .82887£+02 
.58039E+02 .78816£+02 
.55190E+02 .74948£+02 
.52483£+02 .71273£+112 
. 49911 E+02 . 67779 E+02 
.47465£+02 .64458E+02 
.45141E+02 .613111E+02 
.42931E+02 .58300£+112 
.40830E+02 .55447E+02 
.38833£+02 .52735E+112 
.36933£+02 .50156E+ll2 
.35128E+02 .47703E+02 
.33410E+02 .45371£+02 
.31778E+02 .43154£+112 
.30225E+02 .41045£+02 
.28748£+02 .39040£+02 
.27344E+02 .37133£+02 
.2611119£+112 .35320E+02 
.24739£+02 .33595£+02 
.23531E+02 .31955£+02 
.22382£+02 .30395£+02 
.21289E+02 .28911E+02 
.20250E+02 .27500£+112 
. 19262E+02 . 26158£+02 
.18322E+02 .24881£+02 
.17428E+02 .23667E+02 
.16577E+02 .22512£+112 
.15768E+02 .21413E+02 
.14999E+02 .20369£+02 
.14267E+02 .19375E+02 
. 13571 E+02 . 18429£+02 
.12909£+02 .17530E+02 
.12279E+02 .16675E+02 
.11680£+02 .15862£+02 
.11110E+02 .15088£+02 
.10568E+02 • 14352E+02 
.10053E+02 .13652E+02 
.95625E+01 .12986E+02 
.90960E+01 .12352£+02 
.86523E+01 • 11750£+02 
.82303E+01 .11177E+02 
.78289E+01 .10632E+02 
.74470£+01 .10113E+112 
.79838E+lll .96197E+lll 
.67383£+111 .91505E+01 

I I 

819 
. 13537E+03 
.12868E+03 
. 12234£+03 
. 11631 E+03 
.11058£+113 
. 10514E+ll3 
.99977£+02 
.95067E+02 
.911402£+02 
.85968£+02 
.81754E+02 
. 77748E+02 
.73941E+02 
.70321£+02 
.668811E+02 
.63608E+02 
. 60497E+02 
.57539E+02 
.54726E+02 
.52052E+02 
.49508E+02 
.47090E+02 
.44790E+02 
.42602E+02 
.40522E+02 
.38543E+02 
.36662E+02 
.34872E+e2 
.33170E+e2 
.31551E+02 
.30011E+02 
.28547E+02 
.27154E+e2 
.25829E+e2 
.24568E+02 
.23370E+02 
.22229E+e2 
.21145E+02 
.20113E+02 
. 19132E+02 
.18199E+e2 
.17311 E+02 
.16467E+02 
.15663E+e2 
.14899E+02 
.14173E+e2 
.13481 E+02 
. 12824E+02 
.12198E+02 
.11603E+02 
. 11037E+02 

I 
t--- Tower Boundaries 1------'---- I 

Lead Version 

, _____________ , ___ , 
<----1 I 

Tungsten Version <-------1 

Thie calorimeter has o total of 704 Towers/end with eac~ 
one being readout via a photodevice of the same type being developed 
for the central SPACAL colorimeter. Four of these towers ore then 
grouped together to form a Super-Tower for construction and assembly 
purpoaes(176 euper-towers/end). The eta-phi segmentot1on chosen 
haa been strongly influenced by the fact that the smol leat sensible 
unit of segmentation for the forward hadron calorimeter should be 
comparable to the size of a typical shower Jn this device. 

azimuthal 
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Each EM section is followed by a HAD section 
consisting of 3 mm diameter fibers and lead alloy 
in the volume ratio 1:5. These fibers will be exactly 
projective and have no mirroring on the front ends 
because of the larger attenuation lengths expected 
for 3 mm fibers. Fibers will end flush with the lead 
at the readout side and will be coupled through an 
optical fiber bundle to photomultipliers. Each fiber 
bundle is embedded in lead to increase the shielding 

~-

"·~ 
Et"""'" _']] __ _ 

\ 

-- I 

~ 
I - - l 

of the muon chambers. The assembly of integrated 
towers and their installation into a complete 
calorimeter is illustrated in Fig. 2-4. Properties of 
the design arc listed in Table 2-2 and Fig. 2-5. 

A preliminary manufacturing design for all 
components of the scintillating fiber calorimeter 
has been developed [7]. For EM and HAD sections, 
fibers are fed in parallel from large numbers of 
spools through die-cast precision positioning plates. 

(I) 

(e) 
(d) 

(g) 

Figure 2-4 Construction deraiu of the SPACAL design. (a) Coupling of0.5 mm EM fibers ID 3 mm HAD fibers; 

( 

( 

(b) single tower; ( c) coupling of fibers to PMTs, dashed area will be filled with lead alloy; ( d) ring detail; ( e) super- (-_· 
ring; (f) central barrel; (g)full calorimeter. 
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Catai:ory Tot tits $K/UNIT Units Costs Costs 
W/Spa. Had. W/Spa. Had. 

1.00 Material 
1.10 Lead 201.6 S.58 Mt on $1,124 $1,124 
1.20 SS tubine 7.63E+05 0.0010 Meters $763 $763 
1.30 MgF2 coating 7.63E+05 0.0010 Meters $763 $763 
1.40 PMT's 2816 0.30 Each $845 $845 
l.SO SheathS 352 1.50 Each $528 $528 
1.60 Light Guides 2816 0.10 Each $282 $282 
1.60 Spacers 352 0.20 Each $70 $70 
1.70 CaUb.Loom 30 2.00 Each $60 $60 
1.80 Liquid Scint. 4494 0.01 Liters $45 $45 

2.00 Readout 
2.10 PMT's 2816 0.30 Each $845 $845 
2.20 Electronics 2816 0.25 Channels $704 $704 

3.00 Structure $500 $500 

4.00 Therm.al Cont $150 $150 

.-._/ 5.00 Liquid Handlin2 2 100.00 Systems $200 $200 

6.00 Fab& Ass. 
6.10 Fab,A§ & Test 30 0.045 M-H/tower $3,802 $3,802 
6.20 Tooling $1,500 $2,500 

7.00 Testin2 $750 $750 

8.00 Transport. $100 $100 

9.00 Installation 
9.10 Install. Labor 5550 0.045 Man-Hour $250 $250 
9.20 Install. Equip $500 $500 

Direct cost $13,780 $14,781 
£DIA 25% $3,445 $3,695 

Base Cost $17,226 $18,476 
Contine:encv 40% $6,890 $7,390 
Subtotal $24,116 $25,866 
R&D 11% $2,653 $2,845 

Total $26,768 $28,711 

MARK RENNICH/OAK RIDGE NATIONAL LABORATORY/ 8121191 
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Scintillatin~ Fiber Forward Hadron Calorimeter Costs 
(front face at 5 meters from IR) 

ITEM CATEGORY Total SK/ Units Cost Cont 
Units Unit 

1.00 Material 
1.10 Lead 41.2 5.58 Mton 230 
1.20 SS Tubing(3mm) l.67Xl0° 0.001 Meters 167 
1.30 MgF 2 coating 1.67Xl0° 0.001 Meters 167 
1.40 Sheaths 224 1.50 Each 336 
1.50 Light Guides/Mixers 1792 0.1 Each 179 
1.60 Spacers 224 0.2 Ea.ch 45 
1.70 Calib. Loops 30 2.00 Ea.ch 60 
1.80 Liquid Scintillator 1060 0.010 Liter 11 

2.00 Electronics 
2.10 PMT'S 1792 0.3 Each 538 
2.20 Electronics 1792 0.25 Channels 448 

j 3.00 I Structure I j 500 

J 4.00 I Thermal Control J I 90 

I s.oo I Liquid Handling I 2 1100 I System 1200 
6.00 Fab. & Assembly . 
6.10 Fa.b. Ass. & Test 30 0.045 MH/tower 1210 
6.20 Tooling 1500 

7.00 Testing 750 
7.10 Test Beam 
7.20 Test Beam 

Equipment 

I 8.00 I Transport 1100 
9.00 Installation 
9.10 Install. Labor 5556 .045 Man Hour 250 
9.20 Install. Equip. 500 

DIRECT COST 7281 
EDIA 25% 1820 
Base Cost 9101 
Contingency 40% 3640 
Subtotal 12741 
R&D 11% 1402 
TOTAL 14143 
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Scintillating Fiber Forward Hadron Calorimeter Costs 
(front face at 10 meters from IR) # 

ITEM CATEGORY Total $K/ Units Cost Cont 
Units Unit 

1.00 Material 
1.10 Lead 112.8 5.58 Mton 629 
1.20 SS Tubing(3mm) 4.57X10" 0.001 Meters 457 
1.30 MgF 2 coating 4.57Xl0° 0.001 Meters 457 
1.40 Sheaths 224 1.50 Each 336 
1.50 Light Guides/ Mixers 1792 0.1 Each 179 
1.60 Spacers 224 0.2 Each 45 
1.70 Calib. Loops 30 2.00 Each 60 
1.80 Liquid Scintillator 2940 0.010 Liter 30 

2.00 Electronics 
2.10 PMT'S 1792 0.3 Each 538 
2.20 Electronics 1792 0.25 Channels 448 

I 3.00 I Structure I I 500 
I 4.00 I Thermal Control I I 90 
I s.oo I Liquid Handling I 2 1100 I System 1200 

6.00 Fab. & Assembly 
6.10 Fab. Ass. & Test 30 0.045 MH/tower 1210 
6.20 Tooling 1500 
7.00 Testing 750 
7.10 Test Beam 
7.20 Test Beam 

Equipment 

I 8.00 I Transport 1100 
9.00 Installation 
9.10 Install. Labor 5556 .045 Man Hour 250 
9.20 Install. Equip. 500 

DIRECT COST 8279 
EDIA 25% 2070 
Base Cost 10349 
Contingency 40% 4140 
Subtotal 14489 
R&D 11% 1594 
TOTAL 16083 
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I• 1077 mm --.i 

]874mm 

External Rail Support 

Liquid Argon Forward Calorimeter 
Argon Vessel Support System 

Slide Bearing 

Centering Pin 
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Plate Mounting Rails 
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Forward 5 

Spacer Compression Springs 

Tie Rod 

Tie rods/12 required 

Plate Support Notch 

Absorber Plates/72 Required 

Liquid Argon Forward Calorimeter 
Absorber Stack Assembly 
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