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GEM CALORIMETRY MEETING 

December4, 1991 

Abstract: 

Agenda and transparencies contributed to the GEM Calorimetry Meeting held on 
December 4, 1991. 



CALORIMETRY MEETING 

Wednesday. December 4. 1991 

(Location to be posted at the User's Office) 

Revised Tentative Agenda 0 213/9 ll 

·:. 8:30 Meeting opens, General Business 

9:00 Progress Report on Noble Liquids 

. 9:30 The Parallel Plate Liquid Argon Option 

I 0:00 Progress Report on Forward Calorimetry 

10:30 Progress Report on Silicon Strip Pre-Radiator 

11 :00 Pre-Radiator and Isolation Studies 

11 :30 Electronics 

12:00 LUNCH 

1 :00 Progress Report on Barium Fluoride, Panel 

I :30 Progress Report on Scintillating Fiber 

2:00 Effective Compensation 

2:30 Progress Report on Engineering 

3:00 Adjourn (SubGroups may meet separately) 

(Brau) 

(Gordon) 

(Mocken) 

(Rutherford) 

(Brau) 

(Zhu or Yamamoto) 

(Marlow?) 

(Newman) 

(Worstell) 

(Paar) 

(Rennich) 
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November 26, 1991 

Part IV 

GEM Calorimetry R+D 
Request 

1 Introduction 

T!tie GEM «Wector has been designed to diacover and lltudy in detail the 
plQ; • •., eAed-..k l)'Jllllletry breakiq m •a· It ._die-.- cl &tie 
m • s .. law uad other new phymca. '5 .. ; " .t 
~ • I '-• uad muons provide die _.. • ta. a': · .-. l'w 
.... .. • 9 , ... tre=r•a into the belt et*pi=phh • 01 

• 

try, wliidi it r prrnW by forward c:alorimdry to provide · · g &n 1e1&e 
energy (Jr) and limited forward jet meuuremaata. 

There bMic .... of GEM are supported by the on-ping .-arch and 
developmm& PllDl'UD which explores the mort promising techniques for giv· 
ing the bigbat eitergy raolution in the energy range of interest to GEM. 
Two 1trong CH §data have emerged from a study of many alternatives. A 
choice of one of tMle promises to yield the best and moat coat effective 
I ufom rce TM, are DOble-liquid ionization detectors and barium luoride 
Cl}'l&al ....;.tm•torL The JWarch and development plan for FY92 ii daiped 
• a h a dri'le of &here two within one year. The barium I 4 dec· 
. a I fr caloiir rter ii hedred up by a hadron c:aloraler s taied 

·' ''llirlr " nrhtmg lber-lad moclulel. · 

Nlowing a IEria of reviews of the needs of the van- wi'tPoape witllin 
the GEM Calorimetry Group, a plan for taeareh, dewaup; t, and engi· 
neering for FY92 bar been established. This bar resulted &om a number 
of very hard dec:i•"- to limit or eliminate the work m -*- '-'imes 
important) upecb of this program. Having made there ehoica, t!tie total 
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Table 1: Calorimetry Blldgt't Summary 

R &.: D (kS) Engineering (kS) 

Liquid Argon/Kr 1 170 798 

BaF2 1 209 
Sein. Fiber 610 250 
Forward 75 10 
Sil. St. Prerad 140 10 
Post decision 350 
Totals 3 204 1 418 

Table 2: Liquid Argon/krypton Iu.:D 

kl 
2 mm Pb Accordian (RD3) BNL 150 
Improve EM accordian (2 mm Kr+ 1 mm Ar) 520 
Hadronic module EST 50 
Parallel p~ EM + preradiator (UW) 205 

Test beam support (Arizona) 20 
Precieion calibration 75 
Operation ol &est 'beam 50 
CrJ'l.fUlics, purification, for test beam 100 
Liquid Argon/krypton total 1 170 

Table 3: BaF2 RAcD 

kl 
UV Performance Monitoring 47 
AnM!g and Digital Readout Testing 50 

Rtdiation Damage Tests 310 
PIO&cM;ype Eledronics Readout 117 
Rad Hard Eledronics Readout 30 
Be.. ud Cosmic Ray Testa 241 
BaF 2 Crystal Matrix Aaembly 414 

BaF, total 1 209 
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Table 4: Scintillating fiber hadron RkD 

kS 

Engineering and design 140 
Shop time 20 
M & S Hardware 200 

Tooling 30 

SPACAL work 150 
Test Beam support 58 

Scintillating fiber total 110 

Table 5: Forward calorilnftry JU.:~ 

kS 

Liquid scintillator 50 
High pressure gas tubes 25 
Forward calorimetry total 75 

Table 6: Silialla strip preradiator RkD 

kS 

Electronia dnelopment 80 
Beamtest hardware and support 60 

Silicon strip prerad total 140 

4 
.- ~--.- ............... . > ~:~: •. ~-- ·£.} ..... ;~-~ ~-r-~ . .g~:'.~t.--;_~ a·-::-T; ~ ~-tau-- li,is,~Rk-_1·~~-~:.~ ;·;.·:~·r.·.:j_:-~. -~, ~-



- ,.. ;;-.,; ,, __ -_ _,.., ... 
-~- -.... -

~--·-~--~~ ,-"-

---- ~-··-•. ~~ .. ,.-:. •..:..: ... ~~~------ .... ::-..;~-=--~~~!-'i··s~--;:'-.~-:_~~ ·. ='~.:.,;u. _ _,.,,.·.:_;,-:·~·_, ____ , • .-=-:-=:.:_=._~·-~· ---- ·- -~-
~ ~-"~:-.~_;_._;._,._~---~--:c:_--..... -.~·-~~- CS£&.=:;:-, SW-:_~ .. :-::;.~--~~""~'"-' __..,_- . .....,.,~~:--:--._ .... _.--r·-..r---+~ ~- --~-· ;- ~··--

• c •• ~ .._"''ti) -
N ... .,. ~·k @) ssc.c... (11·11.r>1c.) 

M•;" .... ,,.,.,, •" t · ~ · 

Elwc.frof'i cl 

-, . M-..•1.•y --.•e+ltt31 ; .. -t•er N.E. 
ha~t IMe" .,.,..u,.e~.I 'J 
..:f,,,. P·~•·--1 
(1 sr -.ee,f;?- t>ec ti @ N•~is) 

65 t tl 

.. , . iJ.. Fa. Pa .. e t. 

Mtt+i"J .-ow 
M1.r~ 1 .,.,. II ~for+ 

S;.~1 .. +• ." 
P.,e J ,/o ... Oft .,.~.,cl (J.tr-tAtlf' 

·0~~4'-.-. . .. ·"'· .. eJ-1.,f 
. .-, - -···---- _-.:::.:......:..,...:..:....:..:....:·-: .,.:._.:--,::.a_~•·'"'"~-~ 7~~..-. ' -- . . .. -.... : :;.. ' . 



co Dated 12/02/91 09:23:22 !'?'Oil! disk TNP193 

Date: Sun, 1 Dec 1991 21: 12 MST 
Frca: <~> 
subject, eost iene¥ Meeting 
To: j illbra~lacvm 
OriqiDal Yo: BI'?NE'?\•jimbrau@slacvm",BITNET\"adai:r@yalehep", 

Frail: 
TO: 
CC: 
Subj: 

- BITNET'"ahlell@buphyc",BITNET\"fet@lnitlns", 
aITllE'f\•rys~scvxl",BITNET\"maschke@sscvxl", 
•tYNEt••morgan@Sscvxl",IND::PULSAR::MUSSER, 
BITNET\"baltay@yalehep" ,PUPHEP: :MARLOW, 
KEVIS::SHAEVITZ,BITNET\"mcfarlan@ssvcxl", 
BITNET\"newman@cit.hex•,e1TtlET\•gordont(clbnlcll", 
BITNET\"sulalc@Duphyc•,SMTP\"deis@troy.flnl.gov" 

DAC: : SANDERS 
SANDERS 
SANDERS 

l-DEC-1991 21:01:08.93 

TO: Distribution 
New m= 27, 1991 

Frca: ~Sanders, Rick Sawicki 

Subject: GDI Cost Review, 
T,aboratory 

December 11-12, 1991, SSC 

We will hold the next. GDI Cost Revi- at the SSC Laboratory 
on Dec h!r 11 and 12. Yhe -etings will be held in the upst&irs 
Direct.orate Conference Roca over the entrance t.o the -in 
administrative building at the SSC Laboratory. 

The goals for this rm.- are: 

1. Preparation for the PAC .,r1s111tation the following 
~. 

2. Identification of desip... a-te stat.us, estimate 
atren9t)aa, weaknesses and~. 1 llal actions, near 
ten priorities. 

3. Finalize GDI Cost Estillate Report to be delivered to 
PAC 1a lieu of estimate presentation in LOI. 

4. Establish work plan for next two months. 
5. Blhlcate new ......,_.rs of design/estimatinq team. 
6. Expose subsystem physicists, design enginee~s and 

UUMtars to the entire estimating process. 

Thia a.ri., should be attended for both days by the lead 
suti.yn- ,._,siciata, lead design engineers (mechanical .l!!" 
electranic), and lead cost estimators. In addition, any others 
required to defend or establish the basis of the estimates are 
invited, as are the integration team nbers. A deficiency, wlrl.ch 
was intentional, at our last review was that the lead physicists and 
design engineers were not generally present. This -de it 
impossible to discuss and review the design basis of the estimate. 
Tbat review, however, was intended to upgrade the definition of 
our methodology. Ne llUSt now insure that we are 9enerati119 
a.t.a far the desired.ll}'stau, and we llllBt be able to question the 

--· .... - . .. ........... -~ .... '' -r -- ·"··· 
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Decoupling Capacitor Schematic 

Charge collection 
Stripline 
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Stripline 
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""---- Double-sided 
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Figure 3. 
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.280" 
Slot length 

Kapton Sljt Pattern 

1... .225" 
Pitch length 

Typ. 

I ~I I ... I I .083" 

Slot width .004" 
Typ. 

1... .225" 
Slot width .006" 

Typ. 
Pitch length 

Typ. 
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Slot length 
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Ground Tab Enlargement 
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... II.. .0394" 
Typ . 

I.. .2250" .0787" 
14 .1575" . 0906" 

Typ. cut length 
~II~ .0394" .0394" 

Cut line -Typ. .0394" 
.1575" 
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.433" 

169" 1.9 
Center-to-
center 

Typ. 

Slit G_ 

.433" 

Note: 
Slit has a total length 

of .433" and .039" width. 

.. ~ .. 
' 

•• •• 

··~·· -• 
. '•• 

• 
Center-to-center 

1. 969" 

G._ 
Typ. 

.020" 
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.. ~ .. ·~ •• .. ~ .. 
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' • • •• • •• •• ••'-•• 

.. ~ .. ··~·· .. ~ .. 
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_., 1"1.03 9" 
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Typ. pad 
G._ separation 

Pad Slit Pattern 



11/14/91 
P. Mockett. University of Washington. Seattle, WA 

Budgets for LAr(LKr) projects for GEM 

H«e are my refined estimates of costs associated with our proposed 
GEM LAr projects. 

There are three projects: 
A Parallel plate calorimeter(goal to reach better than 7%/rtE in 

LAr). 
B Pizero strip preradiator module for test with Parallel plate 

EM. 
C 36 person weeks at BNL to help with tests. 

Details of budgets: 

A Parallel plate calorimeter 
E&D (7 mm) 
Tech (7 mm) 
Hourly 
M&S 
Shop 
Clean Room 
Signal Feed Thrus 
HV Feed Thrus 
Travel 
Subtotal 
IS% Contingency 

Total 

B Pizero Strips 

Total 

E & D (3 mm) 
Tech (3 mm) 
Hourly 
M&S 
Shop 
Travel 
Subtotal 
1S% contingency 

$ 33K 
13K 
lOK 
20K 

$ 

$ 
$ 

3K 
SK 
6K 
lK 
4K 

9SK 

14K 
6K 
3K 
SK 
lK 
lK 

30K 
4K 

14K 
$109K 

$ 34K 



Total 

C BNL Test support 
36 mw at BNL 
20 Trips 
Subtotal 
Indirect costs( 30%) 

Total of A, B & C 

University of Arizona 

Program total 

S 16K 
20K 

S 36K 
$ llK 

$ 47K 

S 205K 

20K 

$ 225K 



11/19/91 
P. M. Mockett 

M&S LAr Parts Budget for GEM 

Pb plates $ 500 
Washers 500 
Rods 50 
Nuts 400 
IEXCE.. 795 
Copper Sheet 500 
SnPb Solder 1000 
Heaters 500 
Fluxes Etc. 250 
Msc'l 500 

Total $4995 

Printed circuits 
PC Tabs $ 11700 
Electrodes 12200 
Decoupling Cap 1500 
HV Distrib. 250 
Amp. Board 250 

Total 25900 

Total 
less U of A 

Net to U of W 

$ 4995 

$25900 

$30895 
(10400) 

$20495 

UW Budget request incl. Contingency is $23000. 
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Conceptual Design for a Parallel Plate LAr and LKr 
Electromagnetic Calorimeter for GEM 

T. Burnett. V. Cook. J. Eisenberg. D. Forbush. P. ~1. Mockett. F. Toevs 
University of Washington. Seattle. \VA 

1. Rutherfoord. L. Shaver. M. Shupe 
University of Arizona. Tucson. AZ 

The GEM calorimeter group has endorsed the goal of achieving the 
very best electromagnetic energy resolution possible in the JOO GeV 
energy range.They have advised that we pursue a two prong attack 
on this goal supporting both the development of a BaF2 calorimeter 
and a LArlLKrl calorimeter.The group has emphasized that beam test 
results are by far the preferred method of demonstrating the 
resolution that can be achieved. Modeling of the full system 
incorporating these beam tests is needed for overall comparison. 

With the LAr effort there are different paths that might be followed. 
The 1.8 mm Pb plate accordion technique pioneered by the 
RD3 group has demonstrated a 10%/.../ E stochastic term while the 1.5 
mm Pb parallel plate calorimeter of NA31 has demonstrated a 
7 .SC/ct.../ E stochastic term. In the latter case a long shaping time was 
used to process the signals so that it remains to be shown that the 
same resolution can be obtained with the fast shaping required for 
GEM. Although it has not been tested. it is believed that substituting 
LKr for the LAr will further improve the resolution in both cases. 

We propose to follow the N A31 path and develop a parallel plate 
calorimeter with fast signals. To achieve this the signals must be 
collected and brought to the amplifiers on nearly projective 
striplines. In this case the thermal noise will be increased by 
approximately 25% but when added in quadrature to the pileup 
noise this produces a negligible increase in the total noise. 

The striplines must pass through slots in the absorber plates. To 
minimize the affected area. a four-channel stripiine will pass thcou.gh 
l mm by I 0 mm slots. This affects much less than l % of the total 
area. A simulation of the effects of these slots on resol11tion is being 
calTied out at the University of Arizona. Current results show the 



effect of the slots on the resolution is less than 0.5%. A schematic of 
how such a stripline might look is shown in Fig. 1 and an exploded 
view of the arrangement is shown in Fig. 2. Four towers are serviced 
by on stripline so that the number of penetrations is minimized. The 
amplifiers will be placed at the inner and outer radii of the detector 
to service the inner and outer sections of the calorimeter 
respectively. 

The absorber plates will be constructed of 1.5 mm Pb clad on each 
side with 0.003"' yellow brass sheets. Brass is easier to solder than 
stainless steel and is a better match to the thermal expansion of Pb. 
For the GEM detector these plates would be formed in arcs of the 
appropriate radii. The number of degrees subtended by these arcs 
depends upon a detailed engineering study and the results of 
consuu.ction tests. Ideally they would subtend 180 degrees. This 
would result in only two minor phi cracks. More realistically we 
imagine 120 degree sections could be produced. The plates would be 
supponed off of a strongback that could also serve as the first plate 
of the hadron section. The brass cladding not only supplies 
substantial strength to the plates but it should greatly reduce the 
likelihood of lead chips leading to shorts being found in the gaps. The 
end caps would be composed of flat plate sections having a similar 
structure. 

The electrodes would be etched from copper clad Kapton. These could 
be strips two towers wide with notches at the appropriate points to 
allow the stripiines to pass. This structure is indicated in Figs. I 
and 2. For the most part. Hexcel could serve as the spacer material 
and support of the Kapton electrodes. Additional spacers and tie rods 
from the strong back would be used to give added support as 
necessary. There would also be suppon structure at the ends of the 
plates. It is important that the towers be precisely aligned so that 
precision position measurements of the showers can be obtained. 

The high voltage can be supplied in a couple of ways. It can be 
produced on a resistive coating separated from the tower electrodes 
by a dielectric or it can be applied directly to the tower electrodes. In 
the latter case the amplifiers must be capacitively decoupled from 
the stripline. The capacitors must have very low inductance and take 
up little room. We could achieve this by using capacitors formed by 
layers of copper clad Kapton printed circaiu in the outer gq(or 
gaps). About six such layers would be required to give 90% charge 



transfer. A schematic of this concept is shown in Fig. 3. We must be 
sure that such devices don't distort the wave form on the stripline. 

We have looked at fast pulses on a printed circuit model of the 
proposed structure. The model is shown in Fig. 4. This loaded 
stripline model is about 20% slower than we expect for the actual EM 
calorimeter because the dielectric is GlO \k=5) and not 
Kapton<k=3.5). The loading is also somewhat higher. The total load is 
expected to come to about 600 pF much less than the 1.2 nF for the 
model line. We look at these pulses with a high impedance scope 
probe across the 5 ohm termination. The transmission of these pulses 
from different places corresponding to different depths in the 
calorimeter look as expected and encourage us to believe that the 
electrical challenge can be met. We expect two pulses. one arriving 
directly at the amplifier and the second arriving at the amplifier 
after reflection at the far end of the structure. The average time of 
arrival of the charge is independent of where it is injected. If we 
designate t=O as the time of arrival of the charge from the far end of 
the structure. then when we inject charge at 20 cm from the end 
two equal pulses are observed. One arrives at -2.5 ns and the other 
+2.5 ns . The accordion calorimeter being faster would provide two 
pulses. one being -1.25 ns and one + 1.25 ns. But with 40 ns shaping 
time these small numbers do not present a problem for uniformity of 
charge collection. We find upon integrating the pulse out to 30 ns. 
the same amplitude independent of where the charge is introduced. 
The pulse traces and integrals are shown in Fig. 5-a.b.c.d.e.f. 5-f 
repeats 5-c which appeared to be 1 % low. We attribute the difference 
to poor probe contact for the 5-c measurement. Such uniformity is 
substantially greater than is required to prevent the depth 
fluctuations from degrading the resolution. 

We also have reviewed pulse measurements made for our BRITE PAD 
bench calorimeter. Here charge was injected using a laser. fiber optic 
link and photodiode in the gap of the plates. The pulses were viewed 
with a 50 ns RCCR filter. Again the amplitude was independent of 
the position of the photodiode. Hence, we have good reason to believe 
that we can bring out fast signals in a uniform way and achieve the 
resolution goals set for this calorimeter design. 

The stack would be constructed in the following fashion. The 
striplincs would be soldered to the absorber serving as the ground 
plate and a layer of Hexcel placed on the plate. The Kapton PC's 
providing the tower structure would be added and checked for high 



voltage breakdown. If none is found the signal tabs on tile strip lines 
would be soldered to the towers. After continuity checks on the strip 
lines and towers arc performed. another layer of Hexcel is placed 
over the Kapton PC's. Another absorber plate is moved into place as 
the striplines are drawn through the slots. Again the system is tested 
for shorts before the ground tabs on the striplincs are soldered to the 
plate. As each layer is added care must be taken that no foreign 
material can get into the gaps already assembled. Very clean 
assembly techniques must be used to prevent fibers and such from 
adhering to the plates. Hexcel and Kapton. This program is carried 
out repeatedly to complete the stack. We expect that the brass sheets 
on the lead absorber will greatly reduce the likelihood of lead chips 
leading to shorts. during and after construction. In the past we have 
been successful in burning off shorts that appear in the gap using 
high voltage ·discharges to burn the object away. This technique 
should be used as a last resort since there is always a chance of 
forming a carbon path between the towers and ground. 

We have estimated the construction costs of the 7 by 7 test module 
to be as follows. 

Engineering 65KS 
Stack 45K 
Electronics 50K 
Operations 40K 

Total 200KS 

The University of Arizona will contribute 112 an FTE electrical 
engineer and the University of Washington will be able to utilize its 
skilled instrument shop. 

We also need to begin the required systems engineering to ascertain 
the feasibility and cost of the proposed technology. We request 50KS 
to investigate the construction and cost of the parallel ;>late 
calorimeter. 
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A Pizero Identifier for GEM 

We are investigating the possibility chat the front part of the 
electromagnetic calorimeter in the liquid argon option for GEM could 
serve as a pizero detector. This may be feasible without increasing 
the channel count and therefore the approach may be viewed as a 
free option. 

The p1zero detec~or 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). A schematic is shown in 
Fig. 1. It would be about 4 XO thick with the same plate thickness as 
1he remainder of the stack. Alternate gaps would be viewed by x and 
y strips. The strips would have a l to 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. Using the 
GEANT Monte Carlo we have been testing an algorithm devised to 
separate one gamma from the two gammas from pizcros. The first 
tests look encouraging. We arc getting nearly I 00% acceptance of one 
gamma and a good rejection of pizcros. We are still in the process of 
optimizing the cuts and expect further improvements Table l gives 
the cuts used in the algorithm and Table II gives the results for a 
series of photon and pizcro energies. The results of these cuts are 
plotted in Fig. 2. Fig. 3 provides a series of x and y energy profiles 
for 100 GeV photons and pizcros both in absolute and folded 
coordinates. These pictures arc for photons and pizeros originating 
85 cm from the calorimeter. Accompanying each picture are 
mnemonics showing which if any cut the event fails to pass. The 
pizero rejection is still about 85% which can substantially reduce the 
background under the Higgs to gamma gamma signal. 

On the simulation side we plan to continue to opum1ze the algorithm 
by adding energy dependence to the cuts. On the hardware side we 
will also construct a test module for bench testing and beam testing. 
With these hardware tests we plan to verify the simulations as well 
as demonstrate the feasibility of the construction of such a device. 
Preliminary investigations of noise and cross talk indicate they are 
quite manageable . 
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• ·.c_, Cut · Values ·-· -~---.:-.- h 

1mm strips 

I Cateaorv I Descr1Ct1on Name I Value I 

: PeaK Energy reau1rea for sum or twa ECUT 015 GeV 
I 
: aei1n111on highest str1os to be cons1derea 
i peaks 
I 

Minimum fraction of highest PEAK CUT 25 % I 
I 

I energy strip that second highest 
strip must have to be considered 
a second oeak 

i W1atn cut Largest numoer of aa1acent I NCU"TWID 3 strips 
I stnos not considered a itO I 

Fraction of highest energy strio EWIDCUT 50 01 ,o 

wmch NCUTWID+ 1 aajacent 
strips must exceea to be 

I considered a itO ' I 
Total energy aoove wmcn WCTHRESH 75. GeV ' 

NCU"TWID is replaced by 
NVVCLOWER 
Hiaher enerav width cut NWCLOWER 2 str1os 

Mean cit cut Mean aft constant for itO CUTMEAN 2.83 mm 
reiection 

I Power of energy tor mean offset CUTPOWR -0.37 
I scalina 

I Total energy aoove wnich CUTOFF 75. GeV 
CUTMEAN becomes half the StrlO 

' Width I ; 

Die cut Maximum traction of strip I DIPMAX 
I 

50 01 ,0 

between oeaks considered :to die 

Table I 



Strips lmm 
. ..\.cceptances and Cut Performances 

incident accept. number Ot number selected by cuts 
panic le photons 

1G;v, I () I ' mean j mean j dip dip Width ~ 

"l- l ( '?' ( "t ) I er,) <"!-\ onlv I "Ii ) on I" ( °'o) 

51 ., 86.0 6.4 69.6 14.0 2. 8 f 1.6 9.2 s.o 3.6 
5 I :!" 77.6 I I. 6 I 0.8 77 .6 71.21 -1.1:1.4 I 7. 2 .:: . 8 22. 8 

l o I ., 94.0 20.4 73.6 6.0 2.0 l.2 4.0 3 .2 0.8 
I O I :-:-1 X8.4 ti.O 5.6 88.4 84.-1. .S 1.2 25 .61 :..+ 20.0 
.:.51 ., 96.8 14..+ 82 . .+I 3.2 1.21 1).4 : .8 t .:..01 0.0 
.:: 51 -J •• 94.0 -1.. o I .::.ut 94.0 89. 21 -1.6.0 5 3 .2 .l .O 1 3 .1 
501 ., 99.2 15.2 84.0 0.8 0.0 0.0 l) .8 (). 8 0.0 
50 it" 92.0 0.4 i.6 92.0 87.6 54.0 40.8 -I.. 0 9.2 
75 ·r 98.4 12.8 85 .6 1.6 1.6 l.2 0.8 0.0 0.0 
75 1t'I 90.0 3.2 6.8 90.0 80.0 34.0 62.4 8.8 15.2 

100 ., . 98.0 14.0 84.0 2.0 l .2 l .2 0.8 0.8 0.0 
100 ~ 85.6 2.8 11.6 85.6 68.8 30.8 53.6 12.0 21.2 
I 2 .S l ., 99.2 12.8 86.4 0.8 0.4 0.4 0.4 0.4 0.0 
I 2 .s I :t\l 81.6 2.0 16.4 81.6 62A 26.8 -1.6.8 I 3 .2 22.4 
l 5 0 I ., ll7.:?. 8.8188.41 :.s .:: . 8 t :.o I). 8 t 11.01 0.0 
I 5 O I ::> -:-o.o 3.2 I 26.8 I 70.ol ..i.9.:?. I ~- · ol _ ... :s . ..i.I " . .+ :3 .6 

Table II 
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A Pizero Identifier for GEM 

We are invc,stigating the possibility that the front pan of the 
decu~Mtic calorimeter in the liquid argon option for GEM could 
serve as a pizero detector. This may be feasible without increasing 
the channel count and therefore the approach may be viewed as a 
free opt4on. 

The p1zero detector serves as a front end of the EM stack. There is of 
cOW"se fleJtibility in tbc details but we arc considering a system 
about 8 cm by 8 cmtcovcring 16 towers). A schematic is shown in 
~ l . 11 wouid be about .i XO thick with the same pbte thickness as 
rile remainder of the stack. Alternate gaps would be viewed by x and 
y strips. The strips would have a I to 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. Using the 
GEANT Monte Carlo we have been testing an algorithm devised to 
separate one gamma from the two gammas from pizeros. The first 
tests look encouraging. We arc getting nearly I 00% acceptance of one 
gamma 3"d a good rejection of pizeros. We arc still in the process of 
optimizing the cuts and expect further improvements Tabte I gives 
the cutS llSCd in the algorithm and Table II gives the rcsuhs for a 
s.:ries of pllolon and pizero energies. The results of these cuts arc 
ptoued in Fig. 2. Fig. 3 provides a series of x and y Cjlergy profiles 
for 100 GeV photons and pizeros both in absolute and foided 
coordinares. These pictures arc for photons and pizeros originating 
85 cm from the calorimeter. Accompanying each picture are 
mnemonics sllowing which if any cut &he event fails to pass. The 
pizero rejection is still about 85% which can substantially reduce the 
background under the Higgs to gamma gamma signal. 

On the simulation side we plan to continue to optimize the algorithm 
by adding energy dependence to the cuts. On the hardware side we 
will also construct a test module for bench testing and beam testing. 
Widt these hardware tests we plan to verify the simulations as weU 
as danOri5UalC the feasibility of the construction of such a device. 
Prciiminary imicstigations of noise and cross talk indicate they arc 
quite nnmagcat>te. 
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5 I :t" -:7. 6 1 1.6 10.8 77.61 il.21 J.o.4 I 7. 2 : . 8 2 2. 8 3.2 
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W-LAr Forward Cal: 200 Ge V / c Pions 
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W-LAr Forward Cal: 200 GeV /c Pions 
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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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Plate Mounting Rails 
Argon1 Vessel 
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'874 mm 

External Rail Supporl 

Liquid Argon Forward Calorimeter 
Argon Vessel Support System 

Slide Bearing 

Cenlering Pin 
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Forward Calorlmeter Support Tube 
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GEM 

Forward Calorimeter 
End View 

Liquid Argon 

Calorimeter Installation Ralls 

Roll Support Fram• 

Rennlch 



::: 

:: 

: : : ; •: C111tr.I C1lorlmtter 
:· .::::::::: ··········· · · · · · ...... . 1*1 I ..... 0 I 0 f I 
t 11 f I I If I I 
I I I fl .. 0 1' t f ::::::t::::: 

··-··-·-·-·- ':::::,:;:::::1· ··········· ····· ····· !•:•:•:•:•: •!•!•O!•!•:, 
••·•••••••• '•'•"z•'•'•· ::::::::::: :::::;::::: 
'•'•"•"•'•' ''•'•o '•'•' :::::N:::: ::::::s ::::: 
:::::c1:::: :::::~::::: 
:::::~:::: :::::::::::: 

: : : : : I:::: ~~~~~~~~~~~~~:~=~:~=~:~=~=~=~·:=~·~·~p?~<>C.., .. i ····· .... ·~· : : : : : : : : : !. ...... : I I I 0. I 

: . : . :;,; . : . : ··········· ~-··········· ~-'•' ·· 1·· ·· · I 1 I, t 1' 1'1 
I I I I I 1 tI1 1 
I If I I 1 1 II1 ::::::,,::::: I: I: t: t! I: I: 
:::::::::::: 
I If I I I I If It I 
I 1I1 I 11 II I I I 
It I I It 111 t It 

:~:i:i:~:i: ::::: ~ ~ 9.5° 

Tun15t•n Pl•lts1 ~~::::~~~:~:~:·~··~·~··~. t~~~~~-~~~=---~-
~ Forwonl Support Cylinder ---

End l'olo 

____ .. ----
:::!!•!•!•' 

I I• I • 
f fl I I 1I1 • t 
It I If 1 •t If I I 
I I I I I 11 I II I I 
f It I I I I I I I It 
f I If 11 I I I I I I 
I I I I I I I I I I I 1 
1 t f I 1 1 I I I I I I 
If I I 11IIIIf1 
1, t 1' 1I1' 1 I I 
I 1 1 1 ttItI 1 1 1 
I I It It I I I I It 
t 1' t I I I 11If1' 
t I 1 tto1I 1 Ito ············ It f 1' o It If I 1 ············ . •' ........ . 
t I I I 1 1 1 o1 It t ············ Io' t 1, 1tt11 I 
Ito, t 110'1 f o 
f 1 I I It I If 110 . . . . . . . . . . . . 
I I I It 0 t I I I It ············ t If I I I It I If f 
• t ••••• f. t •• 
I• I• o •~·I. I 

r Et- •• -L-· ....... --
Eltclronl<s 800111 Shield (Approxlmotoly 9 cm Pb) 

Etod.I 

.• --;.• .• :r.. · .... _ . .: •. ·.:. ·.: .·.: .· _ .•. _. :..-:. .-_.: .-.• ·• •_. ·. '.· ._.-_.T.· :'. •: '..·.: '. •:".•/._•:". "'.:'.· _. '.'.: :.•: "./:"."l..-;'7.:'l_."."?."?..-.;"._"l._': 7171::. • -· :.• .• .._ ~W."l.~"7.:";;'_- ". ·.·:. ·: •• ·: ', ·.: ••· .• •• · _. •• • -· •• · _. •• • •• ". •.• ". • _. '. • _. "._· _. '. • _. ', • .• ".-_. •• -_.'. :-;::: • 

. - .................. ~·:.•:\".\• ............. -...... _ ............................................................ · ......................... · ....................... -........................ :.~········:-·:.·: ............... ·.-:.•:.-:._. ... _..·._.-... _• . 

~ ~~~~~~~ 

:::: 
~:::: . ........... 

•'•'•'•'•'•f:::::::::::-~ 

----------
::::::::::: -
··········· - ~·~~~~~~~~~~~~~~~~~~~~~::: ··········· -==:::::::::::: ··········· ··········· -

1

:::::::::::: -

•'•'•'•'•'•' ....... ,............ . ············· '• . ! 
I 0 0 I Io I 0 0 I I I 0 I 0 0 I If O ··········· ··········· t It Ott 0 O 0 O I Io If 0 0 O It IO ··········· '•'·'•'•'•' ··········· ··········· ··········· ··········· ··········· ··········· ··········· ··········· •'•'•'•'•'•' ··········· ··········· ··········· .::::::::::: ::::::::::: 

·::::::::::: ::::::::::: . . . ··········· ··········· ··········· ~ .. ~ .. !. 

Rennlch 
G.OJ.FD.OODIS 

GEM 
Forward Calorimeter 

Liquid Argon 



t;l:.M 
DETECTOR ISO SECTION CLAr OPTION> 

MAGNET IVAC VESSELi 

COIL 

POLE 

ENO MUON CHAMBER 

LAr ENOCAP CALORIMETER 

LAr BARREL CALORIMETER 

BARREL MUON CHAMBER 

CENTRAL MEMBRANE 



O.IM 

0.49 

0.32 

0.115 

0.00 

O.llO 

O.IM 

0.49 

0.32 

0.19 

0.00 

Fi9ure 4 



E~y 'f<.e,ol.J,~,, ¥ 
?osiJiori 1lesolu.~ Jif 

~~'· +2,.· 

..::; 0.17 

- 112. 

~ C>.17 
- (ii' 

3 c. rz_ <S:B 

GEM FCal 1JaK~M~ (EaJ of .2.) 

'D~ta."-~ ~ .I:f .J.o ./:.-J faCA.. 

~uJhJ· 

Lk;i u..Ll 
14~a.v.twJ rl~I.. 
(;.JO o.5kcJ w/C.- p.Js 

L •1 i14 A~~""'" ~ "! 

tlu...J.n.l\ic... r<aJ-ec.J J...,.._.Js 
A J 1.s' Je, Jl ~~M.e..w/. 

,...i 
3..J. 

- I I 

I. 3 12.f° "'4. 

0. Oflf CAO\ 

() ~ I 0 C....O.. 

4o 'T 



.•. 

,· ~ .. ~)~',.::t .. 
.~ 

... ~ . -.. ~/~: . ·: .... 

_.!;• .... , 

·:.t"'' 
1.:~--· 

•r .. 

.. 

... ; 
;..~~ 

·.. . .. 
~~:·-~~ 



!Ct''-;. r. ~~.:,1'"' 

,, ... 

~/-::..:. 
·r,.._LJ:.f.. l~f 

.; .. _;o:,-~ ;: > - ' 

..,. .. -.~~ .-.. -. ... ""_ ..... 
-~ ·_:('..; 
: ~ .. ':·-· "! 



•• • 
~ ... .. 

.. 
• ., ·111 

IV 

< ... 
"' 

•... 
a .... 

;;. 

' . 

0 --

• 

< 

)" 

> '· 
);,j; ,....,, 

,.,. .. -.. ..... 
; ,.,.., ... ~. 

,-·.· .. 
}:~ -~-:."•. - ,,. . 
,,;';.~ .. 

--- ~ . ~-
•JIS. 

,:.~ ,,, ·' 

- ........... 
•' ~--. .... 

• .I"'-· 

-··-. 

•'f.· 

8 .--
-'" .. -.... . .;_:. 

0 
II) 

. ::!-
• .. 
> 
L 

• 
N 

Ct 

0 • 

., 
o~·-­
o .... ., 

-­• .... -

•· -... ... 

-• .., -... 
• 

• . 

._, .... 

__ ,._ 
,_ .. ' 

;_~:f~: 

, 
··~~ •_-;_ 

Cl 

!~~~;·:-~ 
. ·~:-:_- .... ....... 
-~ 

,. 

' .. 
·> 
" ....... 

~-

... 

... ......... 

.. 

2·' if---.. 

g 
.;~ 

.1 

y 

a 
0 -> 

! 
0 • -
= :.~·--

0 
0 -
Ct • 
0 

... 
0 t 

I 
0 ... 
• 
g ·.1 ... ... 

-':·~· 





C> 
0 

;• - ~:~:·~·.t:Z; ~~;;-:.:· • • -.,, 
-~ ... 

" -. • • ·• . ~-. :. 
• -• • -• • • • • •• ,. • • • • .. '· • • • • • • • Ill 

CD 
- • • •• • • 0 -... • 0 .. . • M 

0 
• • • I • • 

C) ... ... z s • :::> 
0 w )( 

> 
\ 

Q 

f 
u 

.... 
u 

0 
N ..I 

m t 'i .. f 
• 

-
0 

• w -:;; 
• 0 
• 0 

N 
... 

D -.. • 
0 --

& l 
" " 

0 
• 0 

0 .. 
CXI a::> "' N 0 0 0 ... 0 0 

• 
0 0 

"' - • • • 
0 0 

- 0 0 ... c 0 0 "' ~ ilC N - I & 0 Zd --
0 
0 .,, 

•• • 
• • ~ .. - 8 • 

CD 
• 

Ill 

• - ,,., _. 
0 

,,... - u :I .. ... • • • J ..... 
• • • 

I • • 
• a 

I • 
'V - .. • • ... 

:::> -.. 
'· • 

:::> 

k' u -u 

! • • I:: j • , 
IL ~ 

' ' • -*' • •.... ,,. 
Ill • ... • ' • ... a. ' ... . .. •• 0 
~ 

• • ¥ • • • • - • • • • •• • • - -• - ' • . ··-rs· • • • " . - • -· • • • • ...~ 'i· • D • • • • ID - . .. " .... 0 • • 
IO -I • - . . .. . \ 
~ t • •• I: t • .. N - ..... ¥ 

L 

• 0 ... 0 • 



.. 

"' c 
J .. 
c 

N • .. 
;; .. 

~ 

, 
I 
• • 

-

~-·-. 

' -

I 

•• 
• ... 

I 

·- ·- -~.*= ........ ___ ,._ .. ;"_ 

-• - .. 
'o -

I 

• 3 
-~':'"'7 

ii .. 
• 

I 
• • 

• .. 0. • ID • - . • • • . - • 0 0 

I 

-i'~----

N 0 
• • 0 0 

• ... 

I 

I 

• --
I -
a 

. ..... ....,., 
1 

' ' • 

~ 

A 





"%j 

~· 
Ci 

1< 
' . 
I~ 

i 

no rejection probability (curve) 

Iiwnber of 'Y from Higgs(lOOGeV) (hist arbitrary u) 

0 
0 

0 
I\) 

0 
O> 

0 
QI -0 

O> 

3 

===1-=i-----1~ 
3 
3 

-0 
0 

-Cl I\) 
ct 0 
~o 
9 -

C.J 
0 
0 

~ 

N 

3 
3 

II 

0 ...... '-A.._._ ........ __.__._..._.__.__._ ................. _._...___..__.__._...._ .......... _.__._ ......... ~ 
0 



~ .. 
-? ,, 
~ 
r 
I 

~ 
~ 

'J 

0 

'' r 

0 
0 
v 

0 
0 
("") 

0 
0 
C\l 

0 
0 -

1..i.....t._L=::i::w::b:::::c:i::::::d:~::::::c:1d::==::b=z:=d 0 
0 

• 
0 

0 CD 
• 

0 
cc 

• 
0 

-.;;r 
• 

0 

C\l 
• 

0 • -

-;· .-• -, 

~-

- -~- » _:_. !".: ·w_ ._. 



& -

···i··· ". :'_ ···~ .- ~ _ ... -_ 
. -· 

-. 
a -. 
• 

s I 
u -
.J 

~ 

.... 
:::> 
u 
-' 
i 

-• ... -~ 
• • 
!! • --i 

• .. 
• • 
I 
~ 

! 
,. 
• 

I -- . 

• • • • • • • • • 
• • .. ~ J. ' 

I • ... •• 
• • • • 

• • • ' . • 
• 

• 
• 
• • • • • 

Ill 
• 

0 

• • 
• • • ~ ..: ' .. .,,, ... ,. ..... . .. . ,. 
•• • • • • 
I 

• • 
0 

llN3A31fRW 

• .. , ... , -·. . . . .. . . ... . ... 
• .. :-9 • . ,. . ' . • • •• 

• • • • •• 
I •• • •" • ~ ........ ,• 
.. I•"·~·' 

I
• • • 
• • 

• 
• • 

• 

• • 
• 

• • 
• 
• 

":i' 
~: - ·;,_:c:G :. ".:-~-~';_:7?~ ~.·: ... 

0 
g 

g -
0 

0 
• 

0 

jg 

.. • -I 
• • 
• .... ID 

a ... :!: 
Q 

-~ --A 

~ 

' 

• -..!. ... 
r!-

.. 

.. 

____ -

..... 

J 

V' 
N 

" -.p --

i 
v 
"" ~ 
.... ... ':. ~ -•• t> ... 

.. " 
~ 

..... -r4 

3 
r J 

v ~ -2. 

0. '> 
"' Q ..:; 

v 
<"" - ~ '> 

v 
N .. 

..,.,.. 
" 

N ... 
!) 'I. Q-

:: 
r-- .. " ~ -

/' 
" . ... 

•• ··' , 

-
0 
0 • 

0 
0 
M 

0 

~- ....... 

ti: 

-

I 
< ... w 

-' 
~ • .. 

.;, - ~r:e:c#'"" 
0 N 
N IL 

• -
-

0 

•• 



~·--- ·_.:::_:.._ __ 
-'-. . __ ._ _.,. ____ ·'---.;,~- +-"'"'-

• 
,. 

- . 
--~·\;_ 

I"'" ! "-" · .. ::i. ' 
· .. ~ .. . . 

-; ... -"t ... 
'.;•I ..;,..J:o •• • • 

'),;..,,; -~:.;-· . 
. ~}~ ·::'.".'!-!,7·-> 

~ < 

~~"'"'·-~: -
.-... , 

.. 

-- - - - -- £MIA/ (l,M•tt£ 
~ 

,.; ~-.. - ..... :~ :~ . ..... --•,!!!.:r~• .•,/,--.-.i-.i-i~ ...... ':.--, .i.,.. Be' 0141 ~f 
-... 

.,. .. · 
·,{'~_,..;., -
· f._.v· 
:0,--!_, • .... 
*''"·' 

. ..... ·:~< ,;. 
';~,,· ... 

; ... I'-.. 

. --... 
-. .,. ~ -~:· . .. _, 

.·.:;... 

• 
.. 

~:-. 

•. '.... .• ·;;...:·- ~...-:.:t 
·. . ....... ' . - ~ '!. 

. ~:;- ~. ·'~/':..· ~-;--~· ~-::..:-..:..ii-,· 

. :-~·-:::, ..... _.~. ,' ;: :: ~ 
""= ;;:_fl,1-:°: . ... 

·~ ... 

'· 
·~.~ - ·,:.. 

,.· .. 
. . ·""' .... ~- -~~; -~ ~--~ ·-::. 

. •·'t .. 



• . -\.oi: 

·' . - . - :,;. 

-~· .1 

'· ,·-· 

:( .. :.-· 

.-
Se-..cl -~ •l\ pt~~-, CA114,,. ""-•" 

•ptfy;.-j ··~E:,,a_~~~,·~· 
• :i;'· .• 

-E'"'~y ,,.:,,.,, •• ,.~ ;>. 
:~.. . . ~ .... •. 

. . 

. £~~~~~~::;,-1.-~--~?,~-~~--·~ll.•4'~-.~.-.. ~~.f':-~.t~•'. 
-~~~~~f0?'-:< .. <-~-~;:"~::~ .. - ~~~.!~~:../.,."'7i .,, .. -~. 

.. ': 

•-: .• 
• ·.•·· 

..... 

><"'• :<···~ 

• ~L:: .~:: ~~~~·· 
,:1 "'!. 

. ~: .. ~_-· ~--~~·t::.: 
;":.~ . . 

... ~ , ~ -... -~'~..:·~~~ -: . ..; ... . . -~·' -~~~· 

,., 

_,.•IP'\ 

"). ' ., 

r. " 

··""· -....- .. ·. 

.. 
~-:· 

·,· 

., 

•' .•,fi•:1·_ ,., ' ~t- .-·~ 

<'\• +·. 
:: .... . ,.. _ .. 

"'{.-"'" -·' ._ .,. 
-.. ---::, • .,. .: -· ~- •• 

·---- ·-

>· 

' 
,. -; 

.-. 

.. 



~~~~~~~~~~~~~~~~~~~-.-...-...--.--.-......... g 
N .-.:.-

- .,.. 

0 
I() 

> -CP 

=-
I() 
N > -. Cl> 
0 u 
I 

>. i QI) 
0 J... 
0 Cl> 

·I - r:: 
Cl> 

~ • r:: • Cl> ., "'d .... 
I u - c: u .... 
>. 0 .... u 0 0.. c: I() 
CP .... 
u .... -· -CD 

0 
A: 

0 
Cl) 

c:) 
co • N 0 .. 

~ .. -·-c· • • 0 0 0 



-
> 
" ,. 
It) 
N 
~-" " . .:..:~..,,.-":~'!'' ' -!··-· .... 
0 
II 
~ 

=' u 
c -s 
l 
f 
a; 

""""'-:-,. 

' 

' ·l 
""" 

0 • • • - 0 
"' 

'~-: 

--·~, 

• . .. "1 • • • 
0 0 0 

"' 

0 
0 
N 

0 
IO ..... 

0 
0 ..... 

0 
It) 

0 
0 • 
0 

-~-------

> 
Q) 

C> 
>. 
~ 
Q) 

r::: 
Q) 

~ 

r::: 
Q) 

'O 
·~ ti 
r::: 
·~ 

Cl 

E 
E 
Cl 

C> 



....,,.;;,,.- __ ,_,..~---
,-_. __ -~ ~· .. -

.,, .... 
0 -I' 
t) .... 
j:l. 
Cl 
I' 
~ 

• I' • .;1 
'< 
a 
Cl 
< 

--

0 . 
0 

0 

°' 0 

-0 
0 

-°' 0 

N 
0 
0 

0 0 0 0 . . • 
N ~ CD CJ) 

I 

J 

~ 

... 
~ .... 

'y. . ~~ 

:_-;;.~-~ -~_· .. -~~,:~·~{~-~-:-:titrldi5S~::::-:•~~~:~~~~,..-·~-~~·-··-·~'"---_,-,_-·-'"".'~:---:--- -~, t~ .. ,....,.--

.;. ' - .. -. ' - . ~-- --- . ___ ,_ - ---

-. 0 

'"O .... 
0 
Cl --.... () .... 
CD 
::s 
() 

'< 
n -II 
Ct.) 

CD 
I 
8 -= 
t) 

c 
~ • 0 
~ 

°' 
a:: 
CD 
< 



0 0 0 0 0 .... . 
~ 

. . 
0 N CJ) m 0 

0 

a-

' • ~ 
C'> -· CJt ft 

I 0 -· • ::s 
() 

• '< 

ii n -e II - t.') .. 
tD • a I 

~ - 8 18 -· =' 
() .1 s:: 

~ ~ 

11 
C'> 0 
Cl :.,z < C1I 

.... a:: C1I Cl 
0 < 

N 
0 L....1..-.L-.L-.L-.L....L....L....L....L....L.....L.....L.....L.....L... ...................................................... ..&.._, 
0 



F,, --

c' • 

-~--~~ .. 



> 
t> 
:s 
It) ,... 
0 
II 

.> 
::1 
u 
c: ·-s 
I 

QJ 

M 
II .-. 

u '. 

u 
:::ii 
~ 

• rn 
> 
C> 
C> r... 

0 
• -

~ 

f'\, 

co .,, 
• . 

0 0 

lO . -

-

.,, 
0 

0 

"lit' . 
0 

> 
CV 

:::ii 
u ::s 
~ 



-0 0 -ro 
0 .--.-.--.-...--.--r-.-...--.r--r-r--r-r--T"""T""""'T""",......,."""'T'""'T"""T"""'T"""T'"-,.-T"""'T""""T"""T""TO 

~ ..... ..... 
< 
~ 

0 ~ 
~ l"'l . 

~ 
a:: CTI 

"' c M 
0 C1 

0 c C1 

i' -II 
"' 
~ 
I 

tz:l 9 a:: .... 
C1 ::::i 
l!C: .... 0 
Cl r:: < ... 

II 
0 
-..J 
CJI 

as:: 
~ - < 

01 



l() 

> -cu 
:::s 
in 
l'-
0 
II ., 

> :J Cl) 
() ::s -c: u .... e ::E 
I ~ 

" C':> 
II -{,,) 

{,,) 
:::s U') 
~ 

0 • en 
> ..., 
t:) 

""' 

L.....J.....L-L.....L...L-.&.....l.....L-L.....L...J.....&.....l.....L.....L....L...J.....&.....l.....L--L....L...L-.&.....l.....L--L....L........... 0 
co N 0 



SICNIFICAAICE ENHAMc.-MENT 
F"Acntt (SF) 

A'Pf..o'tfM.ATE L ~ : 
N,.,,,, ... ~" s,, ~ p 

~Br; -t '8sj "" &,..,. 
ASSWI( 

TH€N 

s.G- ,_ 

-C·• I·'· J .. , 



• 
~-

~l 
i1 8 
E! 

40 

... 30 
'1 

~, 20 

I .... 10 

0 

S' r.-. AJ 
J. 

I~ E~ 0 ·.' 
50GeV photons r.« .. 

Ii I i i I I I i I I I Iii I I I i I i I I I I I iji f I I i i I I I i I I I I I I I I I I I I I i Di I I I I t I I I I t t I t i I I I t t i i I t D l 5 . Q 
,,.o 

e~.,.· 
.... 

9-:1s• 

48 48 60 62 64 ff 48 60 62 64 48 48 150 152 64 
D R (O.') 

Figure IS. Uncorrected and corrected energy 

.? 

12.5 

10.0 

7.5 

5.0 

2.5 

0.0 



• • • • • •. •• b. c . 

+ • 

• 

• 

+ • ••• • + •• • t. • 
8600 W..u..U..u..1.J..u.u..U..LU.J..ul ................................... u..J. ................. u...Ju.... ........ ..u. ........ .w 

0 0.6 1 1.6 2 0 2 4 8 0 10 20 30 

enerlY In Sil (lleV) enerl)' In Sl2 (lleV) eneru Ill 51:1 (lleV) 

Figure 3. Preshower: O,l,2Xo ('I= 1) 
10600 ...... mn..,...mn.,.,.,..,..,.,"'"'"'".,.,.,.""".,,,.,.,,.,.,,,....,..,.,...,"TT'ITTTTTTTTTrT" 

• 
+ t• • + •. b. • c . . ... 

10000 
~. . 

:\ .. t.S !;(• 

.t~ ;:!fr ... ;t • + .. 

··~r + • "" gr,oo + + t• .. ¥~ • • + 

•• .t • + 'I' + 

A· • • •+ • + 
9000 + .... + + .t ..... + ./. + 

··; •ct+. • * + • • • + .... t. + + +• • 
8C>OO w.w...w..u,.i...w.1 ...... 1.W.w.l.u.u.W...W...W..U....U. ....... .....J...LU.....U...LU..l.u..u.I 

0 10 20 30 40 600 10 20 30 40 &DO 100 200 300 400 

nera In 1!14 (lleV} enera In 1116 (lleY) enera In layer 1 
liquid Arion (lleV) 

Figure 4. Preshower: 3,3.7,4.5Xo ('I= 1) 

3 

~ , . 
~ ., 



Table 1. 

Lead-Liquid Argon calorimeter (no pre-radiator) 

particle incident number energy '1£ 
• 

type energy ,, o( event• in LAr (nn•) !f x ,fE;". 

(GeV) (GeV) (GeV) <"> 
e - 10 0 400 2.04 0.047 7.3± 0.4 

e- 50 0 206 10.2 0.105 7.3± 0.5 

1 50 • 150 10.2 0.166 11.5± 0.9 

Table 2. 

Pb/LAr calorimeter with 3Xo pre-radiator (unc:orrected) 

particle incident number energy "E 

type energy ,, of events in LAr (nn•) y. x .;E;. 

(GeV) (GeV) (GeV) ('9) 

e- 10 0 3eG 1.76 0.110 19.8::11.0 

e- 50 0 176 9.55 0.274 20.3::11.5 

1 50 0 120 9.81 0.302 21.8± 2.0 

1 50 1 198 9.62 0.452 33.2::1 2.3 

1 50 • 192 8.57 1.05 86.6± 6.2 
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FHG-/LAr calorimeter 

pwtide incident 

type energy ,, 
(GeV) 

e- 10 0 

e- 50 0 

.., 50 0 

.,. 50 1 

.., 50 " 

Table 3. 

with 3Xo preradiator (corrected) 

number 

of events • ¥ x ,/Ei". ki = com mes> ta "E 

(%) 

366 2.9 9.1± 0.5 2.3k1 optimal 

3.0 9.4± 0.5 ki q fixed 

176 1.1 7.5± 0.6 2.3k1 optbul 

1.1 7.8± 0.6 k1 qbed 

120 1.0 7.3± 0.7 l.8k1 optimal 

1.1 7.9± 0.7 k1 q fixed 

198 1.2 8.3± o.e O.G9k1 optimal 

1.2 8.5± 0.6 k1 ki fixed 

192 1.5 10.5± 0.8 0.82k1 optimal 

1.6 11.2± 0.8 k1 q fixed 
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SCIENTIFIC - INDUSTRIAL ASSO'rIATION 
ELKA 

103460 llOSCow Russia 
Telephone: (7)(095)531-7651, Fax: (7)(095)531-0976 

. Prof. P. F. !lrlllolOY 
Dr. G.L.Bashindzhagyan 
Moscow State university 

llc>ocilrcling to JOllr reqnest - baTe investigated and calculated 
a cost ..U..tion for a possible strip detector production at EUfA 
for allC datector at SSC. 

SiM 64 X 64 --2 
ftlckness O. 4 -
Htch 1-
•eekage cu:neDt 5 - 15 nil/strip 
for 95• of st:r1pa 
•ee>age CMEzwt: ~ t'O 200 DA is acceptable for s• of strips 
alas ~Ul)a :i.-. t2lm 100 v 

• 
A cost estiaatiica fiar a. lat. af. lD.«111 clet:ector production is $ 400,000. 
400 Jtg float SIClDI! n Lfild sfl irrm i "IJI" s with resistivity 5-10 kOta*Clll 
and 100 - ell have to be mipp3 i ed by customer. 

General Director 
L.A. ITaaiutin 



.. 

S.A.IAVOOlltIN SCIENTIFIC - INDUSTRIAL UNIOM 
24 LeDiDl)r~ Rd., Himky 141400 MoltCOlf USSll 
Telex1 911721 IRBIS SU Fax1 (7) (095) 573-:ls.91 

Prof. P.F.t:r.>lov 
Dr. G.L.Bashindzhagyan 
,.. 9XJW State University 

-A possibility to deaip ..ct produce ski type 1 'mtmJ writs far 
GDI detector at SSC was di-•••ll at Lavochkin Scientific-Incluat:rial 
Union. As a result of the cli-..aion and analysis of the ski structure 
the following cost estiaaUon -s calculated: 

- for total order UOUDCl 300 skis made f rcm AMG-6 hard alwainmi 
the price of one ski production is $ 250 - 300, including expencea on 
mechanical ingeneering and special equii-ent. 

'!Otal price for all 300 ski order is around $ 75,000 - 90,000. 

General Director 
A.M.Baklunov 



MICROTECH 
Scientific - Industrial ri:na 

91 Pervaaaiskaya, S'ftl'dl.OW'8k, 620219, USSR 
Telephone: (7)(095) 44001t, Fax: (7)(095) 445040 

Prof. P.F.Brmolav 
Dr. G.L.Bashinzhagyan 
.,_.: :tt1 State university 

In .ocozdin9 with }OUr niquelJt Klcao?ICH SCimtific-Technic.l 
Cowl•il auined a poaibility of a multilayer cards production 
,.. 11 1 hlinq with silicon detectors and "Ital chi.,_ for QDl 
~atSSC. -

A amt estimation for order of 7, 500 units ia $45 per one 
fullJ arr bled card (a price of detectors and VI.II c111i,. w .a 
iaclwded). The price for total order is $337, 500. A ••ltt l )!_ -~ c1DJ _ 
l11Sp could be &liie ii cocpll"atlon With • e1 • z •c ........ 

• 
General Director 

V.l.Al1-

Technical Director 
A.V.Vlasov 

• 
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Collaboration & Mission 

1) We have made progress in coordinating and 
synthesizing the capabilities and efforts 
of the former scintillating fiber and 
liquid scintillator groups. 

2) We have expanded our research program to 
more directly address several key issues 
which were raised by the GEM calorimetry 
working group during our recent technology 
decision meeting: 

a) Longitudinal Segmentation 
b) Long-term Stability + Radiation Damage 
c) Calibration Systems 
d) Photomultiplier + Readout Systems 

3) Our R & D Budget request has been modified 
to reflect the increase in scope of our 
mission and the strengthening of our team. 



Table II 
SSCintCal R & D Budget 

before additional missions of long term stability and longitudinal segmentation 

TOTAL BU FAIRFIELD MSU/LSU UCSD 

I. GEM PROTOTYPE 430 350 80 

1.1 Operations 120 70 50 

1.2 Equipment 310 280 30 

2. SPACAL/CERN 90 90 

2.1 Operations 38 38 

2.2 Equipment 52 52 

3. TEST BEAM 25 25 

3.1 Operations 25 25 

4. CALIBRATION 49 49 

4 .1 Operations 21 21 

4.2 Equipment 28 28 

5. PMTs + DAQ 16 16 
5.1 Equipment 16 16 

OPERATIONS 204* 70 21 75 38 

EQUIPMENT 406 280 28 30 52 

TOTAL 610* 350 49 105 90 

*Overhead (33% x S204K=S70K) not included. 



Table I 
Proposed Total SSCintCal R & D Budget (SSC and TNRLC) 

with new missions of long term stability and longitudinal segmentation 

TOTAL BU FAIRFIELD IOWA MSU/LSU UCSD UT/ORNL UMISS LLNL 
I. GEM PROTOTYPE 430 350 80 

1.1 Operalions 120 70 50 
1.2 Equipmenl 310 280 30 

2. SPACAL/CERN 90 90 

2.1 Operalions 38 38 
2.2 Equipment 52 52 

3. TEST BEAM 70 25 15 30 
3.1 Operations 60 25 J5 20 
3.2 Equipment 10 JO 

4. LONG TERM STABILITY 
k RADIATION DAMAGE 90 60 30 

4.1 Operations 70 50 20 
4.2 Equipment 20 10 10 

5. CALIBRATION 79 49 30 
5.1 Operations 41 2J 20 
5.2 Equipment 38 28 lO 

6. PMTs + DAQ 360 95 115 J50 
6.1 Operations . 260 45 75 J40 
6.2 Equipment 100 50 40 10 

1. LONGITUDINAL 

SEGMENTATION 110 50 60 
7. l Operations 50 20 30 
7.2 Equipment 60 30 30 

OPERATIONS 604• 90 21 45 75 68 J60 40 105 
EQUIPMENT 590 3JO 28 50 30 82 60 20 JO 

TOTAL 1194• 400 49 95 J05 J50 220 60 115 

* Overhead (33% of $327K = SlO!lK) on SSC/DOE (but not on TNRLC) operations not included. 
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Status of 4-Ton Prototype 

We are constructing a total of 6 1 -Ton 
supertowers: 

(4 physics towers each, each tower would 
be 0.05 eta x 0.05 phi at eta=O) 

a) One cast tower with splice joints for 
fiber bundle readout is complete, 
machined and under bench test. 

b) Four towers are under construction, 
a subset of which will be tested at 
FNAL subject to beam schedule 
( December 23 - January 8) 

Characteristics: 
No splice joints (scifi bundle readout) 
89°/o eutectic/ 11°/o 2mm fibers 

First ready to cast, second being 
threaded, fibers cut for third 

Four towers at FNAL by Xmas. 



Key Issues Addressed During 
Current Prototype Construction 

1 ) Engineering information: 

a) Manufacture requirements/techniques 
b) Mechanical tolerances 
c) 
d) 

Fiber positioning/uniformity 
Mechanical stability/strength 

2) Performance information: 

a) Resolution + Uniformity 
b) Light Yield 
c) Calibration System Performance 

3) Critical technologies: 

a) Lead shot fill -- 6th supertower w/ shot 
b) Fiber splice readout -- full-scale tests 

c) SS sheaths -- after casting for now 



Key Questions to Resolve 
for 16-Ton Prototype 

1) Supertower dimensions/segmentation: 

2.5-Ton Supertowers 0.16 eta x 0.16 phi 
may be optimal in long-term but 
may not be feasible short-term 

16 1-Ton 0.1 O eta x 0.10 phi supertowers 
takes advantage of existing infrastructure 

2) Degree of fidelity to long-term design 
which is feasible for short-term 
construction (August 1992 CERN Beamtest) 

a} Spherical vs. true GEM geometry 
b} Mesh dynode PMT readout ($} 
c} Specification of sheaths and mechanical 

support structure 

3} Longitudinal Segmentation: 

a) Specifications for physical segmentation 
b} Off-shelf vs. dedicated electronic 

segmentation 



Schedule & Deadlines 

1 ) 4-Ton prototype: 

a} To FNAL by Xmas 
b) Lead shot supertower in January 
c) Fiber splice readout tested by January 
d) BNL spring run? 

2) 16-T on prototype 

a) Request for Quotations to Fiber Vendors 
Division of inside/outside preform 
preparation is key question 

Purchase order placed before Feb. 1 

b) Photomultipliers selected and ordered 
before Feb. 1 

c) Special order for splice/spacer plates 
by Feb. 1 

3) We expect to begin construction of first 
new supertowers in March/April 1992. 
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The Engjneeaing mad Testing of a Fiber Calorimeter Prototype 
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TU SSCintCal Collaboration 
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