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GEM CALORIMETRY MEETING

December 4, 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 Tentativ enda (12 1

:8:30 Meeting opens, General Business (Brau)

9:00 Progress Report on Noble Liquids (Gordon)
.9:30 The Parallel Plate Liquid Argon Option (Mockett)
10:00 Progress Report on Forward Calorimetry (Rutherford)
10:30 Progress Report on Silicon Strip Pre-Radiator (Brau)
11:00 Pre-Radiator and Isolation Studies (Zhu or Yamamoto)
11:30 Electronics {(Marlow?)
12:00 LUNCH

1:00 Progress Report on Barium Fluoride, Panel (Newman)

1:30 Progress Report on Scintillating Fiber (Worstell)

2:00 Effective Compensation (Paar)

2:30 Progress Report on Engineering {Rennich)

3:00

Adjourn

(SubGroups may meet separately)
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November 26, 1991

Part IV

GEM Calorimetry R+D
Request

1 Imntroduction

The GEM detector has been designed to discover and study in detail the
physics of clectroweak symmetry breaking and to seanch for the erigin of the
meaning of Savor and other new physics. High-precinine messvements of
photens, electrons, and muons provide the soute to this phywies goal. For
calorimeetry this translates into the best attainable electnomagmetic calerione-
try, which is asgmented by forward calorimetry to provide missing transverse
energy (Fr) and Emited forward jet measurements.

ThuehncpthEMuemppoﬂedbytheon—gmngmnchmd
development program which explores the most promising techniques for giv-
ing the highest emergy resolution in the energy range of interest to GEM.
Two strong candidates have emerged from a study of many alternatives. A
choice of one of these promises to yield the best and most cost effective
periormance. They are noble-liquid ionization detectors and barium fiuoride
crystal scistillators. The research and development plan for FY92 is designed
bm;duudthuetwo within one year. The barium fluoride elec-
. calovimeter is backed up by a hadron calorimeter comstrecied
h scintillating fiber-Jead modules.

Following a series of reviews of the needs of the various subgroups within
the GEM Calorimetry Group, a plan for research, development, and engi-
neering for FY92 has been established. This has resulted from a number
of very hard decisions to limit or eliminate the work on various (sometimes
important) aspects of this program. Having made these choices, the total



Table 1: Calorimetry Budget Summary

R & D (k$) | Engineering (k$)
Liquid Argon/Kr 1170 798
BaF; 1209
Scin. Fiber 610 250
Forward 75 10
Sil. St. Prerad 140 10
Post decision 350
Totals 3204 1418

Table 2: Liquid Argon/krypton R&D

k$
2 mm Pb Accordian (RD3) BNL 150
Improve EM accordian (2 mm Kr + 1 mm Ar) | 520
‘Hadronic module EST 50
Parallel plate EM + preradiator (UW) 205
Test beam support (Arizona) 20
Precision calibration 7
Operation of test beam 50
Cryogenics, purification, for test beam 100
Liquid Argon/krypton total 1170

Table 3: BaF; R&D

k$

UV Performance Monitoring 47
Analog and Digital Readout Testing 50
Radiation Damage Tests 310
Prototype Electronics Readout 117
] Rad Hard Electronics Readout 30
Beam and Cosmic Ray Tests 241
BaF; Crystal Matrix Assembly 414
BaF; total 1209




Table 4: Scintiliating fiber hadron R&D

k$
Engineering and design | 140
Shop time 20
M & S Hardware 200
Tooling 50
SPACAL work 150
Test Beam support 50
Scintillating fiber total | 610

Table 5: Forward calorimetry R&D

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

Table 6: Sibcon stnip preradiator R&D

Beamtest hardware and support
Silicon strip prerad total 1

k$
Electronics development 80
60
40
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-C86MREV NOTE (o) Dated 12/02/91 09:23:22 From disk TMP193 Page

e ——

Date: Sam, 1 Dec 1991 21:12 MST
From: ¢ SANDERSQQLAMPF >

Subject: Cost Review Meeting

To: jimbrau@slacvm

Origimal To: BITNETt"jimbrau@slacvm”",BITNET%"adair@yalehep™,
~ BITNETA"ahlen@uphyc”,BITNETY" fet@mitlns",

BITNETA® ryszard@sscvxl”, BITNETS "maschke(@sscvxl”,
BITNETA"morgan(dsscvxl”, IND: : PULSAR: : MUSSER,
BITNETA"balta alehep" , PUPHEP: :MARLOW,
KEVIS: : SHAEVITZ, BITNETA "mcfarlan@ssvexl”,
BITNETA "newman{@cithex” .Blm'gordonr?nlcll" ’
BITNET%" sulak{@buphyc", SMTPA "deis(@troy.llnl.gov”

From: DAC::SANDERS 1-DEC-1991 21:01:08.93
To: SANDERS

CC: SANDERS

Subj:

To: Distribution
November 27, 1991

From: Gary Sanders, Rick Sawicki

Subject: GEM Cost Review, December 11-12, 1991, SSC
Laboratory

We will hold the next GEM Cost Review at the SSC Laboratory

on December 11 and 12. The meetings will be held in the upstairs
Directorate Conference Room over the entrance to the main
administrative building at the SSC Laboratory.

The goals for this review are:

1. Preparation for the PAC presentation the foliowing

. 2. Identification of design and estimate status, estimate
strengths, weaknesses and methodology, remedial actions, near
term priorities.

3. Finalize GEM Cost Estimate Report to be delivered to
PAC im lieu of estimate presentation in 1LO1.

4. Establish work plan for next two months.

S. Bducate new members of design/estimating team.

¢. Expose subsystem physicists, design engineers and
estimators to the entire estimating process.

This review should be attended for both days by the lead

subsystem physicists, lead design engineers (mechanical anA
electronic), and lead cost estimators. In addition, any oihers
required to defend or establish the basis of the estimates are
invited, as are the integration team members. A deficiency, which
was intentional, at our last review was that the lead physicists and
design engineers were not generally present. This made it
impossible to discuss and review the design basis of the estimate.
That review, however, was intended to upgrade the definition of
our methodology. We must now insure that we are generating

costs far the desired systems, and we must be able to guestion the
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Decoupling Capacitor Schematic
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Kapton Slit Pattern

.394"

—» e 225" Slot width .004"
Pitch length Typ.

Slot width .006"

—p |- 225" Typ.
280" | Pitch length

Slot length Typ.

.083"
Slot length



- .3937"

.0787"

Y

Ground Tab Enlargement

—»{ [4—— 1378" Typ. cutlength

— 1575"

1575"

—»r— (394"

_>

- 2250"

N

.0906"
Typ. cut length

Cut line -Typ.

.0394"
Typ.

<— 2250" Typ. pitch length

g g g g g g g oy gy

.0787"

.0394"

.0394"



Signal Tab Enlargement

—»| |- 225" Typ. pitch
length

—o-t— 009" Typ.
—>

<+— 185" Typ.

Cut line - Typ.

Line is .157" long
and starts .04" in
from ea. edge.



5.715 mm

Signal Pad Enlargement

2.0 mm

1.0mm o — |

!
1.0 mm . . l& |
| Y
-
/ ! i :
i
0.5 mm dia.
Typ.
1.0 ram g
1.0 mm I
4.5mm
——lnt 1.5 mm
6.0mm - i
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High Voltage Distribution
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433"

sedes
"

asge s

1.969"

Center-to-
center
Typ.

}

|
Stit G

Note:

T Y

[y
sarves
N

(Ll
L]

selee

433"

Slit has a total length
of .433" and .039" width.

g
~
L 2 JL R ]

.020"

Center-to-center

Typ.
q_ yp

e ——— 1.969" ——»

q

—»|4.039"

Typ. pad
separation

Pad Slit Pattern



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

Budgets for LAr(LKr) projects for GEM

Here 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) $ 33K
Tech (7 mm) 13K
Hourly 10K
M&S 20K
Shop 3K
Clean Room 5K
Signal Feed Thrus 6K
HV Feed Thrus 1K
Travel 4K
Subtotal 95K
15% Contingency 14K
Total $109K
B Pizero Strips
E & D (3 mm) $ 14K
Tech (3 mm) 6K
Hourly 3K
M&S SK
Shop IK
Travel 1K
Subtotal $ 30K
15% contingency $ 4K

Total $ 34K



C BNL Test support
36 mw at BNL
20 Trips
Subtotal
Indirect costs(BO%)
Total
Total of A, B & C

University of Arizona

Program total

$ 16K

20K
$ 36K
$ 11K

$ 47K
$ 205K
20K

$ 225K



11/19/91
P. M. Mockett

M&S LAr Parts Budget for GEM

Pb piates $ 500
Washers 500
Rods 50
Nuts 400
HEXCEL 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
Netto U of W

$ 4995

$25900

$30895
(10400)

$20495

UW Budget request incl. Contingency is $23000.
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CWw PUB 91-28

Conceptuai Design for a Parallel Plate LAr and LKr
Electromagnetic Calorimeter for GEM

T. Burnett. V. Cook. J. Eisenberg. D. Forbush. P. M. Mockeut. F. Toevs
University of Washington. Seattle. WA

J. 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 100 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 LAr(LKr) 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 pilate accordion technique pioneered by the

RD3 group has demonstrated a 10%/NE stochastic term while the 1.5
mm Pb parallel plate calorimeter of NA31 has demonstrated a

7.5%/VE 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 NA3l path and develop a parallel piate
calorimeter with fast signais. To achieve this the sigmais 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 stripline will pass through
I mm by 10 mm slots. This affects much less than 1% of the totai
area. A simulation of the effects of these slots on resolution is being
carried out at the University of Arizona. Current resuits show the

(8



effect of the siots on the resolution is less than 0.5%. A schematic of
how such a stripiine might look is shown in Fig.l 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
ampiifiers 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" yeilow brass sheets. Brass is easier to solder than
stainiess 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
construction tests. Ideaily they would subtend 180 degrees. This
would resuit in only two minor phi cracks. More realistically we
imagine 120 degree sections couid be produced. The piates would be
supported 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 wouid be etched from copper clad Kapton. These could
be strips two towers wide with notches at the appropriate points to
allow the striplines to pass. This structure is indicated in Figs. 1
and 2. For the most part. Hexcel could serve as the spacer materiai
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 support 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 clectrodes
by a dielectric or it can be applied directly to the tower electrodes. In
the latter case the amplifiers must be capacitively decoupied 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 circumits in the outer gap(or
gaps). About six such layers would be required to give 90% charge

e




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 mode! 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
caiorimeter because the dielectric is G110 (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 puises, 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=0 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
+2.5ns . The accordion calorimeter being faster would provide two
pulses. one being -1.25ns 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 puises 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
striplines would be soldered to the absorber serving as the ground .
plate and a layer of Hexcel placed on the plate. The Kaptwon PC's
providing the tower structure would be added and checked for high



voltage breakdown. If none is found the signal tabs on the suip lines
would be soldered to the towers. After continuity checks on the suip
lines and towers are performed. another layer of Hexcel is piaced
over the Kapton PC's. Another absorber plate is moved into place as
the stripiines are drawn through the slots. Again the system is tested
for shorts before the ground tabs on the stripiines 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 ciean
assembly 1echniques 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 65K$S
Stack 45K
Electronics 50K
Operations 40K
Total 200K$

The University of Arizona will contribute 1/2 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 50K$
to investigate the construction and cost of the parallel plate
calorimeter.
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U. of Washington
October 7. 1991

A Pizero identifier for GEM

We are investigating the possibility that the front part of the
clectromagnetic calorimeter in the liguid 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 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 cmtcovering 16 towers). A schematic is shown in
Fig. 1. It would be about 4 X0 thick with the same plate thickness as
the remainder of the stack. Alternate gaps would be viewed by x and
v strips. The strips would have 2 1 to 2 mm pitch and every sixth
strip connected together. The x strips would be read by 6 channeis
and the y strips would be read by 6 channels. Hence the signais from
different sub regions wouid 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 are getting nearly 100% acceptance of one
gamma and a good rejection of pizeros. We are still in the process of
optimizing the cuts and expect further improvements Table [ gives
the cuts used in the algorithm and Table II gives the results for a
series of photon and pizero energies. The results of these cuts are
plotted in Fig. 2. Fig. 3 provides a series of x and y energy protiles
for 100 GeV photons and pizeros both in absoiute and folded
coordinates. These pictures are 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 pian 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.
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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Acceptances and Cut Performances

incident | accept. number of number seiected by cuts
particle photons
{0 2 dip |width{width
‘ A
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75 v 98.4412.8{85.6 .6 0.8] 0.0f 0.0 0.0l
R 6.8 .0 62.41 3.8} 15,21 0.4
100} =« . 84.01 2.0 1.2 . 0.8 0.8y 0.01 0.0}
100] ; .64 2.8111.6185.6ff 68.81 30.81 53.6f 12.0] 21.2] 3.6/
1251 < 99 2812.8186.4] 0.8 0.4] 0.4} 0.4] 0.4] 0.0] 0.0
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1501 = e7 28 §.8188.4) 2.8 2.81 2.01 .81 0.0f 0.0 0.0
1301 = 32126.8170.00 19.21 2200 28,48 s4f 23,61 12.4

Table I

A ey B At
: Tarlanees




n’ Rejection
imm strips

- — ¢ rejection

70& — - gamma acceptance -

caaabo bt b e b

20 40 60 80 100 120 140 1

E. GeV

o)llll‘

0




P. Mocket UW PUB 91-30
U. of Washington
Ociober 7. 1991

A Pizero I[denufier for GEM

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

The pizero detector serves as a fronmt end of the EM stack. There is of
course ftlexibility in the details but we are considering a system
about 8 cm by 8 cmcovering 16 towers). A schemadc is shown in
Fg. |. 1 wouid be about 4 XO thick with the same plate thickness as
the remmainder of the stack. Alternate gaps would be viewed by x and
v strips. The strips would have a2 1 to 2 mm pitch and every sixth
strip connected together. The x strips wouid be read by 6 channels
and the v 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 algonithm devised to
separate one gamma from the two gammas from pizeros. The first
tests look encouraging. We are getting nearly 100% acceptance of one
gamina and a good rejection of pizeros. We are still in the process of
optimmiziag the cuts and expect further improvements Table [ gives
the cuts used in the algorithm and Table Il gives the resuiss for a
series of photon and pizero energies. The resuits of these cuts are
pioaed in Fig. 2. Fig. 3 provides a series of x and y energy profiles
for 100 GeV photons and pizeros both in absolute and foided
coordinates. These pictures are 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 optimize the aigorithm
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 demonswate the feasibility of the construction of such a device.
Preiiminary imvestgations of noise and cross talk indicate they are

quite nranageabie.




71" IDENTIFIER SCHEMATIC

: Parailel plate geometry;

P

8.40 cm

1

- 7 Strips )

.......................................... -— X Strips

S | ' a
2.30 ¢cm
+.1 X0
Y
‘ [ 1
. 5 mm
~. N\, \ Absoroer
iy \_.
o VYVVVYY . — i 8mm
\ ach ga
Y - Ampiifiers N \ ¢ gap
e
N
~  Incdent — 2193 mm
Jots represent > Photon Doubie-sigeq
ignal connections 2 Directuion <apton PC
3NA NOT sIgnal routing
N
—
A A
7 IIIIIIIII““""““""““ ||||||||||
R ————eatmtet e o St N
E - - — : . ' " interconnections




Cut Values
imm strips

~aieqorv

Description

| Name

Vaiue

Peax
‘gefhinition

!
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Table 11
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rejection probability (curve)

Number of ¥ from Higgs(100GeV) (hist arbitrary u)
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PiO efficiency Cl=3

e—min cut=0.75 Mev
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Gadhma efficiency Cl=3 e—min cut=0.75 Mev
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Table 1.
Lead-Liquid Argon calorimeter (no pre-radiator)
particle | incident | number |energy| og
type | energy | n|of events|in LAr (rmli % x VEi
(GeV) (GeV) |(GeV)| (%) * -Q’
S 10 [0] 400 | 204 |0047 | 7.3% 04 702
e | s0 fo] 206 | 102 [0105] 73205 9O
Y 5 || 10 | 102 |o1es|1szos]| /S
Table 2.
Pb/LAr calorimeter with 3Xo pre-radiator (uncorrected)
particle | incident| | number | energy| og
type | energy | n|of events |in LAr| (rms) | % x
E}:V) (GeV) | (GeV)| (%)
e~ | 10 |o| 368 | 176 [o0110]198+10] 90°
e~ | %0 o] 176 | 955 |o0274 |203+15] 90°
v | so [o] 120 | 98t [o0302|218+20]|90°
~ 50 |1] 198 | 9.62 | 0.452 | 33.24 2.3 vo©
y s0 |o| 192 | 857 | 105 [se6x62] ¢ <
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Table 3.
rb/ LAr calorimeter with 3Xo preradiator (corrected)
particle | incident number
type | energy | n|of events| £ -'fx\/E.q k3 = |comments
(GeV) | - ne (%) A
e 10 |0] 366 29| 9.1+0.5 | 2.3k | optimal '
3.0 9.4£05 | k | & fixed |
e | 50 (o] 176 [11] 75206 |23k | optimal |
11] 78206 | & | ks fixed |
y 0 |o] 120 ]1.0| 7.3 0.7 | 1.8k; | optimal
1.1] 79407 | ki | k2 fixed
¥ 50 |1} 198 {1.2] 8.3%0.6 | 0.69%;| optimal
12| 85+ 06 { k | Kz fixed
¥ 5o (@ 192 [1.5|10.5+058(0.82k | optimal
| 16{1123 08| k1| kfixed |
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SCIENTIFIC - INDUSTRIAL ASSOTIATION
ELMA
103460 Moscow Russia
Telephone: (7)(095)531-7651, Pax: (7)(095)531-0976

. Prof. P.F.Ermolov
Dr. G.L.Bashindzhagyan
Moscow State University

Mcording to your request we have investigated and calculated
a cost estimation for a possibie strip detector production at ELMA
for GEM detector at SSC.

Size 64 X 64 mm 2
Thickness 0.4 mm
Pitch 1 mm

leakage curreat S - 15 nAk/strip

for 95% of strips

Leakage cuxTemt up to 200 nA is acceptable for 5% of strips
Bias voltage lexs than 100 V

A cost estimatiom for a lot of m,aﬁ detector production is $ 400,000.
400 kg float zoree ntype silicon ingots with resistivity 5-10 kOhm*cm
and 100 mm diameter have to be suppliied by customer.

General Director
L.A.Ivanjutin



S.A.LAVOCHKIN SCIENTIFIC - INDUSTRIAL UNION
24 leningrad Rd., Himky 141400 Moscow USSR
Telex: 911721 IRBIS SU Fax: {(7) (095) 573-3591

Prof. P.F.Ermolov
DPr. G.L.Bashindzhagyan
Moscow State University

A possibility to design amd produce ski type mechaaicml wmits for
GEM detector at SSC was discussed at lavochkin Scientific-Industrial
Union. As a result of the discussion and analysis of the ski structure
the following cost estimation was calculated:

- for total order around 300 skis made from AMG-6 hard aluminum
the price of one ski production is § 250 - 300, including expences on

mechanical ingeneering and special equipment.
Total price for all 300 ski order is arocund § 75,000 - 90,000.

General Director
A.M.Baklunov



MICROTECH
Scientific - Industrial Pim
951 Pervomaiskaya, Sverdlovak, 620219, usse
Telephone: (7)(095) 440019, Fax: (7)(095) 445040

Prof. P.F.Ermolov
Dr. G.L.Bashinzhagyan
Moscon State University

In according with your reguest MICROTECH Scieantific—-Technical
Counsil examined a possibility of a multilayer cards production
snd asesmbling with silicon detectors and VISI chips for GEM
detector at SSC.

A cost estimation for order of 7,500 units is $45 per one
fully assembled card (a price of detectors and Vi3I chips is act
included). The price for total order is $337,500. A multilager cacd

T design could be done In  cooperation with customer s elactrowic
eaginesrs.

General Director
V.I.Alimow

Technical Director
A.V.Viasov
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Progress on GEM
Scintillating Fiber
Hadron Calorimeter

Bill Worstell

GEM Calorimeter
Working Group Meeting

December 4, 1991

SSCL



Collaboration & Mission

1) We have made progress in coordinating and

3)

synthesizing the capabilities and efforts
of the former scintillating fiber and
liquid scintillator groups.

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

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



Table 11
SSCintCal R & D Budget

before additional missions of long term stability and longitudinal segmentation

TOTAL BU FAIRFIELD MSU/LSU UCsD
1. 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 Qperations 2] 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 $204K=$70K) not included.



Table 1
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 ucCsn UT/ORNL UMISS LLNL
1. 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 70 25 15 30
3.1 Operations 60 25 15 20
3.2 Equipment 10 10
4. LONG TERM STABILITY
& 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 11 21 20
5.2 Equipment J8 28 10
6. PMTs + DAQ 360 95 115 150
6.1 Operations . 260 15 75 140
6.2 Equipment 100 50 40 10
7. LONGITUDINAL
SEGMENTATION 110 50 60
7.1 Operations 50 20 30
7.2 Equipment 60 30 30
OPERATIONS 604* 90 21 45 75 68 160 10 105
EQUIPMENT 590 J10 28 50 30 82 60 20 10
TOTAL 1194* 400 49 95 105 150 220 60 115

* Overhead (33% of $327K = $109K) on SSC/DOE (but not on TNRLC) operations not included.
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NOV 19 ‘91 13:20 ORML-MECH. DESIGN FRX#€1SS747966

Sixteen Tower Prototype

Segmentation: 0.1 RADIAL
Tolal Towers: 16 Each | Location
Types of Towers 2 "A® & "B"
Inner Radius 141 cm Ri
Bottom Cap Thickness 0.5 cm R2
Absorber Length 1785 em R3
Top Plate Thickness 25 cm R4
Readout Plate Thickness 1 om RS
Readout Abs Thickness 115 cm Ré
Total Tower Helght 195 cmt
Sheath Walt Thickness 0.19 om
Gap Between Towers 0.19 cm
YYLS Fiber 3 mm .
Resadout Biber 1 mm
TFiber Spacing 0.765 cm
Percent Lead Shot: 61.10%
Percent Fiber: 11.30%
Taveer. Moduls Dimensions G Centerline Ri R2 R3 R4 RS R6
Deg. Deg. Deg. om em__ | em cm cm cm
Type A Deg 8.00 51 2.86 141.23 141.78 3.6 323.13 3413 X36.66
Radjsn §00 | ei0 0.5 )
Type B Deg 72 1138 855 14182 142.83 32187 32438 ) 32519 | 3379
Radian 0.10 0.20 0.15

Oak Ridge National Labocatory/Mark Rennichi/11.15-91




P.11

NOV 19 791 13:23 ORM.-MECH. DESIGN FAX#S1SST479E6

|BILOS Materit)s

Quantity Surplus | Tot. Quant. Unity Unit Price Price
Tower Shesthy 39.5 &15% 424.47 Kg $12.12 $5.148
e Plate 290,13 6.25% 308.31 Kg §25.00 ST.708
Buevtom Plate 12924 £25% 136.75 Kg $12.12 $1,651
Riadout Sheath $4.66 £25% 8.78 Kg_ S12.12 $833
Etitectic £195.65 20.00% 7434.73 Kg $5.58 $41.436
{1ead Shot 195zt | 2000% | o284 K $a99| 314199
) wm Fiber Z149.58 20.00% 12459.46 Melers $1.73 356,155
1 nm Fliber £400.00 20.00% 1098000 Melers $0.35 $3,521%
LIkt Mixer 16.00 625% 17.08 - Esach $45.60 $765
T 61.00 6.25% 68.08 Each $300.00 $20400 EST
[Readont Bracket 16.00 625% 17.00 Each $100.00 _$1,700 Est
Fruning 1.80 0.80% 1.8 _Esch s250080] s2300] Est
scers 168.08 10.00% 176.00 . Each $5.80 $33%0 Est
M ids 2.99 0.68% 2.00 Each $10,000.90 $19,600 Est
ierlal Price 6,350
l=-'_'_ torlal _Prl $176,950 |
EM
Enuhm_u__mm 19418.92 Kg
Average Tower 1213.63 Kg
Sti-acture 1880.00 Kg Estiwmate
Teal 21631.65 Kg
Yolumes
Midular Assesbly 2,022,718 tc
l Asetage Tower 126,419 tc

Oak Ridge Natlonal Laboratory/Mark Rennich/11-15-91




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=0)

a)

b)

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

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% eutectic/ 11% 2mm fibers

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

Four towers at FNAL by Xmas.



1)

3)

Key Issues Addressed During
Current Prototype Construction

Engineering information:

a) Manufactiure requirements/iechniques
b) Mechanical tolerances

c) Fiber positioning/uniformity

d) Mechanical stability/strength

Performance information:

a) Resolution + Uniformity

b) Light Yield

c) Calibration System Performance
Critical technologies:

a) Lead shot fill -- 6th supertower w/ shot

b) Fiber splice readout -- full-scale tests
c) SS sheaths -- after casting for now



1)

3)

Ke uestions to Resolve
for 16-Ton Prototype

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 0.10 eta x 0.10 phi supertowers
takes advantage of existing infrastructure

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

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-Ton 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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Progress Heport and Renewl Request to DoE end the SSC Loboratory

The Engineering and Testing of a Fiber Calorimeter Prototype
. © For the Second Detector

The SSCintCal Collaboration

D. Brown, R. Casey, T. Coua, S.T. Dye, E. Rases, D, Higby, S. Klein,
1.P. Miller, B.L. Roberts, J. Stone, L. Sulak (contact person), W. Worsiell
Bostop Unriversity, Bostoa, MA 02215

Drexel University: Philadelphia, PA 19104
D. Boucussi, D. Scrofani, K. D. Wall, D.R. Wina
Fairfield University, CT 0643

R. McNeil
Louisiana State University, Baton Reuge, LA 70803

C. Bromberg, J. Huston, R. Miller, C. Yosel

_Michigan University, East Lansing, MI SRS
rf.-Bo- lden, L. Cremaldi, 5. Hitrpes, B, Moore, B. Quinn. J. Zhou
Ifniversity of M isaimwniverﬁty,_ MS%?IEI

S.C. Berridge, W.M. Bugs, T. Bandler, M. Pisharody
\ Univermity of Tennessce, Knaxville —
A. David, N. Diaczenko, §. Zaman, A. Sanagiri, R. Webb
Texas Ad:M University, College Station, $X 17843

-

! K. Wigmans l

.. Texas Tech University, Lubbock, TX 79409 .

N. Alcimrip, D. Jowes, D. Kadrmas, J. Lnilnd. E. McClispent, F. Olchowsid, Y. Onel
University of lowa, lowa City, IA 52242 -

D. Acosta, J. Branson, B. H. Paar {contact , M. Siverts, D. Thomas
University of gmonn-&n( Diego, 5 Joila, CA 92093

with National Laboretory Afiiates

F. Aﬁer, C. Elder, D. Sullivea
boratory, Cambridge, MA 02138

ML Buocz, B.L. Bishop, H.0. Coha, T. A, Gebeinl, A Gocdeev, -
, R.A. Lillie, F. Plasi, K. Read, M.J. Renvich

: _ Y. Kamyshkov, R-A. , |
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Table I
SSCintCal R & D Budget
beioge additional missions of long term stahility and longitudinal segmentation
9
TOTAL o FAIRFIELD MSU/LSU UCsD
1. GEM PROTOTYPE 40 »ua 80
1.1 Operations 120 ) 50
1.2 Benipment 310 r 30
2. SPACA 90 90
2.1 Opaesations 38 38
2.2 Equipmeni 52 52
3. TEST BEAM 3 %
3.1 Operations 5 2%
4. CALIBRATION 49 49
4.1 Operations 21 21
4.2 Equipment 2 %
5. PMTs + DAQ 16 16
5.1 Equipment 16 16
OPERATIONS 204° 70 21 75 a8
EQUIPMENT 406 280 28 30 52
TOTAL C 610> | 350 ) 105 90
*Dverhead (33% x $204K=870K) pot incladed.
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Proposed Total 88CintCal R & D Budget (SSC and TNRLC)
gﬂl}mm;mmg of long term stability and longitudinal segmentation

Table I

m—

i TOTAL | BU | FAIRFIELD | iOWA | MBUJIRU | UCSD ]CUT/ORNL JLUMISS []\LLNL
1 ) 430 380 8 - - =
120 7 &0
310 280 30
90 % 1
: 2 38 ET)
1. 2.3 Equipment 52 52
. 3. TEST AEAM 70 25 15 30
' 3.1 Operations 60 28 1% 20
3.3 Equipment 10 10
"4, LONG TERM STABILITY
™% RADIATION DAMAGE % 6 T
70 50 20
20 10 10
7] 9 3%
4l 21 20
, 3 8 10
8. FMTs + DAQ 360 95 115 180
' 6.1 Operations 260 45 75 140
' 0.3 Equipment 100 50 40 10
7. LONGITUDINAL
[ ARAMANTATION 110 5 ®
7.1 Operations 50 20 3
- 1.3 Equipment 60 30 )]
OPFERATIONS 604° %0 21 45 7 68 160 40 105
EQUIPMENT 500 310 28 50 30 82 60 20 10
TOTAL 1104} | 400 49 95 105 150 220 60 T
e - H‘

* Overhead (33% of $327K = $109
L

e

L
K) on SSC/DOE (but not on TNRLC) operations not included. ‘
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