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Abstract:

Agenda, attendees, and presentations of the GEM EM Calorimeter
Meeting held at the University of New York at Stony Brook on September
17, 1992. Agenda items are: Optimization of the GEM EM Noble Liquid
Calorimeter; Discussion of RD3 Preshower Approach; Paraliel Plate
Preradiator Solution; Fine Strips in the Accordion Structure; Specification
to Pointing in the EM Calorimeter; Pi-zero Rejection Using Shape Analysis
Only; DRDC Preshower Detector Design; and Discussion and Work
Assignments.



Summary of LKr Optimization Task Force Meeting 9/17/92 (Stony Brook)

Goals of the task force are to optimize energy resolution, pi-zero
and multiphoton rejection, and photon peointing.

David Lissauer suggested that the present accordion be optimized by
1} Changing the average thickness of lead as a funtion of theta.
2) Developing a massless gap on the front of the accordion,

3) Increasing transverse segmentation.
4) Increasing longitudinal segmentation.

He pointed out that a preradiator will present special problems:

1) Poor resolution if outside the cryostat.
2) Reading out 250K channels if inside the cryostat.

Veljko Radeka summarized the large RD3 R&D effort on a fine grain preshower
detector inside the cryostat., There is plan to develop electronics
appropriate to reading out large numbers of channels in the cryostat. The
position readout would use a large number of low gquality channels, while
the energy measurement would use ganging and a smaller number of high
quality channels.

Paul Mockett presented the parallel plate calorimeter and showed some data
as well as Monte Carlo results for pion rejection.

Misha Leltchouk presented options for putting position readout (strips) in
the accordion.

Assignments:
1. Committee to insure uniform generation of Monte Carloc events:
Hong Ma (BNL), Chairman
Kostya Schmakov {(Oak Ridge)
Sasha Vanyashin (SSC)
Jon Eisenberg (U Washington)
2. Optimization of Accordion
David Lissauer, Howard Gordon, Misha Leltchouk, Hong Ma, Jean-Yves
Hostachy, Kostya Schmakov, Yuri Kamyshkov, Michael Seman
3. Multiplexing in the cryostat

Veljko Radeka, Hong Ma

4, Strips in the accordion

Misha Leltchouk

5. Preradiator

Yuri Kamyshkov, Misha Leltchouk, Kostya Schmakov

6. Parallel Plate Option

Paul Mockett

Hong Ma is organizing a meeting at BNL on Sept. 22-24 to coordinate the
Monte Carlo simulation efforts. Michael Seman’s code for the projective
accordion will be the basis for the optimization efforts.

Notes take by Bob McCarthy (edited by Howard Gordon)



GEM EM Calorimeter Meeting on Thursday, Sept. 17, 1992

ANNOUNCEMENT

We have been asked to optimize the liquid krypton EM calorimeter for
GEM for the following:

1} Optimization of the energy resolution
2) Rejection of multiphotons due to pi0 or other multiphoton states
3) Optimization of photon pointing

I have asked Bob McCarthy from Stony Brook to organize a task force to
study and recommend a solution for GEM. Bob has extensive hands on
experience with liquid ionization calorimeters. There will be a
preliminary meeting on Thursday, Sept. 17 at 9 AM in Room D118, Graduate
Physics Building, SUNY - Stony Brook, Stony Brook, New York. A preliminary
agenda: '

I. Outline of the geals - D. Lissauer

II. Review of the RD3 Solution - V. Radeka

IIT. Review of the parallel plate solution - P. Mockett
IV. Fine strips in the accordion structure - M. Leltchouk
V. Discussion and work assignments

Howard

AGENDA

I. Optimization of the GEM EM Noble Liquid Calorimeter — D, Lissauer
1I. Discussion of RD3 Preshower Approach - V. Radeka

III. Parallel Plate Preradiator Solution - P. Mockett

IV. Fine strips in the accordion structure - M. Leltchouk

VI. Specification to pointing in the EM calorimeter - A.Vanyashin
VII. Pi-zero rejection using shape analysis only - K.Shmakowv

VIII.DRDC Preshower Detector Design - Yu Kamyshkov

IX. Discuasion and work assignments
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Optimization of
The GEM EM Noble Liquid Calorimeter

I. Physics Requirements:

¢ Energy Resolution: §E/E =6.0%/x/-l7}' @ 0.4%.
e v/Jet separation, -y/7° separation.

¢ Pointing: Mass resolution at high luminosity.

II. Optimization Tools:

e Transverse segmentation.
» Longitudinal segmentation.

» Preradiator.

‘D. L{ssﬁu-E.ﬂ
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Preradiator Options.

I. Preradiators incorporated in the existing
structure (Misha Lellchuk et. al )

e 1-2 mm strips {See I'igure)

Advantages:

e No new mechanical structure.

Disadvantages:
e Signal / Noise: — 200-300K Channels
e Feedthrough

e Multiplex analog information inside. A new order of com-
plexity. R&D.

e New electronics must be radiation hard. (Near shower
max)

e Calibration: need to calibrate the energy to better than
1% (increase in the constant term).
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II. Preradiators with Additional Structure

2. RD3 - Venetian blind

There is a fundamental difference between GEM aund AT-
LAS (Eagle/Ascot). They have a 10% energy resolution
target. Infront of the calorimeter (L.A) they have a mag-
net 4 thicker walls due to the larger radius.i.e They have
nearly 3Xp of dead material already. Combine the func-
tion#k of massless gap and preradiator. (NOT our case)

GEM radius is nearly a factor of 2 smaller than ATLAS.
To get the same 7° rejection need smaller electrode ele-
ments by the same factor.( Unfortunately # opening an-
gles are universal).

In order to sample at shower max an active calorimeler is
needed in front of the venetian blind. Or suffer additional
degradation of the energy resolution. (not acceptable).

Advantages:

e Venitian blind construction have lower capacitance , sig-
nal to noise is improved.

¢ Higher signal to noise means a possible reduction in the
number of channels.

e Simple mechanical construction.

Disadvantages:

11
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e Still needs a 3X) calorimeter in front. (separate structure)
e Dead material at Shower max.

e Electronics: Same as Mockett et al. (250K channels)



I11. Solutlon outsxde the Oryestat‘(‘ .-ﬂ,j“ fai

See F1gure.

Advantages:

— Outside the cryostat.
— Decouple the cal. constraction from the preradiator.
— Can be staged.

- —electronic channels are outside, multiplexing can be
done with similar readout as the chambers and/ or
Si detectors.

Disadvantages:

— Need to sample the first three radiation length.
— Large number of channels.

— Energy resolution might be compatible with 9% but
not better.(dead material near shower max.)

14
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Optimization with present Design

In this meeting we are discussing only the optimization
that have to do with the questions relating to the function
of preradiators. There is a long list of optimizations that

16
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1. Optimize the Pb. density as a function of . (Ftb)

Advantages:

— Improve Energy resolution. item Improve Pointing.
— No additional cost.

Note:

Already now we have lower density calorimeter than

RD3. Reducing the density has two main advantages:

— Position resolution become better due to shower spread
in the transverse direction.

— Shower become longer and the lever arm between the
two measured points is larger resulting in a better
angular resolution.

2. Optimize the passive massless gap in the absorber

Advantage:

— Improve energy resolution.
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3. Increase the transverse segmentation.

e.g: We can have asymetric 7, é6¢ segmentation. In-
creasing the segmentation in 7 and thus the position
resolution, pointing as well as multiphoton rejection
due to better shower shape analysis.

Advantages:

— Better position resolution.

— Better 7y to multi-y separation (better shower shape).
4. Longitudinal segmentation.

In the case of two longitudinai sections we need to opti-
mize the ratio of front and back, taking into account both
energy resolution and pointing resolution.

In the same structure one can add a third readout.

Advantages:

— Better multi-y to single-7 rejection (longitudinal shower
shape).

— Better pointing.

Disadvantages:

— Additional ~ 30K channels of electronics.

21
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ltiplexing factor [NMPX]= &
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p cut:
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nst for max frac. of biggest peak (DIPMAX]= -.013
ergy power for max frac. of biggest peak{DIPPOWR]}= 1.
ergy to set fraction to HEDIP [EDIP]=SP. ]
p fraction above EDIP [HEDIP])="0.5
ergy above which dip cut is on {EDLOW]= S1.
D fractisn = DIPCONST + DIPMAY * E°DIPPOWR : EQLOW<=E<EDIP -
= HEDIP *: E>= EDIP .
= cut turned off :+ E<EDLOW .
dth cut:
lriplier for width cut below WCTHRESH [CUTWID]= £€.96 -
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ergy thresh where widthcocuZ->NWILCWER {ACTHRESH)= 50. :
gher energy width cut : (NWCLOWER]= 2 i
n. frac. of biggest peak for width ([ENIDCUT]= 0.6
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‘an pesiticn cut: .
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wer of energy for mean offset scaling [CUTPOWR]= -0.5
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~ GEM TN-927119

e

K. Shmakov

Hy — vv decay:

2
Mg, _ 1 (éﬁ.)+(£)+ ¢
My, 2 F; E, ta.n(%)

What is requied from the EM calorimeter:

(1) Precise energy resolution o(E)/E

(2) Angular resolution — to measure the angle © be-
tween 27. ( IX vertex 1S Uumkuoww )

(3) Position resolution — contribute to angular res-
olution. ( I‘Y vetlex s L(uOWh)
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Ren-yuan Zhu a.nd‘ Hifo 'Yama.moto

GEM TN-92-126

Intermediate Mass Higgs Seafches
with GEM Detector

3.5 Effect of Position Resolution

It is also interesting to see the effect of shower position resolution. Table 7 shows the
ratio of H— 4y peak width as a function of the shower position resolution (#x) and
energy resolution (a and b), for Higgs mass of 80 GeV. The numbers in the table are
by = 1 mm. It is clear that the
shower position resolution of an ordes of few mm will not corapromise the discovery
potexntial of a precision EM calorimeter.

normalized to the case of a = 2, b = 0.5 and éx =

Table 7: Ratio of H~ Ty Peak Width 2s Function of §x, a and b.

& (mm)

05 | 1.0

1.5

2.0

2.5

3.0

a=2 | b=0.5
a=5.5 | b=0.5
a=73 | b=0.5
=15 | b=3.7

0.97 | 1.0
15 |15

1.0
15

1.1

16

1.1
16

1.2
1.6

19 | L9
3.8 {38

1.9
3.8

1.9
3.8

2.0
3.8

2.0
3.8

3.6 Effect of Vertex z Resolution

Table 8: Ratio of

Hoe oy

-

\l\ \l gx@e

Peak Width 2s Function of 6z, 2 2nd b

§z (zmm)

1.0 | 2.0 3.0

5.0

10.

a=2 | b=0.5

=0.3

5 | b=0.3

{
a=13 | b=1.0

1.0)1.0

11

1.1

13 }354

13 |15

1.6

1.6

1.9

1.9 | 1.9
3.3]3.8

1.9
3.8

2.0
3.8

2.2
3.9
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0 rejection

using shape analysis

ONLY

with Pb/LKr E-M calorimeter:
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