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Abstract:

The task force was convened to address the option of building the
GEM barrel calorimeter with a three layer structure: Liquid Krypton EM
section; Liquid Argon hadronic section, thickness "a few" absorption
lengths (we assume 0-3); and SPACAL hadronic section. The issues to be
addressed in the geometry were its performance for: EM energy
measurement, and leakage; electron-pion discrimination; missing ET
measurements; and jet energy resolution. All as a function of varying the
thickness of the liquid argon hadronic layer from zero to 3A. The control
for comparison purposes was the baseline 1, all-liquid-argon option.
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AIM OF THE TASK FORCE

The task force was convened to address the option of building the GEM barre] calorimeter with a
three layer structure, as below;

.ﬁmmhﬁm thickness “a few lengths ( assumedO—B)
section, a few” absorption we
« SPACAL hadronic section

The issues 10 be addressed in this geometry were its performance for:

+ EM encrgy measurement, and leaknge

. ? o discrirminat

* missing ET measurements

+ jet energy resolution

All as a function of varying the thickness of the liquid argon hadronic layer from zerotw 3A. The
control for comparison purposes was the baseline 1, all-liquid-argon option.
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SUMMARY
L.LEM energy leakage

Savin has studied high energy EM shower leakage for 1 TeV electrons and photons. He has
cmnpamdml;ilsmms withﬂmse(‘:.fﬁn mdalsoofx.ﬂihi fwnﬁaﬁmmi:ndmﬁedufam

\ at these ies it strongly damage energy response ce
mofwmsint}zuﬂ“pak.Hmva.ahad:mn‘cmlm‘w':nhhamhﬁvelypoormmm (of
cven 40-80%/E) is adequate to correst for energy lost and restove a Gaussian lineshape. This will work
even with a reladvely thick (2.8 Xq) cryostat wall behind the EM section. Alternatively, se%menﬁng the
last 1X of the EM section separately can be used o correct for leakage. The proposed 8+17 X front-
back segmentation will not do the job of leskage corrections.

2. Electron-Pion discrimination

Yu. Efremenko has simulated electron-pion discrimination in Baseline I and hybrid geometries.
The pion rejection is better in the LXr + SPACAL geometry by a factor of up to 2 (for 95% electron
efficiency). For the 3 3 LAr hybrid the performance is similar to that of the baseline, The reason for this
improved rejection is that the cryostat wall between the LKr section and the SPACAL absorbs the tails of
EM showers, making them look more differeat from kadronic showers. So the extra discrimination would
core at the expense of worsened resolution, and is probably not itself a good reason to go this route.

3. Missing E7

K. Shmakov has studied missing E effects of energy loss fluctuations in cryostat walls. Events
thMGﬁAngMwmmﬂwzmd&vﬁm shower energy loss
distributions and then the ized distribution was samp obtais an ET mismeasurement in each
event. This was with the "irreducible” missing ET due to neutrinos. The baseline I scheme has
the best performance, followed by the hybrid with 1 A LAr section, followed by LKr + SPACAL; but in

all cases the missing ET created by the cryostat walls is not significant compared with the irreducible ET
from neurtrinos.

4. Hadronic resolustion

Eﬁunmhohasfmnddmamldyofhowmwd@:dmvmusularminmc calorimeter to achieve
the best hadronic resoiution yields very similar final resolutions for Baseline I, LKr+SPACAL and hybrid
(with 3 A LAr section). Since some weighting is unavoidable anyway (the various Iayers will unavoidably
have different sampling fractions) this gives no reason to choose one geometry over another.

CONCLUSIONS
On the yﬁcapufamﬁmgoundssmdied,:hmshmﬂaﬁmsgiwnopunculn' Teason to prefer
any one of the ing designs over another: pre

Baseline I (LAr)

H&I;nd (LKr + LAr + SPACAL
LXr + SPACAL )

Any of them would appear to be able tépuformadequatcly; the extra cryostat walls have no
terrible effects. It is suggested that the choice be mads on grounds of cost, complexiy or inherent
performance (noise, constant tezm in resolution, calibratability) of the various technologies, which have
not been locked at here.
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APPENDIX 1 — EM ENERGY LEAKAGE (A. Savin)

The simulated geometry is shown in Fig.1. The bulk mixture of the LKr/Pb E-M calorimeter was
assumed to measure deposited energy with a resolution of 7.5N(E) & 0.4%. The bulk HC calorimeter is

a mixture of Cu and plastic with an energy resolution of 40%N(E) or 80%/N(E). The last few sections of
the EM may be decared as 'dead’ and excluded from the energy measurments. In this case the EM
calorimeter becamne shorter, so these estimations are a little bit conservative. The table in Fig.2 shows
different predictions of leakages for high energy EM showers. Zeus calculations are shown in Fig.3a, and
Fig 3b shows X. Shi's calculations for barioum fluoride. For 1TeV electrons the leakage fluctuations are
shown in Fig.4 (R.M.S and Gaussian fit sigma).

The other drawings are divided into groups labelled I-IV.
I1- 1TeV electrons in 25.6X0 E-M calorimeter + 1.7X0 dead material
II - 1TeV electrons in 24.5X0 E-M calorimeter + 2.8X0 dead material
HI - 1TeV photons in 25.6X0 E-M calorimeter + 1.7X0 dead material
IV - 1TeV photons in 24.5X0 E-M calorimeter + 2.8X0 dead material

In each group :
Fig.*-1 shows effect of leakage on resolution,

Fig.*-2 recovery of resolution by HC with 40%/Y(E)

Fig.*-3 recovery of resolution by HC with 80%/N(E)

Fig.*-4 recovery of resolution by last 1X0 measurement (assumed perfect resolution)

Fig.*-5 shows correlation plot between energy deposit in EM calorimeter and fraction in
first 8.54X0. Insufficient correlation for resolution improvement was obtained.

Conclusions :

1.Leakages for high energy electrons and photons strongly damage the spectrum of E-M
calorimeter response.

2, Tails lead to loss of statistics as well as losses in the peak because of increased width. For
photons the peak statistics go down as much as 35% (see Fig.1II-1,2).

3. Leakage effects may be corrected by measurement of tail in HC with even a quite bad

electromagnetic resolution ~ 40-80%/(E).
4. A separate readout of the last 1X0 would solve this problem equally well .
3. The proposed EM segmentation 8X0+17X0 is not effective for leakage corrections.
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E leak after 25X0 to hadron calorimeter
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‘ Roten.}gl.f '86
Ivata Rosenfeld tables Phys.Lett GEANT sim
Ein (TeV) Eem leak 1988, >25 X0, Pb B170(1%§6) Leak > 25X0
>25X., .
0.1 - - 0.5% 0.6% Y.Efremenko (Pb/LKr)
0.5 4, % 1.5 % - 1.1% X.Shi  (BaF2)
1.0 6 % 2.0 % 1.5% 1.2% A.Savin (Pb/LKr)
2.0 - 8 % 2.6 % - [25.6 XO]
4.0 - 3.4 % -
6.0 10 % -~ -
8.0 - 4.2 % -
10.0 15 % - 3.8%
1)
2eus (40)
Sumarokev Shmg, kov E‘f""‘ e ko
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Longitudianal E-M shower shape in BaF2
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Energy fluctuations
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1.7 X0 dead material between E—M and Haodronic section

25.6 XO E—M calorimeter
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1.7 X0 dead material between E—M and Hadronic section

25.6 XO E—M calorimeter
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25.6 XO E—M calorimeter

1.7 X0 dead material between E—M and Hadronic section
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25.6 XO E—M calorimeter

1.7 X0 dead material between E—~M and Hadronic section
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Front section 8X0
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24.5 XO E—M calorimeter

2.8 X0 dead material between E—M and Hadronic section
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2.8 X0 dead material between E—M and Hadronic section

24.5 X0 E—M calorimeter

9 40 . — D 105
S - Intrinsic resolution Entries 428
S 30 £ 7.5%/sqrt(E) x 0.4% Mean 983.2
N RM3 g.108
- GEANT3.15 X 1.298
20 L Constant 26.20
[~ Mean 984.3
; 1 TeV electrons Stamo s
10 [
OT|L||L|I‘1ELLH|I'I !J_L'IIII'JJ_II T T AR S U A S
930 945 960 g75 1005 1020 103 1050
Mecsured energy (GeV
~J000
>
L N ..
O " R,
980 £ AL
= - e
| -
Ll N
€960 |-
—_—t - 1 ——
.g - Energy in E~-M
940 [ vs Energy in HC
- ¥
92O~II4LI114LILII 'R P R W N R O N
0 25 5 75 _ 10 _1; 175 20 225 25
Deposit in Madron Calorimeter (GeV
§2 u 1D 205
o -~ Corrected for energy leakages Entries 428
> 40 Mean 1000.
L - measured in HC with resolution RMS 5.507
- X 0.6948
- 40%/sqrt(E) Constant 39.84
- Mean 1000.
20 - igma 5.301
O'II_I_IJ_I_IIIIIIIJ_LIIJIl_I LJII_IIJ_I IIJ_LIJ_LIL
930 945 960 975 1005 1020 103 1050
i Measured energy (GeV
‘ASavin/



24.5 XO E—M calorimeter

2.8 X0 dead material between E—~M and Hadronic section
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2.8 X0 dead material between E—M and Hadronic section
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24.5 XO E—M calorimeter
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Front section 8X0O
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25.6 X0 E—M calorimeter

1.7 X0 dead material between E—M and Hadronic section
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1.7 X0 dead material between E—M and Hadronic section

25.6 XO E—M calorimeter
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25.6 X0 E—M calorimeter

1.7 X0 dead material between E—M and Hadronic section
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APPENDIX 2 — ELECTRON - PION DISCRIMINATION (Yu. Efremenko)

In this study a full GEANT3 simulation with a magnetic field 0.8 T.was used. In fig. 1 the three
different geometries used are shown:

Baseline - the so-called Integrated Calorimetry option with the thin (1.4 X0) wall between

EM and HCAL section.
Hybrid - LKr EM and Scintillating Fiber HCAL sections. The only difference is the wall

thickness (2.8 X0).
Hybrid 31 - LKrEM, 3 interaction length LAr HCAL and Scintillating Fiber HCAL sections.

In Fig 2-3 the energy deposition in HCAL for 100 GeV electrons and pions is shown (Fig.2 is for
the Baseline and Fig.3 is for the Hybrid options respectively). Overlapping the electron and pion
distributions was used for determining the pion regection factor. The result is shown in Fig 4.

It is seen that for the hybrid option the pion rejection is better than for the Integrated one. The only
reason is that the thicker wall works like a tail killer for the EM showers and has negligible influence on

the hadronic ones. The rejection for the Hybrid 3A is the same as for the Baseline option.
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APPENDIX 3 — MISSING ETIN CRYOSTAT WALLS (K. Shmakov)

Particles (mainly hadrons) may deposit a significant part of their energy in cryostat walls due to
energy loss fluctl(:zn;ionsy which have n%ngussian tails. This effect may disturb missing ET measurements.
One can expect the maximum effect if these walls are placed near the hadronic shower maximum (wall
between EM Pb/LKr calorimeter and SPACAL) The impact of missing Et in cryostat walls for the
inclusive missing Et measurements was studied for 3 different setups (see Fig.1):

a) Baseline I (EM LAr + HC LAr), _
b)) Hybrid with 1 lambda hadronic section (EM LKr + 1lambda HC LKr + Scint. HC)

¢) Hybrid (EM LKr + Scint HC)

The following procedure was used:

1) PYTHIA was used to generate about 10K TWOJET events in different Pr ranges from 1-5000
GeV: 1-30 GeV, 30-80 GeV, 80-150 GeV, 150-300 GeV,...,2000-5000 GeV.

2) GEANT3 was used to generate 1K individual hadrons (n”) with energies: 1, 2, 3,4,5, 10, 20,
50, 100, 200, 500GeV. Setups a),b),c) (Fig.1) at 90 deg. were used with various
thicknesses of cryostat walls (A1) after the EM calorimeter and after 1 lJambda HC section.
Energy depositions in cryostat walls were measured for each set of parameters
(energy and thickness).

3) The tails of the above distributions of energy loss in cryostat walls were fitted by an exponential
function:

y = pl*exp(p1+E*p2)

- Parameter p2 reflects the tail decrease,
- ratio exp(p1)/p2 reflects the number of events in a tail over the total number of events - the
probability to be in a tail.

Examples of such distributions with corresponding fits are shown in Fig.2-7 for 10,50 and 500 GeV.

Both parameters - tail decrease and probability to be in a tail - were fitted and parametrized in 3
dimensions independently:

- for a fixed wall thickness but variable energy,

- for a fixed energy but variable wall thickness.

- the transition between wall after EM calorimeter and wall after additional Hadronic section for a
fixed wall thickness and energy.

This parametrization gives the parameters of the tail for energy loss in a wall for arbitrary energy and
thickness. Using these parameters later one can caiculate the probability of the specific energy loss of a
hadron at arbitrary theta angle in a cryostat wall. An example of such parametrization is shown in Fig.8.

Finally, using (1) for all TWOJET envents the energy loss of hadrons was randomely chosen
(from the parametrizations) and the total missing ET was calculated. In addition the missing ET due to
neutrinos only was calculated for the same events.

In the paper of Frank.E.Paige and A.V.Vanyashin (GEM TN-92-70) it was shown that neutrinos
can carry out Significant ET and this ET represents the irreducible background (Fig.9). It was also shown
that the effect of limited calorimeter coverage gives an additional huge rate for missing E7 in the range Et
< 100 GeV due to jet leakages in the forward region. This makes impossible any ET measurements below




100GeV. From the above one can conclude that any additional missing Et effects should be compared
with the irreducible missing ET above 100 GeV from neutrinos.

This is done in Fig.10,11,and 12 for setups a),b) and ¢) respectively. It is obvious that for all
setups the effect of additional missing ET is far below the irreducible background from neutrinos. The
comparison of all 3 setups is given in Fig.13. If one compares the total availabe ET int a jet with the
missing E1in the walls one can see (Fig.14) that the latter is much less; this is the effect of randomisation
of energy loss from all hadrons.

It is esential to note that the consideration above includes energy loss in the dead material inside the
hadronic shower without any corrections. For the real SSC events in GEM with any of the proposed
configurations one can in principle correct for the average energy loss in the dead material by appropriate
calibration of the combined EM+Hadron system and correct for fluctuations of energy loss in dead material
by looking at the correlation between energy dcpos1ted in EM and Hadronic sections. This should reduce
significantly the missing ET. .
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APPENDIX 4 — HADRONIC RESOLUTION (Yu. Efremenko)

The geometries used are the same as those shown in Appendix 2, Fig 1. In Fig 5,6, and 7, 100
GeV pion energy distributions for the three options are shown. For all options the information from the
different sections was weighted to achieve the best resolution. It is seen that there is no big difference
between the 3 options.



- 60

50

3Q

20

10

100 GEYV Single pion resolution

C D 100

B Entries 634

" Mean 100.4

K | _RMS 8.275

- X 1.559

- Constant 50.39

— Mean 100.1

~ Sigma B8.449

A

_ Baseline

_ 8.4+0.6%

-

I.

I

i [] 1 I ] ’ 1 I3 ] (] 1 ' 1 1 11 l_ L1_1 L] |_|_ 1 1 L l 1 ] 1 4 1 l \ L} b1 1
60 70 80 o0 100 110 120 - 130 140 150

Energy, GEV

Foo .y




S0

30

20

10

100 GEV Single pion: resolution

- ID 110
- Entries 634
~ Mean 100.6
= RMS 9.859
- X 1.407
- Constant 47.88
- Meon $9.85
- Sigma 8.937
I Hybrid
n 8.94+0.4%

-
.
-
Ll = i M ) T MY SN W T N S AT SR TN ST IO ST S T N i ' I
60 70 80 a0 100 110 120 - 130 140 150

Energy, GEV

Fio €&




100 GEYV Single pion resolution

_ iD 120
60 Entries 634
- Meon 100.1
B ) RMS 9.369
) X 1.153
50 I Constant 49.62
] Mean 99.82
I Sigma 8.710
40 - Hybrid 3A
i 8.7£0.5%
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