J—

Software Studies of GLD Calorimeter

Contents 2006/03/10
e GLD calorimeter LCWS2006
e 70 reconstruction in the
strip configuration At Bangalore
o Dlgltal hadron calorimeter Hiroyuki Matsunaga
e Summary

(Univ. of Tsukuba)

_



———
Calorimeter Design

4 Baseline design i

Scintillator/absorber iy
sandwich [ _

s Two orthogonal strip - Y////////(/%////////// .

layers :
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4 Clustering 1s difficult in
the strip configuration

4 In case of multi particles

going into calorimeter:  v-strips
Ghost hits could be
reconstructed y, 7

Three-dimensional
reconstruction may enable

Clustering In the strip configuration

X-strips

us to choose correct
incident positions ?
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Setup

4 GEANT4 based stand-alone simulator
4 EMCAL: W(3mm)+Sci(2mm)+Air(1lmm), 30 Layers
4 HCAL: Pb(20mm)+Sci(Smm)+Air(1mm) , 50 Layers
4 7¥’s are generated at the interaction point
2m

IP

K ——p
Y — / 2m
m 2.1m ) .

Z EMCAL HCAL
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Clustering procedure

I — > :e

Threshold “
for a hit:
0. 1MIP Two particles coming in Zlenpdozift”plwnh the largest energy
. I [ [
Do this
clustering “
for both X- —
and Y—Strips Redo recursively Try to fing assogiated hits
1 Three-dimensionally
Cluster is built
v i Clusterl

X

Try again for remaining hits Cluster2
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Two cluster separation (1)

AXIS1
J [ s u’

= -

Z
X-strips  Y-strips IL.

X Target strip
Compare
distances
Two clusters can be separated
1 [ 1 ‘
T Do the same thing
= for all layers
g ] — . )
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Both particles
pass through Divide the
the same strip energy
e — deposit in
| :| i a strip with =
' ] weights
Clusterl
|
| ||
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7? reconstruction (1cmx10cm strip)
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Performance

4 Performance 1s stable 1f

scintillator length 1is less
than 10cm
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Digital Calorimeter

4 Very fine granularity is preferred for PFA
Number of readout channels become huge

Electronics cost will be expensive

—> Digital Calorimeter
4 One option for GLD HCAL

Performed simulation study with full simulator

s Scintillator tile size down to 1cm x 1cm
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GLD Simulator (Jupiter)

4 GEANT4-based
4 Tower structure

4« ECAL tile size
4cmx4cm

4« HCAL tile size
Ilcmxlcm ~ 3cmx3cm

ECAL 38 layers: 27 Xo HCAL 130 layers: 6.1 Ao
Scintillator Scintillator
Imm mm
12cm 12cm
Lead 4mm Loadiicaas
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Responses to Single Particles

4 Charged plons 20003— Threshold 0.5 MIP

3,10, 50 and 100 GeV oo THesize - lomxdem
3000 events each wi 100GV

1400¢

4« HCAL tile size 1200}

1000F

lecmxlem ~ 3cmx3cm

NHits

4 Kink structure exists in 600¢

for hish a0 . aREn A ffézv
Ire Sp.OlilSCS or nign encrgy 2003?3__, | igsézv
particles RTINS Toe

Energy Déposit [GeV]
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Two types of events (100GeV pions)

Pure hadron shower Large EM shower component

Flle Help  File Help

Blue: muon Red: pion
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0./E(%)

Energy Resolution

Segmentation dependence Threshold dependence
30’ ~—~ 30,

N X -
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S 248 |- 1.0 MIP .

22:* . A . 22; %
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—> Smaller size is better
in high energy region
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Semi-digital (2-bit) Calorimeter

Digital Calorimeter 1s not suitable
for high energy particles
Much larger energy deposit per tile

than 1 MIP
- Try semi-digital (2 bit)

Entries 2291552

Mean 3.621

6 [L_
107 RMS 9.006

10°

Energy deposit / tile

i: for 50GeV pions

10
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4 Three thresholds
Lowest 1s fixed at 0.5 MIP

4 QOther two should be

optimized
Energy deposit # of hits
(MIP)
0~ 0.5 0
0.5 ~n 1
n ~ n? n
n’ ~ n?
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Threshold optimization
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Comparison of Energy Resolutions

2 - 357
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Jet Energy Resolution

Jet Energy Resolution

4 ete” =2 qq (u/d/s)

—40
S, [ [~ 91187 Gev, Digtal
Vs =91, 350, 500 GeV =38 | . ascev, outal |
*3 :_ —— 500 GeV, Digital
4 Energy measurement 3% | . o117 cev, anaig
. $34F | - 350 GeV, Analog
Wlth (perfeCt) PFA - | ---a--- 500 GeV, Analog

4 In case of 1x1 cm? tile
size, digital calorimeter
achieved similar or
slightly better jet energy
resolution
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summary

4 We tried to reconstruct ¥ in the strip configuration

80% reconstruction efficiency for 10GeV nt°

4 Have studied digital calorimeter with single pion and
jet
Better resolution was obtained with smaller tile size
No significant dependence on (lowest) threshold

Bad energy resolution/linearity for particle with >50GeV
< Need at least 2-bit readout

For jets, performance 1s similar to analog readout
< Tile size 1s lcmx1cm, Vs < 500 GeV
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Backup
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X, Y-cluster association

4 Minimize 2

1 ={(Ex-Ey) / (op,gy)}? + {(Xx-Xy) / (Oxyxy)
H{(YX-YY) / (Oyuyy) ) H(ZX-Zy) / (074.2,)}°

4 o 1s determined by single photon

Value

cSEX-Ey

0.031 x V(Ex+Ey) (MeV)

cSXX-Xy

15.16 (mm) / VEx (MeV)

CSYX-Yy

16.42 (mm) / VEx (MeV)

CSZX-ZV

46.42 (mm) / VEx (MeV)
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