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weight~7000 tons; ~ 2000 physicists in ~150 labs and 34 countries
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Electromagnetic Liquid Argon
Calorimeters

e Hadronic Tile Calorimeter:;
Fe/scintilator; || < 1.7, ~ 8X;
HEC An x A¢ =0.1 x0.1

Tile Calorimeters

e Hadronic End Cap Calorimeter;
Cu/LAr parallel plate; 1.5 < |n| <
3.2, ~ 10\; An x A¢ = 0.1 x 0.1
(1.5 < |n| < 2.5), ApxA¢p = 0.2x0.2
(2.5 < |n| < 3.2)

Forward Liquid Argon
Calorimeters

Hadronic Liquid e Forward End Cap Calorimeter;
Argon EndCap .
Calorimeters Cu/tungsten  tubular  electrodes;

32 < |n < 4.9 > 10\
TLAs An x A¢p ~ 0.2 x 0.2, non-projective!
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e ATLAS hadronic end-cap calorimeter (HEC)

liquid argon (LAr) sampling calorimeter with parallel copper absorber plates
beam tests of serial modules in 2000-2001

b Ao IR WY R A N
Stand-alone test (2001), W|th 3 front and 3 rear modules
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e Stand-alone code for GEANT4 based simulations of the HEC
testbeam ( include beam line, leakage detectors, pencil beam )

side view
e |atest round of GEANT4 simulations: version 8.0 + patch-01

e Simulated/analysed sample:

— focus on charged pion response simulation to understand evolution of hadronic
shower models in GEANT4, also electrons and muons simulation available

TLAS
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Simulation Packages

e GEANT4

Version 5.2p02 6.2p02" 7.0p01
Physics lists LHEP 3.6 LHEP 3.7 LHEP 3.7

QGSP 2.7 QGSP 2.8 QGSP 2.8

Packaging

library PACK 2.3 PACK 2.4 PACK 2.4
Release date  October 2003  October 2004  February 2005
e GEANTS3

— Version 3.21

— G-CALOR (hadronic shower code)
— 100 keV transport cuts and 1 MeV process cuts

Sept. 8, 2006

8.0p01

LHEP 4.0
QGSP 3.0

PACK 5.0
February 2006

e HEC geometry: the same in all GEANT4 and very similar in GEANT3

D AE. Kiryunin et al., NIM A560 (2006) 278-290
%ﬁs
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Charged pions: Energy Scans

e Beam energies: 10 - 200 GeV

e GEANT4 range cuts: 20, 100 and 1000 pm

e Physics lists: LHEP and QGSP

e 5000 events per beam energy, cut and physics list
e data: 20000 events per beam energy

e Energy reconstruction in electromagnetic scale:

— cluster of the fixed size, R ~ 30 cm
%ﬁs
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— noise was subtracted from resolution of experimental data
— Gaussian fit: Eg and o

e Analysis:

— response Eg/Epgan, normalized at 200 GeV
— energy resolution
— fraction of energies in HEC longitudinal layers

— ratio e/7

Sept. 8, 2006
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Relative response, GEANT4 v.8.0, 20 um cut
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The GEANTS3 - closest to data; within errors LHEP and QGSP - consistent as well
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GEANT4 version 8.0, LHEP
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Sept. 8, 2006

GEANT4 version 8.0, QGSP
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No dependences on range cuts
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LHEP, 20 um cut QGSP, 20 pum cut
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No changes between different GEANT4 versions
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Energy resolution: o/Eq = P1/\/Eggan ® P2; GEANT4 v.8.0

— 80 = 8
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s [8F 5 100 pm N -
© 76 EF O 1000 pm a [
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GEANTS3 - systematically too good; LHEP and QGSP - quite well (QGSP
- somewhat better); No cut dependences

TLAS
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Energy resolution: 0/Ey = P1/\/Eggan © P2, 20 um cut

80
/8
76
74
72
70
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66
64
62
60

P1 [% GeVY?

TLAS

3
— Sampling term

| |
LHEP  QGSP
GEANT4 physics list

P2 [%]

Constant term

IIIIIIIIIIIITIIIII

| |
LHEP  QGSP

GEANT4 physics list

Different GEANT4 versions in agrament within errors
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Fraction of energy in longitudinal layers, GEANT4 v.8.0, 20 um cut
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| Half of the signal in layer 2 - 14 -
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Fraction of energy in layers: GEANT4 v.8.0, 20 ym cut

o 14 ¢ 1.4 g —
L i - A
< ig 3 %g 3 o QGSP
o <4 E A el = O GEANT3
=11 ;—eégagg © 90 o, ©o0 1.1 F
1 g B0 B8 L gt e R R A
0.9 F 0.9 F
0.8 0.8 F
0.7 F Layer 1 0.7 F Layer 2
0.6 5 1 I 1 I 1 I 1 I 0.6 = 1 I 1 I 1 I 1 I
0 50 100 150 200 0 50 100 150 200
14 E 1% EIT.I
3 E 16 E
1.2 E =
11 E 13 E $¢¢ 9 g g o
THeoo, 6 be ® awl L2HI40 ig?® 2 88
00 29,68 0o o 9T o 08K T4 o
08 E ? 0.6 F' 4
CF ;4 0.4 F
0.7  * Layer 3 02 E Layer 4
06 - L | 1 | 1 | 1 | O = 1 | 1 | 1 | 1 |
0 50 100 150 200 0 50 100 150 200

Egeanm [GEV]

? GEANT3 - good; QGSP - early; LHEP - energy dependent . _
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Fraction of energy in layers: GEANT4 v.8.0, LHEP

o 1.4 F 1.4 —
M = = ° m
= ig 3 %g 3 & 100uum
s 12F g < E 0o 1000 um
S L1t ey, 11 F
B ETIEETEE L ey
08 F 0.8 F
0.7 F Layer 1 0.7 F Layer 2
0.6 E 1 I 1 I 1 I 1 I 0.6 - 1 I 1 I 1 I 1 I
1 40 50 100 150 200 2O_ 50 100 150 200
3 E 1.8 F
13 3 1.6 F
1.2 E 14 FE
1.1 F & " 1.2 F i m
1 J+ ----- El?---g ------ - .4 1 ey #?g--@--! ----------------- s
0.9 F . & 08 E ¢Iil
0.8 £ g 04 E
0.7 F * Layer 3 02 E Layer 4
06 E ] | ] | ] | ] | O = ] | ] | ] | ] |
0 50 100 150 200 0 50 100 150 200
Eoeay [GEV]

i No range cut dependences 16—
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I:MC / I:EXP

sl

PRER OO0
O~NOWORRNWDA O~NOORFRPNMWA

OO0

Sept. 8, 2006

Fraction of energy in layers: GEANT4 v.8.0, QGSP
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No range cut dependences
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Fraction of energy in layers: LHEP, 20 um cut
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Fraction of energy in layers: QGSP, 20 ym cut
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Some improvement between versions 6.2 and 7.0 ~19-
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Ratio ¢/7m; GEANT4 v.8.0, 20 um cut
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QGSP - very well; LHEP - larger values; GEANT3 - systematically lower

%ﬁs
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e/m: ratio to experimental data
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No range cut depenedences
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e/m: ratio to experimental data

LHEP, 20 um cut
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No differents between GEANT4 versions
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Combined EMEC+HEC Data versus MC

e GEANT3 v.3.21;

— GCALOR
— 100 keV track and 1 MeV production threshold

e GEANT4 v.5.0.p1

— LHEP v.3.3 & QGSP v.2.3
— 700 um range cut

e reconstruction:

— noise generated for Monte Carlo
— electromagnetic scale
— cluster algorithm

TLAS

Sept. 8, 2006
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EMEC HEC1 HEC2

Presampler

Beam at Y=0

10em Down leakage detectors

not so "young” version of GEANT4, but never the less:
ATLAS

HEC2 back leakage detector

Sept. 8, 2006
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Response at electromagnetic scale ( 200 GeV pions )

Sept. 8, 2006
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Both GEANT3 and QGSP describe the EMEC and HEC data reasonably
well but

%ﬁs
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L HEP yields the best agreement with data for the total signal.

f%hﬂﬁs
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Conclusions

a long standing program for Geant4 hadronic shower model evolution
validation has been established in ATLAS (A. Kiryunin et al., MPI)

new releases and physics lists are systematically compared with
experimental data as soon as they become available and reflect changes;

in general it is observed that important hadronic signal characteristics
like the e/m and energy dependence of the response in the non-
compensating ATLAS calorimeters are reasonably well described

some remaining problems are related to the description of the spatial
shower spread
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e it would certainly be interesting to include other shower models,
mainly FLUKA, into the systematic studies, but one of the major
requirements for this would be an implementation within the same
geometry description framework

e hadron shower simulations for more complex regions of the ATLAS

calorimeters like the EMEC/HEC/FCal transition, are in preparation
now that reference pion testbeam data becomes available

TLAS
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