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Geant4 validation using ATLAS HEC beam tests

The project aims to validate Geant4 using the ATLAS Hadronic End-cap Calorimeter (HEC) test-beam data.

Three main tasks identified:

4+ Porting the official ATLAS HEC simulation into a new standalone Geant4 simulation.

% Completed in June 2021, presented at this meeting [presentation].
4+ Perform Geant4 validation against ATLAS HEC test-beam data.

» First results presented in July 2021 at this meeting [presentation],

< and at the ATLAS Simulation Group Meeting [presentation].

4+ Porting the application into the Geant Val testing suite.

“* Presented in October 2021 at this meeting [presentation].

4+ Perform regression testing and physics list comparison.
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“ Today’s topic, reporting on hadronic energy response and resolution.
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https://indico.cern.ch/event/1049152/contributions/4407943/attachments/2264354/3844295/G4SW_lopezzot_15_6_2021.pdf
https://indico.cern.ch/event/1058649/contributions/4449544/attachments/2280962/3875541/G4Sim_lopezzot_13_7_2021.pdf
https://indico.cern.ch/event/995938/contributions/4421574/attachments/2277065/3868501/ATLASSim_lopezzot_6_7_2021.pdf
https://indico.cern.ch/event/1088251/contributions/4575977/attachments/2330415/3971619/G4_lopezzot_19_10_2021.pdf
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Regression testing (7/¢) - FTFP_BERT

Energy response | Beam: pi- | Target: ATLAS-HEC

4 Results from Geant Val as on 28/10/2021, 0.9 T T T
for v10.4, 10.5.p01, 10.6.p01, 10.7.p01, 11.0.beta. : :
0.88
+ The relative response to charged pions (z/¢) ] |
increases from 10.4 to 10.5.p01 (0.5% to 1%) 0.86 :
and from 10.5.p01 to 10.6.p01 (1%). - e -
No changes from 10.6.p01 to 11.0.beta. 084 - — gﬁf
4+ Best test beam data description provided by 10.4. & - -
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—e— 10.4 FTFP_BERT, GEANT4 —e— 10.5.001 FTFP_BERT, GEANT4
—e— 10.6.001 FTFP_BERT, GEANT4 —e— 10.7.p01 FTFP_BERT, GEANT4

—o— 11.0.beta FTFP_BERT, GEANT4 —o— DATA, experiment

C\w 2/11/2021 Lorenzo Pezzotti | Regression testing and PL comparison with ATLHECTB

SZA




Regression testing (7z/¢) - QGSP_BERT

Energy response | Beam: pi- | Target: ATLAS-HEC

4 Results from Geant Val as on 28/10/2021, 0.9 T T T
for v10.4, 10.5.p01, 10.6.p01, 10.7.p01, 11.0.beta. . :
0.88
+ The relative response to charged pions (z/¢) ] |
increases from 10.4 to 10.5.p01 (1%), 0.86 :
from 10.5.p01 to 10.6.p01 (1%), :
and from 10.6.p01 to 10.7.p01 (0.5%) 0.84
No changes from 10.7.p01 to 11.0.beta. ° :
® 082
4+ Best test beam data description provided by 10.4. - -
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—8— 10.4 QGSP_BERT, GEANT4 —o— 10.5.p01 QGSP_BERT, GEANT4
—e— 10.6.p01 QGSP_BERT, GEANT4 —e— 10.7.p01 QGSP_BERT, GEANT4
—o— 11.0.beta QGSP_BERT, GEANT4 —e— DATA, experiment
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Regression testing (z/¢) - FTFP_BERT_ATL

Energy response | Beam: pi- | Target: ATLAS-HEC

4 Results from Geant Val as on 28/10/2021, 0.9
for v10.4, 10.5.p01, 10.6.p01, 10.7.p01, 11.0.beta. - -
0.88

+ The relative response to charged pions (z/¢) - -
increases from 10.4 to 10.5.p01 (0.4%). 0.86

No changes from 10.5.p01 to 11.0.beta. -

0.84 - 3—,—:”;3::::‘%

4 Best test beam data description provided by 10.4. -

4+ Overall, every Geant4 version provides a "L §
description within 1% w.r.t. test beam data. 08— 4 & _
'
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—o— 10.4 FTFP_BERT_ATL, GEANT4 —o— 10.5.p01 FTFP_BERT_ATL, GEANT4
—e— 10.6.p01 FTFP_BERT_ATL, GEANT4 —e— 10.7.p01 FTFP_BERT_ATL, GEANT4
—o— 11.0.beta FTFP_BERT_ATL, GEANT4 —&— DATA, experiment
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Physics list comparison (z/¢)

Almost identical values for FTFP_BERT_ATL and
FTFP_BERT, compatible with test beam data.
QGSP overestlmatlng data of 1% below 40 GeV and

Best description provided by FTFP_BERT_ATL,
FTFP_BERT is 1% higher and QGSP_BERT is 2%-3%
higher w.r.t. FTFP_BERT_ATL.

underestimating of 1% at 140 GeV.

Energy response | Beam: pi- | Target: ATLAS-HEC

Energy response | Beam: pi- | Target: ATLAS-HEC
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A 7~ energy resolution
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Regression testing (7~ en. res.) - FTFP_BERT

4+ Results from Geant Val as on 28/10/2021, 20 Eneray resolulon | Beam:pr | Targeh MO TED .
for v10.4, 10.5.p01, 10.6.p01, 10.7.p01, 11.0.beta. .- .
4+ Energy fluctuations decrease by 10%-15% from 161 §
10.4 t0 10.5.p01. - -
Further reduction of 2% from 10.5.p01 to 10.6.p01 14 ]
and from 10.6.p01 to 10.7.p01. el .
11.0.beta is compatible with 10.7.p01. 2 - -
w 10 n
4+ Best test beam data description provided by 10.4. ¢ o .
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—o— 11.0.beta FTFP_BERT, GEANT4 —o— DATA, experiment

C\w 2/11/2021 Lorenzo Pezzotti | Regression testing and PL comparison with ATLHECTB

SZA




Regression testing (7~ en. res.) - QGSP_BERT

Energy resolution | Beam: pi- | Target: ATLAS-HEC

4+ Results from Geant Val as on 28/10/2021, 20 T ]
for v10.4, 10.5.p01, 10.6.p01, 10.7.p01, 11.0.beta. .- .
+ §Almost.) constant 2.5% reduction in the energy 161 §
luctuations for every version from 10.4 to 10.7.p01. - .
11.0.beta is compatible with 10.7.p01. 14 ]
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4+ Best test beam data description provided by 10.4. ¥ - .
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—o— 11.0.beta QGSP_BERT, GEANT4 —e— DATA, experiment
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Regression testing (7~ en. res.) - FTFP_BERT_ATL

Energy resolution | Beam: pi- | Target: ATLAS-HEC
1T T 17 T 17 T 717 T 1T 1T 1 T 17 T T T T T 7T T T

4+ Results from Geant Val as on 28/10/2021, 20 -
for v10.4, 10.5.p01, 10.6.p01, 10.7.p01, 11.0.beta. ok

4+ Energy fluctuations decrease by 10%-15% from 161
10.4 t0 10.5.p01. -
Further reduction of 1% from 10.5.p01 to 10.6.p01 14
and from 10.6.p01 to 10.7.p01. 1@
11.0.beta compatible with 10.7.p01. &, -
w10 ¢

4+ Evolution similar to the FTFP_BERT one. & o
4+ Best test beam data description provided by 10.4. 6"
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Physics list comparison (7~ en. res.)

Almost identical description from All physics lists predicts energy fluctuations
FTFP_BERT and FTFP_BERT _ATL, from 15% to 20% smaller w.r.t. test beam data.
differences w.r.t. test beam data below 5%.
QGSP_BERT predicts energy fluctuations 5% smaller
w.rt FTFP_BERT.

Energy resolution | Beam: pi- | Target: ATLAS-HEC Energy resolution | Beam: pi- | Target: ATLAS-HEC
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