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Goals of the project

* Develop a standalone Geant4 simulation of the ATLAS TileCal (hadronic calorimeter)
* Compare to 2017 SPS testbeam data from ATLAS [1]

" Interface simulation to Geant Val, the Geant4 validation testsuite (geant-val.cern.ch)
" Regression testing for the energy response and energy resolution

" Test with different Geant4 versions and physics lists


https://doi.org/10.1140/epjc/s10052-021-09292-5
https://geant-val.cern.ch/

Geant4 and Geant Val & GEANT4

® Geant4 widely used for simulating calorimeters

® Validation studies needed for systematic testing

® Geant Val is a validation framework for Geant4
" Tool to ensure Geant4 is in agreement with experiments

* Testbeams are the perfect benchmark for this
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TileCal geometry

Fig.: TileCal in the detector [2] and testbeam setup with a 10 GeV muon traversing
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Structure of a TileCal module




Cod

Ing aspects

Needs to be run on different versions of Geant4, going back as far as version 10.4 from 2017
Maintainable for reuse with future versions of Geant4 — good documentation required

Validation one of the most computationally heavy tasks:
300k events x [e~, 7F, K*, p*] x [16, 18, 20, 30 GeV] x 4 PL x 5 G4 versions

® Almost 100 million events — parallised to 1280 threads with Geant Val + HT Condor

Realistic simulation with detector effects, not just simulated energy deposit



Physics aspects

Signal treatment during the event:

B g Find readout cell g
ptepjincalodmetes; ATLTileCalTBGeometry AolVBIES/avg Convert to photons ApplyiLishaps

ATLTileCalTBSensDet A ATLTileCalTBSensDet 5 ATLTileCalTBSensDet
: :ProcessHits() > ;;Ei}];tg{undex() P eirkiant) P capoisson() > ::Tile 1D profileRescaled()

Digitization at the end of the event:

End of event L " "

" PMT noise Sum PMT pair
ATLTileCalTBEventAction oy o
R G0 —p ConvolutePiT() ——JP» GRandGauss: :shoot() ———JP» return sdep_up + sdep_down
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Example: U-shape correction
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* Inefficiencies in tiles decreases amount of photons 0.9F =
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0.8t e
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Fig.: Correction for a single PMT [6]
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Example: PMT response

auto ConvolutePMT = [] (const std::array<double, ATLTileCalTBConstants::frames>& sdep) {
- . constexpr auto pmt_response_size = ATLTileCalTBConstants::pmt_response.size();
Time dependent response auto outvec = std: :array<double, ATLTileCalTBConstants::frames>();
for (std::size_t k = 0; k < outvec.size(); ++k) {
™ H H double outsum = 0.;
Slgnal StorEd in eaCh Step auto jmax = (k >= pmt_response_size) 7 pmt_response_size - 1 : k;

in array with time bins for (std::size_t j = 0; j <= jmax; ++j) {
outsum += sdep.at(k - j) * ATLTileCalTBConstants::pmt_response.at(j);

. }
" COnVOlUthn at end Of event outvec.at(k) = outsum;
}

return outvec;

* Implemented from scratch .
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Example: PMT response

PMT output [a.u]
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Fig.: PMT response for an 18 GeV electron (left) and pion (right)
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Analysis code . Lk R O OT

Data Analysis Framework

® Simulated and analysed data stored in ROOT files
* Using modular C++ design and modern ROOT RDataFrame
Calibration of reconstructed energy using electron beam

Extract energy response and energy resolution for hadron beams
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Calibration at the EM-Scale

Signal EM-Scale Protons 30 GeV

Entries 299552
Mean 228
Std Dev 2.556
Constant 6822+ 17.0
Mean 2276001
Sigma__ 2.422+ 0,005

7000

count

® Recalibration in each run using simulated electrons
6000

" C,_ =Signal/E,,., (roughly) constant for electrons

4000

* E"™W = Signal/C,_ reconstructed energy for hadrons

3000
® Almost gaussian distribution of E™W
2000
* Energy response RZ™ = (E™)/E, .. 1000
. raw raw e b L I R
* Energy resolution R°™" = oE™ /E, ... L T

Fig.: Example of E™" distribution



FTFP_BERT regression testing
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Fig.: Version comparison for the FTFP_BERT physics list with pions
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Geant4 11.0 physics list comparison

Energy response | Beam: pi+ | Target: ATLAS-TileCal
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Fig.: Physics list comparison for version 11.0.p02 with pions
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Particle response

Energy response | Beam: pi+ | Target: ATLAS-TileCal

[0 7 e
0.8- —
Fe ]
0781
[ ,/"/»’/ ]
IJ&0,7 r ]
074
0.7
o7l b b e
16 18 20 22 24 26 28 30
Epean [GEV]
@ 104,03 FTEP_BERT. GEANT -3 105p01 FTFP BERT, GEANTS
S 106,562 FTEP-BERT. GeanTa o NS, cuperiment

comparison

Energy response | Beam: kaon+ | Target: ATLAS-TileCal

Energy response | Beam: proton | Target: ATLAS-TileCal

seanvalcer e

0.82 == 0.82 ==
08 o.
[ I I S [ ]
L P—I}——"k)/ 4 L 4
0.78) S e 0.78)
40.76) : 40.76) :
L 4 L 4 |
0.74] 0.74] /
0.72] 0.7:
16 18 20 22 24 26 28 30 16 18 20 22 26 28 30
Epean [GEV] Epeam [GEV]
-@- 10.4.p03 FTFP_BERT, GEANT4 - ﬂSDUl FTFP_E BERT GEANT4 -@-10.4.p03 FTFP_BERT, GEANT4 0.5.p01 FTFP_BERT, GEANT4
-@ 11.0.p02 FTFP_BERT, GEANT4 -@- ATLAS, experiment ’110 DZ FTFP_BERT, GEANT4 -@- ATLAS, experiment

Fig.: Energy response for different particle beams
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Current State

Code hosted on GitHub (github.com/lopezzot/ATLTileCalTB)

Simulation results for Geant4 10.4, 10.5, 10.6, 10.7 and 11.0
with FTFP_BERT, QGSP_BERT, FTFP_BERT_ATL and FTFP_INCLXX

Final results published on geant-val.cern.ch

Essentially feature complete

@ lopezzot / ATLTileCalTB  rusic

< Code () lssues ) Pulrequesis @ Actons [ Projects

Tegs Q Frdarsemse

yesterday

§ loporrt © V10 o co21605@  compme

ATLTileCalTB_1.0 )

‘The first release of ATLTileCalTB from @lopezzot and @stephanlachnit
It inciudes:

« Realistic test-beam geometry

« Lok up table to navigate through calorimeter cells

« Signal treatment: Birks' Law, photo-statistical smearing, U-shape correction
and time-stamp recording

« PIT response simulation and electronic noise

« ROOT data persistency and analysis

« Geant-Val integration

Contributors

®e

lopszzot and stephaniachrit


https://github.com/lopezzot/ATLTileCalTB
https://geant-val.cern.ch/statcmp/151

Con

clusion

Realistic standalone simulation of the ATLAS TileCal developed
Extensive documentation available at lopezzot.github.io/ATLTileCalTB
Successfully added a new test to Geant Val

Significant changes in energy response and resolution in version 10.5 and 10.6
— consistent with previous findings [7]


https://lopezzot.github.io/ATLTileCalTB/

Appendix
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Fig.: Cell layout (from zenis.dnp.fmph.uniba.sk/tile.html)
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Other validation work using testbeam data

® ATLAS hadronic end-cap calorimeter (lopezzot.github.io/ATLHECTB)
" same 10 % to 20 % lower energy resolution found

® CALICE SiW calorimeter (lopezzot.github.io/CALICESIWTB)
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