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About a Geant4 ATLAS LAr barrel test

4+ A JIRAticket to create realistic setup for testing of EM showers in ATLAS EM-Barrel geometry
is open on GEANT4-SIM JIRA

4+ The ATLAS LAr test-beam setup is the ideal framework to accomplish it

4+ However, as far as | know, ATLAS is no longer using/validating the simulation of the LAr barrel test-beam
— little expertise preservation

4+ Astandalone Geant4 test can only target:
“ Geant4 version control and
< physics list comparison (EMZ, EMY, ...)

4+ Most EM-shower generation happens in the LAr barrel geometry — we have to speed up the simulation
mostly there
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https://sft.its.cern.ch/jira/browse/SIM-690
https://sft.its.cern.ch/jira/projects/SIM/summary

ATLLArBarrel

4+ Github repo now in pre-release v0.3

4 Contains a realistic G4Solid-based ATLLArB 1
geometry and a simplified sensitive Pum
deteCtOI’ |mp|ementat|0n A Geant4 simulation of the ATLAS LAr Barrel beam test setup.
(more in the following)

4+ Added G4HepEm related files as
optional library compiled with

< -DWITH_G4HepEm=ON

() Geant4_Test |passing

% -DWITH_G4HepEmTracking=ON

4 Tested with VecGeom with scalar
backend

4+ Results in the following are preliminary ig. - 100 GeV el
and obtained with v0.3 (tag 0.3_1)
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https://github.com/lopezzot/ATLLArBarrel
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the ATLAS DDD, and
e.g. use G4Box instead of G4Trap if

(

added few optimizations
)
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parameters allow
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Test beam geometry
¢ hardcoded numbers from

oo

4+ Geometry is an adaptation of the ATLAS LAr original code
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https://gitlab.cern.ch/AtlasLArTestBeam

Test beam geometry

Cryostat Cr
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Test beam geometry

LAr + Presampler LAr +Presampler + EMB::STAC
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Test beam geometry

4+ The ATLAS LAr barrel geometry consists of two half-barrels (z < 0 and z > 0)

4+ Each half-barrel is divided in 16 modules replicated around the beam axis

4+ The test-beam geometry has one half-barrel (z > 0) and one module

< Geant4 ATLLArBarrel

Fig. 1. First half barrel inserted inside the ATLAS cryostat.

AT LAS pICtU res from Qa Qer Fig. 29. The first two modules are joined together.
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https://www.sciencedirect.com/science/article/pii/S016890020502382X

Readout structure

ATLLArBarrel 0.3 implements a simplified readout
cells (hits) structure as follows:

4+ It preallocates a fixed number of hits in three hit
collections: front-section hits, middle-section hits
and back-section hits

4+ At each step in LAr it calculates (using global rories
coordinates) the corresponding calorimeter section
(front, middle or back)

Trigge
~— 2 n rI%“;Er

4+ Using An and A¢ of the hit section, it retrieves the
proper hit in the selected hit collection

0
Ower
r 0.098>

D
373

quare cells in
ayer 2

NOTE:This is a simplification w.r.t. the ATLAS L
approach that still uses global coordinates but retrieves g

a more detailed hit structure ¢Lll W

(see for instance slide 22). S R S

22U

ATLAS image from slides
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https://indico.ijclab.in2p3.fr/event/7664/contributions/25758/attachments/18619/24952/granular-larSimulation.pdf
https://www.sciencedirect.com/science/article/pii/S016890020502382X
https://twiki.cern.ch/twiki/pub/Sandbox/Lar_Data_Shifts/LArCaloForLADIeS.pptx.pdf

Signal treatment

Birks corrected

4+ ATLLArBarrel_0.3 introduces the Birks non linearity \BE’ — OE 1+ K1.51
correction for electric charge ionization in LAr: - oE
: 1+ Ka(l/LArdensity)
“ Imported as in the ATHENA LArG4BirksLaw class /
@ LArdensity = 1.396 g/cm? \ ATLAS results from slide
’>"1O S D L L BT
4+ Per each hit (readout cell) we consider a electronic noise N °:°o:Z:;" i ................ .
equivalent of 20 MeV: < . ATLAS - ’ H
s 10°F o me——
% seems to not be far from reality, R Ak
but we have to crosscheck it with ATLAS - Fﬁ_m rroas | 1
B =N
R R N R ¥ S B Y- S S YR
ul
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https://gitlab.cern.ch/atlas/athena/-/blob/master/LArCalorimeter/LArG4/LArG4Code/src/LArG4BirksLaw.cc
https://indico.ijclab.in2p3.fr/event/7664/contributions/25758/attachments/18619/24952/granular-larSimulation.pdf

Standard Xtalk ATLAS image from slides

Signal treatment

4+ No signal cross-talk is considered at the moment.
Measuring the LAr barrel cross-talk is a rather complex task,
mostly done with special calibration runs
(see for instance slides).
In the ATLAS simulation cross-talk is implemented by the
LArPileUpTool after the detector simulation

4+ No signal digitization is considered at the moment.
The detector output signal (detector pulse) can be simulated
as the “convolution” of the deposited charge with the electric
field among the accordion absorbers
— ATLAS uses an electric field map in LAr to populate a

2%

current map (see for instance slide 25) : ATLAS image from slides

[ ciirront afier OFC |

“* My feeling: this has little do it with Geant4. We should
implement it only if we want to reproduce test-beam data.
Otherwise, it might bring more cons than pros

i 1 1 1 1
0 100 200 300 400 500 600
Time (ns)
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https://indico.cern.ch/event/559859/contributions/2525901/attachments/1450006/2235483/ShowerShapes_26_04_2017.pdf
https://indico.ijclab.in2p3.fr/event/7664/contributions/25758/attachments/18619/24952/granular-larSimulation.pdf
https://indico.cern.ch/event/559859/contributions/2525901/attachments/1450006/2235483/ShowerShapes_26_04_2017.pdf
https://indico.ijclab.in2p3.fr/event/7664/contributions/25758/attachments/18619/24952/granular-larSimulation.pdf

Physics variables

Variables and Position Shower Shapes
Strips 2nd Had. ES\ . _pst
Ratios fi, fide  Ry*, Rs  Ruad* Eratio = F"', " F" Thi laerof EM calrimetr
Widths  ws 3, Ws tor wy 2* -
Shapes AE’ Eratio * Used in PhotonlLoose. £S)
Energy Ratios

S2
E3><7

HH
EH

Second Layer I

w . Es

P Widths

Y 2
5 = —
n, V 2: E;, E:‘Li
Width in a 3x5 (AnxAg) region
of cells in the second layer.
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First layer of EM calorimeter

o /Z LI(I e imux)2
> E;

ws3 = w, uses 3 stripsinn;

W
II “ hl wstot is defined similarly,
l..l' I Ill.l.

but uses 20 strips.
ATLAS image from slides

Hadronic
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Ratio of Er in the first layer of the
hadronic calorimeter to ET of the
EM cluster (used over the range
Inl <0.8or|n| > 1.37)

Ratio of Et in the hadronic
calorimeter to Et of the EM
cluster (used over the range
0.8 <|n| <1.37)

Ratio of the energy in the third
layer to the total energy in the
EM calorimeter. This variable is
only used for ET < 80 GeV, due
to inefficiencies at high Et, and
is also removed from the LH for
|n| > 2.37, where it is poorly
modelled by the simulation.

Lateral shower width,

JEER)/(CE) - (Em)/(CED,
where E; is the energy and n; is

the pseudorapidity of cell i and

the sum is calculated within a

window of 3x5 cells

Table from ATLAS article

Rhad1

Rnad

/3

wy2

Ratio of the energy in 3x3 cells
over the energy in 3x7 cells
centred at the electron cluster
position

Ry

Ratio of the energy in 3x7 cells
over the energy in 7x7 cells
centred at the electron cluster
position

Shower width,
V(ZEi(i — imax)?)/ (ZE:),
where i runs over all strips in a
window of
An x A¢ ~0.0625 x 0.2,
corresponding typically to 20
strips in 7, and imax is the index
of the highest-energy strip, used
for ET > 150 GeV only

Ratio of the energy difference
between the maximum energy
deposit and the energy deposit in
a secondary maximum in the
cluster to the sum of these
energies

Wstot

E'ratio

Ratio of the energy in the first layer
to the total energy in the EM
calorimeter
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https://indico.cern.ch/event/964486/contributions/4067903/attachments/2134862/3595829/simWS_021120.pdf
https://link.springer.com/content/pdf/10.1140/epjc/s10052-019-7140-6.pdf

R, (preliminary)

GEANT4-11.1 (FTFP_BERT, 0.1 mm range cut)

20 GeV y

0.2<1n<0.25,3.14 < ¢ < 3.19 (rad)
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ATLAS results from Dongwon Kim'’s slides
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Ry = Esalbra i 20 GeV rted
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https://indico.cern.ch/event/1126421/contributions/4727886/attachments/2387374/4080391/QT_Final_EMphysicsTuning_DongwonKim.pdf

ATLAS results from Dongwon Kim's slides
R, (preliminary)

GEANT4-11.1 (FTFP_BERT, 0.1 mm range cut)
20 GeV y
0.2<1n<0.25,3.14 < ¢ < 3.19 (rad)

ATLAS
20 GeV y (unconverted)
02<n<025 ¢ ="

RI] = ES.\'7/E7_\;7
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§ ATLAS Simulation: Geant 4 10.6 + 10.1 Physics List (FTFP_BERT_***_VALIDATION) 1 G4 10.6 0.003mm
] - 8 G4 10.6 0.003mm: Entries=3601, Mean=0.9657, SD=0.0201 ’ey
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c Mean 0.9679 2 G410.603mm - Entries=3603, Mean=0.9655, SD=0.0189 .6 0.1mm (Default)
W - S 0.4} G410.61.0mm : Entries=3607, Mean=0.9658, SD=0.0180 G4 10.6 0.3mm
. G4 10.1 0.1mm  : Entries=3586, Mean=0.9642, SD=0.0178
B Std Dev 0.01748 G410.60.1mm - Entries=3604, Mean=0.9647, SD=0.0219 (EMY) 1 G410.6 1.0mm
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https://indico.cern.ch/event/1126421/contributions/4727886/attachments/2387374/4080391/QT_Final_EMphysicsTuning_DongwonKim.pdf

ATLAS results from Dongwon Kim's slides
R, (preliminary)

GEANT4-11.1 (FTFP_BERT, 0.1 mm range cut)

ATLAS
RI] = ES.\'7/ E7.\_'7

20 GeVy 20 GeV y (unconverted)
0.2<1n<0.25,3.14 < ¢ < 3.19 (rad) 02<n<025¢="7
REta
REta_H 1 § ATLAS Simulation: .6 + 10.1 Physics List (FTFP_BERT_***_VALIDATION) 1 G4 10.6 0.003mm
0 C - ] G410.60.003 -3601, Mean=0.9657, SD=0.0201 — = 04108001
£ 3500/ Enies 10000 D | S e S = ot oaoonis
= - % X -3606, Mean-0.9654, SD=0.0177 S8 mm
c Mean 0.9679 2 3603, Mean=0.9655, SD=0.0189 1 G4 10.6 0.1mm (Default)
5 F B R
B Std Dev 0.01748 - Entrios=3604. Moan—0.9647, SD-0.0219 (EMY) [ G410.6 1.0mm
- G410.1 0.1mm
3000 1 G4 10.10.1mm (EMY)
B 0.3
2500—
B 0.2
2000—

4+ NOTE: Both R¢ and R,7 are computed over a given cluster and depend on the cluster selection algorithm.

My (simple) clusters are computed using the the mostly energetic cell (the seed cell),
however ATLAS uses a way more complex algorithm, the topological clustering.

— Good example of why we should validate Geant4 over test-beam data rather than experiments results
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https://indico.cern.ch/event/1126421/contributions/4727886/attachments/2387374/4080391/QT_Final_EMphysicsTuning_DongwonKim.pdf
https://arxiv.org/pdf/1908.00005.pdf

F, and F, (preliminary)

GEANT4-11.1 (FTFP_BERT, 0.1 mm range cut)

20 GeV 4
0.2<1n<0.25,3.14 < ¢ < 3.19 (rad)
F1 F2
F1_H1 F2_Hi
_§ 700— Entries 10000 _§ N Entries 10000
c - Mean 0.238 c B Mean  0.7611
w N stdpev 0.1112| " g00- StdDev 0.1136 —
600 __ : ApxAn = 0.0245x0.05
L - ~- Trigger Tower
= u T Ans 01_ |
500 >0 | -
400 400F” ) Troge
. . 88" res
300~ 3001~
200_ an:— = *Mm T’\A- A‘ A\ fg;:ezcellsm
B : | /V =0.
100— 1001 TTTT) *nesas us
: - Strip cellsin Layer 1
: | | - | | | | | e e
% 0.2 0.4 0.6 0.8 1 % 0.2 0.4 0.6 0.8 1 T
F1 F2
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Hadron inelastic process probability (preliminary)

GEANT4-11.1 (FTFP_BERT) Take it directly from the MC truth
- 20,50, 100, 150, 200 GeV
0.2 <5 <0.25,3.14 < ¢ < 3.19 (rad) l
1
g - ATLLArBarrelTrackingAction.cc
© L
IS 0951 void ATLLArBarrelTrackingAction::PostUserTrackingAction(const
S G4Trackx aTrack) {
g 0_9:_ if(0'!'=aTrack—>GetParentID())return;
§ B //Check it the primary particle had a nuclear breakup
2 o851 //(hadron inelastic process)
T //
T if(aTrack—->GetStep()->GetPostStepPoint()
0'8:_ —>GetProcessDefinedStep()—->GetProcessSubType()==121) {
0.75— //HadInElastic process
- fEventAction—->SetHasHadronInteracted(true);
§ }
07_I 11 | 111 | 111 | 111 | 111 | 111 | 111 | 111 | 111 | 111 | 111 }

20 40 60 80 100 120 140 160 180 200
Beam Energy [GeV]
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Testing speedup solutions - G4HepEm (preliminary)

4+ Results from ATLLArBarrel 0.2 using 5 GeV gamma - 1000 events
1000 events and 5 GeV y: 90
% Using Geant4-11.1 80
v 70
< Time taken by G4Timer between P o 7 0,
BeginOfRunAction and EndOfRunAction. £ 60- F I .-11.25%
-23[.79%
% CPU: Apple M1 Pro @3.2 GHz, using >0 1 o
a single thread. 20 L. . . |
<% No SensitiveDetector, no hit, no o o § é‘
SteppingAction, no EventAction. § % ‘E e
S - w =
% NOTE: : : g 3
General process is not included in 3 s R =
G4HepTrackingManager nor in f. ! i)
G4HepEmProcess. i & T
a & O
L —
[ T
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ﬂ Conclusion

4+ We ported to a standalone Geant4/geant-val repo a simulation of the ATLAS LAr barrel calorimeter
test-beam setup using the ATLAS legacy code

oo

o

The geometry is realistic and slightly optimized (e.g. G4Trap — G4Box), does not involve GeoModel nor
the ATLAS DDD

It includes a simplified SensitiveDetector with cell read-out structure, Birks Law, electronic noise and
reconstruction

It does not include detector-specific features e.g. cell cross-talk, charge current computation in LAr
(+ everything we might be forgetting)

Shower shape variables (R¢, Rﬂ) seem consistent with ATLAS results, however we are not comparing
apples to apples

4+ My take: we can use this code to study the Geant4 performance on such detector as well as our speeding up
solutions. In case we want to reproduce any ATLAS results we need instructions from ATLAS colleagues for
detector-specific features implementation
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