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Geant4 validation using ATLAS HEC beam tests

* Project: validate Geant4 using data from the ATLAS Hadronic End-cap Calorimeter
(HEC) test-beam data. Started in May 2021.

e Three main tasks identified:

1. Porting the ATLAS HEC simulation into a new standalone Geant4 application.
2. Perform Geant4 validation against HEC TB data and Geant4 regression testing.

3. Include the application in the geant-val validation testing suite.
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Geant4 validation using ATLAS HEC beam tests

* Project: validate Geant4 using data from the ATLAS Hadronic End-cap Calorimeter
(HEC) test-beam data. Started in May 2021.

e Three main tasks identified:

1. Porting the ATLAS HEC simulation into a new standalone Geant4 application.
Q A first version was released last week.

2. Perform Geant4 validation against HEC TB data and Geant4 regression testing.

Q First (preliminary) data available.
3. Include the application in the geant-val validation testing suite. To be done.
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ATLAS LAr SW - Our starting point

« ATLAS provided a simulation package used for LAr calorimeter simulations.
Available on gitlab [link].
Not integrated in ATHENA, but many points in common.

 Main changes while porting to a Geant4 standalone application:

1. Eliminate geometry parameters extraction from ATLAS MySQL Geo DB.
2. Eliminate any env variable dependency but Geant4 (ROOT, ...).

3. Ensure multi-threading as the Geant4 standard (G4RunManagerMT, G4analysis).

4. Migrate from make to cmake.
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https://gitlab.cern.ch/AtlasLArTestBeam/HECTB/-/tree/mysql_server

ATLHECTB

A Geant4 simulation of the ATLAS hadronic end-cap calorimeter beam tests.

O Search or jump to... Pull requests Issues Marketplace Explore
e aithub [link 9 lopezzot / ATLHECTB T (5T
github [link].
—
<> Code () Issues 1 Pull requests ) Discussions ») Actions [l Projects Wiki © Security |~ Insights 51 Settings
o V1 -0 released On 14/6/2021 . ¥ main +  § 1branch © 3tags Go to file Add file ~ About &
A Geant4 simulation of the ATLAS
@, lopezzot Update README.md 4d1dc37 3 hoursago YO 160 commits hadronic end-cap calorimeter beam
—_— —_— tests.
850k events (¢ , 7 ) events
physics physics-simulation hep
9
roduced with HTCondor s — ol 11 1
p include remove output by slice 4 days ago calorimeters geant4-simulation
L] L]
with no crashes and no warni ngs roncarce e Sdesea M Readme
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scripts fix htcondor sub 2 10 days ago &5 MIT License
src add time delay 14 ns 2 days ago
L - -
 Documentation available in g
[ ATLHECTB.cc back 13 days ago © v1.0
™ m ™ . 3 . . . 3 hours ago
[%  ATLHECTB_gui.mac Ad(d files via upload - initial commit last month
+ 2 releases
[%  ATLHECTB_init_vis.mac all volumes inside HEC have => 0 copynumber, outside <= 0 copynu... 18 days ago
e All results in the followin o e e e
u g Languages
- - [5  CMakelLists.txt Add files via upload - initial commit last month
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CMake 1.7% Other 1.0%
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[ README.md Update README.md 3 hours ago
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https://github.com/lopezzot/ATLHECTB

ATLHECTB geometries

G4Polycone moduleDeltaPhi 11.25 deg

« The HEC

geometry is

based on a key

object called

“module”.

A module is

described by a

G4Polycone.
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« Each module is
divided in 7
“depths” objects
with different
sizes.

Each depth is a

G4Tubs.
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LAr Slice wall LAr Slice wall

Each slice is filled with a
0.8-mm-thick external
board (Kapton). EstBoard

. 0.8 mm
Each external board is Kapton

filled with a 0.03-mm-
thick copper readout
board.

PadBoard
0.03 mm
Copper

Each board is a G4Tubs. /

HEC signal is created by
capacity coupled
induced signals on
copper by free charge in
LAr. Details given later.
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Between Wheel Gap 40.5 mm
Absorbers: 8 8 8 l 4 4 4 4

* The first three depths
are filled with 8 2.5-cm-
thick copper absorbers.
The remaining four
depths are filled with 4
5-cm-thick copper Copper
absorbers.

Each absorber is a
G4Tubs.

Sampling fraction (for
mips) is twice higher in
the last four depths.

Size 25cm 25cm 25cm 5cm 5cm 5cm 5cm
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tieRodDiameter

1.2 cm
 Absorbers are , / ' () 7y
pulled together | :
with 7 iron tie
rods per module.
Each tierod is a ’ / Yy yyas
G4Tubs. / 11
| | ./ /' tieRodDiameter
: 4 4V 1.6 cm
lron ,
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LAr slice tieRodDiameter

1.7 cm (2.3 cm)
Iron

-
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3 Modules

« 3 HEC Modules
are used to
recreate the
HEC test beam
Calorimeter.
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Default ATLHECTB geometry. Picture from ATLAS HEC
test beam (2000/2001).

3 Modules
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https://wwwatlas.mpp.mpg.de/HEC_photos/modules/cern_2000/index.html

32 HEC
modules

form the
ATLAS HEC
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* In the test beam configuration three
modules are immersed in the
cryostat.

« Beam particles pass through
module 2 at 90° with respect to the
HEC surface.

* Results in the following obtained
with this beam setup.
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ATLHECTB signal computation

Recombination of ions in LAr E; = 10 kV/cm - electric field in LAr gaps
is dealt with a law inspired by the
Birks Law for light emitting elements: p = 1.396 g/cm3 - LAr density
E, .. = 1.51 MeVcm2/g - LAr minimal energy losses
' AE-A k = 0.0486 kV/cm g/MeVcm?2 - Birks Law parameter
E
1+ (k/Ef)(l/P)(AE/AX) A =1+ (k/Ey) - E,,;, - Birks Law parameter

Same parameterization adopted in ATHENA.

Each ionizing energy deposit in LAr (AE, Ax) is used as input for AE calculation.

No electronic noise or signal smearing included so far.
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ATLHECTB event data model

* The HEC Module readout channels

Found at [Link]

OFF-LINE CHANNELS

define a granularity of . SE”G~I1 e 20 SEG4
h o Ch 16 Ch 31 o ae
Anx A¢ =0.1 x0.1for || < 2.5
1.66 Ch 2 )
An X Ap = 0.2x0.2for |n| > 2.5
Table 1: Parameters of HEC longitudinal layers o
Layer Wheel Numberof Layerlength Number of channels e ch 19 ke on 48
LArgaps [cm] [Ajn] per module o o ' - l ]
1  HECI 8 28.05 145 24 | L III i ch 50
2 HECI 16 53.60 275 23 208 ors —
3 HEC2 8 53.35 2.87 21 T LT I ]
4  HEC2 8 46.80 2.66 20 H 1T 1
2.26 il Ch 23 b3
c=n:°= L1 : :8 Ch &3
2.35 h e Ch 24
e IS H _
« 88 channels per module. c.'.LI I
T 1
88 channels x 3 modules +H i —+
in the TB configuration. HH cn 27 = o oc DR
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http://kurchan.web.cern.ch/Hcte/offchan.pdf

ATLHECTB event data model

Left Right

For each hit position the eta variable is calculated: relhitpos.getX()<0. relhitpos.getX()>0.

G4ThreeVector hitpos = step->GetPreStepPoint()->GetPosition();
hitpos.getEta(); Hit

G4 ThreeVector sliceorigin = step->GetPreStepPoint()->GetTouchable()-
>GetHistory()->GetTopTransform().Inverse(). TransformPoint(origin);

If |[17] < 2.5 need to distinguish left and right wrt slice axis. é’)
N
&
G4 ThreeVector relhitpos = sliceorigin-hitpos; (

Slice
A singleton (ATLHECTBSignalCalculator) gets eta, the hit origin
relative position within the slice and the ionizing energy
deposit.

It computes readout channel index and applies Birks Law.

A time cut of 75 ns is considered for signal integration.
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Sanity check results

 Performed some sanity checks to spot
bugs.

Evis
calo
E,, .. - total energy leaked (out of world

leakage + energy in cryostat)

- total visible energy deposited in

Eyis [GeV]

160
150/
W
- n 4
140_— % Rl
130/ y
120/~
: Beam: e- 147.8 GeV
110} ' ATLHECTB v1.0
L Geant4.10.7.p01 FTFP_BERT
100—1111llllllllllllllllllllllllllllllll
0 1 2 3 4 5 6 7

ELeak [GeV]
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Sanity check results

« According to a recent analysis of

2000/2001 test-beam data 22000 ] .

ATL-COM-LARG-2021-005 [link]. 200 e
18000

“The cluster reconstructed for electron 16000

energy measurements consists of seven 14000 B

cells: four of them are in the first HEC layer, 12000

three in the second layer. 10000

8000

Similar number of channels per electron
event is reproducible with ATLHECTB.
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https://cds.cern.ch/record/2770480
https://cds.cern.ch/record/2770480

First ¢ results and comparison with ATLAS

We studied the sampling fraction Last week ATLAS LAr Simulation Group
as the energy deposited in LAr presented their sampling fraction
divided by energy deposited in calo. results. [link]
=
o E s p— HEC1 sampling fraction
< g B Geant4.10.7.p01 FTFP_BERT FTFP BERT Ath B K
0 7 assk 0.0454] & FTFP-BERT NoBitks
O < B v FTFP-BERT-ATL, Athena Birks
E o - /. FTFP-BERT-ATL, No Birks
8 % 4.52:_ D.0452 |
D :
o0 45151 + ; 0.045¢} i Ko - XX ______________ 1
£ u § $ ¢ . v X ]
%E - e A X
5 — 4_51__ 00448 .................................................... ) G i
o < -
S5 g
o 8 4505 0.0446 S
E‘ E i | | | |
g 8 454 '2|o' | '4|o' | '6|o' | 'slo' | '1c|>o' | 12|o | 14|10 160 10.1 104 10.6 107
<Egean> [GV] Geant4 version
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https://indico.cern.ch/event/995934/contributions/4393246/attachments/2260351/3836403/g4hec.pdf

First ¢ results and comparison with ATLAS

» The calorimeter response to electrons was found to be
constant and used as a gauge to reconstruct beam -
e n e rg I eS ) . . . . § B ATL-COM-LARG-2021-005
A gaussian fit was performed over energy distributions £ paf- § ameerso
and used for energy resolution study. g [ Geant4.10.7.p01 FTFP_BERT
L

ATLAS HEC
} Test beam 2000/2001

« Can be directly compared to 2021 ATLAS note £

ATL-COM-LARG-2021-005 as ATLAS quotes | + | |
. 2 2 I 22_— T
0y = \/O-E ~ Opoise link] [ e i_i + %
. ATLAS HEC TB 2000/2001:  [link] i
A=2171%0.11%+/GeV 20l
ATLHECTB v1.0 FTFPBERT: bt
A=2122+x0.03%+/GeV <Egean> [GeV]
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https://cds.cern.ch/record/2770480
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First ¢ results and comparison with ATLAS

ATLHECTB v1.0 Last week ATLAS LAr Simulation Group
FTFP_BERT presented their energy resolution
energy resolution results. [link]
= 251 e FTFP-BERT, Athena Birks
8 [ b i P S T
& oal | ATLHECTBV10 () I 10.4 1
§ - ®  Geant4.10.7.p01 FTFP_BERT O 2251 >L l e10.6 -
= = i T % m10.7 ]
F23 22 | «Data
e 32 - %LT | ]
na } + — 5y R
— il T S
21 * + ! _m > 4 —a ‘
_ L 2057 I Y
ool 7 sk j
B o C ]
- Lu T S T N T TR Y N AN S ST S T S
19~ '2|o' | '4|o' | '6|o' | 'slo' | '1(|)o' | '12|o' | '1z|10' | Héo B 0 50 E1 00 [G15(\),]
<Egeon> [GEV] BEAM e
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https://indico.cern.ch/event/995934/contributions/4393246/attachments/2260351/3836403/g4hec.pdf

Conclusions

A standalone Geant4 ATLAS HEC simulation was written and is currently available for
preliminary studies.

« Collaboration with ATLAS Colleagues was fruitful and efficient.

* First results with ¢  indicate good agreement with the ATLAS SW and ATLAS HEC
2000/2001 TB data.

Next steps:

* Validate Geant4 on the ATLAS HEC 7~ results. Where the fun begins &
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