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Run 3 (u=55) Run 4 (u=88-140) Run 5 (u=165-200)
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+ Simulation of the ATLAS detector with Geant4 is CPU S - ATLAS Preliminary -
2 20 - 2020 Computing Model - CPU ' B
intensive. % - © Baseline s -
S 60— * Conservative R&D | -
: : : : : : : ~ v Aggressive R&D e -
~ 0 u _
+ ~90% spent in shower simulation i.e. Calorimeter simulation. S £oF.— Sustained budget model 2 E
g’ E (+10% +20% capacity/year) '," /,A‘""""‘ E
+ The CPU requirement will increase due to the increased 2 40E |
o [ ]
@) - —
luminosity and pileup in Run 3 & HL-LHC. é’ 301 B
. . . T = |
+ In Run 3, > 50% of all events will be simulated with fast 2 20 -
<C [ ]
. L . . . . 10 —
simulation increasing to > 75% in Run 4 to mitigate this. - .
OT L v v by by by b ey by oy T

4+ Beyond Run 3 fast Inner Detector (ID) simulation along with 2020 2022 2024 2026 2028 2030 2032 2034

Year
fast digitization and fast reconstruction will be required. [2]

+ Utilize the inherent parallelism of fast calorimeter simulation

with GPUs. [3] [1]1 HS06 benchmark
2] See talk on Fast Simulation Chain

3] See talk on Porting Parametrized Calorimeter Simulation to GPU
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https://w3.hepix.org/benchmarking.html
https://indico.cern.ch/event/948465/timetable/?view=standard_inline_minutes#64-the-fast-simulation-chain-i
https://indico.cern.ch/event/948465/timetable/?view=standard#35-porting-hep-parameterized-c
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+ AF2 - a parametrized calorimeter simulation is used in ATLAS during Run 1 and Run 2. PATLAS ~

Ii xPerEnr - Single Rion

+ e/y and 1t is used for electromagnetic and hadronic shower parametrization respectively.
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+ Longitudinal shower: energy vs shower depth and correlation between layers
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4 Lateral shower: Average shower profile from a fitted radial symmetric function for each layer.

S
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+ Good average shower description but complex variables e.g. jet substructure is not well N\~
modeled.
+ No lateral parametrization for Forward Calorimeter (FCal), particles escaping calorimeter

volume (punch through)
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4 In Run 2, ~50% of all simulation were done in AF2. 2 ATLAS Preliminary Simulation -
E‘* 0.7 = _— —e— Full Simulation E
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AF2 is tuned to data instead of Geant4 - requires a separate set of calibrations for reconstructed objects
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https://cds.cern.ch/record/1300517

Muon Spectrometer
Q Geant4
EXIRL.ﬁNS
Calorimeter
FastCaloSim
Inner Detector

Geant4
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+ AF3 improves physics performance significantly over AF2 and will meet the ATLAS Muon spectrometer
. . unch-Through Particles A ® Punch-Through Particles
fast simulation needs of ATLAS for Run 3. : ",“i A v . (Enties i HuonEntryayer
+ AF3 uses two distinct approach of shower generation (includes FCal): \ ﬁr W, - oo e o

MuonEntry Surface,
]

+ Parametrization based modeling - FastCaloSim V2 (FCSV2)
+ Generative Adversarial Network (GAN) based modeling -
FastCaloGAN (FCSGAN)
+ Dedicated parametrization for punch through particles - particles escaping
calorimeter volume.

Calorimeter

J9)OWILIOBD
surdessa saonaed
S[[99 I9JoWILIOBD
ur A319u9 j1sodap

---------------------------------------------

CaloEntry Surface;

E Initial Particle

Used for electron, photon and low or high energy hadrons

LAS Inner Detector :

Used for medium energy hadrons

Used for simulating particles that exit the calorimeter and
enters Muon Systems (MS) + AF3 provides a speed gain by a factor of -

. . | + O(500) for calorimeter only simulation
Geant4 Used for simulating very low energy hadrons in the _ .
Calorimeter, all particles in the MS and ID. + O(10) for full detector simulation

Hasib Ahmed(U Edinburgh)

AF3 targets achieving identical modeling to Geant4 requiring only one set of calibrations
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Geant4 simulated single particles generated at the calorimeter surface is used for modeling AF3

p [MeV]
3,

64MeV - 4.2 TeV (log spacing)
=)

17 discrete points:

0 05 1 15 2 25 3 35 4 45 5
m|

100 bins of size 0.05 covering 0 <|n| < 5

Detail G4 steps (granular energy deposit)
No primary vertex smearing in simulation

Noise, cross-talk between neighboring cells and bad cells turned off in digitization.

Hasib Ahmed(U Edinburgh)

Photons: for photon shower
Electrons (e*): for electron shower

apsorser  EM show‘er

' ABSORBER

Hadronic shower




+ Instead of simulating particle interactions, directly parametrize the
detector response of single particles entering the calorimeter system.

4 Parametrize the single particle shower development in longitudinal
(energy) and lateral (shape) directions.

The dashed tracks
are invisible to
the detector

4+ Use the parametrization at simulation step to deposit energy in
calorimeter cells using simplified geometry.

Reconstruction geometry: calorimeter layout

— 4000
NN \RRRRRNRY S
3500 — A
E E I
-7z
2o SN\ AV 77, + The energy in each sampling layer is highly correlated.
2000 Y 4+ Classify showers based on the depth on the interaction point
1500/ ESE\; \\\\\M@ %W%{é{/ . 4 . s P P
E sgg = e oo £ o e (i.e. depth at where a particle initiates the shower)
1000 [P (= amnsae™ S s o _ . . . .
3 §§§ —=he, =ohe 4+ The longitudinal and lateral parametrization is done for each for
£ .f Sty Semsik | the shower type, for each calorimeter layers.
—6000 —4000 —2000 0 2000 4000 S o
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+ To remove the energy correlation between layers - single particles are classified based on its
depth on interaction point.

+ The energy fraction of each layer, total energy for all particles are used to perform a Principal
Component Analysis (PCA).

|||||||||||||||||||||||||||||||
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Longitudinal Lateral
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Leading principal component is used to divide the particles in quantiles 7
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Before PCA:

After PCA:
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Transformed energy in EMB1

(a) Presampler vs EM Barrel 1

Principal component 1
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(b) Presampler vs EM Barrel 2

Principal component 2
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(b) First vs third PC
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Energy Parametrization & Interpolation
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4+ Additional PCA on each bins of 1st Principal Component and the cumulative distributions,

mean & RMS of the gaussians along with the PCA matrix is saved for energy A logE
parametrization - for the 17 discrete points. Eeodl 1 more likely
E T
true
+ A piece-wise polynomial (spline) is used to fit the 17 energy points for interpolation. . less likely
4+ During simulation the parametrization is randomly selected based on the logarithm bolow
distance of E+e from parametrization grid.
D [ o o 1} - AL .
g - ATLAS Simulation Preliminary i & 085 ATLAS Simulation Preliminary <
%' O'gz_y, 3.15 <l <3.20 - 0 E mt,0.15 < n| < 0.20 E
> B - 2 - .
> (0.88— — O 0.8 ]
3 - - Geant4 - S : - Geant4 -
"~ 0.86F —Spline + - —Spline -
- : 0.75 .
0.84/ -
0.82]- - 0.7 -
0.8 - ] )
e o — 065 vl v 4 Ll LT
10° 10° 10° 10° 10° 10° 10° 10°
particle energy [MeV] particle energy [MeV] )
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3 or. ATLAS Simulation 'P're'lir'ni'nér'y ' E
+ Probabilistic reweighting to reject simulated energy far off from the G ey %% y262GeV -
CL . . . . . 5001 a 0.4<m|<0.45 —
G4 distribution - using a PDF derived from simulated over expected 4 Toy sim (no rw) $ ¢$$. .
40001 RMS 2.100 GeV ¢ 5 5
energy. - ;.. Toy sim with rw a5 .
: o : :
2001 4 % =
100 “ 5 =
E @@08 OO N
S B L N LU BN LA L BRI B L [T TS @@@@@M@ |...|...|...|...888@é
& 800F ATLAS Simulation Prellmmary = 560 254 256 258 260 262 264
7002_ G4 (w/o correction) + é y 131 GeV _i total E [GeV]
B00F- | RMS 0.0150 GeV é‘? , 1.65<n|<1.7 3
i+_ G4 (with correction) 449, A ]
— I RMS 0.0117 GeV ‘ | ] . . . . . . . .
5005.5 Toy sim with rw ARE " : 4+ There is a modulation of energy in the phi direction in the input G4 due
400" RMS0.0117 GeV A S = . . . . . : :
300E- 4 E to accordion structure in Liquid Argon (LAr) calorimeter which is not
E te 4 : .
2001 . \ = modeled in AF3.
- A e : . . . . 1 79
100F R % .. 1 4 The Geant4 inputs are corrected before parametrization to “flatten” the
Y aran I N N Lnnnllnnns L EO0 g 1 1
£950.96 0.97 0.96 0.8 1 1.01 1.02 1.05 1.04 ohi modulation
E response
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Corrections to improve mean energy
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4+ Small residual differences in energy response simulation in electron , photon and pion:

4 derive correction factors E(34/EA|:3 for each energy and n points with linear interpolation in between

4+ for photons & electrons the corrections are applied if the correction factor is statistically significant

4+ Hadron showers simulated with pion parametrization has an intrinsic energy difference:
4 derive E

Hadron

/]_!77(’3| 4 correction factors scaled by £

T

/EHadron

Kin,true’ —~Kin,true

4+ the correction factors are linearly interpolated in between the discrete energy points

Correction Factor

Hasib Ahmed(U Edinburgh)

on, 0.2

ATLAS Preliminary
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TN T 11
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<|n] <0.25
o i

e/y Correction Factor
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\N*———*—"'*'_—*” ‘*;’ 4
aﬁ's _‘_*—(:’ - =% - Proton
S T ~% - Neutron °
=% - Kaon
IIII | | | IIIIII
102 108
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1.002

1.001 F

1.000

0.999
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ATLAS Preliminary

Simulation, 2.0 < |n| < 2.05
- rrr ' oo E

Photon

— 1.010

- 1.005

Factor

Ion

- 1.000 -

o
o
o
(@)]
it Correct

L 0.990




4 The distribution of energy in lateral direction averaged over many showers is
parametrized over a certain radial distance (r) containing 99.5% of the total
energy and 8-bins in the angular direction ().

4 The bin size (1 or 5mm) in the radial direction is coarser compared to G4
steps but finer compared calorimeter cell size in each layer.

4 Shower centers are corrected by average longitudinal depth of energy
deposits in each PCA bin.

4+ This parametrization is done for each layer and PCA bin for each
parametrization grid point.

4 These 2D histograms are used as PDF during simulation to randomly
generate quantized energy deposits (hits)

Hasib Ahmed(U Edinburgh)

y[mm]

ATLAS Simulation Preliminary X [mm]

Y, 265GeV, 0.55 < Inl < 0.60, EM Barrel 2
80—

60}
401

toy simulation

-0.1—

—
<
N

107

107

v, 65 GeV, 0.20 < Inl <0.25, EM Barrel
I I

2
m

| | |
-0.1 -0.05 0 0.05
ATLAS Simulation Preliminary

Normalized to unity

— — I\)
o o
Geant4 / FCS V2

—
N
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4+ Generation of shower is a stochastic process with the average shower gives the PDF.

4+ Energy is deposited using N, ... of equal energy.

4+ N, is calculated such that it gives the same poisson RMS as the resolution of the calorimeter layer.

Y, 265GeV, 0.55 < Inl < 0.60, EM Barrel 2

80r

y[mm]

llllllllllllllllll

—
<
N

or/E = a/\/E/GeV ®c

Normalized to unity

o
b

1
107 N@er . Poisson (— )
hits 0.2
E

]

|
-80-60-40-20 0 20 40 60 80 —

ATLAS Simulation Preliminary X [mm] — T—
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Ehit — Elayer/ N hits

This model with equal energy hits works well for EM sowers but
require hit reweighting for Hadronic showers.

Calorimeter technology Constant term ¢ | Stochastic term a
LAr EM barrel and endcap 0.2% 10.1%
Tile 5.5% 56.4%
L Ar hadronic endcap 0 76.2%
FCal 3.5% 28.5%

Hadronic showers have larger intrinsic
fluctuations and the stochastic terms are
calculated for each layer and n region

Calorimeter Stochastic term a
e EM 30-40%
_______________________ Tile | 350-60%
_________ Hadronicendcap |~ 60-80%
FCal 80 - 100%

13
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4 Hadronic calorimeter layers have large stochastic terms (> 30%) leading to large energy deposits
(100 - 300 MeV) for hits with equal energy.

4+ Even only few hits at far away from the shower center have large probability to create clusters.

4+ These low energy clusters introduce mismodeling in the total number of clusters.

uf EMBZF’CA1 ___________ ATLAS Simulation Preliminary 5 _| . 4 = 10° 7
3 1105 ___ __ v, E=650CeV, 02<m|<025 = 10 S L 102 g 5 10° %
: _ 1, BE=65GeV, 0.2<mi< 025 S A =" 3
i 1 B T fdppiy i S LUg 1 3 "c:)
10" —10° 3 = — 10° 3
1072 = § .:8-2 . g
1078 ' < 107 ] <
107 10° 107
107° ki 10
1 0—6 L ' . = 1078
10-7 i ; '.:TT 10 1077
108 FIIT 107®
10°° | ; ; 107 | | | | :
1077 o UL LT LU T 107~ ""80 100 150 200 2501
0 50 100 150 200 25
Geant4 AR[mm] AF3 with equal hit energy AR[mm]
Evoxel - Bins In average shower histogram _ o
Evorel/ Ent - eneray fraction in each bin of avg. shower Equal hit energy deposition creates large number of clusters
vOoXxe It~ .
AR [mm] - radial distance from shower center in mm unit away from the center of the shower not observed in Geant4!

Hasib Ahmed(U Edinburgh)
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Weighted hit simulation for hadrons (2)

4+ The equal hit energy model can reproduce the mean well but not the

RMS £ °F ENiB2, PCALT "ATLAS Simulation Préliminary |~
' E il - m E=65 GeV 02<|n|<o 25 ]
+Introduce weights to change the RMS of each bin to reproduce the TP 1 I S U S SN DU S _
= | Geant4 E
RMS of the Geant4 distribution. . IR Model: equal hitenergy
LTt sy 1y o Models welghted hitenergy - |
4+ Additional smearing is applied to include unaccounted fluctuations. SR E HE b U TN S N
: {HHHHHEEE s N O
107" | LTI stettin
_ 4 ] ] : THHHEHE
uf e EMEB2, FCA=1 A TLASE Sgg‘ga{fg grle"lmg‘gg 10t uf 182 EMB2, FCA=1 A TLAs Simulation Preliminary] _| ;4G QR RUR 0 e e e e e e e e
- : * 3 (@) ~ B 2L0L L1 il I 1 I e T T I I T I T T e I T T I T T T T T T
: 10 —__ __ T, E=00 € <"1<_ ........ E % T 10 - =—-_ o E :qqagy__Aq_ggln_lsq__g§ f E 105 20 40 50 g0 100 120 40
10 = 10° 8 10° | 1 8 comparison of mean & RMS AR[mm]
10_2 - S 10—2 = g —
107° = 103 LE it Z
1 0—4 1 02 10—4 I I .. TLI 4 '- = 102
10—5 " T “:- 10—5 N A . O 0 I O O I L T
10—6 .'?._._-.._. e _ R e e 10—6 IS O .. 0 0 1 Y A
10—7 Tl __ AEREN ':==.. .;- -;" . . 10 10—7 I T . AL J 10
10—8 LB B L L BT L L B s L T T e L 10—8 I N N . AL
-9 10—9 , ; 1L . :
110910 ARIEREREREARI ALR[E ’ 10—10mmlmm..i....i....i.... ’
0 50 100 25 0 50 100 150 200 25
Geant4 AR[mm] AF3 with weighted hits AR[mm]

Weighted hit model significantly improves modeling of hadron showers! 15
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+ Generative Adversarial Network (GAN) to simulate shower generation in the entire calorimeter - providing both

longitudinal (including correlation between layers) and lateral shower modeling.

4 The hits are voxelized in the same frame of reference (r,a) as in FCS V2 shape parametrization - optimized for

each particle and n bins.
4+ Wasserstein loss with gradient penalty (WGAN-GP) is used, conditioned on the truth momentum and trained for
each n slice but inclusive in energy - resulting 100 GANs for pions.

4+ Each GAN is trained for 1M epochs with a checkpoint saved every 1K epochs.

+ At simulation step the GAN with best epoch is used to generate hits which are deposited in the corresponding

Conditional WGAN-GP

voxels.
G 50 (Input latent Space), 50, 100, 200, NVoxel
D NVoxel, NVoxel, NVoxel, NVoxel, 1
Activation function | ReLU (in all layers)
Optimiser Adam [20]
Learning Rate 104
3 0.5
Batchsize 128
Training ratio (D/G) | 5
Gradient penalty A 10

Hasib Ahmed(U Edinburgh)

Latent
Space (50)

Discriminator

Output

<

Dense

Generator
Output

NVoxel
RelLU

Dense
NVoxel
Linear
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4+ FastCaloGAN shows better modeling compared to FCS V2 for hadrons in the medium energy range.
4+ The exact threshold is determined based on single cluster and jet properties.
4+ AF3 uses FCSGAN for hadron showers in the range: 16 GeV < Exin < 256 GeV

+ The total energy of the FastCaloGAN is scaled to the energy of FCS V2 - allows smooth transition between the

two simulation flavors.

L4 L e e L A B e e B R |
C 1_2 LI I L L L I | L I | L I | l | L I LI L I | L I | L I I % E ATLAS S- . . . E
c i . . T 8§ E imulation Preliminary =~ —$#— Geanta =
s ! ATLAS Simulation Preliminary ¢ Geantd - 65t E-65.5GeV e AN =
s 1™ 0.20<Mn|<0.25 v GAN S B n E
e | : | H.+,+,+' - o
o8y || ]| % + + BB 3 Ul =
C | . 0, i - ] 50 — I T—
C | % & [ | 7 = i,
0.4 __" _ 403— i —f
: I : 35 T:'_I YT T N RN T T ST SN TN SN SUNY SUN S S [ S S S S S S S :: IfE
02__ __ < 69—
B | E 1.02F ° o =
I [ | || I 11 | | | I | | I I | | 1111 I 11 1 | 1 1 1 (3 15: “ %\%. ~ L] :g
55 3 35 4 45 5 55 6 65 AR R i ® 3
094 , . . . . . ® =

Log,, P, (MeV] 0 ! 2 3 4 >
e — —— n

Fully implemented in the ATLAS simulation infrastructure and will be used as part of AF3 for sample

production! 17
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simplified cuboid geometry.

+ Simulated hits (from FCS V2 or FCSGAN) are assigned to cells assuming

+ Derive a probability density function (PDF) from the difference of cell

assignment efficiency calculated in Geant4 and AF3.

+ Use the PDF to randomly assign a displacement to a hit before assigning

to a cell.

Without correction:
No accordion correction, EM Barrel 2

.-

o
o
o
O
S 0.05
=
too much <
energy =
not enough — 0.05
energy [-
_ I
Ob1 005

0

|
0.05

Hasib Ahmed(U Edinburgh)

0.1
ATLAS Simulation Preliminary An(particle, cell)

—
~

-l
N

o o -
o o
FCS V2 cell energy / Geant4 cell energy

o
~

With correcton:
Accordion correction, EM Barrel 2

3 01 — . | =
$ moa Haabhm ™ a
S 0.05[ - —
5

~0.05 o

ol g
- -

| | |
Ob1 005 0 0.05 0.1
ATLAS Simulation Preliminary An(particle, cell)

Normalized to 1

Probability function describing the chance

0.016
0.014
0.012

0.01
0.008
0.006
0.004
0.002

Closure with Geant4 with the correction applied!

that the energy belongs to this cell

ATLAS Simulation Preliminary

01 02 03 04 05 06 07 08 09 1

- )/ do

hit assigned cell

2(¢

assigned cell
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+ Particles that punch through to the MS are reconstructed as a fake muon.
+ AF3 includes a dedicated parametrization to model the secondary particles (e,y, T, WY, p)

+ Depending on the momentum and n for a pion entering the calorimeter volume, the punch men <<

through particles are generated and passed to Geant4.

probability of a single pion to produce at least one punch-
through particle of at least 50 MeV

>’ Frrrrerrrtr ettt et e e e T rrTd —1 '87
D 4194304 . . _ 3
= - ATLAS Simulation Preliminary | _lpg 2
2 2097152 H
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B 3
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65536

32768

16384

8192

4096
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o o o o ~— ~— ~— — (Q\| Al Al

Input Pion i

Unit Normalized

Var/G4

muon segments results from particles punching through
the calorimeter as well as real muons

L L I L L B L B
10 == ATLAS Simulation Preliminary =
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=" Jetp_>20 GeV, EMPFlow 0.4 jets —
10 = ¥ —=
= ¥ ¥ =
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Improves modeling of muons significantly compared to AF2!
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4 Photons and electrons are reconstructed from clusters of energy deposits in EM calorimeter.
4 The objects are selected with identification criteria with high purity as used in physics analyses.
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+ Good modeling of jet kinematics for jets of cone 0.4 reconstructed with EMPFlow or EMTopo algorithms
+ Jets with pT > 200 GeV shows better agreement in AF3 compared to AF2
+ Dedicated parametrization in forward calorimeter also improves the modeling for |n| > 3
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4+ Number of constituents inside a jet of cone 0.4 for leading (pT > 200 GeV) and sub-leading (pT > 20 GeV)
4 Jets reconstructed with EMPFlow algorithm
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Significant improvement over AF2 leading to improvements in other observables! 22
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+ Jet substructure variables for high energetic jets inside a cone of 1.0
+ Reconstructed with trimmed UFO or LCTopo algorithm
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Improvements of these variables in AF3 over AF2 will allow more analyses to use fast simulation!
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+ High energetic jets inside a cone of 1.0 reconstructed with trimmed UFO algorithm
4+ AF3 shows some discrepancy for jet mass - although improves upon AF2
4 The discrepancies are in the tails of the high energetic jets
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Most physics analyses are not affected!
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+ Hadronically decaying t-lepton is reconstructed using BDT algorithm and matched to truth taus
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AF3 shows good performance for both true and fake taus ! 25
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+ AF3 is the next generation of fast simulation in ATLAS - successfully deploying complex
parametrized and deep learning algorithms.

+ AF3 achieved very good modeling for all reconstructed observables compared to Geant4
even for complex variables such as jet substructure.

+ The CPU performance of AF3 is only limited by the ID simulation (Geant4), but a factor of

O(10) speed up is sufficient to meet the CPU needs for Run 3.

+ ATLAS will use AF3 to re-simulate ~7 billion events from Run 2.
+ An update of the current AF3 version in expected for Run 3 - current performance seems

sufficient to produce a large fraction of ATLAS Run 3 Monte Carlo events.

Thank you!

26

Hasib Ahmed(U Edinburgh)



EEEEEEEEEE

BACKUP
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Sampling calorimeter covering |n| < 4.9 Electromagnetic (EM) Cal:
- Liquid Argon (active)

* Pb/Cu/Tungsten (absorber)

44m
Hadronic/Tile Cal:

- Scintillating tiles (active)
- Steel (absorber)

Tile barrel Tile extended barrel e The dashed tracks

\ 3 i :"j'.":,
R Py
v RN ’ I are invisible to
% A ~ the detector
— = | ' ;
— - = - = - .
-~ v — -— — - g
- "V"'_ T —— — " ’
Y e - £/
2T ey, 1 &

Tile calorimeters

LAr hadronic end-cap and
forward calorimeters

Pixel defector end-cap (HEC)
LAr electromagnetic calorimeters P — (/7

Torold Teinels Transition radiation tracker

- ars solenoid magnet o LAr electromagnetic
Muon cha semiconductor fracke end-cap (EMEC)

Pixel /SCT detector

Simulation in Geant4 with each Geant4 process

LAr electromagnetic

Total readout channels: ~190 k o el responsible for the smallest unit called ‘step’
Number of layers: 24
geometry @
bounda -
System EM EM Hadronic | FCAL Tile "y ./ secondaries
Barrel EC EC , o stop:
#Channels | 110k | 64k 5.6k 3.5k 9.8k gteP 0*"‘""".\ ® |
o ./.\ o Zero energy

step G4Track

Hasib Abmed(U Edinburgh) No. of steps « simulation time 28
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Event
Generation

overlay p times
individual
detector
simulated events

MC Detector
Simulation

MC Reconstruction

Group Production

R I" ' User Analysis Data Processing, Validation and other

Data Analysis Framework

N Detector Simulation:
4+ Dense hit content in inner trackers
4+ Larger sub-detectors means longer simulation time

to emulate pileup )
Y,

Digitization:

+ Large number of inner tracker readout channels

4+ Complex modeling of readout emulation
Reconstruction:

+ Pattern recognition (combinatorics) function of average

pileup
29
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+ Small mismodeling compared to G4 is observed
4+ The mean is shifted & RMS is larger than that of G4
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+ Take the smaller RMS of the two poisson distributions (RMSpoisson) reproducing:
)fraction of events with E = 0 ii) RMS of G4 distribution

+ Calculate the weight as w = (E, ./ Epit)/ Npoisson With

y)
Npoisson = 1/(RMSPoisson//lPoisson)

/ —_
+ By = By Xw

+ An extra smearing function (e’ with s being a RandGauss) is introduced

for cases RMSp;iion < RMSq,

4+ C(Calculate the unaccounted fluctuation as:
— RMS?

RMS?

smearing

= RMSZ,

+ The RMS of the smearing function e’ is then matched to

RMS

S

distribution to draw the random number s

7 )
+ B =EygXwXe

The resulting weight and sigma of the gaussian distribution for
smearing are stored as a function of AR[mm] and used in
simulation to improve energy deposits.

Poisson

mearing/\/ NVpoisson OY adjusting the sigma of the gaussian
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modulation

Towers in Sampling 3
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For every checkpoint, 10k events are generated foreach energy point. The x2is then
evaluated between the binned distributions of the GAN and the training sample. The
total x2 for a checkpoint is the sum of the 15x2. The checkpoint with the lowes tx2is ] »f5256MeV
chosen for each GAN
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