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GAN: comparison in Athena with G4
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Fractional energy deposit in the φ direction for the second EM barrel layer for a 16 GeV (left), 25 GeV
(centre) and 32 GeV photon reconstructed cluster in the range 0.20 < |η| < 0.25. GAN (red solid line) is
compared to Geant4 (black dashed line). A revised architecture of the GAN, as compared to the one in ATL-
SOFT-PUB-2018-001, is used to generate the response. The revised architecture includes an additional
discriminator focusing on the total energy of a shower.
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Figure 9: Total energy response of the calorimeter to photons with an energy of approximately 65 GeV in the range
0.20 < |⌘ | < 0.25. The calorimeter response for the full detector simulation (black markers) is shown as reference
and compared to the ones of a VAE (solid red line) and a GAN (solid blue line). The shown error bars and the
hatched bands indicate the statistical uncertainty of the reference data and the synthesized samples, respectively.
The underflow and overflow is included in the first and last bin of each distribution, respectively.
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Figure 10: Energy response of the calorimeter as function of the true photon energy for particles in the range
0.20 < |⌘ | < 0.25. The calorimeter response for the full detector simulation (black markers) is shown as reference
and compared to the ones of a VAE (red markers) and a GAN (blue markers). The shown error bars indicate the
resolution of the simulated energy deposits.
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and compared to the ones of a VAE (red markers) and a GAN (blue markers). The shown error bars indicate the
resolution of the simulated energy deposits.
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hatched bands indicate the statistical uncertainty of the reference data and the synthesized samples, respectively.
The underflow and overflow is included in the first and last bin of each distribution, respectively.
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Atlas EM Calorimeter
Alignment Configurations :
• 2- periodic in η 
• 4-periodic in φ

Current human designed fast simulation methods fulfil need for large scale 
simulations at the cost of accuracy. Lightning fast neural nets could learn to 
generate the physics instead. A 2-vs-1 competition between neural networks is 
studied for EM shower simulation.

• Cascade quantum 
simulations are expensive 
for Geant4

• Only final shower image is 
recorded

Why we need the third network

Detector Geometry Features
Plug into ATLAS C++ Software

Baseline: FastCaloSim

(W) Generative Adversarial Networks

Let AI supervise AI

Showers Computationally Expensive

Generative Adversarial Networks for 
fast shower simulation in ATLAS

unknown
T0 Processing Others

MC Simulation

MC ReconstructionGroup Production

Data Processing

Analysis
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Look at single 
photon showers at 
{1,2,4,8,16, 32, 
65, 131, 262} GeV 

Assume Geant4 is 
ideal

Additional Critic 
helps reproduce 
resolution of the 
detector
σE/E ~ 10% √E 
very well

Bars = standard deviation not error

PUB Note: ATL-SOFT-PUB-2018-001
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New approaches of fast simulation: FastCaloSimV2
Parametrization based approach following FastCaloSimV1

• PCA transformation to decorrelate energy deposit in 
each layer 

• Leading PCA component is used to divide the Geant4 
dataset into subsets 

• Each subset represents shower with similar feature    
• Longitudinal and lateral parametrization for each subset

G4 simulated
particles in

E-η grid

Total energy,
Energy fractions in

each layer

Principle Component
Analysis (PCA)
N components

1st PCA  to
divide

Geant4 dataset

Longitudinal
parametrization

Lateral
parametrization

strong correlation 
between layers!

Hasib Ahmed(U Edinburgh) !6

Longitudinal Shower Parametrization
FastCaloSimV2

Additional PCA transformation to further decorrelation

Multi-layer perceptron (MLP) for regression of  energy cumulants 

Parametrization of  discrete energy points, spline function for interpolation 

Geant4 datasets
divided via

1st PCA

additional PCA
for further

decorrelated
dataset

Total energy,
Energy fractions

Cumulative
distributions

Regression
Training
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ATLAS Simulation re n ry
| < 3.20η, 3.15 < |γ

Actively developed and 
improved by team of 
physicists for decade

Done separately for each η 
slices, energy

additional interpolation 
mechanism

ATL-PHYS-PUB-2010-013
18 October 2010
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Error bars very small

GAN not shifted up

ATLAS Simulation Work In ProgressATLAS Simulation Work In Progress
ATLAS Simulation Work In Progress

GAN never trained at 25 GeV!Comparison in Athena: E reco /E true

10/09/2019 Michele Faucci Giannelli 13

Really good agreement in cluster energy
Significantly better than AF2
Better than FCSv2 without G4 hits

Even for the interpolated point at 25 GeV

 EratioγReconstructed 
0.9 0.91 0.92 0.93 0.94 0.95 0.96 0.97 0.98 0.99 1

a.
u.

0.02

0.04

0.06

0.08

0.1

0.12

0.14

0.16

0.18

0.2 ATLAS Simulation  Internal
| < 0.25, E=16.3GeVη, 0.20 < |γ

DNNCalo
G4FastCalo
FullG4

Compare with 
ATLAS Fast II

Compare with FCS 
V2 (in development)
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GAN: comparison in Athena with G4
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Fractional energy deposit in the φ direction for the second EM barrel layer for a 16 GeV (left), 25 GeV
(centre) and 32 GeV photon reconstructed cluster in the range 0.20 < |η| < 0.25. GAN (red solid line) is
compared to Geant4 (black dashed line). A revised architecture of the GAN, as compared to the one in ATL-
SOFT-PUB-2018-001, is used to generate the response. The revised architecture includes an additional
discriminator focusing on the total energy of a shower.

ATLAS Simulation Work In Progress ATLAS Simulation Work In Progress

Eratio = (First_Max_Strip -Second_Max_Strip)/(First_Max_Strip+Second_Max_Strip)

Particle Position              Calorimeter layer alignments

16 GeV 25 GeV 32 GeV

16 GeV

25 GeV

Graeme	Stewart	(CERN),	Aishik	Ghosh,	David	Rousseau	(LAL,	Orsay),	Kyle	Cranmer	(NYU),	Stefan	
Gadatsch,	Tobias	Golling,	Dalila	Salamani	(UniGe),	Gilles	Louppe	(ULiège)	

SIM-2019-006

SIM-2019-004

ATLAS Simulation Work In Progress

ATLAS Simulation Work In Progress

p1 p0

Conditional GAN:
2 continuous conditions, 

72 discrete conditional combinations at training GAN looks good! Next, 
expand to entire calorimeter

https://cds.cern.ch/record/2621447/files/ATL-COM-SOFT-2018-014.pdf
https://arxiv.org/abs/1704.00028

