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HL-LHC Computing Bottleneck: Calorimeter
Shower Simulation
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Representation of single
Cross-section ATLAS Detector GEANT4 simulated EM shower
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HL-LHC Computing Bottleneck: Calorimeter
Shower Simulation
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Generative Models for Synthetic Shower Generation

Step 1: Training the Model Step 2: Generating Synthetic Data
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Generative Models for Synthetic Shower Generation

Step 1: Training the Model Step 2: Generating Synthetic Data
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Example: Variational Autoencoder trained with modified loss
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Discrete Variational Autoencoders andv:1609.02200

Discrete VAE

Flat Approximating Posterior
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Quantum Variational Autoencoders

Input Quantum VAE Output

Decoder

3us} AR

YA .4 1 yAVA\s W S/AV,
o A "lz"i ?o‘:\" ) /')“\' \l"\“ 4 A XS
R s/ IS ' K \/ O B AR
¥ TIONG, (N2 T/ 0N i\

7

o\ gEFQ 0
%&‘0‘7 WA | AN, 3»’4’117
MY ANV IS \'/\u«’//
RN\~ | NN "

O\ Oive '@ lew O i Ouver O vi/®
W AN 78 \SVaN a\Q7as 7
YRR W B A X N
S eshie [ Niesl extliie.

VY A Y V/Y \/ ‘1 Y, V \/ yv I "V, Y
et e N e
.”;IQX i A {‘K&*\./él&\‘}*: SN /’1325'.’4(0l‘§\.
M KR ) %
n
\
]
i
i

% S W
A .II’ W ) 7 . N 77 ‘\\\.,;5 0 \\“\\.
1708 WA\ PN | W Y, S\

( —)) —

Y

Hierarchical Quantum Decoder
Approximating Boltzmann 7
i Posterior Machine i

Q¢(<l |£L‘, {Cm}m<l)

arxiv:1802.05779

Prior: Quantum Boltzmann Machine

Restricted BM
State Probability

State Energy

Quantum BM

State Probability

State Energy

gbits on DWave QPU

N\ Q\ ® @
@)(

DAAK

N/

4‘2' > ;‘
Lo s

I ZICN D 1 exp[—FEp(v, h)]

Zy
D M D M
Ey(v,h) = — Z Z Wijvsh; — Z bv; — Z ajh;
i=0 j=0 3=0 i=0
1 —HQ
po(z) = Z—Tr[Aze ]
0
Ho=> ofli+> oihi+ Y Wimoiop,
1 l

l<m

A. Abhishek, Eric Drechsler, Wojtek Fedorko, Calorimeter Shower Generation with QVAE, 16. August 2021



