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Quantum Convolutional Neural Networks 
for Jet Images Classification

1 Introduction and motivation

‣  Quantum machine learning (QML) is expected to surpass classical machine learning in a wide range of instances. 
‣  For example, when dealing with highly energetic jet images, classical convolutional neural networks (CNNs) fall short in classification accuracy. 
‣  In this study, we use a quantum convolutional neural network (QCNN) and compare its classification accuracy with CNN using a classical simulator.

2 Methods

The main concept is to apply the convolutional and pooling tasks of CNNs 
for QCNNs.

‣CNN:

‣QCNN:

Encodings

‣  Tensor Product Embedding (TPE).
‣  Hardware Efficient Embedding (HEE). 
‣  Classicaly Hard Embediing (CHE).

Conv. and Pool.

‣ SO(4):

‣ SU(4):                                                          ▶ Pool: 

Loss functions

‣  For  inputs and  true-label, loss in  predictions are expressed as, 
e.g.: 

Dataset

‣ Jet image: base of a jet cone
plotted in a histogram  filled 
with   a    fraction    of    the 
energies   of   the   detected
final  state particles decayed 
from   an   original   particle   
e.g. the  top-quark or  QCD.

‣2k jet images classified
‣  1k top
‣  1k gcd

N yi ̂yi

3 Results

‣ , 
‣   

‣   

Encoding dependence

Dimensional expressivity analysis1 (work in progress)

Dimensional  expressivity  analysis  (DEA)  performed  to  get  optimal 
maximally  expressive  circuit  with  the  least  number  of  trainable 
parameters.

Batch-size = 32 averaged-runs = 50
SO(4)params−size = 30 → CNNparams−size = 33
SU(4)params−size = 48 → CNNparams−size = 51

4 Conclusions

‣ All QCNN setups conveyed faster convergence compared to CNNs.
‣ Higher params-size indicated better accuracy of CNN compared to QCNN. 
‣ QCNN showed better accuracy at the level of low params-size (e.g. SO(4) and DEA circuit).
‣ Further DEA studies are undergoing trials to reduce the run-time before performing real hardware runs.  
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HEE circuit:


