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b-jet charge identification
Identification of the charge of the b quark

Inclusive algorithms

Use information coming from the whole jet 
structure (e.g. Deep Neural Networks)

Exclusive algorithms

Look for specific processes inside the jet

Inclusive approach

Exclusive approach

Muon tagging algorithm
Look for an high-pt muon from the semileptonic decay 
of the B-hadron:

Efficiency limited by the BR of the decay: ~ 10% 
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Variational Quantum Classifier
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A classical Deep Neural Network was also developed (as a baseline) 



Training results
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● The Angle Embedding circuit performs better than the Amplitude Embedding 
circuit, for both the Muon and the Complete dataset

● For the Muon dataset the Angle Emb. circuit performs as good as the DNN 

Muon Dataset

Complete Dataset

Amplitude 
Embedding

Angle
 Embedding



Results on Tagging Power

● It can be interpreted as the effective 
fraction of jets that contribute to a  
b-bbar asymmetry measurement

● An optimal cut on the probability 
distribution is used to maximise
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Accessing performance

Accuracy vs.

number of layers
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Accuracy vs. number 

of training events

Simulation with noise 
from ibm QC backend



Overview and future perspectives 

7

● Paper accepted for publication in JHEP
● First QC application developed within a LHC 

collaboration
● First QML application to LHC detector 

simulations

Future perspectives:

1. Application to the b- vs c-jet tagging for Higgs 
identification

2. Running of IBM Quantum hardware (mainly 
testing pretrained configurations)

3. Physics insights from correlations encoded in 
entanglement

preliminary

b vs c



Thank you for the attention



BACKUP
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Software libraries and Hardware resources

● The algorithms were tested on noiseless and noisy quantum simulations 

● Library designed for Quantum ML
● Automatic calculation of the 

gradients of quantum circuits
● Exploits GPUs!

● Supported by IBM Quantum
● Noisy simulations emulate 

IBM Quantum hardware
● Run on IBM Q Hardware

MARCONI100

2x16 cores IBM POWER9 AC922

CPU GPU
4 x NVIDIA Volta V100 GPUs
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Dataset

● Simulations sample of di-jets generated by b and 
b-bar quarks @ Run 2 condition

● ~ 700.000 jets (60% training, 40% testing)
● Inside each jet we consider 5 types of particles

and for each type we select 3 variables:
●      : transverse momentum relative to the jet axis
●      : distance relative to jet axis in the (η,φ) plane
●      : charge of the particle

+ 1 global variable → weighted jet charge

muon     electron     pion     kaon     proton

Complete dataset
15 variables + jet charge 

Muon dataset
3 muon variables + jet charge
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Jet reconstruction
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1. Particle Flow : tracks and calorimeter clusters are selected

2. Anti-kt : inputs are clustered to form jets of a given cone radius

3. Jet 4-momentum is defined (sum of particles 4-momenta)

4. Jet energy correction: jet energy is corrected by detector efficiencies 



b vs c vs light
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1. Secondary Vertex

2. BDTs



Detector
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DNN
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