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With quantum computers, 
we will tackle problems in new ways
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Model physical 
processes 
of nature

Perform significantly 
more scenario 
simulations

Obtain better 
optimization 
solutions 

Find better 
patterns within 
AI/ML processes
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Start thinking about 
quantum computing now
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It’s moving fast Strategizing takes 
time

Patents are being 
filed

Talent is scarce
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IBM is defining the future 
of computing, again
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Most advanced 
hardware supporting 
the full stack

Built the network 
of experts defining the 
future together

Trusted advisor with 
the broadest adoption

ibm.co/q-experience qiskit.org ibm.co/q-network

14 systems
53 qubit system

180k+ users
100B+ executions

080+ partners
200+ papers
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The future belongs 
to all of us
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Giving students hands-
on experience through 
internships

Offering open-access 
educational materials
community.qiskit.org/education
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The motivation for quantum computing
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The future 
of computing

Mathematics + Information
Today’s computers and HPC Biology + Information

AI Systems

Physics + Information
Quantum Systems

Hybrid Cloud
Secure heterogeneous computational fabric

Intelligent Automation
Automated programming and AI

bits

qubits

neurons

Intelligent 
Applications
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“I’m not happy with all the analyses 
that go with just the classical 
theory, because nature isn’t 
classical, dammit, and if you want 
to make a simulation of nature, 
you’d better make it quantum 
mechanical …”

Richard P. Feynman
Department of Physics, 
California Institute of Technology

International Journal of Theoretical Physics, 
Vol 21, Nos. 6/7, 1982
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The basics of quantum computing
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Bits and qubits
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classical bit             quantum bit analogy 

A classical bit can be 0 or 1.

A quantum bit, or qubit, can take 
on those values but can represent 
a combination of 0 and 1 while 
we are computing.

When we measure a qubit, it 
becomes 0 or 1 based on 
probability.
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Quantum computing 
uses essential ideas 
from quantum 
mechanics

Measurement

Measurement is forcing the qubit’s state
a |0> + b |1>

to |0> or |1> by observing it, where 
|a|2 is the probability we will get |0> when we measure
|b|2 is the probability we will get |1> when we measure

Examples

!
!

|0> + !
!

|1>

has an equal probability of becoming |0> or |1>.

"
!

|0> — #
!
i |1>

has a 75% chance of becoming |0>.
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Quantum computing 
uses essential ideas 
from quantum 
mechanics

Gates / Operations

Classical logical circuits use operations like and, or, 
not, nand, and xor. We also call these gates.

Quantum circuits use reversible gates that change 
the quantum states of one, two , or more qubits.
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The hardware in an IBM Q
quantum computing system
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IBM Q quantum devices
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Quantum 
volume

Many factors contribute to the 
performance of the overall system

https://www.ibm.com/blogs/rese
arch/2020/01/quantum-volume-
32/
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IBM Q Experience is 
the quantum cloud services 
and software platform 
designed to take full 
advantage of IBM Q systems.
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IBM research towards the first use cases with quantum advantage…

In collaboration with IBM Q Network partners we are 
driving advancements in quantum software and algorithms

Artificial Intelligence Optimization / Monte Carlo

Quantum chemistry
Material science
High energy physics

Portfolio optimization
Risk analysis
Loans & credit scoring
Monte Carlo-like applications

Better model training
Pattern recognition
Fraud detection

Simulating Quantum Systems
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High Energy Physics

Classification (machine learning and SVM), 
select/identify relevant LHC events, reconstruction 
of tracks - jets tracking

Quantum-Computing where Time-Evolution: lattice 
gauge theory (Schwinger’s model and beyond)

Quantum Minimization VQE optimization in lattice 
gauge theory
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https://github.ibm.com/IBM-Q-General/quantum-grand-central/wiki/IBM-Quantum-Design-Practice
https://github.ibm.com/IBM-Q-General/quantum-grand-central/wiki/IBM-Quantum-Design-Practice
https://github.ibm.com/IBM-Q-General/quantum-grand-central/wiki/IBM-Quantum-Design-Practice
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Track Reconstruction – QUBO Algorithm

Quadratic Unconstrained Binary Optimization QUBO
https://sites.google.com/lbl.gov/hep-qprMichele Grossi



Quantum Simulation
• Represent the system Hilbert space on the qubit 

space

• Implement a circuit to simulate the time evolution

• Field on a lattice

• The field amplitude is discretized at every lattice site
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S. Lloyd, Science 273, 1073 (1996)

Example: Schwinger model describes 2D 
QED with a Dirac fermion

à toy  QCD model:
- Charge screening
- SSB
- confinement
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Quantum Computing for Final State Radiation

Final State Radiation (FSR) is a complex many-
body quantum system. Classic MC simulation
cannot capture all quantum effects.

Parton shower models are implemented using
classical Markov Chain MC (MCMC) algorithms to
efficiently generate high multiplicity radiation
patterns.

Perhaps quantum tools can be used to
incorporate quantum degrees of freedom

Ref: 1904.03196 D.Provasoli, C. Bauer, W. de Jong

Like the SM Higgs when 𝑔!,#~𝑚/𝑣 and 𝑔! = 𝑔# = 0
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Quantum Computing for FSR: algorithm
The algorithm is able to keep track of amplitudes and not 
probabilities, it samples from the full probability distribution in 
polynomial time 

Measurement: normalized differential cross section for log 
θmax  and the number of emissions. Interference effects are 
turned on (g12 = 1) and off (g12 = 0), where the classical 
simulations/calculations are expected to agree with the 
quantum simulations and measurements. 

Ref: 1904.03196 D.Provasoli, C. Bauer, W. de JongMichele Grossi
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Quantum Generative Adversarial Networks

Use classical Generative Adversarial Networks to 
simulate detector response

– Replace Monte Carlo simulation

Quantum GAN can have larger representational power 

– Different hybrid classical-quantum algorithms for 
generative models exist

Train a quantum GAN to generate  few-pixels image

Dallaire-Demers and Killoran, arxiv: 1804.08641Michele Grossi
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From Classics SVM to QSVM
Primal Problem
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From Classics SVM to QSVM

Choose the right feature map

Primal Problem

Dual Problem is useful because dot products can
Be replaced by a kernel function 
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Supervised learning with quantum enhanced 
feature space

Michele Grossi
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• Unitarity at high energies requires presence of the SM Higgs 
boson

• Sensitivity grows with energy of vector bosons
• Self-interaction of heavy gauge bosons
• Search for anomalous quartic-gauge-boson couplings

• The cross-section and angular distribution
of longitudinal polarisations are
particularly sensitive to beyond standard
model (BSM) physics

• Boson polarisation can be measured as
angular distributions of particles
produced in the decay process

Vector Boson Scattering

Ref: M. Grossi et all in preparation
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• Events with first solution closer to truth solution (1)

• Events with second solution closer to truth (0)

• Events with negative discriminant are discarded

Vector Boson Scattering

Ref: M. Grossi et all in preparation
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Vector Boson Scattering – QSVM Flow
start

Variables 
reduction -PCA

Feature Map

Quantum 
Machine 
Learning

Given the current status of NISQ device we are limited in 
the number of features to map for our problem. To reduce 
the dimension of this space we apply the PCA analysis.
We need to find balance between number of PCA and total 
variance explained
Ref: M. Grossi et all in preparation
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Vector Boson Scattering – QSVM Flow

Given the current status of NISQ device we are limited in 
the number of features to map for our problem. To reduce 
the dimension of this space we apply the PCA analysis.
We need to find balance between number of PCA and total 
variance explained
Ref: M. Grossi et all in preparation
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Vector Boson Scattering – Angular Distribution 

Ref: M. Grossi et all in preparation



There is a long road ahead, 
but quantum algorithms are 
very promising for modelling 

high energy scattering 
processes. 

Thank you!
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