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Applications

DESY.

Polynomial-Time Algorithms
Search
Optimisation

Cryptography

Climate Science

Drug Discovery and Materials Science
Machine Learning and Al

Finance

Quantum Computing in HEP

— Shor
— Grover
— Variational Quantum Eigensolver, Annealing, ...

— Quantum Key Distribution

— Weather forecast

— Protein folding, batter development

— Quantum (enhanced) Machine Learning

— Portfolio optimisation

— Lattice Gauge Theories, reconstruction algorithms, simulation, ...
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Technologies

QC technology‘
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Ising machines Gate model quantum systems
specifically designed to solve combinatorial optimization problems by use quantum gates to manipulate qubits and
mapping them to a mathematical model of interacting magnet spins. perform computations.
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Qubits

Classical bit Quantum bit (Qubit)
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Quantum circuits

two qubit gates (CNOT)
— entanglement!
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Application: Pattern Recognition for;pia'rticl'e """"""""""
tracking using quantum algorithms f
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Pattern Recognition .......................................

e Doublets are created by combining hits from O
successive layers ;
4 / N/
O
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Pattern Recognition .......................................

e Doublets are created by combining hits from O
successive layers ;

e Triplets are created by combining doublets
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Pattern Recognition

e Doublets are created by combining hits from
successive layers

e Triplets are created by combining doublets
e Relations of triplets as key feature

Goal: Identify triplets stemming from a single particle
(“matched”) and combine them to tracks

DESY.

-------------------------------

-----------

connection
4 / [ )
4 / N/
O
N\ J

conflicts

Page 9



QUBO

Quadratic Unconstrained Binary Optimisation

N N
o Triplets T,€ {0, 1} G Z z:, biTiT; + 21 a;1; (QUBO)
i J<i i=
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QUBO

Quadratic Unconstrained Binary Optimisation

N N
. TpletsTc 0,1 H = z biT;T; + Z a;T; (QUBO)

e System with two types of parameters:
o Conflicts: bij >0
o Connections: bij <0

o Individual term: a,
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QUBO

Quadratic Unconstrained Binary Optimisation

N N
. TpletsTc 0,1 H = Z biT;T; + Z a;T; (QUBO)

e System with two types of parameters:
o Conflicts: bij >0
o Connections: bij <0

o Individual term: a,

Goal: Minimising the QUBO cost function

(Hamiltonian) of the system
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QUBO

Quadratic Unconstrained Binary Optimisation

N N
H=Y% % b,TT,+ Y o, UBO
Minimise QUBO cost function il w e, Y Q )
i J<i =
e Ground state — best set of triplets to keep
® Viiay' r,7,7,....TJ—I[01,1,..,0]
e Large QUBOs need to be split into sub-QUBOSs
— sequentially minimised and combined to global solution
Computation: O / \
VO
e Matrix diagonalisation (analytic solution) \ M b [vo v - vm]
e Hybrid quantum-classical algorithm (VQE) ;}m QU O
vy ¢«

min(H) = min(vTMv)
Vi Ev
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VQE

Variational Quantum Eigensolver

Qubit Hamiltonian /
Choice of ansatz

Initial parameters 6, New set of () values
¢ * Classical Optimizer
A
Repeat until
|0) — Ry (61) —P A convergence
l to obtain
|0) — Ry (62) D l A min, E(60)
|0) — Ry (03) —» DA E©O) = < yy|H|y,>

State Expectation
preparation estimation
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VQE

Variational Quantum Eigensolver

Qubit Hamiltonian H
Choice of ansatz
Initial parameters 90

v

New set of 0 values

v

Classical Optimizer

|0) — Ry (61)

AL

Repeat until

~
L/

— convergence

to obtain

|0) — Ry (02)

]

miny E(6)

0) — Ry (63) —*

State
preparation
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— EO) = < yy|Hlyp >

Expectation

O(Poly(N))

estimation

Looking for an advantage:

DESY.

dim(H) = 2"x 2", then <p|H|p> needs:

e 0(2?") operations classically

e Possibly only O(Poly(n)) operations with a quantum computer

Page 15



Quantum computing
result example

e Calculations on a quantum device are noisy:

— Error mitigation and error correction

e 10 shots (number of circuit evaluations) sufficient

for 99% success rate

DESY.

Probabilities
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Example: Positron tracking at LUXE

Efficiency
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Source: [4]
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Performance of quantum algorithms compared to
classical track reconstruction algorithms
Similar performance in efficiency, slightly higher

fake rate
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Thank You!
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