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Applications

● Polynomial-Time Algorithms → Shor
● Search → Grover
● Optimisation → Variational Quantum Eigensolver,  Annealing, …

…

● Cryptography → Quantum Key Distribution
● Climate Science → Weather forecast
● Drug Discovery and Materials Science → Protein folding, batter development
● Machine Learning and AI → Quantum (enhanced) Machine Learning
● Finance → Portfolio optimisation
● Quantum Computing in HEP → Lattice Gauge Theories, reconstruction algorithms, simulation, …

…
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Technologies

Source: [2]
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Qubits

Source: [2]
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Quantum circuits

Source: [3]

Measurements

two qubit gates (CNOT) 
→ entanglement!

one qubit gates 
(Hadamard, Pauli X)
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Application: Pattern Recognition for particle 
tracking using quantum algorithms

Procedure: Connect hits from different 
detector layers and fit the space points to 
reconstruct particle tracks

detector layer

particle - detector 
interaction (hit)
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Pattern Recognition

● Doublets are created by combining hits from 
successive layers
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Pattern Recognition

● Doublets are created by combining hits from 
successive layers

● Triplets are created by combining doublets



DESY. Page 9

Pattern Recognition

● Doublets are created by combining hits from 
successive layers

● Triplets are created by combining doublets

● Relations of triplets as key feature

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

connection

conflicts
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QUBO
Quadratic Unconstrained Binary Optimisation

● Triplets Ti ∊ {0, 1} 

DESY.DESY.
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QUBO
Quadratic Unconstrained Binary Optimisation

● Triplets Ti ∊ {0, 1} 

● System with two types of  parameters:

○ Conflicts: bij > 0

○ Connections: bij < 0

○ Individual term: ai
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QUBO
Quadratic Unconstrained Binary Optimisation
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● Triplets Ti ∊ {0, 1} 

● System with two types of  parameters:

○ Conflicts: bij > 0

○ Connections: bij < 0

○ Individual term: ai

Goal: Minimising the QUBO cost function 

(Hamiltonian) of the system
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QUBO
Quadratic Unconstrained Binary Optimisation

DESY.DESY.

Minimise QUBO cost function

● Ground state → best set of triplets to keep

● vbinary: [T1, T2, T3, ... , TN] → [0, 1, 1, ... , 0] 

● Large QUBOs need to be split into sub-QUBOs                       

→ sequentially minimised and combined to global solution 

Computation:

● Matrix diagonalisation (analytic solution)

● Hybrid quantum-classical algorithm (VQE)

…

v0
v1
..
vn-1

v0   v1  ..  vn-1MQubo

min(Ĥ) = min(vTMv)
vi ∊ v
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VQE
Variational Quantum Eigensolver

    

DESY.DESY.
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VQE
Variational Quantum Eigensolver
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Looking for an advantage:

dim(H) = 2n x 2n, then <ψ|H|ψ> needs: 

● O(22n) operations classically

● Possibly only O(Poly(n)) operations with a quantum computer
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Quantum computing 
result example

● Calculations on a quantum device are noisy: 

→ Error mitigation and error correction

● 10 shots (number of circuit evaluations) sufficient 

for 99% success rate

DESY.
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Example: Positron tracking at LUXE 

DESY.

● Performance of quantum algorithms compared to 

classical track reconstruction algorithms

● Similar performance in efficiency, slightly higher 

fake rate

Laser intensity 
parameter ξ

3 4 5 6 7

Average number 
of positrons

140 2100 10500 30000 67000

Source: [4]
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Thank You!
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