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Quantum Computing with ML Methods 
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Heather Gray, CERN Academic Training, https://indico.cern.ch/event/870513/

Just try to use it as soon as possible 

to benefit as soon as possible !

Kerstin Borras

https://www.pyqml.com/

https://iopscience.iop.org/article/10.108

8/2632-2153/abc17d/meta

Hands-On Quantum 
Machine Learning 
With Python
is your comprehensive 
guide to get started 
with Quantum 
Machine Learning -

the use of quantum 
computing for the 
computation of 
machine learning
algorithms.
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Wide Variety of Opportunities to use QC with ML Methods 
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Sau Lan Wu, QuantHEP Seminar, https://quanthep.eu/event/quanthep-seminar-sau-lan-wu/
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Challenges that can be addressed with QML
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Introduction

Very diverse challenges can be adressed with Quantum Machine Learning

 Simulation (lattice QCD, parton showers, detector, …)
 Reconstruction (tracking, jet - clustering,…)

 Physics Analyses
 Searches  (Grover, …)
 Anomaly Detection, Classifier

 Optimization (scheduling, …)
 …. 

An up-to-date collection on 

quantum algorithms can be
found here:

https://quantumalgorithmzoo.org/



Page 5

Hadronic Structure, Fragmentation, Parton Shower  
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C. Bauer, W. de Jong, B. Nachman, D. Provasoli - 1904.03196 [quant-ph] 
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Quantum Generative Adversarial Network (GAN)
Quantum Machine Learning as Tool for fast and precise Simulations

Complex MC simulation needed 
(digital twins) for LHC experiments

• Computational needs are beyond 
projected computational resources 

of HL-LHC
• Urgent need for new methods of 

fast simulation

Deep Learning allows  
to replace iterative simulation

by Deep Neural Nets 
(typical approach: GAN)

• Even larger gain with Quantum 

Algorithms ⟹ qGAN
• Ongoing cooperation between 

DESY-CERN  (1 Gentner Student)

Material thanks to Su Yeon Chang (EPFL, CERN openlab) https://indico.cern.ch/event/852553/contributions/4057624/attachments/2127835/3582797/QGAN.pdf

IBM/ETH Zürich suggested a 

Hybrid algorithm

• Quantum Generator + 

Classical Discriminator

- proposed for discrete

prob. distribution

https://www.nature.com/articles/s41534-019-0223-2

Calorimeter
application 
needs 
continuous 
probability
 new 
approaches 
have to be 
developed 
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Quantum GANs  - Towards more complexity 
Quantum Machine Learning as Tool for fast and precise Simulations
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Quantum GANs  - Towards more complexity 
Quantum Machine Learning as Tool for fast and precise Simulations
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Quantum GANs  - Towards more complexity  - Noise
Quantum Machine Learning as Tool for fast and precise Simulations
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Quantum GANs  - Towards more complexity  - Dimensions
Quantum Machine Learning as Tool for fast and precise Simulations

8 x 8 = 64 pixels  = 2
6 
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Quantum Graph Neural Networks for Particle Physics and beyond
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Quantum Machine Learning for Particle Tracking and Flight Tracking

Results: 

• A comparison with Hep.TrkX after a single epoch 

shows that the QGNN model performs similarly.

• Better AUC possibly achievable by future 

improvements:

better hardware, more qubits, more training time 

….

Material thanks to Cenk Tüysüz (METU,CERN openlab) https://indico.cern.ch/event/852553/contributions/4057625/attachments/2127652/3582465/IML_2020_cenk_tuysuz.pdf
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Wide Variety of Opportunities to use QC with ML Methods 
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Heather Gray, CERN Academic Training, https://indico.cern.ch/event/870513/
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Quantum Technology at DLR
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Quantum Computing at DLR
Example from DLR
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QC Opportunities from the Particle Accelerators Perspective 
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-----------------------------------------------------------------------------------------------------------------------------------------------

Quantum algorithms in particle beam dynamics and ML

To be noted: 
Our current interest within the M 
mission is to leverage ML and HPC 
for design, operation and automation of 

(electron) accelerator facilities.

• Example application: regularization techniques for training of DNNs for control and modelling of 
accelerators based on QUBO

• Open question for R&D: beam dynamics simulations: classical many-body systems on quantum 
computers? 
Synergies with FH/FS/AP

Y. Cao et al. Quantum algorithm and circuit design solving the Poisson equation, NJP 15 2013
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Prospects for Quantum Computing at DESY
A Division-Wide Activity including Campus Partners

The CQTA will help us all to get started
in time to benefit as soon as possible. 

The imminent future

Several PhD students and few PostDocs are starting now and until next 

year with different funding sources (InnoPool, MSCA Co-Fund…)
 nice opportunity to join, get training and start with small prototypes 

 get quantum-fit.

Zeuthen received the approval for major funding (15 Mio €  in 5 y) for 

building a Laboratory for Quantum Computing Applications.

One BMBF short proposal for a user network to investigate and mitigate 

noise has been approved to submit a full proposal.

One short proposal in the framework of QuantHEP has been approved to 
submit a full proposal.

One ERC grant will be submitted for Quantum Annealing

Campus: 
One BMBF short proposal for a hub can move on,    

DLR & ITT in discussion, DLR received 740 Mio € to enable  Industry (80%) 
and to do QC research (20%).

Within Helmholtz more funding opportunities will show up.

Lively field with extremely rapid evolution !

Many opportunities for enabling novel 
technology for our science! 



DESY QT Taskforce reachable via  qt-task-force@desy.de

Interested ?    Sign-up in this common email list   quantum-technologies@desy.de

Any 

Questions ?  


