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AGENDA

• Welcome
• QC4HEP timeline
• High level overview

• Organisational structure and interactions
• Welcome new members

• Work streams updates:
• Experiments
• Theory

• Research Highlights 2023- 2024 (until June)
• Demonstrations
• Next steps
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Info in Box folder: https://ibm.ent.box.com/folder/271639845223



Jan 2023 Jul 2023

1st On site Workshop
Nov 13-14
Supported by IBM 
Quantum 

• Forming QC4HEP 
WG

• Group structure 
definition
• Theory
• Experiment

IBM Quantum Summit 

White paper Org: 
• Use case 

identification for IBM 
HW (100x100)

• Resource Estimation

Aug 2023 Dec 2023Nov 2022

Bi-weekly Editorial meetings 

Arxiv submission July 6
https://arxiv.org/abs/2307.03236

Prep for  2nd workshop

Paper Submitted to 
PRX

Individual Projects Kick start
- Theory:  weekly meetings

- Real Time Evolution
- Low Dimensional LGT and QLM 
- Neutrino Oscillations

- Experiments
- Jet Reconstructions
- BSM
- Simulation 

Kick start Project exploration/ white paper Project definition

QC4HEP Timelines

Nov 2023

2nd On site 
Workshop – Nov 17
Supported by IBM 
Quantum
• Assign leads 

and co leads

Online Technical 
Enablement 
Workshop 

IBM Quantum 
Summit 
Practitioner Forum 

Jan 2024 Jul  2024 Jan  2025

Virtual Meeting
Defining next steps

PRX 
accepted

3rd On site Meeting

IBM Partner Forum
• Demo
• overview

May 2024

In presence meeting in 
Cyprus (Theory)

https://arxiv.org/abs/2307.03236
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1. Albert Einstein Center for Fundamental Physics, University of Bern
2. Brookhaven National Lab
3. CERN
4. DESY HH
5. DESY Zeuthen
6. RWTH Aachen University
7. EPFL
8. Fermilab
9. IBM
10. IJCLab-Orsay
11. INFN
12. INFN-TIFPA and University of Trento
13. Ikerbasque & UPV/EHU
14. LIP - Laboratorio de Instrumentação e Física Experimental de Partículas (PT)
15. Lawrence Berkeley National Lab. (US)
16. Leiden University
17. Ludwig Maximilian University of Munich
18. Maastricht University
19. Northeastern University
20. Oak Ridge National Laboratory
21. Padova University
22. TUM, Bayerische Akademie der Wissenschaften
23. U Lisboa
24. U Maastricht
25. U Waterloo
26. Uni Hannover
27. Universidad de Oviedo (ES)
28. Universita e INFN, Padova (IT)
29. University of Bonn
30. University of Cyprus and The Cyprus Institute
31. University of Geneva / CERN| Switzerland
32. University of Hannover
33. University of Innsbruck, IQOQI
34. University of Tokyo
35. University of Trento
36. University of Washington
37. Wits
38. York University

List of 
Participating 
Institutions



List of Participants
Experiments Theory

CERN, U, Southampton

New members from IBM HEP taskforce :
• Declan Millar (IBM UK)
• Luciana Henaut (IBM UK)



New members

Onboarding 
new members

Recent members of the WG

Ø Martin Savage, Institute for Nuclear Theory, University of Washington
Ø Bruce Mellado - University of the Witwatersrand
Ø Stefan Filipp, Lucia Valor – TU Munich
Ø Alexander Stottmeister – Uni Hannover
Ø Tobias Osborne - Uni Hannover
Ø Joe Gibbs – U. Surrey
Ø Mario Motta – IBM
Ø Jeffrey Cohn – IBM
Ø With the precious help of a number of PhD and master students

IBM Quantum / © 2024 IBM Corporation / Ivano Tavernelli

Process:

Ø A short proposal (max 1 page):
Ø Explain contribution to which stream
Ø Outline the added value (what expertise is brought in) 
Ø Resources (how many hours able to dedicate to this effort)
Ø Proposal is reviewed by Steering Committee and group stream leads/co-leads
Ø Proposal voted during the Project Coordinators meetings



Organization of the QC4HEP WG
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Organization of 
the HEP WG:

Research 
Steering 
Committee

and

sub-teams

Scientific Steering Committee (not final):

Tasks of the SteerCo (among others): 

CERN: Sofia Vallecorsa
DESY: Stefan Kühn
IBM: Ivano Tavernelli
ORNL: Andrea Delgado
U Washington: Martin Savage

1. Structuring the groups and identify the research areas of interest

2. Interact with the sub-team coordinators 

3. Help with the organization of the main assemblies (1 in June and 1 in November)

4. Coordinate adhesion of new members to the WG: The sub-team coordinators will 
submit their suggestions for extensions/additions to the steering committee.

IBM scientific coordinator: Ivano Tavernelli
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New from July 2024

IBM administrator: Voica Radescu



Organization of 
the HEP WG:

Research 
Steering 
Committee

and

sub-teams Two main research areas 

Theory Experiments

Status: operative Status: in preparation

IBM Quantum / © 2024 IBM Corporation / Ivano Tavernelli

Scientific Steering Committee (not final):
CERN: Sofia Vallecorsa
DESY: Stefan Kühn
IBM: Ivano Tavernelli
ORNL: Andrea Delgado
U Washington: Martin Savage New from July 2024

IBM scientific coordinator: Ivano Tavernelli

IBM administrator: Voica Radescu



Organization of 
the HEP WG

Structure: Two main 
research 

Areas 

Theory Experiments

Status: operative Status: in preparation
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Groups

Teams

Theory - main groups
1. Real-time evolution, 
2. Quantum Link Models
3. Neutrino physics
4. ….

Experiments - main groups:
1. Jet Reconstruction
2. Beyond SM (BSM) and 
3. Anomaly Detection
4. …..

Groups of 2-3 institutions 
working together on a speficic 
topic defined in the groups

Teams include students

Groups of 2-3 institutions 
working together on a speficic 
topic defined in the groups.

Teams include students



Organization of 
the HEP WG:

Theory - 3 main groups
1. Real-time evolution, low dimensional LGT

Jad, Stefan, Karl  
2. Quantum Link Models

Uwe
3. Neutrino physics

Alessandro

Coordination

- Each group has a coordinator (and a co-coordinator).
- Coordinators are organizing the research projects and propose possible additional 

members to the Steering Committee.
- For any kind of advise/support ask the Steering Commeetee members

Each group is organized in teams

- Each group can split in teams working on different sub-projects.
- We expect self-organization of the activities (in case of questions contact the SteerCo)
- Team meetings will occure regularly and are decalated (allow members to follow more 

than one group)
IBM Quantum / © 2024 IBM Corporation / Ivano Tavernelli

Experiments - 3 main groups:
1. Jet Reconstruction

Donatella, Miriam
2. Beyond SM (BSM) and Anomaly Detection

Michele, Yacine
3. Simulations

Vincent Croft, Vincent Pascuzzi



Organization of 
the HEP WG:

IBM Quantum / © 2024 IBM Corporation / Ivano Tavernelli

Theory Group:

Real Time evolution and Low Dimensional 
LGT merged with QLM

Coordinators: Karl Jansen, Ivano 
Tavernelli, Jad Hallimeh, Uwe Wiese

Neutrino Oscillations

Coordinators: Alessandro Roggero, Denis 
Lacroix

1. Real-time evolution & low dimensional LGT 

Current topics (until June 2024)

Theory

2.  Quantum Link Models

3. Neutrino physics

Group event: one meeting a month in the form of seminars & discussions to trigger new 
projects and ideas

• Fermionic scattering (wp): biweekly meeting.  - Stefan
• Meson scattering (PYP-model): biweekly meeting - Jad
• 2+1 D QED: biweekly meeting - Karl

• Hevy-hex model:  biweekly meeting - Uwe

• Neutrino oscillations (dynamics): biweekly meeting  - Alessandro

We expect new projects triggered by the new QC4HEP members



Organization of 
the HEP WG:

Current topics

IBM Quantum / © 2024 IBM Corporation / Ivano Tavernelli

Experiments Group:

Jet Reconstruction

Coordinators: Donatella Luchessi and 
Miriam Lucio Martinez

BSM

Coordinators: Yacine Haddad and Michele 
Grossi

Simulation

Coordinators: Vincent Croft and Vincent 
Pascuzzi

Mailing List:

https://e-groups.cern.ch/e-groups/EgroupsSearch.do

E-group name: qc4hep-exp
Re-organize approach to collaboration (discussion forum).
Merge sub-tasks. 

Experiments

1. Reconstruction and pattern recognition

• Jet reconstruction, Jet tagging, Jet substructure studies

• Track reconstruction

2. Beyond the Standard Model searches

• Anomaly detection

• Classification

3. Simulation

• Detectors (primarily calorimeter simulation )

• Event generators and parton showers

https://e-groups.cern.ch/e-groups/EgroupsSearch.do


Highlights 2023- June 2024
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Papers
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Bibtex file of the papers available on Overleaf: 
https://www.overleaf.com/project/637ce463a5aa95851b3d6ee2
File name: QC4HEP.bib

Please keep it updated!!!

@article{DiMeglio2023,
title={Quantum computing for high-energy physics: state of the art and challenges. Summary of the QC4HEP working group},
author={Di Meglio, Alberto and Jansen, Karl and Tavernelli, Ivano and Alexandrou, Constantia and Arunachalam, Srinivasan and Bauer, Christian W 

and Borras, Kerstin and Carrazza, Stefano and Crippa, Arianna and Croft, Vincent and others},
journal={arXiv:2307.03236},
year={2023},
volume = {{}},  
pages = {{}},
doi = {10.48550/arXiv.2307.03236}

}

Please include acknowledgment to the QC4HEP working group; this will 
help us tracing publications. Thanks.



Classification

Trotter 
Dynamics

VQE/varQITE

TN/QTN

Quantum 
Dynamics

Neutrino 
oscillations

varQTE

QNNs
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Hybrid Qu-Cl

Optimisation
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Low dimension 
LGT

QLM/D-Theory
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Quantum 
Kernels

Real-time 
Phenomena

Parton 
Shower

Quantum 
Kernels

QAOA

Quantum 
Annealing

QNNs

QBMs

QCBMs

QGANs

Rare signal 
extraction

Regression

Experiment 
Simulation

HHL 
Algorithm

Jet/track 
reconstruction

Classification

Optimisation

Generation

For & beyond 
Standard 

Model

Results and 
papers

Remember to 
acknowledge the 
QC4HEP working 

group in the section 
“Acknowledgements”
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Papers

Jeffry Cohn, Mario Motta, Alessandro Roggero,o, I.T. et al

Collective neutrino oscillations with a quantum computer
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Papers
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Papers
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Papers
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arXiv:2307.06032

arXiv:2404.05784

arXiv:2401.13048

https://arxiv.org/abs/2307.06032
https://arxiv.org/abs/2404.05784
https://arxiv.org/abs/2401.13048


Papers
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arXiv:2402.09524

https://arxiv.org/abs/2402.09524


Demonstrations 2023
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DEMOs

Year 2024

4 propositions for the 
Summit 

2 with DESY

1 with CERN

1 with Algorithmiq
Anomaly detections with CERN

(presented in Aug, 24th)

Fermion- anti-fermion collision - DESY

(presented in Aug, 7 th (2023))

Phase transitions in the SW model- DESY

Presented to Will Kirby and team – Sep 22

Possible extention to a 32+ qubit HW calculation (in 
the agenda for the meeting with Karl for tomorrow, 
13th Oct)

Planning to send the circuit by Oct, 17

IBM Quantum / © 2024 IBM Corporation / Ivano Tavernelli



DEMOs

2024 

IBM partner forum

Milan, Italy
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Symmetry breaking in geometric quantum machine learning
in the presence of noise (DESY – Cenk Tüysüz)

Geometric QML incorporates 

inductive biases to ansatz design

This can lead to:

• Less parameters / shorter circuits (no BPs)
• Overparameterization
• Better generalization

Around three times improvement
on new devices!

𝒵2 symmetric QML model:

Can current noisy devices execute such 
circuits and preserve the built-in 
symmetries?

o Depolarizing-like channels do not
significantly impact Geometric QML.

o Non-unital channels break the
symmetry approximately linearly in
depth and noise strength.



Planned DEMOS 
for

2024 
1. Quantum Link Model

2. Particle scattering - the Thirring Model

3. Particle scattering – mesons

4. Neutrino’s oscillations
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Next Steps
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Plans for  2024 1. Organize new subgroup teams

• Experiments: tbd
• Theory : 

Theory groups should meet virtually every 3 months 
Set calender invitation (possibly now)

IBM Quantum / © 2024 IBM Corporation / Ivano Tavernelli

2. Prepare for the demonstrations (see cover slide in appendices) 

3. Extend the network

4. Plan new steps

• Select new potential candidates and projects 

• Propose them to the Steering Committee



WG meeting

Year 2024

In person meeting 
At CERN on  January 2025 (QT4HEP 20th Jan)

Virtual meeting 
July 2nd 2024

Steering Committee Meetings
Bimonthly meeting (every 2 months)

Starting date: Tuesday September 10, 3 or 4 pm CET  (to be confirmed)

IBM Quantum / © 2024 IBM Corporation / Ivano Tavernelli



Appendix A: Slides for demo
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Access to IBM Quantum HW:

• IBM Quantum Open Plan [10min/user/month]

• Demo qualification [next slides]

• Through IBM Quantum Premium Plan through our QICs.



• Number of circuits (including error mitigation overhead): tbd – simple Trotter dynamics (depth size 
independent). [~50 (time steps) x O(10^3) twirling instances x O(10^2) shots per instance]

• QASM files for circuits ready: yes

• Depths: 4*N+10, if light cone à O(3N+8)

• Number of qubits: N=30-40

• Capabilities required: Zero-noise-extrapolation (ZNE) 

• Comments on classical hardness: this is a real time evolution problem which is very hard for classical 
simulations. In particular with the linear growth of entanglement in the time evolution the bond dimension in 
a tensor network approach will grow exponentially which can be avoided by a quantum computation leading 
to a real quantum advantage eventually, especially when systems with a non-trivial interaction are 
considered. Here we propose a first experiment on 20 qubits which can demonstrate that this is a realistic 
application with a very large potential for future quantum simulations. 

• Classical simulations performed: By the group of S. Montangero, Phys.Rev.D 104 (2021) 11, 114501 e-
Print: 2105.03445

• Community of interest: High energy physics, condensed matter physics

• Partner org(s): DESY and IBM

Cover slide: Particle scattering on a digital quantum device

From a 2023 demo
Numbers are not updated 

https://arxiv.org/abs/2105.03445
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1. 2-3 slides to introduce the problem, its relevance for the community, its hardness for classical 
approaches (classical computing).

2. Description of the systems: Hamiltonian, observables, etc

3. Description of the quantum approach: Quantum algorithm, circuits, state preparation, 
observables, etc

4. Descrition of the resources: Circuits, measurments, and error mitigation strategy (or strategies)

5. Preliminary results – classical simulations (up to the equivalent of ca. 12-14 quanits), including 
QASM type calculations and noisy simulations)

6. Preliminary results – quantum experiments (up to ca. 10-24 qubits)

7. Description of the expected results and impact

Slide content (for demo)



Appendix – to be cleaned
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Organization of 
the HEP WG:

Organization – Theory evolution
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Theory Group:

Real Time evolution and Low Dimensional 
LGT merged with QLM

Coordinators: Karl Jansen, Ivano 
Tavernelli, Jad Hallimeh, Uwe Wiese

Neutrino Oscillations

Coordinators: Alessandro Roggero, Denis 
Lacroix

Nov 2023 July 2024

Team 1: Low-dimensional field theories, quantum link models and 
real-time dynamics

Alexander Stottmeister alexander.stottmeister@itp.uni-hannover.de
Arianna Crippa arianna.crippa@desy.de
Denis Lacroix denis.lacroix@ijclab.in2p3.fr
Derek Wang derek.wang@ibm.com
Enrique Rico Ortega enrique.rico.ortega@gmail.com
Francesco Tacchino fta@zurich.ibm.com
Ivano Tavernelli ita@zurich.ibm.com
Joe Gibbs j.r.gibbs@surrey.ac.uk
Jad Halimeh jad.halimeh@physik.lmu.
Jeffrey Cohn jeffrey.cohn@ibm.com
Jinglei Zhang jinglei.zhang@uwaterloo.ca
Karl Jansen karl.jansen@desy.de
Klaus Liegener klaus.liegener@wmi.badw.de
Lucia Valor lucia.valor@wmi.badw.de
Mario Motta mario.motta@ibm.com
Michele Grossi michele.grossi@cern.ch
Martin Savage mjs5@uw.edu
Meifeng Lin mlin@bnl.gov
Pietro Silvi pietro.silvi@unipd.it
Randy Lewis randy.lewis@yorku.ca
Simone Montangero simone.montangero@unipd.it
Stefan Kuehn stefan.kuehn@desy.de
Tobias Osborne tobias.osborne@itp.uni-hannover.de
Vincent Croft v.a.croft@liacs.leidenuniv.nl
Vincent R. Pascuzzi vrpascuzzi@ibm.com
Uwe-Jens Wiese wiese@itp.unibe.ch
Yasser Omar yasser.omar@tecnico.ulisboa.pt
Zoe Holmes zoe.holmes@epfl.ch

Team 2: Neutrino oscillations

https://indico.cern.ch/event/1331921/contributions/5620711/attachments/2754777/4796278/QC4HEP-WG-TheoryBreakout-Notes-20231117.txt
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