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CERN
¢ƘŜ ǿƻǊƭŘΩǎ ōƛƎƎŜǎǘ ƭŀōƻǊŀǘƻǊȅ  ŦƻǊ ǇŀǊǘƛŎƭŜ ǇƘȅǎƛŎǎ.



Science for peace
CERN was founded in 1954 with 12 European Member States
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24 Member States
Austria ðBelgium ðBulgaria ðCzech Republic 

Denmark ðEstonia ðFinland ðFrance ðGermany 

Greece ðHungary ðIsrael ðItaly ðNetherlands 

Norway ðPoland ðPortugal ðRomania ðSerbia 

Slovakia ðSpain ðSweden ðSwitzerland ðUnited Kingdom

2 AssociateMemberStates 

in the pre-stage to membership
Cyprus ðSlovenia 

8 AssociateMemberStates
Brazil ðCroatia ðIndia ðLatvia ðLithuania ðPakistan

TürkiyeðUkraine

6 Observers
Japan ðRussia (suspended) ðUSA

European Union ðJINR (suspended) ðUNESCO

CERNõs annual budget 

is 1200 MCHF 

(equivalent to a medium-sized 

European university)

Around 50 Cooperation Agreements 

with non-Member States and Territories
Albania ðAlgeria ðArgentina ðArmenia ðAustralia ðAzerbaijan ðBangladesh ðBolivia ðBosnia and Herzegovina 

Canada ðChile ðColombia ðCosta Rica ðEcuador ðEgypt ðGeorgia ðHonduras ðIceland ðIran ðJordan 

Kazakhstan ðLebanon ðMalta ðMexico ðMongolia ðMontenegro ðMorocco ðNepal ðNew Zealand 

North Macedonia ðPalestine ðParaguay ðPeople's Republic of China ðPeru ðPhilippines ðQatar ðRepublic of Korea 

Saudi Arabia ðSri Lanka ðSouth Africa ðThailand ðTunisia ðUnited Arab Emirates ðVietnam

As of 31 December 2023

Employees:

2666 staff, 1002 graduates

Associates:

12 370 users, 1513 others

Today, CERN isa laboratory for people 
around the world and a
model for open and inclusive collaboration
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The Large Hadron Collider 
produces about 2 billion 

particle collisions per 
second in relativistic 

environment



Detectors like 3D cameras

6

cms.cern

06.03.24

The energy of the colliding 

particles is converted into 

new particles.

Detectors òtakeó 40 million 

pictures persecond, of which 

1000 are selected and 

recorded.
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The Worldwide LHC 
Computing Grid (WLCG)

170 data centers in 42 countries

About 1.2 million processing cores 

1500 Petabytes of CERN data stored worldwide
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The Worldwide LHC 
Computing Grid (WLCG)

170 data centers in 42 countries

About 1.2 million processing cores 

1500 Petabytes of CERN data stored worldwide





Theory and simulations challenges

Å We are interestedin out-of equilibrium and real-

time dynamicproblems

(scattering, thermalisationor dynamics after quenches) 

Å Complexequationof statesand phasediagrams

(QCD) 

Å Standard Monte Carlo solutionsare two

expensiveor fail entirely
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Ex.  Phase space sampling for 

multi-jet @HL-LHC becomes 

unfeasible

Time and memory usage (Sherpa 3.x.y + HDF5) (H. Schulz 2018)



Å Classical, including: 

Å «Physicseffects»,  particleinteraction with materials

Å «Detector effects», data acquisitionsystems and 
software

Å Big (aka Big Data):

Å Large (TB) multi-dimensionaldata sets (hundresof 
features per sample). 

Å Complex: 

Å Multiple simultaneouscollisions(up to hundredsin a 
fewyears).

Å Multi-structuredinformation (Combination of 
information of differentdetectors).

Å Large dynamical ranges (ordersof magnitude)

Experimentaldata processing challenges
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Study fundamentalinteractions from experimentaldata which is:



Top lifetime (~10ī25 s)  is shorter than both hadronization 

(~10ī24 s) and spin decorrelation (~10ī21 s) timescales.

ÅTop spin information is transferred to decay products.

ÅDirect entanglement observation through measurement of single 

observableD built fromangle (˒ ) between the leptons in the parent 

top- and antitop-quark rest frames.

The highest energy observation of entanglement 
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entanglement limitD ғ ҍмκо

Spin entanglement intop- antitop-quark pairs measured at 13 TeV

by the ATLAS detector at the LHC

The ATLAS Collaboration. Observation of quantum entanglement with top quarks at the 
ATLAS detector.Nature633, 542ς547 (2024). https://doi.org/10.1038/s41586-024-07824-z

Result is more than five standard deviations from scenarios 

without entanglement

Analysis complexitydue to primarily to  uncertaintyon internal degrees of 

freedomin the initial state, partonshowersimulation restricted analysis

phasespace





DevelopQT useful

to the CERN 

scientific

programme

Integrate CERN with 

future quantum 

infrastructure

How doesCERN engagein Quantum Technologies?
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QT4HEP HEP4QT

Extendand share
technologies 
availableat CERN

Boost development
and adoption of QT 
beyondCERN



The CERN QTI launchedin 2020 
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QTI objectivestoward practicalquantum technologies

Integrate quantum computers within High 
Energy Physicscomputing model

Make CERN a nodeof the future 
Europeannetwork infrastructure

Develop next generation detectors for 
fundamental physics 

Join the broader quantum ecosystem to 
multiply impact

Å Design Quantum Network demonstrators incorporating 
CERN technologies

Å Benchmark communication protocols in realistic use cases

Å Develop CERN accelerators technologies for quantum 
sensing and computing

Å Develop hybrid algorithms for realistic applications
Å Contribute to infrastructure development

Å Setup co-development partnerships with companies, 
institutes and other initiatives
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Fostered a expert community studying usability 
of Quantum Computing for High Energy Physics

White Paper on a realisticroadmap in experimentaland 

theoreticalphysicsPRX Quantum5.3 (2024): 037001.
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QTI Quantum Computing researchprogram

Algorithms:

Quantum Simulations

TensorNetworks

QML

Kernel basedmethods

GeometricMachine Learning 

Generative Models

SupervisedLearning (classification/ regressiontasks)

Methods and algorithmsmodelling:

Noisestudies

QML trainabilityand generalizationproperties

Frameworks and Tools:

QIBO

QUASK
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NEW! Machine Learning for hardware characterization
and qubitssystems readout



@

C. Tuysuz, DESY

Mondayafternoon

E. Puljak, CERN

Poster

M. Casals, U. P.Catalunya

Poster

J.J. Martinez de Lejarza, U. Valencia 

Poster

V. Belis, ETHZ

Wednesday morning+ Poster



Monaco, at al. Physical Review 

B 107.8 (2023): L081105 QML for quantum data: drawing phase diagrams

Å Use MPS to studyphase diagram of a Ising model

Å State-of-the-art caracterizationincl. FloatingPhase

Å Provideinput to QML algorithm

Å (Un-)SupervisedQML to classify the ground state 

Å Bottleneckfrom access to classicaltraining labels 

Å Train in integrablesubregions

Å Use an AnomalyDetectionapproach
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Cea, at al. , arxiv (2024)



The ANNNI phasediagram
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Use MPS representationof ANNNI model 

Å DMRG to analysephasediagramof finite size systems 
(up to 480 sites)

Å Detailedpropertiesstudy
Study correlation range by fixing the transverse field 

and varying the frustration parameter:

Generate wave function
(up to 20 spins) as
input to the QML 
analysis



SupervisedQuantum ConvolutionalNN

Classical 

label
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Train on analyticallysolvable
points alongthe axes

Train on all classes


