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=1, CERN

15t CERN Quantum HEP Workshop % 3 openlab

« CERN openlab organised a kick-off event of its Quantum Computing initiative on November 5t-6t" |
2018
» https://indico.cern.ch/event/719844/

* > 400 registered participants from the HEP physics community, companies and worldwide research laboratories and
beyond

 Goals:

+ Create a database of QC projects to foster collaborations between interested user groups, CERN openlab and
industry

« Continue to seek opportunities to support QC projects
* Investigating ways of scaling up the QC activities

* This event was a first step into the investigation of Quantum Technologies, from there
we started looking more broadly at how CERN could contribute to the development and

use of technologies
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https://indico.cern.ch/event/719844/

HEP Experiments Computing Workloads

Multi-step iterative Kalman filter approach
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Low-Energy Experiments

ASACUSA

/q/
CERN Neutrino Platform
CERN'’s undertaking to foster and contribute q

to fundamental research in neutrino physics
at particle accelerators worldwide

Antihydrogen Experiment: Gravity,
Interferometry, Spectroscopy (AEGIS)
direct measurement of the Earth's
gravitational acceleration, g, on
antihydrogen.

ALPHA (successor

of ATHENA) e’
makes, captures
and studies atoms
of antihydrogen
and compares
these with
hydrogen atoms.

CERN Neutrino Platform
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Atomic Spectroscopy And
Collisions Using Slow
Antiprotons

studies the fundamental
symmetries between matter and
antimatter by precision
spectroscopy of atoms containing
an antiproton.

Antiproton Trap
compares protons with
their antimatter
equivalents.

CERN Axion Solar Telescope
search for hypothetical
"axions”, proposed to explain
why there is a subtle difference
between matter and
antimatter.
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Engineering

Mechanical Eng.
Material Science

Radiation Sensors
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CERN Quantum Technology Initiative

Discussions about a Quantum Technology Initiative took place in 2020 with representatives of quantum initiatives in
the CERN Member States, the CERN community, the Worldwide LHC Computing Grid, the CERN Scientific Computing
Forum, with LHC experiments and the HEP Software Foundation

| [QL)

CERN T1 - Scientific and Technical
Quantum Technology Develomeen_tIda_\nd Capacity T3 - Community Building
uilding

Strategy and Roadmap

T4 - Integration with national and
international initiatives and
programmes

T2 - Co-development

—~
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https://doi.org/10.5281/zenod0.5553774
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R&D Activities

BASE - The Baryon Antibaryon Symmetry Experiment
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CERN IBM Quantum Hub

Since 2021 CERN is a “Hub Member” in the IBM Quantum
Network and has welcome two new members in 2022

A project-based hub dedicated to quantum computing
applications to fundamental physics research,
computational chemistry, computational biology, and related
fields

Istituto Nazionale
NLS L_/ di Fisica Nucleare ISTITUTO ITALIANO

DI TECNOLOGIA
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Co-Development and Knowledge Transfer

ABOUT US ~ ACTIVITIES & SERVICES ~ TECHNOLOGIES COMPETENCES APPLICATIONS ~ WH( ‘ Measurement & ContrOI Of quantum_scale

systems
CERN tech for Quantum Systems GET INVOLVED * Particle traps technologies
‘ GET INVOLVED « Excited atoms, ions
) Industry? Collaborate with us. ° Plcosecond SynChron|Sat|0n

) Work for CERN? Collaborate with )
* FPGAs for fast inference

) HEP Academic? Collaborate with

« Digital Low-Level Radio Frequency (LLRF)
control systems

CONTACT PERSON

* Cryogenic system design, measurement &

control

* Vacuum system design & control (HV, UHV,
XHV)

» Thin film coatings for high-performance
applications

 Laser devices

https://kt.cern/competences/cern-tech-quantum-systems
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Education Programme

Fundamental component to prepare the community for
future applications of quantum technology

TECHNOLOGY 1 November 2022

Lectures and seminars with field experts (in collaboration
with the CERN Academic Training Lectures)

Training courses (in collaboration with academic and
industry experts)

Colloguia and specialistic seminars
(https://indico.cern.ch/category/14580/)

Hackathons

Summer Students Programmes

)
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“A Practical Introduction to Quantum Computing”

A 7-part lecture series by Prof. Elias Combarro, University of Oviedo, CERN Scientific Associate (06/11-18/12/2020)

UniquelP clients per IndicolD stream. Stacked values.
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QT4HEP22

This event comes at the end of the
second year of the CERN QTI.

It’s a way for us to talk about our
collaborations and achievements

But, this is definitely not just about the
CERN QTI, of course. A lot more is
happening around us.

So this is also our way to concretely
work on the mission of creating
bridges between different
communities, sharing knowledge,
getting input, and providing
opportunities beyond CERN

1 November 2022
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International Conference on Quantum o AT
Technologies for High-Energy Physics ‘ lQ)
(QT4HEP22)

1-4 Nov 2022
CERN

There is a for this event.

Overview

Poster session

INITIATIVE

N/ QUANTUM
IQ) sl CERN Main Auditorium

Call for poster abstracts P
Student grants Q UAN T U M
Timetable
My Conference

My Contributions
Registration

Privacy Information QT

Invitation letters for visa

1-4 November, 2022

How to get to CERN

Wireless access
Lodging Registration deadline extended until Friday, 28 October for the International Conference on Quantum

) . ) Technology for High-Energy Physics, which will be hosted at CERN on 1-4 November 2022.
Financial Sponsorships

Swiss power plugs Following CERN'’s successful workshop on quantum computing in 2018, this is the first edition of the
#QT4HEP conference taking place to further investigate the nascent quantum technology and its great promise

Contact to support scientific research.

[ QT4HEP-conference@c L . . . ) )
Bringing the whole community together, we aim to foster common activities and knowledge sharing, discuss the

recent developments in the quantum science field and keep looking for activities within HEP — and beyond —

that can most benefit from the application of quantum technologies.
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Conference Programme

International Conference on Quantum In collaboration with the QTI Advisory Board
Technologies for High-Energy Physics )\ ‘ IQ) TECHNOLOGY and the Inte_rnatlonal Pr_ogramme_Commlttee,
(QT4HEPZ2) we have strived to provide you with a
1 222 crmriim Q] programme covering a broad range of

scientific, technological, and societal topics.

Overview Timetable

e The first two days are dedicated to the four

typical areas of quantum technologies

Tueous (theory and simulation, sensing, computing,

S e —— P and communication).

o S —— Thursday is mostly dedicated to industrial

Invitation letters for visa simeton & Theery FiaFuehs C O 'd eVEI O p m e n t .

| We will finish the day with a brief foray into

the very important aspects of education,

awareness, and societal impact

4 QT4HEP-conference@c

Friday is dedicated to hands-on sessions

with three different quantum computing
providers
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Student Grants and Poster Session

We have tried our best to facilitate participation and
engagement for students

In collaboration with the event sponsors, we have
been able to provide travel and participation grants to
students selected through the submission of
motivation letters

We have organised a poster session on Wednesday
night during the networking cocktail with a final prize
ceremony before the event closing on Thursday

You can vote for the best three posters at any time
during the event until Thursday afternoon at:

https://indico.cern.ch/event/1190278/surveys/3738
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Sponsors

Google

“Future Lights” Sponsor
for sponsoring the student grants

Alexander Del Toro Barba
Google Python/Cirg-based quantum computer simulator in CoLab
Friday at 13:00
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Sponsors

IBM Quantum

“Conference Connector” and “Hub” Sponsor
for sponsoring networking events and the Hub workshop

Jay Gambetta, IBM Fellow and Vice President, IBM Quantum
Charting a continuous path to Quantum Advantage
Wednesday at 18:00

Elisa Baumer
IBM Qiskit Hands-on
Friday 09:00
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Sponsors

intel

“Conference Connector” Sponsor
for sponsoring networking events

Gian Giacomo Guerreschi, Senior Research Scientist, Intel Labs
Intel Quantum SDK: A Platform for Efficient Execution of Variational Algorithms
Thursday at 14:20
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Parting thoughts

Clarke’s Three Laws

1 - “When a distinguished but elderly scientist states that something is possible, they are
almost certainly right. When they state that something is impossible, they are very probably

wrong.”

2 —“The only way of discovering the limits of the possible is to venture a little way past them
Into the impossible.”

3 — “Any sufficiently advanced technology is indistinguishable from magic.”

Arthur C. Clarke, "Hazards of Prophecy: The Failure of Imagination” in the collection Profiles of the
Future: An Enquiry into the Limits of the Possible (1962, rev. 1973)

UANTUM
e IQ ) $ECHN0LOGY 1 November 2022 Welcome - QT4HEP22
S INITIATIVE



CERN Acceleratin len Signin Directory

OUANTUM
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CERN Quantum Technology Initiative
Accelerating Quantum Technology Research and Applications

https://quantum.cern.ch

m technology is an em ield o i d engine hat f I / i society in the next five to w! e in this rapic
evolving field has advanc,

CERN canbe orefront of this revolution. G ad range e found at CERN, the Labora in a unique position today
in dev ment of quantum technologies not only for tals to the cement of science and technology.

earch programme in collaboration with the HEP and quantum-technology arch communities
, we will establish joi € 1, C v 1 pporting computing infrastructure, and p e dedicated mechanis xchange of both
and technology.
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