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* Assess the areas of + Identify and develop

techniques for quantum
simulation in collider
physics, QCD, cosmology
within and beyond the SM

potential quantum

advantage in HEP

applications (QML,
classification, anomaly
detection, tracking)

+ Co-develop quantum
computing and sensing
approaches by providing
theoretical foundations
to the identifications of
the areas of interest

Develop common
libraries of algorithms,
methods, tools;
benchmark as technology
evolves

Collaborate to the
development of shared,
hybrid classic-quantum
infrastructures

Computing & Algorithms Simulation & Theory
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Develop and promote
expertise in quantum
sensing in low- and high-
energy physics
applications

Develop quantum sensing
approaches with
emphasis on low-energy
particle physics
measurements

Assess novel
technologies and
materials for HEP
applications

Sensing, Metrology &
Materials

QTI Center Of Competence 2: sensors and metrology

» Co-develop CERN
technologies relevant to
quantum infrastructures
(time synch, frequency
distribution, lasers)

* Contribute to the
deployment and
validation of quantum
infrastructures

* Assess requirements and
impact of quantum
communication on
computing applications
(security, privacy)

Communications &
Networks



QTI Center Of Competence 2: sensors and metrology

®CoC2 targets sensor and metrology:

@Aims at exploiting CERN's accelerators,
cryogenics, Radio Frequency and
detector know-how for benchmarking new
materials and techniques

@ Three fronts for QTI's second stage:

1.Sensor characterisation for future
detectors

2.Exploiting Radio Frequency for axions
3.Rydberg atoms as qubits

@ Strong knowledge-transfer and industry-
engagement via CERN Knowledge Transfer

group
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* Develop and promote
expertise in quantum
sensing in low- and high-
energy physics
applications

* Develop quantum sensing
approaches with
emphasis on low-energy
particle physics
measurements

* Assess novel
technologies and

materials for HEP
applications

Sensing, Metrology &
Materials




CoC2in 2025

®2025 saw a major disruption event (Michael Doser
retiring from CERN, MP taking over)

@ This required some adjustment on activities
@ Work on three fronts
@ RF cavities for axis: lab being put in place

® Quantum sensing for future detector: connected
to DRDS, focusing on creating a new testbeam
platform

@ Rydberg atom: activity in AD factory ongoing
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Front 1: Quantum Sensor Characterisation with Test Beams

® CC2 explores novel cold sensor
materials (e.g. SNSPDs, TES, etc.) as Vibration

isolation

detector media — tested in CERN beam system
l lines to quantify performance

@ Part of a bigger initiative across
Europe, called DRD5 (Detector R&D) Free-

® Quantum-inspired sensors can provide optics g
extra information Optical

table ~a

@high'efﬁCient phOton count coupling

He-4
sorption
cooler
(0.8K)

e@fast response to particle crossing
@ sensitivity to particle polarization
@ Beam tests at CERN are a unique asset:

@repeatable, controllable, high-energy
conditions that most quantum labs
don’t have.
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Front 2: QTI Axion Detector Demonstrator (QTI ADD)

@Axions and axion-like particles are prime dark-matter candidates that can convert into photons in a

resonant cavity within a strong magnetic field.

Ja -

@ QTI ADD aims at using heterodyne technique to detect it: drive one mode in a multi-mode RF cavity
and monitor a second mode for axion-induced photon conversion (Primakoff effect).

Bespoke Multi-mode
RF Cavity

vfx

o

rthogonal Guide concept
Final cavity design in progress!
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Code for this plot kindly provided by S. Ellis. Sensitivity target is between
the red and blue areas - to be refined based on cavity measurements.
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Front 2: QTI Axion Detector Demonstrator (QTI ADD)

Exterior ofl 159
(North-West side)

159/R-03 (new cryostat
to be installed end-2025).

Installation of “He & 3He
lines in progress.
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QTI_ADD Overview

Available cold volume in
cryostat: ~0.1 m?
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Contacts: L. Millar, N. Koss and A. Macpherso




Front 3: Rydberg Atoms as Quantum Platforms

@ Formation and study of @ formation and capture of HCI

Hydrogen-like Rydberg (1) photo-detachment: I'— | + &~

ions for tests of QED in Rydberg excitation: | —» I*

the strong field regime e
@ Charge exchange: p + I* — pl** + (p + Ps* — pe** + €)

@ Multi-step process that
builds on existing
techniques (including an
anion source and
excitation lasers)

‘B
trapping of HCI (fully
stripped, Z~40+)

@ Doing so, develop

cascade

teChnOIOgy and know AN e , o Augér ejectlon

how that could be Rydbcceirg t;g i -
functional to Quantum cascade TY anniilation S
technology (e.g., qubits) | @ \G\@‘

‘ 5353+
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Front 3: Rydberg Atoms as Quantum Platforms

Status of work
® Supplied, commissioned and installed in experimental area

(2025)
® H / molecular anion source: transfer into Penning trap; @ formation and capureof / =

next steps: trapping, cooling, co-trapping with antiprotons @  photo-detachment: ' 1% ¢~ (V1)
® anionic iodine source will replace molecular anion Z"”h“'f'ﬁl(l)Pqp)
source 2026 g ‘\"‘"g‘“"P P
@ Major purchase in 2025 (270k), Person power in place, Z+@
program ongoing mppinch. .
® OU thOk stripped, Z~40+)
@ Trapping, cooling ongoing; cleaning, co-trapping with p:
2026
@ Laser preparation work and modifications for access:
2026/2027
@ Pulsed formation of antiprotonic atoms - : 2028

@ Hydrogen-like HCI: 2029
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QTI CoC2 2026 Outlook

@ Trying to turn activities into experimental efforts

@need to discuss with new management fundings beyond QTI exploratory
activities

@Synergies with community identified (e.g., DRDS)

@®Need to understand how to scale up with limited funds (looking at EU
projects)

@ Trying to raise awareness for a need of a bigger effort at CERN
@complicated, dur to obvious FCC/HL-LHC focus
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