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Opportunltles for Dlscovery
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They mystery of Dark Energy
The mystery of quarks and charged Ieptons

How do quarks and gluons glve r|se to the propertles of nuclel
The mystery of the origin and enginé of hlgh energy cosmic particles
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“Measure what is measurable, an
’ make measurable whag\ is r\r&t s0” (Galileo
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Most recent European Strategies Are community driven strategies outlining

our ambition to address compelling open
the large ... . ..the small [
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the update of the European Strategy for Particle Physics, recognizing the primacy of instrumentation,

called on the community via ECFA to define a global detector R&D roadmap
Most recent European Strategies

... the small
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ECFA Detector R&D Roadmap



10.17181/CERN.XDPL.W2EX

Technology Classification for the ECFA R&D Roadmap
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Our Technologies: synergy & broad applicability

* The technologies we develop are broadly applicable across PP NP and APP & synergistically developed

CMS Experiment at the LHC, CERN
Data recorded: 2012-May-13 20:08:14 621490 GMT
RunvEvent: 194108 / 564224000



ECFA Detector R&D Roadmap

* Given the future physics programme, identify the main technology R&D to be met so that

detectors ar not the limiting factor for the timeline.

e Detector context considered:

o Full exploitation of LHC
e Long baseline neutrinos
* Detectors for future Higgs-EW-Top

factories (in all manifestations)
e Long term vision for 100 TeV
hadron collider

Main Document
published
(approval by
RECFA at
19/11/21) and 8
page synopsis
brochure prepared
for less specialised
audience

 Future muon colliders

» Accelerator setup for rare decays/dark
matter

* Experiments for precision QCD

* Non accelerator experiments (reactor
neutrinos, double beta decay, dark
matter)

ECFA Detector R&D
8 page Roadmap Panel web
___synopsis pages at:
Jchure https://indico.cern.ch/
= e/ECFADetectorRDR
oadmap
Documents CERN-
ESU-017:
10.17181/CERN.XDP

L.W2EX
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Process organised by
Panel and nine Task
Forces with input sessions
and open symposia with
wide community
consultation (1359
registrants)
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https://indico.cern.ch/e/ECFADetectorRDRoadmap
https://indico.cern.ch/e/ECFADetectorRDRoadmap
https://indico.cern.ch/e/ECFADetectorRDRoadmap
http://dx.doi.org/10.17181/CERN.XDPL.W2EX
http://dx.doi.org/10.17181/CERN.XDPL.W2EX
https://indico.cern.ch/event/1085137/

Roadmap Document Structure

Within each Task Force (one for each
technology area + training) the aim is to propose
a time ordered detector R&D programme by
Detector Research and Development Themes

(DRDT) in terms of capabilities not currently
achievable.
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<2030 2030-2035 2035-2040 2040-2045 > 2045

DETECTOR RESEARCH AND DEVELOPMENT THEMES (DRDTs) &
DETECTOR COMMUNITY THEMES (DCTs)

2030-  2035-  2040-
<2030 o035 2040 2045 2045

[ ]
q
[

DRDT1.1 Improve time and spatial resolution for gaseous detectors with
long-term stability

DRDT1.2 Achieve tracking in gaseous detectors with dE/dx and dN/dx capability = se@u———)
in large volumes with very low material budget and different read-out
schemes

DRDT1.3 Develop environmentally friendly gaseous detectors for very large
areas with high-rate capability

DRDT1.4 Achieve high sensitivity in both low and high-pressure TPCs

—_—
—_——
DRDT2.1 Develop readout technology to increase spatial and energy —_—0
resolution for liquid detectors
DRDT2.2 Advance noise reduction in liquid detectors to lower signal energy —_——0
thresholds
DRDT 2.3 Improve the material properties of target and detector components ——)
in liquid detectors
DRDT 2.4 Realise liquid detector technologies scalable for integration in ———g
large systems
—_—
—_—
—_—
—_—
_—
—_—

DRDT 3.1 Achieve full integration of sensing and microelectronics in monolithic
CMOS pixel sensors

DRDT 3.2 Develop solid state sensors with 4D-capabilities for tracking and
calorimetry

DRDT3.3 Extend capabilities of solid state sensors to operate at extreme
fluences

DRDT 3.4 Develop full 3D-interconnection technologies for solid state devices
in particle physics

DRDT4.1 Enhance the timing resolution and spectral range of photon
detectors

DRDT4.2 Develop photosensors for extreme environments

[ I
[ I

[ ]
[ ]

DRDT4.3 Develop RICH and imaging detectors with low mass and high
resolution timing
DRDT4.4 Develop compact high performance time-of-flight detectors
DRDT5.1 Promote the development of advanced quantum sensing technologies
DRDT5.2 Investigate and adapt state-of-the-art developments in quantum —_—
technologies to particle physics
DRDT5.3 Establish the necessary frameworks and mechanisms to allow —
exploration of emerging technologies
DRDT5.4 Develop and provide advanced enabling capabilities and infrastructure
DRDT 6.1 Develop radiation-hard calorimeters with enhanced electromagnetic
energy and timing resolution
DRDT 6.2 Develop high-granular calorimeters with multi-dimensional readout
for optimised use of particle flow methods
DRDT 6.3 Develop calorimeters for extreme radiation, rate and pile-up
environments

DRDT7.1 Advance technologies to deal with greatly increased data density
DRDT7.2 Develop technologies for increased intelligence on the detector

: Many themes too small to read!

Dins rir v hreiin i She e S g g A U A AL [ Tt g
technologies

DRDT8.1 Develop novel magnet systems

DRDT 8.2 Develop improved technologies and systems for cooling

DRDT 8.3 Adapt novel materials to achieve ultralight, stable and high
precision mechanical structures. Develop Machine Detector
Interfaces.

DRDT 8.4 Adapt and advance state-of-the-art systems in monitoring
including environmental, radiation and beam aspects

DCT1 Establish and maintain a European coordinated programme for training in —
instrumentation
L ——

DCT2 Develop a master's degree programme in instrumentation
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Roadmap Document Structure

DETECTOR RESEARCH AND DEVELOPMENT THEMES (DRDTs) &
DETECTOR COMMUNITY THEMES (DCTs)
2030-

2035-  2040-

<2030 o035 2040 2045
DRDT1.1 Improve time and spatial resolution for gaseous detectors with - =0
. N . . long-term stability
Within each Task Force the aim is to propose a DROT12 AaneretrTckingin%aseoulsdetectwslv;mésslgxﬁdwmca:abimy _—
. in e volumes with very low material budget ifferent read-out
tlme Ordered detector R&D programme by DRDT1.3 Sceceerlgz_sin:‘ir?‘nmntallyf’r‘i_?ndlygaseous detectors for very large —C < > o}
s —e )
DETECTOR RESEARCH AND DEVELOPMENT THEMES (DRDTs) & . ——
energy —_——0
DETECTOR COMMUNITY THEMES (DCTs) T
1in —=—_
zoso. zoss. 2040. nonolithic =@ @ " 4 @
R oams e am PRSI T T
eme —e . 4
DRDT11 Improve time and spatial resolution for gaseous detectors with e e——f devices =@ —
- ] — & @ o
long-term stability
. . . . "y : ' ’
DRDT1.2 Achieve tracking in gaseous detectors with dE/dx and dN/dx capability — e— ——— ion — .
. . . . s —_——0
in large volumes with very low material budget and different read-out vokogies e S .
schemes B ee————
‘ . low —
DRDTL.3 Develop environmentally friendly gaseous detectors for very large S e ] )
: . i structure —_—0 O
areas with high-rate capability magnetic
DRDT1.4 Achieve high sensitivity in both low and high-pressure TPCs —ie—) readout
Y T ewomens T T
(‘?¢ DRDT7.1 Advance technologies to deal with greatly increased data density
¢'§’ & o DRDT7.2 Develop technologies for increased intelligence on the detector
Qb O % 7\? 69 DRDT7.3 Develop technologies in support of 4D- and 5D-techniques
o éf/ o :i'é) § § Qa@ DRDT 7.4 Develop novel technologies to cope with extreme environments and
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Gaseous detectors Are ubiquitous

 Detector Readiness
Matrices of each Task
Force chapter focus on
the extent to which the

Role: ¢

R&D topic is mission S
critical to the programme & S
rather than the intensity of

R&D required tracking with MO

— Must happen or main s s,

ey JESdx

physics goals cannot

be met o
— Important to meet T s Moo an
physics goals
Particle IDJTOF
— R&D need being met
TPC for rare decays
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& long in gestation

Metrics:\

Rad-hardMongevity
Time resciution
Fine gramnularity
Gas propearties {(eco-gas)
Spatal resolition
Hate capabiity
Aad-hardAongavity
Low X

1BF (TPC only)
Time resolution
Hate capabiity

Fine granularity
Aad-hardfongavity

Low power

Gas properties {eco-gas)
Fast timing

Fine granularity

Aate capability

Large amray/intagration
Rad-hard (photocathode)
18F (RICH only)

Procise timing

Rate capabslity

dE/dx

Fine granularity

Low power

Fine gramnularity

Large amay/volumea
Higher energy resolution

" Lower energy threshoks

Optical readout
Gas preasure stability
Hadiopurity

DRODT
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11
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1.2
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1.2
11
11
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11
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1.4
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14
14
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Steps toward a long term detector R&D program

ESPP update
HEP strategic projects
@

2019 2021 ECFA DRD proposals 2024

® ) o ° o
Granada Symposium 2020 ECFA detector R&D roadmap 2023 DRD MoUs
WGs and Physics Briefing Book TF & workshops community driven collaborations active
RECFA | & Plenary ECFA Publication
regular reports & final document J final document for community endorsement
Detector R&D Roadmap Panel
assist ECFA to develop & organise the process and to deliver the document Advisory Panel with
other disciplines
Coordinators: Phil Allport (chair), Silvia Dalla Torre, Manfred Krammer, Felix Sefkow, lan Shipsey e.g. APPEC, NuPECC,
assist ECFA to identify technologies & conveners LEAPS, LENS, Space, ...
Ex-officio: ECFA chairs (previous and present), LDG representative
Scientific Secretary: Susanne Kuehn
TF#1 TFH#2 TF43 TF#4 TF45 TF46 TF#7 TF#8 TF#9
Gaseous Liquid Solid State Photon Quantum & Calorimetry Electronics & On- Integration Training
Detectors Detectors Detectors Detectors & Emerging detector
PID Technologies Processing e
Anra Colsleo Roxanne Guenette Nicolo® Cartigha Neville Hamew Marcel Demarteau Roberto Ferrari Dave Newbole Frark Hartmann Johann Caollot
Lestek Ropelewskl Jocelyn Monree Ghlulio Pellegrini Peter Crizan Michae! Doser Roman Poeschi Francols Vasey Wermner Reger Erika Garutti
[ Consultation with the particle physics community & other disciplines with technology overlap

. iDMEu Town Hall -1-9-23 -- 1. Shipsey
an accelerator R&D roadmap was also prepared in 2021 by the Laborartory Directors Group 15



https://cds.cern.ch/record/2721370
https://indico.cern.ch/event/808335/timetable/?view=standard
https://cds.cern.ch/record/2691414/files/1910.11775.pdf
https://cds.cern.ch/record/2784893
https://indico.cern.ch/event/957057/page/20875-panel-members-and-task-forces
https://indico.cern.ch/event/1197445/contributions/5034860/attachments/2517863/4329123/spc-e-1190-c-e-3679-Implementation_Detector_Roadmap.pdf
https://cds.cern.ch/record/2800190

Steps toward a long term detector R&D program

ESPP update

2019 2021 ECFA DRD proposals 2024
HEP strateglc projects
[ L 4 @ O
Granada Symposium ECFA detector R&D roadmap DRD MoUs

— 2020 2023 , ,
WGs and Physics Briefing Book TF & workshops community driven collaborations active

RECFA 1 Plenary ECFA ] , . e
[ regular reports & final document J >[ final document for community endorsement Publication

1
10 Global Recommendations

GR4: international coordination & organization of R&D activities Advisory Panel with
other disciplines

Coordina GR6: establish long term strategic funding program e.q. APPEC, NuPECC,
LEAPS, LENS, Space, ...

Ex-officio: ECFA chairs (previous and present), LDG representative
Scientific Secretary: Susanne Kuehn

Form international DRD collaborations

SHIIIIE STt ™ W7 '“G"“l' """""" vyl:a - nwvIIwvsIrTrer o I K

TF&#1 TF#2 TFH#8 TF#9

Gaseous Liquid hosted at CERN (CERN/SPC/1190) - integration Training

Detectors

Detectors
PID Technologies Processing
Anra Colaleo Roxanne Guenette Nicolo® Cartigha Neville Hamew Marcel Demarteau Roberto Ferrari Dave Newbole Frark Hartmann Johann Caollot
Lestek Ropelewskl Jocelyn Monree Ghlulio Pellegrini Peter Crizan Michae! Doser Roman Poeschi Francols Vasey Wermner Reger Erika Garuttl

[ Consultation with the particle physms community & other disciplines with technology overlap ]

. iDMEu Town Hall -1-9-23 -- 1. Shipsey
an accelerator R&D roadmap was also prepared in 2021 by the Laborartory Directors Group 16



https://cds.cern.ch/record/2721370
https://indico.cern.ch/event/808335/timetable/?view=standard
https://cds.cern.ch/record/2691414/files/1910.11775.pdf
https://cds.cern.ch/record/2784893
https://indico.cern.ch/event/957057/page/20875-panel-members-and-task-forces
https://indico.cern.ch/event/1197445/contributions/5034860/attachments/2517863/4329123/spc-e-1190-c-e-3679-Implementation_Detector_Roadmap.pdf
https://cds.cern.ch/record/2800190
https://indico.cern.ch/event/1197445/contributions/5034860/attachments/2517863/4329123/spc-e-1190-c-e-3679-Implementation_Detector_Roadmap.pdf

Framework for DRD collaborations
similar to general conditions for execution of experiments at CERN

with a dedicated Detector R&D review Committee and MoU with Funding Agencies
CERN Research Board ]— - =341 CERN COUNCIL

ECFA '
Recommends
Community Approves
interaction
[ Scientific and Resource Reporting and Review R
Reports
D[ CERN SPC )

Detector Research and Development
Committee (DRDC)

Roadmap Oversight and
Includes members from: ECFA Detector Panel,

Community Interaction
ECFA Detector Panel
M
(EDP) CERN and LDG
" On request, additional experts from the EDP can ‘E
1

Includes ex-officio: APPEC,
: be invited for dedicated review tasks
................................. - )

NuPECC and ICFAIID Panel™ |
representatives NS

* ICFA Instrumentation, Innovation
and Development Panel
Detector RD (DRD) Collaborations

EDP provides input on DRD proposals to the DRDC* in terms of roadmap priorities
it follows up achievements and evolution from experiment concept groups for update of the rodmap

iDMEu Town Hall -1-9-23 -- . Shipsey
C or via topic-specific experts in the conduct of the DRDC reviews 17

* through its co-chairs, appointed members in the DRD


https://ecfa-dp.desy.de/
https://committees.web.cern.ch/drdc
https://cds.cern.ch/record/2728154/files/General-Conditions_CERN_experiments.pdf

Framework for DRD collaborations

similar to general conditions for execution of experiments at CERN
with a dedicated Detector R&D review Committee and MoU with Funding Agencies

Co-chairs: Phil Allport (Birmingham)
idi BERGAUER, Thomas HEPHY, Vienna, Chairperson

Didier Contardo (|P2| LyOI'I) EC FA [CERN Research Board } — CERN COUNC'L ) P

Scientific secretary: Doris Eckstein (DESY) ‘r Members
Recommends
Community Approves BENTVELSEN, Stan ~ NIKHEF
Gaseous Detectors: Silvia Dalla Torre (Torino) interaction ) . . .
— — . 4 Scientific and Resource Reporting and Review\ . . BRESSLER, Shikma ~ Weizmann Institute of Science
Liquid Detectors: Inés Gil Botella (CIEMAT, Madrid) Roadmap Oversight and Detector Research and Development eports »| CERN SPC —— T o ——
Community Interaction Committee (DRDC) , Dimitry elmholtz Institute Mainz and Johannes Gutenberg
lid State Detectors: Doris Eckstein (DE

Sold State Detectors ore Eckstaln (DESY) ECFA Detector Panel Includes members from: ECFA Detector Panel,

Phil Allport (Birmingham) (EDP) CERN and LDG FORTY, Roger CERN
PID & Photon Detectors: Roger Forty (CERN) Includes ex-officio: APPEC, I On request, additional experts from the EDP can | : o

NUuPECC and ICFA IID Panel* i eqbe invited for dedi::(:ted by i GEMME, Claudia INFN and University, Genoa
Quantum and emerging Technologies.: Steven Hoekstra (Groningen) representatives ‘" ‘)
- ~ * ICFA Instrumentation, Innovation * R EE
Calorimetry: Laurent Serin (lJCLab) ’
‘ ' and Development Panel MERKEL, Petra Fermilab

Electronics: Valerio Re (Bergamo) Detector RD (DRD) Collaborations
Ex Officio: Karl Jakobs (ECFA Chain F— — — Bl el

lan Shipsey (ICFA Detector Panel) ; : S

SERIN, Laurent |JCLab - Laboratoire de physique des 2 infinis
Observer for APPEC Aldo lanni (INFN, LNGS) (| e = T
Ex-officio ECFA Detector Panel (EDP) Chair

Observer for NuPECC Eugenio Nappi (INFN, Unit of Bari)

ECFA Detector Panel DRDC membership

EDP provides input on DRD proposals to the DRDC* in terms of roadmap priorities
it follows up achievements and evolution from experiment concept groups for update of the rodmap

. . . . iDMEu Town Hall -1-9-23 -- . Shipsey . .
* through its co-chairs, appointed members in the DRDC or via topic-specific experts in the conduct of the DRDC reviews 18
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https://committees.web.cern.ch/drdc
https://cds.cern.ch/record/2728154/files/General-Conditions_CERN_experiments.pdf

Framework for DRD collaborations

similar to general conditions for execution of experiments at CERN
with a dedicated Detector R&D review Committee and MoU with Funding Agencies

Co-chairs: Phil Allport (Birmingham)
idi BERGAUER, Thomas HEPHY, Vienna, Chairperson

Didier Contardo (|P2| LyOI'I) EC FA [CERN Research Board } — CERN COUNCIL ) P

Scientific secretary: Doris Eckstein (DESY) ‘r Members
Recommends
Community Approves BENTVELSEN, Stan  NIKHEF
Gaseous Detectors: Silvia Dalla Torre (Torino) interaction ) i . .
.‘ ,. . ( Scientific and Resource Reporting and Review\ . . BRESSLER, Shikma ~ Weizmann Institute of Science
Liquid Detectors: Inés Gil Botella (CIEMAT, Madrid) Roadmap Oversight and Detector Research and Development eports »| CcERNsPC . . ‘
] . ' Community Interaction Committee (DRDC) BUDKER, Dimitry Helmholtz Institute Mainz and Johannes Gutenberg
Solid State Detectors: Doris Eckstein (DESY)
. - ECFA Detector Panel Includes members from: ECFA Detector Panel,

Phil Allport (Birmingham) (EDP) CERN and LDG FORTY, Roger CERN

PID & Photon Detectors: Roger Forty (CERN) Includes ex-officio: APPEC, ! On request, additional experts from the EDP can | : o
NUPECC and ICFA IID Panel* E be kmied for dedi::ted view Lok E GEMME, Claudia INFN and University, Genoa

Quantum and emerging Technologies.: Steven Hoekstra (Groningen) representatives = man )

. ) . A GILBOTELLA,Ines  CIEMAT
Calorimetry: Laurent Serin (lJCLab) ICFA Instrlumentatlon. Ir;novatlon
, ' and Developiment Pane MERKEL, Petra Fermilab
Electronics: Valerio Re (Bergamo) Detector RD (DRD) Collaborations
Ex Officio: Kar Jakobs (ECFA Chair) RESARESI, Mark:S 8 fimpenal College
lan Shipsey (ICFA Detector Panel) DRD1 ORD2 DRD3
i SERIN, Laurent |JCLab - Laboratoire de physique des 2 infinis
Observer for APPEC Aldo lanni (INFN, LNGS) (| e = —
Ex-officio ECFA Detector Panel (EDP) Chair
Observer for NuPECC Eugenio Nappi (INFN, Unit of Bari)

DRD collaborations aim to ensure that R&D readiness is not a primary project schedule driver
5 proposals and 2 Lols submitted this month to DRDC
9 months preparation - community driven with workshops and calls for contributions

ECFA roadmap panel guidance and templates to prepare documentation

interim leadership: roadmapdFteamsand leaglers of current R&D programs
CERN RD50 (rad. hard semiconductors), RD51 (MPGDs), RD42 (diamond), RD18 (crystals)*, CALICE, AIDAInnova...



https://ecfa-dp.desy.de/
https://committees.web.cern.ch/drdc
https://cds.cern.ch/record/2728154/files/General-Conditions_CERN_experiments.pdf
https://indico.cern.ch/event/1301850/contributions/5473983/attachments/2683560/4655583/Draft_DRD_Proposal_Guidance_290623.pdf

in the ECFA detector roadmap

DRD areas were defined

mapping technology & systems R&D to needs of HEP strategic projects
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> 2035

2030-2035

2025-2030

2030-2035 2035-2040 2040-2045 > 2045 <2025

<2030

future experiments 1st, 2nd, 3rd generations
small accelerators, nuclear reactors, cosmic rays

future experiments (including upgrades)
at large accelerator facilities

hnd emerging technologies

d PID - calorimeter

- solid state

gaseou
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electronics and on-detector processing - integration - training and career
range of strategic project dates are as understood in 2021 at the time of the roadmap preparation
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Execution programs consider links across DRDs and external

typical hierarchy is technology areas* - Work Packages - deliverables & milestones
needs/availability of irradiation & beam test facilities is being investigated in conjunction with LDG**

DRD5 DRD7 DRD8
quantum — emerging electronics integration

é novel materials common comp. |technology novel materials |additive techniques

S and concepts complex systems |access and tools cooling

©

S
(%] -~ ?D —
s 8 DRD1 £ a
8, =& ® gaseous detectors 3 g
= ] =
s% 3 4o DRD3 20, _EN
£3 I RE) solid state D o
w O 3 s@ 3 g‘
_§ g §' 22
® g DRD6 3 DRD2 ? R

S 0 [ . . a <

5 calorimetry & liquid detectors

~ 0(
oo
DRD4 ono

photon & PID

!

APPEC, NuPPEC
societal applications

* can be technology elements entering several systems, specific system components and/or full systems depending on DRD area
** CEA/Irfu-France, CERN-EU, CIEMAT-Spain, DESY-Germany, IJCLab-Fiahde) LNFlt&dy, LNGS-ItalySNikivef-Netherlands, PSI-Switzerland, STFC/Daresbury-UK, STFC/RAL-UK
*** DRDS8 still under discussion see slide 32



Planning is dynamic
driven by strategic project timelines and R&D progress

« Considering low TRL* becoming strategic & timeline to enter specific experiment designs

> DRD strategic R&D experlment-deagn & > produc’qon >
system engineering installation
" 12 years B 3+ 6+ 3years ~ N CLIC/FCC-ee
C o NN I
O 9\ ~ oo
© 4-Syears N 3+ 6 + 3 years ;B L
o . TN N
QO c oo o
©c 3-4years 7 - 8 years
S o — 5 >  ALICE-3, LHCb-2, ATLAS/CMS, EIC, BELLE-3
~ o
QO % 4 - 6 years N 10-12years & . _ _
= © > & — DM, neutrino, OvBB, next & next to next experiment generations
o

timelines beyond DRD phase vary with systems and project scales, other accelerator projects with less well defined timeline would also benefit from DRDs

* Presently focusing on a 15t phase of 3 - 4 years, identifying decision points & transitions
« stepping stones earlier strategic programs
* iterations toward longer term goals: new technologies - new materials - ultimate radiation tolerance

* Synchronizing supply of components for prototypes across DRDs

iDMEu Town Hall -1-9-23 -- |. Shipsey

* Technology Readiness Level defined by NASA,, low TRL also often referred as "blue sky”
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https://www.nasa.gov/directorates/heo/scan/engineering/technology/technology_readiness_level
https://www.nasa.gov/directorates/heo/scan/engineering/technology/technology_readiness_level

DRD collaboration organization and resources

e Organization framework described in proposals

* management, committees and Working Group structure

* building on WGs set-up in preparation of proposals
* including contact persons to other related DRD areas

« place/status of partners, industrial and from other fields

* Human resources and budget

* in public document
« list of institutes willing to contribute to various Technology Areas
* estimate of human and funding resources required to achieve the TA goals

« Confidential to DRDC to evaluate feasibility of the programs
« current level of human and funding resources expected to be available/prolongated

* new resources being requested to achieve the strategic scope
« preliminary “money matrix” of potential funding per Funding Agency

» MoUs for 15t phase (3-4 years) will be prepared in 2024 for agreement with FAs
* resources are at this stage only those expected to be considered by Funding Agencies

« funding will remain within institutes supported by FAs
« an updating process to follow DRD progress and project timelines will be established by CERN

» Ramp-up of funding needs with time can be expected to access new technologies
iDMEu Town Hall -1-9-23 -- |. Shipsey
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Quantum and emerging technologies

* Quantum Technologies are a rapidly
emerging area of technology development
to study fundamental physics

* The ability to engineer quantum systems to
improve on the measurement sensitivity
holds great promise

 Many different sensor and technologies
being investigated: clocks and clock
networks, spin-based, superconducting,
optomechanical sensors,
atoms/molecules/ions, atom interferometry,

 Several initiatives started at CERN, DESY,
FNAL, US, UK, ...

I

QUANTUM
TECHNOLOGY
INITIATIVE

Dark Matter Wave
Udon) 11N
o)/

Cavity
+ Quantum Sensor

S. Golawa
Microwave Cavity

2

Example: potential mass ranges that quantum sensing

approaches open up for Axion searches & other light particles

AXIONS
(light

“table top” experiments
with quantum sensors

Potential gain in

improved quantum[~_
technology \ micfgwave

lumped
circuits
magnetic
resonance
atom
interferometers

102 10® 10 102 10° 1§ 10%| 10°

sensitivity from | I

Other

WIMPS experiments
(heay) |
Multi-ton experiments
det,:ep underground
ECFA
— P Detector R&D
Roadmap
FIMPS
WIMPLESS
DM
SIMPS
Asymmetric
dark matter
10f  10° | (20°  10% 10 10

| | | | | |
[ I | [ I | |
aeV feV peV neV peV meV eV

Axion mass range
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l l | | | |
| | [ | [ [
keV MeV GeV TeV PeV

Blue: now
Light green: with quantum
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https://indico.cern.ch/event/1015866/
10.17181/CERN.XDPL.W2EX
10.17181/CERN.XDPL.W2EX
10.17181/CERN.XDPL.W2EX

DRD5 Quantum Sensors and emerging technologies

Sensors with high sensitivity and precision, nano/meta/heterogenous materials
enabling new experimental concepts, so far applications in EDM, DM, neutrino, Ov3P searches,
fundamental forces, including gravity

DRDT5.1 Promote the development of advanced quantum sensing technologies

DRDTS5.2 Investigate and adapt state-of-the-art developments in quantum
technologies to particle physics

DRDT 5.3 Establish the necessary frameworks and mechanisms to allow
exploration of emerging technologies

DRDT 5.4 Develop and provide advanced enabling capabilities and infrastructure

Implementation white paper/Lol ®
' - Section 2025-2030
| Clocks and clock networks | 53 1 000 o 0000 (X
| Kinetic detectors | 532 & @ . 000 O . & . ' X ) ‘ ‘ ‘ X ) .
[promedsemos | 533 ¢ 8000000800000 080s
Superconducting sensors
Techno|ogyAreas IW‘ 222 ® ::':: :::‘::...::.
sensor families Afoms/molecules/ions 535 @ 00000000000000000
Atom interferometry 535 @ 0000 000 ‘ ‘ ‘ . ‘ . . ‘ .
Metamaterials, 0/1/2D-materials| 5 3 ¢ 0000 ‘ ® . ® @ . . ‘ . .
Quantum materials 536 0 00 @ . 000 O . © . o0 . . ’ . .

. Must happen or main physics goals cannié? bé et oW @Hmportaft 3 eet sefdrabptiysics goals Desirable to enhance physicsreach @ R&D needs being met 2


https://doser.web.cern.ch/

Expressions of Interest

DRDS5: Quantum & emerging technologies

40 institutes in 15 countries, 25 proposed contributions
conveners: Marcel Demarteau, Michael Doser

White Paper / Lol being submitted to DRDC
identify WPs suitable for community & collaborative effort building*

« WP1: Network of atomic clocks and global sub-ns time stamping - portable reference

« WP2: Exotic systems in traps and beam

« WP3: Cryogenic systems solid state superconducting materials - electronics - integration
* WP4: Theory

« WP5: Scaling to larger systems preserving quantum properties

« WPé6: Capability driven design

community meeting October 2-4

iDMEu Town Hall -1-9-23 -- |. Shipsey
* driver of the program at this stage rather than a sensor or project dedicated approach

preliminary
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https://indico.cern.ch/event/1214411/

drd5 /rdq - implementation

homepage drd5/rdq collaboration jobs

https://doser.web.cern.ch

what's this about?

The implementation of the ECFA detector R&D roadmap for quantum sensing for particle physicsis
planned to proceed in several steps: first a workshop among conveners, then the writing of a White
Paper (evolving draft) based on this workshop, but with involvement of the different communities

interacting with the conveners, then the drafting of a Letter of Interest based on the White paper and
to be submitted to a CERN scientific committee, the DRDC in September, 2023. A document describing
the process can be found here. Ifyou are interested, please sign up here for regular updates by email.

gcworbhop to prepare the proposal for submission by the end of the year will take place at CERN from
t.24.

The six quantum sensing families that form part of the ECFA detector R&D roadmap are:
- clocks and clock networks

- kinetic detectors

-superconducting and spin-based sensors

-optomechanical sensors
-atoms, ions, molecules and atom interferometry

- metamaterials, 0-,1-,2-dimensional materials

Aworkshop on these different families (represented both by the conveners themselves, as well as

based on the submissions to a call for contributions) took place at CERN from April 2-5, 2023. The

outcome of this workshop is two-fold:

Minutes of the workshop. These minutes provide an overview of the presentations and discussions

surrounding the many activities in the field of quantum technologies and related areas, and highlight

some possible Work Packages (WP's) for the implementation phase.

White Paper (in the process of being written). This White Paper is structured around these WP'sand is

geared towards preparing a LOI that structures these activities within a proto-collaB?\r/?Eon name
|

who's who?

Conveners of the first ECFA quantum sensing implementation
workshop (Apr. 2-5, 2023, CERN)

Hiroki Akamatsu, Etiennette Auffray, Caterina Braggio, Florian
Brunbauer, Shion Chen, Martino Calvo, Marcel Demarteau,
Michael Doser, Christophe Dujardin, Andrew Geraci, Arindam
Ghosh, Glen Harris, David Hume, Derek Jackson, Jeroen
Koelemeij, Georgy Kornakov, Stefan Maier, Alberto Marino,
Tanja Mehlstdubler, Alessandro Monfardini, Ben Ohayon, Nancy
Paul, Sadig Rangwala, Florian Reindl|, Mariana Safronova, Swati
Singh, Stafford Withington, Steven Worm

Co-ordinators of the implementation process

Marcel Demarteau, Michael Doser

how about some links?

ECFA roadmap description of the process /
FAQ

RDq structure, process and

timeline list of all co-conveners

Jobs didactical resources

Upcoming conferences on
Quantum Sensing

u Town1-|all -1-9-23 -- 1. Shipsey

DRD5 /RDq.
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Outlook

Forming DRD collaborations = strong interest in the international community
preparation of the scientific programs shows the interest of a global endeavor
to investigate best and cost-effective technical solutions for future HEP projects

Having DRD collaboration status similar to experiments is welcome
it values work in detector instrumentation and innovation
it provides mechanisms for the sustained funding needed to access & develop new technologies

Next step is to establish the DRD collaboration organization

forming the Collaboration Boards of institutes - new contributors are welcome
To find out more: https://indico.cern.ch/event/957057/page/272%4-implementation-of-the-ecfa-

detector-rd-roadmap

credit
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https://indico.cern.ch/event/957057/page/27294-implementation-of-the-ecfa-detector-rd-roadmap
https://indico.cern.ch/event/957057/page/27294-implementation-of-the-ecfa-detector-rd-roadmap
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