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The European Strategy Update
and the DRD Collaborations

CPAD 2025 Workshop (Oct 7, 2025)

Thomas Bergauer
DRDC chair, PPG member of European Strategy



OAW : . =
—  European Strategy on Particle Physics

http://europeanstrateqgy.cerrand https://europeanstrateqyupdate.web.cern.ch

Continuous process driven by the community:
A First defined 2006
A Update 2013 brought us HL -LHC decision

A Update 2020 brought us decisions for post-HL -LHC times
(future Higgs factory, followed by 100TeV hadron machine) and
ECFA Detector Roadmap

A Update 2026 on the horizon with process currently ongoing |,
approval by CERN Council in spring 2026
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— Strategy Update 2020

A Europe, together with its international partners, should investigate the technical and
financial feasibility of a future hadron collider at CERN  with a centre-of-mass energy of at
least 100 TeV and with an electron -positron Higgs and electroweak factory as a
possible first stage .

A Detector R&D programmes and associated infrastructures should be supported at CERN,
national institutes, laboratories and universities. Synergies between the needs of different
scientific fields and industry should be identified and exploited to boost efficiency in the
development process and increase opportunities for more technology transfer benefiting
society at large. [... The community should define a global detector R&D roadmap that
should be used to support proposals at the European and national levels..

A Broughtusthe ECFMDetectorRoadmapgeelater)
ASuccessful completion of High-Luminosity LHC must remain key focus
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) ) - Deadline for the
Council appointment of the Deadline for the Open submission of final
members of the PPG and submission of main ; national input in advance
decision on the venue for the input from the Symposium of the ESG Strategy
Open Symposium community Drafting Session
End September 2024 31 March 2025 23-27 June 2025 14 November 2
D
December 2024 End September 2025
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Strategy Update 2026

http://europeanstrateqgy.cerrand https://europeanstrateqyupdate.web.cern.ch

263 input proposals

Submission of the draft
strategy document to
the Council

|
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Council decision on the
venue for the ESG
Strategy Drafting
Session

26 May 2025

Deadline for the
submission of additional
national input in
advance of the Open
Symposium

Submission of the
“Briefing Book” to
the ESG

025 End January 2026

1-5 December 2025

ESG Strategy
Drafting
Session

2020 UPDATE OF THE EUROPEAN STRATEGY
FOR PARTICLE PHYSICS

by the European Strategy Group

March and June 2026

Discussion of the draft strategy
document by the Council and
updating of the Strategy

7 Oct 2025
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Communications, education, outreach, knowledge transfer and careers
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[l Sscience drivers Community organization Enabling technologies Policy

Full text of all input proposals #tis linkor uselnput Explorer
an Alenhanced search tool

Input Proposals submitted by spring

|
A
-7z HEPHY

A National inputs : official statements of CERN member
states about their preference for the next collider

A Topical inputs on:

A Accelerator projects: Linear Collider (#140),CLIC (#78),
LEP3 (#188)LHeC (#174,#214), CLIC (#78), Muon Collider
(#152, #207), FCC integrated program (#241)

A Full detector concepts and study reports : ePIC (#17),
ATLAS Upgrade (#189), ALICE3 (#70), LHCb Upgrade |l
(#148), Belle Il (##205), [MUSIC Muon Collider Detector
(#32)], SHIP (#145)

A FCC/Higgs Factory projects : Physics Experiments and
Detector (PED) of FCC feasibility study (#95), ECFA HET
Study (#141),SiD (#94), ILD (#102), ALLEGRO (#211)

A Subdetectors: SFW ECAL (#77), Muon Detectors for
ALLEGRO (#133), Straw tracker (#142)pbeamstrahlung-
monitoring (#160), MAPS-ToF (#262), 3Dpixel-Calo (#266)

A DRD Collaborations : ECFA Detector Panel (#157), DRD1
gas (#229), DRDécalo (#108), DRD5quantum (#204)

7 Oct 2025 T. Bergauer- CPAD 2025 Workshop
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—  Open Symposium and Briefing Book

Open Symposium Venice

M / \ CERN-ESU-2025-001
JUNE ‘ R P;D?*gy . . 30 September 2025
2025 g Aid Physics Briefing Book

il Input for the 2026 update of the European Strategy for Particle Physics
mh

acil = https:/tds.cern.cliecord2944678

T e

OPEN SYMPOSIUM 250-page summary of input proposals, discussion topics and

European Strategy community view, compiled by Physics Preparatory Group
for Particle Physics  aconmunitywise event and contains chapters on

inviting participants to debate
the future orientation

2026 UPDATE of European particle physics.

A Intro and Theory

A Six Physics PPG groups: Electroweak, QCD, flavor,
neutrino, cosmic messenger, BSM, dark sector

A Technology PPGs: accelerators, computing, detector
instrumentation

A Projects comparison (based onlD281)

7 Oct 2025 T. Bergauer- CPAD 2025 Workshop 6
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Proposed projects TR
CIiQN/ wakefieldacc. ~ ©FRN Member States (MS)
FCGee Linear Collider Facility  ~..=." = - terred oroi
oo o oy (based in ILC technology) - | e Preferred project
e*e- colliders st s 075 () J—— i
("Higgs factories”) /Ltmmmm_ s :S .m’.mimﬂi\ based on nat|0na.|
- LSS Inputs
Up to 365GeV /P\»:/ Vi P
) y v’i_ - by frtetd Main beam complex . . .
. \ it . r jf # 380 GeV — -
. o support / are tobe  support for
Cost: 15.3 billion CH Cost: ~9.3BCHF (250GeV) Cost: ~8.2 BCHF (380GeV) in favour opposed decidedin anye+e-
(incl. 4 experiments) +5.4 BCHF (550 MeV upgrade) | *7-1 BCHF (1,5TeV upgrade) November collider

LEP3 (e'e", circular, 91 — 230 GaV)

Intermediate projects

(Leave room (time, budgel, resources) for further
development of THE machine that can probe
directly the energy frontier at the 10 TeV parton
scale)

Cost: 4 billion CHF
(with upgrades of two existingpt9

LHeC (ep, circular, electron ERL,
50 GaV &, > 1 TeV ep collisions)

Alternative project:

[ - 12 multiple entries from each country
. 10
10

Cost numbers from Future Colliders Comparative

Cost: ~2.4 billion CHF
(including 1 exp) \“\33“: & &
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Evaluation Working Group RepoiD281
7 Oct 2025

T. Bergauer- CPAD 2025 Workshop A X 7
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— (Possible) Next Big Collider
FCC-ee /ILC/CLIC 12y ( )

2025

FCC Integrated Program:

AStage 1, Precision Frontier;FCC-ee
electron-positron collisions at 88-365 GeV
A Construction: 2030-2045
A Physics operation: 20452060

AStage 2, Energy Frontier:FCC-hh

proton -proton collisions at m 100 TeV
A Physics operation: D 2070

Study

7 Oct 2025 T. Bergauer- CPAD 2025 Workshop o
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— = FCC Feasibility Study (20202025) """~

Feasibility Study Reports released 31 March as input to ESPP:

A \ol. 1: Physics, Experiments and Detectors (~200 pages)

A \ol. 2: Accelerators, Technical Infrastructures, Safety Concepts
(~400 pages)

A Vol. 3: Civil Engineering, Implementation & Sustainability
(~200 pages)

Reference layout and implementation: PA31 - 90.7 km
A Layout chosen out of ~ 100 initial variants, based on geology
and surface constraints (land availability, access to roads, etc.),
environment, (protected zones), infrastructure (water, o
electricity, transport), machine performance etc. F
A Meetings with municipalities
A Site investigations to identify the exactlocation of geological
interfaces with >30 drillings
A Excavation material: transformation from waste to resource
A Machine optimization: RF cavities, optics, Machine -Detector-
Interface (MDI) with final focussing magnets far into

eXperimentS i i i 40MHZ cavity for
Futher info in talk by M.Benedikt Z,W, ZH

~Lake
= Widysch
Melasse subalpiné

sgen s
Distance along ring clockise from CERM (km)

Tunnel cr(;;; section MDIwith final focus
7 Oct2025 T. Bergauer- CPAD 2025 Workshop 9



https://home.cern/science/cern/fcc-study-media-kit
https://cds.cern.ch/record/2928193
https://cds.cern.ch/record/2928793
https://cds.cern.ch/record/2928194?ln=fr
https://agenda.infn.it/event/44943/contributions/265314/
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Detectors for FCC-ee

VTX MAPS

Main Tracker: Silicon

Very high granularity (CALICE)
inside the Solenoid

— ECAL Si+W

— HCAL Fe+scintillator

PID: RICH and TOF

Muons ID with RPC

— VTX MAPS

— Main Tracker: TPC

— Very high granularity
(CALICE) inside the
Solenoid
— HCAL Fe+scintillator
— ECAL Si-W

— Muons with scintillator

(ID#211)ALLEGRO

rim)

IDEA (ID#95)

DR Fiber Calo

Coil ,,

DR Crystal Calo

Silicen

Vertex Detector

T. Bergauer- CPAD 2025 Workshop
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— VTX MAPS
— Main Tracker:

— Drift Chamber/Straw/Si

— Si/LGAD wrapper (TOF)

ECAL: Pb+L-Ar/W-L-Kr
HCAL: Fe+scintillator outside
the Solenoid

PID: RICH (in case of Silicon
main tracker)

Muons with RPC

- VTX MAPS
— Main Tracker:
— He+lIsob drift chamber
— Si/LGAD wrapper (TOF)
DR calorimetry (fibres):
— ECAL: Crystals
— HCAL: Iron outside the
Solenoid
HTS Solenoid (up to 3T)
Muon ID: y-RWELL

10
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A Vertex Detectors

A Resolution (single point: 3 4 Q time: 5 ns)

A Hit rate/density (up to 200 MHz/cm 2)

A Power consumption (50 mW/cm?2)

A Radiation hardness (TID: 100kGy, NIEL: ~ 10t/ cm?2)

A Material budget (0.3% of a radiation length per layer)
A Trackers

A Small number silicon detector layers

A gaseous detectors

A TOF wrappers to provide PID
A High granularity calorimeters

Experiments/upgrades starting in the 2030s with
similar concepts to FCC -ee:
ALICES, LHCb Upgrade 2, ePIC@EICBelle 1l Upgrade

7 Oct 2025

FCC-ee Detector Requirements

HL-LHC

Iy
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Higher luminosities for ions

ALICE 2.1

ALICE 2
upgrade

e/m calorimeters

(ECal)

MPGD trackers

MAPS tracker

ALICE 3 upgrade

p/ion

ITS3 ALICE3VTX ALICE 3 TRK ePIC FCC-ee
Single-point res. (um) 5 2.5 10 5 3
Time res. (ns RMS) 2000 100 100 2000 20
In-pixel hit rate (Hz) 54 96 42 few 100
Fake-hit rate (/pixel/levent) 107’ 1077 1077
Power cons. (mW /cm?) 35 70 20 <40 50
Hit density (MHz/cm®) 8.5 96 0.6 200
NIEL (1 MeV ngg/cm?) 4.1012 1-10%° 2-10"  few 1012 10" (fycar)
TID (Mrad) 0.3 300 5 few0.1 10 (/year)
Material budget (Xp/layer)  0.09% 0.1% 1%  0.05% “0.3%
Pixel size (um) 20 10 50 20 15-20

ID #70,,

T. Bergauer- CPAD 2025 Workshop
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European Strategy
for Particle Physics
Update 2026
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DRDs in Strategy Update

(e.g. in many national submissions)

Neighboring fields:

A Nuclear Physics: large overlap with all DRD collaborations for
high-energy NP, referenced in NUPPEC long-range plan 2024in
detail; Also e.g. 40% groups in DRD1

A Astroparticle physics: connection with DRD2 and DRD4,
Intensifying cooperation suggested (e.g. German astroparticle
submission #126,..)

APPEC welcomes the 2021 ECFA detector R&D roadmap for particle physics
and acknowledges the synergy with particle physics detector R&D
(APPEC Roadmap Update 2023)

for Particle Physics

T. Bergauer- CPAD 2025 Workshop
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— Soldsate ———————

DRD collaborations are often referenced and seen as an
already established concept in many input proposals

rrrrr

MPGD RS

etallic | [Penning
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— The DRD Collaborations

Eight DRD collaborations have been approved for an initial period of 3 years
pl BRUI OEEEOI AwbbPUT wEEHUUUB Ww DUUOUDI UL
A Based on previous R&D collaborations:

A DRD1: Gaseous detectors (based on RD51):161 institutes, 700++ people

A DRD3: Semiconductor Detectors (previously RD42, RD50): 145 institutions / 700++ people

A DRDG6: Calorimetry (CALICE, other proto -experiment collabs.): 135 institutes
A"O0x0l Ul Oawll PowpEOOOUODPUAaWEUDOEDOT OWEUDPOEDOT wlUUL
A DRD2: Liquid Detectors: 86 institutes, 205 members

A DRD4: Photodetectors & PID: 74 institutes
A DRD5: Quantum Sensors and emerging technologies: 112 involved groups

A Transversal activities: no service provider, but with genuine R&D interest (TF9A ECFA Training Panel)
A DRD7: Electronics: 67 Institutes
A DRDS8: Mechanics & Integration: 38 institutes

7 Oct 2025 T. Bergauer- CPAD 2025 Workshop 13
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DRD Collaborations

INSTITUTE OF HIGH ENERGY PHYSICS

DRD1: Gaseous Detector:
Large - Fast - e€oendly
gases - MPGD, e.g. GEMs

96 2es 27 a7 28 285 29

Signal Arrival Time (ns)
PICOSEC: NIMA903
(2018) 317

3M™ Novec™ 5110 3Mm Novecm 4710

{CF),CFEN)

(CFCIOICFCFL)
GWP <1 GWP2100

V)

DRD3: Semiconductor Det.
Monolithic CMOS - LGADs -
radiation hardnessinterconns

X -"//,‘ oo e
5 e T e S p—
= b il

DRDG6: Calorimetry
Energy resolution - High
granularity - dual readout -
particle flow - sandwich - opticg

Homogeneous Sampling EM RADICAL

mha%jﬁ

DRD7: Electronics
ADC/TDC IP Blocks - Opto
electronics - packaging - power -
extreme environments - COTS -
intelligence on detector - foundry
access

SiFiber couplers

DRD2: Liquid Detectors
for Neutrinos - Dark Matter
- Ovbb

Noble Elements

Liquid Scintillators || Water Cherenkov

» Argon & Xenon « Visible Scintillation, « Cherenkov light,

« lonisation charge light propagation light propagation

&transport « Scintillator properties || « Doping for n-capture

« VUV Scintillation, light  Isotope loading

F {
13

DRDA4: Photon detectors
vacuum, soliestate SiPN), hybrid
singlephoton andSciFdetectors -

applications in PID, RICH, trackir|g

DRD5: Quantum Sensors
Quantum dots superconduct
nanowires - bolometers - TES -
MMC - nuclear clocks
Applications in LEPP, first
projects in HEPP happening

\nlensury
Shower
profile

(shower profile mapommw)

DRDS8: Mechanics

Ultra-thin beam pipes - CF foam anfd
new materials - curved, retractable
sensors - air & microhannel cooling
- ecofriendly cooling fluids -
augmented reality

robots

7 Oct 2025
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A Approved for an initial period of three years
based on work programs in the proposals
A Annual review by the DRDC committee
A Collaborations are organized in
A Working Groups : (WG) serving as the backbone of R&D
A Work Packages: resource-loaded; will reflect the DRDTs
A All administrative positions (WP/WG convenors)
filled, but most work started in working groups so far

-
HN

14

All DRDs In similar shape

Work Packages

| Trackers/hodoscopes ‘

Drift chambers

Straw chambers

[ TrackingTPCs |

| Calorimetry ‘

Photon detection (PID)

Timing detectors

Reaction/decay TPCs

Beyond HEP |

‘"”“l\ "/
~~z HEPHY

INSTITUTE OF HIGH ENERGY PHYSICS

Forum for discussion on common topics
WG1 WG2 WG3 WG4 WG5 WG6 WG7 WGS

[Technologies

DRD1 input proposal #229

Y

[Applicalions

—_—

as and material studies

Y]
—

A CERN Greybook entries exist; Users can be registered to DRD collaborations
A Websites for all DRDs exist following the schema https://drd3.web.cern.ch/

Detector physics, simulations and software ]
tools

—_—

seous detectors

—

[Electronics for ga

[Detector production

A Certain DRD collaborations ask for a fixed yearly membership fee (Common Fund),
targeting common projects, but also blue-sky R&D projects

A However, DRD collaborations are not funding proposals!

A, 04z0wpbbUl wUl UOUUEIT wul @UI UU

7 Oct 2025
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[Training and dissemination
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— MoU for DRD Collaborations

DRD Collaborations are basically open to any group
A>, 1 OET UUTI bx?2 wbUwWEIT | POl EwEaAawUDPT OPOT wEw, | OOUEOBEU
A, O4wxUOET UUwl OUwahd-OEDWHEBRVEUDEDOOWEEOUUWEOOOHDU
approaches for mitigation:
A DRD1 went forward with signing MoU without resource requests and commitments, just listing planned
activities per institution
A DRD JamboreeVieeting on 28 Oct to present DRD program to funding agencies (Indico)

A CERN discussed U.S. participation in DRD collaborations with DoE and NSF

A DoE cannot sign the standard MoUs
A DoE questioned Common Fund payments, fearing limited funds left for active work, though some
universities might pay small amounts independently.

A A letter exchange between DoE and CERN confirming participation was considered but never realized.
A Hence, e.g. DRD1 MoU lists U.S. groups but no funding agencies.

7 Oct 2025 T. Bergauer- CPAD 2025 Workshop 16
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— "~ DRDs should cover Strategic R&D "~

StrategicR&D EUDET | UwOT 1 wi E x udfib shypréskatehe00 W wp EeCholagiReadinessevels (TRL):

low TRLs) and the deployment and use in a HEP experiment (TRL 8-9)

Covers the development and maturing of technologies
A lterating through different options
A Improving radiation hardness
A Scaling up challenges: detector area, number of channels, layers,..

Aod

experiment Lol

“blue sky” R&D TRL3

game changers
new technologies
new paradigms

7 Oct 2025

mature concepts
explore performance phase
space of technology options*

, e.0.

TDR Basic Research —

experiment funding approval EDR

<TRL6 engineeri /

—
System Test, Deployment,

and Operations Jr—

Experiments

System Development

;M N o ©

Technology Demonstration

Strategic

Technology Development

Research to Prove
Feasibility

Blue Sky

Fundamental Science/

physics

|

|

final devices and systems
specific to experiment concepts Didier Contardo

T. Bergauer- CPAD 2025 Workshop 17
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— Example of the needfor strategic R&D

Large-area position -sensitive silicon sensors are the main
technology for vertex and tracking detectors

Several efforts initiated in the past to establish second source for large -area
planar silicon sensors, e.g.

A %OUwW? N o) Exllla\lwnstltutes with STMlcroeIectronlcs

A %OUwW?/ (B lwl4 IInUrEcE1 (EUropei) Nhanced/Novatl (US)

.....

y € /H@Qal
prototypes

Both projects stopped due to a lack of funds

| aY

Several more R&D wafer submissions would have been necessary to mature the
technology and to transfer it to series production

prototypes

Cc ¢




— AUSTRIAN ll‘lu '/
QAW i : %/:?
o What is beyond the current DRDs?

A Superconducting Experimental Magnets (initial in TF8)
A Al -stabilized Nb -Ti conductor technology used >20 years ago for LHC experiments,
A No qualified vendor now, but needs by ALICE3 (Al) and ePIC (Cu-stabilized)
A Research aligned with CERN activities, see 2022vorkshop and arXiv:2203.07799
A HTS as an alternative with possible synergy to accelerator magnet R&D

A Rare event detectors
A Many submissions (e.g. #112), but DRD5 would also provide a suitable host for e.g.

bolometers, TES, MMC,.. CMS Solenoid 2005
. ] ) Venice Open Symposium parallel talk 25 TB/s
A New TD AQ methods with Al and intelligence on the detector by T Aarrestad E
A200PT 11 U0l UU»wé# OwEUI EOI Uwi BT 1 WEEVEWUE OkOwlT UOUT | x@0uEiEd0] ¢
A AI-RDs collaborations proposed as a parallel structure to DRDs (#167) 1,00€+06 I NP msm-mcf g%_ee
A Boundary between electronics (partly covered by DRD7) and computing émms WS/EMLSH::NEWNM e
. . . g 1,00E+0¢ : . IIII
A New approach in microelectronics (#161) Eoo .
A Attracting more person power , funding , and engaging new communities
(#30, #95, #157,.A, establish partnerships Madn [~

LEP
.

7 Oct 2025 T. Bergauer- CPAD 2025 Workshop %m0 0 am o w0 aw a0 19
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— Microelectronics Challenge

#161, GSR 2, GSR 5, GSR

A The cost and complexity of developing advanced CMOS technologies have
risen dramatically. HEP is now lagging behind commercial technology Semiconductor Engineering, 542 Mio
A In 1999: APV25 (CMS Tracker ASIC) and Pentiumlll shared the
same technology (250 nm)
A Now: 3 nm at TSMC (e.g. Apple M4) vs. 28 nm in FE-ASIC and 65 nm in MAPS

I
T
8

A 20 == ]

!
:

A Mitigation by seeking resources beyond HEP and forming broader
collaborations , actively encourages crossdisciplinary developments
A Fewer, common developments with higher volumes

A Use modern technologies with standardized, common chiplets combined to chips
tailored to different needs

A DRD collaborations can be instrumental by e.g. closer collaboration and developing
common chiplet blocks (inter-DRD workshop on electronics needed?)

A Advances in Electronics are also connected to lower power consumption
A Sustainability topic, less material budget for MAPS vertex detectors

© Fraunhofer

7 Oct 2025 T. Bergauer- CPAD 2025 Workshop 20
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— Partnerships in Engineering

Input proposals #95, #161

"$/ wEIT Ul EOOUUWEUT wi O1 EVUOOPEWET Ul ECOUUWPDU
A l\‘/la‘ny_ technplogi_egcriti_(:a[ fqr HI§P dg npt_havg; a Igcrativg: gorpme_rcial[za_tion pa‘th,’i.‘e. o ////
UEEPEUDPOOwI EUEOI UUOWE U U wOitdchnolgoiesl T wOl YI OQwdi w? E( l||«
A Eachexperiment is a prototype. Many different sub -systems with (too many) different
technologies

A Welcoming expertise from outside the traditional HEP  becomes necessary due to increasing
complexity, size and large material count of HEP detectors, e.g. in

A Chip design, Material science, Advanced manufacturing, Mechanics, QA experts I A

A Bring in disruptive ideas and technologies , e.g. in quantum sensing

A Involve the industry early in R&D processes and cedevelop

A Connecting with the right company is a challenge, so networking efforts can help,
e.g. by exploiting Alumni networks

A Sustainable Career Models necessary to ensure a stable talent pipeline
A Enabling long-term career paths, competitive salaries, mobility between academia and industry.

A General Public: Showcase the benefits to society, e.g. medical imaging, cancer therapy,
environmental and geo science, space, safety, materials research, information technologies

7 Oct 2025 T. Bergauer- CPAD 2025 Workshop 21
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—  General Strategic Recommendations "

%OUOQUOEUI EwPOwWUT T w$" % w#l Ul EUOU W1
Alnternational coordination and organization of R&D activities (GSR 4)

AEstablish long-term strategic funding programs (GSR6)A , 04 z U
A2 U x x Bludssky» wl 6 # w2 DdE A w DRD Collaborations

A Supporting R&D facilities : test beams, largescale prototyping, irradiation (GSR 1)
A Engineering support for detector R&D (GSR 2)

A Specific software for instrumentation (GSR 3)

A Distributed R&D activities with centralized facilities (GSR 5)
A Attract, nurture, recognize, and sustain the careers of R&D experts (GSR 8)
A Establish and maintain Industrial partnerships (GSR 9)

A Support Open Science (GSR 10)

7 Oct 2025 T. Bergauer- CPAD 2025 Workshop 22
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A healthy environment in detector instrumentation is more than DRD Collaborations:
A Blue-sky R&D as an integral part of the R&D portfolio
A Systems engineering to be integrated in R&D efforts

. “Blue-Sky “Strategicn

DRD collaborations are still in their infancy
A Evolve on a coherent work program over the next years

A Expected to grow once the LHC Phasell Upgrades are finished : ', 'g -
A Engage with funding agencies to secure funding Y PE w, 04 : ), i;,f;f,t:e'}‘if,g'

Need to be supported by:

A Excellent lab and test facilities, good career opportunities with training programs,
openness for disruptive ideas, strong partnerships and collaborations beyond HEP
A Many of these statements have been made already, being more important than ever

7 Oct 2025 T. Bergauer- CPAD 2025 Workshop 23
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Thank you very much for
your attention

Backup slides follow
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Periods and Experi
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A3 b

A synchronized with LHC schedule

9y

2035-2040 2040-2045 > 2045

2030-2035

LHC LS4

<2030

LHC LS3

w X |

Ol
$Rx1 UDPOI OUU~

A3 B

25

2038

2028
2037

Run 5
[T

SloinDy 3 FiM{alM 3 [3[AlSOINID| 3 [ FiMLalM| 3 3 [AlSloiNID

Long Shutdown 3 (LS3)

2027
2036

2026
2035

| 3 [FiMARM 33 [AlSolMo] ] FlMAM 3 3]AlS[oile 3 Firlaln 3] AlSIoi[e] 2 FialM ] J[AS oM

2025
2034

3[FMAM 3] 3 [Als ojnD{ 3] FiM AM 33 [A]S[ojniD| 3 [FiMlaM 3]
Ls4

o

Shutdown/Technical stop
Pratons physics

Commissioning with beam
Hardware commissioning

Tons

[A[S|oME| 3] FMAM[3[ 3[AT

2024
2033

% ;

i

2023
2032

204

N[0 3] FflM[ 3] A[SIOINIE] 3 F AM[ 3] 3]
| Run3

{

JAMAMI]]

it

2022
2031

2040

JOIND] 3T FIMAM 2]J
E

2021
2030

2039

3[FMAM 1[3[A[S[oND} ) FMKMJ\JjSENhJFMAMJJASONDJFMAMJJASO

3[FiM{AM 3[3]AlSION[D] 1 [FM] Al JJW

[FMA ]
E

A DM and Neutrino

T. Bergauer- CPAD 2025 Workshop

> 2035

§
S
<~
2030-2035

2025-2030

<2025
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—  From Roadmap to DRD collaborations -

A Roadmap implementation plan defined that CERN will host the

. )
DRD collaborations AECEA Detector
A Approved by CERN SPC and Council in fall 2022 (CERN/SPC/1190 : CERN/367p Roadmap
A New committee created as reviewing body, the DRDC at the same level as J
LHCC, SPSC and others ~
wRoadmap
implementation
A, OU0wOT wOT 1T wel ExUT UANUWEOOYI OOUUw plan ) K

process became part ofProposal Writing Teamir new DRD
collaborations

A Collected input from the communities in open meetings happening in the

wWQ1/Q2: Community input by\

open meetings
«Q3/Q4: Submission and
review of proposals

first half of 2023 J
A Approval of DRD collaborations by CERN Research Board: “’égﬁ;%‘g?gttigﬁg:
A DRD1,2 4 & 6 in December 2023, DRD3, 5 and 7 in June 2024, DRD 8 in started
J

December 2024
A Initial period of three years (renewable by prolongation request)

Y
?

7 Oct 2025 T. Bergauer- CPAD 2025 Workshop 26
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— Roadmap implementation plan

AApproved by CERN SPC and Council in fall 2022 (cERN/SPC/1190 : CERN/367P

ACERN will host DRD collaborations

A Interaction between DRD collaborations and committees through DRDC
A Interface to ECFA via ECFA Detector panel: https://ecfa-dp.desy.de

ECFA [CERN Research Board ]— - =& CERN COUNCIL

ADistinction between reviewing :
body (DRDC) and advising 1.‘:1:1::::‘:

Scientific and Resource Reporting and Review

Roadmap Oversight and Detector Research and Development Ll CERN SPC
b (0] d y ( E D P) Community Interaction Committee (DRDC)
ECFA Detector Panel Includes members from: ECFA Detector Panel,
(EDP) CERN and LDG
- - Includes ex-officio: APPEC, f A P BRI S R \
On request, additional experts from the EDP
AEDP also provides input to the L ren s |
representalives /2= iSSmiuemosemsstensssseese ”

* |ICFA Instrumentation, Innovation

neXt Strategy u pdate and Development Panel
Detector RD (DRD) Collaborations

AEE

7 Oct 2025 T. Bergauer- CPAD 2025 Workshop 27
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— Training, Education and Careers

ASustainable Career Models : Addressing long -term career paths

A Competitive salaries enable mobility between academia and industry to ensure a stable
talent pipeline A Academia cannot compete with industry, thus alternatives necessary

AFind partnerships and open career paths from closely connected technological domains
within academia , i.e. undergraduates electrical/electronics engineering faculties

A Start with engagement even earlier: Outreach in high schools

'EXCELLENCE IN DETECTOR AND.
INSTRUMENTATION TECHNOLOGIES

AEstablishing a European Curriculum in Instrumentation EDIT 2024

A Beginnerlevel: UT UOUT T wUODBYI UUPUawOEUUIT UzUwE O
supported by material compiled by HEP s et
A Intermediate level: Erasmus Mundus Master in Instrumentation
A Advanced level: (PhD and postdoc level): dedicated schools in
instrumentation (e.g. EDIT) or DRD -specific schools

A Establish a CERN-hosted instrumentation school similar to CERN Accelerator Schoahd
the CERN School of Computing

#30, GSRS

7 Oct 2025 T. Bergauer- CPAD 2025 Workshop 28
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A Crucial for further advances in detector instrumentation
A Most common include test-beam and irradiation facilities

Infrastructures

A, J/

FNAL #11, DESY #72,  —* LiEpHY

#244, GSR1

INSTITUTE OF HIGH ENERGY PHYSICS

A But also CERN neutrino platform , facilities for quantum sensor tests,

magnet tests, specialized characterlzatlon setups,laseri EEDODPUDI U]

A European projects were instrumental to access irradiation and testbeam

facilities and develop them further, e.g. beam telescopes
A AIDA( -2020)AIDAINNova_, Euro-LABS for TNA

EUROPEAN LABORATORIES
J FOR ACCELERATOR
lllll SCIENCES

A Accelerator upgrades also affect the interruption of testbeam facilities

A No testbeam activity during CERN LS3

| 2024 | 2025 ] 2026 | 2027 ] 2028 | 2029 ]

DESY Il Test Beam Facility
CERN 5PS North Area
CERN PS East Area
Fermilab

PITZ (22MeV)

SLAC

CLEAR

PARTREC Groningen
|pesy Ares

PSI (HIPA)
KEK(PF-AR)

7 Oct 2025 T. Bergauer- CPAD 2025 Workshop

CERN Neutrlno Platfor

https-//cern.ch/internationatacilities

Last Update 23/04/2025
Running

Winter/Summer Shutdown
Longer Shutdown

Unclear

Likely

Pending Approval
Equipment failure
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ESPP Input Submissions

0 Classified by submitters in instrumentation track: 80 submissions
0 Classified in Excel Table by Strategy Secretariat:

~

3 fil nst r umassdcandary tacky(yellow): 55 submissions
3 Al nst r umasprimary trackiigteen field): 19 submissions

|
-7z HEPHY

INSTITUTE OF HIGH ENERGY PHYSICS

B C D E|lF|G|[H|I |4 |K|L|M| N|©G|[P|®@|R S T U \%
Title [+] Submitter E EEE E ‘Z} E EE iZI E E E Comment [+] B[v|missio~]|Authors [+#]
17 | Enabling future detector technology within ePIC at the EIC Silvia Dalla Torre el ePIC at EIC detector technologies #it## Silvia Dalla Torre
46| Search for feebly interacting particles with the Lohengrin experiment at the ELSA acc Matthias Hamer . . FIP experiment at ELSA #it## Philip Bechtle; K
70 |Frontier sensor R&D for the ALICE 3 apparatus Marco Van Leeuwen ALICE3 technology #it#i## Marco Van Leeu
77| A Silicon-Tungsten ECAL for Higgs Factory Detectors Vincent Boudry Si-W ECAL for HF #it#### Vincent Boudry
93 | Strengthening the Instrumentation Programme Jinlong Zhang . US CPAD instrumentation #i#### Jonathan Asaad

102 |The ILD Detector: A Versatile Detector for an Electron-Positron Collider at Energies L Ties Behnke ILD detector concept #it### Ties Behnke <tie

108 |DRD 6 Calorimetry - Input to European Strat f Particl te (ESPPU) Roman Poeschl

119|The DUNE Phase |l Detector Michel Sorel

133|A High-Precision, Fast, Robust, and Cost-Effective Muon Detector Concept for the F(Jianming Qian

142 |A Straw Tracker for an FCC-ee experiment Junjie Zhu

148 | Technol developments for LHCb rade |l Giovanni Punzi

157 | Towards instrumentation for future HEP experiment Didier Claude Contardo

171 |Proposal from the NA61/SHINE Collaboration for the update of the European Strategy Seweryn Kowalski . e o
204 |R&D on quantum sensors for particle physics: the DRDS5 collaboration Michael Doser

211 Expression of Interest for the ALLEGRO Full-Detector Concept for FCC-ee Martin Aleksa

229 |Development of Gaseous Detector Technologies: CERN-DRD1 Collaboration Model Maksym Titov

244 |The Importance of Test Beams for Particle Physics worldwide Marcel Stanitzki

262 |Expression of Interest Toward MCMOS Time of Flight Tracking Layers for a detector Philippe Schwemling I
266 | Novel30zFRojection Pixelated Detector for Next-Generation High-Energy Physics Ex GuangYafgergaues- CPAD 2025 Wor

DRD6 (calorimetry R&D)
DUNE Phase Il detectors
Muon detector for FCC-ee
Straw tracker for FCC-ee

NAG61 future programme
DRD5 quatum sensor R&D

DRD1 R&D on gaseous detectors
. Future of test-beams for HEP
CMOS time-of-flight for FCC-ee

. Detector technologies for LHCb Upgrade Il
. DRD collaborations for detector R&D

. ALLEGRO detector concept at FCC-ee

it Gabriella Gaudic
fi# Sergio Bertolucc
it Fabio Anulli <fal
Hi##H Marcos Arias <j
#i#HE Timothy Gersha
it Didier Claude Cc
it Przemyslaw Adr
30 #iti## Marcel Demarte
it Martin Aleksa <
#i#i### Anna Colaleo <a
#it#i## Sven Ackermani
#itH#H#t Roy Aleksan <ro

Pixellated calorimeter R&D for neutrino expt #itH##E Guang Yang <gy
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parameter FCC-hh HL-LHC

collision energy cms [TeV] 84 - 120 14

dipole field [T] 14 - 20 8.33
circumference [km] 90.7 26.7

arc length [km] 76.9 225

beam current [A] 0.5 1.1 0.58
bunch intensity [10%] 1 2.2 1.15
bunch spacing [ns] 25 25

synchr. rad. power / ring [KW] 1100 - 4570 7.3 3.6
SR power / length [W/m/ap.] 14 -58 0.33 0.17
long. emit. damping time [h] 0.7771 0.26 12.9

peak luminosity [1034 cm2s1] ~30 5 (lev.) 1
events/bunch crossing ~1000 132 27
stored energy/beam [GJ] 6.31 9.2 0.7 0.36
Integrated luminosity/main IP [fb-1] 20000 3000 300

Formidable challenges:
C highfield superconducting magneté4-20 T

C power loadin arcs fromsynchrotron radiation4 MW A cryogenicsyacuum

C stored beam energy- 9 GA machine protection

C pile-upin the detectors: £000 eventsxing

C energy consumptiord TWhyear A R&Don cryox

l ¢{ =

FCC-hh main machine parameters A

INSTITUTE OF HIGH ENERGY PHYSICS

With FCchh after FCée:
significantly

more time for high-field
magnet R&D

aiming at highest possible
energies

Formidable physics reach, including:

C Direct discovery potential up to ~ 40 TeV

C Measurement of Higgs self to ~ 5% and ttH to ~ 1%

C Highprecision and modehdep (with FC&e input)
measurements of rare Higgs decdys, Z , up)

0StkY OdzNNB ] UFal Word about WIMP dark matter

F. Giapotti



—~ AUSTRIAN .!!|||||||I| '/
—  Considered Projects in Briefing Book "~

. 3L | H Luminosity vs Energy uture e’e

g 32 0§ wmsmm FCCee, 4 IPs [FCCee EPPSU submission]
Y : === CEPC, 2 IPs [TDR, arXiv:2312.14363)
..... CEPC, 2 IPs, lumi up [dito]

wegpes ILC baseline

weges ILC lumi upgrade

ssans LCF-SCRF 10Hz, low power

Project Energies [GeV]

—
<
l

A ] megs LCF-SCRF 10Hz, full power
N\ .--{ %14+ » LCF-SCRF Z pole optimized

Oe wsew CLIC baseline [arXiv:2203.09186]
»#¥=s CLIC luminosity upgrade [dito]
s C3 60Hz [PRAB 27.6 (2024): 061001]

3
B3 P

Luminosity [10% s cm?]

10:_ ....................................

1 ‘W’“ ...................................

il LT
0—1

1
Center-of-Mass Energy [TeV]

LEPS3 to follow (HL -)LHC in same tunnel as

High -Energy Options: FCC-ee + FCCGhh,
LEP2 (19892000)

LCF + 1TeV, CLIC + 3TeV, Muon Collider,
LEP3 + FCChh, LHeC + FCChh
7 Oct 2025
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Work Program and Scientific
Highlights of the DRD

collaborations

Eight densely packed slides

T. Bergauer- ESPP Open SympositiDRD Collaborations

ECFA Detector Panel #157
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@9 DRD1: Gaseous Detector

Gaseous Detector Technologles

A Long road from MWPC A Drift Chamber A Time
Projection Chamber (TPC)A Micro -Pattern Gas Detectors
(MPGD)

A Primary choice for large-area coverage with low material
budget & dE/dx measurement (TPC, Drift chamber) & ToF
functionality (MRPC, PICOSEC)

A Systems developed for LHC experiments led to unprecedentedly
large systems, mostly based on MPGDs

A Most FCC-ee detector concepts use gas detectorfor the main
tracker and muon systems

Working Topics Highlights:
A High rates: reduce ion back drift
A Reduce aging and radiation hardness

A Fast Timing: Multi -Gap RPCs: achieved ~60ps time resolution
(ALICE TOF Detector, Z.Liu, NIM A927 (2019) 396), Micromegas
with timing (PICOSEC concept): 25ps

A Eco-friendly gas mixtures: with lower Global Warming Potential
(GWP): 92% of CERN emissions related to LHC experiments

A Common readout system SRS for MPGDs, Beyond HEP

26 June 2025 T. Bergauet- ESPP Open Symposit#BDRD Collaborations awee

#229 ~7 HEPHY
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Possible alternatives to GHG gases

450 ~frie iquids. ses i S|
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Higgs factory experiments: low mass, high precision vertex e — s —
detectors: (~0.1% X)/layer, 3um single-hit resolution; ToF
wrappers around tracker for PID: ~O(20) ps

n-well

p-well  n-well p-well

Deep p-well

MALTA & MONOPIX

Research Topics in DRDa3:

TJ180nm Modified Process

A CMOS Monolithic Active Pixel sensors  (MAPS):
A Sensor development becomes mixedmode chip development,
A Challenges: access to foundries, engineering workforce

A Most advanced developments (ALICE) not strongly involved in
DRD3, though

28 um collection electrode

A 4D Tracking/ ToF: Timing using Low Gain Avalanche Detectors G i s von Y
(LGAD)
A Timing performance ~ 25 ps, but radiation hardness limited Different LGAD technologies:
A Extreme Radiation hardness : 3D sensors, Eaey) OEmE EEET) EEEE
wide bandgap sensors, e.g. SiCGaN and Diamond = Front segmented eadont
A Activities from RD50 heritage, and for longer-term R&D towards e e
FCC-hh e

deep under front electrodes

A Interconnection technologies
26 June 2025 T. Bergauer- ESPP Open SympositvDRD Collaborations 35
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— R&D Paths for DRD3

Semiconductor Detectors

:'hﬂ" el s " Readout
= e Monolithic devices ) ) el ASIC chip
(all in one) —CMOS ] Hybrid devices
e ) 55-180 nm processes 7

|

l =  The sensor

3D devices

Small electrode Large electrode
With Gain Trench Column
(LGADs) 3D 3D

With
gain
Large area

I (deas passive
|:| Recent research devices (strip)

_ Proven/demonstrated

7 Oct 2025 T. Bergauer- CPAD 2025 Workshop 36
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#108

udio
Calorimeters need many technologies from other DRDs

%‘WIQ&%@IK: _
2, DRD6: Calorimetry

Unwrapped and wrapped tiles

MPPCs on HBU backside il

A Sandwich calorimeters with fully embedded electronics and

CMOS MAPS, SiPM or gas-detector readout
A Liquified Noble Gas : ALLEGRO detector concept (IAr with lead) N
%/// g; T\ |
WSy, — i,

A Optical calorimeters , homogeneous EM with scintillators (BGO,

LYSO,..) andSiPM or MCP-PMT readout
A Electronics and DAQ: sophisticated FE chip developments
Overarching goals:
A Dual Readout Calorimetry to mitigate different response of EM and _ Homogeneous EM Sampling EM mapicat sampling EM/HM
- e R =
MAXICC s{\ | \ i‘::

hadronic showers
A Particle Flow to improve jet energy resolution

Challenges:
A High pixelisation O wK ww F>Utdeirddrd ferservices R~
A Large and challenging prototype setups, even in early stages. What h

can be done with simulations?
T. Bergauer- ESPP Open SympositvDRD Collaborations

26 June 2025
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LIQUID DETECTORS

A Covers Dark Matter, Neutrino and OvRRR experiments, both
accelerator and non-accelerator-based

A Underground Dark Matter Experiments ¢ small and rare
signals

A R&D for multi -ton scale noble liquids:
A Target doping and purification
A Detector components radiopurity and background mitigation
A Lower energy thresholds

A Efficient and fast cryogenic photodetectors A Increase of light
yield and background reduction

2030-  2035-

<2030 o035 2040

DRDT2.1 Develop readout technology to increase spatial and energy
resolution for liquid detectors

DRDT2.2 Advance noise reduction in liquid detectors to lower signal energy
thresholds

DRDT2.3 Improve the material properties of target and detector components
in liquid detectors

DRDT2.4 Realise liquid detector technologies scalable for integration in
large systems

————y
——
Liquid
——y
——y

26 June 2025

T. Bergauer- ESPP Open SympositvDRD Collaborations

Liquid detectors

|
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Noble Elements

» Argon & Xenon
« lonisation charge
& transport
¢ VUV Scintillation, light

propagation & detection

Liquid Scintillators

« Visible Scintillation,
light propagation
« Scintillator properties

o |sotope loading

Water Cherenkov

« Cherenkov light,
light propagation

« Doping for n-capture

Charge readout

LIQUID DETECTORS

o

Target properties A

i Light readout
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dio @Rm Photodetectors & Particle |ID  weseeee

A Developments on PMTs, MCP-PMTSs, SiPMSs, SciFi

A Applications in Ring Imaging Cherenkov Detectors (RICH),
Time-of-Flight (ToF), TRD and tracking (SciFi)

oo
=t
333333331113
| |

Readout circuit

Electrons cloud

Multi -channel plate PMTs:
A Comsol simulation package b e
A E.g. Hybrid detector with Medipix4 readout

Silicon Photomultipliers ( SiPMs): Array of APD/SPADs

A Many developments, i.e. backside illuminated, |ntegrat|on
with CMOS electronics
A Challenges: improve QE, rad hard, timing, reduce dark count rate radiator ggtf):ﬁl:)r
A Industry interest : telecommunications, automotive N
(LIDAR with ToF), with commercial availability (e.g.
Broadcom, FBK)

Array of Rich Cells (ARC) concept

26 June 2025 T. Bergauer- ESPP Open SympositvDRD Collaborations
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Roadmap topics
Quantum Technologies are arapidly emerging area of S e e e e | et | /e,
technology development tO Study fundamental phySiCS T-P\Xoikt:ﬂj:za;eu:mr neti;'(orks based sensors interfe;;metry se:l;c)xrs / materials
. . . . . and Molecular Systems

A Targeting Gravitational Waves, Axion, DM detection on 2 irup & bems

WP2 Quantum X X X X

shorter-term Motoriol e 1o 6.0) 0 o
WP3dQuantu;n super- X I ‘ ‘ X)

conducting devices

A Development of HEP detectors on the longer term e _ = . = _

massive ensembles
(spin-sensitive devices,
hybrid devices,
mechanical sensors)

WP5 Quantum X X X X X

DRDS5: different sensors and technologies being
investigated: L B e A S B
A Novel materials, kinetic detectors, spin-based, —
superconducting, optomechanical sensors,
ECOOUxOOOI EUOI UyrDOOUOWDLOUI Ui 1
A Scaling up challenge: singleA multi channels
A HEP-relevant topics: Superconducting nanowires,
Chromatic calorimetry

Proposal WP’s

>

counts

uolzewJojul
|esydads

K

© Nature

A Many small -scale setups so far. Now first
considerations for common infrastructure

26 June 2025 T. Bergauer- ESPP Open SympositvDRD Collaborations 40
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— DRD7Y: Electromcs

AXA

Electronics is vital to any detector system/m_%

Modern technologies offer tremendous opportunities:

A Transmission speed @100 Gbit/s and beyond ///9”_{—1121%

A Extremely high integration density
A Very high -performance FPGAs

A Advanced packaging technologies
A But the complexity and cost associated to their use do also increase

A Work topics in DRD7:
A Silicon photonics transceivers, power distribution, wireless data
transmission and power, interconnections

A Intelligence on the Front -End: e-FPGA and RISCV SoC

A COTS andno-backend solutions , i.e. directly from FE to DAQ

A High Performance ADCs and TDCs and time distribution

A Extreme environments : cryogenic and radiation-hard electronics

A Shared access and hubsto selected imaging technologies and 3D integration

26 June 2025 T. Bergauer- ESPP Open SympositvDRD Collaborations

Layer

EDA tools

i ﬁﬁ

\"l\“h "/
~7 HEPHY
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eFPGAs

Fully reconfigurable logic in ASIC design

» The pathwa put ML on-detector!
.8 BDT classifierin
SR 28nm CMOS ASIC
ALY

#95

Foundry IP block
vendors vendors

"

CERN

‘umec

[\ S

CERN & HEP design teams J

G | @

41
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DRDT 8.1
DRDT 8.2

DRDT 8.3

A DRDS proposal approved by Dec 2024
A Does not cover all DRDTSs, as they are quite diverse

A Focus on vertex detector mechanics and cooling as emerged
f UOO0OwW? %OUUOWOOW3UEEOI Uw, 1 ETEOE O

DRDT 8.4

SV VI ol S

A Advanced materials and structures for vertex detectors:

A Mechanics for curved sensors, Thin beam pipe, Retractable
detectors, MDI, Low -mass hardware, alignment
A Characterization of Material properties and database
A Cooling : Airflow, Evaporative CO , and new fluids
(Krypton), Microchannel cooling in Si, Cooling tubes
welding and material investigations
A Robots and Virtual reality to simulate/remote control
access in restricted areas

A Software tools to connect engineering design with
physics simulation (e.g. connect GEANT4 with CAD)

26 June 2025 T. Bergauer- ESPP Open SymposithiDRD Collaborations

DRDS8: Mechanics & Integration

INSTITUTE OF HIGH ENERGY PHYSICS

Develop nove
Develop improved technologies and systems for cooling

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

Adapt an = 'nF
invclugng

’\ Full system

g perfortnance proven
e BULBSSEMBY._ gyer long -time
scales

-\
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— Establish long-term funding  [essd =
DRD collaborations do not bring funding  ab initio WIFOm

A Only resource-loaded projects described in MoUs will be backed up by funding
agencies commitmentsA 2" phase of setting up DRD collaborations

Building CERN's Future
g Circular Collider

An Estimation of Its Impact

Funding agencies need to be convinced that

detector R&D is a good investment

A Benefit not only for HEP, but also astroparticle and
nuclear physics

A Society at large: job creation, education, training,
applications and KT to other domains, e.g., medical
physics (dosimetry, PET, imaging,..), automotive,

on Value Added and Employment

Gerhard Streichel
—_— sitors

Research assistar

u Cost-of-living — resident personnel

FCCelated personnel

I OYPUOOOI OUEOOG P w00 oo
* | m Renewables copuciry
‘A‘study 24 aepr forthe pe@?‘u—zm ::::Z | FCC-construction
A No metric exists to quantify socioeconomic impact of f" Lo e

AV
) /

instrumentation, but o ther studies exist
A Cebr study for EPS (to be updated soon)

A6(%. wUl xOUUOwW%" " wpDOOwWiI 1 Ol UEUIT wz kY

added and create around 26,000 jobs annually

20,000 1

Number of jobs
directly and indirectly linked to the FCC

15.000

-
-
mmmE
-
10,000 - =
o _oaniilll
-III

mmmmmmmmmmmmmmmmmmmmmmmmmmmmmm
mmmmmmmmmmmmmmmmmmmmmmmmmmmmmm
oooooooooooooooooooooooooooooo
wwwwwwwwwwwwwwwwwwwwwwwwwwwwww
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— ECFA Detector Roadmap

The community should define a  global detector R&D roadmap that should be used to support
proposals at the European and national levels . ESPPU 2020

ECFA detector roadmap released in 2021 with full document (200 pages) andsynopsis (~10 pages) based
on acommunity -driven effort with many community meetings

The full document can be referenced asDOI: 10.17181/CERN.XDPL.W2EX

Document contains:

A Overview of future facilities (EIC, ILC, CLIC, FCC-eehh, Muon collider) or major upgrades
(ALICE, Belle-ll, LHC-E O 6 A wE Otifnalies 1 B U w

- TN

A 31 Goereral Strategic Recommendations? wp& 2 1 UA wUl I wOl BRUwWUODPEI 66
A Nine Technology domains with Task Forces (TF)areas:
A The most urgent R&D topics in each domain, identified as Detector R&D Themes (DRDTSs)

TF#1 TF#2 TF#3 TFH#4 TF#5 TF#6 TFH#7 TF#8 TF#9

Gaseous Liquid Solid State Photon Quantum & Calorimetry Electronics & On- Integration Training

Detectors Detectors Detectors Detectors & Emerging detector

PID Technologies Pracessing e
Anna Colalea Roxanne Guenetie Micola' Cartighia Foeville Harmew Marcel Demarteau Roberto Ferrari Drave Mewbaold Frank Hartmann Johann Callot
Leszek Ropebewshki Jocelyn Monroe Giulia Pellegrini Peter Krizan Michael Doser Roman Poeschi Francois Vasey Werner Riegler Erika Garutti
. . . > . - — r
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https://indico.cern.ch/event/1090779/contributions/4592538/attachments/2335809/4036993/ECFA%20Detector%20R%26D%20Roadmap%20Main%20File.pdf
https://indico.cern.ch/event/1090779/contributions/4592538/attachments/2335809/4037008/ECFA%20Detector%20R%26D%20Roadmap%20Synopsis.pdf
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— R&D Topics and DRDTs

A The most urgent R&D topics in each Task Force &
area are identified by Detector Readiness owon

. Position precision 3134
Low X%, 3134 @
M atrIX Low power 3134
Vertex High rates 31,34
detector? Large area wafers¥ 3134
Ultrafast timing® 32
Radiation tolerance NIEL 33
A Detector R&D Themes (DRDTs) were cmogenoTe
osition precision 3134
1 1 . ow X/X, 3134
formulated as high -level deliverables: i
High rates 3134
Tracker® Lagrge area wafers? 3134
. . . . . . " i Ultrafast timing® 32
DRDT3.1 Achieve f_uH integration of sensing and microelectronics in monolithic Raton e NIEL 31
CMOS pixel sensors Radiation tolerance TID 33
DRDT 3.2 Develop solid state sensors with 4D-capabilities for tracking and Position precision 5134
calorimetry tzx ﬁ;"er ;i:: cooledoooe
DRDT 3.3 Extend capabilities of solid state sensors to operate at extreme cuormaa Mo ateS 3134 .I 1 ®
fluences M Largo area wafers? s (XN [ R XXX |
rafast timing¥ .
DRDT 3.4 Develop iull 3D-interconnection technologies for solid state devices g:di;i;"‘m,a;m NIEL :_3 : o
in particle physics . Radiation tolerance TID 33 (@]
Semiconductor Example Position precision 5134
Low X/X, 3134
Low power 3134
Time of flight? High rates 3134
H H Large area wafers® 31,34
A Bot_h were us_ed to define Work_packages, projects, and Uit g 32 e o oo lo °
deliverables in DRD collaboration proposals o e —

. Must happen or main physics goals cannot be met () Important to meet several physics goals Desirable to enhance physics reach R&D needs being met
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