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- MPGD, RPCs, TPC, Wires
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DRD2: Liquid Detectors
Neutrinos - Dark Matter - Ovbb

DRD3: Semiconductor Det.
Monolithic CMOS - LGADs -

radiation hardness -interconns.

DRD4: Photon detectors
vacuum, SiPM, hybrid single-
photon & SciFi detectors -
applications in PID, RICH, track.

DRD6: Calorimetry
Energy resolution - High gran. -
dual readout * particle flow -
sandwich - optical

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

DRD?7: Electronics

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

DRD8: Mechanics

Ultra-thin beam pipes - CF foam
and new materials - curved,
retractable sensors - air & micro-
channel cooling - eco-friendly
cooling fluids - robots - augmented

reality -

From ECFA Detector
Roadmap to DRD
Collaborations and Beyond

Maxim Titov,

. Florencia Canelli . JoachimMnich - ;l;ir:;)l'(cl):: I;:|t|ltl . E

. Subhasis . Gautier Hamel de R & L CEA S I y I f F
Chattopadhyay Monchenasit +« Prakash C Rout - ,r; a.C a y r U y ran Ce

+ Marcel Demarteau + Roman Poeschl + Deepak:samuel Teg ™

+ Maria Teresa Dova
+ Massimiliano Fiorini
+ Francesco Forti

+ Ingrid Gregor

+ Boris Grynyov

+ Karl Jakobs

+ Manfred Krammer
+ Susanne Kuehn

+ Fabrice Retiere
+ Paris Sphicas
+ louri Tikhonov
+ Bruce Mellado Garcia -«

Maksym Titov

+_Silvia Dalla Torre

+ Grigorii Trubnikov
+ Juan Fuster Verdu
+_Yifang Wang
+“Marc Winter

+' Mandar N Saraf

+ Prashant Shingade
+ Ravindra R Shinde
» Piyush verma

(on behalf of DRDC Chair &
with deep insight into the DRD process
as the CERN - DRD1 Co-Spokesperson)

International Conference on Technology &
Instrumentation in Particle Physics
(TIPP2026), Tata Institute of Fundamental
Research, Mumbai, India, February 2-6, 2026

\ Department of
Atomic Energy

( @ auad

\ tifr

ational Union of Pure and Applied Physics




FROM ESPPU 2020 TO ECFA 2021 Detector R&D Roadmap

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

ECFA 2021: released Full Roadmap (200 pages) and synopsis =
(~10 pages) based on a community-driven effort:

/

DOI: 10.17181/CERN.XDPL.W2EX

THE 2021 ECFA DETECTOR

V Overview of Future facilities (EIC, ILC, CLIC, FCC-ee/hh, Muon RESEANCH AND DEVELONAENT ROADMAP
collider) or major upgrades (ALICE, Belle-Il, LHC-b , € ) and t h e" @ EEutinEtess
timelines

V TenfiGeneral Strategic Recommendations@‘gcﬂ

V Nine Technology domains with Task Forces (TF) areas - —

TFi#4

TF#5
Quantum &
Emerging
Technologies

Maree| Demarteau
Michael Doser

TFH#7
Electronics & On-
detector
Processing

Drave Newbold
Francois Vasey

TF#1

Gaseous
Detectors

TF#3
Solid State
Detectors

TF#6

Calorimetry

TF#8

Integration

TF#9

Photon Training

Detectors &
PID

Heville Harnew
Peter Krizan

Anna Colales
Lesrek Ropelewskd

Nicolo® Cartighia
Giulio Pellegrini

Roberta Ferrari
Roman Poeschi

Frank Hartmann
Werner Riegler

Johann Collat.
Erika Garutti

DRDT3.1
A The most urgent R&D topics in each TF area

are identified by Detector Readiness Matrix

DRDT 3.2

DRDT 3.3

DRDT 3.4

A Detector R&D Themes (DRDTSs) were
formulated as high-level deliverables

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

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

Extend capabilities of solid state sensors to operate at extreme
fluences

Develop iull 3D-interconnection technologies for solid state devices
in particle physics

Both were used to define projects & deliverables
in DRD collaboration proposals



FROM ECFA R&D Roadmap TO DRD Collaborations (1)

Implementation: aproved by CERN Council in fall 2022

CERN will host DRD collaborations: SERNESREEEY . CE AT

RDRDGS Il nterface to CERNCdmmrtteee g h
R D R D dnserface to ECFA via ECFA Detector Panel (EDP)

DRDC

Distinction between reviewing (DRDC) and advising (EDP) bodies:

R DRDCreviewsDRD6s col | abor ati on
deliverables, and reports to CERN Research Board

R EDP monitors ECFA Detector R&D Roadmap, and provides input to the next
Strategy update

B0 gr es s,

+ ECFADetector
Roadmap

* Roadmap
imelamentation
plan

«21/Q2: Community input
by open meetings

«(23/Q4: Submission and
review of proposals

* Approval, then:
Collaborations
started

ECFA lCERN Research Board J— -]

CERN COUNCIL

&

Recommends
Community Approves

interaction

|

Roadmap Oversight and
Community Interaction
ECFA Detector Panel
(EDP)

Includes ex-officio: APPEC, r
NuPECC and ICFA IID Panel* i
representatives

Scientific and Resource Reporting and Review
Detector Research and Development
Committee (DRDC)

Includes members from: ECFA Detector Panel,
CERN and LDG

1

EDP

On request, additional experts from the EDP can
| be invited for dedicated review tasks

* ICFA Instrumentation, Innovation
and Development Panel

https://ecfa-dp.desy.de/members/

3

Reports :Il CERN SPC I

DRDC

https://committees.web.cern.ch/drdc

T

4 N N

DRD2
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DRD5
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DRD1 DRD3

Solid State
Detectors

DRD4

Photon det.
& PID

M.Fiorini
G. Wilkinson

/

DRD6
Gaseous
Detectors

M. Titov
E. Oliveri

/

Liquid Detectors Quantum,

emerging tech.

Calorimetry

R. Guenette
J. Monroe

/

R. Poeschl
R. Ferrari

G. Kramberger
G. Pellegrini

/

M. Demarteau

M. Doser
N J

as of today

- - - - J

-
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DRD7

Electronics
on/off-det.

F. Simon
F. Vasey

DRD8

Mechanics &
Integration

B. Schmidt
A. Mussgiller

N

/




FROM ECFA R&D Roadmap TO DRD Collaborations (I1)

Early 2023: Collected input from the communities in open meetings ) Eggj‘n?ae;e“‘”

Fall 2023: Submission of DRD proposals & Review by the DRDC Committee « Roadmap
inlﬂlplementation

) plan

Approval of DRD collaborations by CERN Research Board

(initial period of 3 years; annual review by DRDC committee) S Comeuniy input

R DRD1, DRD2, DRD4 & DRD6 in Dec. 2023 "review of proposals |

R DRD3, DRD5 & DRD7 in Jun. 2024 .

R DRDS in Dec. 2024 * Approval, then:

Collaborations
started

2024: DRD managers forum (under EDP and DRDC) with contacts

across DRDs (provide a forum for communications and discussions of common issues)

DRD5 DRD7 DRD8
quantum — emerging electronics integration Ii-‘D R D

novel materials common comp. |technology novel materials |additive techniques E t
and concepts complex systems |access and tools cooling C O S y S e

DRD1
gaseous detectors

)
gt DRD3
Bﬂgﬁ\‘“’ solid state
9

DRD6
calorimetry

coordination
across DK
(e. g. DR
liaisons) planning
s and relation to
DRD4 oot
photon & PID external partners
! are part of the
APPEC, NUPPEC framework

societal applications

DRD2
liquid detectors
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DRD Col | aborati ons Shoul d (

D R D &lsould address strategic R&D (TRL 3-7) bridging the gap betweentheii b | -sile y 0

(TRL 1-2) and before experiment- specific engineering takes over (TRL 8-9)
Technology Readiness Levels

Covers the development and maturing of technologies, e.qg.

System Test, Launch
I Iterating through different options & Operations .
T System/Subsystem
I Improving radiation hardness Divelopment

Technology

I Scaling up challenges: detector area, number of chan./layers,.. G

Technology
Development

x DRDiAstr at e gprovideaaffordable technological solutions
to timely address & fulfill project performance requirements

Research to Prove
Feasibility

Collaborative
R&D

Basic Technology
Research

Training, Common Tools

e Cked up by TR at egi ¢ fUNEEE N g (

TDR
experiment funding approval EDR physics

)

experiment Lol

“blue sky” R&D TRL3

game changers mature concepts final devices and systems
new technologies explore performance phase specific to experiment concepts
new paradigms space of technology options*

A healthy environment in detector instrum. Il s more than .

“Blue-Sky Strategica
-~ R&D. R&D™ 1=

A fABl-skyo and Ge (funded by n&i&rmal & EU programs) as
an Iintegral part of the R&D portf ol
A Systems engineering to be integrated in R&D efforts

£l 1 o=
fSystems -
Engineering

>
%



2035-

DROT 2030 - - 2045
< 2030-2035 2040 2040-2045 >
Rad-hard/longevity 11 ® (X ] [ ] o0 Qe
Muon system Time resolution 11 ® L ] @
ropossstecmonges FIT0 ANy 11 @ e oo o ece ©°@
ot Goprpories ocoges) 13 4 ®. 29
Micromegas, Rwell, {FIC Spatial resolution 11 @@ [ N ] @ o 00 [ N N
Rate capability 13 @ @ o0 [ ] o 00 [ X
Rad-hard/longevity 11 90 @ ® ®
Inner/central Low X, 12 900 ® 2000
tracking with PID IBF (TPC only) 12 @@ 9000
Proposed technologies: Time resolution 11 ® [ L]
g Rate capability 13 @ ® [ ] o [ ]
dE/dx 12 @ ® 9000
Fine granularity 11 @ [ ] [ ) 900 0
Rad-hard/longevity 11 . . .
Pmsh}wﬂn’ Low power 11
Calorimeters Gas properties (eco-gas) 13 . . . . . .
Proposed technologies: Fast timing 11
RPC, MI W
Fine granularity 11 00 00
Rate capability 13 [ ] @ . . [ ]
Large array/integration 13 . . . . . .
Rad-hard (photocathode) 11
Particle ID/TOF IBF (RICH anly) 12
_ Precise timing 11
Proposed tachnologies:
RICH+MPGD, TRD-MPGD, TOF:  Rate capability 13
MRPC, Picossc, FTM
dE/dx 12
Fine granularity 11
Low power 14 . .
Fine granularity 14 [ N N ] [
TPC for rare decays Large array/volume 14 ( ] [ ]
Py 3 i
Propocsdtochnclogoss Higher energy resolution 14 (X X ] o
very high pressure) Lower energy threshald 14 . o . .
Optical readout 14 . . .
Gas pressure stability 14 o [ ] ([ ]
Radiopurity 14 [N X ] ( X J
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WORK
PACKAGES

DRDT 1.1

DRDT 1.2

DRDT L3

DRDT 1.4

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

Achieve tracking in gaseous detectors with dE/dx and dN/dx capability
in large volumes with very low material budget and different read-out
schemes

Develop environm
areas with high-ra
Achieve high sens|

lly friendly gaseous detectors for very large
pability
in both low and high-pressure TPCs

024 . DRD
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DRDL dum of L CERN-MoU-2005 S ~ 0 0 » = ~ 0 . » . = 0 O

14 Fuly 2023 %
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. A »
Memorandum of Understanding A O eSO e-loaaed WO ackages de ped oU A exe
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Detector Research and Development 1 (DRD1)
Collaboration
. DRD 0 P 3 age gorseme Proceadure
Concerning Gaseous Detectors
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on the one hand, !
and
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ECFA R&D Roadmap : 10 General Strategic Recommendations

Formul ated in the ECFA Detector Roadmap

D R D CO I I ab o) rat | ons: GSR 5 - Distributed R&D Activities with Centralized Facilities
A major concern for the future areas (parti solic '.rUF‘|F‘ClH.ﬂIE 1nd on- det-‘cl or

ddta handling) is that R&D c
{ h

A International coordination & organization by carmeria iy re

s a larger-scale organisatiof a solution to achie ed critical mass through a network of

Of R& D act i V i t i es G S R 4 ione while improving focus and ¢ vould still allow a vib base in individual smaller institutes and
university departments

A Distributed R&D activities with
centralized facilities (GSR 5) A ongoing

A EStab“Sh IOng-term Strategic funding GSR6 Establish Iong term strateglcfundmg programs
programs (GSR 6) 4 ongoing a

A SupportiBl-sky o (S8D7)A4
ongoing

Still needs to be addressed.:

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

Specific software for instrumentation (GSR 3)

Attract, nurture, recognize, and sustain the careers of R&D experts (GSR 8)

Establish and maintain Industrial partnerships (GSR 9) All topics still valid 322
Support Open Science (GSR 10) highly relevant in

To Do To o Do Do



DRDO s
a Glance
&
Project
Timelines

DRD1: Gaseous Detectors
Large : Fast - eco-friendly gases
- MPGD, RPCs, TPC, Wires

e BT T m
L T Ptridireel - —

[z psper] i vz
|' track | |7

P e
PICOSEC: NIMAS03
{2018)317

DRD3: Semiconductor Det.
Monolithic CMOS - LGADs -
radiation hardness -interconns.

e e e B @

DRD6: Calorimetry
Energy resolution - High gran. -
dual readout - particle flow -
sandwich - optical

— ST ' cr ]
A5 9§ 1
-

g

DRD?7: Electronics
ADC/TDCIP Blocks - Opto-
electronics + packaging * power-
extreme environments * COTS -
intelligence on detector : foundry
access

g W) 970w 1@

e

1ol
‘I
| - o
! -
2 AN
Py

DRD2: Liquid Detectors
Neutrinos * Dark Matter - Ovbb

large accelerator projects

long scale few experiments & upgrades

A

<2030 2030-2035

Project

ti

me |

DRD4: Photon detectors
vacuum, SiPM, hybrid single-
photon & SciFi detectors-
applications in PID, RICH, track.

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

DRD8: Mechanics

Ultra-thin beam pipes - CF foam
and new materials - curved,
retractable sensors - air & micro-
channel cooling - eco-friendly
cooling fluids - robots - augmented

reality

small accelerators, nuclear reactors, cosmic rays

i nes

I synchronized with LHC schedule

O
e

2035-2040 2040-2045

DRD1
gaseous

DRD3

solid state

DRD4
photon & PID

calorimeter

DRD6 i Smal

e X

3 generations several experiments of increasing scale
e
=
p %c?r Eme nt s
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FEsFF

FFTES
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SSTEEFs

2030-2035

"A  Project Timelines for

I DM and Neutrino

|l er Expe

liquid

rPDRBde

nt so

T

DRD7 electronics - DRD8 mechanics — DRDS quantum

D. Contardo




DRDOs at a Gl ance & Starte

8 DRD collaborations have been approved to work on strategic R&D for an initial
period of 3 years (extendable) withdi f f er ent hi stori es ar

x 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
X Completelynew( communi ty buil di ng, and finding be
A DRD2: Liquid Detectors: 86 institutes / 205 members

A DRD4: Photodetectors & PID: 65 institutes / 20 countries
A DRD5: Quantum Sensors and emerging technologies: 112 involved groups

X Transversal activities (no service provider, but with genuine R&D interest)
A DRD7: Electronics: 64 Institutes / 20 countries
A DRD8: Mechanics & Integration: 38 institutes
A TF9 A ECFA Training Panel

Transverse DRD5, DRD7, DRDS8 can (specifically) address lower TRL, including access
to commercial technologies, not yet available to HEP



661 contributions :
from institutes in North Am. D. Contardo, 2023 ICFA seminar

46 countries* (121)
- summed over E(Lz'fg}e
ngé’ ngi’ Other regions
’ y : (47}
DRD6 & DRD7

(to be updated
after MoU sign.):
A 41871 Europe
A 121- North
America
A 75 - Asia

US HEP/NP community has been engaging broadly in the process on defining
and shaping scientific program of he DRD collaborations:

Aofficial US participat i ngsubjectt®USBCOESR N( Moulrb | 2 o
agreement o - Soli tate Tracking
T |
A US Snowmass process recommended [l . s | mmeseosa |
creating Detector R&D (RDCs ===
g ( ) Silicon Drift Tubes Trigger i) - |

Simulation

collaborations, organized by CPAD

R
EE——
e
. DI
the pre-project detector R&D scope |

Gaseous Electronics DAQ Integration Software

A Higgs Factory Steering Committee Mechanics  SiW MPGDs oo Computing
proposes organizational structure for

Tile-Sci



https://indico.fnal.gov/event/67484/contributions/310852/attachments/187113/257962/US-FCC-WEEK-FNAL.pdf

Scientific Highlights of the DRD Collaborations

DRD Jamboree with Funding 5th DRDC Meeting (Feb. 24, 2025):

Agencies (Oct. 29, 2025):
J ( ) https://indico.cern.ch/event/1485320/

https:/findico.cern.ch/event/1552124/ |
el 6" DRDC Meeting (Nov. 4, 2025):

DRD Jamboree

(5 merred 29 ct. 2025, 0830 - 1300 e https://indico.cern.ch/event/1527817/

9 503/1-001 - Council Chamber (CERN)

5th meeting of the DRDC
B 24 févr. 2025, 15:00 — 25 févr. 2025, 16:15 Europe/Zurich

A Thomas Bergauer (Austrian Academy of Sciences (AT))

Description  CERN

6th meeting of the DRDC
5] 4nov. 2025,14:00 — 5 nov. 2025,17:40 Europerzurich

REE ) — 16:30 Open Sesslon A Thomas Bergauer (austrian Academy of Sciences (AT))

Welcome

MAR. 4 NOVEMBRE

Status Report on DRD3 JH4l - 1700 open session

or erge

ent of Gaseous Detectors Technologles
nt Searches and Neutrino Experiment

Coffee break

End Open Session for Photodetectors and Particle ID

— 1255 Di

A DRD Reports (Open DRDC meetings): https://indico.cern.ch/event/1356910/

A DRD Collaborations Indico - iExperiments / R & Itps://indico.cern.ch/category/6805/

A Full DRD proposals in CERN CDS:
https://cds.cern.ch/search?cc=DRDC+Public+Documents&sc=1&p=594 %3A%22Proposal%22



DRD1: Gaseous Detectors https://drd1.web.cern.ch ‘DRD1

DRDL1 is arranged in 8 WGs & 9 WPs: Micromegas (M)

Size of the
single GEM/

MM Detector

Seamless integration of all gaseous detector :
technologies into single collaborative effort | —*‘ e Zamn ||
( MWPC/ Dri ft/ TPC/ MPGD/ R P e L e e e e
Primary choice for large-area coverage with low N e e ’
material budget & dE/dx & ToF functionality
) Possible alternatives to GHG gases
- Several Higgs Factory concepts use gas o : : New aco-trieniy raveran deveoped s nctr
detectors for the main tracker & muon systems

SFe
GWP 23900

R&D Challenges: . {: S
A High rates: reduce ion back drift B ey M% me,mw,,o

A Reduce aging and radiation hardness

A Fast Timing: Multi-Gap RPCs: achieved ~60ps [ mm——— pachand  Synergistic Impact and
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

x DRD1 have been (successfully) proactive so far; MoU signage ongoing; WP approval starting
x Boost DRD1 Research Activities 4 many in the pipeline, subject to available resources



DRD2: Liquid Detectors

DRD2 Structure is arranged in 3 WGs & 4 WPs:

A Covers Dark Matter, Neutrino and OVRR exp.
both accelerator and non-accelerator-based

A Underground Dark Matter Experiments i
small and rare signals

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

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

Scalability E

LIQUID DETECTORS

b

Target properties A

DRD2 WPs:

Charge readout

i Light readout

https://drd2.web.cern.ch

DRD2

LIQUID DETECTORS

Technology: Noble Liquids (e.g. DUNE), Water
Cherenkov (e.g. Super/Hyper-K) & Liquid
Scintillator with light and ionization readout

Noble Elements | Liquid Scintillators || Water Cherenkov

« Visible Scintillation, « Cherenkov light,

light propagation light propagation
« Scintillator properties « Doping for n-capture

e Isotope loading

Liquid detectors

Goals

* Neutrinos

* Push energy thresholds down to < 1 MeV to
enhance neutrino physics

« Unambiguous readout
* Reduce background rates

* Scalability (— kton scale)

* Dark Matter

* Push energy thresholds down to < to 1 meV/10 eV/1
keV to enable low mass DM/1 GeV DM/WIMPs

* Reduce background

* Scalability (—+ 100 toi

* OvBp

« Improve energy resolution to sub-% FWHM
* Reduce background rates

Dilit

x DRD2 has catalyzed new partnerships and joint prposals across countries
x Strong, distributed collaboration; progress achieved by leveraging existing resources
x MoU waiting for CERN feedback; Dedicated funding now essential for faster, targeted R&D



DRD3: Solid-State D

DRD3 Structure is arranged in 8 WGs & 4 WPs:

Focus widened from pure radiation hardness (RD50,
HL-LHC upg.) to Higgs Factories needs A large
interest in CMOS (DMAPS) sensors (low mass / high
precision (~0.1% X0 ) /layer/3um res)

A CMOS Monolithic Active Pixel sensors (MAPS):

I Sensor development becomes mixed-mode chip
development,

Challenges: access to foundries, engineering
workforce

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

A 4D Tracking/ToF: Timing using Low Gain
Avalanche Detectors (LGAD)
I Timing performance ~ 25 ps, but ol
radiation hardness limited
A Extreme Radiation hardness: 3D
sensors, wide bandgap sensors, e.g. SiC, Sl electrode device
GaN and Diamond
I Activities from RD50 heritage, and for S
longer-term R&D towards FCC-hh s
A Interconnection technologies Optimized for

resolution

DRD3 is (largely) fully functional collaboration wi

( WG1/WP1-CMOS )
55-180 nm processes

rates/power/position 2 4necs Jtiming

https://drd3.web.cern.ch

etectors

nnnnnn

MALTA & MONOPIX

TJ180nm Standard Process TJ180nm Modified Process

28 um collection electrode

Q., (MIP) = 1300 e <> V = 40mV

Different LGAD technologies:

(Trench Isolation LGAD AC-LGAD | | InverslLG

aadin.

thic devices Hybrid devices

(WG2/WP2-4D tracking)

/

Planar l

Large area
passive
devices
(strips)

3D devices

Trench
3D

Large electrode device

mgan\

Optimized for radiation

With Gain

Depleted
(LGADs)

MAPS
wo Galn

I proof of concept ongoing
[ ] recentresearch (working prototype)
I  proven/demonstrated

th MoU in the last phases of preparation

Running 12 projects (not all projects fully assured finances i most critical is prototype runs)



DRD4: Photodetectors & Particle ID https:/drd4.web.cern.ch

DRD4 Structure is arranged in 6 WGs & 5 WPs
(connection to almost every other DRDs - gas,
Si, CALO, electronics, SiPM at cryogenic T): wear o owear

WP4.3:RICH WP 4.4: TOF WP 4.5: SciFi & TR

Following DRDT 4.3: Following DRDT 4.4:
Develop RICH and Develop compact high || Advance SciFi and
imaging detectors with performance lime-of- ||Transition Radiation
detectors

Following themes DRDT 4.1 and DRDT 4.2:
low mass and high fight detectors

nhance the timing resolution and spectral range of photon
etectors. Develop photosensors for exireme environments

A Photon detection: improve QE, single-photon e
[ Taska11 | _ | Task431 | ||| Teskaan | Task 4.5.1

detection, high speed, low dark rate, rad. hardness,
T-stabilized and/or cryogenic environment

A Particle identification (PID): pion/photon and
hadron separation over various momentum ranges

Task 4.1.2 Task 4.2.2

23

Work Packages
Work Packages

Working Groups

A Developments on PMTs, MCP-PMTs, SiPMs, SciFi

A Applications in Ring Imaging Cherenkov Detectors
(RICH), Time-of-Flight (ToF), TRD and tracking (SciFi) —_— Y e 3 RGN

Multi-channel plate PMTs:
A Comsol simulation package .
A E.g. Hybrid detector with Medipix4 readout S ME—— e T

Silicon Photomultipliers (SiPMs): Array of APD/SPADs
A Many developments, i.e. backside illuminated, integration radiator
with CMQOS electronics
A Industry interest: telecommunications, automotive (LIDAR
with ToF), with commercial availability (e.g. Broadcom, FBK)

Array of Rich Cells (ARC) : Compact RICH for a Higgs Factory

photon
detector

x Many collaboration-wide efforts (PhotDet. Compendium, standart. charact. procedures, etc € )
X MoU is ready; DRD4 success depends from ability of groups to grow & find necessary resources



DRD5: Quantum & Emerging Technologies https:/drds.web.cern.ch

DRD5 Structure is arranged in 6 WPs Focus on potential HEP impact

ork package

: O(fs) reference clock :
for time-sensitive | Rydberg dE/dx
synchronization amplifiers
t

WP 1 (Quantum
systems in traps Rydberg TPC

Quantum Sensing is a rapidly emerging area andbeam) |

with potential for particle physics: e O o

A Driven by non-accelerator exp.: gravitational
Waves, Axion, DM detection on shorter-term

. . Multi-mode Helicity detector via

WP 4 (scaled-u . ;
A Some ideas for colliders on the |Ongel’ term bulk 55519".5 for | Muli-mode trackers - calorimeters e ultra-thin NV optically
(eleclrons, photons) ‘ N pO‘aﬂZed Scaﬂerlng /

mip's) tracking stack

WP 5 (Quantum

DRD5: synergy with NuPPEC and APPEC: i
A NOV6| matel’la|S, klnetIC deteCtOrS, Spln' WPb?li(Igﬁ]pga)ciiy ;ll-weL?:girfl?laﬁ;gglgﬁfag:i::;lgses‘;”;g:ﬁzggﬁ:::;otrafzgﬁgﬁz;);:d collaboration; broadened user

base for infrastructure (beam tests, dilution refrigerators, processing technologies)

based, superconducting, optomechanical
sensors, atoms/molecules/ions,
Il nterferometry, €
A Scaling up challenge: single A multi-channel
A HEP-relevant topics: e.g. quantum dots in
Achromatico cal o, nan

3y
""
=2
g—

A Many small-scale setups so far. Now first - PR
considerations for common infrastructure ' / A '
A First beam-tests with quantum dots and ,' 7 o
nano/microwires gzl

= p i
x Formation of a global multi quantum-technology community; identify major common challenges
X Support by FAG6s at i nstitute & national | evel



DRDO6 (DRD Ca|()) : Calorimetry https://drdcalo.web.cern.ch/

DRD calo Structure is arranged in 5 WGs & 4 WPs

e colliders

R&D in calorimetry has a particularly long lead -time ;
- Suited for modern algorithms: particle flow, ML techniques
- New: 5D calorimetry (energy, 3D position, time)

=
Many technologies developments from other DRDs : d ’ W collid

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)

A Optical calorimeters, homogeneous EM with scintillators
(BGO, LYSO,..) and SiPM or MCP-PMT readout

A Electronics and DAQ: sophisticated FE chip developments

' \
. Unwrapped and-wrapped tiles .
| \

“ ok W xv 3
| MPPCs on HBU backside
——— i — T

Overarching goals:
Homogeneous EM :.Sma_mpling EM RADICAL

A Dual Readout Calorimetry to mitigate different response RS
of EM and hadronic showers i | | | :

A Particle Flow to improve jet energy resolution e
Challenges:
A High pixelisation, 4 °~ h e>rlitteerdoiin for services

A Large and challenging prototypes even in early stages.
What can be done with simulations?

x DRD Calo strategic R&D for future colliders ongoing (all WP are active) (partially new efforts,
partially capitalising on existing activities, heavy use of test-beams); MoU Close to final



DRD7: Electronics https://drd7.web.cern.ch

DRD7 Structure is organized in 6 Projects

] : Does not act as a 0servi ce
& 1 transversal WG (tools and simulations)

Modern technologies offer tremendous opportunities:
A Transmission speed @100 Gbit/s and beyond

A Extremely high integration density

A Very high-performance FPGASs

A Advanced packaging technologies

Complexity & cost associated to the use also increase

— u;\ec
i aﬁm e
DRD7 prioritizes low TRLs that can have disruptive and

far reaching goals: \\,\ v\v CERN & HEP dosi ),

#35

i Silicon photonics transceivers, power distribution, eFPGAs
wireless data transmission and power, iNterconnect.  FrrN et IRy Iy IR

I Intelligence on the Front-End: e-FPGA and RISC-V [

SoC
I 4D and 5D techniques in large detector systems BDT classifer in
I COTS and no-backend solutions, i.e. directly from 28nm CMOS ASIC
FE to DAQ
I High Performance ADCs and TDCs and time
distribution
I Extreme environments: low noise, cryogenic and l-\wosbe n r- Ca
radiation-hard electronics
I Shared access and hubs to selected imaging /

technologies and 3D integration

x DRD7 has begun to address microelectronics challenges through structured collaboration,
where resources, expertise, & legal frameworks are managed collectively (MoU close to final)



DRD8: Mechanics & Integration https://drd8.web.cern.ch

A DRD8 SI.IU\.ILUI\; 19 MIIMIIH\.'U I =T vvi o

I Emerged from the annual AForum on Tracker
Me ¢ h a n i cfanatior{ing edular networking)

A New challenges for mechanics and cooling:
I Requirements: high granularity and power density,
ultra-low material budget for tracking

I Technologies: curved/titled sensors, retractable
detectors, new coolants, low-mass alignment
systems, novel materials & manufacturing tech.

A Advanced materials and structures for vertex detectors:
I Mechanics for curved sensors, Thin beam pipe,
Retractable det., MDI, Low-mass hardware, alignment
I Characterization of Material properties & 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)

x Focus on a limited number of core projects that promise significant progress in technology
DRD8 MoU is in advanced stage; additional funding is needed to carry out the full R&D program

X



