ECFA Detector R&D Roadmap
and CERN - DRD1 Collaboration
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ECFA Detector R&D Roadmap & Implementation plan ]

2021: ECFA released (200 pages) and (~10 pages)
based on a community-driven effort oo 10.171s1cern xopLw2EX

a Overview of future facilities (EIC, ILC, CLIC, FCC-ee/hh, Muon collider)
or major upgrades (ALICE, Belle-ll, LHC-b,...) and their timelines

o Ten “General Strategic Recommendations” (full list in backup slides)

a Nine Technology domains with Task Forces areas
o Most urgent R&D topics in each domain: Detector R&D Themes (DRDTSs)

(T TF#2 TR#3 TR TFiS TRH TR TFH#8 TF#9
Gaseous Liquid Solid State Photon Quantum & Calorimetry Electronics & On- Integration Training
Detectors Detectors Detectors Detectors & Emerging detector
PID Technologies Processing
Anna Colaleo Roxanne Guenette Nicolo' Cartighia Neville Harnew Marcel Demarteau Roberto Ferrari Dave Newbold Frank Hartmann Johann Collot
k Leszek Ropelewski Jocelyn Monroe Giulio Pellegrini Peter Krizan Michael Doser Roman Poeschl Francois Vasey Werner Riegler Erika Garutti

Consultation with the particle physics community & other disciplines with technology overlap

a Implementation plan: Approved by CERN SPC and Council in fall
2022 (CERNISPC/1 190 ’ CERN/3679) P. Sphicas, ECFA Chair, CERN-UA Conference, May 28:

2 CERN to host DRD collaborations https://indico.cern.ch/event/1395415/contributions/5929

907/attachments/2864969/5016019/2024-05-27-ECFA-

o DRD interface to CERN through DRDC Report-Ukraine.pdf
o DRD interface to ECFA via ECFA Detector panel: https://ecfa-dp.desy.de

P. Sphicas; ECFA highlights May 28, 2024 4



CERN RB approval & DRDC recommendation and
guidelines in view of the first review and next steps

DRDC Meeting
(December 4, 20023)

DRDC:

Ex-Officio:
Excused:

DRDI:

DRD2:

Closed Session

Agenda
. Introduction
2 zal

DRDC Minutes:
https://cds.cern.ch/re
cord/2883179?In=en

CERN RB Approval
(December 6, 2023)

Five proposals for new Detector R&D
collaborations were recommended for
approval by the DRDC: DRD1 (Gaseous
detectors), DRD2 (Liquid detectors),
DRD3 (Solid-state detectors), DRD4
(Photon detectors and particle
identification), and DRD6 (Calorimetry).
The Research Board approved DRD1,
DRD2, DRD4 and DRD6 for an initial period
of three years. The proposals for DRD4 and
DRD6 can now be made public, while the
final versions of those for DRD1 and DRD2
that had been provided very recently will be
further reviewed by the DRDC in the
coming weeks before being made public.
The Research Board preliminarily approved
DRD3 so that work towards establishing the
collaboration can progress, on condition
that the new collaboration structure be
established in a timely fashion following the
guidelines provided by the DRDC, and the
new management appointed; approval of
DRD3 will be reviewed at the next
Research Board meeting in March 2024, on
the basis of an updated proposal.

DRD1 Proposal in CDS
(January 9, 2024)

DRD1 EXTENDED R&D PROPOSAL
Development of Gaseous Detectors Technologies
VL5

(116 pages)

lanmed by the WG
This DRD proposal 5
research program that will span the n
Geneva, Switzerland
December 1, 20231

https://cds.cern.ch/re
cord/2885937



Overview of DRD Collaborations in Europe

DRD1: Gaseous Detectors

DRDTL.1 Improve time and spatial resolution for gaseous detect
long-term stability

Achieve tracking in gaseous detectors with dE/dx and dh
in large volumes with very low material budget and differe
schemes

DRDT1.2

DRDT L3 Develop environmentally friendly gaseous detectors fol

areas with high-rate capability

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

Organized in

+ Working Groups: serving as the backbone of R&D

* Work Packages: will reflect the DRDTs,

+ and Common Projects (blue sky) tinanced by fixed y
Large community of 161 institutes, 700 members, :
based on previous RD51 collab.

Anticipated budget: 3 MCHEF/y existing, addition:
CB board chair : Anna Colaleo; Spokespersons : E
A collaboration website exists: https:/ /drd1l.web.c
Collaboration meetings: 29.1. to 2.2.2024: link, 2nd
3 Collaboration Meeting December (tbc) + regula
Requested six weeks of beamtime at CERN SPS fo

et

Developments on PMTs, MCP-PMTs, SiPMs, APD, HPD,
quantum devices, SciFi,
* Challenges for example for SiPMs: rad hard, dark rate, timing

Applications in Ring Imaging Cherenkov Detectors (RICH),

Time-of-Flight (ToF), TRD
Connection tn almost every other DRD mllab (gas, Silicon,

OAW

DRDY7: Electronics

h.h"/
//n HEPHY
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DRD2: L1qu1d detectors

Covers Dark Matter and Neutrino experiments, accele
accelerator-based
Several large-scale and many small-scale experiments 1
foreseen with liquid detectors

* Underground Dark Matter Experiments: small and rare signal¢
Technology: Noble Liquids (e.g. DUNE), Water Chere
Super/Hyper-K) and Liquid Scintillator with light an
readout
R&D for multi-ton scale noble liquids:

* Target doping and purification

* Detector components radiopurity and background mitig
Feb. 5-7, "24: inaugural DRD2 Collaboratlon Meeting at CE
https:/ /indico.cern.ch/event/13678

* 156 participants, 91 contributed talks, from 71 institutes in 15 ¢

CB Board chair election 1 March 2024 resulted in CB board
Bonivento

Developments in this field are ranid and it is not possible t

DRD4: Photodetectors & Particle ID

C OAaW =

* Quantum Technologies are a rapidly emerging

"m\'/
=7 HEPHY |

* Full proposal received by 21 May 2024; aiming approval in June 2024
* Objectives: Carry out strategic R&D in electronics, fulfilling DRDTs, Coordinate cross-
European access to technologies, tools and knowledge, Interface with other DRDs

+ No orthogonal “Service-Provider” for other DRDs
* Organization:
* 19 countries, 68 institutes

+ 12t workshop in March, 224 workshop in Sept. 2023; 1%t collaboration meeting planned 9-10 Sept 2024

DRDT7.1
DRDT7.2

Pesource Bosry

Advance technologies to deal with greatly increased data density

Develop tect gies for i ir

DRDT7.3
DRDT7.4
required longevity

DRDT7.5

on the
Develop technologies in support of 4D- and 5D-techniques
Develop novel technologies to cope with extreme environments and

Evaluate and adapt to
tarhnalnnies

WP 7.6 Complex imaging ASICs and technologies

WG 7.7. Transversal Tools and Technologies

and data p ing

DRD5: Quantum Sensors

T. Bergauer, DRDC Chair, 2024
Elba Conference:
https://agenda.infn.it/event/37033
/contributions/229217/attachmen
ts/120206/174770/2024-05-

27 _PM2024 _Bergauer_DRD-
collaborations_v3.pdf

OAw =
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DRD3: Semiconductor Detectors

DRD3 benefits from existing RD50 collaboration,
extended by diamonds (RD42) and 3D integration
*+ Focus widened from pure radiation hardness
(HL-LHC Ph-2 upgrades) to lepton collider needs
* Large interest in CMOS (DMAPS) sensors
Large Collaboration: 132 institutes from 28 countries
* ~900 interested people

lnsmuu board

‘ﬂr ! Structure of the collaboration

DRD3 management

R&D activities

* ~70% are from Europe, 15% from North America,

+ Compare: RD50: 65 institutes and 434 members
Budget: ~5 MCHF/y (existing), ~8 MCHEF /y
(additional needed)

* 327/170 FTE (existing /

WP2 WP3 wP4
Semsors for
4D-vacking

Senwors for

amars 1| 30-ntagration&

Steering commitee.
Interconnection o

DRO3 management + C8
Chair conve

additional needed)

Strategic/Targeted R&D projects

CB Board chair : Giulio Pellegrini (CNM Spain)
Spokesperson: Gregor Kramberger (JSI Slovenia) with deputies (Sally Seidel, Michael Moll, n.n.)

Webpage: https:/ /drd3.web.cern.ch/

1° DRD3 collaboration meeting (17-21 June 2024)
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DRD6: Calorimetry

R&D in calorimetry has a particularly long lead-time

* Many technology developments (gas, scintillator or Silicon-
based readout) done in other DRDs

+ Large and challenging prototype setups even in early stages

* Dedicated calorimeter test beam line at SPS requested (H8?)

e

OAW

e

o'e’ coliiders

Strong interaction
experiments (e.g. EIC)

Collaboration emerged from several collaborations like
CALICE and CrystalClear (RD18)
* 23 input proposals were collected from existing collaborations,
boiled down to four WPs and five Working Groups
Size : 131 institutes;
+ 183 FTE/y (existing), 100 FTE /vy additional needed
* Anticipated Budget ~3.2M€/y existing, ~1.4 to 24M€/y
additional needed (2024-2026)
« Little (extra) need at the beginning (2024-2026)

MANAGEMENT.

WORK
PACKAGES:

ﬁﬁ

1st Collaboration Meeting happened 9-11 April and
marked the end of the transition phase

WORKING
GROUPS:




Gas-Based Detectors: A Brief History
~L., - - AT S | .
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uM

Micromegas
|.Giomataris et al 1996




1968: MWPC — Revolutionising the Way Particle Physics is Done

Before MWPC: Detecting particles
was a mainly a manual, tedious and
labour intensive job — unsuited for
rare particle decays

1968: George Charpak developed
the MultiWire Proportional Chamber,
(MWPC), which revolutionized
particle detection & HEP,
and marked transition

from Manual to Electronics era
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“Image” & “Logic (electronics)
tradition combined into the
“Electronics Image” detectors
during the 1970ies




Gaseous Detectors: From Wire/Drift Chamber 2 Time
Projection Chamber (TPC) = Micro-Pattern Gas Detectors

Primary choice for large-area coverage with low material-budget (+ dE/dx measurement)

1990’s: Industrial advances in photolithography has favoured the invention of novel micro-
structured gas amplification devices (MSGC, GEM, Micromegas, ...)

Rate Capability: MWPC / DC
MWPC vs MSGC ‘

1.
£
T
=)
@
2=
5
[}
x

INGRID RPWELL

Examples of Gaseous Detectors for Future Colliders:

HL-LHC Upgrades: Tracking (ALICE TPC/MPGD); Muon Systems: RPC, CSC, MDT, TGC, GEM, Micromegas;
Future Hadron Colliders: FCC-hh Muon System (MPGD - OK, rates are comparable with HL-LHC)

Future Lepton Colliders: Tracking (FCC-ee / CepC - Drift Chambers; ILC / CePC - TPC with MPGD readout)
Calorimetry (ILC, CepC — RPC or MPGD), Muon Systems (OK)

Future Election-lon Collider: Tracking (GEM, pyWELL; TPC/MPGD), RICH (THGEM), TRD (GEM)



Legacy of the CERN-RD51 Collaboration: 2008-2023

RD51 CERN-based “TECHNOLOGY - DRIVEN R&D COLLABORATION” was
established to advance MPGD concepts and associated electronics readout systems

RD51 community: ~ 90 institutes, 500 members RD51

renewed for 3rd
1996 1997 2000 2002 2009 2014 2019 term 2019-2023

GEM HPIC THGEM

Micromegas Adoption of MPGD technologies:

ATLAS NSW (Micromegas)
CMS forward tracking update (GEM) ’ 2018:
CERN-LHCC-2008-011 (LHCC-P-001) 2008: COMPASS RICH upgrade (hybrid R
RD51 2008-001 ’ MPGD) RDS1 EXTENSION BEYOND 2018
28y 2008 ALICE TPC upgrade (GEM)
Uevelopment of Micro-Pattern Gas Detectors Technologies EIB-852D&E?/|E)S(I¥IS?SEII\\AA))
_ _ R o _ T2K/ND280 TPC (Micromegas)
M), 2 Ve er 8 Com). Micbas!Camposs (CEmM) Mer Capans CERN] s Coes CEA n-detection at ESS (GEM)

Saciay|, Silvia Dalla Tore (IMFM Trieste|, Kisus Desch (Bonn University), loannis Giomataris (CEA Muon radiography (Micromegas)

sa.:h.-”, Harry varn der Gt .:NIKHEF|, Lucie Linssen .:EERN|, Rui g O |'CEHN|, Wiadimir
Peskore |5t Etienma), Wermer Hiqler |'CERN|. L=szak  Rooslsstki .:EEHN]. Fabio Smuf |jTER.I\.

Feundation], Frank Simon [MP1 BMunchen), Hars Taures [CERM]. Maxim Titov [CEA Saclayl Andy ‘RD51 Spo kes persons:

White |'Lh1'r-’\ersi'rr’ of Texaz), Rab v‘-eerha'r::cERm

o J 1010 : L. Ropelewski (2008-2022) SR
et -HHHH jl I I i M. Titov (2008-2015, 2023)
3 10|10 S. Dalla Torre (2016-2022) arXiv-1806.09955

THGEM MHSP microPIC i E. Oliveri (2023)

't

v' Many of the MPGD Technologies were introduced before the RD51 was founded
v" With more techniques becoming available, new detection concepts were introduced and
the existing ones were substantially improved during the RD51 period (2008-2023)

v Beyond 2023, RD51 served as a nuclei for the new DRD1 (“all gas detectors”)
collaboration, anchored at CERN, as part of the ECFA Detector R&D Roadmap




Legacy of the CERN-RD51 Collaboration:*RD51” Model

The success of the RD51 is related to the_“RD51 model” inperforming R&D: combination of generic and
focused R&D with bottom-up decision processes, full sharing of experience, “know-how”, and common
infrastructure, which allows to build community with continuity and institutional memory and enhances
the training of younger generation instrumentalists.

Community and Expertize

Scientific organisation in 7 working groups A
(RD51 Scientific Network)

WG1: New structures and technologies
WG2: Detector physics and performance GERNGDD:  ADEH
WGS3: Training and dissemination o i
WG4: Software & Simulation Tools ;K
WGS5: Readout Electronics (RD51 SRS)

WG6: MPGD Production & Industrialization

WG7: Common test facilities MPGD Technology Development
& Dissemination

« CERN Courier (5 pages) Volume, October 2015

RD51 and the rise of micro-pattern gas detectors Detector ~ Generic Industrialis Meetings & Common
# physics R&D ation  conferences Projects

Common Test ~ Simulation MPT Thin film
lab beams Electronics tools Workshop lab

https://rd51-public.web.cern.ch/



CERN Detector Seminars in 2022: LS2 Upgrades

Major MPGDs developments for ATLAS, CMS, ALICE upgrades, towards establishing
technology goals and technical requirements, and addressing engineering and integration
challenges ... and first results from Run 3 !!!

rrrrrrrr

"The New Small Wheel project of ATLAS"
by Theodoros Vafeiadis (17 Jun 2022) ; ;
https://indico.cern.ch/event/1168778/ - = -

"Continuous data taking with the upgraded ALICE
GEM-TPC"

by Robert Helmut Munzer (24 Jun 2022),
https://indico.cern.ch/event/1172978/

"The GEM detectors within the CMS Experiment"
Michele Bianco (08 Jul 2022)
https://indico.cern.ch/event/1175363/

All three major LHC upgrades, incorporating MPGDs,
started their R&D in close contact with RD51, using
dedicated setups at GDD-RD51 Laboratory




Gaseous Detectors: DRD1 Successor and Extension of RD51

ECFA DETECTOR R&D ROADMAP CONTENT: TF1

Performance targets and main drivers from facilities

Facility

Technologies

Challenges

Most ch ot the

HL-LHC

RPC, Mult-GEM,

resistive-GEM, Micromegas,

micro-pixel Micromegas,
u-RWELL, p-PIC

Ageing and radiation hard, large
area, e capability, space and time
resolution, minlaturisation of
readout, eco-gases, spark-free, low
o8t

(LHCb): Max. rate: 900 kHz/'em'
Spatial resolution: ~ cm

Time resolution: ({ns)

Radiation hardness; ~ 2 Clem’ (10 yoars)

Higgs-EW-Top Factories (ce)

GEM, y-RWELL,

Stability, low cost, space resolution,

(IDEA): Max. rate; 10 kHziem®
Spatial resolution: ~60-80 pm

Needs/benefits
for physics reach

(ILCFCC00 CepC/SCTF) Micromegas, RIX! Inrge ares, eco-guses Time resolution: (Xns) 2030-2035 M‘ 20402045 >2045

Radiation hardness: <100 mC/em’
Radt hardongenity

Muon collider

Triple-GEM, u-RWELL,
Micromegas, RPC, MRPC

High spatial resolution, fast/precise
timing, large nrea, evo-gases,
spark-free

Fluxes: > 2 MHz/con® (8<3%)

< 2kHzem’ (for 0212°)
Spatinl resolution: ~ | 00um
Time resolution: sub-ns
Radiation hardness: < Clem’

Hadron physics
(EIC, AMBER,
PANDA/CMB@FAIR, NA60+)

FOC-hh
(100 TeV hadron collider)

Micromegas, GEM, RPC

GEM, THGEM, u-RWELL,

Micromegas, RPC, FTM

Example: Muon systems

High rate capability, good spatial
resolution, mdiation hard, eco-gases,
self-triggered front-cad electronics

Stabulaty, ageing, large area, low cost,

space resolution, coo-gases,

spark-froe, fast/procise timing

(CBM@ FAIR): Max rate <500 kitecm’
Spatial resolution: < | mm

* | Time resolution: ~ 15 ns

Radiation hardness: 10" meq/cm’/year

Max, rute 500 Hz/om'

Spatial resolution « 50 pm
Angular resolution = 70 prad (7=0) to get Ap/p<10% up

|10 20 TeVie

Detector R&D themes

DROTL1 Improve time and spatial
long-term stability
DRDT1.2 Achieve tracking in gaseous detectors with dE/dx and dN/dx capability — eie———
in large volumes with very low matenial budget and different read-out
schemes
DROTL3 Develop environmentally friendly gaseous detectors for very large
areas with high-rate capability
DRDT1.4 Achleve high sensitivity in both low and high-pressure TPCs

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

<2030

for gaseous with

2030-  2035-  2040-
2035 2040 2045

lime resoltion
Firw granularity
Gas properties (eco-gas)
Spatial resolution
Hate capabiity
Mis-hard fongenity
Low X,
1B (1PC only)
Time resokition
e Hato Capabiity
oy, of MPED, T TN, gy
Fine granuiarity
Had-hard/longenity
Preshower Low power
Calorimelers Gas properties (eco-gas)
Toepumd hecdwndogms: Fast timing
O, MFFC, Wrortuges and
Fina granulasity
Mistes capability
Largs anay/integration
Had-hard (photocathode)
1RF (RKCH anly}
Praciss timing
Nate capabiity
dFfdx
FHine granulerity
Low power
Fires grasnudarily
1 arge amay/valume:
 Higher energy resolution
Lower enargy Bireshold
Optical reacout
(Gas pressure stablity
Radiopuity

Desrabii 1o enhance pliysics reach

o0® 0909 eoe oo



DRD1 Collaboration: Large & Diversified Community

161 Institutes
5 Industrial, Semi-Industrial
and Research Foundations
33 Countries

More than 700 members

Countries of DRD1 Institutes (today)




Steps Towards Long-Term Detector R&D Program

Main target projects of Gaseous Detector R&D

HL-LHC after LS4 Higgs Factories Future hadron colliders
J— ' - . (FCC-hh/eh colliders)

Rare event search, fixed target (LFV, Kaon physics) DM, solar axions, gg?r‘g)’:gzé neutrino, nuclear,

AASASA NS

MIGDAL
Darksphere Cygnus
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Gaseous Detector R&D: Common Issues

charge drifting and
lonization amplification readout

Despite the different R&D requirements, there is potential for overlapping in many aspects, allowing for a
larger community of gaseous detectors to benefit. The most straightforward example is the classic
ageing issues, but many others can be mentioned:

- MPGD- the main challenges remain large areas, high rates, precise timing capabilities, and stable
discharge-free operation

-  RPC - focus stays on improving high-rate and precise timing capabilities, uniform detector response,
and mechanical compactness.

- Straw tubes- requirements include extended length and smaller diameter, low material budget, and
operation in a highly challenging radiation environment.

- Large-volume Drift chamber with a reduced material budget in a high-rate environment requires
searching for new materials. Avalanche-induced lon Back Flow (IBF) remains the primary challenge
for TPC applications in future facilities.



I i I I DRDT11 | ti d tial lution f detect ith
D R D 1 SC I e n t I f I C O r g an I Zat I O n lr:'gi\;errr:rgteagﬁityspa ial resolution for gaseous detectors wi

DRDT 1.2 Achieve tracking in gaseous detectors with dE/dx and dN/dx capability

EC FA DetectOI’ R& D RO ad m ap an d Gen el'a| isnclr?;?:e\;olurﬁes with very Ic.nw material budget and different read-out
Recommendations are addressed with a PRI arons with high rate capabitty | - o e 9

DRDT 1.4 Achieve high sensitivity in both low and high-pressure TPCs

scientific organization based on:

v R&D Framework & Working Groups (RD51 Legacy) = Distributed R&D Activities with
Centralized Facilities.
v Work Packages - Strategic R&D and Long -Term Funding (Funding Agency)

o
———DRDTs

WEDTECE S Vo] We2 Wes Wed Wes Wes We7 Wes

Trackers/hodoscopes

T

Photon detection (PID)

Timing detectors
Reaction/decay TPCs
Beyond HEP

Detector physics, simulations and software

Technologies

Applications

Gas and material studies
Electronics for gaseous detectors
Detector production

Common test facilities

Training and dissemination



DRD1 Organization and Management

Approved during the
Collaboration Board
with Consensus

COLLABORATION BOARD

RESOURCE BOARD

MANAGEMENT BOARD

SPOKESPERSONS

SCIENTIFIC
COORDINATION BOARD

(Working Groups, Work Packages,
DRDs Liaisons, Common Projects

Simlar to the RD51 Structure + SCB

DRD1 spokespersons and CB chair candidates, CV,
statements and open presentations:
https://indico.cern.ch/event/1352912/

Wide consolations and nominations from whole community
(about 160 institutes)

Election procedure discussed & approved by the DRD1
Implementation Team and DRD1 CB

About 110 instates casted votes:

Elections Results (2024 -2025)

2 Spokespersons: Eraldo Oliveri, Maxim Titov
CB Chair: Anna Colaleo

DRD1 implementation and organization: Community
Driven with key role played by the Implementation
Team (about 50 persons)

DRD1 Management Elections and Organization
approved by CB. All roles will be approved by DRD1
Meting in June 2024

DRD1 Activities started

Prompt actions required to preserve and enhance the
current momentum in the community



DRD1 Collaboration & Future Events: JOIN US 1]

15t DRD Collaboration Meeting Agenda (Jan. 29 — Feb. 2)

1st Collaboration Meeting

Jan. 29-Feb. 2 (CERN):
https://indico.cern.ch/event/136
0282/

2"d Collaboration Meeting

June 17-21 (CERN):
https://indico.cern.ch/event/141
3681/

3'd Collaboration Meeting
December 9-13 (CERN)

More information on DRD1- related issues:

- Symposium of Task Force 1: https://indico.cern.ch/event/999799/

- ECFA Detector R&D Roadmap (chapter 1): https://cds.cern.ch/record/2784893
- DRD1 Proposal: https://cds.cern.ch/record/2885937

- DRD1 Website: https://drd1l.web.cern.ch/

- Working Groups: https://drd1l.web.cern.ch/working-groups

- Work Packages: https://drd1l.web.cern.ch/wp

2024 Gaseous Detector Conferences & Schools:

« RPC2024 Conference, Santiago, 9-13 September: https://indico.cern.ch/event/1354736

« MPGD2024 Conference, Hefei, 14-18 October: https://mpgd2024.aconf.org

« DRD1 Gaseous Detector School, Nov. 27 — Dec. 6: https://indico.cern.ch/e/drd1school2024



