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European Strategy for Particle Physics

= The 2020 update of the European Strategy for Particle Physics (ESPP)
underlined that:

o The success of particle physics experiments relies on innovative
instrumentation and state-of-the-art infrastructures. To prepare and realise
future experimental research programmes, the community must maintain a
strong focus on instrumentation

a0 The community should define a global detector R&D roadmap that should
be used to support proposals at the international and national levels
= A roadmap process was then started:
o Structuring phase (May—December 2020)
o Collection of inputs from the community by means of several open
symposia (January-May 2021)
o Dratting of the conclusive documents (June—October 2021)
= The outcome was the ECFA Detector R&D Roadmap document,
published in 2021, which defines the major Detector R&D Themes
(DRDTs) and ten General Strategic Recommendations (GSRs)
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http://dx.doi.org/10.17181/ESU2020
http://dx.doi.org/10.17181/CERN.XDPL.W2EX

Detector

R&D Themes

All Themes are critical to
achieving the science
programme outlined in the
ESPP and are derived from
the technological
challenges that need to be
overcome for the scientific
potential of the future
facilities and projects listed
in the ESPP to be realised

It is important to ensure
that detector readiness
should not be the limiting
factor in terms of when the
facility in question can be
realised

<2030

2030-
2035

2035-
2040

DRDT 1.1 Improve time and spatial resolution for gaseous detectors with
long-term stability
DRDT1.2 Achieve tracking in gaseous detectors with dE/dx and dN/dx capability

in large volumes with very low material budget and different read-out
schemes
DRDT1.3 Develop environmentally friendly gaseous detectors for very large

2040-
2045

areas with high-rate capability

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

DRDT 2.1 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

Liquid

DRDT3.1 Achieve full integration of sensing and microelectronics in monolithic
CMOS pixel sensors

T

I

solid DRDT3.2 Develop solid state sensors with 4D-capabilities for tracking and & L & 9
ol calorimetry
state DRDT3.3 Extend capabilities of solid state sensors to operate at extreme 1o 0
fluences
DRDT3.4 Develop full 3D-interconnection technologies for solid state devices - - - 0

in particle physics

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

DRDT4.2 Develop photosensors for extreme environments
DRDT4.3 Develop RICH and imaging detectors with low mass and high

PID and
Photon

resolution timing

L X

L 3N ]

DRDT 4.4 Develop compact high performance time-of-flight detectors

DRDT5.1 Promote the development of advanced quantum sensing technologies

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

DRDT5.3 Establish the necessary frameworks and mechanisms to allow
exploration of emerging technologies

DRDT5.4 Develop and provide advanced enabling capabilities and infrastructure

DRDT 6.1 Develop radiation-hard calorimeters with enhanced electromagnetic
energy and timing resolution

DRDT6.2 Develop high-granular calorimeters with multi-dimensional readout
for optimised use of particle flow methods

DRDT 6.3 Develop calorimeters for extreme radiation, rate and pile-up
environments

DRDT7.1 Advance technologies to deal with greatly increased data density

DRDT2.2 Develop technologies for increased intelligence on the detector

DRDT7.3 Develop technologies in support of 4D- and 5D-techniques

DRDT7.4 Develop novel technologies to cope with extreme environments and
required longevity

DRDT7.5 Evaluate and adapt to emerging electronics and data processing
technologies

DRDT8.1 Develop novel magnet systems

DRDT8.2 Develop improved technologies and systems for cooling

DRDT8.3 Adapt novel materials to achieve ultralight, stable and high
precision mechanical structures. Develop Machine Detector
Interfaces.

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

l

> 2045
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General Strategic Recommendations

= GSR 1 - Supporting R&D facilities
= GSR 2 - Engineering support for detector R&D

= GSR 3 - Specific software for instrumentation

= GSR 4 - International coordination and organisation of R&D activities
= GSR 5 - Distributed R&D activities with centralised facilities

= GSR 6 - Establish long-term strategic funding programmes

= GSR 7 - “Blue-sky” R&D

= GSR 8 - Attract, nurture, recognise and sustain the careers of R&D
experts

= GSR 9 - Industrial partnerships
= GSR 10 - Open Science
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DRD Collaborations

= During the roadmap process, the work was organised into nine Task
Forces (TF), each focused on specific detector technology areas

o Eight of these Task Forces submitted proposals that evolved into DRD
Collaborations, while TF9 was transformed into the ECFA Training Panel

( TF#1 TF#2 TF#3 TF#4 TFH#5 TF#6 TF47 TF#8 TF#9
Gaseous Liquid Solid State Photon Quantum & Calorimetry Electronics & On- Integration Training
Detectors Detectors Detectors Detectors & Emerging detector
PID Technologies Processing
Frank Hartmann Jahann Callat

Daarve Newbald

[Francois Vasey ‘Werner Riegler Erika Garutti

Meville Harnew Marce| Demarteau Roberta Ferrari

Anna Colalea Roxanne Guenette Nicala" Cartighia
k_ Leszek Ropelewski locelyn Monroe Giulio Pellegrini Peter Krizan Michae| Doser Roman Poeschi
! ! ! ! ! ! ! ! !

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

= During the roadmap process, the work was organised into nine Task
Forces (TF), each focused on specific detector technology areas

o Eight of these Task Forces submitted proposals that evolved into DRD
Collaborations, while TF9 was transformed into the ECFA Training Panel

1. Gaseous 2. Liquid 3. Semiconductor 4. PID & Photon

e.g. e.g. €.8- ‘ e.g. ;
time / spatial Light/charge CMOS pixel spectral range

resolution; readout; SENSOrS; of photon

. . . Sensors;
environment low Time resolution

friendly gases background (10s ps) Time
materials resolution

5. Quantum : i 8. Integration
quantum

SENnsors .
: AP tracking
b detector

mechanics

beyond QFTP
in
conventional
detectors

Chris Parkes, IOP APP+HEPP+NP Conference, April 2024
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Strategic and Blue-Sky R&D

= Blue-Sky R&D is basic research where applications are not immediately
apparent: starting point of development (very low TRL: 1-3)

= Strategic R&D bridges the gap between the idea (TRL 1-3) and the
deployment and use in a HEP experiment (TRL 8-9)

m Detector R&D Collaboration should

address TRL from 3 to 7, before
experiment-specific engineering
takes over

= Strategic R&D covers the
development and maturing of
technologies, for example:
o Iterating different options
o Improving radiation hardness

0 Scaling up detector area, number of
layers, etc.

= Backed up by strategic funding,
agreed with funding agencies

Experiments

Strategic

Blue Sky

Technology Readiness Levels (TRLs):
estimating maturity of technologies

System Test, Deployment,
and Operations

System Development

Technology Demonstration

Technology Development

Research to Prove
Feasibility

Fundamental Science/
Basic Research

T. Bergauer, Pisa Meeting 2024
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Road to DRD4

Q

Short chronology of actions

Peter Krizan (Ljubljana) and Christian Joram (CERN) were mandated by
ECFA to prepare the launch of an R&D collaboration on Photodetectors and
Particle ID (including SciFi and TR) named DRD4

First meeting of some senior people 8 March 2023 (+ questionnaire)

Live community event 16-17 May 2023 at CERN. Some 50 participants were
present plus about 30 on Zoom. Main goals: discuss the scientific and
organisational backbones of DRD4

The proposal writing process was launched. A preparation team of
volunteers was formed to promote the process

Community update event was held on 15 June (by Zoom): lots of work in
the background to discuss scope, work packages, working groups

Submission of proposal (33 pages) on 31 July 2023
m  Then two revisions: 31 October 2023 (R1) and 14 November 2023 (R2)
Presentation to DRDC on 4 December 2023
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Road to DRD4

= Short chronology of actions
o Peter Krizan (Ljubljana) and Christian Joram (CERN) were mandated by

en two revisions: 31 October 2023 (R1) and 14 November 2023 (R2)
o Presentation to DRDC on 4 December 2023
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DRD4 Collaboration

= DRD4: international Collaboration with CERN as host laboratory
a  Approved by the CERN Research Board in December 2023
= Main goal: bundle and boost R&D activities in photodetector

technology and Particle Identification (PID) techniques for future HEP
experiments and facilities

= To be more specific, DRD4 covers the following topics:
o Single-photon sensitive photodetectors (vacuum, solid state, hybrid)
o PID techniques (Cherenkov based, Time of Flight)
o Scintillating Fiber (SciFi) tracking
o Transition Radiation (TR) using solid state X-ray detectors

= DRD4 structure initially defined in the Proposal document
a6 Working Groups (WGs) reflecting the main areas of R&D
= Scientific forums for discussion: no agreed tasks, no committed resources
= Facilitate exchange of information, know-how, samples, infrastructure, etc.
a 5 Work Packages (WPs) reflecting the main ECFA roadmap themes and goals

= Run like projects: divided in tasks, with agreed goals, milestones, deliverables,
and are jointly funded by the resources of the participants
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https://cds.cern.ch/record/2884872

DRD4 structure (from the Proposal)

Structure and naming
scheme of DRD4

Following new nomenclature (10-10-2023)

)
WP 4.5: SciFi & TR

WP 4.1 WP 4.2 WP4.3:RICH WP4.4:TOF
Solid state PD Vacuum based PD 4 N\
p Following DRDT 4_3:\ fl_:olluwing DRDT 4.D
Develop RICH and Develop compact high || Advance SciFi and
Following themes DRDT 4.1 and DRDT 4.2: imaging detectors with performance time-of- || Transition Radiation &

W Enhance the timing resolution and spectral range of photon low mass and high flight detectors detectors [ih]

% detectors. Develop photosensors for extreme environments timing resolution %

jg Tack 411 | Task 4.2.1 | | Task431 | | Task 4.4.1 | Task 4.5.1 é

(O

a Task 4.1.2 Task 4.2.2 Task 4.3.2 Task 4.4.2 i

{ -

5 | Task 4.1.3 I | Task 4.2.3 I | Task 4.3.3 | Task 4.4.3 ?C:

| C—1

. \ TAS A% J
. AN
s [ WG 4.1 WG 4.2 WG 4.3 WG 4.4 WG 4.5 WG46
&
O |
% Photodetector R&D ;Iﬂcﬂ;l_lcle ID Technologies Specific Future
o sE i Radiators developments ideas,
£ Gaseous — Optical elements SciFi concepts,
x< Vacuum TOP Readout TR (solid state based) blue sky
o TORCH Cooling
= TOF
CJ 07 Nov 2023
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DRD4 structure implementation

= DRD4 Constitutional meeting at CERN in January 2024

o First DRD4 Collaboration Board (CB) Meeting: elections of main
roles + admission of new groups

o Initial terms for all elected roles: 1 year
m Later in 2024
Definition of provisional governance arrangements
First DRD4 Week (June 2024)
Nomination of Constitution and Membership Committee (CMC)
Second DRD4 Week (October 2024)
Constitution v1.0 approved by the CB
o Preparation of draft Memorandum of Understanding (MoU)
m In 2025
o Elections: all roles confirmed/renewed (February 2025)
o Third (April 2025) and fourth DRD4 Week (October 2025)
o Finalization of MoU document: in progress

Cc o O O o
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DRD4 main roles

o 0o 0o 0o O o

O

a

Q

Elected roles:

DRD4 Collaboration Board Chair: Guy Wilkinson (Oxford)
DRD4 Spokesperson: Massimiliano Fiorini (Ferrara)

WP1 Leader: Rok Pestotnik (Ljubljana)

WP2 Leader: Imad Laktineh (Lyon)

WP3 Leader: Roberta Cardinale (Genova)

WP4 Leader: Jon Lapington (Leicester)

WP5 Leader: Blake Leverington (Heidelberg)

WGI1 Convener
WG2 Convener
WG3 Convener
WG4 Convener
WG5S Convener
WG6 Convener

: Fabrice Retiere (TRIUMF)

: Sajan Easo (RAL)

: Fulvio Tessarotto (Trieste)

: Maurizio Martinelli (Milano Bicocca)
: Sune Jakobsen (CERN)

: Suat Ozkorucuklu (Istanbul)

Nominated roles:

0o Technical Coordinator: Sune Jakobsen (CERN)
o Resources Coordinator: Roberto Preghenella (Bologna)

RICH2025 - DRD4 Collaboration
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DRD4 groups

= Current status: 67 groups from 20 countries

o Many small groups, many with no prior experience in large R&D
collaborations

o Large effort to constitute a collaborative effort amongst a research
community that has not traditionally worked together in the recent past

Created with mapchart.net
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DRD4 activities

m Different levels of activities

o WG meetings organized by the corresponding Conveners
o WP meetings organized by the corresponding Leaders

o Management meeting

= Periodic meetings between the WG Conveners, WP Leaders, SP and CB chair to
monitor progress and proper inclusion of new teams and members

o Collaboration meetings

= DRD4 scientific activities ramped up since the beginning of 2024: many
scientific and technological discussions

= DRD4 Collaboration web-page:
o https://drd4.web.cern.ch/

= DRD4 Indico meetings page:
o https://indico.cern.ch/category/17388/
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DRD4 Collaboration Meetings

= Constitutional meeting (CERN, 23-24 January 2024)
= 1t DRD4 Collaboration meeting (CERN, 17-20 June 2024)
= 2rd DRD4 Collaboration meeting (CERN, 21-25 October 2024)
= 3 DRD4 Collaboration meeting (CERN, 7-11 April 2025)
2 On average 130 participants (in presence + via Zoom)

o Next one: 13-17 October 2025 - if interested get in touch with us =2
registration is free of charge: https://indico.cern.ch/event/1473150/

] Fis ) A v P
i WSl VA 7V
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https://indico.cern.ch/event/1473150/

DRD4 Working Group activities

= Crucial to build our (new!) community, enabling discussion of
activities and the spread of information

= Goals

Q

Q

Q

Discuss and present scientific and technological activities
Share expertise in the specific topics

Discuss availability/need of equipment and infrastructures for
specific activities (and possibility of sharing or use by other DRD4
members)

Present new technologies
Etc.
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WG1: Photon Detectors

= Scientific forum for studies and development of novel photodetectors
with focus on PID for future experiments

= Topics (selection):

o 0o 0 0o 0 O O

O

Q

Radiation hardness; timing resolution; high-rate capabilities; longevity
Extreme conditions: e.g., cryogenic and high magnetic field

Large-area (e.g. SiPMs arrays, LAPPDs, etc.); hybrid detectors

Fine granularity detectors for future high-rate experiments

New technologies: CMOS-SPADs, new SiPM structures, BSI SiPMs
New photocathode structures and materials

Novel materials for photon detection: e.g., Ge-on-5i APDs;

Read-out electronics for extreme environments, fast timing and high
channel density; optimal sensors and R/O electronics integration

Simulations of photo-detector response

Standardization of procedures for photodetectors characterization

WGI1 Convener: Fabrice Retiere (TRIUMF)
Deputies: Angela Romano (Birmingham), Qian Sen (IHEP-CAS)
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WG1: Photon Detectors

Examples of presented activities g~y MCP-PMT performance for Belle Il

Dol T and future developments for upgrades
OSYERREICHISCME H ‘]l \',
Oaw mEE  i¢ HEPHY RWIH

DRD4 R&D Collaboration
Development of Photon Detectors and
Particle Identification Techniques

SiPM Single Photon Timing Resolution

Stefan Gundacker "

" Institute of High Energy Physics (HEPHY), Austrian Academy of Sciences (OEAW), Vienna, Austria
2 Department of Physics of Molecular Imaging Systems (PMI), RWTH Aachen University, Aachen, Germany

stefan.gundacker@cern.ch

Adapting the CBM'’s RICH electronics readout
to SiPMs

2nd DRD4 Collaboration Meeting. CERN.
J. Pefia-Rodriguez

penarodriguez@uni-wuppertal.de

FBK NUV-BSI SiPM Update

Bergische Universitat Wuppertal '
Fakultat fiir Mathematik und Naturwissenschaften

2024 [ <

BERGISCHE

UNIVERSITAT NRW'FAIR,\//

WUPPERTAL NI etzwerkv\\‘ C BM
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WG2: Particle ID

= Study of new and improved detector concepts, achievable performance,
and intrinsic limitations of Cherenkov-based and TOF detectors

employed for PID (such as RICH, DIRC, TOF, TOP, TORCH) plus any
new concept

= Topics of interest
o  Study of advanced PID techniques
o  Development of new compact RICH concepts
o Optimal operation of new detectors
o Future DIRC detector applications

o Development of innovative RICH configurations, like e.g. pressurized argon
RICH, Aerogel-based RICH, lightweight RICH

o  Study the impact of time-resolved readout for future RICH detectors

WG2 Convener: Sajan Easo (RAL)
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WG2: Particle ID

Examples of presented activities

A RICH detector for TeV Particles in the ALADDIN Experiment }

Jascha Grabowski

University of Bonn

24-06-19

on behalf the proto-collaboration for the ALADDIN Lol

4

UNIVERSITAT

CENTRE DE PHYSIQUE DES
PARTICULES DE MARSEILLE

CPPM

“Green radiators”: Controlling refractive index & reducing Cherenkov gas
radiator GWP: a challenge in an era of diminishing fluorocarbon availability

Related paper: https:/link.springer.com/article/10.1140/epjp/s13360-023-04703-w
See also:
https://indico.cern.ch/event/1263731/contributions/5398511/attachments/2648319/4584649/G_Hallewell
DRD4%20Rad%20Gas%20GWP%20with%20annexes%20May%2016%202023.pdf
https://indico.cern.ch/event/1371158/contributions/5773321/attachments/2788215/4861759/G_Hallewell
ATLAS_sustainability_forum_Jan_26_2024_v2.pptx

ICHEP2024 (July 2024): https://indico.cern.ch/event/1291157/contributions/5900402/

G. Hallewell

Aix Marseille Université,
CNRS/IN2P3, CPPM, Marseille, France

Aix+Marseille

Layout

m use spherical mirror on one side,
focal length bm — R = 10m

m Cherenkov angle = 8.4 mrad for
helium — rings are quite small:
d = Rc = 8.4cm

m channeled Af have angle of 7
mrad — photons have 7 cm
offset at detector plane °

m A} daughters highly boosted:
most lie within
Otrack € [5,11] mrad e

() RICH vessel side view (b) Endview

Photoscasan sy

— Cherenkov photons hit detector R L
plane in a region of = 10% 10 RICH vessel could look like a telescope: 5m cylindrical

cm? pipe with 15 cm diameter and a mirror on one side

“plus contribution from tilt of
mirror

A RICH for ALADDIN 24-06-19

CENTRE DE PHYSIQUE DES

LIHIKE  Approaches to low-GWP fluorocarbon RICH radiator gases

https://link.springer.com/article/10.1140/epjp/s 13360-023-04703-w
(paper: EuroPhysics J. Plus, Dec 2023)
(2) _https://indico.cern: oot Chments/2648319/4584649
/G_Hallewell DRD4%20Rad%20Gas%20GWP%20with%20annexes%20May%2016%202023.pdf

(3) https://indico.cern.ch/event/1410802/ (DRD4 WG2 meeting 17 May 2024)
(4)  https://indico.cern.ch/event/1420840/ (DRD4 WP_3.1 meeting 28 May 2024)

G. D. Hallewell
Aix Marseille Université, CNRS/IN2P3, CPPM, Marseille, France

With thanks to many people for information, as detailed in link (1) above

DRD4 Collaboration meeting: WG 2 Aix i Marseille

6

DRD4 Collaboration Meeting, universite - universite
wﬁﬁ%ﬁ WG-2: CERN Oct 21-25 2024 ver 1 1 lm?g‘%s Low GWP FC radiator gases: June 19 2024 1
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WG3: Technological activities

= Focus on the key technologies for RICH and other imaging detectors
systems, including the full read-out chain
= WG3.A - Key technologies for RICH and other imaging detectors

o Radiators (gas, aerogel, etc.) characterization, purity, fluid circulation,
monitoring

o Optical technologies: mirrors, lenses, coatings, aspherical elements, etc.

a0 Thermo-mechanical engineering design: light materials, active local cooling,
annealing in situ techniques, etc.

0 Ancillary instrumentation: for control of systematic uncertainties
(calibration, alignment, monitoring) of PDE, (n-1), etc.

s WG3.B — Read-out electronics

o Solutions to develop full read-out system chain for fast low-noise pixelated
single-photon counters (for PMT/MCP/SiPM/etc.) with O(10%) channels, to
be used as a general tool in DRD4 for laboratory tests, test-beam setups, etc.

WG3 Convener: Fulvio Tessarotto (Trieste)
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WG3: Technological activities

Examples of presented activities "’Cff". ORD4-WP3-CERNOCT2024 S -
LATEST DEVELOPMENTS ON & AROUND
eron THE SAMPIC WAVEFORM TDC

Detector Technologies

Strategles to reduce GHG emissions D. Breton?, C.Cheikali?, E. Delagnes':, H. Grabas?, O.

from particle detectors % c Lsb Lemaire?, J. Maalmi?, P. Rusquart?, P. Vallerand?
o
Beatrice Mandelli on behalf of the Gas Team iréne Joliot-Curle
Laboratoire de Physique
des 2 Infinis
1 CEA/IRFU Saclay (France)
2 CNRS/IN2P3/IJCLab Orsay (France)
3 Anciennement CEA/IRFU Saclay (France)

4 Anciennement CNRS/IN2P3/LAL Orsay (France)

CERN CF’]TS

IN2P3

Les deux infinis

uverstts  Opro urig o I7U

DRD4 Collaboration Meeting
19t June 2024

1

Aerogel characterization
The Picopix Project studies

Xavier Llopart
On behalf of the LA-PicoPix design team

Rocco Liotino, Eugenio Nappi, Nicola Nicassio, Giacomo Volpe

University & INFN, Bari
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WG4: Software

= Address software issues related to the next generation of detectors
developed in DRD4

a

Develop software packages of common interest to the DRD4 community
and share experiences from software developments in different projects

Some of the recent advances in software technologies can provide
significant improvements in the simulation and analysis of the data
produced in Cherenkov detectors

= Topics (selection)

a

a

a

ML techniques to improve PID algorithms
Develop software that runs on GPUs to speed up simulation/reconstruction
Simulate the next generation of photon detectors and their read-out

Create framework to evaluate the new algorithms that will be developed on
different software platforms

WG4 Convener: Maurizio Martinelli (Milano Bicocca)
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WG4: Software

ey irfu & BioMaps_

Object Identification for Particle Detectors using Deep J
Learning -~

Thomas Pdschl®®, Sara Aumiller®®, Sergei Gerassimov®, Nicole Hartman®, Lukas Heinrich®, Florian Kaspar®, Karina-
Sanziana Stelea®, Stefan Wallner®, Dominik Ecker®, Luise Meyer-Hetling®, Andrii Maltsev®

Examples of presented activities

2 European Organization for Nuclear Research (CERN)

b Technical University of Munich (TUM) Simulation for the ClearMind ?rqigct

¢ Max-Planck-Institute for Physics, Munich (MPP)
thomas.poeschl@cern.ch

NiC

Viatcheslav Sharyy
For the ClearMind Collaboration

o) z

£ 2

€ £ g

i g 0 2
5 5

Ughly lonizing. ..
Credit: Futuris Tech horizontal position (mm) .
1 DRD4 meeting
May 31, 2024

Comprehensive Particle Identification

Software Ecosystem for DRDs: Key4Hep (CPID) in Full-Detector Simulation

Alvaro Tolosa-Delgado (CERN)

Second DRD4 collaboration meeting (CERN)
Oct. 23™, 2024 Uli Einhaus

2" DRD4 Collaboration Meeting
23.10.2024

Karlsruhes |muu Te(h ologie

RICH2025 - DRD4 Collaboration 25 Massimiliano Fiorini (Ferrara)



WGH: SciFi and TR Detectors

= R&D of segmented detectors based either on scintillating fibers or on
pixelated semiconductor detectors for high precision tracking,
eventually exploiting the transition radiation for PID

= WGHS.A - Scintillating Fibers

Novel fast & radiation-hard scintillating fibers

Q
o Tracking with photon timing information in high occupancy environments
Micro-lenses on SiPMs

O

o Fiber ribbon and detector plane production techniques (flexible ribbons)
o Cryogenic cooling of SiPMs

s WGAH.B - Transition Radiation Detectors

o Development of a novel TRD based on highly segmented pixel
semiconductor detectors (Si, GaAs, CdTe) for measuring both the energies
and the emission angles of TR X-rays, for hadron ID in the TeV range

WG5 Convener: Sune Jakobsen (CERN)
Deputy: Francesco Loparco (Bari)
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WGH: SciFi and TR Detectors

Examples of presented activities

R&D on Scintillating Fibres and
SPAD array sensor readout for
future Neutrino experiments

Till Dieminger*, K. Kaneyasu?, M. Franks'3,
C. Bruschini?, E. Charbon?, D. Sgalaberna!

*tilld@ethz.ch

1 Neutrino Group, ETH Zurich
2 AQUA Lab, Neuchatel, EPFL
3 Now: CMS Group, ETH Zurich

ETHziirich =PFL

ETH Zirich, Institute of Particle Physics and Astrophysics (IPA), Otto-Stern-Weg 5, 8093, Zurich, Switzerland

Development of a scintillating
fiber tracker with SiPM
readout for a space-borne
cosmic-ray detector

Roberta Pillera

on behalf of
G. De Robertis, L. Di Venere, F. Gargano, M. Giliberti, A.

Liguori, F. Llcmulll F. Loparco L. Lorusso, M.N. Mazztotta \ M
G. Panzarini, D. Serini

With the support of the technical staff of INFN Bari

3rd DRD4 Collaboration Meeting ‘\‘

11/04/2025
roberta.pillera@ba.infn.it

) ’m &llﬂ::ﬂww’%nw&ﬁm- -‘ “ _

Characterization of

pixelated high-Z sensor for X

and gamma-ray detection

Petr Smolyanski & Benedikt Bergmann
Institute of Experimental and Applied Physics, Czech Technical University in Prague

Petr.smolyanskiy@utef.cvut.cz

Benedikt.bergmann@utef.cvut.cz

med:p:x

--‘- _collaboration
--

High purity electron and hadron beams for PID
studies at SPS.

On behalf of the DRD _4.5.2 working group.
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WG6: Novel ideas and far-future R&D

= This WG acts as the DRD4 collaboration’s gate for novel ideas and
revolutionary concepts

o New ideas shall find in WG6 the right environment to prosper
o Help the new concepts to reach the required level of maturity

o Hope to transform some of these ideas into breakthroughs in the field,
impact the future of photon detection

WG6 Convener: Suat Ozkorucuklu (Istanbul)
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WG6: Novel ideas and far-future R&D

Examples of presented activities

oth April 2025

Large-scale
superconducting
nanowire readout

Boris Korzh
University of Geneva, Switzerland

5 UNIVERSITE
DE GENEVE

o =DRD4}
National Laboratery
Radio Frequency Photo-Multiplier Tube, RFPMT

Amur Margaryan on behalf of the Advanced Radiofrequency Timing AppaRATus (ARARAT) collaboration

Ani Aprahamian*»!$, Vanik Kakoyan®!231°, Simon Zhamkock 128 Sergey Abrahamyan®*>3, Hayk Elbakyan®?3. Arsen Ghalumyan®233,
Gagik Sughyan*?35, Hasmik Rostomyar Anna Safaryan*2519, Samvel Maiylyan*35, Artashes Papyan*235, John Annand®>33, Kenneth
Livingston®233, Rachel Montgomery??35, Patrick Achenbach®!2*%, Josef Pochodzalla®*f, Dimiter L. Balabanski**f, Satoshi N.
Nakamura®?32, Viatcheslav Sharyy#>*°, Dominique Yvon#?*?, Khachatur Manukyan®?

) AT Alikhanyan National Science Laboratory, b) School of Physics & Astronomy, University of Glasgow, ¢) Thomas Jefferson National Accelerator Facility, d) Institut
fur Kernphysik, Johannes Gutenberg-Universitat Mainz. ¢) Extreme Light Infrastructure- Nuclear Physics (ELINP), f) Department of Physics, Graduate School of Science.
the University of Tokyo, g) Département de Physique des Particules Centre de Saclay, h) Department of Physics and Astronomy. University of Notre Dame

Activities: | management. 2 R&D. 3 hardware. 4 software, 5 test studics. 6 fundamental studies. 7 quantum technologies, 8 muclear physics, 9 imaging. 10 material science

Outline

*Advanced RF timing technique

*Radio Frequency Photo-Multiplier Tube (RFPMT)

*RFPMT and Optical Frequency Comb/RF Synchronized Photon Source
*Time-Resolved Photoelectron Emission Lifetime Spectrometer

*Heavy Ion Detector

*Time Microscope of Nuclear Reactions

7/4/2025-11/4/12025 DRD4 1

Recent developments of amorphous
selenium-based X-ray detectors

Shiva Abbaszadeh

Radiological Instrumentation Laboratory
Electrical and Computer Engineering
ril.soe.ucsc.edu

”[; SHNIH EH“Z EEaZEﬁeering

(\'%9 Prospects for Advanced Fiber Detectors i)

3rd DRD4 Collaboration Meeting
(WG6 : Blue Sky R&D)

A mature and successful technology
Optical fibers:

= widely used in fiber-optic networks for long-distance
and high-bandwidth data transmission, essential in
telecommunications;

= for particle detection: scintillating or Cherenkov-light-
emitting fibers, coupled to multichannel photodetectors
Extra bonus using quartz fibers :
* Radiation resistance
* Time resolution

Oy =50 pm
A 4D QCTD (= Quartz Cherenkov Timing Detector)<:
Ot = 10 ps
A. Penzo, 10/04/2025 SEwl
(For lowa - Istanbul QCTD) Y
* 153"
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Work Package activities

= WP meetings

a Discussion on available and needed resources for each defined task
(persons, materials, equipment, funds); milestones and deliverables;
sharing of responsibilities and synergies among the various groups;
etc.

o Presentation of results and status review at periodic meetings
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WDP1: Solid-State Photodetectors

= Task 1-SSPD with new configurations and modes

o Development of back-side illuminated SiPM (potential for better PDE and
radiation tolerance); development of ultra-granular SiPM that integrates
with the electronics by using 2.5D or 3D interconnection techniques;
development of CMOS-SPAD light monolithic sensors for HEP; study of
new materials for light detection

m Task 2 - Fast radiation hard SiPMs

o Standardize procedures for quantification of radiation effects; irradiated
SiPMs characterization in wide temperatures range (down to -200 "C); study
of annealing; study and quantify other measures enabling the use of SiPM
in highly irradiated areas (e.g. smaller SiPMs, macro- and micro-light
collectors)

= Task 3 - Timing of SSPD, including readout electronics

o0 Study and improve the timing of SiPMs; co-design of a multi-ch. readout
ASIC exploiting the timing potential; integration and packaging with
integrated cooling; vertical integration of SiPM arrays to FEE (better timing

via reduction of interconnections' parasitic inductances and capacitances)
WP1 Leader: Rok Pestotnik (Ljubljana)
Task leaders: Alberto Gola (FBK), Lodovico Ratti (Pavia), David Gascon (Barcelona)
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WDP1: Solid-State Photodetectors

Examples of ongoing activities

Backside illuminated (BSl) s
SiPMs: potential for an :
enhanced PDE and a better ~=
radiation tolerance. N

......... 2 g e
Avalanche Region ———

The first results of
the FBK IBIS Run
samples

14

> WS oe
- - -

o 25um
* - 35um

Timing of SSPD & Developing ultra-granular SiPM that integrates with the readout electronics

& ICCUB 7

Institute of Cosmos Sclences

FastiC+
(collab. CERN

Sohetiets e

[ S
130

) ICCUB)
Low power

Chip

2024 Produced and

-cun '

3x3mma2 SiPM Array

evaluated BGA design & 256 Ch 5x5cm2
production end of Module proposal
* Study and improve the timing of SiPMs. June 2025

* Optimised, reliable, cost-effective integration and packaging with integrated cooling.

* Vertical integration of SiPM arrays to FEE: optimise timing by reducing the
interconnections' parasitic inductances and capacitances.

Bumg-Bending
Amgificaticon

Dcrmunater 4
Courter

Reas-Out

w0

o

[ Ultra granular SiPMs

Long term goal
1x1mm2 SiPM array
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WDP1: Solid-State Photodetectors

Examples of ongoing activities

CMOS-SPAD light sensors: co-integration of SPADs and electronics, digitised output signals

spadRICH - Radiation-hard digital analog silicon photomultipliers for future upgrades of Ring Imaging Cherenkov detectors

aqualab i G N s
ZPFL Ed
@ Institut

"Jozof Stefan"
.. Ljubljana, Slovenija

] sty 10 change output
channel size
ASPIDES -Development of a technology platform for the design, production and commissioning of dSiPMs
—— ,/_\
INFN vwcut: = S e pusl Ly SIPMBITO
- Soansah o o EN —>) Suspoe L—» SIPMBIT1
TEST N —»

THRESHSELD —» ~» SPM logic > SIPMBIT2
;:SRS;SEU = > SIPMBIT3
ENRESGLOB N — niSIPM A > SIPMBIT4
pdon iz o o > SIPMSOT
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WDP1: Solid-State Photodetectors

Examples of ongoing activities

Fast & radiation hard SiPMs - enabling the use of SiPM in highly irradiated areas

| MUV-HD for AlDAINNGva

« Characterise SiPMs to -200 deg. C Experimental structures oy
* Study of annealing. Aidalnnova Run - exp. May 2025
= Study and quantify other measures : Two different technologies:

] * Low electric field .
Test samples of different producers « Ultra Low electric field e
(Hamamatsu, Broadcom, FBK, ...) . P - e
Quantify different parameters Cell pitch: 15, 25, 40, 75um - Liwer coos 1k - :< abserting matieial

SiPM sizes: (0.25, 0.5,1,2,3)2 mm?
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WP2: Vacuum-based Photodetectors

= Task 1- New materials, coatings, longevity and rate capability studies

a  Develop new materials and techniques to increase MCP-PMT tube lifetime
and improve rate capabilities; use new techniques with new materials to
achieve high aspect ratio with small diameter for better gain, time, and
spatial resolution

= Task 2 - New photocathode materials, structure and high QE VPD

o Search for new materials with the required characteristics to be used as
photocathodes; develop photocathodes with new structures

= Task 3 - VPD time and spatial resolution performance

o Development of large area MCP-based photodetector with combined
excellent timing and position resolution, including electronics integration

WP2 Leader: Imad Laktineh (Lyon)
Task leaders: Silvia Gambetta (Edinburgh), Thierry Gys (CERN)),
Ping Chen (XIOPM-CAS), Claudio Gotti (Milano Bicocca)
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WP2: Vacuum-based Photodetectors

Examples of ongoing activities

To fully exploit MCP we propose the following scheme:
A transparent grid placed downstream and read out by sensors with

excellent time resolution

O A detection matrix with micrometric pixels to measure with great precision
the position of the avalanche while requiring limited number of electronics

channels.

PCT/EP2020/050058

PICMIC

Reflective silicon-based
photocathode development

H. Abreu, I. Laktineh*®, J.L. Leclerc'?, N. Terrier?, C. Chevalier'?, P.

Pitet®?, B. Rea'?, P. Kleimann12

(1) IP21, Institut de Physique des 2 infinis, CNRS/IN2P3
(2) INL, Institut des Nanotechnologies de Lyon
(3) UCBL : Université Claude Bernand Lyon 1

uuu

CERN - DRD4 week, 21" October 2024

§ PV-tab

Amorphous Silicon Microchannel
Plates: A new photon detector with 10
ps timing and 15 pm spatial resolution

Georgios Konstantinou, Luca Antognini, Samira Frey, Christophe
Ballif and Nicolas Wyrsch

IEM NEUCHATEL

=PrL

2.0 The R&D of the MCP-PMT in IHEP

s & 1t Small Size Large Size
Operatlon Prmcnple (proximity focusing) (electrostatic focusing)
s S 2 Dynode-PMT / 20“ Dynode-PMT J
9 L YN H8500 R1238
= —_— — =
= Photosmisive cathode| ote f
g ; ‘ A
High voltage () cumentto-votage
000V s 4
2* McP-PMT of 20 mop-pmt o
] > photon B
] Facapl —
1 Photocathod
= ; Photoslectron AV = 200V
o) i DualMcP .> AV~ 2000V
9| Z/ANN . .
|

Yifang Wang
the PMT collaboration leader

the PMT group:
LPMT: 2009-2019;
FPMT: 2020-2024;
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WP3: RICH and other imaging det.

= Task 1-New Materials Radiators and Components

o Gas alternatives; optimized aerogel modules; precise interferometric
measurement of refractive index

= Task 2 - Development of new RICH detector concepts for improved
performance

o High-pressure gas radiator; fast timing, combined RICH/TOF; cryo-RICH;
modular RICH; technological demonstrators & proof of concepts

= Task 3 - Prototype Single-Photon Sensitive Module for Imaging Arrays
from sensor to DAQ and self-calibration systems

o  Fully functional autonomous modules; scalable R/O electronics; integration
to arrays with cooling; on-detector calibration/alignment/monitoring

= Task 4 - Study of RICH detectors for future e*e” colliders
o Prototype a cell for the ARC concept

= Task 5 - Software and Performance
o Fast simulation; reconstruction for high occupancy, high background

WP3 Leader: Roberta Cardinale (Genova)
Task leaders: Fulvio Tessarotto (Trieste), Sneha Malde (Oxford), Chris Jones (Cambridge)
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WP3: RICH and other imaging det.

Examples of ongoing activities

* WP4.3.1: New Materials Radiators and Components * WP4.3.2: Development of new RICH detector concepts for improved
Study of novel and optimized radiators, including gas alternatives performance.
to perfluorocarbons and enhanced aerogel tiles, along with the .

Several new concepts and detector designs under consideration
including a pressurized RICH with inert gasses like Argon as a possible
alternative to fluorocarbon greenhouse gases.

development of advanced instrumentation and techniques for
the characterization, quality assessment, and monitoring of
Cherenkov radiators.

Modified folded Jamin interferometer Optimized Aerogel Radiator Tiles * WPA4.3.3: Prototype Single-Photon Sensitive Module for Imaging Arrays from
for gas refractive index monitoring

(INFN Trieste)

sensor to DAQ and self-calibration systems.

EPIC dRICH prototype SiPM module (INFN Bologna) Prototype SiPM Housing with local cooling
(Uni and INFN Genova)

¥ ) —]

&x SPM manrs MY
(296 charneldy)

"

INFN Ferrara

Study of gas alternatives to
perfluorocarbons or eco-friendly
fluorocarbon gas system

e AN
RIS \/ Jozef Stefan Institute

HOne-end eecHoncs
(AL COR ASIC )
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WP3: RICH and other imaging det.

Examples of ongoing activities

* WP4.3.4: Study of RICH detectors for future electron-positron colliders (CERN, University

and INFN Genova, University of Oxford, University of Warwick)
ARC detector concept for FCC-ee

* Performance evaluation with simulation and development and testing of a prototype
compact RICH cell

N, o3 Momertiom for w - A

Mo AT Soparation

Morreream (Ce

WP4.3.5: Software and Performance

Review of available frameworks for fast
Cherenkov optical photon tracing within the
context of Geant4 simulations

Review of approaches for PID algorithms,
including those based on Machine Learning
(ML) and Artificial Intelligence (Al)

Review of external software tools used by
the community
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WP4: Time of Flight Detectors

Task 1 - Study the coupling of a thin Cherenkov radiator to a single-
photon detector array, for TOF of charged particles

o High precision timing (~10 ps) using high refractive index solid Cherenkov
radiators coupled to SiPMs arrays or MCPs

Task 2 - Develop a SiPM array for single-photon detection, with mm-
scale pixelation, suitable for use in TOF prototypes
o Integration of SiPM arrays with multichannel R/O electronics to provide

mm-scale position sensitivity and fast timing of Cherenkov light at the very
high rates expected with HL-LHC and future colliders

Task 3 - Develop lightweight mechanical supports for DIRC-type TOF

o Development of prototype support using lightweight materials with
minimal distortion of quartz, detectors, electronics

Task 4 - Develop techniques for measuring the optical properties of

optical components for TOF detectors

o Develop precision measurement characterization of quartz Cherenkov
radiators; share existing facilities

WP4 Leader: Jon Lapington (Leicester); Deputy: Eugenio Nappi (Bari)
Task leaders: Christian Morel (Marseille), Neville Harnew (Oxford), Suat Ozkorucuklu (Istanbul)
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WP4: Time of Flight Detectots

Examples of ongoing activities

* WP4.4.1: Study the coupling of a thin Cherenkov radiatortoa + WP4.4.2: Develop a SiPM array for single-photon detection,

single-photon detector array, for TOF of charged particles with mm-scale pixelation, suitable for use in TOF prototype
* Participants: INFN Bari, INFN Bologna, FBK, Istanbul, * Participants: Aachen, Barcelona, INFN Bari, FBK, Leicester,
Marseille Marseille

INFN Bari - SiPMs with radiators FBK - SiPM developments for ToF - synergy with WP4.1

| Custom technology developments: examples
for speciic g scwence sppicatans

R e e B

Teewg AP TI0 Y Netamcr bz e
[ Y ey
I L T e

Fadator haice

* e g 1 et s el e e (——

e T e e e )

b o

INFN Bologna -~ SiPM characterization
Time resolution wrt n SPADs

sty o Pw W etk ¥ Ve Gare o WP

ICCUB, Barcelona - FastiC chip - synergy with WP4.1

I1. 256 Ch Module proposal integrating BGA FastiC+ 32Ch

PCB proposal

3483 wuw’ ---
Bx FaatsCo 22 _BGA 12 x 12 mm
256 5PN secouping cagacnors (080
L 1]
. 100 pon connector ausvple (TBO )
o ey e e 1EX PELAEL R R ., LEHAL 150,02 SLOVAS.TR oy iy,
- e 2+ At — / A ecoupiing £apacAnrs have tn Aandie MV
- - WA - ——— the SP%
s o g e BRI e for the SPUV,,,
. l. :lr v o 2 20 - “WORIG regdatons we nat 1 ires PCE

pr

T —— O VOA

1923 Oummer 3004 siccus *
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WP4: Time of Flight Detectots

Examples of ongoing activities

* WP4.4.3: Develop lightweight mechanical supports for DIRC-

type TOF detectors
* Participants: GSI, USTC, Oxford

Oxford - lightweight mechanical structures for
TORCH radiators

* WP4.4.4: Develop techniques for measuring the optical
properties of optical components for TOF detectors

* Participants: GSI, USTC, Istanbul, Oxford, Yerevan

Developments at USTC - Optical characterizations
DTOF R&D related to WP4.4.4

Optical characterization of fused
silica
* Requirements * Method
* Roughness <lowm [refectly
et <0AN)
* Absorption lengtn >100m
108 > 2000w

= L_. * Plan

~— — * Setop OpLCH teut 1A n ik
y: room, 2024~ 2079
* Fost husec Sk plates Tor enocap
—— and bavrol DTOF prototype, 2025
ft 2006

* Maasuneg laser intersdy change
ey osung fused whes

Developments at USTC - PID Mechanics
DTOF R&D related to WP4.4.3

Light-weight mechanical
structure

Barrel PID (DTOF optue

Endcap MD

NRC+TOF=DTOF

* Requeremeonts

* Overaf material budget <03
Xy 35 oW 35 possbie

o Funihe ented spies
Datween tratker ane ECAL

* Plan:

* 1Foymrnicn dengn (C Sber, A
roneyoomt) 200¢

* Prototyping & cpamgason
2005

* Fenal desgn 2026

Plan Lo o LHCL-TORCH Qroup {ass0cate mernbenshig

—+ Contnibute %0 detedton/slecr oncs/ metanical so
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WP5: SciFi and TR Detectors

= Task 1 - Develop an improved radiation hard scintillating fiber with a
fluorescence decay time near 4 ns
o Standard fast fiber is over 25 years old (SCSF-78M and -78M] from

Kuraray); develop improved radiation hard fiber (should have same or
better light yield, attenuation, decay time, and stable in time)

WP5 Leader: Blake Leverington (Heidelberg); Deputy: Guido Haefeli (EPFL)
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WP5: SciFi and TR Detectors

Examples of ongoing activities

Recent Developments:

1. Irradiation of new green commercial sample
with good timing (in partnership with ECAL
DRD6 WP3) shows poor hardness
(transmission loss) even at 10 kGy

2B B R
 Znm atad am |

2.  Samples of 3 improved attenuation length }
Luxium (formerly Saint Gobain) fibres o
delivered to EPFL. v}

*  Will be wound as fibre mats and irradiated at IRRAD to
LHCb Upgrade 2 doses in April (10 kGy peak)

3.  Discussions with Organic Scintillator
developers at Scintillator Brainstorming
Meeting organized by E. Auffray
https://indico.cern.ch/event/1507749/

* Very useful, made new contacts!
vy W SCSF-78M)
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DRD4 common activities (1)

m Test-beams

0 Beam time (CERN SPS) allocated for DRD4 activities in 2025

o Goal for the medium-long term: have a DRD4-dedicated setup at
CERN for test-beams

= Available facilities in the various institutes
o Sharing instrumentation/knowledge (training of young colleagues)
= Common electronics tools

0 Availability of high-performance electronics is crucial for most
DRD4 Ré&D activities

o Empower the DRD4 community with “common electronics tools”
for better comparison of detectors characterization and
“standardization” of test procedures
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DRD4 common activities (2)

m Common software tools

0 Survey of software available to the collaboration

o0 Many software (simulation) tools developed by different groups
(device-level simulation, electronics, system level, optics, etc.) = join
efforts for common development (possibly open source)

= Compendium on specific photodetector technologies (SiPMs,
PMTs, MCP-PMTs, etc.) under preparation

o Collaboration-wide effort: technical document

0 Goal: summarize state-of-the-art and create “standard procedures”
for the characterization and comparison of detectors

= How to measure main detector parameters (for different photodetector
types - SiPMs, PMTs, MCP-PMTs, etc. - including also rad. hardness)

=  How to report results using common terminology and measurements to
allow easy comparison between different groups/labs

0 Very useful for the whole photodetector community
o If interested in joining the work team, contact us!
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Summary

= The DRD4 Collaboration has formed to propose a broad but focused
R&D program on photodetectors and PID techniques
= The scope of DRD4 is very strong

o PIDis a key component in modern HEP experiments, and is often achieved
with Cherenkov and TOF detectors, that often rely on photodetection

o Photodetection is undergoing a strong transformation (e.g. SiPMs invade in
fields that were occupied since decades by vacuum and gas-based devices)

o DRD4 includes also SciFi tracking and TRD: they fit well into DRD4

= Thanks to the efforts of many colleagues, the DRD4 Community has
been created and is very active
o DRD4 is continuously attracting new groups

o In case of interest, please contact us ( https://drd4.web.cern.ch/contacts )

—

+DRD4
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