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Organization to structure the consultation with the community

Plenary ECFA

final document for community endorsement

[ RECFA 1

regular reports & final document J

{

Detector R&D Roadmap Panel

assist ECFA to develop & organise the process and to deliver the document

Coordinators: Phil Allport (chair), Silvia Dalla Torre, Manfred Krammer, Felix Sefkow, lan Shipsey
assist ECFA to identify technologies & conveners
Ex-officio: ECFA chairs (previous and present), LDG representative
Scientific Secretary: Susanne Kuehn
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Advisory Panel with

other disciplines
e.g. APPEC, NuPECC,
LEAPS, LENS, Space, ...
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Consultation with the particle physics community & other disciplines with technology overlap
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Information on the full process: ECFA Detector R&D Roadmap



https://indico.cern.ch/e/ECFADetectorRDRoadmap

Future Projects Timeline (Accelerator Roadmap)
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The dates shown in the diagram have low precision, and are intended to represent the earliest “feasible start date” (where a schedule is

not already defined), taking into account the necessary steps of approval, development and construction for machine and civil
engineering.
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ECFA Detector Roadmap Summary

FCC

https://cds.cern.ch/record/2784893 LC cLic

~ 200 pages
~ 1.5 year young +

DETECTOR COMMUNITY THEMES (DCTs)

2030-  2035-
2035 2040

<2030

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

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

DRDT 1.3 Develop environmentally friendly gaseous detectors for very large

@ ®
Gaseous

DETECTOR RESEARCH AND DEVELOPMENT THEMES (DRDTs) &

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

DRDT 2.2 Advance noise reduction in liquid detectors to lower signal energy
thresholds

DRDT 2.3 Improve the material properties of target and detector components
in liquid detectors

DRDT 2.4 Realise liquid detector technologies scalable for integration in
large systems

Liquid

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

Solid DRDT 3.2 Develop solid state sensors with 4D-capabilities for tracking and
oll calorimetry
state DRDT3.3 Extend capabilities of solid state sensors to operate at extreme

fluences

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

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

PID and detectors

Photon DRDT4.2 Develop photosensors for extreme environments

DRDT4.3 Develop RICH and imaging detectors with low mass and high
resolution timing
DRDT 4.4 Develop compact high performance time-of-flight detectors

II
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>2045

Dates when R&D finished and real
engineering & construction can start

FCC,
ILC cLIC

DRDTS5.1 Promote the development of advanced quantum sensing technologies
DRDTS5.2 Investigate and adapt state-of-the-art developments in quantum

technologies to particle physics

DRDT 5.3 Establish the necessary frameworks and mechanisms to allow

exploration of emerging technologies

DRDT 5.4 Develop and provide advanced enabling capabilities and infrastructure

stepping

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

DRDT7.2 Develop technologies for increased intelligence on the detector

DRDT 7.3 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

DRDT 8.2 Develop improved technologies and systems for cooling

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

Interfaces.

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

Training

instrumentation

Detector R&D Themes (DRDTs) and Detector Community Themes (DCTs). Here,
except in the DCT case, the final dot position represents the target
date for completion of the R&D required by the latest known future
facility/experiment for which an R&D programme would still be needed
in that area. The time from that dot to the end of the arrow represents
the further time to be anticipated for experiment-specific prototyping,
procurement, construction, installation and commissioning. Earlier
dots represent the time-frame of intermediate “stepping stone”

DCT1 Establish and maintain a European coordinated programme for training in

DCT2 Develop a master’s degree programme in instrumentation

stones
— & @ ®
——e——e——)
)
—_—r—
— @ @ ®
=0 C C O
=0 C C g
=0 C C ®
—
—

projects where dates for the corresponding facilities/experiments are
known. (Note that R&D for Liquid Detectors will be needed far into the
future, however the DRDT lines for these end in the period 2030-35
because developments in that field are rapid and it is not possible
today to reasonably estimate the dates for projects requiring
longer-term R&D. Similarly, dotted lines for the DCT case indicate that
beyond the initial programmes, the activities will need to be sustained
going forward in support of the instrumentation R&D activities).
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Synergies, Stepping Stones, R&D collaborations

Looking Across the Fence, and Beyond Tomorrow

. Must happen or main physics goals cannot be met @ Important to meet several physics goals

DESY.

Example:
Solid State Detectors

detector?
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Position precision

Low X/X,

Low power

High rates

Large area wafers?
Ultrafast timing
Radiation tolerance NIEL
Radiation tolerance TID
Position precision

Low X/X,

Low power

High rates

Large area wafers?®
Ultrafast timing#
Radiation tolerance NIEL
Radiation tolerance TID

DRDT

3134
3134
3134
3134
3134
3.2
33
33
3134
3134
3134
3134
3134
32
33
33

>2045

Magnus Mager (CERN) | ALICE ITS3 | CERN detector seminar | 24.09.2021 | 9

Desirable to enhance physics reach @ R&D needs being met



Synergies, Stepping Stones, R&D collaborations

Looking Across the Fence, and Beyond Tomorrow

Example:
Solid State Detectors

DRDT

Position precision 3134 (X ) 2000020

Low X/Xq 3134 @ @ 0::0 902000000
Low power 3.134 o do’ \k at
. : o's ta
Vertex High rates 3134 see D. Contar
detector) e i .~ cyssion of ALICE3 - FCCe€ Syg;gg;z;3297/FCCLondreS DC_08062023.pdf
For an in-dept/h d|t?1c;l(:2105/contributions/5396836/attachment3/2
.Ilindico.cern.ch/even
https://indic -CeM.~2 53 ®
Position precision 3134 @ o 000
Low X/X, 3134 o o o000
Low power 3134 O o 00
High rates 3134 [
Large area wafers? 3134
Ultrafast timing 3.2 . .
Radiation tolerance NIEL 33 -
Radiation tolerance TID 33 -

Magnus Mager (CERN) | ALICE ITS3 | CERN detector seminar | 24.09.2021 | 9

. Must happen or main physics goals cannot be met @ Important to meet several physics goals Desirable to enhance physics reach @ R&D needs being met
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How Much Time Do We Need to Prepare?

Nuclear Instruments and Methods in Physics Research A3(C9 (1991) 438- /49
North-Holland

Performance of a liquid argon electromagnetic calorimeter

with an “accordion” gcometry

RD3 Collaboration

DESY

0020
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Implementation of the ECFA Detector R&D Roadmap

European Strategy stresses importance of a strong focus on instrumentation
* Relevant R&D issues must be addressed in time

« Common R&D lines with near- and mid-term projects - exploit synergies and
stepping stones

« Offer long-term perspectives for instrumentation physicists / engineers
Successful completion of High-Luminosity LHC must remain key focus
» started the process now, but expect only gradual ramp-up

* larger involvement of many groups after phase Il construction completed
Two components

 Establishment of R&D collaborations anchored at CERN

* Implementation of General Strategic Recommendations (not covered today)
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DRD: Detector R&D Collaborations

Follow the successful model of R&D collaborations for the LHC

» funding in place since ~1986, R&D collaborations established in 1990
 few large DRD collaborations, to keep it manageable

Take full account of existing, successful and well managed R&D coll.
* Integrate with CERN EP R&D, AIDAinnova, RDxy, CALICE,...

* invite world-wide participation

Reasonably dimensioned review process (ECFA and CERN)
 addressing needs of future experiments is important criterion

« worldwide perspective

Process approved by CERN Council (Sep 2022)

* following extensive consultations with funding agencies

 Document: https://indico.cern.ch/event/1197445/contributions/5034860/
attachments/2517863/4329123/spc-e-1190-c-e-3679-
Implementation Detector Roadmap.pdf
DESY Detector Roadmap | Felix Sefkow | July 2023
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Implementation Timeline

Goal: Transition to new scheme during 2023
« approval of LHC-oriented RD50 (silicon), RD51 (gas detector) collaborations expires Dec 2023
Major Steps:
« community input (via existing R&D bodies where possible) by Q1 2023
» Written proposals, based on ECFA Detector Roadmap, by
« 20 pages, concrete and realistic plans, deliverables, resource-loaded, for period 2024-2026
» and - with less precision - beyond
* In parallel, DRD Committee mandate and membership defined
* Review (by DRDC, assisted by EDP) in fall 23, approval by end 2023
* R&D collaborations operational
* MoU signatures) through 2024
Challenge
« funding not exactly known - but cost projections should be backed by Funding Agencies

DESY.  Detector Roadmap | Felix Sefkow | July 2023 11



Connection with ECFA Study on Future Higgs EW top Factories

DRD to address needs of full spectrum of future facilities

* including near and far future, acceleration and non-accelerator

Higgs factory ranking very high in European Particle Physics Strategy Update

* next to HL-LHC

 one of the main “customers” for several DRDs

ECFA Study WG3 on detectors organised two compact workshops in May

* bring together studies of future facilities and detector R&D community

* review requirements from physics, conceptual design drivers and emerging R&D proposals
 Calorimetry and PD https://indico.cern.ch/event/1256374/timetable/?view=standard
 Tracking and vertexing https://indico.cern.ch/event/126480//timetable/?view=standard

DESY.  Detector Roadmap | Felix Sefkow | July 2023 12
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Status of DRD Proposals



DRD1: Gaseous Detectors

DETECTOR RESEARCH AND DEVELOPMENT THEMES (DRDTSs) * 2030- 2035- 2040-

2035 2040 2045

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

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

<2030 > 2045

schemes

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

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

Future Hadron Colliders: FCC-hh Muon System (MPGD - OK, particle 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 (many gas det. are OK)

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

TF Convenors: Anna Colaleo (INFN Bari (IT)), Leszek Ropelewski (CERN)
Proposal status: Draft released, on track for submission by end of July
» extended proposal (100p, executive summary in preparation)

Community Meeting: most recent June 23, https://indico.cern.ch/event/1273991/timetable/#20230622
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Taking Shape

Tools and infrastructures

DRDT WG2 Applications DRD1 EXTENDED R&D PROPOSAL
WGl WG3 WG4 WG5S WG6 WG7 WG8 Development of Gaseous Detectors
= = (- ~ - m\ fa@ \ f@ n (@ Y , H
Inner and central tracking withPID |[ | — Techpologss
N capability = 2
S22 s || ©
)
=~ =] i~ Photo-detectors (PID) c 9
HIEH 9 - 5| - -
- w e .o ] - | = overview of the sk of the an . B
= O|| Timing detectors (PID and trigger) o ||= » T S vt comph ] amingin, s el s el 10t A e
o g 3 2 = B ok reiwecr gk et b skl ma e £ e
= = = R T80 i D dovument b ool chayion sub i o ey
Trackers/Hodoscopes (large area o ||l® 4 = = g T peiy ....3:1:..,’::..."?".’.1.';';...“. .;_.h.L..l'i
muon systems, inner T @ 2 5 © » T b
- . = O = .,“_’ R »
tracking/vertexing) o ||l'? o 5 3 = o
44 e >3 - le) " o - Geneva, Switerdand
: Qo © = 8 » e~ ) c - June 20, 2023
Calorimetry 8) £ Q= O o ‘E @©
— = T ||g @ c ) o () DRD1 R&D Collaboration
< s o} c - o) - c
'_; TPCS as reaction and decay E o 8 o ‘1__‘ 8 E .E Development of Gaseous Detectors Technologies
B || chambers (rare events, neutrino B 8 |l % ] - g © e
& . : = = _
S physics, nuclear physics) - J|lO JLao| W )l O JL O J| - ) %
110 institutions
Web page: https://drd1.web.cern.ch/ -
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https://drd1.web.cern.ch/

DRD2: Liquid Detectors

DETECTOR RESEARCH AND DEVELOPMENT THEMES (DRDTSs)

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

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

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

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

Neutrinos

+ Future generation:

vDUNE modules 1 & 2
vDUNE near detectors

v DUNE modules 3 & 4

vHK

v Future neutrino
telescopes

Dark Matter

* Future generation:

vXLZD
vGADMC/Argo
vHeRALD
vSBC

ovgp

* Future generation:

vnEXO
v KL-Z+
v Upgrades to SNO+

4

TF Convenors: J. Monroe (RHUL (GB)), R. Guenette (Manchester (GB))
Proposal status: First full draft ready, on track for submission by end of July

 proposal draft (20 p), to be posted to community; all tables complete
Community Meeting: April 20, https://indico.cern.ch/event/1214404/timetable/#20230420

DESY.  Detector Roadmap | Felix Sefkow | July 2023

16


https://indico.cern.ch/event/1214404/timetable/#20230420

DRD2 Structure and Community

Building up

~100 institutions
Europe + Canada, US, China, Israel

Institutional Board
Institution reps

Common Facilities
Board

Light Readout
Conveners

Charge Readout

Conveners

Pixels &
charge-+light

Graup leaders Group leaders

Charge-to-light,
electroluminescence
& amplification

|
e Group leaders

lon detection
Group leaders

for LS & WC

Group leaders

DESY.

Increased sensor
quantum efficiency

Higher efficiency
WLS and collection

Improved sensors

\ Spokespeople

Target Properties
Conveners

Scaling-up Challenges
Conveners

Radiopurity &
background mitigation

Group leaders

Target properties
and isotope loading
of LS & WC

Group leaders
Detector and target
procurement/production
& purification
Group leaders
Target properties
and isotope loading
of noble elements
Group leaders

Large-area readouts
Group leaders

Material properties

Group leaders
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Planning of Technology Areas
2.1 Technology Area 1: Charge Readout . . . . ... ... ... ... ... .. ... ... ...,
2.1.1 Technology 1.1: Pixels and Charge + Light Readouts . . .. ... ..............
2.1.2 Technology 1.2: Amplification structures, charge to Light conversion and granular light
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2.2 Technology Area 2: Light Readout . . . . . ... .. ... .. ... . ... ..
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2.3 Technology Area 3: Target Properties . . . . . . . . . . . . . . ittt
2.3.1 Technology 3.1: Target properties and isotope loading of Water and Liquid Scintillator . . .
2.3.2 Technology 3.2: Noble Element target properties . . . . . ... ... .............
2.4 Technology Area 4: Scaling-up challenges . . . . ... ... ... ... ... ... .. .. ...
2.4.1 Technology 4.1: radiopurity and background mitigation . . . ... ... ... ........
2.4.2 Technology 4.2: Detector & target procurement/production & purification . ... ... ..
2.4.3 Technology 4.3: Large-area readouts . . . . .. ... .. ... ...ttt

Common tools test facilities
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DRD3: Solid Detectors

2030- 2035- 2040-

<2030 035 2080 2005 204
DRDT 3.1 Achieve full integration of sensing and microelectronics in monolithic @ Z @ @
CMOS pixel sensors
DRDT3.2 Develop solid state sensors with 4D-capabilities for tracking and - > @ D
calorimetry
DRDT3.3 Extend capabilities of solid state sensors to operate at extreme L 4 @
fluences

DRDT3.4 Develop full 3D-interconnection technologies for solid state devices — =—@e——e————
in particle phvsics

TF Convenors: Giulio Pellegrini (IMB-CNM-CSIC) (ES)), Nicolo Cartiglia (INFN Torino (IT))
Proposal status: First full draft completed, ready for submission in July (with estimated resources)
» draft (40p) circulated to the community questionnaires on resources sent today, feedback by end August

Community Meeting: March 22-23, https://indico.cern.ch/event/1214410/timetable/#20230322.detailed
DESY Detector Roadmap | Felix Sefkow | July 2023
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DRD3: Solid Detectors

TF Convenors: Giulio Pellegrini (IMB-CNM-CSIC) (ES)), Nicolo Cartiglia (INFN Torino (IT))

Proposal status: First full draft completed, ready for submission in July (with estimated resources)

» draft (40p) circulated to the community questionnaires on resources sent today, feedback by end August
Community Meeting: March 22-23, https://indico.cern.ch/event/1214410/timetable/#20230322.detailed
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DRD3: Solid Detectors

Broad brush timeline of ECFA roadmap strategic programs*

< Femmmmmmmmmmmeooo-

N | N l

S8 “Blue sky” low Technology Readines 3 ‘sff f E

g \ . & \:; & :

) \ 8 | g {:“ . fd F ¢

g Experiment design & Production a | FEFI o 8

2 | DRD strategic R&D P e | | B | $8558 SFs88 o
o system engineering and installation = S ' :

0 : 2050 20502035 | 20352040
5 . |

= 10-12 years W 3 + 6 + 3 years 5 S

g 2 8 . > CLIC/FCC-ee

! N N BN &

© 4-5years & & 3+ 6+ 3 years N

—o NN _— ILC

) N ® o

o |3-4years| § § 7 -8 years .S ALICE-3, LHCb-2, ATLAS/CMS, fixed by LS4 (2033-2034)

o o N ' EIC planning start of construction in 2025

* Not exhaustive, now BELLE considering 3 upgrade at high luminosity, Muon Collider new timeline from Snowmass, and also CEPC

TF Convenors: Giulio Pellegrini (IMB-CNM-CSIC) (ES)), Nicolo Cartiglia (INFN Torino (IT))
Proposal status: First full draft completed, ready for submission in July (with estimated resources)

» draft (40p) circulated to the community questionnaires on resources sent today, feedback by end August
Community Meeting: March 22-23, https://indico.cern.ch/event/1214410/timetable/#20230322.detailed
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DRD3 Structure and Community

2 | DRD3

r N B
i A 6 A
DRDT3.1 |:’|/ WG1: Monolithic CMOS Sensors
) =
( < '\ G2: S f & || 8 %8 2
WG2: Sensors for Tracking S ||NE|wg
DROT3.2 I_‘l) Calorimetry 2 §,§ £
e — E | E eyl &=
( ) —) " WG3: Radiation damage & | | @ E § g 3
DRDT3.3 extreme fluences ) a o g &ig
) == | [ WGs: Non-silicon-based detectors | | = || §| 2
— o 1BlE:
: WG7: Interconnect and device
S I_‘l} fabrication
“ / Status: 17.3.2023

DESY

RD50

65 institutes; 438 members 57 RD50 institutes*

50 in Europe
8 in North America
7 inAsia

(88% of RD50)

+ 35 other
institutes

In DRD3 = 62%
o will be former o
RD50 members

[*14 institutes included that did
not send a questionnaire yet

Daniela Bortoletto, FCC Week
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DRD3

(expression of interest)

92 institutes* (+27 institutes)
68 in Europe (+18)
12 in North America (+4)
9 inAsia (+2)
3 in South America (+3)

DRD3 - Solid State Detectors
- Research Proposal -
DRD3 Proposal Team

July 11, 2023

Contents

1 Scope of the DRD3 collaboration
1.1 The DRD3 working group structure
1.2 Strategic R&D
1.3 Common R&D

2 WG1: Monolithic CMOS sensors
21 WGl Research Goals . . . . . . . . 0 Cu it i e e e
2.2 Technology processes . . . . . . . . 0 i i e e e
2.3 Resource need evaluation

3 WG2: Sensors for tracking and calorimetry
3.1 WG2Research Goals . .. . . . . . . . . . . . i

4 WG3: Radiation damage and extreme fluence operation
4.1 Radiation damage and hardening studies at material level
4.2 Radiation damage and hardening studies at device and system levels . . .
4.3 WG3 Reasearch Goals

5 WG4: Simulation
5.1  Activities
52 WG4 Research Goals . . . . . . . .. .. .. .. e

6 WGS5: Techniques, infrastructures and facilities for sensors character-
isation
6.1 Working group implementation
6.2 WG5S Research Goals . . . . . . . .. ... ...
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DRD4: Photodetectors and Particle ID

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

DRDT4.2 Develop photosensors for extreme environments

DRDT 4.3 Develop RICH and imaging detectors with low mass and high

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

add
® ® ® SciFi Tracking
—_—— Transition Radiation
®

Most groups focus on near-term projects
HL-LHC LS4 upgrades of LHCb, ALICE, EIC,..
Recently grown interest in hadron separation for e+e-

Z-Factories are great Flavour Factories

Working point  Lumi. / IP [l(l” cm-2s I] Total lumi. (2 IPs) Run time Physics goal
Z first phase 100 26 ab~T /year 2
Z second phase 200 52 ab=! /year 2 150 ab~!
. . 7 U U
Particle pl‘()(lll('l]()l“l()"ﬂ B / B B* /B I}i’ / B, Ay/ My e T/t
Belle 11 27.5 27.5 n/a n/a 65 45
FCC-ec 1000 1000 250 250 1000 (500 )

TF Convenors: Christian Joram (CERN), Peter Krizan (JSI (Sl))

Proposal status: Draft underway for preliminary submission in July (with estimated resources)

» following 4 online surveys; aim at 20p, polished version with final resource tables after summer break
Community Meeting: Update on June 15, https://indico.cern.ch/event/1294239/

DESY.  Detector Roadmap | Felix Sefkow | July 2023
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DRD4 Structure and Community

Strong interest

Structure and naming

SCheme Of DRD4 « Coordinator Board of
ECFA panel. 07 June 2024 * WP leaders Institutes
* WG convenors
' ] N
Themes DRDT 4.1 and DRDT 4.2 Theme DRDT 4.3 Theme DRDT 4.4
Enhance the timing resolution and Develop RICH and
spectral range of photon detectors imaging detectors with Eig\t/\eé%;:f g:)"r?::ccé
Develop photosensors for extreme oW mas;::ﬂ;g,h timing i
environments Lol »
» ) i}
g) Solid state PD Vacuum based PD WP 4.3.1 WP 4.4.1 >
o] X
% WP 4.1.1 WP4.21 WP 4.3.2 WP 4.4.2 S
@©
x WP 4.1.2 WP 4.2.2 | wp433 | [ weaas | &
& [
ié WP 4.1.3 WP 4.2.3 I | I I (]
2 =
§ /4 WG 4.1 WG 4.2 WG 4.3 WG 4.4
o
(5 | Photodetector R&D Particle ID Technologies Software
o | Solid state RICH Radiators Simul
& | Gaseous DIRC Optical elements Recon
£ | Vacuum TOP Readout ML
5 TORCH Cooling
= TOF
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DRD4 Research Proposal

B July 5, 2023

. Abstract

s “This document deseribes a propasal for joint
ifi

h and development work in l,hn felds of
photodetectors and particle identificatior urpose, uri-

o i

e saboraion syl tn \kamg
s of the DRIDA collaherati
sho

+ 1 Executive Summary
5 (05 pages)

# 2 Introduction

l)wlop photasensors for xtreme cnvironments; DD 43 l)w(lop RICH and imaging detectors
with low mass and high-resolution timing; DRDT 4.4 - Develop compact, high-performance time-of-
flight detectors.

the followis
ng the digits

DRDM rescarch work scope will be as follows. DRDA shs
ding MA-PMT, MCP PMT, SiPM

R

technologies: PMT in

1

- S T
@ 2>°C Stark be \ ) ENG
& 22°C Starkbewslkt A Q) ENG o,

Groups by country

~ o

o ' . “ o o #
< ‘ o o - - r £
o < > . o v o v
#

955 groups
including US and Japan
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DRD5: Quantum Technologies

DRDT5.1 Promote the development of advanced quantum sensing technologies

DRDT5.2 Investigate and adapt state-of-the-art developments in quantum
technologies to particle physics

DRDTS5.3 Establish the necessary frameworks and mechanisms to allow
exploration of emerging technologies

DRDT5.4 Develop and provide advanced enabling capabilities and infrastructure

TF Convenors: Marcel Demarteaau (ORNL (US)), Michael Doser (CERN)
Proposal status: White paper evolving draft at http://doser.web.cern.ch/

Community Meeting: Convenor level, minutes at http://doser.web.cern.ch/

Status of DRD5 / RDq efforts

e contacted wide range of communities worldwide (also in fields not involved with collider-based particle physics)

e determined interest by groups, suitability of technologies, biggest challenges for those

e Trying to grow a community of communities (there are no pre-existing such global communities)

e Additional challenge: no single host lab, many university labs; distributed platforms (2 in Europe, 2 in US, 2 in Asia,
each a "steward" fora WG / WP

e Each "WP" is a high level set of activities consisting of sub-WP's

e Have been in touch with several other DRD's to discuss overlaps / sharing (e.g. cryo-electronics, superconducting
calorimetry, ...). Contact with industry will evolve naturally via activities of the individual WG participants

e Collaboration structure is part of the discussion; initial model being polished

DESY Detector Roadmap | Felix Sefkow | July 2023
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DRDS5: Proceeding on a Different Timeline

DESY

WG convenors identified (~25, wide spread of
quantum specialization, geographaphical location)

LOI based on 6 WP's, to be
subm. to DRDC, with a humber of
groups world-wide as signatories

(by DRD5 convenors)

formal

constitution of
DRD5 /“RDq”
collaboration

proposal based on 4-5 initial
projects subm.
to DRDC

(by RDq spokesperson)

2.2023 ff 4.2023 10.2023
>
7.2023 1.1.2024
preparation
_ projects kshob t of LOI based preparation
interested proposed by P i Workshop to of proposal
arties identified . brainstorm / on White Paper discuss & fine- prop
parues interested di th containing the
/approached parties Iscuss the _ tune the “DRDC”
by platform e - proposed preparation proposed .
(initial main i d | of White Paper projects,
convenors projects an P projects and to
focus on HEP) I h (as well as
_select the explore further - dicatin
|n|t|a.II.y most ideas 2ddition 3
romising ones y .
P & town-hall meeting” | “non-DRDC”
timeline projects)

Detector Roadmap | Felix Sefkow | July 2023

call for wide participation in RDqi

Status 5/6/23 M. Demarteau & M. Doser
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DRDG6: Calorimetry

12
0
DRDT6.1 Develop radiation-hard calorimeters with enhanced electromagnetic
energy and timing resolution ‘
DRDT6.2 Develop high-granular calorimeters with multi-dimensional readout . m # Target Project
for optimised use of particle flow methods
DRDT 6.3 Develop calorimeters for extreme radiation, rate and pile-up ¢
environments 5
0 - - -
HL-LHC Muon Collider
Higgs Factory Future hadron coll. DM/BSM <-———

Particle energy O(1 GeV)

TF Convenors: Roberto Ferrari (INFN Pavia (IT), Roman Poeschl (Université Paris-Saclay (FR))
Proposal status: Draft underway for submission in July

» Aim at 20p, first fairly complete version circulating in the community

Community Meeting: 2nd meeting reviewing input on April 20: https://indico.cern.ch/event/1246381/

DESY Detector Roadmap | Felix Sefkow | July 2023
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: DRD 6: Calorimetry

DRDG6: Structure and Community ,

: July 6, 2023
Many technologies in each “box", several communities

. Contents

s [1_Introductionl

s+ [2_ Organization of the DRD]

WORK AREAS: TRACK 1
- » [ Work Area I: Sandwich calorimeters with fully embedded electronics
TRACK 2 TRACK K} ' o rojectsin Work Area ). . . . . ... ... .. L L Lo oo
Sandwich ’ [32 Short term applications] . . . . ... ... ... ... ... ... ...
calorimeters with qumﬁed Noble Gas Optlcal s [ Work Area 2: Liquified Noble Gas Calorimeters|
: . n AT Description] - . . . . - - - - . o o o o e
fully embedded calorimeters calorimeters : :
electronics

» [6 Work Area 3: Optical calorimeters)
" [6.1 Description] . . . . . . .. e e e
s [6.2 Activities and objectives] . . . . . . .. .. Lo L
» 5.2 omogeneous and quasi-homogeneous EM calorimeters| . . . .. .. .. ..
w 5.2. adiation-tolerant sampling EM calorimeters| . . . . . ... ... ... ...
" [5.2.3 Hadronic sampling calorimeters| . . . . . ... ... ... ... ... ...

TRANSVERSAL
ACTIVITIES:

» 4. 10
(Common » A tor Physics, Simulations, Algorithms and Software loold. . . . . . .. .. ..
. n 0.1 DAQ Software| . . L oL L
collaboration . BSZSamilabiod ... ... .. ...l
. . . » 653 Particle Flow Algorithms] . . . .. ... ... ... ... ...........
interest & liaison o L e e
. n : ndustnal Connection an nological Transfer| . . . .. .. ............
with other DRD)
INSTTUTES per Lountries = [—Pathto the DRD collaboration
2 » [ Personnel and Funds/
0 Table 2: Overview of R&D activities on optical calorimeter concepts,
Name : Calorimeter type : Application : Scintillator/WLS Photodetector
15 HGCCAL EM / Homogencous e*e” collider BGO, LYSO SiPMs
. . MAXICC EM / Homogencous | e%e™ collider PWO, BGO, BSO SiPMs
110 institutes " CRILIN EM / Quasi-Homog. | p*u~ collider | PbFa, PWO-UF SiPMs
GRAINITA | EM / Quasi-Homog. | e*e™ collider ZnWO,, BGO SiPMs
Strong US and SPACAL EM / Sampling ¢*¢ /hh collider | GAGG, organic | MCD-PMTs, SiPMs
. . . . ¢ RADICAL EM / Sampling ‘ hh collider LYSO, LuAG SiPMs
ASIan pa rtICIpatlon DRCAL EM+HAD / Sampling | ee collider PMMA., plastic SiPMs, MCP
0 TILECAL HAD / Sampling e*e” /hh collider PEN, PET SiPMs
R CR Y QQ\ oe NI C I S S S S d o\ & \9\'» Ao & S @
Q‘\Q;:&QQ e\e@ Q\,bee & %’\9\:':;“@(@ \\Sp QB\'&;°@:P@’<\9\;‘ of B“‘Q‘:@«F‘&& N \3*0 o 3 o \5‘: &
)
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DRD7: Electronics Criteria

« Address novel, ambitious, and transformative topics
(consistent with the priorities of the Detector R&D
Roadmap), with an appropriate risk appetite

DRDT7.1 Advance technologies to deal with greatly increased data density ) Adequate resources, skills, partners, structure

DRDT7.2 Develop technologies for increased intelligence on the detector Desirable
DRDT7.3 Develop technologies in support of 4D- and 5D-techniques

, . , » Addressing multiple R&D themes in one development
DRDT7.4 Develop novel technologies to cope with extreme environments and

required longevity * Involving multiple institutes, preferably supported by
DRDT7.5 Evaluate and adapt to emerging electronics and data processing :
technoloaies more than one funding agency

 Tackling system-level issues

TF Convenors: Dave Newbold (STFC (GB), Francois Vasey (CERN)

Proposal status: Lol underway for submission in July , with ballpark resource estimates
» call for expressions of interest launched, deadline end of June

« second community meeting in September

« full proposal towards end of the year, depends on activities in other DRDs

* relationship defined in “Organisation of DRD7"

Community Meeting: March 14-15: https://indico.cern.ch/event/1214423/timetable/#20230314

DESY Detector Roadmap | Felix Sefkow | July 2023
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DRD7: Structure

Convenors defined

Gowards a DRD7 structure

WG 7.1 WG 7.2 WG7.3 WG 74
Data Density & Intelligence 4D & 5D Extreme
Power efficiency On-Detector Techniques Environments

Projects Projects Projects Projects

Projects Transverse WG 7.7 Tools and Technologies

DESY.  Detector Roadmap | Felix Sefkow | July 2023

WG 7.5 WG 7.6
Backend systems Complex
imaging ASICs &
technologies

Projects Projects

27



TF8: Integration

DRDT 8.1 Develop novel magnet systems
DRDT 8.2 Develop improved technologies and systems for cooling

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

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

Scope turned out to be too broad and diverse for a DRD

 given smaller community interest when compared with other DRDs

Advanced mechanics, materials and cooling (8.2, 8.3): still being considered

« for the time being, include these topics in DRD3 (Solid detectors) and possibly DRD6

DESY Detector Roadmap | Felix Sefkow | July 2023
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Next Steps



Review and Approval Process

Scientific and Resource

Reporting and Review by a ECFA CERN Research Board ]———9 CERN COUNCIL
Detector Research and | Recommends
Development Committee community Approves
(D RDC) (" Scientific and Resource Reporting and Review h
Rgadmap Oversight and Detector Research and Development Reports

° : : ommunity Interaction Committee (DRDC)

report via SPC to COU”C” ECFA Detector Panel Includes members from: ECFA Detector Panel,

. (EDP) ¢ > CERN and LDG

Assisted by the ECFA Includes ex-ffcic; APPEC, (oo aciions expars o e E5F ca
Detector Panel (EDP): representaives I hdiotiviaad e S
+ the scope, R&D goals, and  r———— "and Development Panel 1

milestones should be vetted |p alport. Detector RD (DRD) Collaborations

against the vision D. Contardo DRD 1 DRD 2 DRD 3

encapsulatedinthe || | ||

Roadmap.
Funding Agency
::volvemen:{wa! a d;dlcadted resources awarded to and

esources neview boar held by institutes

DESY.  Detector Roadmap | Felix Sefkow | July 2023



Status DRDC

Thomas Bergauer (HEPHY, Vienna) kindly accepted to become chair person of the DRDC
» Experts are being invited as members to the committee
» Hope to complete in the next week(s)

DRDC will play the role of the LHCC for the old RD collaborations
 Mandate is being worked on
* ldea: keep it light-weight, e.g. 2 meetings per year rather than 4

DESY Detector Roadmap | Felix Sefkow | July 2023
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MoUs

CERN considers multilateral collaborations for research purposes like experiments
« Was already the case for the R&D Collaborations

« Basis: CERN general conditions applicable to the execution of experiments (“GC”)

. https://cds.cern.ch/record/2728154/files/General-Conditions _CERN_experiments.pdf
. Legally binding for all Collaborating Institutions and CERN as Host Laboratory

Guiding principle
* Reduce signature cycles to a minimum
« Still make funding agencies agree if they undergo a commitment

DESY.  Detector Roadmap | Felix Sefkow | July 2023 32
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Summary

Formation of DRDs is timely

« given big HL-LHC upgrades are finishing, and in view of future collider scenarios
Impressive response by the R&D community

» formidable amount of work being done - overall on schedule

« structure and combine the efforts, uncover synergies

Strengthen the link between physics needs and technology development

« nothing more motivating than that for the instrumentation scientist

« align R&D with European Strategy

Unique moment and opportunity for our field
 to keep the momentum, initially positive feedback from funding agencies would have to materialise
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Categories of R&D

And Sources of Funding

1. Strategic R&D via DRD Collaborations
(long-term strategic R&D lines)

(address the high-priority items defined in the Roadmap
via the DRDTSs)

2. Experiment-specific R&D
(with very well defined detector specifications) focus
(funded outside of DRD programme, via experiments,
usually not yet covered within the projected budgets for
the final deliverables ) o

3. "Blue-sky” R&D
(competitive, short-term responsive grants, nationally
organised)

Transitions Blue-sky — Strategic — Specific expected
Cross-fertilisation desired

DESY.  Detector Roadmap | Felix Sefkow | July 2023

l Technology Innovation — Incremental Process

Prospective R&D
e Ideas

* Components
* Concepts

Guided R&D: Demonstrators
* HEP Application Proof of
Principle
* Performance Potential

Focussed R&D: Prototypes

* Integration Concept

* Engineering Proof of Principle
* Production Proof of Principle

Engineering
* Experiment-specific Design
* Production Infrastructure

I Production

| TRL1 |

TRL2-4 | | TRLS-7 | | TRL8-9 |

to Sy 10y 15y

From the AIDAinnova proposal

| Integration Commissioning |

20y

| Physics
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Detector Roadmap: 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 R&D

GSR 5 - Distributed R&D activities with centralised facilities Collaborations
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

Capture many of the guiding principles of AIDA projects

Aim: Propose mechanisms to achieve a greater coherence across Europe to better streamline the local and national
activities and make these more effective.

Give the area greater visibility and voice at a European level to make the case for the additional resources needed
for Europe to maintain a leading role in particle physics with all the associated scientific and societal benefits that
will flow from this.
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