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Working Groups o

The scientific organization is structured in eight Working Groups, the core of the scientific collaboration:
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Organization of the collaboration activities

Following the indication of ECFA Detector Panel two areas of Detector R&D :
* ”Blue-sky” R&D (competitive, short-term responsive grants, nationally organised)
» Strategic R&D via DRD Collaborations (long-term strategic R&D lines) (address the high-priority

items defined in the Roadmap via the DRDTSs)

Two types of DRD1 joint projects will be implemented:

Work Packages
Common projects . . o
Strategic R&D targeting the priority
| bl c h programmes outlined in the
For low-TRL (blue sky) R&D, or other updated European Strategy for

short term generic projects Particle Physics

| PiotrGasik | 1stmeeting of the DRDC | DRD1 Proposal | CERN | 04.12.2023



Work Packages

Strategic R&D (according to the ECFA Detector R&D Roadmap) is organized in Work Packages

* WPs consolidate activities across institutes with shared research interests, encompassing applications, challenges,

technologies, detector technologies, and tasks outlined by Working Groups.

Tt R e I L AL AEES . Currently envisaged WPs:
i Application « defined by ECFA R&D Roadmap Lo WP1: Trackers/hodoscopes

Tasks

focusing on challenges related to « connection to 4 ECFA DRDTs
performance (precise timing, high

rates performances, longevity ...)

* WP2: Drift chambers

e WP3:Straw chambers

* WP4: Tracking TPCs
Technological areas: |

MPGD, RPC, Wire, LDC, TPC, ... i+ WP5: Calorimetry

e WP6: Photo-detectors

*R&D on Sensors, Electronics,

Software Tools, Gas Properties H
! studies; i * WP7:Timing
E * Development of infrastructure and :
i production techniques !

i Work Package « Training :
""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" ‘+ WP9:Beyond HEP

It is not required to be involved ina WP to be a member of DRD1

* WPS8: Reaction/Decay TPCs

- ltisrequired to be a member of DRD1 to contribute to a WP



WP functions @

* Encompass long-term projects with significant strategic R&D goals and corresponding funding

lines.

Active contribution to the scientific program, R&D environment, infrastructure, and tools

within DRD1.

Integration of activities from Working Groups, where feasible (e.g., simulation, electronics).

Way to get funding and a way to get involved in strategic R&D!

B

open for discussion



WP funding

* Funding for WPs is provided to participating institutes by their respective Funding Agencies

through major lines aligned with ECFA detector R&D priorities.
* Funding Agencies approve their Resource commitment in the WPs.

* Participating institutes maintain control and operational authority over the allocated

resources.



Extended proposals

* In the course of the DRD1 proposal preparations, nine WPs were established, incl. ad-interim

coordinators
* A great collaboration- and community-building effort! Bottom-up approach!

* Each Work Package has its own structure, detailed working plan description, incl. deliverables

and milestones

* Extended proposals submitted as an additional document (333 pages) with the DRD1 proposal
- base for MoU addenda

* See presentations today to learn about various WPs!

* See also: https://drd1.web.cern.ch/wp



https://drd1.web.cern.ch/wp

WP tables in the DRD1 proposal

T

Task

New  RPC
structures

New  Resis-
tive  MPGD
Structures

Performance Goal

~Develop Tow-cost re-
sistive layers
- Increase rate capability
from 10kHz to | MHz
perem?®

Tmprove timing reso-
ution from sub-ns (o ps
levels

= Siahle up o pains of
0(10%)

- High gain in a single
multiplication stage
- High rate _capabil-
ity (1 MHz/em? and be-
yond)
~ High tracking perfor-
mance (100 prm)
Development of low
granularity 2D-readout
with high-tracking per-
formance

k)

New Front-
end electron-
ics

~New Tront-end
- 1C threshold

- High-sensitivity clec-
tronics 10 help achieve
stable and efficient oper
ation up to ~MHz/em?

- High granularity detec-
tor capability

T+

Optimization
of  scalable
maltichannel
readout  sys-
tems

— Froni-end Tink con-
centrator 10 3 power-
ful FPGA with possibil-
ities of tiggering and
=20GBit's o DAQ for
high-rate experiment
-Develop robust, com-
pact, and low power
DAQ for low-rate exper-
iment

TS

o Trendly
gases

Guaranice_fong-lerm
operation

Explore compatibility
and optimized operation
with low-GWP gases

Té

anufactunng

fechnofogical transfer
for costeffective pro-
duction of high-quality,
high-performance large
area resistive MPGD.
- Reliable production
of homogeneous  resis-
tive lage DLC foils
with the CERN-INFN
sputtering machine

Tongevity on
large detector
amas

~ Study discharge rate
and the impact of i
diation and transported
charge (up to Clem?)

- Study the impact of
Tow-GWP _gases and
new materials on high
radiation hardness envi-
ronment

New Hybrid-
multi-
technologies
Structures

- of new
ideas of detector struc-
tures and hybridization

TROT |

WGs

ECFA
DRDT

TestoneNDelverable
AN

MLL

Review of  De-
tector Prototypes:
examining the
current status and
future prospects of
innovative ~ resistive
materials,  novel
structures, and chal-
lenges in hybridizing
Resistive  Plate
Chambers  (RPC)
and  Micro-Patiern
Gas Detectors
(MPGD). This
evaluation  includes
compiling of a com-
prebensive  report
highlighting compar
ative  performance,
aloog with the re-
spective advantages
and disadvantages of
available  technolo-
gies. [T1, T2, T5,
T6, 17, T8)

ML2

Review of the status
of the art of ASICs
and DAQ systems,
and  definition of
the  requirements

M21

Detector Proto-
types  Enhance-
ment: building upon
the insights from
MLI. Proof of rate
capability above 100
kHzfem?,  assessing
the status and poten-
tial  improvements
of RPC and MPGD
detectors,  informed
by feedback from

vious_phase:
[T1.T2,T5, 76,77,
S|

M22

Design and  Sim-
ulation _studies of
new ASIC: Building
blocks for MPGD
and RPC and tech-
nical note(s) about
the chips expected
performance. [T3]

M23

Design of a novel
readout system for
Gaseous  Detec-
tors:  assessment
of

6N

D1

Large area RPC
and MPGD pro-
totypes:  design,
construction,  and
test_of RPC and
MPGD-based  pro-
toypes [T1, 12
with advanced solu-

tions for extensive
suface  coverage
IT6].  optimized
for  medium-high

and timing (ns and
sub-ns. time fesolu.
tion). This includes
considerations  for
the compatibility of
eco-friendly  gases.
[15,17)

D2

New frontend
and DAQ systems:

innovative  ASICs®
final design; com-
pilation of compre-
hensive  production
if

for  nextg
arca muon

large
systems. [T3, T4]

achievements based
on DAQ modelling.
4]

applicable, initiation
of the engineering
run for the first chip.
should it be in an
advanced stage [T3].
DAQ sysiem proto-
typing for gaseous
detectors, aiming 10
push the boundaries
in terms of timing,
radiation wsistance,
multi-channel  high
rate acquisition and
performance,  for
large systems [T4).

Institutes

INFN-BA,
UniBA, PoliBA,
INFN-LNF,

INFN-RM2,
UniRomaTOV,

INFN-BO,
INFN-FE,
INFN-NA,
INEN-RM3,
INFN-TO,
IRFUICEA,
IFIN-HH,
Istinye U,
CERN,
CIEMAT,
MU,

WIS,

Wigner,

U Kobe,

U Cambridge.
UsTC,

U Oviedo,
UNSTPB,
UTransilvania,
VUB and UGent,
U Gendve,

U Hong Kong,

MPP,

UC Irvine,

U Florida,

U Massachusetts,

Amberst,
U Michigan,

UW-Madison,
IGPC

Example Work Package Table: WP1 - Trackers/Hodoscopes

Task

Performance goal

DRD1 WGs

Milestones/

Deliverables

Institutes

Challenges defined in ECFA Roadmap

- Community feedback

Link to DRD1 WGs activities

- Connection to ECFA DRDTs

Top-level milestones and deliverables for the firstthree
years of a WP activity. Based on detailed annexes (>330

pages), to be signed as MoU addenda.

- List of institutes interested in joining a WP. Estimate on
available/additional resources and commitment to

tasks/deliverables provided in detailed annexes.



WP tables in the DRD1 proposal

T

Task
New  RPC

structures

New ™ Resis-
tive  MPGD
Structures

Performance Goal

Develop Tow-cost 1e-
sistive layers
- Increase rate capability
from 10kHz to | MHz
perem?®

Tmprove timing reso
ution from sub-ns (o ps
levels

= Stable up o gains of
0(10%)

- High gain in a single
multiplication stage
- High rate _capabil-
ity (1 MHz/em? and be-
yond)
~ High tracking perfor-
mance (100 prm)
Development of low
granularity 2D-readout
with high-tracking per-
formance

k)

New Front-
end electron-
ics

- New Troni-end

- 1C threshold

- High-sensitivity elec-
tronics to help achieve
stable and efficient oper.
ation up to ~MHz/em?

- High granularity detec-
tor capability

T+

Optimization
of  scalable
multichannel
readout  sys-
tems

— Froni-end Tink con-
centrator 10 3 power.
ful FPGA with possibil-
ities of tiggering and
~20GBit's to DAQ for
high-rate experiment
-Develop robust, com-
pact, and low power
DAQ for low-rate exper-
iment

TS

Teo-Triendly
gases

Guaranice_fong-lerm
operation

Explore compatibility
and optimized operation
with low-GWP gases

Té

anufactunng

fechnofogical transfer
for cost-effective pro-
duction of high-quality,
high-performance large
area resistive MPGD.
- Reliable production
of homogeneous resis.
tive lage DLC foils
with the CERN-INFN
sputtering machine

Tongevity on
large detector
arcas

~ Study discharge rate
and the impact of i
diation and transported
charge (up to Clem?)

- Study the impact of
Tow-GWP _gases and
new materials on high
radiation hardness envi-
ronment

New Hybrid-
multi
technologies
Structures

velopment of new
ideas of detector struc-
tures and hybridization

WGs

DROT |

ECFA
DRDT

MLL

Review of  De-
tector Prototypes:
examining the
current status and
future prospects of
innovative ~ resistive
materials,  novel
structures, and chal-
lenges in hybridizing
Resistive  Plate
Chambers  (RPC)
and  Micro-Patiern
Gas Detectors
(MPGD). This
evaluation  includes
compiling of a com-
prebensive  report
highlighting compar
ative  performance,
aloog with the re-
spective advantages
and disadvantages of
available  technolo-
gies. [T1, T2, T5,
T6, 17, T8)

ML2

TestoneNDelverable
208

M21

Detector Proto-
types  Enhance-
ment: building upon
the insights from
MLI. Proof of rate
capabiliy above 100
kHzfem?,  assessing
the status and poten-
tial  improvements
of RPC and MPGD
detectors,  informed
by feedback from

evious phase
[T1.T2,T5, 76,77,
S|

M22

Design and  Sim-
ulation studies of
new ASIC: Building
blocks for MPGD
and RPC and tech-
nical notels) about

<ot Institutes

INFN-BA,
UniBA, PoliBA,

INFN-LNF,

o INFN-RM2, (@) Ta S k

Large area RPC UniRomaTOV,
and MPGD pro-
totypes:  design, i INFN-BO,
construction,  and
test of RPC and [§ INFN-FE,
MPGD-based  pro-
totypes  [T1,  T2) INFN-NA,
with advanced solu-
tions for euensive i INFN-RM3,
surface  coverage
IT6].  optimized [§ INFN-TO,
for  medium-high
flow rates (range [ IRFUICEA,
tens kHz/en

IFIN-HH,

Istinye U,
sub-ns. time fesolu.
tion). This includes |§ CERN,
considerations  for
the compatibility of

Tufts,

UC Irvine,
U Florida,

U Massachusetts,
Amberst,

U Michigan,

UW-Madison,
IGPC

Example Work Package Table: WP1 - Trackers/Hodoscopes

liverables for the first three
2d on detailed annexes (>330

prigned as MoU addenda.

- List of institutes interested in joining a WP. Estimate on
available/additional resources and commitment to

tasks/deliverables provided in detailed annexes.



WP Resources

Resource and Participation Tables are presented in the proposal as cumulative data:

* gathering "confidential material" from institutes,

* no commitment is assured at this stage

* institutes need to verify with their FAs the potential consideration of proposed resources.

* the final commitment will be provided only at the time of submission of Work Package for approval

WP Description Material| Material| Material| FTE FTE FTE
[KCHF] | [kCHF] | [KCHF] | (2024) | (2025) | (2026)
(2024) | (2025) | (2026)
WP1 Trackers/Hodoscopes 651 516 501 47.45 50.9 50.7
WP2 Inner and Central 394 163 167 19.45 21.45 2345
Tracking with PID
Capability, Drift
Chambers

WP3 Inner and Central 163.5 70 65 32 373 40.3 Cumulative information about

Tracking with PID existing resources
Capability, Straw and

Drift Tube Chambers 2024-2025-2026
WP4 Inner and Central 268 268 253 15 15 14.5
Tracking with PID
Capability, Time
Projection Chambers

FAs can havedifferent approvalsteps

WPS Calorimetry 150 150 150 12.75 12.75 12.75

WP6 Photo-Detectors 275 325 315 11.9 114 114

WP7 Timing Detectors 420 311 311 24.1 21.7 20.7

WP8 TPCs as Reaction and 495 505 405 78.35 73.05 72.55
Decay Chambers

WP9 Beyond HEP 803 783 694 40.5 375 35.2

SUM 3456 3091 2861 281.5 | 281.05 | 281.55

04.12.2023



WP Resources

Resource and Participation Tables are presented in the proposal as cumulative data:

* gathering "confidential material" from institutes,

* no commitment is assured at this stage

* institutes need to verify with their FAs the potential consideration of proposed resources.

* the final commitment will be provided only at the time of submission of Work Package for approval

WP Description Material| Material| Material| FTE FTE FTE
[kCHF] | [kCHF] | [kCHF] | (2024) | (2025) | (2026)
(2024) | (2025) | (2026)
WP1 Trackers/Hodoscopes 716 1040 670 21.8 23.55 23.55
WP2 Inner and Central 79 89 93 3.15 8.4 9.15
Tracking with PID
Capability, Drift
Chambers H H .
WP3 Inner and Central 525 325 330 11.7 12.9 12.9 Cumulatlve mformatlon abOUt
CTractt)lflipg \gith PIDd additional resources needed
apability, Straw an
Drift Tube Chambers 2024-2025-2026
WP4 Inner and Central 238 238 238 113 11.3 11.3
Téi;?&gligft%:? FAs can havedifferent approvalsteps
Projection Chambers
WP5 Calorimetry 50 50 50 1 1 1
WP6 Photo-Detectors 180 270 250 4.6 5.1 5.6
WP7 Timing Detectors 257 307 346 3 55 6.9
WP8 TPCs as Reaction and 516.5 471.5 436.5 35.1 40 40
Decay Chambers
WP9 Beyond HEP 140 225 275 15.9 20.4 23.9
SUM 2701.5 | 3015.5 | 2688.5 | 107.55 | 128.15 | 134.3

04.12.2023
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WP Resources

Cumulative information about
resources for materialand FTE

WP Description Material FTE/year

(2027-2029) (2027-2029)
[kCHF/year]

WP1 Trackers/Hodoscopes 1365 73

WP2 | Inner and Central Tracking with PID 328 28

Capability, Drift Chambers
WP3 | Inner and Central Tracking with PID 438 49
Capability, Straw and Drift Tube
Chambers
WP4 | Inner and Central Tracking with PID 501 26
Capability, Time Projection Chambers

WP5 Calorimetry 200 14

WP6 Photo-Detectors 538 17

WP7 Timing Detectors 651 27

WP8 | TPCs as Reaction and Decay Chambers 943 113

WP9 Beyond HEP 973 58

projection >2027

Resource envelope necessary if progress aligns with expectations by 2026, following milestones and deliverables.

| PiotrGasik | 1stmeeting of the DRDC | DRD1 Proposal | CERN |

04.12.2023
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WP approval and reviews o

* WPscan beinitiated at any time and are internally organized and coordinated by participating institutes dedicated to the specific

WP.

* WP members actively engage ininternal assessments, evaluating goals, milestones, and deliverables and define their internal

organization within subprojects.
* Internal scientific review by the Scientific Coordination Board, considering the involvement of other WPs and WGs.
* The Resource Board evaluates resource consistency. A
* Approval involves WP coordinators, DRD1 FA representative of the WP, overall WP coordinator. SPs, CB chair/deputy. .I ’

o0
* Final approval by the Management Board and Collaboration Board. ..‘

* A formal agreement is established among participating institutes, Funding Agencies, DRD1 management, and the host lab (CERN).

Work Package Agreements are included as annexes inthe DRD1 Memorandum of Understanding (MoU).

* WP coordinators report to DRD1 and WP undergo review by the Detector Research and Development Committee (DRDC). Those

procedures of reviewing is defined by DRDC
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Today, tomorrow, on Thursday E@ﬂ

e All WPs currently included in the DRD1 proposal will be presented today and tomorrow

* Present the WP, and discuss next steps!

* On Thursday we will have a plenary discussion (everybody is welcome) to further discuss

next steps, WP approval process, WP structure, FA contacts, formalities, MoU addenda etc

* The outcome of these discussions will serve as input to the CB meeting, DRD1 constitution,

MoU addenda, etc.

* Your active participation is highly appreciated!



BACKUP
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WP1 - Trackers/Hodoscopes o

Existing
. WP Description Material| Material| Material FTE FTE FTE
Institutes [kCHF] | [kCHF] | [kCHF] | (2024) | (2025) | (2026)
* 39 institutes from 17 countries (2024) | (2025) | (2026)
WPI1 Trackers/Hodoscopes 651 516 | 501 47.45 50.9 50.7

INFN-BA X X

=

Additional (not existing)

INFN-BO x| X WP Description Material| Material| Materiall FTE | FTE | FTE
INFN-FE x | x| = X [KCHF] | [kCHF] | [kCHF] | (2024) | (2025) | (2026)
IMFN-LNF x| x X X (2024) | (2025) | (2026)
X
X
X

INFN-MA WP Trackers/Hodoscopes 716 1040 670 21.8 23.55 23.55
INFN-RM2 X
INFN-RM3
INFN-TO X
Kobe ¥ X
CERN X X ¥ X
. Cambridge X X X
LMU X o B 7 3 . 4
ICTEA U Owviado X gy ) & nusd -
CIEMAT T Y B S - i

EAE A EA B
AR

=

Wigner RCP X X X

Max Plank x ) i A '
Univ of Geneva : -
Hong Kong P w "I.E; .

=
r
:\
=
Ny
\
A

=

Weizmann X X
IRFU X X
USTC X X
VUB X .

IFIN-HH X
UNSTPB X
UniTBv

ISU X

e+e- US Cluster | =
IGPC - Belgrade X X —

EAEd Bl B s
| || | e
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DROT <2030 2030-2035 :g:; 2040-2085 >2085
Challenges: T T ¥ . cece
tracking with PID IBF (TPC only) 1:2 o0 0000
i i Proposad tochnologios: Time resolution 11 ) ® °
* Development of front-end ASIC for cluster counting/a scalable multichannel DAQ T | e capaity 3 e @ ° eve
layers of MPGD, strawchambers  (E/dx. 12 @ o 9000
boa rd Fine granularity 11 @ [ ] [ ] (X X X )
.. i DRDI FCFA Milestones/Delverable N
* New wiring procedures and new endplate concepts T e | Wos | DkT T ELu R
- . . . . . rcoaming | Low pover
* Consolidation of new wire materials and wire metal coating /ageing phenomena Low nass wer | | M1 n ok
TZ[ Scalable mul- | - High sampling raie WG, 12, At least 80% effi- | Completion  of | Realization of a [;__m'm .
* Increase of the rate capability and granularit ::.I:MDAO g;;d-::lnﬁl:::.ﬁm, was, | 13 :ﬁ&;;ﬂ:ﬁnﬁfﬁ g:lnn . :?J::;:!;mw#:um‘ UniBA, PoliBA,
p y g y - Event time stamping resolution in dnfdx | length drift chamber | electronics  chain
- Track triggering WG4, smaller than 30% for prototype. [T3] for cluster count- INFN-LE,
. . . . . . opo . . . a single hit. [T1] ing/timing. [T1-T2] !

* Optimization of gas mixing, recuperation, purification and recirculation systems i — e " o ya2 INEN-RM1,
wiring  proce- wiring procedures wGT Validation of the n2 U Massachusetts,
dures, - More transparent Design  of  the tension recovery Amherst,
new end-plate | end-plates (X < 5%Xg) Trontend ASIC | scheme. [T3] Performance  of

Goals: concepts Transverse geomelry optimized [}:; cluster 3’: separation in | U Michigan,
comne [T from 2 10 30 Gevie, | U Irvine,
TA| High rae’ - Smilllrr_ cell size and [T1-T2]
* Achieving efficient cluster counting and cluster timing performances by using FPGA s et
ratio BNL,
based architecture N I e— i
materials and - High YTS U Florida ,
‘wire metal - Low mass, low 7.
* Completion of a cylindrical sector of a full length drift chamber prototype aimed at oatng i e aden.
U Nankay.
testing all mechanical properties. TS| Sy e | UTiinghua
new wire types carbon wires as field IHEP CAS,
and sense wires
* Performance of K-p separation in the momentum range from 2 to 30 GeV/c based on v
T7 | Optimize - Use non-flammable U Jilin,
o g | gasen e
a scalable front-end/digitizer/DAQ, electronics chain for cluster counting. i ::““ “":““‘"““‘"" ::m
and recircula- - Keep low-Z. MP- .
tion systems ]mg\i‘mm radiation o
- Operate at high ioniza-
tion density
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WP2 - Drift Chambers o

Existing
WP Description Material| Material| Material FTE FTE FTE
. [kCHF] | [kCHF] | [kKCHF] | (2024) | (2025) | (2026)
Institutes _ (2024) | (2025) | (2026)
« 20institut in5 tri WP2 Inner and Central 394 163 167 19.45 21.45 23.45
Institutes In 5 countries Tracking with PID
Capability, Drift
» All R&D tasks covered Chambers

Additional (not existing)

WP Description Material| Material| Material] FTE FTE FTE
[kCHF] | [kCHF] | [kCHF] | (2024) | (2025) | (2026)
(2024) | (2025) | (2026)
WwP2 Inner and Central 79 89 93 3.15 8.4 9.15

Institute Tracking with PID
Capability, Drift
1JCLab-IN2P3 X X X X Chambers
INFN-BA X X X X X X X
INFN-LE X X X X X X X
INFN-RM X X X X n -
US Cluster X X X g
Nankai U X
Tsinghua U X
IHEP-CAS X X X X
Wuhan U X ;
Jilinu X Pt
USTC X X
IMP-CAS X X = | )
Bose X X & g




WP3 - Straw and Drift Tube Chambers

Challenges and goals E

. . S SRS
* Straw tube wall film thickness < 20um for low X/X0 < 0.04% per straw *’{v:“’@f&“ K s
& SEFT 7
. . - £FESEFS g
* Straw diameter < 5mm for high rate capability of O(100 kHz/cm?) e
. . . Rad-hard/longevity 1 @0 @
 Straw length up to 4m with thin film tube walls e oo g HEE
Proposed technologies: Time resolution
. . . . e e
* Extending tracking information to 4D (3D-space and T0) and dE/dx for PID el
DRDIT ECFA itutes.
* ASIC design for high-resolution leading-/trailing edge time and charge readout - o | DROT o -
WGI, M1 GTU,
* Very large straw detector volumes of O(10m3) and in vacuum Somies | Pt | WG| M| ok g con Bocmm,
Develop straw |~ Thin flm wall WGS3, 12 ey ,:ﬂh.gm.:: -
. . . . . . whes of Smm | - Fast timing < 100ng ' = jectives and decide U Hamburg,
* Extending detector longevity by increasing material purity - Rum=Sitgen? | WOL » vl
2| o ke | RO o e | O up  laborstories %ﬁi e e | e
. . . . . . . film walls - Falm mellization WGo, woduction and  test
* Developing new production techniques, like ultrasonic film tube welding e oo ! .,
Develop ulira | - 4-5m wube lengih WG, and procurement of | and  straws  with
long  straws | - Filmwalls < 30 tm materials. [T1-T7] enhanced longevity. NISER
.. . with thin film | - Good mechanical | WGE [T1-T3, T6] Bhubaneswar,
to minimize the usage of glue proptes Maz e | o
T it | R sponrren? Optimization  of U Punjab,
ultra-small - Fast timing <50ns e~
diameier - Charge load >10Clem c system INFN-TO,
R} Dbgcinu:: L)_m—:nu:d N =i wr:w”m me. INP-Almaty,
. . mechanical - Control material relax- Development of the JU-Krakow,
List of projects e M
method
M3 CERN,
1. Drift tube developments for high-rate applications (e.g. at FCC-ee/hh) T e | Opimison U o G
and  readout and ASIC design
2. Straw chamber technologies for hadron physics applications (e.g. 4D+PID, low X0, ..) T e S o s fo T .
tracker  mea- | <150pm timing, signal lead-
surement - Time ) extruction ing and trailing edge FIT,
. . nformation with (Ans) resolution time  readout  with
3. Largeareastraw detector for Dark Sector applications (e.g. 4m ultra-long straws) QD | -4l ki <O o inion e,
for PID. [T4, TS] U Massachusetts,
T6 | Enhance Ageing resistance up 1o Amberst,
4. Straw chamber technologies for neutrino physics applications (e.g. low X0, large area) ™ e UMtigm,
for highest panwl;l;:b:: UC Irvine,
5. Optimization of straw materials and production technologies (e.g. standardizing, ..) [ Oyt e UW-Madion,
softwae Tufts.
6. Optimization of electronic readout (new ASIC designs, versatile applications, ..) e




WP3 - Straw and Drift Tube Chambers A

Existing
. WP Description Material| Material Material FTE FTE FTE
Funding comments [KCHF] | [kCHF] | [kCHF] | (2024) | (2025) | (2026)
(2024) | (2025) | (2026)
e Existing: excl. already spent costs of materials, infrastructures, devices.. WP3 Inner and Central 1635 | 170 65 k7) 373 | 403
Tracking with PID
+ Additional: planned funding applications in 2023/24 o i
Tasks Additional (not existing)
Institutes 'C“:;:“‘e IL Il 12 JL 03 L T8 |l T> L T6 |l _T7 WP Description Material| Material| Materiall FTE | FTE | FTE
X X X [kCHF] | [KCHF] | [KCHF] | (2024) | (2025) | (2026)
L. . . Fz) X X X X (2024) | (2025) | (2026)
* 26institutes in 9 countries Gsl x x WP3 Tnner and Central 525 | 325 | 330 | 117 | 129 | 129
6Ty X X X X Tracking with PID
* All R&D tasks covered (T1-T7) e — T T ; Capability, Straw and
Drift Tube Chambers
IITK X X
INFN-TO X
INP-Almaty X X X X X X X
JU Krakow X X
MPP X X X X X
NISER M X e
RU Bochum X X X X . ca
U Hamburg X X X X ,f/
U Punjab X X X :" ( >
U South ; : *
Carolina X X X X X g’ - " 4
U Duke X ; 5 e
U Dehli X X X w b
BNL X ! 4
FIT X 3 % &
Jlab X
U Mass. X s
Amherst
U Michigan X X X X i
UC Irvine x -
U Wisconsin X et
Tufts Uni X X X
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WP4 - Tracking TPCs

Challenges and goals

¢ Highrate,

* Low mass,

* Granularity,

* dE/dx & cluster counting
¢ lon backflow suppression,

* Gas mixture optimization and Eco gas mixtures

Single WP project

of gas mixtures to find
low diffusion gases
- Swdy gases with
low @t for improved
performance of TPCs in
magnetic fields

Study  cco-friendly
gases.

éf
S &9
ik &
s 4
é’g s 2 £ 5
&
FEesdeee888888
2030-2035 W aomams 52088
Rad-hard/longevity h
Inner/central Low X, °
tracking with PID 1BF (TPC only)
Proposed tochnaogios:  Time resoluti Y
St ceber eeica Rate capabiity ®
s i e G/ °
Fine granularity [ ]
# | Task Performance Goal R,'g\" [:,;';1 e Mlicoio ;j%"“”""’ o Institutes
| TT| TBF reduction | - Reduce IBF in case of
gated operation WG, LI M1 M1 D IFUSP,
- Reduce IBF in case of
ungated operation WG, 1.2, Evaluation of | Improvement Prototype  TPC | U Carleton.
various  readout | of dE/dx perfor- | A small scale pro-
T Pl TPC “Develop differentiech- | WG3, 13, technologies: stud- | mance: experimen- | totype detector with | [HEP CAS,
development nologies for pixelized ies of various gas | fal tests to optimize | good spatial and
readout WG4, 14 amplification  and | the dE/dx resolution | dE/dx resolution to | U Tsinghua.
- Build small prototypes readout technologies | in various gas mix- | fulfil the require-
0 verify spatial resolu- | WGS, including  pixelised | tures{T1, T2, T5] ments  of fuwre | HIP.
tion structures to estimate accelerators  with
- Study dE/dx resolution WG6, their potential per- M2.2 a gated or ungated U Jyviskyli,
formance in a TPC. operation mode  of
T3 | Optimization - Reduce material bud- WG7 [T1, T2, T4, T5] Improvement  of the TPC. [T1-T5] IRFUI/CEA,
of mechanical | gt of mechani IBF  performance:
structure electrical field cage experimental fests TUDa,
- Reduce material bud- to reach an IBF
getof the endcap. in par- performance optible U Bonn,
ticular, the cooling in- with gainxIBF < 5.
frastructure [T1, T2, T5) GSIL
T4 | FEE for TPC Develop a fow-power M23 Wigner,
ASIC for TPC readout
- Implement a_readily Electronics  im- INFN-BA,
available ASIC, which plemented in  the UniBA, PoliBA.
fulfils MPGD-TPC SRS and  ready
requirements in  the for operation with INFN-RMI,
Scalable Readout Sys- small-scale  proto-
lem types. [T4] U Iwate,
- Increase the readout
rate  of TPC-readout CERN,
with SRS
PSI
TS| Gas mivires ~Study dnlt properties




WP4 - Tracking TPCs o

Existing
WP Description Material| Material| Material FTE FTE FTE
. [KCHF] | [kCHF] | [kCHF] | (2024) | (2025) | (2026)
Institutes (2024) | (2025) | (2026)
WP4 Inner and Central 268 268 253 15 15 14.5

Tracking with PID
Capability, Time
Projection Chambers

* 16 institutes in 10 countries

* All tasks covered
Additional (not existing)

WP Description Material| Material| Material] FTE FTE FTE
N [kCHF] | [kCHF] | [kCHF] | (2024) | (2025) | (2026)
Institute (2024) | (2025) | (2026)
usp X WP4 Inner and Central 238 238 238 11.3 113 11.3
Tracking with PID
U Carleton X X Capability, Time
IHEP-CAS X X X X Projection Chambers
U Tsinghua X
HIP X X X
U Jyvaskyla X .‘\.‘ o
IRFU/CEA x X S '
U Bonn X X X X -
TU Da X X
GSI X X X
RCP X
INFN-Bari X X
INFN-Roma1l X X \
U X X f
CERN X ' 7 ,
PSI X X W




WPS5 - Calorimetry

5
$
< 2035- v
DRDT 2030 2030-2035 Soa 20402085 >2085
Rad-hard/longevity 11 (X X )
Ch a I Ie n ges Preshower/ Low power 11
Calorimeters Gas properties (eco-gas) 13 00 o000
. . . . . Proposad techaclogios: Fast timing 11
* Realization of thin and large surface detectors with high . 1 206 oo
il Rate capability 13 ® ) ®
. . . . . opens Large array/integration 13 (X X ] (X X ]
efficiency, excellent uniformity and high-rate capabilities
o [ T Porformance Goul | DRDT | ECFR = kstonesDel - -
operated with eco-friendly gases TT| Conception, | - High efficiency with
construction thin large detectors WGI 1 ML M2 DI P21
and  charac- | -Compactness of the ac- i o : ) "
. . terization  of | tive unit including cas- . I
° . - WG2, 13 Construction of Uniformity ~ study Performance and CIEMAT,
Very good time resolution lorge sampling | sottes and possibie cool- Comstruction Drlformity oy | Performance and
e"l"‘?““ for ‘“[EJ "fs‘"“ ) £ | WG, gaseous  defector | and cluster size | of the large and thin | VUB and UGent,
. calorimeters - Uniformity in terms o fulfilling the require- | distribution  with | detectors of different
* Embedded readout electronics ‘g‘;‘;:‘r:m:;f‘”"”“d W67 ments on efficiency | medumsize  de- | technologies. Perfor | GWNU,
and small dead tectors. Expected mance goals in terms
zones. [T1] timing performance | of: SITU,
better than 3ns in - detector unifor-
Goals S - the case of MPGD, | mity: < 10% in | MPP,
ming - per- - lming periormance 0. ns for RPC and terms of efficiency
formance of different technologies 0.15ns for MRPC | anintermsofclusier | WIS,
of gaseous | - Uniformity of the with 4 gaps. [T2] sz [T1]
- H H H H H H detectors  for detector response in s g -
* Toprovide high granular hadronic calorimeters with active media lormicrs | e of g e meclaon | NS A
M2.2 - high detection rate
. . capabilities up to a | INFN-RM3,
made of gaseous detectors to efficiently apply the PFA Construction  of | fow kHelom? [T4],

large and thin de- 1o be obtained with INFN-NA

tectors (few mm) of | different kinds of
T3 Readouwt el | ! ) b

. . . . different  technolo- mixtures.
techniques and at the same time provide good energy resolution wonicsfor | electronics gies (MRPC, RPC.
calorimeter - Low power consump- MM, WRWELL, D2
gaseous detec- tion per channel RPWELL) with
tors - Active Sensitive Unit small dead zomes | The readout
(ASU) of large size with (< 2% dead zone). | electronics  [T3]
good flamess We propose to build | associated with
detectors larger than pickup pads of the
50 cm x 50 cm in order of 1 em*:
. . . . . the case of MPGD - threshold down to
One project associating different technologies T g | - W Gt | and larger than 100 | a fow IC for MPGD
capability exceeding a few KHz cm x 100 cm for | and tens of fC for
gaseous  de- | in case of (M)RPC and (MJRPC, featuring | (M)RPC
tectors for cir- tens of KHz in case of dead zones < 2%. - time resolution
cular  collider | MPGD The detectors should | better than 100 ps
calorimeters - Impact of high particle feature an efficient
rate on the detector gas circulation to
performance (efficiency, be used as active
spatial resolution, tim- layers in  granular

ing..etc) calorimeters. [T1]
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WP5 — Calorimetry o

Existing
WP Description Material| Material| Material FTE FTE FTE
. [kCHF] | [kCHF] | [kCHF] | (2024) | (2025) | (2026)
Funding comments oy | cos | ane
. ) WP5 Calorimetry 150 | 150 | 150 | 1275 | 1275 | 1275
* The foreseen developments on detectors is already available or almost sure to be
available
* Existing readout electronics could be used to characterize but new and more Additional (not existing)
performant ones need to be produced in common with other WPs in DRD1and DRD6. | VF Description [MRE‘:[';T [Mké‘;';‘;' 1[‘:2‘;2_*]" (;]TZ‘Z) (;T.ZES) (mFTZE‘S)
(2024) | (2025) | (2026)
WP5 Calorimetry [ 50 50 | 50 | 1 1 1

Institutes
* 10 institutes from 8 countries

* Most of all are also involved in DRD6 (calorimetry)

* Most of them have already worked together

on a given technology but in this proposal, <
Institute ¥
common studies will be an essential feature | 2 X x x X
. CIEMAT X
VUB X
GWNU X X
SITU X
MPP X X W s
WIS X X X y
INFN-BA N X &
INFN-RM3 S
INFN-NA X
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WP6 — Photo-detectors

Challenges and goals
* Gaseous Photo-Detectors:
o Llarge area
o Low cost
o Low material budget
o Magnetic insensitivity

* Hadron identification at colliders + other applications

> Improve performance

» Explore visible gaseous PDs

&
§ F& g
f?‘v &8 £
SFFa & &
Aiiin g i
FEFEIF s £ §
@§f§@~046§§@ o s FE&
FESTEGETs 889888884
DROT <2050 2050-2035 20 20020 >2085
Rad-hard (photocathode) 11
Particle IDITOF IBF (RICH only) 12 [
proposadtocmoogee P02 iMiNG 11 [
RCHANPGD, TROAPGD, TOF:  Rate capabilty 13 ®
VAP e T dE/ox 12
Fine granularity 11 L]
# Task Performance Goal {I).RG?] Ef{':)AT 3N M‘]e'\mnzir\); livesable oM |
TI Development - Robustness against ac-
of robust UV cumulated charge dose:
photoconvert- < 20% deterioration of
ers for gaseous quantum efficiency for
photon  detec- | 100 mC/em?
tors WG, 1.1, M1 M2 D1 AUTH ,
T2 | Increase  the Photoelectron _efi- | WG2. 1.2, Design and produc- Results  of  simu- Demonstrator USTC.
photon  detec- ciency in gas > 75% of tion of small-size lations and mea- prototypes for
tion efficiency that under vacuum WG3, 1.3 photon  detector surements of IBF Large area Double NISER
prototypes, eg. suppression [r7, Micromegas [T8], Bhubaneswar,
T3 | Suppression - Stable detector opera- WG4, THGEM + Mi- T3], photocathode Space resolution
of ion feed- tion at 10% gain. g ipped bi [T1], a < Imm [T5], Time CERN,
back to the - IBF reduction down to WG5S, with  hyd 1 test  of all-size luti < 200ps
photocathode. 1074 nanodiamond  pho- prototypes [T2, T5] [T6]. IBF < 1%. WIS,
increase of - Stable operation in WGé, tocathode [T1], PI- and new readout
stability  and harsh environment COSEC Micromegas development, ~ with Test bench for INFN-PD.
longevity (10" ngylem?) WG7 equipped with novel | low noise at low | visible sensitive pho- | DFA-UNIPD,
photocathodes [T6], | input  capacitance | tocathodes studies
TF [ Develop “Sustained photosensi- Double Micromegas | [T9]. [T4]. INFN-TS,
gaseous  pho- tivity to visible light in photon detectors
ton  detectors gaseous photon detec- [T3], etc. to test the D2 HIP,
sensilive 1o tors proposed technolog-
visible light ical improvements. Report on  novel U Aveiro,
robust photocathode
T35 | Tncrease  spa- Spatial  resolution performance  [T1] MSU,
tial resolution < lmm and PDE achieve-
and  readout ments [T2]. TUM
granularity
D3
T6 | Tncrease time Time  resolution
resolution < 100 ps New ASIC chip
prototype integration
T7 | Modelling and | - Accurate simulation of [T9].
simulation of IBF to the photocath-
gaseous  pho- ode, gain and stability
ton detectors
T8 | Large area - Gain and QE variation
coverage < 10% over 1 m* area
with < 10% dead area.
T9 [ Readout elec- New frontend ASIC

tronics for sin-
gle photon sig-
nals

chip with 64 channels,
ENC 0.5 fC at 20pF
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WP6 — Photo-detectors A

Existing
WP Description Material| Material| Material FTE FTE FTE
. [KCHF] | [kCHF] | [kCHF] | (2024) | (2025) | (2026)
Institutes (2024) | (2025) | (2026)
WP6 Photo-Detectors 275 325 315 1.9 | 114 114

¢ 11 institutes from 10 countries
* All tasks covered

Additional (not existing)

WP Description Material| Material| Material] FTE FTE FTE
[KCHF] | [kCHF] | [kCHF] | (2024) | (2025) | (2026)
(2024) | (2025) | (2026)
WP6 Photo-Detectors 180 | 270 | 250 | 46 | 51 5.6
Institute = :
AUTh X X X s
USTC X X X X X X X X
NISER X X X X X X X
CERN X X X X X 1
WIS X X X X
INFN-PD X X X X X X :
INFN-TS X X X X X A 3
HIP X X X
Aveiro X X X X X X X
W wre
FRIB X X X X %
TUM X X S
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WP7 - Timing Detectors

Challenges
* Eco-friendly gases: decreasing availability, increasing cost of GH gases
* Detectorageing: operational instabilities/ageing in harsh environments,

* Front end electronics: timing performance, low power, robustness

Goals
* Development of scalable precise timing detector with operational stability and
long term robustness
* High-rate capability and spatial resolution with suitable FE electronics for the

required readout granularity

Two projects based on different technologies
* Project A - High-rate, high-granularity precise timing with MPGDs
* Project B - High-rate, large, precise timing (M)RPC

2035-

DRDT <2030 2030-2035 s0a0  2040-2045 >2045
Rad-hard (photocathode) 11 @
particte IDITOF IBF (RICH only) 12 @ ®
roposed tochnologiss Precise timing 11 [ )
RICH:MPGD, TRD:MPGD, TOF:  Ratte capability 13 ®
VPG, Pessee, FIM dE/dx 12
Fine granularity 11 [ )
# | Task Performance Goal {i}:g' 55:;\1 — ”1"""“""2‘1;);"“"‘""" o Insitutes
TI | Optimize the - Uniformity over m*
amplification (time resolution, rate
! capability. efficiency)
area detectors WG, ML1 M2.1 D AUTH.
T2 Enhance | - Time rosoltion < | WG2 | 11, Prototypes  re- | Prototypes  suit- | Prototypes  with | CERN.
timing perfor- | 50ps up to 30 kHzem? view (proof  of | able for large area | time resolution
mance WG3, | 13 concept, enhancing | coverage systems | below 200ps based | CIEMAT,
time resolution, review:  status and on RPC/MRPC and
T3 Enhance rate | - Time resoltion < | WG4, ive area of about | perspectives.  [T1, | MPGD technolo- | CNRS-
capability 200ps up_ to  100- 100 cm?): status and | T3, T10] gies:  demonstrate | IN2P3/Omega,
150 kHz/em? perspectives. [T, the  scalability of
T2, T5, T10 M22 the technologies | DGIST.
TF | Spatial resolu- | - Spatial resolution of targeting m?  size
tion and read- | mm with low number of M2 Multichannel coverage. Prototypes | GWNU,
out granularity | readout channels WGT readout electronics: | will be characterized
Common  activi- | evaluation (on small | in terms of time | HYU.
TS| Stability, ro- | - IBF<I% with <I00 ps ties and material | prototypes. 100¢ resolution, rate
bustness and | time resolution for sin- studies:  Support | active area) of dif- | capability,  space | HIP,
Tongevity gle photoelectrons and  development | ferent multichannel | resolution, efficiency
- Stable. high-gain oper- of modelling and readout  solutions. and multi-hit re- INFN-BA,
ation simulation  (time | [T9] sponse.  Different | UniBA. PoliBA,
resolution, rate examples of  mul-
T6 | Matenial stud- | - Radiation-hardness capabilities)  tools tichannel  readout | INFN-PV, UniPV,
ies - Longevity and testing facilities electronics  will  be UniBG,
(time  resolution, provided. [T1, T3,
T7 | Gas studies for |- Eco-Tnendly mixtures | rate capal pace T4, TS, T9, T10] INFN-RM2,
i - Recuperation resolution, gas and UniRomaTOV,
- Ageing mitigation material  studies) Guidelines  for
COy-based  mix- [T3.T4,T6,T7, T8, future  develop- | IRFU/CEA.
ture with geometrical THj ments: At the end of
quenching the three years, de- 21,
velopment directions
TS | Modeling and | - Accurate _modelling will be summarized | JLab,
simulation  of | of charge transport and based on future facil-
timing  detec- signal induction pro- ities’  requirements LIP-Coimbra,
tors cesses in precise timing and the achievable
detector geometries performances of the MPP,
studied  solutions.
| TO | Readout elec- | -Low-noise FEE | Status and strategies [ RBL
tronics for pre- | — High input capaci- use
cise timing tance able gas | SIAT,
~ Large dynamic range mixtures  will  be
~ Fast rise time given. [T7] SITU,
~ Sensitivity to small
charges U Heidelberg.
- Multi-channel readout
solution for timing de- U Kyoto,
tectors
U Tsinghua,
TTO Precisionme- Precise _mechanics
chanics  and (um) over relatively USTC,
construction large active areas (hun-
techniques dreds of cm?) VUB and UGent
TTI[ Common —Test bench for precise
framework and | timing studies
test fac

for  precise
timing R&D
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WP7 - Timing Detectors o

Existing
Institutes WP Description Material] Material| Material| FTE | FTE | FIE
[KCHF] | [kCHF] | [KCHF] | (2024) | (2025) | (2026)
* |ntotal: 26 institutes from 14 countries (2024) | (2025) | (2026)
WP7 Timing Detectors 420 311 311 24.1 217 | 207

* Project A: 9 institutes from 9 countries

* Project B: 17 institutes from 10 countries

Additional (not existing)

WP Description Material| Material| Material FTE FTE FTE
[kCHF] | [kCHF] | [kCHF] | (2024) | (2025) | (2026)

(A) High-rate, high-granularity precise timing with MPGDs (B) High-rate, high-granularity precise timing with MPGDs

Institute T1 T2 T3 T4 15 Te T7 T8 T9 Ti0 Ti1 Institute 7 T8 T9 Ti0 Ti1 (2024) | (2025) | (2026)
AUTh x | x x | x| x x| x P21 X X X X WP7 Timing Detectors 257 307 346 3 55 6.9
IRFU/CEA X X X X CIEMAT X X X
CERN X X X | x X X [ x X X VUB X X X
INFN-PV X X X X | X X GWNU X X
JLab X | x X X SITU X X -
RBI X X OMEGA X X P pas
USTC x | x X U Heidelberg x | x y /"’x 7 < -
LIP X x | x Kyoto U X X & ( 3
HIP X [ x| x X LIP X X X X ﬁ
Tsinghua X X X X I3 )
SIAT-CAS x X ' ‘
DGIST X X
MPP x | x X g
INFN-Bari X X X
INFN-RM2 x x | x L
Hanyang U X X ,‘ =
CERN x | x X Ty




2035
w4

Lol 2080.2085 2040-2085 2045

Foe r H
WP8 — TPCs as Reaction and Decay Chambers S e T 8
Optical readout 14 [ )
e .

Fundamental challenges:

DRDT | ECFA Milestone/Deliverable
WGs T L]

DRDT TN TR

¢ Achieving track-reconstruction of low-energy nuclei and electrons, at granularities going from a S
few mm down to potentially tens of um and close to the thermal diffusion limit. [T1, T2, T4] o

GANIL.
wa, | 12 Relew ond de- | Construction  of | TPC commis |
stoning _and_proof | CNRS-
of principie demon- | INZPVUGA,
stration:

* Operating in a broad range of pressures going from a few tens of mbar to tens of bar, with T

~Targearca MPGDE
50 cm x 50 cm) at

Gsst,

HIP,

energy-reconstruction performing generally down to ~1keV threshold if not less. [T2, T3]

small R&D cham
bers. [T1-17] TFAE,

ML2 Imperial,

INFN-BA
UniBA, PoliBA,

* Achieving high and uniform amplification in nearly pure or weakly-doped noble gases. [T3]

Develapment
and tuning of stmo-
tation tools: design.

U Boan,

* Increasing optical throughput (primary and secondary). [T1, T4, T5, T6] T
* Developing more suitably scintillating and/or eco-friendly gas mixtures as well as recuperation iy

systems. [T1, T5, T6]

INFN-PD, DFA.
UNIPD,

INFN-RMI,

* Enhancing the radiopurity of the amplification structure and of the TPC as a whole. [T7]

IRFUICEA,

Four projects: s,
A High-Pressure TPCs for precision studies of neutrino interactions. —
B  TPCs for low-energy nuclear physics. -

C Electroluminescence-based TPCs for Rare-Event Searches and other R&D on pure noble-gas

diing U New Mex-

amplification. TR

D Radiopure TPCs for precise trackimaging and/or calorimetry with avalanche-based readouts.
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WPS8 — TPCs as Reaction and Decay Chambers

Institutes

o 0O w

15 institutes in 7 countries
8 institutes in 6 countries
9 institutes in 4 countries

15 institutes in 11 countries

Institute

(A) High-pressure TPCs for precision studies of neutrino interactions

(B) TPCs for low-energy nuclear physics.

Institute

WIS

RWTH Aachen MSU X X
U Indiana ISNAP X X
U Geneva IGFAE X X
IFAE RIKEN X
U Liverpool SINP X
RHUL IRFU/CEA X
Imperial C. WIS X X X
INFN-Bari GANIL X X
IGFAE
UVigo (D) Radiopure TPCs for precise track imaging and
- calorimetry with avalanche-based readouts
U Warwick
- Institute

Fermilab

GSSI X X X
INFN Padova

IRFU/CEA X X
IFIC

INFN-Romal X X X
U Uludag

RAL X X X
(C) Electroluminescence-based TPCs for RE Searches and other R&D on pure HIP X X X
noble-gas amplification. UH Manoa X X X
Institute New Mexico X X X
DIPC CERN M
IFIC CAPA/UNIZAR X X
uPv LIP-Coimbra x X
LIP-Coimbra ANU N X N X
IGFAE IN2P3/UGA X X X
U Coimbra U Hamburg X x N N X
U Aveiro U Kobe X
Astrocent U Bonn x
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WP8 — TPCs as Reaction and Decay Chambers A

Existing
WP Description Material| Material| Material FTE FTE FTE
. [KCHF] | [kCHF] | [kCHF] | (2024) | (2025) | (2026)
Institutes (2024) | (2025) | (2026)
WP8 | TPCs as Reaction and 495 505 405 | 7835 | 73.05 | 7255
¢ 41 institutes from 16 countries Decay Chambers

* All projects/tasks covered

Additional (not existing)

WP Description Material| Material| Material FTE FTE FTE
[kCHF] | [kCHF] | [kCHF] | (2024) | (2025) | (2026)
(2024) | (2025) | (2026)

WP8 | TPCs as Reaction and 516.5 | 471.5 | 436.5 35.1 40 40
Decay Chambers

W wes [ [~




DETECTOR RESEARCH AND DEVELOPMENT THEMES (DRDTs) &
DETECTOR COMMUNITY THEMES (DCTs)
<2030 2030- 2035 2040- >2085
2035 2040 2045
— Beyon
T e s s oo
DROTLS Doverop ly large
B R R [l v e —
Key application areas (projects): R s s b
R R I - K
. . . . e . - s e T, | T . | o
cosmic muon imaging (muography) and large area applications; public safety and mining s et e Bl e
of daily and yearly tem- and solutions lead- | technological con- rformance, inelud-
. P o e v iy | ow i yomed | g wae wd | unan,
industry e, S Pl R e
BHEP Thisincludes | fild  installation on | NISER
N i s | f Some imog | (o e 5% | s
* dosimetry/beam monitoring and medical imaging applications (PET, CT, X-ray, SPECT, | e o | S e | ey "oy | U
sumption bumidity  ranges. | operation. [Ti-T6] shipping standards), | Lmu,
oo | o, | 1, | P i sl
oW r, | el number, high e M22 (below 10W). Crit- | yyigner,

MLz ical comparison of

Gamma cameras, or X-ray fluorescence imaging) e | et | Y2 | 13 vt | bt | e

DAQsysems | operating in an iniense | o Evaluation of | prototype detectors | gies and_solutions,
] defecior  technol- | for medical applica- | identification of gen- |  AGH.Krakow.
TS | Deiecior opi- wes, medical | tions: demonsiration | eral guidelines  for -
. . . . . mization and d applieations: char- | and characerization | high-performance EsS.
+ fast/thermal neutron imaging with solid converters for neutron science, neutron beam misin . W, o U | O i e | iy
methods  for | -Opiimized siructures us- application-specific prototype detectors | for  technological | Istinye U,
muons  and | ing movel neutron con- radiation fields and | in pre<linical and | transfer towards
was, of different gaseous | clinical  environ- | cemmercialisation, U Hamburg,
. . h d | . . 76| Benchmarking | - Defniion of bench | oo defectors for beam | ments, for medical | [T1-T6]
monitoring, tomography and nuclear waste monitoring premee” | e e o mory i | o i |
and knowledge ‘neutron science and  photon-based simulating ~ beams. VUB and UGent,
transfer - Characterization of imaging using de- | Optimization of de- | Performance eval-
benchmark sites, com- wiled  simulations | fector performance. | uation of defectors | CNRS.ISBB,
. parative measurements and already existing | [T7-T9] for medical appli-
ommon challenges: o o | e uire Gt | o
out MPGDs | sub-Becguerel activities ment of suitability of | M23 and description of re-
for bio-marker in single cells respective  detector alization. ~ operation UCLouvain,
imaging and | - Reliably determine fechnology  and | Characterisation and performance of "
. . i pre-clinical and clinical customization of de- | of key aspects of | differcnt  defector | MedAustron,
* Portable and recirculating gas systems iy | o P i T | g T | e |
therapy tor nation of efficiency | emvironments, for ’
T8 | Gaseous pho- | - Optimization of deiec ML3 and maximum | medical  photon | U Johannes

won deectors | tor concept with good achicvable rie ca- | detection and - | bury

* Sealed detectors or ultra-low gas consumption | e o Sty ot jman | ity o di | laed_mcains

for ion beam | - Study delectior realisation  pro- | tpes  Evaluation | pration possibilties
[17-19]

therspy  and | cency for anmihilason cesses: defintion of | of gammaray sen-
. . . . imaging. photons and emporal res- rediston prcesses | vty and ewrn |

S | e

* Operational stability in outdoor natural or extreme environments e 0 i | ey, o,
flos  with | beams at normal and high verters of different | of spatial solution | Performance eval-
high temporal | dose rales with ps resolu- areas. Estimationof | and image capa | uation of gastous
resolution tion expected  detection bility Teconstruc- ‘neutron detec-

1 H o~y for ion beam - M radia- - ti 3
* Cost-efficient solutions for robust large detectors * Efficiency ey "o | mminy i e | ok s | 1 gt
space radiation | beams at high and low background due to | of frontend elec- | of the different
s pdaen | o bt Sukgund e | S e g | e
TN Study of Inno- |- Opfimizing 273D solid- and definion of | TI2] ogy prototypes in
. . e | et o T
. Very low maintenance level * Low background materials comerers gaseous converters o Imi it [TI0- (140% for ther-
T e | P o .
amplifying bined comerer and capability - (order
structures amplification structures MHz/em?),  back-
. . . for highrate, | -Evaluation and lim- ground suppression,
* Neutron converters * Environmental-friendly gas mixtures | | | o = e
detectors image  capability
[T Spatial resolu- | - Emhancement of spa- reconstruction.

. . . . tion, readout | tial resolution and evalu- Determination  of
* Front-End electronics radiation hardness * Large Area granularity o | S e e ™
bility impact | ity and dosimetry capa- specific applications.
| e
imaging and seps  for  fuure

* Low material budget * Sensitivity [ e
; P ; : ; ; Tt |,
* Physics applications (e.g neutron differential cross section studies) | iy




WP9 - Beyond HEP o

Existing
H WP Description Material| Material| Material FTE FTE FTE
Institutes [kCHF] | [kCHF] | [kCHF] | (2024) | (2025) | (2026)
. " ) . 024) | (2025) | (2026)
18 institutes in 13 countries WP9 Beyond HEP 803 | 783 | 694 | 405 | 375 | 352

¢ All tasks covered

Institute T9 Ti10 Ti1 Ti12

Additional (not existing)

WP Description Material| Material| Material FTE FTE FTE
Bonn X [kCHF] | [kCHF] | [kCHF] | (2024) | (2025) | (2026)
ueL « « « (2024) | (2025) | (2026)
WP9 Beyond HEP 140 225 275 15.9 20.4 239

UNIMIB X X X X

LIP X X X X X

ISU X X X

Wigner X X X X X X

AGH X

Hamburg X X X

Saclay X X X X X X X X X s L%

LMU x x x ‘ i

SOfia X

MedAustron X X 3 Y 5

vuB X X X

LSBB X

NISER X X X | WP { v

ESS X X X r iy

GSl X i

uJ X
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