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Apercu des projets de collisionneurs



Conclusion principale de 'ESPP

” An electron-positron Higgs factory is the highest-priority next collider...”
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“Europe, together with its international partners, should investigate the technical and financial feasibility

of a future hadron collider at CERN with a centre-of-mass energy of at least 100 TeV and with an
electron-positron Higgs and electroweak factory as a possible first stage”


https://cds.cern.ch/record/2721370

FCC un des 3(4-5) concepts de collisionneurs
proposés en continuité du HL-LHC

(500 GeV configuration)
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Calendriers prévisionnels des projets
- construction - ee, hh, pu
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2035 start physics
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CepC-ee

HL-LHC (14TeV, 3 ab ")

FCC-ee FCC-hh (-eh-PbPb-ePb)

installation
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2048 start physics
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Projections de luminosité pour les collisionneurs leptons

(Snowmass collider implementation task force)

Lepton colliders (< 1 TeV). ITF Snowmass 2022 Lepton colliders (> 1 TeV). ITF Snowmass 2022 ;
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2-3 collisionneurs complémentaires en énergie/luminosité pour une couverture compléte des domaines de physique
Collisionneur linéaire e-e usine a Higgs - complété par p-u recherche de particules massives
FCC-ee usine a Z/W (électrofaible, saveurs) et Higgs, complété par hh recherche de particules massives (+ e-h/Pb, Pb-Pb)


https://arxiv.org/abs/2208.06030

Potentiel de physique du FCC (ee, eh, hh)
Une vision intégrée de la recherche de nouvelles physique

FCC-hh Simulation (Delphes), \s = 100 TeV
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Input from FCC-ee (e.g. HZZ coupling

and ttZ cross-section) removes 1% :I
model-dependence of several 1= """t 1ihr1-""1~""1——" = - [ °
couplings that are best measured at

FCC-hh (e.g. H> pu, H = yy, H 2> Zy, ttH)

In addition: k; to ~ 5%

https:/finspirehep.netliterature/1790243
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https://indico.cern.ch/event/1064327/contributions/4891231/attachments/2453049/4203727/FCC-week-2022-Gianotti.p

Bénéfices sociétaux et impact environnemental

sont des considérations importantes de viabilité des projets
en particulier la consommation d'électricité

luminosity per electrical power is one figure of merit

10°7 bands reflect uncertainties

France & Switzerland = lowest electricity C content
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https://www.weforum.org/agenda/2018/12/ten-charts-show-how-the-world-is-progressing-on-clean-energy
https://arxiv.org/abs/2208.06030

Planning technique du programme FCC

prospectives |P2|

|

R&D lepton colliders FCC-ee specific system engineering

production installation planning détecteurs
FCC approval hysics
I o
2021 2026-27 2032 2035 2045-47 FCCee | 10 years )
~ 15 years operation ~ 25 years operation
iy sy | S|

FCC-ee dismantling, CE
& infrastructure
adaptations FCC-hh_

Geological investigations, infrastructure
detailed design and tendering preparation

Tunnel, site and technical
infrastructure construction

FCC-ee accelerator and detector R&D and technical FCC-ee accelerator and detector
design construction, installation, commissioning

High-field magnet

Superconducting magnets R&D Long model magngts, industrialization and
prototypes, pre-series : .
series production

FCC-hh accelerator
and detector R&D FCC-hb accelerator and detector
and technical design construction, installation, commissioning

L

J
Y
Long term R&D for FCC-hh, rate and radiation tolerance challenge
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Apercu des concepts de détecteurs
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Concept de détecteur pour un collisionneur e*e, secteur du Higgs
défi de précision pour la trajectographie et la calorimétrie

ex. FCC-ee CLD* 3
— O~
Trajectoire des muons Yoke 1.

Solenoid superconducting magnet 2 to 4 7 | EEE——T——— — &

Energie des hadrons

High Granularity PFlow calorimeter AL o
to resolve Z/W jet decays
Energie des électrons et photons .
Trajectoire des particules chargées
Central Tracker Full Silicon (here) or TPC -
Vertex Detector Silicon Jo

* Facteur d’échelle aux conditions de faisceaux de FCC-ee des détecteurs proposés pour les collisionneurs ILC et CLIC
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FCC-ee a la masse du Z, secteur électrofaible et saveurs

nouveaux concepts pour I'identification de particules, et la précision en énergie des photons
défis des erreurs systématiques de mesures: précision /s O(107¢), lumi. O(104), accep. O(107), B-field O(10°)

FCC-ee can feature 4 detectors, 3 examples of concepts below

A

c driven by calorimeters inside and/or outside solenoid, with tracking options exchangeable 3
O — -1 O~
Yoke Yoke/p chambers 1o,
| Muon Tagger

— &

S

3

=
: . IRE
o F N

Drift Chamber §
— 5.5m BN SEERR AR 6m

e — - — O

ex. CLD with FST plus ex. IDEA with DCH PID ex. Noble Liquid ECAL inside
PID RICH and ToF crystal ECAL inside solenoid solenoid with DCH

Complémentarité a étudier
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Concept de détecteur FCC-hh
défi de taux de collisions 30 GHz - <1000>/croisement (25 ns) et irradiation O(102) x LHC

précision en 4D, espace et temps O(5) ps, nouvelles technologies pour la tolérance aux radiations
et I'électronique de lecture, de traitement et de transmission des données

3D tracking 4D tracking

FCC-hh collisions separated by <170> um and <0.5> ps

4T, barrel/forward solenoids ® = 10/6 m, unshielded

Liquid Argon ECAL/HCAL
upton=6(6=0.5°

Scintillator HCAL

erage in forward regions increase due to themde

—— RS *‘j D \R \.‘_ \i\\

Silicon Tracker up
ton=6(6=0.5°

Muon systems
i 50mlong, 20 m diameter* upn=4(6=2°

https://cds.cern.ch/record/2842569/files/CERN-2022-002.pdf
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https://cds.cern.ch/record/2842569/files/CERN-2022-002.pdf

Feuille de route ECFA
apercu des enjeux et tendances de R&D
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Feuille de route ECFA détecteurs R&D

établie pour satisfaire les besoins et le calendrier des programmes “stratégiques” de I'ESPP
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<2030 2030-2035 2035-2040 2040-2045 > 2045 <2025 2025-2030 2030-2035 > 2035
Future experiments at large accelerator facilities Future experiments at small accelerators,

nuclear reactors, with cosmic rays

6 domaines technologiques considérés
Gas Detector, Liquid Detectors, Solid State Detectors, Particle ID & Photons, Calorimeters, Quantum
3 domaines transverses
Electronics and on-detector processing, Integration, Training
Test facilities and infrastructures, industrial partnership, networking considered for all

Nuclear Physics, AstroParticle (including Gravitational Wave) not considered, but NuPPEC and ApPEC invited to the process
And also joint ECFA - NuPECC - ApPEC seminars in 2019 - 2022 to develop common instrumental projects 16



ECFA roadmap DRD3: Solid State Detector

Semi-conductor sensors highly granular, fast,
transparent and radiation tolerant

DRDT 3.1

DRDT 3.2

DRDT 3.3

DRDT 3.4

Thémes de R&D

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

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

Extend capabilities of solid state sensors to operate at extreme
fluences

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

détecteurs

Vertex
detector?

Tracker5)

Calorimeter§)

Time of flight”

contraintes

Position precision

Low X/X,

Low power

High rates

Large area wafersd)
Ultrafast timing®
Radiation tolerance NIEL
Radiation tolerance TID
Position precision

Low X/X,

Low power

High rates

Large area wafers3
Ultrafast timing®
Radiation tolerance NIEL
Radiation tolerance TID
Position precision

Low X/X,

Low power

High rates

Large area wafersd)
Ultrafast timing®
Radiation tolerance NIEL
Radiation tolerance TID
Position precision

Low X/X,

Low power

High rates

Large area wafersd)
Ultrafast timing®
Radiation tolerance NIEL
Radiation tolerance TID

projets

»Oe,]da
G
&,

0@5

<0
s
4/469/

W,

3095

8,

Vi
9096‘

4( 7o)

€

Sy
Ce

Uy,

Se

(o]
(,4,80
2o
A

C(/o
e

CL,%

DRDT

3134
3134
3134
3134
3134
32
33
33
3134
3134
3134
3134
3134
32
33
33
3134
3134
3134
3134
3134
32
33
33
3134
3134
3134
3134
3134
32
33
33

<2030

2030-2035

w

NN
-3
W
o

2040-2045
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C rl t I1ClI te p ar p rOJ et . 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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2 configurations de SSD

Hybrid design Monolithic CMOS
electronics bumped or wire bonded to Si-sensor single CMOS imaging process
highest rates & radiation tolerance thinnest, highest granularity
planar sensors 3D sensors small electrode large electrode

Substrate
contact

metal

«— Bump contacts — .
= )
deep nwell collection electrode

front-end
chip

& n*(diode)

Sujets de R&D (souvent corrélés et parfois en tension pour la performance)

Finesse de gravure - densité de pixels, basse puissance

Configurations et procédé de fabrication = formation/collection du signal

Electronique rapide et basse puissance = précision en temps et hauts taux de données

Senseurs de grande taille, trés amincis 2 quantité de matiére

Technologies de connexion, intégration 3D des fonctions électroniques = optimisation densité/puissance
Nouveaux matériaux semiconducteurs (WBG) = tolérance aux radiations

18



ECFA roadmap DRD1: Gaseous Detectors

Versatile (cost-efficient) systems in large areas

wide range of application as sensitive and/or readout elements

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

Gaseous in large volumes with very low material budget and different read-out
schemes

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

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

Muon system

Proposed technologies:
RPC, Multi-GEM, resistive GEM,
Micromegas, micropixel
Micromegas, pRwell, uPIC ...

Inner/central
tracking with PID

Proposed technologies:
TPC+(multi-GEM, Micromegas,

Gridpix), drift chambers, cyindrical

layers of MPGD, straw chambers

Preshower/
Calorimeters

Proposed technologies:
RPC, MRPC, Micromegas and
GEM, pRwell, InGrid (integrated

Micromegas grid with pixel
readout), Pico-sec, FTM

Particle ID/ TOF

Proposed technologies:

RICH+MPGD, TRD+MPGD, TOF:

MRPC, Picosec, FTM

TPC for rare decays

Proposed technologies:
TPC+MPGD operation (from very
low to very high pressure)

. Must happen or main physics goals cannot be met

Rad-hard/longevity
Time resolution

Fine granularity

Gas properties (eco-gas)
Spatial resolution

Rate capability
Rad-hard/longevity

Low X,

IBF (TPC only)

Time resolution

Rate capability

dE/dx

Fine granularity
Rad-hard/longevity

Low power

Gas properties (eco-gas)
Fast timing

Fine granularity

Rate capability

Large array/integration
Rad-hard (photocathode)
IBF (RICH only)

Precise timing

Rate capability

dE/dx

Fine granularity

Low power

Fine granularity

Large array/volume
Higher energy resolution
Lower energy threshold
Optical readout

Gas pressure stability
Radiopurity

@ Important to meet several physics goals

2030-2035

Desirable to enhance physics reach

Q
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2040-2045 >2045
oo Qo
™ ®
e 0°0
] 000
oo O0O0O0
() [ X
°
000
(X X )
°
°
o0 0
(X X |
000
o0 000
o0 o000
o0 O00°
o0 000

@ RED needs being met



Chambre a Drift et Time Projection Chamber
pour la trajectographie centrale et I'identification de particules

40 g 5 = : =400 [mm . 1 QUTER FIELD
g e B R E € B e g _| A CAGE -

Meg-If DCH

N IO L R TR I SV PRV
950 160 170 180 180 200 210 220
X [mm]

DCH engineering challenge TPC main challenge to reduce ion backflow
» large size design structure and production * operating conditions (gas, voltages, pressure)
* light and thin wires * highly sensitive and granular readout MPGD

Nouveau concept de PID par dN/dx (+ dE/dx)

« with waveform sampling « through cluster counting

20



2 concepts de Micro Pattern Gas Detectors
pour la détection des muons ou comme systemes de lecture de TPC ou de RICH

&/ GEM it M'CrOMigas Sujets de R&D
T Cathode Drift Electrode - s .
m 2 Drit Gap | N « granularité plus fine

A\
--- ‘bg--------:- GEM

5 mm Conversion/Drift Gap % \\,,
: “

E Field

« meilleure tenue flux instantané et irradiation

2mm Transfer Gap &
mmoemem T _ * impression 3D, dry plasma ink jet
| . | * intégration monolithique avec |'électronique
* mélange gazeux a bas coefficient de GPW
* nouveaux matériaux ex. Graphene grid

2mm b %) Transfer Gap
WA
- - e GEM
M Induction Gap

A7 <5 — = Readout
PCB
Readout
Electronics

}J 'RGSlStlve-We” Well pitch: 140 um
Well diameter: 70-50 pm
Copper top layer Copper dot Kapton thickness: 50 pm

Resistive layer
R~100 MQ/O

/—r

Readout electrode

@ Resistive Strips

l

CMOS MicroMegas
grown on pixel ASIC

21



. Q/ b}
ECFA roadmap DRD4: Particle ID and photon ;oS g k
. . . . > F N
Ring Imaging Cherenkov and Time of Flight detectors ST &L IS S e Fsd
" . . . Q”§8>$§§/§©§§°Q&&«Ocﬁj§
Sensitive materials producing light and photosensors §XTIIICTIFS €3
DRDT <2030 2030-2035 T e 2085
Rad-hard 2 @O o o o
Rate capability 2 @ 0 . . . ()
RICHandDIRC  Fasttiming 3 @ @ o0 o o o
technologies Spectral range and PDE 41 (] o0 o O (]
Radiator materials 3 @ @ (W ] (] ()
Compactness, low X, 43 ® o0 . O [ ]
Rad-hard 42 o o0 [ ]
Timeofflight  Low X 43 o o0 o
Fast timing to <10ps level & clock distribution 43 @ () o0 (]
DRDT4.1 Enhance the timing resolution and spectral range of photon TRD 43 o .
detectors Other dE/dx 43 [ ) o )
PID and ) o - -
Photon DRDT4.2 Develop photosensors for extreme environments Scintillating fibres (light yield, rad-hard & timing) - [ ]
DRDT4.3 Develop RICH and imaging detectors with low mass and high Rad-hard 42 ’ o ‘ . ‘ . ‘ . . ‘ . .
resolution timing il Low noise i 900 . [ . [ ‘ [ . . . . . .
DRDT4.4 Develop compact high performance time-of-flight detectors llicon imi
p compact high p 9 photomultipliers 25! N9 41 900 00 00000OCOCOCFOC
Radio purity 42 .
VUV / cryogenic det op 42 . ‘
Photocathode ageing & rate capability 2 @ @ O (] O
Fast timing 41 @ @ [ ] [ ] [ ]
X::::t::hoton Fine granularity / large area 41 00 O [ ] O
Spectral range and PDE 41 00 O o O
Magnetic field immunity 42 [ . .
Photocathode ageing & rat bili 42
Gaseous photon ; geing & rate capability (]
detectors Fine granularity / large area 41
Spectral range, PDE and fast timing 41 @

. Must happen or main physics goals cannot be met . Important to meet several physics goals Desirable to enhance physicsreach @ R&D needs being met 22



Quantum Dot ex. perovskite

embedded in polymer
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Higher granularity and fill factors, monolithic integration with electron
Radiation tolerance (MCP-PMT), Dark Current Rates (SiPM/SPADs)
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Systémes de PID par cone Cherenkov et/ou temps de vol
objectif de précision moins de 10 ps

quartz/crystal/scint + MCP-PMT/SiPM + WS/ ToA-ToT =~ 20 ps  Low Gain Avalanche Diodes and 3D SSD = 25 ps MicroMegas = 25 ps

55 Hm

Particle

150 pm
1-5mm
HV1
8-30 nm

100-300 ym E-Field

Epiphlk

--------------------------

round
50-150 ym S
4 E-Fieldh

G
HV2

Sollectog staciods Preamplifier + DAQ

Handle ey

LHCb Spaghetti Calo. LHCb TORCH RICH CMS Timing Layers

New detector concepts RICH but also calorimetry and tracking

Thin Array of RICH Cells for FCC-ee Quantum Dots concepts for segmentation in crystal calorimetry (left)
aerogel and gas radiator with single SiPMs readout and 4D scintillating tracking monolithic photodiode sensors (right)

Shower
profile

Intensit
2 InGaAs photodiode

Ja)awouoads

AS-QBPtayefsin-GaAs
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Several concepts with specific performance s
DRDT <2030 20302035  203% 2040-2045 >2085

several sensor technology options 2040

Low pover 6263 000000 o0
High-precision mechanical structures  6.2,6.3 00 . o0 C N )
Si based High granularity 0.5x0.5 cm? or smaller  6.1,6.2,6.3 . . . . . . . : . .
calorimeters Large homogeneous array 6.2,6.3 . ’ ‘ ‘ .
Improved elm. resolution 6.2,6.3
Front-end processing 6.2,6.3 000 o0 o0
High granularity (1-6 cm?) 616263 ® o 6 oo0000
Noble liquid Low power 6.1,6.2,6.3 [ ] [ ] [ ] o
calorimeters Low noise 6.16.2,6.3 () o o ()
Advanced mechanics 6.1,6.2,6.3 o o o 00 o
DRDT6.1 Develop radiation-hard calorimeters with enhanced electromagnetic E'?n' resomtlor,] O5%N/E) 6..626.3 . ®
energy and timing resolution Calorimeters High 9_'"“"“"“_”t_y 0 -10 om?) 6.26.3 [ [ [ 000 [
Calorimetry DRDT 6.2 Develop high-granular calorimeters with multi-dimensional readout based on gas L?W hit mUIt'pl'?'Fy 6263 . . . ®
for optimised use of particle flow methods detectors High rate capability 6.2,63 000 o
DRDT 6.3 Develop calorimeters for extreme radiation, rate and pile-up Sf’a'abi'ity ' 6.26.3 [ ) [ ) [ ) 000 o
environments Scintillating High granularity 6.1,6.2,6.3 o o o o o o o
tiles or strips Rad-hard photodetectors 6.3 . o .
Dual readout tiles 6.2,63
High granularity (PFA) 6.1,6.2,6.3 ‘ . . ‘ .
Crystal-based high High-precision absorbers 6.2,63 . . ‘ . .
resolution ECAL  Timing for z position 6.2,6.3 ()
With G/S readout for DR 6.2,6.3 e o o ®
Front-end processing 6.1,6.2,63 . [ ] : .
Fibre based dual L_ateral high granL_Jlarlty 6.2 .
readout Timing for z position 6.2 .
Front-end processing 6.2
100-1000 ps 6.2 ‘ . ‘ . o
Timing 10-100 ps 616263 @ o o0 o0
<10 ps 6.1,6.2,6.3 . .
Radiation Up to 106 n_/cm? 6162 @ @ o (] (] o o o0
hardness > 1016 n_/cm?2 6.3 . .
ExcellentEM  _ 30/ /F 6.1,6.2 O
energy resolution
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. 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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Enjeux de R&D essentiellement au niveau systémes
avec des éléments sensibles développés dans les autres DRD

High Granularity Calorimeter
* Improve sampling fraction for e-y energy
* monolithic Si-sensors, 3D electronics integration (DRD3)
« Consider pixel digital counting with < 10 ps time resolution for 5D shower profiling
* minimize power consumption to avoid/minimize cooling effects (DRD7)

Dual Readout calorimeter
« Single fibers providing dual readout of scintillating and Cherenkov light (DRD4)
* Waveform sampling for shower ToF (depth in calorimeter) (DRD7)

Noble Liquid Calorimeter
* Improve transverse and depth segmentation with large size multiple layer PCBs
* Cold electronics (DRD7)
« Light cryostat vessel, high density feedthrough* (DRD8)

Homogenous calorimeters
* Implement dual readout, ex. wavelength filtering w/ two photosensors, waveform sampling of
signal or physical depth segmentation (DRD4/DRD7)

* common problematics with magnet R&D and for NL TPC readout



ECFA roadmap DRD7: Electronics

Provide high data density readout and processing in extreme environments,
Organise access to technologies, training, help shared developments of complex ASICs
Ensure new technology watch

DRDT7.1
DRDT 7.2
DRDT 7.3
DRDT 7.4

DRDT 7.5

Advance technologies to deal with greatly increased data density
Develop technologies for increased intelligence on the detector
Develop technologies in support of 4D- and 5D-techniques

Develop novel technologies to cope with extreme environments and
required longevity

Evaluate and adapt to emerging electronics and data processing
technologies

Data
density

Intelligence
on the
detector

4D-
techniques

Extreme
environments
and longevity

Emerging
technologies

. Must happen or main physics goals cannot be met

High data rate ASICs and systems

New link technologies (fibre, wireless, wireline)
Power and readout efficiency

Front-end programmability, modularity and configurability
Intelligent power management

Advanced data reduction techniques (ML/AI)
High-performance sampling (TDCs, ADCs)

High precision timing distribution

Novel on-chip architectures

Radiation hardness

Cryogenic temperatures

Reliability, fault tolerance, detector control

Cooling

Novel microelectronic technologies, devices, materials
Silicon photonics

3D-integration and high-density interconnects
Keeping pace with, adapting and interfacing to COTS

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

. Important to meet several physics goals
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R&D générique électronique sur et hors détecteurs

* |P blocks in new finer ASIC technology nodes
* including high precision timing
* capable to operate at cryogenic temperature

* Low power architectures with high channel density and rate capabilities

« Data transfer with photonics and wireless devices

« 3D integration of analogic, digital and data transfer components with sensitive elements

* New semiconductor materials (WBG) (considered in microelectronics industry)

« Al(ML) implementation in frontend and backend electronics

ex. of commercial imagers

Top chip 65nm process Image

DRA
= Circuiis_—8
Logic
substrate (Si)

Bl-Pixels

total 130 um

same chip size

Bottom Chip

LTov

Samsung: 1.4 um pixels in 65 nm & 14 nm Fin-

BEE @68 gea
s e =

TSV wiring

st ac] [weeai]
D0E BEE BEE
= == e

Logic substrate (Si)

Sony (left) 3D layer thinned to 3 um design for 960 fps
FET (3D transistors) readout , wafer level stacking ~ Samsung (right) 1.2 um pixels, 2.5 pm TSV 6.3 um pitch, 20 nm DRAM, 28 nm logic




ECFA roadmap DRD8: Integration

Magnets, cooling, mechanical structures, management of radiation environment
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DRDT <2030 2030-2035 ig:“;' 2040-2045 >2045
Conductor development 8.1 O . . . . . .
UL solenoid 8.1 o
Magnets Dual solenoid 8.1
High field dipole 81 ()
T below CO, 8.2
Gas cooling 8.2 . . . . . . . L
He-T with head load 8.2 o
DRDT8.1 Develop novel magnet systems Cooling  Microchannel Z'g ® ® ®
DRDT 8.2 Develop improved technologies and systems for cooling g:;"ng tubes 8:2 ® oo ® oo oo
DRDT 8.3 Adapt novel materials to achieve ultralight, stable and high TECs 8.2
precision mechanical structures. Develop Machine Detector Non out-gassing 83 . .
Interfaces. Lightweight 83 o (X ] 00 o o0 o
DRDT 8.4 Adapt and advance state-of-the-art systems in monitoring UL cryostat 83 o [ ) [ N
including environmental, radiation and beam aspects Mechanics & Feedthroughs 83 o o o0 o 09000 [ X X )
MDI Moveable vertex tracker 83 . .
Low material beam pipe 83 00 [ [ N ( N N )
Machine background simulation 8.3 . . . . . . . .
Radiation simulation 83 [ ] 00 o [ X ) . [ N ]
2-phase flow meter 8.4
FOS 8.4
Monitoring MEMS air flow 8.4
4DBIB 84 00
Radiation high level 8.4 [ )
Polarization 8.4 . . .
Neutrino, HV supply for field cage 2.4 [ ) [ ] [
DM Purification systems 23 ‘ . .

. Must happen or main physics goals cannot be met . Important to meet several physics goals Desirable to enhance physics reach @ RE&D needs being met



R&D intégration et systemes mécaniques

Thin superconducting solenoid magnet, and cryostat
Management of irradiated environment, measure and manipulation robots
Cooling systems
Light stable mechanical structures
* new materials, additive technologies (3D printing)

ALICE ITS2 0.36% X, /layer BELLE-II 0.2% Xq/layer mixed cooling Mu3e 0.12 % X, /layer, He cooling
N, with carbon tubes flow and CO,

Spaceframe & Cold Plate

Pixel Chips
HIC
FPC
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Implémentation de la feuille de route ECFA
formation de collaborations internationales DRD hébergées par le CERN

[CERN Research Board }— - = CERN COUNCIL

ECFA
Ar A
Recommends
Community Approves
interaction
Scientific and Resource Reporting and Review i r
Roadmap Oversight and Detector Research and Development Reports | cerN sPC
Community Interaction Committee (DRDC)
ECFA Detector Panel Includes members from: ECFA Detector Panel,
(EDP) CERN and LDG
Includes ex-officio: APPEC f e T e T )
L On request, additional experts from the EDP can
NUPECC and ICFA IID Panel i e ot e e i

S

representatives

* ICFA Instrumentation, Innovation 1

and Development Panel

Detector RD (DRD) Collaborations

Calendrier

* Soumission de propositions* au DRDC Fin-Juillet 2023
b Consultation de |a communauté en cours: https://indico.cern.ch/event/957057/page/27294-implementation-of-the-ecfa-detector-rd-roadmap
planning de delivrables/milestones, organisation des collaborations, ressources necessaires/attendues

» Collaborations actives début 2024
* Préparation de MoUs** et signatures par les agences de financement en 2024

* Seulement Lol pour DRD7, proposition fin 2023 (aussi pour DRD5 et DRD8)
** Memorendum of Uderstanding: signed engagement between CERN and the Funding Agencies to support achievement of the DRD programs
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Prospectives |IP2] HEP

Stratégie Européenne FCC
Prospectives IN2P3

/\

y

Elaboration d’axes de recherche* Feuille de route IP2I

A 17\

A 4

Préférences de concepts Préférences de Préférences de technologies
de détecteurs** sous-systémes*** R&D de sous-systéemes****

A
A 4
A
A

* a court terme participation aux études de performance pour le document de faisabilité fin 2025
** capacite a atteindre les objectifs de physique avec les différents concepts de détecteurs
*** 3 moyen terme optimisation des configurations et spécification des sous-systémes

**** an relation avec les options et performance des R&D technologiques




Préparation de la feuille de route, théemes HEP

Stratégie Européenne FCC
Prospectives IN2P3

/\

Elaboration d'axes de recherche

y

Feuille de route IP2I

A L7 \J

A 4

Préférences de concepts Préférences de Préférences de technologies

\ 4

A
A 4
A

de détecteurs sous-systémes R&D de sous-systémes

« Theme 1: axes de recherche et concepts de détecteurs en relation avec les moyens informatiques
* opportunités et intéréts pour la physique
* moyens de simulation a développer/mettre en ceuvre (software et computing, techniques d’analyses)
« estimation des ressources associées

* Théme 2: sous systemes - options de R&D techniques en relation avec instru./elec./meca.
« 2 axes privilégiés la trajectographie et la calorimétrie

opportunités, dans le contexte national et international

axes de R&D possibles en relation avec les compétences et les intéréts a I'institut
environnement technique a déployer et partenaires académiques et industriels
synergies avec d'autres projets et tendances technologiques a long terme

Estimation des ressources associées
34



Préparation de la feuille de route
proposition de méthode et calendrier (HEP + OQG)

Mi-Avril
 Identifier des leaders par théme (sous-themes): 1 physicien, 1 représentant par service technique
(suggestions a R.B, DC, PV + chefs de service + direction)

Mi-Avril a mi-Mai
« Appel aidées, structuration des themes en forums: eg mix approprié entre aspects spécifiques projets
et moyens techniques transverses, éventuellement communs HEP/OG (minimiser les recouvrements)

Mi-Mai a fin-Septembre

« Séminaires (ouverts) ciblés par forum avec intervenant(s) expert(s) externe(s)

Oct. a Mi-Novembre
* Préparation de synthese des themes et présentation en AG

Mi-Novembre a mi-Décembre
« Rédaction de la feuille de route et soumission a la direction de I'lP2]

Début 2024

» Présentation au conseil scientifique de I'IP2I
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Feuille de route ECFA détecteurs R&D hors collisionneurs
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ECFA roadmap Liquid detectors (DRD2)
Water Cerenkov, Noble Liquid, Liquid Scintillator

Liquid

DRDT 2.1

DRDT 2.2

DRDT 2.3

DRDT 2.4

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

Advance noise reduction in liquid detectors to lower signal energy
thresholds

Improve the material properties of target and detector components

in liquid detectors

Realise liquid detector technologies scalable for integration in
large systems

Readout
develop-
ment

Measure-
ment
strategy

Target

properties

Scaling up
challenges

& & o A 2 £ f
5 § & & g & S $
¥ ~ & F o ¥ ~ & & o ¥ & & ¢ °o o
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N ¥ o F 3 o & L S &S o & L S &S o & 8
& S & TS SEE2 S I IV e S A NN SN
S g s S, &5 g &8s F, 9SS T &8s F S L
8 P P e S o S Fofosr S8 FfFes s
Y S EET LT Y TESLTIES YT ESLEELELE§
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DRDT 2022-2025 2025-2030 2030-2035
Higher energy resolution 2100000000 o0 0000000000000
Lower energy threshold 21 0000 o0 000 00000
Expand wavelength
sensitivity (M 90000000 000000000000000FO0
Fine granularity 2000 0000 o 000000 000°OQC0O0CFO
dE/dx (combine modalities:
dqa,ge,“ghtheatamm)2.2.0COQ“........0.0.0...Q.
iquid doping and purification
prt 2000 00000 000000 00000
High pressure 2 0 0000000 000 ©° 0000000000 0
Detector services (e.g.
oyogenics)and integration 4 @ @ 0000 0O 00O OGO 00000
Large arrays (sensors) 220000 O 0000 "0 " 00000°0"00
Low power 240 00000000000 0000000200000
Detector components radiopurity
and background mitigation 2'4.........................

. 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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Neutrino, Dark Matter, Ov3[3 decay detectors

Strategy driven by energy sensitivity
goal to measure the different signals in same multi-purpose detectors with increasing volumes

Low energy thresholds
small detectors crystals

. Ge: LEGEND veto
with quantum sensors

Bolometers

Phonons

Xe:
NEXT, nEXO

He: HeRALD,
QUEST-DMC
CaWOQO;:
CRESST Ar/Xe: SBC
Xe:
o KamLAND-zen,
‘x XMASS
/'\ Ar:DEAP-3600
Photons Csl: KIMS
Nal: ANAIS
DAMA/LIBRA,

Xe: LZ, PANDA-X, Xenon-nT, DARWIN
Ar: DarkSide-50, DarkSide-20k, ARGO

COSINE, SABRE,

COSINUS

Te: CUORE r
CUPID Ge, Si:

H AMORE SuperCDMS
NeUtran EDELWEISS
OvRp

Multi:
SuperNEMO ‘
CsFs: PICO lonisation
Ge: CDEX
Si: DAMIC-M, SENSEI
Ar, Ne: TREX-DM
He:SF4: CYGNUS
Ag, Br, C: NEWSdm

H>0: Super-K,

i Hyper-K, KM3Net

e

Water Cherenkov

LAr:

Liquid Scintillator:
JUNO, LiquidO, SNO+, Theia, TAO

DUNE, ArgonCube,MicroBooNE, SBN

O(102) y/MeV
visible range

Noble Liquid TPC

lonization and O(4x10%) y/MeV VUV 128(178) nm for LAr(Xe)

Large detector volumes,
different readout schemes

Liquid Scintillators
O(10%) y/MeV
visible range
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Noble liquid TPC Neutrino

DUNE at Stanford Underground Research Facility 1.5km deep and 1300 km from Fermilab 2026-28
Far Detector 1 and 2 Single Phase LAr TPCs 17 kt 68(l) x 14(w) x 12(h) m3 1.5 km undeground
» Next step FD3 and FD4 technologies to be decided ex. Theia Liquid Scintillator module 60(r) m x 60(h) m

3x3 m2 PCB Anode 2x 6.5-m vertical drift

Top CRPs

ArapucaPDs <
Bottom CRPs

Cryostat dimensions: 62m x 15m x 14m

Field cage

FD1 horizontal anode drift wire readout and SiPMs FD2 vertical drift PCB anode readout and SiPMs in cathod plane
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Noble liquid TPC Dark Matter
DarkSide-20k 20t (30 m3) double phase LUAr* TPC at Lab. Nat. Grand Sasso, 2025

» readout both scintillation and ionisation proportionale electroluminescence

» Next step ARGO at SNOLAB (Canada) 300t

UAr Condenser Gas Pumps

Photodetector

DarkSide-20k
plane

Transparent
anode coated
with TPB - mml

field

Extraction grid / GaS phase
0 i -

Side reflector — I Df"l

coated with TPB

Optical & EM
barrier

nVeto

Transparent
cathode (-HV)
coated with TPB

TPC

Photodetector
plane

Cryostat

S2: Charge extractet
in the gas phase
producing delayed
me SCintillation light
(localised)
Sz

Drift time:
Z-coordinate

SN
S1: Prompt
scintillation light

3D imaging of event:
Z (time) and XY (CM

of the S2 signal)

DARWIN 50t 2.6 x 2.6 m double phase LXe TPC < 20307
« Also using water Cherenkov and Liquid Scintillator to shield TPC

* Underground extracted, free of 3°Ar radoactive isotope

Photo—Defector Unit -
SiPM PDU
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Noble liquid TPC Ov[3f3
nEXO 5t single phase LXe single phase TPC (2028)

136Xe decay source and the sensitive medium - readout anode tiles and SiPMs
» Next generation 300t
« Supply of Xe is a major challenge

» High Pressure (15 bar) GXe versus LXe is a compromise between energy resolution and backgroung

EXO-200 nEXO Future kton scale detector (?)
Charge /lm
collection tiles
Photor.\

e ex. (15 bar)
” GXe
Cathode
300 t e Xe 3000 t " Xe
~150 kg '¥*Xe ~5000 kg '36Xe ~300 t 13Xe

2011-2018 Operation in ~2028 Operation in ?

T2 =0.5x 1026 yr ke Tip=1.4x108 yr L T2 =10%0yr
D. Moore, Yale CPAD — Nov 29, 2022

NEXT High Pressure Xenon TPC (2028) with double phase like readout

» Study daughter Ba** combination with fluorescence molecules to tag signal for background rejection



Water Cherenkov Neutrino

Hyper-Kamiokande 2027

300 km from JPARC (Tokai, Japan)

650 m underground 260 kt ultra pure water Cherenkoy,
readout 40 000 PMT ® =50 cm, PDE =~ 30%, 2.6 ns time
resolution inner tank and 67000 PMT @ = 20 cm outer tank

Front electronics
Anti-coincidence racks
Counter
(FACC) resolution ~ 50 ps
window ~ 20 ns
neutron capture
resolution ~ few ns

Accelerator Neutrino Neutron Interaction Experiment

Fiducial

at FNAL Booster Neutrino Beam e iervohins o

26 t Gadolinium loaded water Cherenkov* mive Y | | e

(measure neutrons), Large Area Picosecond PhotoDetectors photos\e\ns;,, it Direction ~ 10 deg.

20x20 cm?, 60 ps, 1 cm resolutions AL i | Momentum re. - 20%
LAPPDs M

100 ps time resolution
| cm granularity

4

Y,

Gd loaded Liquid Scintillator also used in TAO at (JUNO) and LZ for veto 42



Liquide scintillator Neutrino

Jiangmen Underground Neutrino Observatory DUNE Phase2 new concept Theia

China (2023) 25kt Water Based Liquid Scintillator

53 km from 2 nuclear power plants, 700 m underground  Scintillation high light yield & Cherenkov ring

20 kt of liquid scintillator, 35 m (d) sphere directionality, dychroic filters to separate WL on 2

photosensors or waveform sampling with LAPPD

Tracking veto, 3 layers of
plastic scintillators

35 kt Water Cherenkov veto
5000 PMT ® 50 cm

Liquid scintillator.

75% coverage

« 15000 PMT ® 50 cm
*  MCP and Dynode
26000 PMT® 7.5cm

18m
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R&D Liquid

Increased signal and reduced background

Noble Liquid (TPC)
» Xe doping in LAr to increase electro-luminescence in DP

Liquid Scintillator
» Develop liquid scintillators with luminophore/quantum dots
» Develop water-based LS for both scintillation and Cherenkov
¢ ex.(Theia DUNE Phase-2 module)

» Develop opaque liquid scintillator (LiquidO)
Improve purity of liquid by O(10) to reduce signal absorption

Improve radiopurity by O(10-1000) all materials
» ex. new concept of crystal/vapor Xe dual phase to eliminate Radon

s1 s2
Time.
s2
L)

-50

Argon Gas + Xenon doping ~ 50 ppm

SiPM Array

)s1é

N

/ SiPM Array
1
Solubility limit

Liquid Argon + Xenon doping

Detector Vessel

0
Xjem] %0

LiquidO new concept
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Gas

Liquid

R&D readout
Improved photon/ionisation sensitivity and higher granularity

. 128 nm LAr
* Photosensors (PMT, LAPPD, SiPM/SPADs, CCD) ARAF}CAce”
> Improve Wave Length Shifting and/or VUV - NIR Quantum Efficienc PTP
. . . . : . . e . 350 nm v = e
» Design devices with both ionisation and light sensitivity 430 nm [4—2ichroic Filter
+ TPB
+ Readout schemes @
» Improved amplification scheme in DP TPC |
» Increase granularity ex CCD with TimePix ASIC for spatial NEXT) Reflective Vikuiti ESR
Dune Arapuca SiPM
SiPM or PMT matrix SiPM or PMT matrix SiPM-matrix
*HH# - ““H HH @ | #‘ - Particle interaction point Noble liquid CYGNO directional DM 30 m3
-l’l)llllr Anode - Avalanche ¥, A 4 700-850 nm )
W g# 175 or scmtillations ™% S +V TPC |OW den5|ty HeCF4
< LS (TPB) ) o ”"_l'_’?r_’_’ff .-_-‘:node @ p, i i
o, [/ LEL G FTR o N, F o Ed c
gay Proportional EL J_ GEM/THGEM athode
Proportional EL | Eep P v f ‘EELl EL Proportional EL | 2t E.L e : SSFe .E=lkV/cm
> E l > z l ga r c l 3P | Noble-gas bubble gﬂp — o = o mm mm  GEMLAV®400V
emis emis I i L Et — 2mm, E=2.5 kV/cm GEM2 AVA400V
Gnd = Grid = Grid — > — 2mm (== 25kV/cm X
z = / Heati m OEM A4V
< | 841 =+ . sdl E < eﬁ edl ezting wires 7—-6 R “esh \
,C ’Clhod l(’*athodc SIPMS ---------_-J
— Cathode == o Electroluminescence region
" ,‘ " ,1 r;

Radiation Radiation Radiation



R&D Electronics

» Electronics
» Waveform sampling to reject background (potentially to separate Cherenkov/Scintillation)
» 3D integrated readout operated at cryogenic temperature (including optical transmission)
» Other engineering challenges for volume scaling
> Cryostat vessels, cryogeny systems, feedthrough, power supplies, monitoring and calibration

g 380 W‘W L& S M ) ! ;
s . =R
g’";' Electron Recoil (ER) 3 =
Mostly triplet el . .
A LA S ARGO integrated readout with SPADs
F = Photon-to-Digital Converters
372_—
310:— o SIRTTSITIS S T
F CMOS Eleetronic
368 |
-2 2 4 6 8 10
sample time [us]
375 & —-50
§ Nuclear Recoil (NR) -
i Mostly singlet El
! 365 os y g —;-150
360 Em

2 Optical fibers

(
n
®
Y
g8 8

SF

5
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ECFA roadmap Quantum Sensors and emerging technologies (DRD5)

Sensors to measure very small signals with high resolution

DRDTS5.1
DRDT 5.2

DRDT5.3

DRDT 5.4

Clocks and clock networks

Kinetic detectors
Spin-based sensors
Superconducting sensors
Optomechanical sensors
Atoms/molecules/ions
Atom interferometry

Metamaterials, 0/1/2D-materials 5.3.6

Quantum materials

. Must happen or main physics goals cannot be met

Promote the development of advanced quantum sensing technologies C C C O
Investigate and adapt state-of-the-art developments in quantum o o " ]
technologies to particle physics

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

Develop and provide advanced enabling capabilities and infrastructure

Section

53.1
53.2
53.3
533
5.3.4
535 @
535 @

2025-2030 2030-2035

5.3.6

. Important to meet several physics goals Desirable to enhance physics reach @ R8D needs being met
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Al Collection Fin | Tepphgsedion .
Quasiparticles transport = o P h d 't 't
S gy onon detection
o 2 o o oo Hot TES
5 ° & O 5 electrons
Cooper pairs ®e 0 o

« Transition Edge Sensors loss of superconductivity

Athermal phonon

 Kinetic Inductance Detector transmission in a LC resonator

Interaction site

Ge Absorber ) )
Souid ' e Quantum Capaatance Detector Shlﬁ: Of resonator
qui . . . . .
CaWO, multiplexed readout frequency with change of capacity in a tunnel junction
OFA|203 A
orGe — Single KID 2 cm CRESST 1-10gr Quantum Capacitance Detector
or SI e s RFout
AAAAAAA capacitor o
TES /ysorber
W thin film inductor .
TC 20 mk
J. Rothe, PhD thesis, TUM 2020 Resonator
Super CDMS DMS 1.39(0.61) kg et
12 phonon, 4 charge channels 12 phonon channels
sensitive to 25GeV/c2 DM sensitive to sub-GeV DM
Ge(Si) 0,,=50(25) eV o,,,= 160(180) eV Ge(Si) 6,,=10(5) eV

R&D to reach sub-ev sensitivity, with larger scale systems
» Superconducting film material (Al, W, TiNx, Nb)
» Configuration of signal measurement structures
» Production process and readout

3.3cm
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Superconducting Nanowire Single Photon Detector

Measure resistance variation of nanowires (< 1 pm) at 1-4 K
« Very high QE 10 nm to 10 um WL, ultralow DCR < 10~ cps, timing = 3 ps, rate capability O(1) GHz/mm?
» Configuration for further improved sensitivity for threshold below 70 meV
» Larger size sensors accompanied by electronics for channel multiplexing

U

é ’M.é//j% % g Dark Matter ]
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Informations complémentaires FCC-ee
programme de physiques et contraintes détecteurs
signaux de références pour études de faisabilités
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Résumé du programme de physique au FCC

"Higgs Factory” Programme
At two energies, 240 and 365 GeV, collect in total
* 1.2MHZ events and 75k WW — H events
Higgs couplings to fermions and bosons
Higgs self-coupling (2-4 o) via loop diagrams
Unique possibility: measure electron coupling in
s-channel production e*e" = H @ Vs = 125 GeV

Heavy Flavour Programme
Enormous statistics: 10'2bb, cc; 1.7x10 Tt
Extremely clean environment, favourable
kinematic conditions (boost) from Z decays

CKM matrix, CP measurements, “flavour
anomaly” studies, e.g. b — stt, rare decays, CLFV
searches, lepton universality, PNMS matrix
unitarity

A (IP)

* rad

D (RF)

Ultra Precise EW Programme & QCD
Measurement of EW parameters with factor ~300
improvement in statistical precision wrt current WA
* 5x102Zand 108 WW

* my I v SinZGWEﬁ, RZ , Rp, 0, My, Ty eee
e 106 tt

Miop » Ntop, EW couplings

ﬁlndirect sensitivity to new phys. up to A=70 TeV scale

Feebly Coupled Particles - LLPs
Intensity frontier: Opportunity to directly observe
new feebly interacting particles with masses below
my:

* Axion-like particles, dark photons, Heavy Neutral
Leptons
* Signatures: long lifetimes — LLPs

https://indico.cern.ch/event/1064327/contributions/4893208/attachments/2454038/4214309/20220601-Paris-DetectorConcepts.pdf
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Résumé des prérequis de performance des détecteurs au FCC

"Higgs Factory” Programme
Momentum resolution of o,7/ps? = 2 x 10° GeV!
commensurate with 0(103) beam energy spread
Jet energy resolution of 30%/VE in multi-jet
environment for Z/W separation
Superior impact parameter resolution for c, b

tagging

» new detector features
« Enhanced tracking precision
» Particle ID
* y-energy resolution

Heavy Flavour Programme
Superior impact parameter resolution: secondary
vertices, tagging, identification, life-time measts.
ECAL resolution at the few %/ VE level for inv.
mass of final states with % or ys
Excellent n%/y separation and measurement for
tau physics
PID: K/m separation over wide momentum range
for b and t physics

Ultra Precise EW Programme & QCD
e Absolute normalisation (luminosity) to 10
* Relative normalisation (e.g. I},4/,) to 10
*  Momentum resolution “as good as we can get it”
* Multiple scattering limited
* Track angular resolution < 0.1 mrad (BES from pp)
* Stability of B-field to 10°°: stability of Vs meast.

Gy (m)

Feebly Coupled Particles - LLPs

Benchmark signature: Z — vN, with N decaying late
* Sensitivity to far detached vertices (mm — m)

* Tracking: more layers, continous tracking

e Calorimetry: granularity, tracking capability
* Large decay lengths = extended detector volume
* Precise timing for velocity (mass) estimate
* Hermeticity

https://indico.cern.ch/event/1064327/contributions/4893208/attachments/2454038/4214309/20220601-Paris-DetectorConcepts.pdf
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Signaux de références pour études de faisabilité
test de la capacité des concepts de détecteur a satisfaire les objectifs de physique

Track mom. reso |lmpact Par reso

mH from recoil mass, Z(mumu)H

+

PID

ECAL reso |

| leo/ni separ. |

tau -> 3 mu

+ (collimated tracks

B-field monitoring from JPsi, DO's

+ (low momenta)

B0, Bs to mumu

+

Z(I)H(qq) for Hbb, Hcc, Hag

+

Vcb from W decays

+ (high purity WP

EW HF observables (Rb, Rc, AFB)

+

B to K* tau tau

++ (soft tracks)

+ (pi0 in jets)

Tau Lifetime

+

‘gamma from Bs->Ds K

+

++

Z(IDH(ss) (BSM)

+

Vcs from W decays

+
+
+

+ (high purity WP)

B->piOpi0

+

B->piOpi0 w/ Dalitz

+

Tau polarization (Z to tautau)

+

+(tau reco)

ve coupling Z->vvgamma

tau->mugamma

+(spatial)

ALPS, ee->agamma

+ [+ |+ |+

+(spatial)

sigma(ZH) from recoil avec Z->qq

+

‘Higgs width: ee->vvH, H->bb

+

bb,cc,gg coupling ZH-> gqqq

++(association)

m(top) direct in ee->tt->qqgbqgb,lvbggb

++(association)

Higgs Width ZH->gqqqqq

+ [+ |+ |+

++(association)

m(W) direct reconstruction

++

AFB(bb,cc)

+(jet charge)

H->inv

+

Total x-section at the Z

LLP, very displaced objects

electron Yukawa, H->gg (at the pole)

++

Comments

also efficiency for low p tracks
systematics to be understood

also testing Pflow algo

also testing Pflow algo

testing association/jet clustering
testing association/kinematic fit
testing association/kinematic fit
kinematic fit

inclusive. calo selection, ECAL & HCAL resolutions
granularity of ECAL,HCAL,timing, Muons

qq/gg separation
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Organisation de la collaboration FCC
~ 120 instituts de = 30 pays

Collaboration Steering Scientific
Board Committee Advisory Committee
|
AIDAInnova
ECCE .StUd.Y EuroLab
Coordination ECFA R&D Roadmap
CERN EP R&D Effort

M. Benedikt, A. Zimmermann

0

D. d’Enterria, M. Klute

— FCC PED Study | Speakers Board, Editorial Board 0
" ol s i Coordination Dissemination & Communication
National Contacts Gty De‘eG‘r‘:J:w
G. Bernardi, T. Lesiak C.Grojear), P.Janot
Detector R&D
Fosssmoeeeen  mnces e I l I Group
: - B D R&D
EPOL mpi | | Physics Software Physics Physics Detector el
& Computing Programme Performance Concepts
y \ lncludmg\ Detector R&D
J.Keintzel M. Boscolo G. Ganis M. McCpllough P. Azzi M. o‘am\@gms \ —
G. Wilkinson M. Sullivan T8D F.Simon E.Pprez - i;’?“’ R Detector R&D
" Y " ECFA PED ECFA PED ECFA PED ECFA PED Group
Joint with accelerator Working Group 2 Working Group 1 Working Groups 1&2 Detector R&D Forum 0
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