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European Strategy for Particle Physics update in 2020

Physics Accelerators Detectors

2020 UPDATE OF THE EUROPEAN STRATEGY it : THE 2021 ECFA DETECTOR
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https://cds.cern.ch/record/2721370 https://cds.cern.ch/record/2800190 https://cds.cern.ch/record/2784893

Snowmass strategy process in US https://arxiv. df/2211.11084.pdf 2022, P5 recommendation beginning of 2023
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“ An electron-positron Higgs factory is the highest-priority next collider...”

“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”
(European Strategy for Particle Physics https://cds.cern.ch/record/2721370)
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Future Circular Collider is an integrated physics program with e-e, h-h, e-h, Pb-Pb and e-Pb collisions
a feasibility study report is expected end-2025 for the next ESPP update and possibly a decision



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

European Strategy 2020

Snowmass 2022

China Japan
[ o | lj'l

CERN

USA

LHC HL-LHC (14TeV, 3 ab™)

Physics planning proposals for future colliders

B proton collider BN Copstruction/Transformation

B Electron collider Preparation / R&D
Muon collider

technology readiness and R&D

2038 start physics

ILC: 250 GeV 500 GeV .
S years 20km tunnel e o ILC XFEL based SCRF cavities

31km tunnel

40 km tunnel

2035 start physics

CepC: 90/160/240 GeV
100k tunnel |RAHSE SppC: 75-125 TeV, 10-20 ab' S pp C- pp

CepC-ee

FCC-ee CERN JLab based SCRF cavities
FCC-hh superconducting magnets = 16 T with

Sl et NbSn or High Temperature Superconductor

FCC-ee

2048 start physics
-ee: e installati
:Csﬁuo/sighmw“ : —— FCC hh: 100 TeV =30 ab™ FCC-hh (eh_pbpb_epb)

2048 start physics

CLIC: 380 GeV CLIC CERN based NCRF cavities e-drive

11 km tunnel 1.5 ab1

FCC-eh Energy Recovery for e-beam accelerator

100km tunnel, installation

holding

29 km tunnel 50 km tunnel

ccc 2040 start physics

CCC: 250 GeV 550 GeV 2 TeV o . . .
5 years & km tunnel - R CCC SCRF cavities high acceleration gradient

"'d RF upgrade
Muon Collider 2045 start physics

13 years Muon Collider u-cooling technology

4km & reuse Tevatron ring 3 TeV o
< =10ab* Note: Possibility of

OR 4km+6km km ring 1256 GeV or 1 TeV at Stage 1

10km & 16.5 km tunnels

2020

2030 2040 2050 2060 2070 2080 2090



Lepton colliders luminosity and energy program*

Lepton colliders ( < 1 TeV). ITF Snowmass 2022
10%7 ¢ ‘ . 100 ab ~"/yr
i 2x105 hiyr 1000 hh/yr
 Z
ReLiC
110 ab " fyr
ERLC

109 Z/1yr

tt 10° ttbarfyr

1033 I 106 WW/yr

>\_1 ab —1/yr

M 100 fb =" /yr

10 fo = jyr

100 200 500
ECM (GeV )

1000

1037 i

10% ¢

10%

Lepton colliders (> 1 TeV). ITF Snowmass 2022 1
: [ , ———— 100 ab~"/yr
: \\\{qqﬁi’/i/r
110 ab~ /yr
1Mab™jyr
- _ -1
. 100 fb ™ /yr
OO
o < - g \\\ —
o2 A% .. 110fo~/yr
?’q\ ,/’ . e,"\\'d\oo ‘\
5 10 20
ECM (TeV )

Energy recovery (CERC, ERLC, ReLIC), Wake Field (plasma) accelerators are at early R&D stage

* Luminosities per IP, assuming 107 s/ year for integrated luminosity Snowmass strategy process in US https://arxiv.orqg/abs/2208.06030



https://arxiv.org/abs/2208.06030

Sustainability
luminosity per electrical power figure of merit

France & Switzerland ~ lowest electricity C content

https://www.weforum.org/agenda/2018/12/ten-charts-show-how-the-world-is-progressing-on-clean-energy
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https://www.weforum.org/agenda/2018/12/ten-charts-show-how-the-world-is-progressing-on-clean-energy
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>2035

2030-2035

2025-2030

2040-2045 > 2045 <2025

2035-2040

2030-2035

<2030

Future experiments 15t, 2nd, 3rd phases
at small accelerators, nuclear reactors, with cosmic rays
A

Future experiments (including upgrades)

|

at large accelerator facilities

Liquid — Quantum sensors

Gaseous - Solid State - Photon and PID - Calorimeter

I

Electronics and on-detector processing - Integration

Test facilities and Infrastructures — Industrial partnerships — Networking and Training

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



Future Collider Detectors
most constraining applications with R&D representative for several other projects

illustrations in the following mostly taken from LHC detectors above and/or State of the Art R&D


https://atlas.cern/
https://cms.cern/
https://lhcb-outreach.web.cern.ch/
https://alice.cern/

Original detector concepts for e*e” Higgs factory

ILD - SiD @ ILC, scaled to beam conditions @ CLICdet, then CEPC-BL/FST and FCC-ee CLD
unprecedented tracking and hadron calorimetry precision

FCC-ee CLD 3
— O
Yoke Ao

I
Solenoid superconducting magnet 2to 4 T* 2 -1F
High Granularity PFlow calorimeter o

to resolve Z/W jet decays

Central Tracker Full Silicon (here) or TPC .
Vertex Detector Silicon Ll L o

* At FCC-ee the Z-pole B-field is limited to 2T (for high lumi.), also somehow setting tracker radius at 2m, calorimeters are 22 X/X, and 7 A with depth driven by absorbers
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FCC-ee and CepC at Z-pole are also electroweak and flavor factories

new detector concepts include Particle ID, and high y-energy resolution
systematics < statistical errors require precision on: Vs O(10°%), lumi. O(10%), accep. O(10~), B-field O(10°)

Colliders can feature 4 detectors, 3 examples below

. . . . . . . . . A
driven by calorimeters inside and/or outside solenoid, with tracking options exchangeable 3
)
Yoke/u chambers -
| Muon Tagger “o
‘-o< HCAL Barrel -1+
w
=
o — s B
4 2 z
e ¢
S iR 5 S
z :
Silicon Tracker §
e
T 5o METER . e e— 6m |

ex. CLD with FST plus ex. IDEA with DCH PID ex. Noble Liquid ECAL inside solenoid
PID RICH and ToF crystal ECAL inside solenoid with DCH
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FCC-hh collider detector challenges and concept

collision rate 30 GHz - <1000> collisions/BC every 25 ns, O(102%) x LHC irradiation
4D measurements with time precision O(5) ps, on-detector data reduction,
new data transfer technologies, new material for radiation tolerance

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(0=0.5°

Scintillator HCAL

S i
2 —

‘coverage in forward regions increase due to t

Silicon Tracker up
ton=6(0=0.5°

——__ Muon systems
‘ 50 m long, 20 m diameter* up n=4(6=2°

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



https://cds.cern.ch/record/2842569/files/CERN-2022-002.pdf
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ECFA R&D roadmap Solid State IS E e s s Fo£Fd

Qﬁgﬁﬁ ST o Fo8SSSSE
. . N 7RV (O
Semi-conductor sensors highly granular, fast, J055.
o DRDT < 2030 2030-2035 20q0 2040-2045  >2045
transparent and radiation tolerant bostion precison s34 | @ 000 ©°0000°0
Low %, 15/ 00 0000 000000 © O
Low power 3134 @) C N ) 2000020
Vertex High rates 3134 o Qo o0 o 00000 0o
detector? Large area wafers? 3134 . o ® N N ) .
Ultrafast timing® 32 @ ® : o
Radiation tolerance NIEL 33 @
Radiation tolerance TID 33 O .
Position precision 3134 . . o0 . o000
DRDT3.1 Achieve full integration of sensing and microelectronics in monolithic Low X/X, 3134 o0 0000000
CMOS pixel sensors Low power 3.134 o0 o000 O0o0 0
DRDT 3.2 Develop solid state sensors with 4D-capabilities for tracking and Tracker® High rates 3134 ® ® ®o
calorimetry Large area wafersd) 3134
DRDT3.3 Extend capabilities of solid state sensors to operate at extreme Ultrafast timing® 5.2 ® O
fluences Radiation tolerance NIEL 33 O [ ]
DRDT3.4 Develop full 3D-interconnection technologies for solid state devices Radiation tolerance TID 53 ® ®
in particle physics Position precision 3134
Low X/X, 31,34
Low power 3134 0000 OO
Calorimeterd High rates 3134 .
Large area wafers? 3134 090000COO0CO
Ultrafast timing® 32 o o
Radiation tolerance NIEL 33 .
Radiation tolerance TID 33 [ )
Position precision 31,34
Low X/X, 3134
Low power 3134
Time of flight? High rates 3134
Large area wafers? 3134
Ultrafast timing? 3.2 . . . . o .
Radiation tolerance NIEL 33
Radiation tolerance TID 33

. 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



Tow configurations of Si-sensors

Hybrid design Monolithic Active Pixels
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

front-end

metal «— Bump contacts —

Several design variants, often driven by process available at the fabrication foundry

13



R&D hit resolution, transparency and high rates

Sol technology Through Conductive glue*

. . Silicon Via
Hybrid design
pixel pitch < 50 um at rate capabilities O >1 GHz/cm? __'_l'/\T_'—L F&D( ‘‘‘‘‘‘‘ e
. . . | | I | | [ 1 glue (~a few pum
* Finer granularity (cheaper) connection technology & === I - |$‘ « )
hd 28 nm ASIC teChnOIOgy \ sensors/ B —NMOS R EAOS
| high resistive wafer | p— ~10um - depleted volu;r_\SeUbstrate

OHV

Monolithic Active Pixels
pixel pitch <20 um
* 65 nm technology pitch
* 12" sensors thinned to < 50 um
* Low power redout architecture

ex. ALICE ITS3 (LS3) 10 x 28 cm? sensors, thinned to < 50 um for bending, o, O(3)
um at X/X,0(<0.1)% , power O(20) mW /cm?for gas flow cooling

* Here applied to build a two-tier analog and digital functionality on MAPS design



R&D high precision timing
O(10-20) ps for PID layer at FCC-ee and O(5) ps for 4D tracking at FCC-hh

Designs without gain Designs with gain
A A
Hybrid 3D electrodes MAPS small/large electrodes M Hybrid Low Gain (pad) Single Photon Avalanche Diode !

0O(20) ps SoA 0(100/50) ps expected Avalanche Diode O(25) ps SoA 0O(20) ps SoA
s s ubstrate o O f h—.—l—‘—l—.

o rminm r pap
150 pm

T IE

p -epi-layer

Epiphlk

Handle water 1
I pT-substrate

Reduce Dark
Current Rates

adding low gain amplification Increase granularity

» Process tuning for speed and collection efficiency
o Rt » New faster process ex. SiGe BICMOS and materials ex. SIC/GaN
» Fast <1 ns risetime and low power electronics

Biasing electrode



R&D radiation tolerance
no current technologies would survive below 30 cm at FCC-hh

» Si-sensor sensitive to Non lonizing Energy Loss, tolerance beyond 10'’/cm? neq unknown
* ASIC sensitive to Total Integrated Dose, tolerance up to 1 GRad

» For both new materials and 3D process to be evaluated (now of commercial interest)
* WBG semiconductors Diamond, GalnP, GaAs, GaN, SiC
* Graphene, Carbon-based metamaterials, nanotubes...

ex. CVD-diamond semiconductor pixel sensors ex. ASICs
* 3D design with laser graphitization for thin low p electrodes * Higher dielectric thick oxide (multiple) gates
* Carbon based beyond CMOS, nanotube, graphene

readout charged particle
T FinFET 3D transistors
D .
bias i L

16
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ECFA R&D d Particle ID and phot 9 7 4 5
roadmap rFarticie dandad pnoton F s o ye § &
Q 5 & N R < S
i . . : LI EF»ITS S & F s 8
Ring Imaging CHerenkov, Time of Flight, SENIEYS P 906 988 & ¢§
I IFIITEEIIYCIC QY
. . . ~
Sensitive materials and photosensors
DRDT <2030 2030-2035 R s o208
Rad-hard 2 @ e o o ¢
Rate capability 12 @ 0 . . . O
RICHandDIRC  Fast timing 3 @ @ o0 o o o
technologies Spectral range and PDE 41 (] o0 o O O
Radiator materials 3 @ o o0 ] o
Compactness, low X, 43 ® 0 o O O
o . Rad-hard 42 ® o0 o
DRDT4.1 Enhance the timing resolution and spectral range of photon Time of flight Low X 43 °® . . .
PID and detectors Fast timing to <10ps level & clock distribution 43 @ @ 0 [ ]
Photon DRDT4.2 Develop photosensors for extreme environments TRD o 4'3 ° ®
DRDT4.3 Develop RICH and imaging detectors with low mass and high '
resolution timing Other dE/dx 43 o ® ®
DRDT4.4 Develop compact high performance time-of-flight detectors Scintillating fibres (light yield, rad-hard & timing) - [ J
Rad-hard 2 9 O 000000000
o Lowase 1 900000 000000000
photomultipliers Fast timing 4 . o . . . . . . . . . . . .
Radio purity 42 .
VUV / cryogenic det op 42 . .
Photocathode ageing & rate capability 12 @ @ O o O
Fast timing 41 o
Vacuum photon . . . . . .
datactors Fine granularity / large area 41 o000 O [ ] O
Spectral range and PDE 41 00 O [ ] O
Magnetic field immunity 42 ® . .
Photocathode ageing & rate capabili 42
Gaseous photon Fi lari ?I 9 pability 41 .
detectors ine granularity / large area .
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 physics reach

@ R8D needs being met



R&D Particle Identification with RICH
Challenge to reach = 30 /K separation up to O(50) GeV

new concept ex. Thin Array of RICH Cells (X/X,<10%) for FCC-ee
coupling aerogel and gas radiator with single SiPMs readout

» New materials for tunable refractive index
» Improved optics ex. lens, mirror coating

Radiator gas

Aerogel Photosensor array

ARC detector (one cell)

18



R&D Time of Flight precision
SoA is at O(20) ps target for FCC-ee O(10) ps for PID, and < 5ps at FCC-hh

amplitude

e Pulse fluctuations and electronics jitter are the limitation
* increased speed and S/N

* Resolution also depends on number of measurements %T 60
* hits in tracking, photons in RICH, showers particles in calorimeters, single Time of e S—
Amplitude at threshold or Waveform Sampling* “l
— 51 10 15 20
_U::c_ Time (ns)
ALICE LHCb LHCb CMS ATLAS - CMS
Fast Interaction Trigger Spaghetti Calo. TORCH RICH Timing Layer (pile-up) Timing Layer
Cherenkov radiator crystal/scint. + MCP PMT Cerenkov radiator LYSO crystal + 2 SiPM LGAD Si-sensors
+ MCP-PMT waveform sampling + MCP-PMT ToA and ToT ToA and ToT

= 20 ps SPTR = 70 ps =~ 20 ps = 25 ps

XN
N
RN

neetetietatetee

RIS
Sele%ede?
SRR

* Time-walk correction can be provided by ToT, waveform sampling or ADC amplitude depending on system

19
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R&D Scintillator and Cherenkov materials

ex. new crystals (fibers) providing both Cherenkov and scintillating light (doping)
ex. new nano-materials, luminophore WLS, quantum dots tuning of WL with size
3D printing for unconventional shapes, ex. square fibers for Dual Readout calorimeters

Separate sources
with waveform sampling

luminophore Quantum Dot ex. perovskite
embedded in polymer

ANNN+» UV photon - Silicon link
AN+ visible photon

4
‘<4 Cerenkov
1 . Scintillation

109 |

Norm. phe/event
o

102}

Si0,:Ce, fibers ]

Wavelength (nm)

103
03" 50 100 150 200 250 300

Time (ns)

Quantum Dots could allow new cutting edge concepts for depth segmentation in homogenous calorimetry (left)

and 4D scintillating tracking in monolithic scintillating photodiode sensors (right)
Intensity

InGaAs photodiode

“Shower
_profile

-

W
=}
197}
(@]
=
o
3
D
—
(9°]
-
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R&D Photosensors

‘ MCPI\ﬁI—PMT

— AT RTTTT

" MCP-PMT | e A\ 5 S S\
* ex. Large Area Picosecond PhotoDetectors (20 cm?), O(1) mm?, SPTR O(30) ps oo
» Improved photocathode efficiency for radiation tolerance
» Hybrid design with pixel ASIC integration in vacuum tube _
» Nanopore channels for ultra high granularity % 53x53 mm?
» Design for MIP (with Cerenkov Radiator or from secondary emission) | G
5
% 8 columns

* SiPM hybrid analog design, 1(3x3) mm?, 30(80) ps
* SPAD monolithic digital pixel counting, 50 um pitch, SPTR O(20) ps
» Reduce Dark Current Rates (new materials ex. WBG GalnP, GaAs, SiC, GaN)
» Improve QE, particularly in UV and NIR
» Micro-lens array design to compensate fill factor
» Lower pitch

Micro-lens SPAD




ECFA R&D roadmap Calorimeters

Several concepts with specific performance
several sensor technology options

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

DRDT 6.2 Develop high-granular calorimeters with multi-dimensional readout
for optimised use of particle flow methods

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

Si based
calorimeters

Noble liquid
calorimeters

Calorimeters
based on gas
detectors

Scintillating
tiles or strips

Crystal-based high
resolution ECAL

Fibre based dual
readout

Timing

Radiation
hardness

Excellent EM
energy resolution

Low power

High-precision mechanical structures
High granularity 0.5x0.5 cm? or smaller

Large homogeneous array
Improved elm. resolution
Front-end processing
High granularity (1-5 cm?)
Low power

Low noise

Advanced mechanics
Em. resolution O(5%!//E)
High granularity (1-10 cm?)
Low hit multiplicity

High rate capability
Scalability

High granularity
Rad-hard photodetectors
Dual readout tiles

High granularity (PFA)
High-precision absorbers
Timing for z position

With C/S readout for DR
Front-end processing
Lateral high granularity
Timing for z position
Front-end processing
100-1000 ps

10-100 ps

<10 ps

Upto 1076 n_/om?

> 1016 n_/cm?

< 3%/\JE

. Must happen or main physics goals cannot be met

DRDT <2030

6.2,6.3
6.26.3

616263 @
6.2,6.3

6.2,6.3

6.2,6.3

6.16.2,6.3

6.16.2,6.3

6.16.2,63

6.16.2,63

6.16.2,6.3

6.2,6.3

6.2,6.3

6.26.3

6.2,6.3

6.16.2,63 ®
63

6.26.3

6.16.2,63

6.2,6.3

6.26.3

6.2,6.3

6.16.2,63 @
6.2

6.2

6.2

6.2

616263 @ @
6.16.2,63
oo O

6.1,6.2
6.3

6.16.2

. Important to meet several physics goals

Desirable to enhance physics reach

@ R&D needs being met
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Calorimeter concepts

e-y electromagnetic showers develop in front segment
hadronic interaction develop deeper in back segment
homogenous calorimeters provide best e-y o(E)/VE O(3)%
so far only sampling calorimeters for hadrons, current target is o(E,.,) O(30)%/VE

Ejet(PFIow)

M HCAL

Clusters
ﬂ[ detector
Epo (= 10%)

ECAL +
Clus Ey (= 15%)

+
Etrack (z 75 %)

High transverse granularity for charged track shower association (PFlow technique)
Hadron shower energy compensation (calibration) with “dual readout” measuring both em and had. shower
components or from depth segmentation providing the shower shape
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Calorimeter configurations

Sampling Homogenous
absorber (W/Pb/Cu/Fe/Brass) NeW ConceDts
Solid State, Scint. tiles, fibers, Gas, Noble Liquid P
High Granularity Shashlik EM concept ECAL Opaque scintillator
Si-pads and scint tiles/MPGDs Scintillator + WLS crystal fibers crystal grains
3 Shashlik
\/'////’//// / radius (R) (plane x-y) Difusiv Medium
w\\\‘y'\\\' ¥
‘.\‘\‘\\\\
g Tlme 1 Hlt ng
Spaghetti Dual Readout HCAL with
Noble Liquid (LAr) Scint. & Cherenkov fibers 1 & // granularity i Wi
. ‘\ \_‘/

latice distance; §
(2 few cm)




R&D different concepts

sensitive elements and photosensors R&D are covered in other technology areas

* High Granularity Calorimeter
* Improved sampling fraction for e-y energy, ex monolithic Si-sensors w/ low power electronics
» Ultimate pixel digital counting with <10 ps for full 5D shower profiles

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

* Noble Liquid Calorimeter
* Improve transverse and depth segmentation with large size multiple layer PCBs
* Light cryostat vessel, cold electronics, high density feedthrough*

* Homogenous calorimeters
* Implement dual readout, ex. wavelength filtering w/ two photosensors, waveform sampling or physical
depth segmentation

* common problematics NL TPCs and magnets
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ECFA R&D roadmap Gaseous detectors T £8 $
$ S &
THLHFeEr & Gl
-| h . | g O & ;f Q‘éf g 35-'9 §
Versatile (cheap) systems in large areas S5 355es ¢ S
o 3 S
. . . .y ST & LLeFIg 3§ & £ F
wide range of application as sensitive and/or readout elements P T e $ssedssss
2035-
DRDT <2030 2030-2035 2080 2040-2045 >2045
Rad-hard/longevity 11 [ ] . . . ® o0 . @
Muon system Time resolution 11 [ ] @
Proposed technologies: Fine grﬂm‘“aﬁty 11 . . . . . . . .
mc’ém”:';‘;%fp‘fmﬁWGEM- Gas properties (eco-gas) 13 @ . . .
Miommsgaa: pRwell, pPIC ... Spatial resolution 11 L AN ] . . . ® o0 . .
Rate capability 13 @ @ C X ) @ o 00 @ o
Rad-hard/longevity 11 @O @ [ ] @
: : : ; 2 90 @ o 20000
DRDT1.1 Improve time and spatial resolution for gaseous detectors with Inner/central Low X,
long-term stability tracking with PID :_BF (TPc ':’l;'y) ﬁ o0 ° ! ® 2 o
OPOSH nologies: Ime resolution -
DRDT1.2 Achieve tracking in gaseous detectors with dE/dx and dN/dx capability 'T"pc'lmm?ahq h:ﬂgumagas,_ Rate capability 13 @ o ® ®
in large volumes with very low material budget and different read-out e of MPGD. cram Shambere /. 2 @ e : 00 O
schemes ) ) Fine granularity 1:1 [ ) [ @ . [ N N )
DRDT 1.3 Develop environmentally friendly gaseous detectors for very large Rad_hard/longevity 1
areas with high-rate capability Preshower] Low powar 9 1'1 oo
DRDT 1.4 Achieve high sensitivity in both low and high-pressure TPCs Calorimeters Gas properties (eco-gas) 13 'Y X | (X )
:rpxgn;;dmmﬁ_mnlnmes: ’ Fast timing 11
heﬂﬁjﬂmmiﬁ%ﬁ%ﬂm Fine granularity 11 C W N ] o0
mmm;gé?m.m_nzx Rate capability 13 . . . . .
Large array/integration 13 . . . . .
Rad-hard (photocathode) 11 @ @
Particle ID/TOF IBF (RICH only) 12 O ®
Proposed tachnologies: Precise timing 11 . .
RICH4MPGD, TRD+MPGD, TOF:  Rate capability 13 [ ] @
MRBPC, Picossc, FTM dE/dx 12 .
Fine granularity 11 ® o
Low power 14 . . .
Fine granularity 14 o0 0 o0
TPC for rare decays Large array/volume 14 o . .
Propossd tachnologies: Higher energy resolution 14 [ ] . . . .
Ect:h:eps?\i;r;:;nmrmmw Lower energy threshold 14 . ® . @ .
Optical readout 14 o0 o0
Gas pressure stability 14 L] . .
Radiopurity 14 (N X ] o0

. 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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Central Tracking and Particle IDentification with DCH or TPC

enabling at the same time best momentum resolution and PID up to 50 GeV for FCC-ee

Central Tracking
0O(100) points with O(100) um precision
0O(1/5) % X/X, barrel/endcap

T 122 400 fmm)

K T

QUTER FIELD
CAGE

CENTRAL HV
ELECTRODE

/" INNER FIELD
1 CAGE
.|| ENDPLATE

N PRI E R VI I TN PV _ -
950 1e0 170 180 190 =200 210 220 )
X [mm] o

ex. Meg-Il DCH

* also expected to improve position resolution from 100 um to <80 um

PID

new concept of waveform sampling O(1) GHz*
to count e-clusters for O(<3%) energy resolution

ex. FCC-ee IDEA DCH

drift tube i rl i

ionizing i < 9 vauil'Cd SIgnaI
rac i

> : K/n dN/dx

-———

-
s

(@2m), Torch (DIRC) &
© =4 N W & O N ® ©

30 n/K separation with typical ToF

o] At |
A 0 1 2 3

time [s]

e
-
-

10 P (GeV/c) 100

10 — 20 ps ToF to cover dE/dx crossing
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R&D Drift CHamber and Time Projection Chamber

ex. FCC-ee IDEA DCH

DCH wire tension compensation
- outercyiinder | 7 =

inderr ) :

DCH mostly engineering

» Large size design structure and production
» Light and thin wires ex. 40 um Al/C/Ti (field), 20 um Mo/W (sense)
» dN/dx measured through waveform sampling electronics O(1) GHz

gas vessel free to deform

ex. MPGD readout ILD TPC
Micromegas GEM Gridpix

TPC main challenge to reduce ion backflow
» Operating conditions (gas, voltages, pressure)
» Highly sensitive and granular readout MPGD
* dN/dx measured through cluster counting




29

MicroPattern Gas Detectors

precision down to O(50) um at rates O(1) MHz/cm?
Muon chambers, calorimeter preshower or hadronic segment, readout system elements

MicroMegas (MM) . GEM THGEM Hybrid design THGEM + MM
. Drift
S ! Cathode Mesh mnmansannasmnamnaanen oo quartz
" [ \ il EIW‘_‘ 3mm Drift Gap Celoce e Conversion Gaj R e —— 7
: E,} ,'\. ~303*A < Jil ?EM % TP Drift
.- o ! e \\ e -- - ib---------T-GEM <—>'/ﬂ“‘ pand Csl
; ComersionDik G Ty . am L0 ToansferGap 2 THGEMI[:] O L 7T HA
5 __________________________________________ \¢  Micromesh == q';yjm,]h- - GEM Tms}’er“c‘i“;;““ 3mm
8ym’ oo ) 2mm Transfer Gap 7 THGEMZ[j A 77TH2
Insula \ W .---------- GEM @ Smr,n ey 5
me 5 et Induction Gap Induction Gap T bl MM
— — sg‘édo ut Anode Mesh semsnssmnnssmennsnnnms
/ Readout \ \
Elel:tronicsl \
CMS ALICE TPC COMPASS RICH

ex. muon tracking systems ex. readout systems ionization (left) light (right)
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R&D MicroPattern Gas Detectors precision and rates
approach performance of Solid State in printed board technology or CMOS monolithic designs

CMOS MicroMegas

i -Resistive-Well Resistive-Plate-Well mesh grown on pixel ASIC

Well pitch: 140 pm
Well diameter: 70-50 pm
Copper top layer Copper dot Kapton thickness: 50 pm

Resistive layer
R~100 MQ/O

Readout electrode | ’

» Improve rate capability O(= 100) MHz/cm?

e AC coupling through DLC coating resistive layer
» 3D printing, dry plasma ink jet printing

* developed for flexible PCB devices
» New material concept ex. Graphene grid




R&D timing precision

* Multigap RPCs
» low p material and thin gaps O(100) um
* Fast Timing MPGD
» Thin gaps multiple GEM amplification stages on top of p-rwell

* MicroMegas with Cherenkov radiator and photocathode

» Improve photocathode QE and radiation tolerance
* New materials ex. hydrogenated diamond spray, nano-diamond (gold) grains (UV-sensitive)

Multigap RPCs :
24 x 160 um gaps 0(20) ps Fast Timing MPGD Picosec MM (1 MIP = 10 pe) O(25) ps

| [ Detector Layout & Parameters
POSITIVE HIGH VOLTAGE LAYER _ e ANODE PICKUP ELECTRODE » .
Necae o vorage ven, =——r 400 pm pilars iameter Cherenkov
= (33 e AT /n % -
A CATHODE PICKUP ELECTRODE &3.3 mm pitch 2kViem Rad|ator 1-5mm
POSITIVE HIGH VOLTAGE LAYER : T ANQDE PICKUP ELECTRODE dnift ga
1) ' L~ ad 6o HV1 Cathode
=6 | Yt —— 250 m ik s g Photocathode -30 nm
< ] = i ) > 2 ick gas gap s Tttt : - )
O~ P b T b q 0 S Ss  EEEEEEESS = i e E-Field
™~ L : \ L~ | A = = Drift 100-300 pm Mesh
NEGATIVE HIGH VOLTAGE LAYER i :‘I '\ CATHODE FICKUP ELECTRODH 800 MO resistive layer ~—— 3 e B e \ Amp"flcatlon 50-150 pm VIR W0 LRI .E.-F.Ie.ld'" Ground (Bulk MiCrOmegas)
PQ@E:‘E&%I&F&@___i—':' ,r‘ | ANODE PICKUP ELECTRODE 50 pm thick Apical KANECA —— 2 500 V amphfication 4 Anode
| ] stage
! 2MOT resistve kapton — ) N

—:[ Preamplifier + DAQ|
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R&D Eco-friendly gas mixtures

Reduced discharge of currently used GHG (C,H,F,, CF,, SF,, C,F,,)
» Recirculation/recuperation/abatement should fulfil current regulation

Alternative mixtures
» HydroFluoroOlefin (ex. C;H,F, ) commercial refrigerant replacements
* do not yet provide full performance without some (relatively small) fraction of CF4
» New design and operation conditions to compensate possible performance loss
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ECFA roadmap Liquid detectors
Water Cerenkov, Noble Liquid, Liquid Scintillator

33

& & &
O O O
DRDT 2.1 Develop readout technology to increase spatial and energy N o g & 0539 g & é-;‘? &
resolution for liquid detectors ¥ a~ & £ o ¥ ~ & §F o ¥ & & & o o
; : $ e & F £ S o & F L & & e & F L & 9
DRDT 2.2 Advance noise reduction in liquid detectors to lower signal energy & 0 AR NS 0 S g S NS Nl f &g S o & &
thresholds Q-Q/ é-é, & Lb § N é‘/ ég? Qa) Lb ¥ & é’.u ég? Qq' Lb 2 QQQ N 1;6‘
_ . S TS P oS T FT o, 58855 F
DRDT 2.3 Improve the material properties of target and detector components é‘\ g Q\’a‘? &£ S $§ 53\ é‘@ & Q\j‘? f&s § é§ é‘\ g a\?@ & s £ z? @"
i ¢ " -£ *> -£ xS -5
in liquid detectors K $ §_§§§ a}ww@o K] @k.&c_é’k z‘:’té" égw@o@ \i‘l—@‘“_é‘ §§5 VQQQIQO L
DRDT 2.4 Realise liquid detector technologies scalable for integration in & & g’«g ¢,§ s § &S @ & @3? Qés § §b R é"g e?s § §b §§ .é’
large systems T E FIFIPICI9TEIIPINOI9TESEFIIPIFY I @
DRDT 2022-2025 2025-2030 2030-2035
read Higher energy resolution 21 00000000 o0 Q000020000000
eadout
develop-  Lower energy threshold 21 0000 o0 000 Q0 o000
ment
Expand wavelength
sensitivity 21 9 0 000000000000 000000000O°
Measure-  Fine granularity 220 00 o000 ® Q0000 ......
ment
dE/dx (combine modalities:
strategy ol’large(,light,heat,aooustics) 220 0 0000000000000 0000020001+90
iquid doping and purification
Target (g;-zgorg)ng P 23 @ o [ N NN o 00 2°0O .....
properties i
High pressure 2390 0 O 00000 000 ° 00 00 000 O 090 0
Detector services (e.g.
cryogenics) and ntegraton 27 @ @ 0000 O0CO 000 OGO o000 O
S Lagearseensos) 24 0 O OO @ 0000 ° 0 °00000-0-00
Low power 240 © 00000000 0000000 0000
Detector components radiopurity
andbeckgoundmigion 24 @ © © 0 @ @ 0 0 0 0 0 0000000200000 0

. 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



Neutrino, Dark Matter, OvB decay detectors

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

Low energy thresholds
small detectors crystals
with quantum sensors

Neutrino

OvBp

Water Cherenkov
0(10?%) y/MeV
visible range

Bolometers
He: HeRALD,
Ge: LEGEND veto QUEST-DMC
Phonons
Te: CUORE —
CUPID Ge, Si: CaWO,
AMORE SUPPICDMS CRESST
EDELWEISS Ariesins
Xe:
Multi: . KamLAND-zen,
SuperNEMO ‘ . 4 XMASS
. . /’\ Ar:DEAP-3600
. lonisation 2 Photons
CsFa: PICO NEXT, nEXO Csl: KIMS
Ge: CDEX Nal: ANAIS
Si: DAMIC-M, SENSEI DAMA/LIBRA,
Ar, Ne: TREX-DM COSINE, SABRE,
He:SF«: CYGNUS Xe: LZ, PANDA-X, Xenon-nT, DARWIN COSINUS
Ag, Br, C: NEWSdm Ar: DarkSide-50, DarkSide-20k, ARGO
Liquid Scintillator:
H>0: Super-K - :
¥ UNO, LiquidO, SNO+, Theia, TAO
Hyper-K, KM3Net J i e
LAr: \
DUNE, ArgonCube,MicroBooNE, SBN

1

Noble Liquid TPC

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

Large detector volumes,
different readout schemes

Liquid Scintillators
0(10%) y/MeV
visible range



Noble liquid TPC Neutrino

DUNE at Stanford Underground Research Facility 1.5km deep and 1300 km from Fermilab 2026-28
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

Top CRPs

Z
Z

Photon Detectors

de ’\\ -
ArapucaPDs ¢ 4'%

Bottom CRPs

V4
Ly s

Y 4
z v 4 L

Cryostat dimensions: 62m x 15m x 14m

Field cage

FD1 horizontal anode drift wire readout and SiPMs

Electronics
Interface board

35

Far Detector 1

2 x6.5-m vertical drift

“wuil}

FD2 vertical drift PCB anode readout and SiPMs in cathod plane



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

S2: Charge extracte:

DarkSide-20k Photodetector in the gas phase
plane producing delayed
Transparent me SCintillation light
anode coated (localised)
Optical & EM with TPB 5,

barrier

Extraction grid /
e ”

Side reflector — - “ﬁ"\ =

field 1

Drift time:
Z-coordinate

nVeto

coated with TPB - S1: Promit
TPC Transparent gl scintillation light
cathode (-HV)
coated with TPB 3D imaging of event:
Z (time) and XY (CM
Cryostat
ryasts gg‘:‘fdetecmr of the S2 signal)

* DARWIN 50t 2.6 x 2.6 m double phase LXe TPC < 2030?
* Also using water Cherenkov and Liquid Scintillator to shield TPC

* Underground extracted, free of 3°Ar radoactive isotope

Photo-Deiector Unit -
sipm PDU
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Noble liquid TPC Ovpf

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

e ~N{
EXO-200 nEXO Future kton scale detector (?)
Charge /’uh
collection tiles
E >~
)
s i '3 Photoq
o ‘4 o ﬁ ex. (15 bar) GXe
Cathode ﬂ
300 t e Xe 3000 t matXe
~150 kg 13¢Xe ~5000 kg 3¢Xe ~300 t '36Xe
2011 - 2018 Operation in ~2028 Operationin ?
L Tip=0.5x10%6yr \_ Tip=1.4x108 yr P Ti2 = 1030 yr )

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
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Water Cherenkov Neutrino

Hyper-Kamiokande 2027
300 km from JPARC (Tokai, Japan)
650 m underground 260 ktons 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

Accelerator Neutrino Neutron Interaction Experiment at

FNAL Booster Neutrino Beam

26 t Gadolinium loaded water Cherenkov*

(measure neutrons), Large Area Picosecond PhotoDetectors
20%x20 cm?, 60 ps 1 cm position resolution

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

HypersKamiokande - :::

Front electronics
Anti-coincidence racks
Counter muons
(FACC) resolution ~ 50 ps

window ~ 20 ns
neutron capture

Fiducial resolution ~ few ns

Volume Gd-loaded window ~ 100 us
(selecteble ih water volume Ko Linnos:

b Detector

analysis) (MRD)

Direction ~ 10 deg.
Range up to 1.2 GeV/c
Momentum res. ~ 20%

photosensors

PMTs (8-inch)
neutron capture
LAPPDs
| s time resolution
| em granularity

i
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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

e 26000 PMT® 7.5cm

18m




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) to 1000 all materials
» ex. new concept of crystal/vapor Xe dual phase to eliminate Radon

Argon Gas + Xenon doping ~ 50 ppm
SiPM Array

51
Time
%52
Len)

514
L~

SiPM Array

52 Doped / 52 Pure Ar

Liquid Argon + Xenon doping

Detector Vessel

TOP VIEW (X,Y): readout TOP

Xlem] ™
LiquidO new concept

40



(ias

Liquid

R&D readout

Improved photon/ionisation sensitivity and higher granularity

* Photosensors (PMT, LAPPD, SiPM/SPADs, CCD)
» Improve Wave Length Shifting and/or VUV — NIR Quantum Efficiency

» Design devices with both ionisation and light sensitivity

e Readout schemes

» Improved amplification scheme in DP TPC
» Increase granularity ex CCD with TimePix ASIC for spatial NEXT)

S1PM or PMT matrix

SiPM or PMT mairix

i #hﬂﬂ fuﬁuuﬁ
420 nn e, Aﬂgde 175 or )
-< WLS (TFB) . 2000= 1 000 1
198 :_.-; EL & - £
fap Proportional EL "'F‘
Proportional EL EE]_ EEI_\l
- o
Grid T o Grid 1
=
4 e £ al = e Edl
B ¥
4 Cathode ¢ Cathode
] ]
L &, e i
’ K
Radiation Radiation

(ias
e

Liquid

A

-

.

%, %|f 3

Proportional EL N

Si Pt’f-;mﬁ ;
Avalanche ¥, b A T00=850 nm
scutillations ™% f +V
I Y
THGEM 14

Grid

Radiation

Particle interaction point —%Sﬂ

P

L

SiPMs

Noble liquid

#--
do __|3T‘E_m=¥_

“Pe

.-
—
_,..._

\ 128 nm LAr

ARAPUCA cell

PTP

350 nm _ —

L Dichroic Filter
430 nm [~ ¥
* TPB

o >

Reflective Vikuiti ESR

Dune Arapuca SiPM

CYGNO directional DM 30 m3
TPC low density HeCF,

Cathode

GEM1 AV"400 V
GEM2 AV™400 V
N A

Mesh

-----------J

Electroluminescence region

' E=1kV/cm

-LZ mm, E= 25kV/cm
LB ]
2mm E 25kV/cm
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Amplitude [arb]
]
@

* Electronics

» Waveform sampling to reject background (potentially to separate Cherenkov/Scintillation)
» 3D integrated readout operated at cryogenic temperature (including optical transmission)

R&D Electronics

e Other engineering challenges for volume scaling

» Cryostat vessels, cryogeny systems, feedthrough, power supplies, monitoring and calibration

FrTr I o[ Irr[rrorroT

{

ol b b b b oy

LR A A B T

Electron Recoil (ER)

Mostly triplet

8 10
sample time [us]

3

&
8

g

»
g

g

-350

a =
£ " E
—|-50
% " Nuclear Recoil (NR) E
3 370 5 —-100
[ Mostly singlet E
365 —: 150
360 —; 200

N RARRNRRRANRRLANRRRRN AR RARRNRRRRY i

>
H

|

ARGO integrated readout with SPADs

Photon-to-Digital Converters

2 % Optical fibers
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ECFA roadmap Quantum Sensors and emerging technologies
Sensors to measure very small signals with high resolution

DRDT5.1 Promote the development of advanced quantum sensing technologies ===l ()

DRDT 5.2 Investigate and adapt state-of-the-art developments in quantum ——e——— e—)
technologies to particle physics

DRDT 5.3 Establish the necessary frameworks and mechanisms to allow —
exploration of emerging technologies

DRDT 5.4 Develop and provide advanced enabling capabilities and infrastructure o @

Section 2025-2030 2030-2035
Clocks and clock networks 53.1 . . . . . . . . . . .
Kinetic detectors 53.2 [ ] (] . 00 9 . (] . o0 . . . [ N ) .
Spin-based sensors 533 o N NN N NN KN XN : z z N )
Superconducting sensors 533 o @ . 00 000 . o0 | N .
Optomechanical sensors 534 (] . o0 0 . o . o0 . ) . . o
Atoms/molecules/ions 535 @ " W ] . o0 0 0 . . . . . . . . . .
Atom interferometry 535 @ 0 09 090 . . . . . . . . .
Metamaterials, 0/1/2D-materials 5.3.6 90 00O . . . . . . . . . .
Quantum materials 536 . . . . . . . . . . . . . . . . . . . .

. 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



Al Collection Fin

Trapping region

Quasiparticles transport = o

energy to the TES

QD

o
Cooper pairs

W thin film
Tc20mk &

J. Rothe, PhD thesis, TUM 2020

Interaction site

- * B
o\o © |, HOtTES
& O 5 electrons

Athermal phonon

Ge Absorber

Squid
multiplexed readout

Super CDMS DMS 1.39(0.61) kg kgr

12 phonon, 4 charge channels
sensitive to >5GeV/c2 DM

Ge(Si) 0,,=50(25) eV o,,= 160(180) eV

3.3cm

12 phonon channels
sensitive to sub-GeV DM
Ge(Si) 0,,=10(5) eV

Phonon detection

* Transition Edge Sensors loss of superconductivity

* Kinetic Inductance Detector transmission in a LC resonator

* Quantum Capacitance Detector shift of resonator frequency
with change of capacity in a tunnel junction

Single KID 2 cm CRESST 1-10gr Quantum Capacitance Detector

RF out

capacitor

Island

/ }bsorber

@,
@ Y\l\\
Resonator

Photon

inductor

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
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Superconducting Nanowire Single Photon Detector

Measure resistance variation of nanowires (< 1 um) 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

IATATATUATATATATRIAL 000

V000000000000

ki NV

WSiWy
SiO,
mirror




ECFA R&D roadmap: 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
DRDT7.3
DRDT 7.4

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

DRDT 7.5
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> 5 B
> § o8 s
N & 9 R
3 d s 8rd &8s
$ o & JY CEFFFELY
93 5 40 SO S ey SSS
YOV o9 &gy e
FPNI IR SN IR G S I
2 ¥ T RJIIREIVNYILLOTILILLN
DRDT <2030 2030-2035 i::: 2040-2045 > 2045
. %
Data High data rate ASICs and systems 1 @@ . . . . [ ]
density New link technologies (fibre, wireless, wireling) 1 o060 . o000 [ ]
Power and readout efficiency 1 @ @ . . ' 000 (N ) (] .
Intelligence  Front-end programmability, modularity and configurabitty 7.2 . . .
onthe Intelligent power management 12 . . .* o0 . o0 . '
detector Advanced data reduction techniques (ML/AI) 72 . . (]
High-performance sampling (TDCs, ADCs) 2 0 0 . . o0 . o0 . .
:eDc-hniques High precisicl)ntimirllg distribution 3 @@ . . ) o0 . o0 . .
Novel on-chip architectures 7 00 o0 000000 O
Extreme Radlatlorlw hardness “ 000 . . [ 00000 . o
envifonments Cryogenic temperatures 74 [ ] [ ] [ ]
and longevity Reliabilty, fautt tolerance, detector control “ @0 0 o0 . [ ]
. *
Cooling 74 00 o0c¢000000000
Novel microelectronic technologies, devices, materials 75 @ @ @ © ® @® 000000 O
Emerging Silicon photonics 15 [ ] Qo . oo . '
technologies  3D-integration and high-density interconnects 15 O 000 000000 O
Keeping pace with, adapting and interfacingto COTS 75 @ @ @ 0000000000000
.Must happen or main physics goals cannot be met .Impoﬂantto meet several physics goals Desirable to enhance physics reach ® R&D needs being met



R&D Electronics

e Transition to deeper ASIC nodes (28 nm R&D started)

* New readout architectures
* |ow power, timing precision, on-detector processing implementing Machin Learning
* operation at cryogenic temperature

» Develop 3D integrated devices, sensitive element + analogic + digital readout features
* ex. commercial imagers could be an ultimate tracking solution if made radiation hard

Top chip #3nm proccss Image Top View m_i =
DNDDDDEEEE ™ — T;/_
: ;: Bl-Pixels G [ 5]
: Pixel Array /’lxels £ Egg gg gg
= v ; TSV wiring
T D RA 2 DRAM substrate TSV
¢ [Nsuh EEEmmEmEEETY / g DRAM | mEEEe EE g
Bottom chip 14nm pracess - 30 nm Process """ " " E:E‘g EE_EBB
Logic S p—
substrate (Si) ggg ggg %% g%
Logic - = = =
P EEH 40 nm Process
same chip size Logic substrate (Si)
Bottom Chip
Samsung: 1.4 um pixels in 65 nm & 14 nm Fin-FET (3D Sony (left) 3D layer thinned to 3 um design for 960 fps
transistors) readout , wafer level stacking Samsung (right) 1.2 um pixels, 2.5 um TSV 6.3 um pitch, 20 nm DRAM, 28 nm logic

» Technology watch
* Photonics data transfer, wireless communication (R&D advancing in WADAPT project)
* New semiconductor materials use in microelectronics industry
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ECFA R&D roadmap: Integration

Magnets, cooling, mechanical support and structures, management of radiation environment

& & &
A
Y ¥ & &
S 5 A § & &
Q”§§§§§$§§§Q§§§O§o¢ s &5 S
g & & v I FFRITQ P v F T FEL LS
DRDT <2030 2030-2035 ::i:' 2040-2045 > 2045
Conductor development 8.1 . . . . . . .
DRDT 8.1 Develop novel magnet systems UL solenoid 8.1 [ )
DRDT8.2 Develop improved technologies and systems for cooling Magnets ) solenoid 8.1
DRDT 8.3 Adapt novel materials to achieve ultralight, stable and high High field dipole 8.1 L
precision mechanical structures. Develop Machine Detector T below CO» 8.2 ® ®
Interfaces. Gas cooling 82 L X J e O ® 00 ®
DRDT 8.4 Adapt and advance state-of-the-art systems in monitoring He-T with head load 8.2 o
including environmental, radiation and beam aspects Cooling  Microchannel 82 @ o ®
Cooling tubes 8.2 . . . . . . . . . .
PHP 8.2
TECs 8.2
Non out-gassing 83 . .
Lightwsight 8.3 ) (X ] 000 o [ X ) o
UL cryostat 83 ® [ ) 0
Mechanics & Feedthroughs 83 . . . . . . . . . . . [
MDI Moveable vertex tracker 8.3 . .
Low material beam pipe 83 00 O [ N 00
Machine background simulation 8.3 . . . . . . . .
Radiation simulation 83 [ ) [ N N O o0 . [ X
2-phase flow meter 8.4
FOS 8.4
Monitori MEMS air flow 84
onitoring b gig 8.4 000
Radiation high level 8.4 @
Polarization 8.4 . . .
Neutrino, HV supply for field cage 2.4 [ ] [ ) [ ]
DM Purification systems 2.3 . . .

. 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



Integration R&D solenoid magnets

2T thin solenoid for outside calorimetry concepts
R&D to develop high-strength Al-stabilized NbTi superconducting
cable and light vacuum vessel

<0.5-1X,and = 0.1 A

CMS-like solenoid, calorimetry inside
B up to 4T above Z-peak energy
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Integration R&D light stable structures

x 10 reduction in X/X, in Vertex Detectors

ALICE ITS2 0.36% X, /layer BELLE-I1 0.2% X, / layer mixed cooling Mu3e average 0.12 % X, /layer
Sensor 15%, PCB 50% N, with carbon tubes flow and CO, He cooling, Sensor 0.064 % X,
Cooling 20% Support 15% PCB 0.049 % X, Polyimide 0.012 X/X,
” N, holes
é N, tube .
Spaceframe & Cold Plate Coé(l):lf)fjtlet

\_

Pixel Chips

HIC
FPC

ALICE-3 study retractable layer concept
to approach beam at 5 mm inside Beam Pipe
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ECFA R&D roadmap implementation

organize R&D effort in new DRD collaborations (for each areas of the roadmap)
engage Funding Agencies through MoUs and a dedicated Resources Review Board

ECFA [CERN Research Board ]———-l- CERN COUNCIL
Ar r 3
Recommends
Community Approves
interaction
Scientific and Resource Reporting and Review ]
Roadmap Oversight and Detector Research and Development Reports :I CERN SPC
Community Interaction Committee (DRDC)

ECFA Detector Panel Includes members from: ECFA Detector Panel,

(EDP) CERN and LDG

e e {"On request, additional experts from the EDP can |
MNUPECC and ICFAIID Panel - be invited for dedicated review tasks H

representatives /000 R tmmmmmmmmmmmmmmm e e e

* ICFA Instrumentation, Innovation
and Development Panel

Detector RD (DRD) Collaborations
[DRD1] [DRD2] [DRDS]

DRD proposal prepared for reviewing by DRDC by July 2023 community
consultation process https://indico.cern.ch/event/957057/page/27294-implementation-of-the-ecfa-detector-rd-roadmap
New collaborations start to be active beginning of 2024
Funding Agencies sign MoUs in 2024



https://indico.cern.ch/event/957057/page/27294-implementation-of-the-ecfa-detector-rd-roadmap
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