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QAW = Challenges at a large |

Almages of the infant universe : Cosmic
microwave background, Quark -gluon
plasma, gravitational waves

AMatter of the Universe : Testing the
standard model, Matter -antimatter
asymmetry, Dark Matter, Neutrinos

AUsing the universe as a laboratory :
astronomy with ground and space
telescopes, gamma rays, UHE cosmic rays,
neutrinos, dark matter
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- Particle, astroparticle and nuclear
physics share the common goal of
‘understanding the fundamental =
~constituents of the universe and the
forces actlng between them |

In the same way, we are united to .
develop and deploy manytools, as
‘observations enable us to build. cly 4
understandlng of the unlverse |

.

. Created by‘AI
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o = Eyropean Strategy on Particle Physics %

http://europeanstrateqy.cermand https://europeanstrategyupdate.web.cern.ch

Continuous process driven by the community:
A First defined 2006
A Update 2013 brought us HL -LHC decision

A Update 2020 brought us decisions for post-HL -LHC times
Future Higgs factory, followed by 100TeV hadron machine and ECFA Detector Roadmap

A discussed next

A Update 2026 almost completed, as process started already in
spring 2025
A discussed at the end of the talk

14 April 2026 BTTB14- T. Bergauer 6
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oW = Eyropean Strategy for Particle Physics *
Update 2020

A 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..

A Detector R&D programmes and associated infrastructures should be supported at CERN,
national institutes, laboratories and universities. Synergies between the needs of different
scientific fields and industry should be identified and exploited to boost efficiency in the
development process and increase opportunities for more technology transfer benefiting
society at large. [... The community should define a global detector R&D roadmap that
should be used to support proposals at the European and national levels..

A Brought us the ECFA Detector Roadmap

A Successful completion of High-Luminosity LHC must remain key focus
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OAW ECFA Detector Roadmap

The community should define a global detector R&D roadmap that should be used to support
proposals at the European and national levels . ESPPU 2020

ECFA detector roadmap released in 2021 with full document (200 pages) andsynopsis (~10 pages) based

on acommunity -driven effort with many community meetings
The full document can be referenced asDOI: 10.17181/CERN.XDPL.W2EX

Document contains:

A Overview of future faciljties (EIC, ILC, CLIC, FCC-eehh, Muon collider) or major upgrades
(ALICE, Belle-Il, LHC-E O 6 A wE Gifnalites | D U w

A 31 Gpereral Strategic Recommendations? wp& 2 1 UA wUIT | wOl RUWUOPEI 66

A Nine Technology domains with Task Forces (TF)areas:
A The most urgent R&D topics in each domain, identified as Detector R&D Themes (DRDTS)

TF#1 TF#2 TF#3 TF#4 TFH#5 TF#6 TF#7 TF#8 TF#9
Gaseous Liguid Solid State Photon Quantum & Calorimetry Electronics & On- Integration Training
Detectors Detectors Detectors Detectors & Emerging detector
PID Technologies Processing
Annma Colalea Raxsnne Guenetis Micolo” Cartiglia Meville Harnew Marcel Demarteau Roberto Ferrari Dave Newbaold Frank Hartmann Johann Collot
Lesnek Ropelbewski Jocelyn Monnoe Giulio Pellegrini Preter Krizan Michael Doser Roman Poeschi Francois Vasey Werner Rieglers Erika Garutti

14 April 2026 BTTB14-T. Bergauer
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A The most urgent R&D topics in each Task Force F6 8588858 ESS
- . . 203
area are identified by Detector Readiness o o wuepe we
. Position precision 3134 . . . . . . .
Matrix Low X%, 130 00 0000 000090 @
Low power 3134 . . . . . .
Vertex High rates 3134 o o
detector? Large area wafersd 3134 o0 [ ] ol0 o
Ultrafast timing® 32 @ (] [ ] (]
Radiation tolerance NIEL 33 .
A Detector R&D Themes (DRDTs) were ot
] ] Position precision 31,34 [ ] @] @]
. Low X/X, 3134
formulated as high -level deliverables: oo S-oefece
High rat 3134
U .
DRDT3.1 Achieve full integration of sensing and microelectronics in monolithic srdestimngt 3 o o
CMOS pixel sensors Radiation tolerance TID 33
DRDT 3.2 Develop solid state sensors with 4D-capabilities for tracking and Position precision ;i::
E Low X/X, 1.3
calorimetry . Low power 3134 o 9ol0 N N
DRDT 3.3 Extend capabilities of solid state sensors to operate at extreme . Highrates 3134 .I I o
fluences Calorimeter® Large area waers? s 00000000
DRDT3.4 Develop full 3D-interconnection technologies for solid state devices e .3 : ¢
In partlcle phyS|cs ) Radiation tolerance TID 33 [ ]
Semiconductor Example Position precision 3134
Low X/Xg 3134
Low power 3134
Time of light? High rates 3134
- - 3]
A Both were used to define work packages, projects, and e o o o oo |lo ®
deliverables in DRD collaboration proposals Radation lorence NEL 33 —
adiation 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
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OAV = Generic Strategic Recommendations

%OUOUOEUI EwPOwWUT T w$" % w#l Ul EUOU W1
Alnternational coordination and organization of R&D activities (GSR 4)
AEstablish long-term strategic funding programs (GSR6)A , ©O4 z U
A2 U x x OU UWOd 20l 6 # uhp&241Zuh A w S .
ASupporting R&D facilities : test beams, largescale prototyping, irradiation (GSR 1)
AEngineering support for detector R&D (GSR 2)

ASpecific software for instrumentation (GSR 3)

ADistributed R&D activities with centralized facilities (GSR 5)
AAttract, nurture, recognize, and sustain the careers of R&D experts (GSR 8)
AEstablish and maintain Industrial partnerships (GSR 9)

ASupport Open Science (GSR 10)
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AApproved by CERN SPC and Council in fall 2022 (cErn/sPc/1190 : CERN/367p

ACERN will host DRD collaborations

A Interaction between DRD collaborations and committees through DRDC
A Interface to ECFA via ECFA Detector panel: https://ecfa-dp.desy.de

ECFA [CERN Research Board }- - =& CERN COUNCIL

ADistinction between reviewing “
body (DRDC) and advising =

(" Scientific and Resource Reporting and Review B

Roadmap Oversight and Detector Research and Development Reports o] cerNSsPC
b 0) dy (E D P) Community Interaction Committee (DRDC)
ECFA Detector Panel Includes members from: ECFA Detector Panel,
(EDP) e CERN and LDG
- . Includes ex-officio: APPEC T T I T P e R P e Sy \
7 On request, additional experts from the EDP
AEDP also provides input to the BTl
representatives e oy e O T A A A AT )

* ICFA Instrumentation, Innovation

n eXt Strategy u pd ate and Development Panel S

A6

14 April 2026 BTTB14-- T. Bergauer 11
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O = |nstrumentation since ESPPU 2020 ¢

A ECFA Detector Roadmap as result of last ESPP Update 2020
A, OU0wO!l wOT T welT ExUTl UANUWEOOYI OOUUwm? 3
process became part ofProposal Writing Team#r new DRD collaborations

O

bOQUET U2 Awi UO
AECFA Detector Roadma

A Roadmap implementation plan defined that CERN will host the
DRD collaborations
A Approved by CERN SPC and Council in fall 2022 (CERN/SPC/1190 : CERN/367p

A DRDC createq as new committee at the same level as LHCC, SPSC and
OUT T UUOwWS" % w#l Ul EUOUwWx EOT OwoOl x UwEOD

wRoadmap implementatio
plan

review of proposals

B Subndskiamand O 1) -
wDRDC established

A Approval of DRD collaborations by CERN RB for an initial period
of three years:

A DRD 1,2 4 & 6 in December 2023 > 2 years have passed already;renewal in
Dec. 2026

A DRD 3, 5 and 7 in June 2024
A DRD 8 in December 2024

wApproval, then:
Collaborations started

14 April 2026 BTTB14-- T. Bergauer Lo
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DRD1: Gaseous Detectors
Large - Fast - edoendly
gases - MPGD, e.g. GEMs
“f ~ 25 L

350F

g0 S per

i mneiene®lL L ot —
26 265 27 275 28 285 29
Signal Arrival Time (ns)

PICOSEC: NIMA903
(2018) 317

3M™ Novec™ 5110 3M™ Novec 4710

((CF),CFCN)
GWP 2100

(CF.C(OICF(CF).)
GWP <1

DRD3: Semiconductor Det.
Monolithic CMOS - LGADs -
radiation hardnessinterconns

DRD6: Calorimetry
Energy resolution - High
granularity - dual readout -

particle flow - sandwich - optice
o omogs Sampling EM paoicat Sampling EM/HM
nn /ni - sl

MAXICC « ;;A’
CRIUN { -

Cryogenic calo

.:;:,": -

: for et . ‘

r— 4

DRD7: Electronics
ADC/TDC IP Blocks - Opto
electronics - packaging - power -
extreme environments - COTS -
intelligence on detector foundry
access i

DRD2: Liquid Detectors
for Neutrinos - Dark Matter
- Ovbb

Water Cherenkov

Noble Elements

Liquid Scintillators

« Visible Scintillation, « Cherenkov light,

light propagation light propagation
« Scintillator properties « Doping for n-capture

« Isotope loading

- el
ol T
X

DRD4: Photon detectors
vacuum, soliestate SiPN), hybrid
singlephoton andSciFdetectors -

applications in PID, RICH, tracking

DRD5: Quantum Sensors
Quantum dots - superconduct.

nanowires - bolometers - TES -
MMC - nuclear clocks

Applications in LEPP, first projec

in HEPP happening
I i

il
| | llll ! l
Bl v”
\ v, ,“'
Sh : ‘i
jower A
rofile et )i
"a 7032

(shower profile rpectrometry)

Intenslty

DRDS8: Mechanics

Ultra-thin beam pipes - CF foam and
new materials - curved, retractable
sensors - air & microhannel cooling
- ecofriendly cooling fluids - robots
augmented reality

ffffffffff
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OAW =& Detector Dev. covers low TRLs

Technology Readiness Levels (TRL):

A 21 OUI w2 O develofistetvuechnologies (TRL 1-3)

é System Test, Deployment, = 9
o o ) o ~ R . % and Operations — 8 R )
A Strategic R&D (TRL3+ AWEUDET | UwUT | wl E x WE I 3|sysenveveiopment (1 wu
and the deployment and use in a HEP experiment (TRL 8-9) | [—— 6
covers the development and maturing of technologies , e.g. £ | Teohnology Development
A Iterating through different options | Research to Prove
A Improving radiation hardness p :ea:'b'"ty“&. /
A Scaling up: detector area, number of channels, layers,.. | Basic Research —
A o
TDR
experimentLol experiment funding approval EDR physics
ao0f dzS &< EBRE3 w3 5 DRD <TRL¢
game changers mature concepts final devices and systems
new technologies Iterate different versions specific to experiment concepts

: new paradigms l Scalingup challenge ,

llllllllllllllllllllllllllllllll

DRD Collaborations coverage

14 April 2026 BTTB14-T. Bergauer 14
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— Collaboration Infineon - HEPHY

A We worked (under old name HEPHY) for almost a
decade with Infineon on large -area planar Si sensors,
targeting Phase-Il Upgrades of LHC experiments at
CERN

A Attracted a lot of attention (CERN, Infineon
Austria CEO)

A Milestones:

A 2009: rex U O E U E-onun stripusensors

A 2015:First AGEOUx Ol EwUUUDbx wUI O
A lYyhnt yuAowx UOEUEUDOOWOIT wi
A

- A
Inflneon CEO together with HE
representatives

N 1 UU
AOOEOW' &" EQuw
Sensors ,

2018: program stopped due to economic reasons y ¢ [ {'

prototypes

A Reason for termination of program before series
production:

A Several more lots would have been necessary to tg "
mature the teChnO|Ogy - ‘é Former CERN 3(E3PF|:.YH§tl;(?fr with Infineon ang

A No proper funding model S

. w O

O o

14 April 2026 BTTB14-- T. Bergauer 15
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— All DRDs In similar shape !

DRDTs Forum for discussion on common topics
Work Packages WG1 WG2 WG3 WG4 WG5 WG6 WG7 WG8
'

A Approved for an initial period of three years
based on work programs in the proposals

A Annual review by the DRDC committee
A Collaborations are organized in

A Working Groups : (WG) serving as the backbone of R&D
A Work Packages: resource-loaded; will reflect the DRDTS

A All administrative positions (WP/WG convenors) DRD1 input proposal #229
filled, but most work started in working groups so far

A CERN Greybook entries exist; Users can be registered to DRD collaborations
A Websites for all DRDs exist following the schema https://drd3.web.cern.ch/

A Certain DRD collaborations ask for a fixed yearly membership fee (Common Fund),
targeting common projects, but also blue-sky R&D projects
A DRD1: 3kCHF, DRD3: 2kCHF
A However, DRD collaborations are not funding proposals!

-
-
oy
n

13| 1.4

)

Trackers/hodoscopes

Drift chambers

Straw chambers

Tracking TPCs

Photon detection (PID)

Timing detectors

d material studies
ning and dissemination

Reaction/decay TPCs

| |
| |
| |
| |
| Calorimetry |
| |
| |
| |
| |

Detector physics, simulations and softwar:

tools

o(® o (o o o0
[Electronics for gaseous detectors
[Common test facilities

[Detector production
[Trai

[Applications

[Technologies
[Gas an

Beyond HEP

14 April 2026 BTTB14-- T. Bergauer 16
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DRD Collaborations are open to any group
A 2,1 0EI UUI bx 2 wbUwE Ménd@ndinoEUndets@rididgeNolU unituthe
respective DRD Collaboration,

A MoUs are signed by every participating institution (and CERN), separate for each DRD
AT OOOOPPOT WEW" $1- wUI OxOEUI wi OUw?UOEOOQuwI RxI UbOi OUU~

MoU process got stock

Eaw?ElabdldI 1> WEPUEUUUDPOOWEEOUUWEOOODPUOI OUUwWUOwL
A Several FAs (often from large countries) seeCommon Fund payments as cascaded funding
and do not want the DRDs act as multi-stage grant distribution organization
A CERN discussesU.S. participation in DRD collaborations with DoE and NSF
A DoE cannot sign the standard MoUs
A DRD1 went forward with signing a base MoU without resource requests and commitments,
just listing planned activities per institution

14 April 2026 BTTB14-- T. Bergauer 17
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— The DRD Collaborations

Eight DRD collaborations have been approved for an initial period of 3years
pl RUI OEEEOI AwbPbPUI webIl 11 Ul OUwp Uu
)

A Based on previous R&D collaborations:

A DRD1: Gaseous detectors (based on RD51):161 institutes,700++ people
A DRD3: Semiconductor Detectors (previously RD42, RD50): 145 institutions /700++ people

A DRDG6: Calorimetry (CALICE, other proto -experiment collabs.): 135 institutes
A" O00x0Ol Ul OawlOl pPowpEOOOUOPUAaWEUDPOEDPOTI OWEUDPOEDOT U UL
A DRD2: Liquid Detectors: 86 institutes, 205 members

A DRD4: Photodetectors & PID: 74 institutes
A DRD5: Quantum Sensors and emerging technologies: 112 involved groups

A Transversal activities: no service provider, but with genuine R&D interest (TF9A ECFA Training Panel)
A DRD7: Electronics: 67 Institutes
A DRDS8: Mechanics & Integration: 38 institutes

14 April 2026 BTTB14-- T. Bergauer 18
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Highlights of the DRD
collaborations

Eight densely packed slides
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9 DRD1 Gaseous Detectors |

Gaseous Detector Technologies o 1E05
E
. . L. MicroMegas (MM) GEM § e T
A Long road from MWPC A Drift Chamber A Time Projection o €403
Chamber (TPC)A Micro -Pattern Gas Detectors (MPGD) 4 4 ik e b e *
. . . . i & } - am ] Trawie:Gap = 1.E+01 B
A Primary choice for large-area coverage with low material Mgy hbupig |1 . :
. am Nl TSR g = Size of th
budget & dE/dx measurement (TPC, Drift chamber) & ToF Any) oo | 50 single GEM/
. : L Ut £ MM Detector
functionality (MRPC, PICOSEC) 2 e e
Electronics
A Systems developed for LHC experiments led to unprecedentedly . ] Yecr_
CMS GEM ALICE TPC upgrade Garfield simulation

large systems, mostly based on MPGDs
of 4GEM stacl

A Most FCC-ee detector concepts use gas detectors for the main
tracker and muon systems

Working Topics Highlights:

A High rates: reduce ion back drift

Possible alternatives to GHG gases

A Reduce aging and radiation hardness

Eo 2/ ndf = 7328145 ‘ New eco-friendly Iiguids/gases havg been .develop'ed for industry
A Fast Timing: Multi -Gap RPCs: achieved ~60ps time resolution s ol 25 PSH o somorn | R R N
(ALICE TOF Detector, Z.Liu, NIM A927 (2019) 396), e trackyy «-ne-ee - i T
Micromegas with timing (PICOSEC concept): 25ps ;222 / *\;.Mm.o,m, | F_E_E_H - ?""é’"f‘*‘"i
. . . . E L F | ‘. 4 F F
A Eco-friendly gas mixtures: with lower Global Warming 2 "% y e o -
100E \ (CeHaF) (CF)
. . . +/ GWP 1430
Potential (GWP): 92% of CERN emissions related to LHC o A St ¥ | \ i G}m?f
. 0 o Seteus " (tried by CSC) @ ®
experlments 2.6 2.65 52é7 - ?.7;5T. 2(.8) 2.85 29 |-|-| o % € 1;
ignal Arrival Time (ns F. .C F (S
. \C/ \C/ dro-Fluoro-Olefin b
A Common readout system SRS for MPGDs, Beyond HEP PICOSEC: NIMA903 (2018) 317 BEET T L . ‘}i
HFO-1234ze L,m,u g 3M™ Novec™ 5110 3M™ Novec™ 4710
(CaH2F4) hydrogen aining (CF.C(O)CF(CFy).) ((CF).CFCN)
GWP 6 GWP <1 GWP 2100

14 April 2026 BTTB14-- T. Bergauer 20
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Higgs factory experiments: low mass, high precision vertex s — s —
detectors: (~0.1% X)/layer, 3um single-hit resolution; ToF ™ G~

wrappers around tracker for PID: ~O(20) ps

R Rl A R S I A A

MALTA & MONOPIX
TJ180nm Modified Process

Research Topics in DRD3:

A CMOS Monolithic Active Pixel sensors (MAPS):
A Sensor development becomes mixedmode chip development,
A Challenges: access to foundries, engineering workforce

A Most advanced developments (ALICE) not strongly involved in DRD3,
though

TJ180nm Standard Process

28 um collection electrode

2 x 2 pixel
volume

A 4D Tracking/ ToF: Timing using Low Gain Avalanche Detectors e o
(LGAD)
A Timing performance ~ 25 ps, but radiation hardness limited Different LGAD technologies:
A Extreme Radiation hardness : 3D sensors, T S e e
wide bandgap sensors, e.g. SiCGaN and Diamond R st | (CHESRERGAC T
A Activities from RD50 heritage, and for longer-term R&D towards FCC- | === :_; e =] e _
hh E L e || s

A Interconnection technologies )

14 April 2026 BTTB14-- T. Bergauer 21
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Calorimeters need many technologies from other DRDs

A Sandwich calorimeters with fully embedded electronics and
CMOS MAPS, SiPM or gas-detector readout

A Liquified Noble Gas : ALLEGRO detector concept (IAr with lead)

A Optical calorimeters , homogeneous EM with scintillators (BGO,
LYSO,..) andSiPM or MCP-PMT readout

A Electronics and DAQ: sophisticated FE chip developments

Overarching goals:

A Dual Readout Calorimetry to mitigate different response of EM and
hadronic showers

A Particle Flow to improve jet energy resolution

Challenges:
A High pixelisationO wK ww i F>UWttdeirodrd® fiéruervices
A Large and challenging prototype setups, even in early stages. What
can be done with simulations?

14 April 2026 BTTB14-- T. Bergauer

rwﬂlca I s DRDG6: Calorimetry

Unwra_pped and-wrapped tiles

MPPCs on HBU backside

Homogeneous EM
HGCCAL o

ign 2
I | I | W e

MAXICC e

CRILN

ﬁ

\ g‘t_ Absorber
)
é:}i]mmam Readout
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electrode

Sampling EM RADICAL Sampling EM/HM
= B DRCAL
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A Covers Dark Matter, Neutrino and OvRR experiments, both
accelerator and non-accelerator-based

A Underground Dark Matter Experiments ¢ small and rare
signals
A R&D for multi -ton scale noble liquids:
A Target doping and purification
A Detector components radiopurity and background mitigation
A Lower energy thresholds

A Efficient and fast cryogenic photodetectors A Increase of light
yield and background reduction

LIQUID DETECTORS

2030-  2035-

<2030 o035 2040

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

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

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

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

—e—e
#—
——
—

14 April 2026 BTTB14-- T. Bergauer
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Noble Elements

* Argon & Xenon
e lonisation charge
& transport
» VUV Scintillation, light

propagation & detection

Liquid Scintillators

« Visible Scintillation,
light propagation

« Scintillator properties

e |sotope loading

Water Cherenkov

¢ Cherenkov light,
light propagation
« Doping for n-capture

o
K
0
K
K
o

Charge readout

LIQUID DETECTORS

=

Target properties A

i Light readout
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— @mi . Photodetectors & Particle ID

A Developments on PMTs, MCP-PMTs, SiPMs, SciFi / Single-photon
A Applications in Ring Imaging Cherenkov Detectors (RICH), Time -of-
Flight (ToF), TRD and tracking (SciFi)

gty ey S Sy
AP B R R

Electrons cloud = | i

Multi -channel plate PMTs: S e
A Comsol simulation package Tzl g paote
A E.g. Hybrid detector with Medipix4 readout |

Front Side

Silicon Photomultipliers (  SiPMs): Array of APD/SPADs

A Many developments, i.e. backside illuminated, integration with
CMOS electronics
A Challenges: improve QE, rad hard, timing, reduce dark count rate radiator  Photon

. . . . ) detector
A Industry interest : telecommunications, automotive (LIDAR with o
ToF), with commercial availability (e.g. Broadcom, FBK)

Array of Rich Cells (ARC) concept

Counts
! 25

X [#rcols]

14 April 2026 BTTB14-- T. Bergauer
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Quantum Technologies are arapidly emerging area of

technology development to study fundamental physics

A Targeting Gravitational Waves, Axion, DM detection on
shorter-term

A Development of HEP detectors on the longer term

DRD5: different sensors and technologies being

investigated:

A Novel materials, kinetic detectors, spin-based,
superconducting, optomechanical sensors,
EUOOUYOOOI EUOCI UyrDOOUOWDLOUIT UI

A Scaling up challenge: single A multi channels

A HEP-relevant topics: Superconducting nanowires,

Chromatic calorimetry

~

A Many small -scale setups so far. Now first
considerations for common infrastructure

14 April 2026

Proposal WP’s

Quantum & Emerging Technologies
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Roadmap topics
Sensor family — clocks superconduct- kinetic atoms / ions / opto- nano-engineered
& clock ing & spin- detectors | molecules & atom | mechanical | / low-dimensional
Work Package | networks | based sensors interferometry Sensors / materials
J—
WP1 Atomic, Nuclear X X (X)
and Molecular Systems
in traps & beams
WP2 Quantum (X) (X) X X
Materials (0-, 1-, 2-D)
WP3 Quantum super- X (X)
conducting devices
WP4 Scaled-up X (X) X (X) X
massive ensembles
(spin-sensitive devices,
hybrid devices,
mechanical sensors)
WP5 Quantum X X X X X
Techniques for Sensing
WP6 Capacity X X X X X X
erpansion
| UOOI U Counts >
eY,pT,..
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= %= DRDT Electronics and On -Detector

Processing

/
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Electronics is vital to any detector system %ﬁf#%

Modern technologies offer tremendous opportunities: & !g’/ "
, #95

A Transmission speed @100 Gbit/s and beyond

eFPGAs

LLLLLL

A Extremely high integration density =l e |Fullyreconfigurable logic in ASIC design

A Very high -performance FPGAs
A Advanced packaging technologies
A But the complexity and cost associated to their use do also increase

A Work topics in DRD7:

A Silicon photonics transceivers, power distribution, wireless data transmission and
power, interconnections

A High Performance ADCs and TDCs and time distribution

A Intelligence on the Front -End: e-FPGA and RISGV SoC

A COTS andno-backend solutions , i.e. directly from FE to DAQ

A Extreme environments : cryogenic and radiation -hard electronics

A Shared access and hubsto selected imaging technologies and 3D integration

14 April 2026 BTTB14-- T. Bergauer

* The pathway to put ML on-detector!
- NG

@ ‘.u
B o, !
a2
Lo T B R
L R B i e >
"
L)

BDT classifier in
28nm CMOS ASIC

I'_\1OOGbE ™m™r
|_/ DL ™

Foundry IP block
vendors vendors

hep

cccccccccc

‘umec

i@

26




AUSTRIAN

/

OAW = DRD8: Mechanics & Integration A

A DRDS8 proposal approved by Dec 2024
A Does not cover all DRDTSs, as they are quite diverse

A Focus on vertex detector mechanics and cooling as emerged

N o< e A o oA s ¥ A S Adapt an -of- -ansstemsinE
FUOOW? %OUUOWOOWIUEEODTI Uw, 1 ETEOL . <. wrvuﬁc&dm%s

A Advanced materials and structures for vertex detectors:

A Mechanics for curved sensors, Thin beam pipe, Retractable
detectors, MDI, Low -mass hardware, alignment

A Characterization of Material properties and database

A Cooling : Airflow, Evaporative CO , and new fluids
(Krypton), Microchannel cooling in Si, Cooling tubes
welding and material investigations

A Robots and Virtual reality to simulate/remote control
access in restricted areas

A Software tools to connect engineering design with
physics simulation (e.g. connect GEANT4 with CAD)

14 April 2026 BTTB14-- T. Bergauer

Develop novel_

Develop improved technologies and systems for cooling

Adapt novel materials to achieve ultralight, stable and high
precision mechanical structures. Develop Machine Detector
Interfaces.
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Council appointment of the
members of the PPG and
decision on the venue for the

Open Symposium

End September 2024

December 2024

Council decision on the
venue for the ESG
Strategy Drafting
Session

14 April 2026

Strategy Update 2026

http://europeanstrategy.cerrand https://europeanstrateqyupdate.web.cern.ch

263 input proposals

Deadline for the
submission of main
input from the

31 March 2025

/

~
- MARIETTA BLAU
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Open
Symposium

23-27 June 2025

26 May 2025

Deadline for the
submission of additional
national input in
advance of the Open
Symposium

R

End September 2025

Submission of the
“Briefing Book” to
the ESG

Deadline for the
submission of final
national input in advance
of the ESG Strategy

Submission of the draft
strategy document to

Drafting Session the Council " FORPAR
14 November 2025 End January 2026
1-5 December 2025 March and June 2026

ESG Strategy Discussion of the draft strategy
Drafting document by the Council and
) updating of the Strate
Session P g i

BTTB14-T. Bergauer
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SCIENCES

22% (57)

Others, e.g. personal contributions

9% (23)

Sustainability
6% (16)

8% (21)

Detector instrumentation
Communications, education, outreach, knowledge transfer and careers

National inputs and national laboratories

Beyond the Standard Model physics
Neutrinos and cosmic messengers

Electroweak physics including Higgs
Accelerator science and technology

Dark matter and the dark sector
Projects and large experiments

Strong interations
Flavour physics

Computing

. Science drivers . Community organization Enabling technologies . Policy

Full text of all input proposals #tis linkor uselnput Explorer
an Alenhanced search tool

14 April 2026

Input Proposals submitted

/

A National inputs : official statements of CERN

member states about their preference for the next
collider

Topical inputs on:

A Accelerator projects: Linear Collider (#140),CLIC (#78),
LEP3 (#188)LHeC (#174,#214), CLIC (#78), Muon Collider
(#152, #207), FCC integrated program (#241)

A Full detector concepts and study reports : ePIC (#17),
ATLAS Upgrade (#189), ALICE3 (#70), LHCb Upgrade Il
(#148), Belle 1l (#205), [MUSIC Muon Collider Detector
(#32)], SHIP (#145)

A FCC/Higgs Factory projects : Physics Experiments and
Detector (PED) of FCC feasibility study (#95), ECFAHET
Study (#141),SiD (#94), ILD (#102), ALLEGRO (#211)

A Subdetectors: SiW ECAL (#77), Muon Detectors for
ALLEGRO (#133), Straw tracker (#142)pbeamstrahlung-
monitoring (#160), MAPS-ToF (#262), 3Dpixel-Calo (#266)

A DRD Collaborations : ECFA Detector Panel (#157), DRD1
gas (#229), DRDeécalo (#108), DRD5quantum (#204)

BTTB14-- T. Bergauer
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https://indico.cern.ch/event/1439855/contributions/
https://eppsu-explorer.app.cern.ch/
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AUSTRIAN

S =0Open Symposium and Briefing Book

23-27 N
European Strategy, CERN-ESU-2025 -00 l

JUNE " 30 September 2025

Physics Briefing Book

Input for the 2026 update of the European Strategy for Particle Physics
https:/tds.cern.cliecord2944678

) : : : :
O| OPENSYMPOSIUM 250-page summary of input proposals, discussion topics and
GC) European Strategy community view, compiled by Physics Preparatory Group and
>

for PartiCIe PhYSiCS Acf)rnmunitvaideevent Contains Chapters On

inviting participants to debate
the future orientation

202 6 U P DATE of European particle physics.
A Intro and Theory

A Six Physics PPG groups: Electroweak, QCD, flavor, neutrino,
cosmic messenger, BSM, dark sector

Open
ymposium

A Technology PPGs: accelerators, computing, detector
instrumentation

A Projects comparison (based onlD281)

14 April 2026 BTTB14-- T. Bergauer 31


https://agenda.infn.it/event/44943/timetable/#20250623
https://europeanstrategyupdate.web.cern.ch/physics-preparatory-group-ppg
https://indico.cern.ch/event/1439855/contributions/6542430/
https://cds.cern.ch/record/2944678

/
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oW = FCC Feasibility Study (20202025) ©

Feasibility Study Reports released 31 March as input to ESPP:

A Vol. 1: Physics, Experiments and Detectors (~200 pages)

A Vol. 2: Accelerators, Technical Infrastructures, Safety Concepts
(~400 pages)

A Vol. 3: Civil Engineering, Implementation & Sustainability
(~200 pages)

Reference layout and implementation: PA31 - 90.7 km
A Layout chosen out of ~ 100 initial variants, based on geology

and surface constraints (land availability, access to roads, etc.), = Vertical arrangement mostly in molasse layer
environment, (protected zones), infrastructure (water, o
electricity, transport), machine performance etc.
Meetings with municipalities -

Site investigations to identify the exact location of geological -

interfaces with >30 drillings

Excavation material: transformation from waste to resource
Machine optimization: RF cavities, optics, Machine-Detector-
Interface (MDI) with final focussing magnets far into
experiments

o o o Do

Qc1R2p

QC1R1p
QC1Rte QCiR2e

400MHz cavity for g =

Futher info in talk by M.Benedikt Z,w, zH o
Tunnel cross section MDIwith final focus

Beam pipe
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https://home.cern/science/cern/fcc-study-media-kit
https://cds.cern.ch/record/2928193
https://cds.cern.ch/record/2928793
https://cds.cern.ch/record/2928194?ln=fr
https://agenda.infn.it/event/44943/contributions/265314/
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— Proposed projects at CERN

Linear Gollider Facility
FCGee (based in ILC technology)

LCF (e'e", linear, 91 — 240, 550 GeV)

FCC-ee (e'e, circular, 81 — 385 GaV)

e*e- colliders
("Higgs factories”)

CliCw/wakefieldacc.

CLIC (e'e, bnear, 380 GeV, 1.5 TeV)

||| 7 ystrons, oM, a8 s
3 — Drive beam complex
1.91GeV, 1.0 GHz

20km
delay loop 73m [ CR2
D140m
decelerators, 4 sectors  ©%5m @ decelerators, each 878 m

\_time delayTne Y
scz H!ui [ ] [ ] L [ ] ] [ ] [ ]
Fs ;nf BCZ
cm
- +
o = main linac, 12 GHz, 72 M¥/m " e*mainlinac 35km g oco0n

0\ d

v Main linac length 11.4 km

Brosictean Main beam complex

380 GeV

Descoped FCEeE Y NBY2@Ay 3 (2L NHzyyAy3aAs

Two experiments only, less RF power
LEP3 (e'e’, circular, 91 — 230 GeV)

Intermediate projects

{Leave room (time, budge!, resources) for further
development of THE machine that can probe
directly the energy frontier at the 10 TeV parton
scale)

14 April 2026 BTTB14-- T. Bergauer

LHeC (ep, circular, electron ERL,
50 GaV e, > 1 TaV ep collisions)
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