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\ http://www.oeaw.ac.at/mbi

Marietta Blau (1894 — 1970), Jewish Austrian physicist
who developed nuclear emulsion techniques

nuclear disintegration stars (Zertriimmerungsterne)
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1. European Strategy for Particle Physics,
ECFA Detector Roadmap &
DRD Collaborations

2. Semiconductor Detectors
at future experiments at what we do at MBI

a) MAPS Sensors

b) Silicon Carbide Detectors and Medical
Applications
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Part1cle astroparflcle and nuclear
physics share the common goal of
understanding the fundamental
constituents of the universe and the
forces actmg between them '

e

""In the same way, we are united to .
develop and deploy many* tools, as |
‘observations enable us.to build an
understandmg of the universe.
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— Challenges at a large

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

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

* Using the universe as a laboratory:
astronomy with ground and space
telescopes, gamma rays, UHE cosmic rays,
neutrinos, dark matter
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OAW Particle Detectors

* The particles, whether produced in accelerator OA‘\ |
collisions, in non-accelerator experiments, in
COSIMIC rays or space are:
photons, electrons, protons, neutrons,
neutrinos, pions and kaons

* Typical HEP/nuclear detectors needs: Vertexing,
Tracking, Calorimetry, Photon detectors, Low-weight
mechanics, Large-Area coverage & scalability, Radiation
hardness & Longevity

* Astroparticle: Photon detectors, Cryogenics

& :’ii!if
* Moreover, modern technologies cover: < f
. . . ) Silicon "%
 gravitational waves detection needs interferometry Tadiss
with high-precision optics, mirrors g i o
Synergy: fast tr1gg.er1ng, vacuum technology W icie, A snctng il
* Quantum technologies Solemold e muon chambers
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European Strategy
for Particle Physics
2006-2013-2020-2026

F

European Strategy
for Particle Physics

5 March 2026

Strategies

"\ Next APPEC Roadmap: -
X - 20275036 A

European
Astroparticle Physics
Strategy  2017-2026

Mid-Term Update
September 2023

N

[
APPEC
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O = European Strategy for Particle Physics
Update 2020

* 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.

« 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..

— Brought us the ECFA Detector Roadmap (see later)

* Successful completion of High-Luminosity LHC must remain key focus
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Strategy Update 2026

http://europeanstrategy.cern and https://europeanstrategyupdate.web.cern.ch

263 input proposals

Council appointment of the
members of the PPG and
decision on the venue for the
Open Symposium

End September 2024

Deadline for the
submission of main
input from the
community

31 March 2025

Open
Symposium

23-27 June 2025

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

14 November 2025
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Submission of the draft
strategy document to
the Council

End January 2026

2020 UPDATE OF THE EUROPEAN STRATEGY
FOR PARTICLE PHYSICS

by the European Strategy Group

5 March 2026

o og e 000

End September 2025

December 2024

Council decision on the
venue for the ESG
Strategy Drafting
Session

26 May 2025

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

Submission of the
“Briefing Book” to
the ESG

CIEMAT Seminar -- T. Bergauer

1-5 December 2025

ESG Strategy
Drafting
Session

March and June 2026

Discussion of the draft strategy

document by the Council and
updating of the Strategy


http://europeanstrategy.cern/
https://europeanstrategyupdate.web.cern.ch/
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OAW Input Proposals submitted

* National inputs: official statements of CERN
member states about their preference for the next
collider

* Topical inputs on:

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

* Full detector concepts and study reports: ePIC (#17),
ATLAS Upgrade (#189), ALICE3 (#70), LHCb Upgrade II
(#148), Belle II (#205), [MUSIC Muon Collider Detector
(#32)], SHiP (#145)

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

* Subdetectors: Si-W ECAL (#77), Muon Detectors for
ALLEGRO (#133), Straw tracker (#142), beamstrahlung-
. Science drivers Community organization Enabling technologies Policy monitoring (#160), MAPS-ToF (#262), 3D—pixe1—Calo (#266)

* DRD Collaborations: ECFA Detector Panel (#157), DRD1-
gas (#229), DRDé6-calo (#108), DRD5-quantum (#204)

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
Others, e.g. personal contributions
Accelerator science and technology

Dark matter and the dark sector
Projects and large experiments

Strong interations
Flavour physics
Detector instrumentation
Computing
Sustainability

Full text of all input proposals at this link or use Input Explorer,
an Al-enhanced search tool

5 March 2026 CIEMAT Seminar -- T. Bergauer 10
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25-27 N\
European Strategy, CERN-ESU-2025-001
JUNE ‘

B . . 30 September 2025
2025 Physics Briefing Book

N

IFMW " ’ Input for the 2026 update of the European Strategy for Particle Physics
20 JULMIELY 4 ~

_— majij T https://cds.cern.ch/record/2944678
LR i ii"" } B .

VLI~

OPEN SYMPOSIUM 250-page summary of input proposals, discussion topics and

European Strategy community view, compiled by Physics Preparatory Group and
for Particle Physics acommuniy-wice event contains chapters on

inviting participants to debate
the future orientation

2 O 2 é U P DAT E of European particle physics.

* Intro and Theory

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

 Technology PPGs: accelerators, computing, detector
instrumentation

* Projects comparison (based on ID281)

CIEMAT Seminar -- T. Bergauer 1
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ESG WG 2a: Assessment of large-scale accelerator projects at CERN
Key findings:

TRL R&D Test facilities | Performance Site Schedule Cost Risk
preparation

Project

CLIC 380GeV, 1.5TeV

FCC-ee 91-365GeV

4 -7 (NbySn) /4.3
FCC-hh 85TeV

FCC-hh - SA 85TeV

4-7(Nb,Sn)/5

LCF 250-550GeV 5-71/5.5

LEP3 91-230GeV 3-6/4.0

LHeC: HL-LHC+50GeV ERL 3-6/45

MC 3.2TeV, 7.6TeV

5 March 2026 CIEMAT Seminar -- T. Bergauer 12
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Feasibility Study Reports released 31 March as input to ESPP:

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

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

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

Reference layout and implementation: PA31 - 90.7 km

5 March 2026

Layout chosen out of ~ 100 initial variants, based on geology
and surface constraints (land availability, access to roads, etc.),
environment, (protected zones), infrastructure (water,
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

Futher info in talk by M.Benedikt

FCC Feasibility Study (2020-2025)
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4850

Tunnel cross section MDI with final focus
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https://home.cern/science/cern/fcc-study-media-kit
https://cds.cern.ch/record/2928193
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https://cds.cern.ch/record/2928194?ln=fr
https://agenda.infn.it/event/44943/contributions/265314/

as
AUSTRIAN
O AW ACADEMY OF
SCIENCES

FCC-ee

FCC-ee (e'e, circular, 81 — 385 GaV)

e*e- colliders
("Higgs factories”™)

Up to 365GeV

Cost: 15.3 billion CHF
(incl. 4 experiments)

Proposed projects

Linear Collider Facility

(based in ILC technology)

Cost: ~9.3BCHF (250GeV)
+5.4 BCHF (550 MeV upgrade)

LEP3 (e'e’, circular, 91 — 230 GeaV)

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)

Cost: 4 billion CHF
(with upgrades of two existing Xpts)

Cost numbers from Future Colliders Comparative Evaluation

- Working Group Report ID281

5 March 2026

CliC w/wakefield acc.

| | | 472edystrons, 20w, 431
b , Drive beam complex
191 GeV, 1.0 GHz

20km
delay loop 73m | = CR2

2140m

decelerators, 4 sectors @ 95m @

decelerators, sach 878 m

Wit Rl Rt Yot T— m’am’am’am’,g

8cz [ ]
. 2 ?B:
o &~ main linac, 12 GHz, 72 MV/m P

N\

v Main linac length 11.4 km

booster linac

286109 GeV Main beam complex

Cost: ~8.2 BCHF (380GeV)
+7.1 BCHF (1,5TeV upgrade)

LHeC (ep, circular, electron ERL,
50 GeV e, > 1 TeV ep collisions)

Cost: ~2.4 billion CHF
(including 1 exp)

CIEMAT Seminar -- T. Bergauer
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CERN Member States (MS)

21 Preferred project
based on national
inputs

-
support / are tobe  support for
in favour opposed decidedin anye+e-

November collider

Alternative project:

12 multiple entries from each country
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T (Possible) Next Big Collider |

Recommendations from Drafting Session of ESPPU 2026:

* A. The electron—positron Future Circular Collider (FCC-ee) 1s recommended as the preferred
option for the next flagship collider at CERN.

* B. Adescoped FCC-ee is the preferred alternative option for the next flagship collider at
CERN.

FCC Integrated Program:

Stage 1, Precision Frontier: FCC-ee
electron-positron collisions at 88-365 GeV

@ @ @ 2045 @ Construction: 2030-2045/48
2018
“ Physics operation: 2045/48-2060
@ @ ®

Conceptual Design Feasibility Study
Study gy. R&D on accelerat
ephual Design Repont

® Stage 2, Energy Frontier: FCC-hh
Construction of ends Operation of FCC-hh

P 0 8 A S : proton -proton collisions at = 100 TeV

starts

HL-LHC

Physics operation: ~ 2070

5 March 2026 CIEMAT Seminar -- T. Bergauer 15
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o Detectors for FCC-ee |

CLD (ID#95)

| (ID#211)ALLEGRO _ VTX MAPS
- VTX MAPS ) — Main Tracker:
— Main Tracker: Silicon — Drift Chamber/Straw/Si
— Very high granularity (CALICE) — Si/LGAD wrapper (TOF)

inside the Solenoid
— ECAL Si+W

— HCAL Fe+scintillator
— PID: RICH and TOF
— Muons ID with RPC

— ECAL: Pb+L-Ar/W-L-Kr

— HCAL: Fe+scintillator outside
the Solenoid

— PID: RICH (in case of Silicon

| main tracker)

— Muons with RPC

'-""“?‘*" m 2 0 n 5 s
IL> z IDEA (ID#95) - VIXMAPS
- VTX MAPS Muon :hambe;..% - Main TraCker:
(ID#102) — Main Tracker: TPC e — He+lIsob drift chamber
1 Vv : . . — SI/LGAD wrapper (TOF)
ILD — Very high granularity | _ DR calorimetry (fibres)-
- (CALICE) inside the calorimetry (fibres):
Fcc_ee Solenoid Coll: - ECAL Crystals .
— HCAL Fe+scintillator mormee | - g'CIA'-- _g"“ outside the
— ECAL Si-W : ‘ \ olenol
B . _ rift Chamber .. — HTS Solenoid (up to 3T)
| Muons with scintillator i _ _ Muon ID: p-RWELL
BeamCal LumiCal FTD/SIT Vertex Detector |- ]“ [ l..'ﬂ. ——

= zIm]
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ee Exps., ALICE, ePIC, Belle I],..

HL-LHC Higher luminosities for ions

ALICE 2.1

ALICE 2 oarade ALICE 3 upgrade

Vertex Detectors for FCC-ee have
similar requirements to other

experiments starting in the
2030ths (ALICES, ePIC, Bellell)

* Resolution (special single point: 3 um,
time: 5 ns)

« Hit rate/density (up to) 200 MHz/cm?

ITS3

« Power consumption <50 mW/cm?

. Rad1 ation hardness TID: 100 kGy, ITS3 ALICE3VTX ALICE 3 TRK ePIC FCC-ee
Single-point res. (um) 5 2.5 10 5 3
NIEL ~ 1013/ sz Time res. (ns RMS) 2000 100 100 2000 20
In-pixel hit rate (Hz) 54 96 42 few 100

. . o) Fake-hit rate (/pixel/event) 1077 0’ 1077
« Material budget: very low 0.3% of Power cons. (W /o) s o o a0 “
s g Hit density (MHz/cm?) 8.5 96 0.6 200
rad1at1on length Pel‘ layel‘ NIEL (1 MeV neg/cm?) 41012 1-10 2.10"  few 1012 10™ (/year)
TID (Mrad) 0.3 300 5 few 0.1 10 (/year)
Material budget (Xp/layer)  0.09% 0.1% 1%  0.05% 0.3%
Pixel size (m) 20 10 50 20 15-20

European Strategy Input ID Submission ID #70
5 March 2026 CIEMAT Seminar -- T. Bergauer 17
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* Experiments with similar requirements:

 Era 1: Experiments/upgrades starting in the
mid-2030s: ALICE3, LHCb Upgrade 2,
ePIC@EIC, Belle I Upgrade

 Acting as “stepping stones” towards

5 March 2026
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“Eras” of HEP Experiments

ALICE ITS3

* Era 2: mid-2040s: Higgs/Electroweak/Top

factory detectors at FCC cuo (%58

Commonalities: Vertex detector based on Monolithic
Active Pixel Sensors, High-granular Calorimeter,
Gas-detector tracker, PID with RICH and ToF

= common developments useful (compare to RD53
for common ATLAS/CMS pixel ASIC)

— VTX MAPS
— Main Tracker: Silicon

inside the Solenoid

— ECAL Si+W

— HCAL Fe+scintillator
— PID: RICH and TOF
— Muons ID with RPC

- VTX MAPS

— Main Tracker: TPC

— Very high granularity
(CALICE) inside the
Solenoid
— HCAL Fe+scintillator
— ECAL Si-W

— Muons with scintillator

Era 3: future hadron collider

CIEMAT Seminar -- T. Bergauer

— Very high granularity (CALICE) ¢

(ID#211)ALLEGRO

/

ALICE wafer-scale ITS3
sensor prototype

— VTX MAPS
— Main Tracker:

uuuuuuuuuuuuuu

uuuuuuuuuuuu

1 — Drift Chamber/Straw/Si

— Si/LGAD wrapper (TOF)

— ECAL: Pb+L-Ar/W-L-Kr

— HCAL: Fe+scintillator outside
the Solenoid

— PID: RICH (in case of Silicon
main tracker)

— Muons with RPC

IDEA (ID#95) - VTXMAPS

— Main Tracker:

— He+lIsob drift chamber

— Si/LGAD wrapper (TOF)
— DR calorimetry (fibres):
— ECAL: Crystals

— HCAL: Iron outside the

uuuuuuuuuu

Solenoid
— HTS Solenoid (up to 3T)

S — — Muon ID: p-RWELL

~
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DRD collaborations are often referenced and seen as an
European Strategy

, , already established concept in many input proposals
for Particle Physics : : ..
Update 2026 (e.g. in many national submissions)

— Solid state —

Neighboring fields:

* Nuclear Physics: large overlap with all DRD collaborations for
high-energy NP, referenced in NuPPEC long-range plan 2024 in
detail; Also e.g. 40% groups in DRD1

@ H [a) I
g 3 = 3
< Q o o
B © o
28 23
S 3 3 >
3 3
N [a]
o o m
23 g3
25 3 >

 Astroparticle physics: connection with DRD2 and DRD4,
’ \ Intensitying cooperation suggested (e.g. German astroparticle
European Strategy submission #126,..)

for Particle Physics

APPEC welcomes the 2021 ECFA detector R&D roadmap for particle physics il
and acknowledges the synergy with particle physics detector R&D &
(APPEC Roadmap Update 2023) j

ooooo
ssssss
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* ECFA Detector Roadmap as result of last ESPP Update 2020

* Most of the chapter's convenors (“Task Forces”) from ECFA Roadmap
process became part of Proposal Writing Teams for new DRD collaborations

* ECFA Detector Roadmap

® Roadmap implementatior}

* Roadmap implementation plan defined that CERN will host the
DRD collaborations

» Approved by CERN SPC and Council in fall 2022 (CERN/SPC/1190 ; CERN/3679)

 DRDC created as new committee at the same level as LHCC, SPSC and
others; ECFA Detector panel kept an “advising role”

plan

e Submission and
review of proposals

e DRDC established }

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

® Approval, then:
Collaborations started

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

« DRD 3,5 and 7 in June 2024
e DRD 8 in December 2024

5 March 2026 CIEMAT Seminar -- T. Bergauer 20


https://cds.cern.ch/record/2838406

O == 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) and synopsis (~10 pages) based

on a community-driven effort with many community meetings

The full document can be referenced as DOI: 10.17181/CERN.XDPL.W2EX

Document contains:

* Overview of future facilities (EIC, ILC, CLIC, FCC-ee/hh, Muon collider) or major upgrades
(ALICE, Belle-1I, LHC-b,...) and their timelines

* Ten “General Strategic Recommendations” (GSRs) see next slide....

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

/
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I TF#1 TF#2 TF#3 TF#4 TF#5 TF#6 TFH#7 TF#8 TF#9
Gaseous Liquid Solid State Photon Quantum & Calorimetry Electronics & On- Integration Training
Detectors Detectors Detectors Detectors & Emerging detector
PID Technologies Processing o
Anna Colalea Ronanne Guenetis Micola' Cartighia Meville Harmew Marcel Demarteau Roberto Ferrari Drave Newbaold Frank Hartmann lohann Collat
Leszek Ropelbewski locelyn Monnoe Gl Pellegrini Peter Krizan Michael Doser Roman Poeschl Francois Vasey Werner Riegler Erika Garutti

5 March 2026 CIEMAT Seminar -- T. Bergauer
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Strategic R&D: DRD Collaborations
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DRD1: Gaseous Detectors

Large - Fast - eco-friendly
gases - MPGD, e.g. GEMs

/0l = 7226/ 45
= 27451 4 0.0004 ns

450

Aoo' 0- 25 -;’&.

§=’°° ps per | 4 "":’,:::_
ém track /| 1~

4
'
100¢ ”

i A
50 P -
QErmmmnee®®’ B ®
26 285 2 275 28 285 29

Signal Arrival Time (ns

PICOSEC: NIMA903 ”%% ;;

(2018) 317 3M™ Novec™ 6110 ™ Novec™

(CF.C{OICF(CF).) ((CF).CFCN)
GWP <1 GWP 2100

DRD3: Semiconductor Det.
Monolithic CMOS - LGADs -
radiation hardness - interconns.

DRD6: Calorimetry

Energy resolution - High
granularity - dual readout -
particle flow - sandwich - optical

Homogen
HGCCAL

HH/WF_

MAXICC

Sampling EM RADICAL Sampling EM/HM

i

T

CRILIN

DRD7: Electronics

ADC/TDC IP Blocks - Opto-
electronics - packaging - power -
extreme environments - COTS -
intelligence on detector - foundry
access gl

Si-Fiber couplers

DRD2: Liquid Detectors
for Neutrinos - Dark Matter
- Ovbb

Noble Elements Liquid Scintillators || Water Cherenkov

« Visible Scintillation, « Cherenkov light,

light propagation light propagation

« Scintillator properties

« Doping for n-capture

« Isotope loading

DRD4: Photon detectors
vacuum, solid-state (SiPM), hybrid

single-photon and SciFi detectors -

applications in PID, RICH, tracking

DRD5: Quantum Sensors
Quantum dots - superconduct.
nanowires - bolometers - TES -
MMC - nuclear clocks
Applications in LEPP, first projects
in HEPP happening

(shower profile v

DRDS8: Mechanics

Ultra-thin beam pipes - CF foam and
new materials - curved, retractable
sensors - air & micro-channel cooling
- eco-friendly cooling fluids - robots -
augmented reality

5 March 2026

CIEMAT Seminar --

T. Bergauer
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The DRD Collaborations

Eight DRD collaborations have been approved for an initial period of 3 years

(extendable) with different histories and “maturity”:

* Based on previous R&D collaborations:

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

DRD6: Calorimetry (CALICE, other proto-experiment collabs.): 135 institutes

* Completely new: (community building, building trust, and finding benefit of being “CERN hosted”)

DRD2: Liquid Detectors: 86 institutes, 205 members
DRD4: Photodetectors & PID: 74 institutes
DRD5: Quantum Sensors and emerging technologies: 112 involved groups

« Transversal activities: no service provider, but with genuine R&D interest (TF9 - ECFA Training Panel)

DRD7: Electronics: 67 Institutes
DRD8: Mechanics & Integration: 38 institutes

5 March 2026
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il Detector Dev. covers low TRLs |

Technology Readiness Levels (TRL):

* “Blue Sky” R&D develops new technologies (TRL 1-3)

—
System Test, Deployment,

and Operations —

Experiments

» Strategic R&D (TRL 3-6) bridges the gap between “blue sky”
and the deployment and use in a HEP experiment (TRL 8-9)

System Development

;M N oo o

Technology Demonstration

Strategic

covers the development and maturing of technologies, e.g.

Technology Development
* Iterating through different options | Research to Prove
. . . n | Feasibility

* Improving radiation hardness 3

. @ | Fundamental Science/
* Scaling up: detector area, number of channels, layers,.. | Basic Research —
[

TDR
experiment Lol experiment funding approval EDR physics

“blue sky” R&D  TRL3

game changers mature concepts final devices and systems
_new technologies Iterate different versions specific to experiment concepts
: new paradigms ‘ Scaling-up challenge ,

DRD Collaborations coverage
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- Collaboration Infineon - HEPHY

* We worked (under old name HEPHY) for almost a
decade with Infineon on large-area planar Si sensors,

targeting Phase-II Upgrades of LHC experiments at
CERN

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

* Milestones:
¢ 2009: re-produce 6” p-on-n strip sensors
¢ 2015: First AC-coupled strip sensors on 8” wafers

* 2016/17: production of first 8” hexagonal HGCal
sensors

¢ 2018: program stopped due to economic reasons 8”7 CMS HGCal iy

prototypes

* Reason for termination of program before series
production:

* Several more lots would have been necessary to
mature the technology

* No proper funding model

Former CERN DG R. Heuer with'Infineon and
HEPHY staff

prototypes

6” CMS PS-S

5 March 2026 CIEMAT Seminar -- T. Bergauer 25
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OAW i Recommendations on Detectors

Detector R&D is essential for realising future experimental research programmes. This effort is
strengthened by the Detector R&D (DRD) collaborations, which have recently been established in
accordance with the ECFA Detector R&D Roadmap as a result of the 2020 Strategy update. The
roadmap outlined ten General Strategic Recommendations, including sustainable support of R&D
facilities, such as test beam and irradiation centres, promoting distributed R&D activities and open
science, maintaining engineering support and investing in blue-sky R&D.

* L. For the DRD collaborations to address the requirements of future flagship projects, they must receive
adequate funding. New R&D topics and initiatives should be integrated in the DRD scheme. The
General Strategic Recommendations in the roadmap must be fully addressed by dedicated initiatives
coordinated across the DRD collaborations.

* F A coherent, strategic approach and sufficient resources to support close cooperation with industry are
required to address the rising costs and growing complexity in engineering, particularly in
microelectronics.

* G. To enhance efficiency and align developments with global technology trends in other fields,
standardised, off-the-shelf solutions should be prioritised over custom designs, where applicable.

5 March 2026 CIEMAT Seminar -- T. Bergauer 26
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— Generic Strategic Recommendations

Formulated in the ECFA Detector Roadmap as ten “action items”

* International coordination and organization of R&D activities (GSR 4)
* Establish long-term strategic funding programs (GSR 6) 2 ongoing
* Support “Blue-sky” R&D (GSR 7) 2 ongoing DRD Collaborations

* Supporting R&D facilities: test beams, large-scale prototyping, irradiation (GSR 1)
* Engineering support for detector R&D (GSR 2)

* Specific software for instrumentation (GSR 3)

* Distributed R&D activities with centralized facilities (GSR 5)
* Attract, nurture, recognize, and sustain the careers of R&D experts (GSR 8)
* Establish and maintain Industrial partnerships (GSR 9)

* Support Open Science (GSR 10)

5 March 2026 CIEMAT Seminar -- T. Bergauer 27
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What is beyond the current DRDs?

PARTICLE PHYSICS

Superconducting Experimental Magnets (initial in TE8)

 Al-stabilized Nb-Ti conductor technology used >20 years ago for LHC
experiments, worldwide no vendor now, but ALICE3 and ePIC need

Research aligned with CERN activities, see 2022 workshop and arXiv:2203.07799
HTS as an alternative with possible synergy to accelerator magnet R&D

Rare event detectors

* Several submissions (e.g. #112 proposing a high-TRL R&D network)
« DRD5 would also provide a suitable host for e.g. bolometers

New TDAQ methods with Al intelligence on the detector

theb Runs-HL-LHC
« “triggerless” DAQ creates high data rate, throughput challenge (e.g. #127 ) 1008407 o wanns s Qvernopna
» AI-RDs collaborations proposed as a parallel structure to DRDs (#167) 1,008406 | U PEE.
w DUNE SuperNova e —epl CC-ee
* Personal comment: I would not create several AI-RDs, s s ATLAS s
P LHCb =
* New approach in microelectronics : a
* Attracting more person power, funding, and engaging new S
communities T e
5 March 2026
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— Microelectronics Challenge

* The cost and complexity of developing advanced CMOS technologies
have risen dramatically. HEP is now lagging behind commercial
technology

* In 1999: APV25 (CMS Tracker ASIC) and Pentium-III shared the
same technology (250 nm)

* Now: 3 nm at TSMC (e.g. Apple M4) vs. 28 nm in FE-ASIC and 65 nm in
MAPS

 Mitigation by seeking resources beyond HEP and forming broader
collaborations, actively encourages cross-disciplinary developments
* Fewer, common developments with higher volumes

» Use modern technologies with standardized, common chiplets combined
to chips tailored to different needs

Recommendation: A strategic, coherent approach is needed to address
the increasing costs and complexity in microelectronics and ASIC
development.

5 March 2026 CIEMAT Seminar -- T. Bergauer
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#161, GSR 2, GSR 5, GSR 9

$580M —_

Semiconductor Engineering, 542 Mio L.
2023 /IBS 2018 - Prototype

© Fraunhofer
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SSSSSSSS Broadening the community

New technologies and scientific fields have emerged in recent times, including
quantum sensing/computing, and communication, as well as gravitational waves.
However, the number of STEM students has not grown significantly

« Attract, nurture, recognize, and sustain the careers of R&D experts (GSR 8)
+ Biggest threat in my opinion!

Bring in disruptive ideas and technologies, e.g. in quantum sensing = Blue Sky
funding (GSR 7)

Involve the industry early in R&D processes and co-develop (GSR 9)

HEP needs to welcome expertise from outside the traditional domain: Chip design,
material science, advanced manufacturing, mechanics, QA, ...

Cooperate with overlapping domains: astro-particle, medical physics

CIEMAT Seminar -- T. Bergauer 30
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OAW == Detector Technologies at MBI

Research topics at MBI on solid-state detectors:

Monolithic Active Pixel Sensors Wlde-bandgap Semiconductor
* Sensor design becomes chip design Studies to better understand material
« Applied to the planned Belle-VTX properties (ionization energy, charge
upgrade (OBELIX), FCC-ee vertex detector carrier mobility, rad. hardness,..)
(OCTOPUS), and possibly ALICE3 OT  Aim to develop HEP-compatible detector
* Using Towerjazz 180 nm and TPSCo 65nm « Many applications outside HEP

processes

TJ-Monopix2

512
512 384 256 128 0
Row number

Exposure with “°Sr Source above 15 mm PLA Mask.
5 March 2026 CIEMAT Seminar -- T. Bergauer 32
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* Detector R&D Themes (DRDTs)

DRDT -
were formulated as high-level ge -g-9oese-e
g Low XX, 3134 @ oo O X X NN )
Low power 3134 [ ] [ ] [ ] (] (]
° . Vertex High rates 3134 @ o
e 1vera eS detector? Large area wafersd 3134 o [ ] ol0 o
. Ultrafast timing* 32 @ @ L o
Radiation tolerance NIEL 33 .
Radiation tolerance TID 33 Be I Ie I I o
DRDT 3.1 Achieve full integration of sensing and microelectronics in monolithic f;’:t,'z;:rec's'(’" e ® : : : :
CMOS pixel sensors Low power 3134 @ ol® @) ®)
DRDT 3.2 Develop solid state sensors with 4D-capabilities for tracking and Tracker® High rates 3134 o
calorimetry e wafe)rsm :?4 o o
Ultrafast timing? .
DRDT 3.3 Extend capabilities of solid state sensors to operate at extreme Radiation tolerance NIEL 33 ALICE 3
fluences Radiation tolerance TID 33
"DRDT 3.4 Develop full 3D-interconnection technologies for solid state devices f;’:t:,;:rec's'on ii::
in particle physics Low power 3134 e oleo 'Y X
Calorimeter®! High rates 3134 o
rimete Large area wafers® 3134 o0 [ ] 900
Ultrafast timing* 32 o o
A BI DD h f h Radiation tolerance NIEL 33 @
t we cover three of those -
Position precision 3134
Low X/Xg 3134
Low power 3134
. . o o . High rates 3134
The most urgent R&D topics are identified by Detector Time AU g arca waters 5134
Ultrafast timing® 32 . . . . @ .
< b 5 Radiation tolerance NIEL 33 I
Readiness Matrix in the ECFA Detector roadmap Redition tolerance e 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
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Residual in global X

# entries

Concepts &
Simulations

Results:
Analysis & Paper

Sensor Design

Irradiations _ : Production
ot (extern)

n/p/gamma

Beam tests Characterization

MedAustron/ Electrical, Laser &
DESY/CERN Sources
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We are using high-level equipment for sensor
characterization and module construction

Several custom probe stations for sensor tests

TCT Setup with lasers for signal generation (IR/UV)
Fully automatic thin-wire bonding machine

Climatic chamber, different Microscopes (a.0. 3D confocal laser)
« DAQ Systems, Digitizers, HF Oscilloscopes, .......
Radioactive sources (Sr-90, Am-241, Tri-Alpha, Fe-55,..)

Software for sensor, chip, and electronics design and simulation

i

S Y ane
p——a

1
L

-

4
s 4

RadioactivesSources

High-Frequency Oscilloscopes

HF Shiglding Box

3D confocal microscope
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: GG
| T/ ’\\ Y INMOS \ .fa 5 WS X Wlnmos

p- epi \_pw_ell :é -well
3 7 v \ n-well E . :E.? n-well

/ i
1 :F:E * p= subsfrate

p++ substrate
particle track ; particle track

MAPS: “low” HV ~6 V Depleted MAPS:

so that charge collection is drift/diffusion Fully depleted bulk
“HV-CMOS” ~100 V

Hybrid pixel sensor

* (Depleted) Monolithic Active Pixel Sensors (MAPS) merge charge-collecting electrodes and
CMOS-based front-end electronics into one silicon die, which results in several advantages
+ Avoiding expensive and error-prone bump-bonding technology in hybrid pixel sensors
« Lower material budget = better tracking performance
« High granularity = high spatial resolution; Higher hit rate = higher luminosity
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—= MAPS Projects at MBI

Monolithic Active Pixel Sensors Projects

LFoundry 150 nm Tower 180 nm TPSCo 65 nm

“large collection electrode” “small collection electrode” “small collection electrode”

Belle Il

RD50-MPW series DRD3 Projects

Upgrade

e Digital e “OBELIX” e OCTOPUS (FCC-ee)
Periphery Sensor design * MANTA for a
e Caribou e TJ-Monopix2 versatile” MAPS
DAQ System studies >ensor
. e Caribou DAQ
e Firmware

M. Babeluk = R. Russo

Clrmler, B Pilsl, C Irmler, H. Steininger

C Hahn, H. Steininger
\_ J \ J

\ C Irmler, R Russo, J Habala j

* Our Expertise: Digital End-of-Column logic, digital Periphery (ASIC-side),
deserializer (FPGA DAQ Side), DAQ System FPGA firmware
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RD50-MPW1
(5mm x 5mm)

2017 2018

RD50 DMAPS Timeline
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RD50-MPW?2 (3.211mm X RD50-MPW3

2.120mm) 5.1mm x 6.6mm RDSfO'MPXM

MPW3/4 specs:

64x64 pixel matrix
arranged in 32 FEI-3
style double
columns

Active area of
4x4mm?

Pixel pitch of
62x62m?

8-bit timestamp
based on 25ns clock

HEPHY involvement started with PhD thesis (P. Sieberer)
and Christian Irmler (Electronics group)

« RD50-MPW 1: started with DAQ System developments at HEPHY (backup slides)
« RD50-MPW 2: lab measurements, performed beam tests (backup slides)
«  RD50-MPW 3 & 4: designed digital periphery, firmware programming

5 March 2026
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2020 2021 2022 2023 m

Submission and
delivery date
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RD50-MPW4 Test-beam performance

B Pilsl, H. Handerkas, C. Irmler et. Al [NIMA (2025), NIMA (2024),..]

Various beam tests at Med Austron and DESY

« Samples got neutron irradiated to fluences from

1x10™ -

1x10%%

* Irradiated devices need to be cooled: Peltier

element-based cooling setup

9000

# entries

6000
5000
4000
3000
2000
1000

0

5 March 2026

sooo Time resoluti
7000 ~1O ns

#Events

residualsTime

226355

-0.4247
10.01

22000
20000
18000
16000

=114000

12000
10000
8000
6000
4000
2000

40
rack-limey; [ns]

track um

in-pixel y

um

track

in-pixel y

RD50_MPWHx_0 Pixel efficiency map

5 = g ety ooy (O

10 097

0 1E15

0.95

-10 0.94
-

_o0™ - : 3 0.93

= = l- 0.92

-30fmi - —— T,

30 -20 -10 0 10 20 30
in-pixel X ook [um]

RD50_MPWx_0 Pixel efficiency map

30 2 1 w
20F ’ =
=" e —" 0.96
-

108 = N 0.94
T | 2E15 [k
E._ﬁ - 0.9
= om0 88

=

/

\&’

Efficiency

CIEMAT Seminar --

- p— 0.86
Sranl:-
— 6LLl 10 0.82
in-pixel T [um]

T. Bergauer

O -
o
A\

MARIETTA BLAU
INSTITUTE FOR

PARTICLE PHYSICS

~
/// ./ /:>,./
5 /fl/ .//,:(>. Fluence
! i / o — Se+l4
0.4 : = 1 — 1le+ls
/ / 5 / — 2e+15
i 7 / — 3e+15
0.2 i a—y — — 5e+15
/ 2/ ./ P = Wafer
.‘Q;’ y /'4‘///10/ — =+=W5
0.0 =t -x- W8
0 100 200 300 400 500 600 700
Bias [V]
« Efficiency drops to ~96% at 2x10%
[ ]

Spatial resolution drops from 15.9um to 17.9um

39


https://doi.org/10.1016/j.nima.2025.170752
https://doi.org/10.1016/j.nima.2024.169839

AUSTRIAN
ACADEMY OF
SCIENCES

o DAQ Systems for DMAPS

C. Hahn / B. Pilsl (recent talk at OCTOPUS Meeting)

* Caribou DAQ System

* Consists of a commercial FPGA evaluation board, self-made
“CaR” main board, ASIC-specific chipboard

* We proposed to use the Caribou system for the readout of
MPW1

+ Baseline DAQ system for OCTOPUS, possibly also for MANTA

« HEPHY contribution:

* Custom FPGA firmware for low-level chip debugging
(electronics engineer)
* Software development on integration in EUDAQ

* Implemented fast data path: FPGA dispatches UDP packages,
dedicated EUDAQ producer

 Porting to new FPGA evaluation board (Peary), S-curve, Trim-
DAQ implementation

5 March 2026 CIEMAT Seminar -- T. Bergauer
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Caribou System

Main board

RD50 MPW1 (CaR)
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* Belle II searches for new physics beyond standard model at luminosity frontier

* SuperKEKB collider:

* Asymmetric e*e” collisions at Y (4S) resonance at 10.58 GeV
* Long shutdown 2022/23, Run2 since 2024
* Achieved luminosity 575 fb"! with 4.7E34 cm™s! (target: 50 ab! , 6E35 cm2s!)

Belle 1l Online luminosity

Exp: 7-35 - All runs

17.5 Integrated luminosity

B Recorded Weekly
15.0 1~

Runl

424 fbt

Total integrated Weekly luminosity [fb™1]

JRun? |

0.0 -
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Belle II: FWD - BWD
asymmetric onion-shaped
detector

K; and Muon Detector

 EM Calorimeter

» Particle ID Detector

* Central Drift chamber
* Vertex Detector
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Belle II Experiment at SuperKEKB

e+ (4GeV) 3.6 A

€
___ g

Colliding

Belle Il

e

New IR

P

New beam pipe

b

~

?1?

s
%%’;’fz’s

l
west forB\M

I : Positron source
LY e—

Low emittance positrons
to inject

e

Low emittance gun

Low emittance electron!
to inject ~

section

New
superconducting
/permanent final
focusing quads
near the IP

New positron target / capture
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— Motivation for Upgrade (1)

 Large uncertainty on background extrapolation at target luminosity

and with a possible upgrade of the IR:

« MDI design: Final focusing quadrupole QCS inside detector, actually
consisting of several magnets (correctors, field cancel magnet,..)

* Possible background mitigation scenarios [ref. CDR]

 Limited safety margin and performance degradation in high

background scenario

« PXD layer 1: up to 2% occupancy (32 MHz/cm?)
* SVD layer 3 up to 9% occupancy (9 MHz/cm?)

At target luminosity we
may reach the limits of
current detector
= need higher
granularity and time
resolution in all layers

5 March 2026
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o Belle IT VTX Upgrade

PARTICLE PHYSICS
Pixel detector (PXD)

Possible VTX design

Replace SVD+PXD with full MAPS detector
* Six straight layers with DMAPS CMOS pixel
sensors, separated in two regions
« iVTX (2 layers) + oVTX (4 layers)
* Reduce occupancy to improve tracking in high
background using:

* Spatial resolution <15um results
in 30 - 40 um pixel pitch

Silicon Vértex |
(SVD)

+ 25-100 ns timestamp resolution
« 120 MHz/cm? hit rate

-
o

[o2]

o

2
w

———Int. L[ab-1] Project ion Flex circuit <

»

m
T

Peak Luminosity [x107cm s™']
-9

Cold plate _
v
LS2 120
2L
LS1 10
0 ’/’_ i 0
2019 2024 2029 2034

5 March 2026 CIEMAT Seminar -- T. Bergauer 43



/
.s ~ _ MARIETTA BLAU
AUSTRIAN
OAW ACADEMY OF INSTITUTE FOR
SCIENCES PARTICLE PHYSICS

TJ-Monopix2 characterization
TJ-Monopix2 as starting point of Belle II

M. Babeluk, J. Habala, C. Irmler [NIMA (2025), M Babeluk PhD thesis]
VTX Upgrade MAPS chip 1 /
* R&D chip, designed initially for ATLAS mif ?‘

ITK outer layers |

5
* TowerJazz 180 nm process Display POIE T'\mw :

* Small collection electrode design, modified
process with deep n-implant

DUT board

Spacin o
PMOS NMOS : » ——
E 224 Colums 224 Columns 32 Colgy32 Cols | £ 0 0 o = NF
'E.Z E %: 0| B 8.07
11 : | | o Noise distributi
Low dos N imp ant | Active Matrix Area: 512 x 512 pixels §§ s o
I])epletep boundry g ; i | .
. Normal FE : Cascode FE "V ‘E | -
s [7) 0
| | a o
| 12 8
£|¢ 1 ® 8 10 12 14 16
1] 1S S
| |2 um B um | 8§ S = =
=: 0 =it
TJ-M ix2 E; 384 i 283.02 -
-Monopix L u= 283,
- ] 10{ 0=16.77
Pixels 512 x 512 LE Threshold
Pixel pitch 33.04 x 33.04 pm? ; ‘ — 1 0 distribution
Active area 16.92 x 16.92 mm? l M SO TA AB E§§ 512 1o
Timestamping | 25ns R b ok sk sl 512 384 256 128 g =0
Zcm Row number
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Layout of TIMP2 sensor: divided in 4
regions with different FE
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Exposure with *°Sr Source above 15mm PLA Mask.
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— Optimized BELle II pIXel Sensor

M. Babeluk, J. Habala, C. Irmler [NIMA (2025), M Babeluk PhD thesis] OBEL|X-1 22 pisols

matrix: 896x464 pixels
overall size 30.2x18.8 mm?

Analog matrix inherit from TJ-Monopix2 with Belle-II-

specific adaptions like: &
o
* Geometry S
« Trigger logic and buffer memory Ootiona! fentures =
« Allows ~10 ps trigger latency at 30kHz to bete"‘;‘b'ed I R ——
» TTT: Trigger output ~10 ns resolution B | il
* Powering (on-chip LDO voltage regulators)
. . OBELIX-1
* Time stamping: 50 to 100 ns poet wati
* PTD: Fine time stamping ~5ns ' £
. ;I Analog EoC & Buffers I g
TJ-Monopix2 OBELIX gL L1 1 1 =
Pixels 512 x 512 896 x 464 2|3 s
Pixel pitch | 33.04 x 33.04um2 | 33.04 x 33.04 pm?2 &
Active area | 16.92 x 16.92mm? | 29.60 X 15.33 mm? ° g S
Die area 20.20 x 20.60mm?2 | 30.17 x 19.36 mm2 Sl ot [ omefuumn |
I P | . —
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®
OBELIX DAQ Chain
) ) ] High radiation doses No or small radiation doses
« CERN IpGPT is considered as transceiver for e >
transmission of DAQ, Trigger and slow control fLmrGupto 1 6rd (O IMEV /M) . .
. . . . Short distance optical links: 50 to 300 m

(including VTRX+ optical transceiver) /
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Will be used at a different clock at Belle-II rather

Data with 5.12 or 10.24 Gbps (for uplinks), 2.56 Gbps i

Timing & Trigger,

(for downlinks) ” i
12C, GPIO, 10bit ADC, different DACs DAQ . . @ DAQ
LD |
DeSi ned fOl‘ ZOOMI'ad TID Slow Control, k}SInw Control
&

Off-Detector
Commercial Off-The-Shelf (COTS)

On-Detector
Radiation Hard Electronics

/K Custom ASICs

intended (LHC) Electrical links to the frontend

modules. Lengths: cm to few m

We want to operate at SuperKEKB RF clock / 12 Custom optoelectronics

=508.887 MHz / 12 = 42.40725 MHz .
Outside specs from CERN developers (40 +/- 1 MHz) Test SetU at HPHY

Maximum Frequency vs. VDD

Each wafer has a different color

Max. Frequency [MHz]

" “Back-end” Optical Fiber “Front-end”

SITTT IlI|III|III|III|II||III|III
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C. Irmler, R. Russo, J. Habala, H. Steininger,..

tQ;

Main aim: Develop full-size MAPS for https‘//oﬂwtc\em )
FCC-ee vertex detector on the long term j @ - webcern.

Optimised CMOS Technology for Precision in Ultra-thin Silicon (TPSCo 65 nm)

Spatial resolution
<3 um

« Staged approach: 15t submission to

provide sensors called “WOLFI”, suitable . .,
e.g. for a beam telescope Time resolution Material budget
 Full column height, small number of columns O(5 ns) O(50 pm Si)
* Pixel pitch of <=20x20um?
* FE based on MOSAIX (ALICE ITS3) .
* APA (Asynchronous Priority Arbiter) readout - \ 4
of matrix with pixel grouping = proof-of- m .
concept Prototype. SPARC Hit rate Power consumption
* Submission planning for ER3 and MPR2 (2026)  o(100 MHz/cm?) SO <50 mW/cm?

9.

DESY.

N\

/“Q . g
Radiation tolerance

: \
Nik[hef ETH \,,‘(g 0(10" ng,/cm?)
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C. Irmler, R. Russo, J. Habala

» Aims to develop “Versatile MAPS” sensor for multiple
tracking applications in TPSCo 65nm

« MAPS have mostly been used for “small” vertex detectors, but
how about scaling up to trackers? (ALICE3 OT: 65 m? silicon)

* Approach: Configure MAPS chip to combine pixels to
reduce power consumption and bandwidth

 based on position in the detector or even dynamically based on
occupancy (an idea TB already had years ago)

Column of pixels

«  Where to combine? Connect multiple diodes/pixel before/after _
tirst pre-amplifier stage or after ADC, at arbiter level FCc PiD -
: Also overlap
Heb with OCTOPUS
e % | UNIVERSITA _; m PUSAN 2 |
s A ”%DD?“ -f ‘ DrotRoAMS }\’A'L';’gtrj'rtat ) =1/} NATIONAL UNIVERSITY g Focee
“ | 4 =\ =
‘ === INFN (% @ ”'fLiL et 2 @6 g
(IGFAE) | JHEPHY |P“C N e A o Belle
s B Hachenergs v LPNHE - Ol S '
ALICES
o 1 2 3 4 5 & 71
Interested groups 48
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Silicon Carbide Detectors and
Medical Applications
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— Why 4H Silicon Carbide? A= IR

* Insensitive to visible light (Eg = 3.26 eV)

However:

Can work at high temperatures (> 600 °C) « Lower signal yield than Si

No need for cooling, even after irradiation » Thickness limitations of epi

Middle of the road between silicon and diamond » Radiation hardness t.b.c.

\ . S
PPN LR

N\

@ ¢

2 .";’

o

- ."
v

.

o

- .
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y * Tonization 1 Si -

Energy [eV]

1 4H-SiC
* SiC has a wide bandgap : Displacement — oomond
— no cooling / pA currents even after irradiation, allows b
more lightweight detector design, insensitive to visible light
Band Gap [eV]

* High Vsp, high vsat :
— high voltages, fast signals — good for timing

Breakdown \
Field [MV/cm]

* Bestindustrial availability of wide-bandgap materials |
(due to compatibility with silicon processing) R i

Velocity [107 cm/s]

* High ionization energy, low epi thicknesses available
— small signals
— Improve SNR with SiC-LGADs (sensor with internal gain)

g
H

15
=
=

 SiC less known in literature
— mix-up of different polytypes, many parameters
only based on single measurements

Application Power

z

100w

10 Watts

3.3V~36V 80V 150V 1200V 1700V 3300V 6500V

; 650 V

es not to scale
1) 2026€ potential, Source: Yole, DNV, IRENA, Fraunhofer ISE, IHS, Cisco, Hyperscale, Peer annual reports, Wall Street research.
© Navtas Semiconductor 2023
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« HEPHY-CNM Collaboration to develop SiC-LGAD sensor (2022ff)

- RD50 common project

— Planar run 1: March 2024, Run 2: May 2025 (necessary due to production
problems, now has its own issues)

- SiC-LGAD:s still pending (Run3)

* Meanwhile, first SiC-LGADs demonstrated ~1 year ago:
* OnSemi and Czech Universities arXiv:2503.07490
« LBNL/NCSU/BNL 10.1109/LED.2025.3548509
« IHEP/Jilin Univ. 10.1109/TNS.2024.3471863
« Large community interest — united in DRD3
- We study e.g. OnSemi SiC-LGAD samples

Si0, SiN,

p-implant

§
CEEE

No connection! |
™

e Run 1 (2024)

—— LGADI_2: 6.9e11 p/cm?
—— LGAD1_3: 1.4e12 plcm?
LGAD1_4: 2.8e12 p/cm? M It t |
—— LGAD1_5: 0 plem? olten meta
—— LGAD1_6: 6.9e12 p/cm?
—— LGAD1_9: 0 p/em?
LGAD1_10: 1.4e13 plcm

>
E
o
°
3
=1
o
£
<
®
2
=
@A

2N
Run 2 (2025)
Passivation below Metal2

Run3:'SiC-LGAD
Not yet started

— Back Metal

.....
----- i
. 2 wsas
100 150 200 250 300 350 400 450 500 . . e
bias voltage (V) maw
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pt |mp|ant Front Metal Passivation

Isolation Dielectric

/

4H_ SIC PIN led es 76’ NeTrUTEFOR

Ti+Al+Ti+W SiO,+ SN,

A

3000 pm 50 pm

Y

\Backside Metal
Ti+ Ni+ Au

A

5 March 2026

4400 pm

-
y ot
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OAW i Electrical Characterization

* Quantify yield, measure process parameters
* Input to TCAD simulations ‘ el | "ij .
« SiC presents special challenges:
- Very low currents (< 100fA/ mm?)
- and very high voltages 3 kV) at the same time
- Use of Semiconductor analyzer (OAW Innovation Fund)

Bias Tees .

B
|

2.0x 10
m
601 IIE: mmmmm
i i mXE EEEEEEN 1.8x 10
) Leakage Current Extracted Doping Profile g EEEEEEE
10-11 . . . . a0 XES .
' 10'7 L& II=E= "x " EEEm 1.5x 10"
EEE ™ N EEEN
e m. 5 EEEEN —
20 [ || | || [ [ [ [ [] 1.2 x 104 ‘E
7 10%F 14 %\
< 10712+ E %7 1010 3
B ] 5 7.5x 1013 8
Z —20 XmEE EEN N EEEEE 2 X
1015 b : EEE N B EEEE
kb "« B :
40 HH T 5.0x 10
H EEEEE EXEEEEEE
1 SaEEE BEEXEE 2.5 x 1013
10~ T T T T T T 14 | L | | L ,_ .
0 200 400 600 800 1000 10 10 20 30 40 -60 : ane . e
Reverse Bias [V] Position (pm) -50 =25 0 25 50
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Alpha spectroscopy in vacuum

250 A

=250 0

5 March 2026

Setups using lonizing Radiation at MBI

— 1100V
~— 1000 V
— 900V
— 800V
— 700V
—— 600V

500V

200V
— 100V
=90V
—: 80 V.
— 70V
60V
— 50V
— 40V

250 500 750 1000 1250 1500 1750 2000

Time [ps]

High-Energy Protons (Med Austron)
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Picosecond pulsed UV laser

NIM A 10.1016/j.nima.2022.167218

2000
200V

1500 -

Counts

1000 -

500 -

0 i T T T
0 2 4 6
Prompt Current [pA]
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2= 4H-SiC Material Properties i

. . . . . . TABLE IX. Parameters for fundamental fittings of the Okuto-Crowell model found in literature. If only a
4H-SiC material parameters vary significantly in literature and el el pan | o |
single value spanning across two columns is presented the crystal direction was not specified.
between different manufacturers
ref. a a b b c d n a a by b « d m F region
[10%fem] [MV fem] oy o [ [10% /cm] [MV fem] [10-*1 no'r m [ [MV fem]
L] L] L] . . |R;|g\|‘l‘l|" 0 0 1 3.09 17.9+04 —3.46 0 1 25-32
o Extensive literature review to understand origin of commonly used e
. . [Sher00]* - - - - 0 0 1 518 - 14 - 0 0 1
Values Of TCAD parameters (231 pages, 939 referenceS) Wlth].n FFG [Mori01]"* - - - - 0 0 1 - - - - 0 0 1
. . [Ng03] 1.98 9.46 202 0 1.42 438 14 0913 0 106 | 184
RadHardDetSim project e
[Hatad | 176 21 KX 17 0 0 1 M1 296 25 16 o 0 1 [ 2-5
[Choi0s]™*4 16.5 258 0 0 1 35 13.5 o 0 1 1.5-5
[LohO8]* 278 105 0 0 1.37 351 10.3 0 0 1.09 [ 1-5
. . . . . [Loh09]* - - - - 0 0 1 31321 10.385 278 0.48% 1.09 1.33-2
Additionally, measure material parameters for existing samples (for ex. &) T S s
[Greel 2] 0.019 2888 0 0 4828 0.06 1.387 0 0 09 [ 1.6-4
[Nguy12] 336 26 0 0 1 85 15.97 0 0 1 1548
€o . f— (7 8 3 + O 02) eV [Sunl2] 1803 1352 0 0 12 1.861 9086 0 0 1| 155
1 SIC . — . 7000 [Niwald] 8190 394 0 0 1 4513 12.82 o 0 1 [ 1427
) ay 'aium i [Hamal 5] 099 129 0 0 1 161 1.5 0 0 1 257
6000 1 31 keV ﬂ ke ” [Niwal5] 0.143 493 ¥ o 237 | 314 1.8 6.3 123 Loz | 1-28
Previously published values of ¢, g for 4H-SiC. For measurements that compare to silicon, the value of ¢ aliem s s N ) ) - s ) ) |
is indicated. The reference labeled “*” refers to the results obtained in this work. 5000 4 28 keV )
[Kyurl6] 3B6£15.0 25.60.1 0 0 1 5312030 1310001 [ 0 1 1-5
Ref. Year €isic [eV] Radiation Method Device type €, 5 [eV] -~ . ; o . o8 " e o .
* 2023 7.83 £0.02 @ Comp. to Si DiOd;ﬂ(_‘ 3.62 4 4000 1 [Bati9]'12¢ ETE] M5 0 0 | 807 15 0 0 1 11-5
%] 2013 182 £0.07 o Charge 1nj. Schottky - g [Zhaol9]*" 0330 515 0 0 237 3% - 117 619 115 102 132
(8] 2013 7.28 u Charge inj. Schottky - 8 3000 [Stef20]" 6.4 5 0 0 1 6 133 0 0 e
[]O] 2006 5'05 ¢ DC Cul’[’ent DiOde - 244, [Bane21]* 100 40268 0 0 1 41915 46428 0 0 1 0.1-1
[11] 2005 7.78 £0.05 o Comp. to Si Schottky 3.62 a o
[11] 2005 7.79 +0.09 protons Comp. to Si Schottky 3.64 2000 1 [Cheslle o e ! oo L o ! L B
[12] 2005 7.6 X-rays (*! Am) Comp. to Si Diode 3.60 (B> 28 - W7 - A A
[13] 2004 8.6 a Comp. to Si Diode 3.62 1000
[14] 2004 7.71 a Comp. to Si Schottky 3.62
[15] 2003 7.8 X-rays (SEM) Comp. to Si Diode 3.67 0

T T T
1400 1450 1500 1550 1600 1650

Channel Number Literature Review of 4H-5iC model parameters
https://arxiv.org/abs/2410.06798

A Gsponer, M. Knopf et al.: [NIMA (2024)] Tri-Alpha spectrum
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. ngh frequency readout board developed (10GHz)
Tiny sensor for low capacitance and ultra-short bond wire
required

+ Take advantage of all the high-level equipment we have:
TCT/Laser setup, HF Oscilloscope, electronics workshop, | ~ -
wire bonding | o ‘ \Xf HEPHY

* Directly measure electron and hole mobility in thin

4H-SiC PIN detectors by carrier drift time

e Parameters not well known in literature
¢ Input to TCAD and Allpix2 models

.....

Table 1. Fit results for electrons and holes using the Caughey-Thomas high-field mobility model (2).
3 |
! \ \ ! : ' 10 T Parame! ter Electrons Holes \ |
300 A N A ;= Data i 1 B (fived) 950 em? Vs [25] 115cm?/Vs [29] 23808 . r— —
[ — H 4-- sat. (147 +0.02) % 107 cms ™! 0.69 +0.04) x 10" cms ! s
| | | Electron Fit = v,s " 096 4 001 O o0
250 ; \ e | - —— Hole Fit - S ———
i i i i - 1 I i I
s | | {— i L \ |
'<_[' i \ : : i Electron + Hole Fit ln .‘l |
S 200 L W W A R N e
= > oy
+ NE N
i | S N A S R g 1073 s SR
- 1 0 W N\ Y Py - o
| . > r
S a00 T b NN = 1 N
v < J ISR N U N O e S RN
o | R
,,,,,,,,,,,, E ) ) b N
\ ------- ‘E\:\:- “\;.
101 ' : ; ———— ; ; : —— _XvV Slage
-050 -0.25 0.00 025 050 075 1.00 125 1.50 104 105 106
Time [ns] Electric Field (Vvem™1)
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OAW = [rradiation Campaigns

Neutron Irradiation Proton Irradiation

ATT12021:5 10 -1 - 10 neg/cm?
JSI 2024 : 1 - 10'® neg/cm?

MedAustron 2025: 5 10 - 3 - 10" p/cm?

] ——
.
& 4%
b )‘ -
e

5 March 2026 CIEMAT Seminar -- T. Bergauer 59



AUSTRIAN

OAW s

ACADEMY OF

« Several irradiation campaigns with Neutrons (ATI, Ljubljana) and

protons (Med Austron) performed

« CCE drops, but still growing with /v ; not saturated up to 1.1kV =

higher voltages needed to study

« Interesting effects observed: loss of rectifying function of pn-junction,

material becomes intrinsic

* Developed TCAD irradiation model with 5 trap levels and studied

donor removal rate

Electric Field [kV/cm]

(=)
()
e
e
212
EHq4

0 10 20 30 40 50

Depth [um]
Conduction band
r' Y
%
X Ec-1.60 eV
o
oy EH,,
.L,f Donor
w
:' D-center E, +0.54 eV
i 4 B-center Ey +0.28 eV

Valence band

5 March 202¢

Donor removal rates derived
between 4.2 — 6.4 cm™.

4.50
4.25

_4.00-

£ 3.751

S

= 3.50 1

=2

3.251
3.00 1

2.75+4

lel3

\ In-situ Irradiation
e at MedAustron

“‘
~ ~,
N
.
.

Fluence in p*/fcm?

----- Linear fit Neg(®)

——&— PiN data points \“

00 05 1.0 15 2.0 25
Fluence (p*/cm?) lel2
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Study of 5iC Radiation Hardness

P. Gaggl, J. Burin, A. Gsponer, S. Onder, D. Radmanovac, M. Knopf [arxiv (2025), NIMA (2025), JINST (2024),..]

Current [A]

/
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1074
. Neutron Fluence [Neq/cm?]:
1071 ] —— Unirradiated
10-6 - — 5x10%
— 1x10%
107 4 5 x 1015
10 — 1x10'
107
forward reverse
10-10 .
10-11 m
10-12 _V
10_13 T T T T T : T T T T
-1000 -750 -500 -250 0 250 500 750 1000
Bias Voltage [V]
—}— Unirradiated == 1x10%5 == 1x 1016
—— 5x10™ 5x 1015 A 624MeVp"
100
80
e
S 60
L
|
|
40 A
20 1
P e
ﬂ- .
0 T T I T T
0 200 400 600 800 1000 1200
Reverse Bias [V] 60
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4H-SiC Low Gain Avalanche Diodes

* SNRis limited by ¢ and low epi thickness. Signal 57e"/um * 50pum~3000e

* SiC-LGADs are a key technology for future 4H-SiC detectors to
internally amplify signal by factor 5-30

p** Contact

n-type 4H-SiC

|
Buffer layer

5 March 2026

—> E

Amplitude [mV]
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Silicon LGAD
50 A
40
30 A
20 A
10 - FBK TI-LGAD
. W3, IR-TCT

—— -240.00V

Time [ns]

0.00 0.25 0,50 0.75 1.00 125 150 175

61



/

MARIETTA BLAU

OAW izt TOW ar d S SIC-L G AD S 7\\4’ e s

* First SiC-LGADs have been demonstrated ~1 year ago
* Very large community interest

LBNL /NCSU /BNL OnSemi and RD50-SiC-LGAD IHEP / Jilin Univw.
10.1109/LED.2025.3548509 Czech Universities HEPHY, CNM
arXiv:2503.07490

’ ‘ ‘ ‘ Front Metal pﬁ-imlplant i

‘ ‘\‘ | ‘ *‘

| Il

M ‘ ‘ il " 27.6 um n-epi

| 1.5e14 cm™
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S1IC-LGAD Gain Layer TCAD

« RD50 SiC LGAD Common Project* (+ planar run — back up)

Designed by HEPHY, produced by CNM

Gain layer is non-trivial to manufacture:

*Contributing institutes:

ICFA Santander, NIKHEF

— Dopant diffusion is extremely low in SiC

— Deep implants (> 1 um) need high energies (> 1 MeV)

[ ]
[ J
8.00e+16
= 101 ..............................
S L I 5 ”.?
=] E
o e
n
© 2
Q
= 7.25e+16 8
a 59
g 109 =
2 =
(] ©
= ]
O —— Gain layer thickness=2.3 um
--- Gain layer thickness=2.5 um
-------- Gain layer thickness=2.7 um
1071 6.50e+16

0 200 400 600 800 1000
Reverse bias (V)
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= Epitaxially grown gain layer on 30 um epi, Vyp < 600V

Gain of 1-10 within error margin of gain layer thickness / doping,

Sensor thickness 30 um -
Gain layer thickness 2.4 um 0.2 um
Gain layer doping 7.5-1016 cm3 10 %

CIEMAT Seminar -- T. Bergauer

HEPHY, CNM, CERN, INFN Perugia,
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p~-implant

Front Metal

30 um n-epi
1.5e14 cm™

Back Metal




I 7/

o = GiC-LGAD JTE TCAD Simulations T #

contact  p++implant (Al)

* Gain layer epitaxially grown homogeneously

0 4
across whole wafer deep
= no guarding with shallow implants Al-implant
* 3 guard structure variants utilizing 10, tehing edges
combinations of
‘ ) .l.oooaﬂa
— etched trenches / 4H-SiC high -
20 | quality n-epi (N) e
— deep JTE implants (4 um) | e
— floating metal field plates (FMFPS)
30 L1 buffer layer (N) I_,_m,,.,
« TCAD simulations suggest Vgp > 2kV for all 0 1o 20
combinations

« Mask design is finalized and submitted for
production

Mask Layout of
SiC LGAD design
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Medical Applications at MBI

(where single MIP sensitity might not be necessary)
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o [on Therapy at Med Austron A IR
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/

MedAustron: cancer therapy center

 Located in Wr. Neustadt
(50km south of Vienna)

* Became operational end of 2016

* Based on CERN PIMMS study
 Identical facility: CNAO Italy
« Patient treatment using proton and
carbon beams utilizing Bragg peak

* Protons: 60 MeV to 800 MeV,
Clinical energies <250 MeV
(equals WET ~ 37cm)

e (Carbon ions: 120 MeV/u to 400
MeV/u

* Helium ions

T T T

Proton 195 MeV ——
Photon 6MV

Carbon 375 MeV/u —— |

06 -

04 H E

02 F &\—
0 | i i i L L

I I
0 5 10 15 20 25 30 35 40
Penetration Depth [cm]

Energy Deposition [arb. Unit]
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Protons: 350,336 (since 1954)
12C: 57,498 (since 1994)
Others: 3,587
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« >2500 patients treated
at Med Austron
between 12/2016-
10/2024

 Annual rate,

® cus

Hoad & Neck increasing, now at
® reimics ~400 patients per year
. Sarcoma . . .
@ Chordoma/Chondrosarcoma g Maln IHdICatIOHSI
. Prostate
Other * Central nervous system

e Head and Neck
e Pediatrics
e Re-Irradiation
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* One irradiation room (out of four) devoted to non-
clinical research

» Allows proton and carbon ion beams (p up to
800MeV)

* Beam time on weekends only

* Currently shared between several groups:

* Radiation Oncology @ MedUni Wien (D. Georg,
P. Kuess)

 Accelerator Physics @ TU Wien
(E. Renner, M. Benedikt)

* Medical Radiation Physics with Specialization in
Ion Imaging @ TU Wien (A. Hirtl, T. Bergauer)

 Universities of Applied Science (Wr. Neustadt)
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S. Waid, R. Thalmeier «Hi-Precision Beam Position and Intensity Monitor for Accurate Cancer Treatment with Ions» ) F F G

« Improve over scintillating-fiber-based beam Simon Waid, Richard Thalmeier
monitor currently deployed at Med Austron

* Wide dynamic range: from single particles to
GHz (“integrating mode”)
* At high rate DC-coupled SiC sensors are used

* DPossible due to very low leakage current, which is not
increasing with radiation damage

Wire Scanners / Slits / Faraday Cup

SiC-based beam monitor
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FLASH Radiotherapy MedAustron

A Gsponer PhD thesis
TECHNISCHE
m UNIVERSITAT
WIEN
Vienna University of Technology

e FLASH effect increases therapeutic window by sparing healthy tissue
e requirements : > 40 Gy/s, > 8 Gy / fraction

e Jonisation chambers currently deployed at Med Austron get saturated at high dose rates
e We demonstrated that SiC is linear up to 400 Gy/s

Dose-rate independent dosimeters required

Viewed in direction of the beam

—. 100 - + +# i + + + +
X
E
] 80 - +
v
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M. Knopf et al,.. [NIMA (2026), PMB (2025),.. |

* Micro-dosimetry investigates the stochastic nature of energy loss in matter
+ Same dose [J/kg] — different effects [keV/um]

* Solid State Micro-dosimeters similar to thin pad or pixel detectors

» Large overlap with MBI detector development
+ Small sensitive volume (um) — Small signal per particle
* Low noise electronics -> CSA amplifiers
 SiC with low leakage current offers low noise

 Biggest challenge: Pile-up identification and un-folding pile-up signals into
individual pulses, even for small and thin sensors

* Software algorithm
+ Fast hardware (high noise ®)

d-electrons?
Border effects? °

vl

10 15 20 25

Depth [mm]

102 102
Lineal Energy y [keV/um]
120 MeV carbon in 2um diamond

Modular Readout system supporting exchangeable

front-ends (CSAs,..) currently under development
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SpaceSiC: Dosimetry with SiC

Daniel Radmanovac et al.

Development of active dosimeters using Silicon Carbide as detector
* Collaboration with Deutsche Gesellschaft fiir Luft- und Raumfahrt DLR

Topics:
* Develop an active dosimeter based on Silicon carbide (due to temperature stability in space)

« Study of Galactic cosmic radiation at ESA's Galactic Cosmic Ray Simulator (beamline at GSI
delivering spectrum of heavy ions up to iron [arxiv]) and Med Austron

* Launch as payload of DLR MAPHEUS rocket (launch site: Kiruna, Sweden)

Evaluated DLRs “M42” autonomous dosimeter (HPK Si Diode) from NASA
ARTEMIS-1 mission

Built own autonomous dosimeter based on Lyso scintillator and SiPM, based :
on OpenDosimeter project (summer internship)

) Promating Innovaticn.
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i DLR

—— Dose Rate: 2.28 uGy/min (total)
Dose in H20: 1.37 mGy

More material

Downtime in the beam
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https://arxiv.org/abs/2509.13171v1
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A. Gsponer, M. Kausel et al [arxiv]

e Mixed ion beams of C-12 and He allow
simultaneous treatment and range

verification

*  Work of accelerator physicists of TU Wien and
MedAustron to generate 262.3 MeV/u mixed beam pr--------

« Confirmation of both ion species by by Si
LGAD detector

* Later on, residual energy verification by ToF

Cs+ fragments
HZ 1m TOF
| ] 20cmH0 | calorimeter L
5 March 2026
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Mixed ion beam instrumentation
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residual energy
measurement with
helium ions
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75


https://arxiv.org/abs/2501.12797

QAW & Ion Im agin g: Phase I 7*\'*" NsTTUTE FOR

— /

 Treatment planning based on x-ray CT

» Conversion errors from Hounsfield units (HU) to
relative stopping power (RSP) lead to range errors

* Jon computed tomography allows determining
RSP directly

+ Several prototypes have been developed, but meeting

all clinical requirements at once is challenging:
* RSP accuracy < 1%, Energy resolution < 1% ((((
« DAQ rate > 10%-107 Hz to keep imaging time low

* Our Hardware approach: ‘ || | H
e Tracker: Double sided silicon sensors

 Calorimeter to measure residual energy: Sandwich
calo using scintillator planes and SiPM readout (TERA
PRR30)

Reconstructed
image

Phantom - =
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F. Ulrich-Pur et al [DPG meeting, PMB]

* We started to replace calorimeter with ToF
system using LGADs:

+ “Feasibility study of a proton CT system based on 4D-tracking and
residual energy determination via time-of-flight”. In: Physics in
Medicine & Biology. DOI: 10.1088/1361-6560/ac628b.

* Later, it turned out tracking and ToF stations can

. . mouse phantom .
be Comblned‘ TU Hamburg (Wegner et al. 2023= Real mice:

He rad Maus at 97.2 Mev/u
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https://www.dpg-verhandlungen.de/year/2025/conference/goettingen/part/st/session/8/contribution/4
https://iopscience.iop.org/article/10.1088/1361-6560/ad3326
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e Summary & OUthOk

FCC is favored by Europe as next flagship project at CERN
» Stepping stone projects until then: Belle-II, ePIC, ALICE3

Comprehensive detector R&D program developed after the last update of
European Strategy 2020, confirmed and strengthened in 2026 update:

« ECFA Detector Roadmap

« Eight DRD Collaborations, review committee at CERN

MBI research pillars well aligned:
« MAPS sensors for Belle-II, ALICE3 OT, FCC-ee vertex detectors
* Wide-bandgap semiconductor Silicon Carbide as most promising for radiation hardness

(Medical) Applications and contacts with/to industry and new communities
become essential and rewarding
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— Status in US and Asia

US HEP community has been broadly engaging in the process on defining and
shaping the DRD
* In addition, US Snowmass process recommended creating Detector R&D collaborations

(DRCs), organized by CPAD (annual workshop, last Oct 2025@UPenn)

* P5 recommends to increase the budget for generic and targeted Detector R&D (#93 (CPAD) and #230 (P5
recommendations)

« Higgs Factory Circular Committee proposes organizational structure for
the pre-project detector R&D scope #229

Japan: some involvement in DRDs, but also man national developments, e.g.
Instrumentation Technology Development Center (ITDC) established at KEK in 2023
(input proposal #99)

China: Many Chinese groups joined DRD collaborations and see them as
way to continue R&D after CEPC decision

5 March 2026 CIEMAT Seminar -- T. Bergauer
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US RDC collaborations:

1 Noble Element Detectors

2 Photodetectors

3 Solid State Tracking

4 Readout and ASICs

5 Trigger and DAQ

6 Gaseous Detectors

7 Low-Background Detectors

8 Quantum and Superconducting Sensors

9 Calorimetry

10 Detector Mechanics

11 Fast Timing

HFFC
Tracker Calorimeter | Mn;on ‘ ‘ m;m | AM psc
sili REZ‘;":"M Drift Tubes Trigg Al Sit::f‘ 2 /

Gaseous Nobel Electronics DAQ Integration Software
Machanics Si-w MPGDSs Micro- Computing


https://cpad-dpf.org/?page_id=1549
https://indico.global/event/14966/overview
https://indico.fnal.gov/event/67484/contributions/310852/attachments/187113/257962/US-FCC-WEEK-FNAL.pdf

as
AUSTRIAN
O AW ACADEMY OF
SCIENCES

Roadmap Implementation Plan

* Approved by CERN SPC and Council in fall 2022 (cErn/sPc/1190 ; CERN/3679)

* CERN will host DRD collaborations

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

* Organizes “DRD managers forum” (six meetings so far)

« Each DRD collaboration is treated
like a “small experiment”

* Needs management structure beyond
spokesperson and WP/WG leaders:
MoUs as legal basis, collaboration board,
resources board, regular review, ...

Seen as too administrative by many

5 March 2026

ECFA

Community
interaction

Roadmap Oversight and
Community Interaction
ECFA Detector Panel
(EDP)

Includes ex-officio: APPEC,
NUPECC and ICFAIID Panel”
representatives

* ICFA Instrumentation, Innovation
and Development Panel

CIEMAT Seminar -- T. Bergauer
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[CERN Research Board }- -=#{ CERN COUNCIL

£
Recommends
Approves

(" Scientific and Resource Reporting and Review B

Detector Research and Development

e

Committee (DRDC)
Includes members from: ECFA Detector Panel,
CERN and LDG

..................................

.' On request, additional experts from the EDP can H
! be invited for dedicated review tasks H

. :Il CERN SPC I

Detector RD (DRD) Collaborations
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https://cds.cern.ch/record/2838406
https://ecfa-dp.desy.de/
https://indico.cern.ch/category/12772/

OAW 45 : K
- Memoranda of Understandings |

* MoUs are required for collaborations at CERN — Template follows example for “small
experiments” at CERN

* Initial idea was to distribute MoU including funding requests to institutions and funding
agencies. Did not work out as resources were not agreed or committed by FAs

* DRD1 proposed a “light MoU” using a staged concept: omitting resources as a viable
approach to moving forward and initiating the signature process

* Resource-loaded Work Packages require separate internal approvals by CB, RB, and Funding
Agencies (2" stage of MoU approval)

amount /
. O bl . Collaboration Topic CF requested comment
Pen PTO ems: DRD1 gas detectors yes 3 kCHF cash
« CERN very slow in getting MoUs ready to initate signatures . o oo 2KCHFcash
* The Common Fund remains problematic and currently blocks (possibly in-kind)
signatures from several institutions, e.g. INFN, but is seen by DRD4 photodet. PID St = mempty
DRD1 and DRD3 as “base” funding, independent of resource- . MoU only with
. DRD2 liquid detectors no isti
loaded projects AN Iy
* Negotiations with DOE/NSF to sign agreements to secure US DRD7 electronics no Mou only with
g g g existing money
participation need to continued DRD5 quantum no
DRD6 calorimetry no
DRD8 mechanics no
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OAW Staff (mostly third-party funded):

* Simon Waid (Postdoc), Bernhard Pilsl, Sebastian Onder (from CMS Tracker

Group), Daniel Radmanovac, Juraj Habala (just started); N.N. to be

employed by December
« Maximilian Babeluk, Andreas Gsponer (both recently finished)

* Master Students:
* J. Miillner, C. Hahn, F. Zivic, D. Muxel, C. Ercher

« Several BSc/Project students (~10 in last year)

* Synergy to other hardware groups: Belle, former CMS

Tracker, most likely also ALICE in the future

* Postdocs from Belle (Roberto Russo) and CMS (Stefan Gundacker)

* Close collaboration with TU Wien RadPhys Group

Sebastian Onder
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Bernhard Pils] Daniel Radmanovac  Juraj Habala

* Albert Hirtl, Felix Ulrich-Pur, Matthias Knopf,
Matthias Kausel, Harald Handerkas

* Collaboration with many statf members
from the service groups, especially the
electronics department

(TU Wien)

Felix Ulrich-Pur

(TU Wien)

Matthias Kausel M\atthias Knopf
(TU/MedAustron)  (TU Wien) (TU Wien)

‘ : A
AR _ﬁ:ﬁ:‘:

Harald Handerkas
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European funding

« AIDAinnova: (2021-2025): community-wide large project aiming at networking

European
Commission

National funding — here we pioneered access to FFG:

Horizon Europe

« Call Industriedissertationen (2 projects; 1 PhD student /3y each) e
« Call Expedition Zukunft (1 projects; 1 postdoc /1y each)
* Many FFG Femtech students and FFG Praktika for school children F F G
« Call BRIDGE (2 projects; 1 postdoc + 1-2 PhD students /3y each) Pramting Innovation.
« HiBPM and Flash-BPM: cooperation with MedAustron GmbH
« RadHardDetSim in cooperation with “Global TCAD Solutions GmbH"”
[ HEP Applications benefit for both Company Interest ] —

OAW Innovationsfond OAW

 for acquiring high-tech equipment (e.g. HF Oscilloscopes, Semiconductor Analyzer,
Cold Chuck)
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Skywater 130nm

Aim: Front-end
and pre-amplifiers
to reach higher

bandwidths and
lower noise

efabless:

Sponsored by

Google

Simon Waid et al. [Austrochip 2024]

“Open Source” PDK

,Fast” TIA Amplifier

e Transimpedance
,fast“ amplifier

e Google
sponsored
MPWS5 & 7

e Followed by

“NIST”-

sponsored

submission

J

5 March 2026

Pixel sensor

Tested at MedAustron in Sept 2025

Analog Chip Design Projects

Fraunhofer SiC-CMOS
via Europractice IC Service

CSA + Pixel Sensor

e CSA Amplifier
for possible
Micro-dosimetry
application

e Both sensor and

amplifier on SiC

substrate

S. Onder et al. [MicEleEng (2026)]
4

Wire bond

S

A
l'\ mm[ﬂmmmm lm J: +\l\71re bond

'''''' ﬁ ﬂMﬂ M mm r\Load
JNNNE g mﬂ[ll]l]hﬂmmm -

Taped out March 24.

(not true to scale)
Delivery still pending ®
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IHP IHP S130G2 PDK
“Open Source” PDK

e Charge sensitive
amplifier

e Applicationin

Micro-dosimetry

g

.-670 EEXEEL )

Taped out Sept 25. Delivery
expected in Feb. 2026

85


https://europractice-ic.com/
https://link.springer.com/article/10.1007/s00502-023-01201-w
https://doi.org/10.1016/j.mee.2025.112386
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— OBELIX Digital Periphery

M. Babeluk, J. Habala, C. Irmler [NIMA (2025), M Babeluk PhD thesis]

 Triggering system (TRU)
* Memory buffer to handle 10us trigger latency with optimized
low power consumption in dual-stage memory design

* Large simulation effort for performance evaluation, including

Trigger Trig.ID

—>

=F [

Stage 1 Stage 2
fl> Storage fl> Storage fl>
(FIFO) (Triggerable)

ureyd f1ioLd
|2A3]-dnoag

19}1qJy UIqoy punoy

Size: 128 Hits Size: 32 Hits
clustering & charge/ToT conversion i ﬁ
) 2 ﬁ
. . o« . L Trig. ID
* Peripheral Time to Digital (PTD) converter pixel Matrix || || || || o (Request)
« HitOR: all comparator outputs of one column in an OR PTD [
+ Allows precision timing of ~5ns; better than Timestamp (47 ns)
for low hit rates << 10 MHz/cm?
TRU Performance

 Track Trigger Transmission (TTT)

* Independent Tx for contribution to Belle II trigger

Pixel Matrix Reconfigurable via configuration

depending on macropixel size
) Edge
( ::D') Detector
) Edge
( :=D') Detector

8b/10b N
Encoder :> Serializer [—» LVDS Output

8 Macropixels 10 Bit Words 1 Bit Serial
DDR Stream

) Edge
( ::D’ Detector
896 x
HitOr
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