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* Defines the vision of the European HEP community for detector R&D in the coming years.

Detector R&D Roadmap Panel

assist ECFA to develop & organise the process and to deliver the document Advisory Panel with
other disciplines
Coordinators: Phil Allport (chair), Silvia Dalla Torre, Manfred Krammer, Felix Sefkow, lan Shipsey e.g. APPEC, NuPECC,

assist ECFA to identify technologies & conveners LEAPS, LENS, Space, ...

Ex-officio: ECFA chairs (previous and present), LDG representative
Scientific Secretary: Susanne Kuehn
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Anna Colaleo Nicolo' Cartighia Neville Harnew Marcel Demarteau
Leszek Ropelewski Giulio Pellegrini Peter Krizan Michael Doser

Processing

Dave Newbold
Francois Vasey

Roberto Ferrari
Roman Poeschi

Frank Hartmann Johann Collot
Werner Riegler Erika Garutti

Consultation with the particle physics community & other disciplines with technology overlap

from Felix Sefkow, yesterday
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Detectors in Germany
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A smaII selectron of
activities only!

CMOS Detector R&D with
various foundries (passive
and fully monolithic)

FUTURE

R&D for FCC detectors (O &l

taken from Susanne Kihn @ RECFA vrsrt Germany, 2022
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Detectors in Germany &‘(IT

C&/Oflmeters Karlsruher Institut flr Technologie
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taken from Susanne Kihn @ RECFA vrsrt Germany, 2022
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Detectors in Germany &‘(IT

GaS Karlsruher Institut flr Technologie
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Detectors in Germany

Electronics, Mechanics, Integration

Electronics,
Trigger & DAQ
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A small selection
Mechanics and ot getivities only!

Integration

Development of tools,
mechanics design, detector

integration, ...

Assembly of silicon
tracker endcaps for HL-
LHC experiments

taken from Susanne Kihn @ RECFA visit Germany, 2022
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ECFA Roadmap Implementation \‘(IT

Seen through “KET'CO/Ored Glasses o Karlsruher Institut fUr Technologie
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e The ECFA Detector R&D Roadmap targets in GSR1 - Supporting R&D facilities R&D
GSR 2 - Engineering support for detector R&D

: = Collaborations
pamCUIar str ateg'c R&D GSR 3 - Specific software for instrumentation
e Not experiment-speoific GSR 4 - In_terpational coordir?a_ti.on ar.1d organis.ation of_l_?f&D activities
o GSR 5 - Distributed R&D activities with centralised facilities
» Targeted at (large) future facilities GSR 6 - Establish long-term strategic funding programmes

GSR 7 - Blue-sky R&D
GSR 8 - Attract, nurture, recognise and sustain the careers of R&D experts

GSR 9 - Industrial partnerships
GSR 10 - Open Science

* Not “blue sky”

from Felix Sefkow, yesterday

* Implemented via the formation of new R&D collaborations ("DRD collaborations”)

e Existing RD collaborations established in the context of (HL-)LHC at CERN end 12/2023
RD42 (Diamond), RD50 (Silicon), RD51 (MPGDs)
Special role of RD53 - needs to deliver ATLAS and CMS pixel ASICs

 Non-RD collaborations expected to integrate into new scheme as well
CALICE (highly granular calorimetry), LCTPC (TPC for ILC), FCAL (forward calorimetry), ...

e |n addition: R&D activities currently not organized in overarching collaborations

— =—— —_— - - — =
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Key Technology R&D Topics Going Forward &‘(IT

Detector Research and Development Themes Karlsruher Insttut fur Technologie
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* Topics with particular relevance for the German community

<2030 2030- 2035- 2040- 52045

2035 2040 2045

DRDT 1.1 Improve time and spatial resolution for gaseous detectors with
long-term stability

DRDT 1.2 Achieve tracking in gaseous detectors with dE/dx and dN/dx capability

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

schemes | Key themes:
DRDT 1.3 Develop environmentally friendly gaseous detectors for very large | .

areas with high-rate capability | ® tlmlng

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

e e el
e ")
)
—— ———

DRDT 3.1 Achieve full integration of sensing and microelectronics in monolithic =—————@—————g—————
#
ﬁ
e ——|

granularity |
CMOS pixel sensors & resolution
DRDT 3.2 Develop solid state sensors with 4D-capabilities for tracking and *
calorimetry extreme
DRDT 3.3 Extend capabilities of solid state sensors to operate at extreme .
fluences conditions
DRDT 3.4 Develop full 3D-interconnection technologies for solid state devices - | . 3
in particle physics ~* gystem
DRDT 6.1 Develop radiation-hard calorimeters with enhanced electromagnetic integration

energy and timing resolution — e

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

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

= — —— = ————
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Key Technology R&D Topics Going Forward _\\!(IT

Detector Research and Development Themes Karlsruher Institt fur Technologie
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e Overarching themes of particular relevance for German community

DRDT4.1 Enhance the timing resolution and spectral range of photon ——————e——e—)
detectors . *
PID and | :
WASSEN  DRDT4.2 Develop photosensors for extreme environments — 9 | Key themes:
DRDT 4.3 Develop RICH and imaging detectors with low mass and high _02 | f’ e timin
resolution timing 9
DRDT4.4 Develoo compact hiah performance time-of-fliaht detectors —— |
e extreme
DRDT7.1 Advance technologies to deal with greatly increased data density | conditions
DRDT 7.2 Develop technologies for increased intelligence on the detector _
DRDT7.3 Develop technologies in support of 4D- and 5D-techniques e data rates,
DRDT 7.4 Develop novel technologies to cope with extreme environments and data d it *
required longevity ala aensity |
DRDT75 Evaluate and adapt to emerging electronics and data processing
technologies | * SyStem &

In addition: Integration on large scales - also includes detector magnets
(see talk by Beate Heinemann for the DESY context)
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Key Technology R&D Topics Going Forward &‘(IT

Detector Research and Development Themes and Detector Community Themes Karlsruher Institut fir Technologie
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e Training: Building and growing the community

- DCT1 Establish and maintain a European coordinated programme for training in )
Training instrumentation

DCT2 Develop a master’s degree programme in instrumentation )

* Emerging topic - Implementation plans, and direct connections to HEP still more diffuse:

DRDT5.1 Promote the development of advanced quantum sensing technologies

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

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

DRDT 5.4 Develop and provide advanced enabling capabilities and infrastructure

Also: Liquid - currently less relevant in KET context.
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Detector R&D and Verbundforschung

The German Context
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The Need for a Strategic Vision

Time Scales of Development & Application
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Long-term support is crucial to have technologies available
when needed! (N.B.: Shown here not the beginning of R&D)

Nuclear Instruments and Methods 1n Physics Research AJ0Y (1991) 438449

North-Holland

Performance of a liquid argon electromagnetic calorimeter
with an “accordion” geometry

RD3 Collaboration

E—————
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e
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Fig. 6. Energy resolution of the prototype at different electron
energies. The dashed line is a linear fit to the experimental
points.
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CERN-LHCC-2015-10

LHCC-P-008

CMS-TDR-15-02
ISBN 978-92-9083-417-5

1 June 2015

~1 “\ : \“ "f‘ ‘
LS AR ] ==
- 31‘ -
LI

il

slerie smalie ek simien
D LI T I T

. A ?!./'/Q‘};’ ‘

s Aty RS A
¢ IA' " r r 'f ‘.
L R Lttt

{ f Sty Aicdees 44 Wi
/ YRR ’
’ Youd V14 MEASINE N

| taken from Felix Sefkow

Frank Simon (frank.simon@kit.edu) 12


mailto:frank.simon@kit.edu

R&D in Verbundforschung \‘(lT

State Of Play Karlsruher Institut fUr Technologie
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* In present FP two Strategic R&D Verblnde:
* High-D (high precision detectors with excellent space, time, energy resolution)
e CMOS (combines two applications: CMOS, HV-MAPS) ~3 MEUR in FP 21-24

* |n addition: AXIONEN - also includes gas detector aspects

In total: ~ 4.2 MEUR in FP 21-24 - some of this experiment-specific in AXIONEN

Plus:

Crucial contributions from research centers

HGF: DESY, KIT (GSI for KHuK)
MPG: MPP, MPIK ECFA Detector R&D Roadmap and this talk has a

HEP focus - KHuUK Topics at colliders / large
accelerator facilities included, but not with the same
level of community involvement.

NB: Combines KET and KHuK R&D Communities.
Concretely implemented in High-D.

— M _ . . — — =
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Strategic R&D in the next FP \‘(IT

A pFOpOsa/ for a Way forward Karlsruher Institut fUr Technologie
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* Align the “Verbunde” with the three main DRD Collaborations to launch in 2024
Silicon (“DRD3”), Calorimetry (“DRD6”), Gas (“DRD1”)

e Electronics (and photon sensors) as part of those - with connections to the international structures to be formed

* Also including detector optimisation, simulation and reconstruction infrastructure for future experiments
(-> Talk by Jenny List)

One topic not covered in this scheme: Quantum Technology. Critical mass? Need to watch developments.
-> Contact Kerstin Borras if interested!

Financial Considerations

* A significant fraction of all “KET institutes” are active in R&D, plus KHuK:
~ 20 groups distributed across the three Verbunde

* For each group to have an impact and to leverage matching contributions: Minimum 1 PhD - 1 PD per group
=> Rough Volume: 5 MEUR for FP 24-27

Only viable with additional resources, and access to key infrastructure,
provided by DESY in particular, but also other HGF institutes and MPG.
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Putting Things in Perspective

Time Scales

ot & 4:
 Why is this urgent? S $
& &
- . & S
Next Strategy update ~ 2027. & Q\QQ 5 r
Well informed input by German SE & o ) « o
. . S ON Y & o O @ < P o~
9 & L O 7 O O o S O g O 9
commum-ty essentlal.. LFESITL JFEE 9 S S SES
Towards implementation of a large
<2030 2030-2035 2035-2040 2040-2045 >2045

future project after Strategy Update.

Proposals for DRD collaborations are due in 2023, work ramping up starting beginning of 2024.
=~ FP 2024-27 well matched to this time scale - resources absolutely required to ensure visible
German role in the new DRD structures.

Initial horizon: The next two FP: 2024 - 2030.

———— e
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Putting Things in Perspective

Resources

 Which weight does a German contribution have in the international context?
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The total effort in strategic R&D today is hard to quantify.
RD50, 51 each over 400 members, CALICE ~ 300 - but: Those are not FTES!

Many other activities - many not organized in larger formal collaborations.

One example with very concrete numbers: CERN EP R&D

from 2022 - 2027 ~ 31 FTE per year, on average 2.7 MCHF materials per year.
Total sum (incl. personnel) 45 MCHF over 6 years.

Leading up to the concrete decisions on experiments at a future collider facility an effort
beyond what is proposed here will be required to:

* ensure technological readiness

e build up the required expertise in the relevant technologies in Germany

e ensure a central role of the German community in the experiments at this future facility

S———— =
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