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Overview

 The ECFA Detector R&D Roadmap process
» Overview of future facilities considered in the Roadmap

« Examples on R&D of several detector technologies
— Gaseous, Liquid and Solid State Detectors
— Calorimetry, Particle identification and photon detectors, Quantum and emerging technologies

— Microelectronics, Integration, Training
* Observations — General Strategic Recommendations

* Implementation plan

Summary
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ECFA Detector R&D Roadmap process

“Organised by ECFA, a roadmap
should be developed by the
community to balance the detector
R&D efforts in Europe, taking into
account progress with emerging
technologies in adjacent fields” *

The community should define a
global detector R&D roadmap that
should be used to support
proposals at the European and
national levels” *
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Plenary ECFA

, # Publication
Approval of final document

Restricted ECFA
Reqular reports & final document

map Plnel

Advisory Panel with
other disciplines

“Mbtﬂplm e document

Phil Aliport (chair), Silvia Dalla Torre, Manfred Krammer, Felix Sefkow, lan Shipsey
assist ECFA to identify technologies & conveners

e.g. APPEC, NuPECC,
LEAPS, LENS, Space, ...

Scientific Secretary: Susanne Kuehn

* 2020 European Particle
Physics Strategy Update
https://europeanstrategy
update.web.cern.ch/

(" TF#2 TRESN TR TF#S TF#6 TRH7 TFe8 TF#9
Gaseous Uquid Solid State Quantum & Calorimetry Electronics & On- Integration Training
Detectors Detectors Detectors Dethgg . Emerging detector
PID Technologies Processing s
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Consultation with the particle physics community ; other disciplines with technology overlap -

ECFA Detector R&D Roadmap Panel web pages at:
https://indico.cern.ch/e/ECFADetectorRDRoadmap

Process organised by Panel and nine Task Forces with input sessions and
open symposia, surveys with wide community consultation
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Overview of future facilities

* Many different future facilities proposed/foreseen based on accelerators and non-accelerators

* Overview from ECFA Detector R&D Roadmap Document (CERN-ESU-017, 10.17181/CERN.XDPL.W2EX)
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<2025 2025-2030 2030-2035 > 2035
“Technical” Start Date of Facility
(This means, where the dates are not known, the earliest
technically feasible start date is indicated - such that
detector R&D readiness is not the delaying factor)

The dates used in these diagrams have a deliberately low
precision, and are intended to represent the earliest
‘feasible start date’ (where a schedule is not already
defined), taking into account the necessary steps of approval,
development and construction for machine and civil
engineering. They do not constitute any form of plan or
recommendation, and indeed several options presented are
mutually exclusive.

Furthermore, the projects mentioned here are usually limited
to those mentioned in the 2020 EPPSU*, although it should
be noted that detector R&D for other possible future facilities
is usually aligned with that for programmes already listed.

- Many detector concepts at different
future facilities

* 2020 European Particle Physics Strategy Update
https://europeanstrategyupdate.web.cern.ch/
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ECFA Detector R&D Roadmap

DETECTOR RESEARCH AND DEVELOPMENT THEMES (DRDTs) &
DETECTOR COMMUNITY THEMES (DCTs)

<2030

* Task Forces started from the future science programme to identify main
detector technology challenges to be met (both mandatory and highly
desirable to optimise physics returns) and estimated the period over which
the required detector R&D programmes may be expected to extend.

» Within each Task Force created a time-ordered technology requirements
driven R&D roadmap in terms of capabilities not currently achievable.
It is also noted that in many cases, the programme for a nearer-term facility
helps enable the technologies needed for more demanding specifications
later, providing stepping stones towards these.

* Developed and defined “Detector R&D Themes” (DRDTs) to highlight the
most important drivers for research in each technology area and

“Detector Community Themes” (DCTs) in the context of the training area
(TF9).

* General strategic recommendations for our field are collected in the
chapter of general observations and considerations.

2030- 2035 2040-

2085 2040 2045 20

P PES N NNNN 5 8 s®» = - ] e P
£ CEC S SEv2 g g e C [ 2 S < ESE B E

Main Document published 248 pages 8 page o3
(approval by RECFA at 19/11/21) mqm;s,
o

and 8 page synopsis brochure
prepared for less specialists
audience

ECFA Detector R&D Roadmap Panel web pages at:
https://indico.cern.ch/e/ECFADetectorRDRoadmap
Documents: CERN-ESU-017 10.17181/CERN.XDPL.W2EX,
https://cds.cern.ch/record/2784893

Synopsis A ———— e
enLre
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_Building the Foundations _Identifying the Tools

SYNOPSIS OF THE 2021 ECFA DETECTOR 8 page synopsis brochure

RESEARCH AND DEVELOPMENT ROADMAP prepared for Iess SpeCia/ISt

by the European Committee for Future Accelerators a udience
Detector R&ED Roadmap Process Group

{.) | ECFA

European Strategy;
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» Gaseous detectors: from Wire/Drift Chamber > Time gf"g f F Y, f;
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dE/dx 1.2 @
Fine granularity 8 | @ @

* Detector Readiness Matrices of each Task Force chapter focus on Low power 14

Fire granularity 14

the extent to which the R&D topic is mission critical to the programme ::'::': gt seyintent 1

than the intensity of R&D required e ry™ ™ Lowss energy tveshold 14

Optical eadout 14

— Must happen or main physics goals cannot be met Gas pressure stabilty 14
Radiopurity 14

— Important to meet physics goals
.“lemmM(mhw ) important 1o meet several phyysics goals Desirable to enhamce physics reach @ RBO needs beng met

1) Large ton dunl-phase (PandaX 4T, L2, DarkSide 20k, Ao 2006, ANADNE, . )

—-_ R&D need being met 2) Light dark matier, solr axon. Onbb, rane nuckeiions and astro-pantcie reactions, Ba taggng)

3 RAD for 100-ton scake dus-ohase DMYeulnno expern ments
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Gaseous detectors: area and timing

M. Titov
. Upgrades to a number of MicroMegas (MM) Hybrid design THGEM + MM 405
systems used at the LHC for . =, X <.
tracking, muon spectroscopy " L et
and triggering have taken  ~ Eimmaaas 4 I Lo T
advantage of the === | * 18402
renaissance in gaseous Ams“ewlml,whee,s Lol
detectors (esp MPGDs) s T 1.£+00 T
« New generation of TPCs ' | single GEM/
® MM Detector

use MPGD-based readout: D
e.g. ALICE Upgrade, T2K, ILC "~

1.E-02
1995 2000 2005 2010 2015 2020 2025 2030

Year
CepC
» Gaseous detectors offer very competitive timing through e.g.
* Multi-gap Resistive Plate Chambers (down to 60 ps time resolution) (ALICE TOF Detector, Z.Liu, NIM A927 (2019) 396)
* An enabling emerging R&D: Micromegas with timing (PICOSEC concept)
Cherenkov radiator + Photocathode + MM ~ Timing (MIP test-beam):
o o & & @ e oy ‘ / ndf = 73.26 / 45
=S W X i - 4 ® p— — a o P g e - Many developments |
2o T : : : : : : : : Za0. pertrack | 1 wosssrim emerged from the R&D studies
é& DD ODOO®A ] Yoosais within the RD51 Collaboration
S ™ @ o @ PP g% f \
o 8 3 150 ,i §'
=< 100 ) \
50 .;". ~.t’.‘
ot —— B

26 2,65 27 2.75 2.8 2.85 29
Signal Arrival Time (ns)
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Gaseous Detectors: eco-friendly gases

*  92% of emission at CERN related to large LHC
experiments

» Thanks to gas recirculation GHG emission already
reduced by > 90% wrt. to open mode systems!

* Many LHC gas systems with gas recuperation

CERN strategies for GHG reduction

in particle detection

| | | 1
Optimization of : 2 :
! Gas Recuperation Alternative Gases Gas Disposal
current technologies

(CERN Strategies to reduce GHG emissions}

— Gas Recirculation  |— Pressure swing — To CoH2F4 GHG destruction
Particular attention Membrane l
[ to operation | separation B
P P Discarded
|__ Improved control |__ Cryogenic/cold L ToCF
and monitoring separation E
Short-term Long-term

Possible alternatives to GHG gases

New eco-friendly liquids/gases have been developed for industry
as refrigerants and HV insulating medium...
ionisation properties in particle detection not well known

ik i i
 C—(C—| | S - F
F ? (|: H 7 C(""F FS~F
F H - |
R134a R14
(C2HaFs) (CFy) SFg
GWP 1430 GWP 5700 GWP 23900
\ . Not in industry
¥ (tried by CSC)
};{ /&
F\ //C\ /
(,: ,C\ Hydro- Fluoro Olefin (HFO)
H FF L .
HFO-1234ze L 3M™ Novec™ 5110 3Mm Novec™ 4710
(CaHaFa) — hydrogen-containing (CF.C(O)CF(CF.).) ((CF),CFCN)
GWP 6 GWP <1 GWP 2100

» Alternative gases:
» Alot of work especially in RPC community to
search for alternative to C,H,F,
* Not an easy task to find new eco-friendly gas
mixture for current detectors

’ Detector Roadmap | Ayben Karasu Uysal | 4 December 2022

9




Gaseous detectors

- The DRDTs of Task Force 1 Gaseous detectors

DETECTOR RESEARCH AND DEVELOPMENT THEMES (DRDTs) &
DETECTOR COMMUNITY THEMES (DCTs)

<2030 2030- 2035- 2040-

2035 2040 2045

DRDT1.1 Improve time and spatial resolution for gaseous detectors with e e e
long-term stability

DRDT1.2 Achieve tracking in gaseous detectors with dE/dx and dN/dx capability =ie———e———
in large volumes with very low material budget and different read-out
schemes

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

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

> 2045

» The faded region acknowledges the typical time needed between the completion of the R&D phase and the
readiness of an experiment at a given facility.

» Stepping stones are shown to represent the R&D needs of facilities intermediate in time.

* It should be emphasised that the future beyond the end of the arrows is simply not yet defined, not that there
is an expectation that R&D for the further future beyond that point will not be needed.
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Liquid detectors

2030- 2035- 2040- Note: Developments in this field
« The DRDTs are <2030 2035 2040 2045 2085 ,re rapid and it is not possible
today to reasonably estimate the
DRDT 21 Develop readout technology to increase spatial and energy e e—— dates for projects requiring
resolution for liquid detectors longer-term R&D
DRDT 2.2 Advance noise reduction in liquid detectors to lower signal energy e 4
thresholds 4/
DRDT 2.3 Improve the material properties of target and detector components —f— e N
in liquid detectors :
DRDT 2.4 Realise liquid detector technologies scalable for integration in —f—p :
large systems .

Underground Dark Matter Experiments — small and rare signals
R&D for multi-ton scale noble liquids:

Target doping and purification
» Detector components radiopurity and background mitigation

« Several large-scale and many small-
scale experiments running or foreseen
with liquid detectors

ORE L]
CUPID He: HeRALD

QUEST-DMC
Phonons

y@: LE
LAr veto

CyFy: PICO
Ge: CDEX

lonisation NEXT. nEXO

NSEl

Ar: DarkSide

): Super-K

o
Photons

Xe: LZ, PandaX-4T, XENONNT, DARWIN
50, DarkSide-20k, ARGO

Ar: DEAP-3600
Xe: KamLAND-zen
XMASS

N

ARIA underground purification system

for argon (DarkSide-20k)

Rn distillation
column for
XENONnNT
(reduce 222Rn -
hence also 214Bj
@ - from pipes,
cables,
cryogenic

system)

UNO 03 heia
Hyper-K, KM3Net JUNO, LiquidO, SNO+, Theia, TAO

Modified from L. Baudis

Low-radioactivity argon: extraction (Urania plant,
330 kg/d), purification (ARIA facility, 10 kg/d)

Distillation columns for krypton and radon, material

DUNE, ArgonCube, MicroBooNE, SBN screening and selection, radon emanation
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Solid State Detectors

« Many different silicon detector technologies for particle tracking have been developed

over the last four decades: New Challenges iy

1
B

* Vertex detectors with low

* Silicon strips * CMOS MAPS
* Multiplexing ASICs » Silicon-on-insulator pixels . .
* CCDs » Vertical 3D integration mass, hlgh resolution (Target

e - ‘AN
DELPHI CDF per layer spatial resolution of

<3 pum and X/ < 0.05% for
FCC-ee), low power and high

E Hybrid planarrﬂpixels | B Depleted MAPS radia1t7ion harzdness (Up to
* Drift detect * Fast-timing detect o i
oeprer Sty 8x10"" ngy/cm= for pp-colliders)
[ C SO e | « Trackers: affordable sensors
, P. Aliport with low mass, high resolution,
Remarkable: every decade the instrumented areas have increased by a factor of 10 while the numbers low power
of channels in the largest arrays have increased by a factor of 100 « Large area and granular
« Solid state detectors more and more used for calorimetry and time-of-flight devices for calorimeters
» Detectors with ultra-fast
‘ 2030- 2035- 2040-
They lead to these DRDTs: <2030 o035 2080 2045 204 timing (O(10-100 ps)) for PID,
DRDT3.1 Achieve full integration of sensing and microelectronics in monolithic <o . 4 el TOF
CMOS pixel sensors
- DRDT3.2 Develop solid state sensors with 4D-capabilities for tracking and 5> & & B . Fu"y integ rated with
Solid calorimetry . .
state DRDT3.3 Extend capabilities of solid state sensors to operate at extreme & ® electronics, mechanics,
fluences .
DRDT 3.4 Develop full 3D-interconnection technologies for solid state devices -5 < == ] services, ...

in particle physics
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CMOS MAPS

* Monolithic sensors combining sensing and readout elements (DRDT 3.1)
« Example: For FCC-ee vertex detector targeting spatial resolution per layer of < 3um and X /x, < 0.05%, essential to
have low power. Plus radiation-hardness up to 8x10"ng,/cm? for pp-collider.

CMOS MAPS for ALICE ITS3 (Run 4): Radiation hardness of MAPS: From ALPIDE to MALTA/Monopix
(LOL CERN:LHCC-2010:010, M. Mager) with modified Tower Jazz 180 nm process
» Three fully cylindrical, wafer-sized layers based on curved —— TRANSISTORS —— —— TRANSISTORS ——
U|tl'a-thln SenSOFS (20_40 pm)’ air ﬂow Cooling n-well NMOS PMOS NMOS n-well n-well NMOS PMOS NMOS n-well
. Very IOW maSS, < 0.02'0.04% pel' Iayer - p-well well p-well ;‘} - p-well -
L2 88 AL 2 oy L A A L LU S SO
R A oV R A
coracattagerp. e DiRusion JINSTA12 (2017) P06008
MALTA & MONOPIX
TJ180nm Standard Process TJ180nm Modified Process

- Up to 97% efficiency after fluence of 1x10" ngy/cm? 1 pemegger

‘ o
o \Y
B S
Q’B

CRC
e

LASSENA i i iati
MIMOSA @ EUDET BeamTest  Large area: {S;S';':‘g‘;_h'ghe’ Cnia oI WRH e
Telescgpe > .3 nr iraeK stitching Hybrid technologies with thin, 3D-
resolution achieved INMAPS process

structures (columns/trenches) silicon
and/or high bandgap materials (e.g.
diamond) are mostly considered for really
50um pixel, waferscale high radiation environments.
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Silicon timing detectors

Sensors for 4D-Tracking: L GAD: Fill factor & performance improvements
position and time

resolution (DRDT 3.2) 2>
Development of Radiation
Hard Timing Detectors

(Low Gain Avalanche 3 . - . : . a .
Detectors) \Trench Isolation LGAD | !\ AC-LGAD ) [ Invers LGAD J L Deep Junction LGAD J

- Two opposing requirements ; DSO
+ Good timing reconstruction needs homogeneous signal ( i.e. no dead areas and homogeneous weighting field)
» A pixel-border termination is necessary to host all structures controlling the electric field

- Several new approaches to optimize/mitigate followed:

r N© N N N

 For LGADs, three main -
foundries (CNM, FBK, ﬂ :
HPK) and more producers

>_ Front segmented readout Front segmented readout

L P Extraction
e - Sieg

Lt S L, v
%|

taditonal gain 1solaton

!
¥
ki
I
|

« Time information hugely —AR————. =
beneﬁCIaI to Supress plle- = : Back: gain layer deep \T;Ze::;';rn::laet:tmdes
up in pp-collisions L wenches isolation (HD-LGAD) 3 L JL )

Concepts simulated, designed, produced and tested in 2018/19 ..new concept 2020
FBK 45-micron UFSD3.2 W13
Areas of LGAD developments within RD50 Collaboration: ol :

= Timing performance ( ~ 25 ps for 50 ym sensors) o -8 A
= Fill factor and signal homogeneity % N !
= Position resolution is about 5% of the distance between g .

electrodes O(5-15 um) (AC-LGAD) 2
= Radiation Hardness (~2x10'5 ng,/cm?) o i Y Al s
» Performance Parameterisation Model ' o .. N . il | Lo -

Bias [V]
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PID and Photon Detectors: RICHes

Examples of trends in proximity focusing aerogel radiator RICHes:

« Combination of proximity focusing RICH + TOF with fast new photon- « Use of focusing configuration, e.g.
sensors > MCP-PMT or SiPM using Cherenkov photons from PMT window ARICH (Belle), Forward RICH (Panda)
= o X' /ndf 2350 / 25
§ /-/‘ 85 7{ o
START Cherenkov photons 100 |- ;“ 7“4“7: Cherenkov photons P2
from aerogel P 41.22 from PMT window can
“F » 12| be used to positively
ok identify particles
o~ 37ps below threshold in
g aerogel
R e P. Krizan @INSTR2020 Focues
2 . H L ocusim
Cherenkov photons t T. Credo, 2004 IEEE NSS/MIC Noig?lu "’.;wa‘*_.':‘b,._g
Som FRT window nyph . Conference Record i »f“"# B, "
“ 20 30 0 50 0 56 50 3 3 %
- MR time [ 1bin=25ps] F ; - j}: - ;
* RICHes with proximity » Time-Of-Flight (TOF) * RICHes with focalisation: E e . 7
focusing: thin radiator (liquid, detectors: use prompt extended radiator (gas), S
solid, aerogel) and low Cherenkov light, fast gas mandatory for high momenta
momenta detector
2030- 2035- 2040-
<300 w2 e O
DRDTS: DRDT4.1 Enhance the timing resolution and spectral range of photon i & 3 =3
detectors
DRDT 4.2 Develop photosensors for extreme environments . 4 \ 4 @ . ]
DRDT4.3 Develop RICH and imaging detectors with low mass and high G %
resolution timing ° °

DRDT 4.4 Develop compact high performance time-of-flight detectors
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Quantum and emerging technologies

* Quantum Technologies are a rapidly emerging area of
technology development to study fundamental physics

* The ability to engineer quantum systems to improve on the
measurement sensitivity holds great promise

* Many different sensor and technologies being investigated:

clocks and clock networks, kinetic detectors, spin-based,
superconducting, optomechanical sensors,
atoms/molecules/ions, interferometry, ...

. Several initiatives started at CERN, DESY, UK, .

QUANTUM
TECHNOLOOV
INITIAT

Example: potential mass ranges that quantum sensing

approaches open up for Axion searches

Other
AXIONS WIMPS experiments
(lig (heavy) o
“table top" experiments riments
with quant llldmmnd
Potential gain in
sensitivity from 3 — »
improved quantum/~_
mic] FIMPS
technology Y o WIMPLESS
i DM ECFA
lumped e Detector R&D
chcuus dak mattdl Road
magnetic
resonance
atom
interferometers
10¢' 10% 10 10% 10% 1(l)° 1? 1?‘ 1(|)' 1?‘ 10 110“’

H————

| | I | |

1
I

aeV feV pevV neV peV meV eV keV  MeV GeV TeV PeV

Axion mass range

Dark Matter Wave

2030- 2035- 2040-

exploration of emerging technologies

29 | 2005 i 2000 |23 | P8
DRDTS5.4 Promote the development of advanced quantum sensing technologies -& & > D
DRDT5.2 Investigate and adapt state-of-the-art developments in quantum =3 R B
technologies to particle physics
DRDTS5.3 Establish the necessary frameworks and mechanisms to allow —

DRDT 5.4 Develop and provide advanced enabling capabilities and infrastructure i e
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Calorimetry

 R&D in calorimetry has a particularly long lead-time due to the duration of the stage for experiment specific final
prototyping, procurement, production, assembly, commissioning and installation

« DRDTs: 2030- 2035- 2040-
<2030 o035 2040 2045

.
.
.
e e
.
.

® 00 00 © seve e0ve ! -
B .

> 2045 e o Imemwie .

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

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

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

LN

00 00 900000 90000 000 - :

800 80 0 S

(AN

|
l-

ALICE FoCAL DRDT 6.1: The enhanced CALICE

Longitudinal segmentation
0 1 2 3 4 5

lectromagnetic energy and timin
© luti 9 trel © gyt ; t dg 4 Integrated front-end and digital electronics
resolution most relevant in next decade 15 layers with 15360 channels

for upgrades of ALICE and LHCDb. 2.1 mm (x11) and 4.2 mm (x3) tungsten

. ; Culmination of 10 years of prototyping
ALPIDE CMOS sensor based e Example. MAPS based SlW ECALS https://aitanatop.ific.uv.es/ai =
3cmx3cm area 24 layer stack

tanatop/siwecal-tb2021/

LICE

I da 8 &' & A & ?G},V“C‘ A G  event_display_coinc_xyz_7
i) ‘ | e

| TU T e r o o :
BRI oty

T. Peitzmann, H. Yokoyama: “Test beam o SR B | q P P e
performance of a digital pixel calorimeter”, = (e ",, =
‘ansamm ‘ LG lays ‘] T. Rogoschinski: “Simulation of a SiW Xipssezg 2 7 , ~.|
R pixel calorimeter”: TIPP 26/5/21 o T T Tl w0 80 2 euppe e o
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Calorimetry

DRDT 6.2: Particle Flow based on high granularity calorimeters particularly important for e*e- Higgs-EW-top factories
and to be considered for EIC. Separation of signals by charged and neutral particles in highly granular calorimeters.

i . : . From P. Allport
Optlons are: ‘ PFA Calorimeter I P

l

- Dual-readout (e.g. DREAM/RD52 SIW ECAL
Collaboration, FCC-ee IDEA): fgy from 2
absorber with combined scintillator parallel
plates for non-relativistic (hadronic)
component and Cherenkov for relativistic
(EM) component (PMMA fibres);

* High granularity LAr/LKr: LAr proven
technique but high granularity challenging;

* Finely segmented crystals (RD18 |§
Collaboration);

* Particle Flow based “tracking
calorimeter” concept with very fine sense
element segmentation for precise
reconstruction of each particle within the
jet. Up to ~100M channels and 10000 m?
active elements

With thanks for hell
to Roman Péschl,
Fabrizio Salvatore
and Nige Watson

DRDT 6.3: Extreme radiation hardness and pile-up rejection critical for FCC-hh in particular
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E I e Ct ro n I CS Microprocessor Transistor Counts 1971-2011 & Moore’s Law

* Main challenges: precision timing (ToF; 4D tracking), high 2600000000
granularity and resolution imply a cost in terms of data 1000000000
handling, processing, complexity and power. 100.000.000-

* Need latest advances in commercial microelectronics and
high-speed links (DRDT 7.1, 7.4, 7.5)

* However, very specific needs for HEP in e.g. radiation hardness

Curve shows transistor

10,000,000 - count doubiing every

1,000,000 -{ i

Transistor count

rance

or operation in magnetic fields with HEP at best a niche low 100000 ] g

volume market. | = Transistors/mm
» For example: Long time to develop radiation tolerance in 65 nm O(GRad) and - -

large cost = technology is not straightforward; - - - - -

Date of introduction
$580M

== . Increasing sophistication, entry cost
ST and complexity
sy ~ -> call for a change of approach
3 B! from the past with increased
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Chip Design and Manufacturing Cost under Different Process Nodes: Data Source from IBS*
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Integration

2030- 2035- 2040-

<309 | 2055 | 2000 | 208 | °WW
. D RDTS . DRDT 8.1 Develop novel magnet systems & @ s ®
. DRDT 8.2 Develop improved technologies and systems for cooling 3~ iy e &5
DRDT 8.3 Adapt novel materials to achieve ultralight, stable and high = =% %5 D
precision mechanical structures. Develop Machine Detector
Interfaces.
DRDT 8.4 Adapt and advance state-of-the-art systems in monitoring B B 2 <3

including environmental, radiation and beam aspects

* Investigation of novel superconductors for magnet systems as well as support of expert design capabilities and
modelling software for future experiments is vital.

» Cooling technologies for cryogenics and low-mass heat removal from on-detector electronics and semiconductor
sensors require dedicated R&D activities.

 Ultra low mass, stable, precision SATLAS
Fluid:Co, (two-phase)

mechanics and machine detector Coolant temp: -40°C
interface design are major topics metal

« Example: Pipe design ppe

CMOS pixel chip sensors, SOum

R&D d

hh collisions

High thermal conductive carbon plate 0

plastic
with embedded titanium pipes

ALICE ppe
Fluid: Water (leak-less)
Coolant temp: 18°C
R&D
e*e” collisions
High thermal conductive carbon
plate with embedded Kapton pipes

High thermal conductive carbon plate , peripheral or air cooling

C. Gargiulo
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Training for instrumentation

2030-  2035- 2040- .0, See “Results of the 2021 ECFA Early-

<2030
2035 2040 2045 Career Researcher Survey on Training in

il DCT1 Establish and maintain a European coordinated programme for training in —

Training instrumentation Instrumentation” ECFA ECR Panel
DCT2 Develop a master's degree programme in instrumentation — arXiv:2107.05739
Career level Knowledge nuggets for a career in physics instrumentation
:
: - -
& A structured training programme Sha" g‘ Bachelor Interaction of particles and matter Basics of programming Advanced
support the scientists in their career >
* Increase participation of young scientists, s — . _
. . . x c Master Informatics / programming
in particular graduate students, in leading- 5 @
edge instrumentation R&D, and to foster 2 J
growth of future HEP instrumentation experts d @ﬁ
who can compete for permanent positions g PhD
2
g oo L
- ,
2 | ]
: [[ ) —

Possible structure of a training plan recommendation

Personnel, retention and training of detector experts are detailed in the ECFA Detector R&D Roadmap as
mandatory to the success as well as the long-term health of experimental particle physics as a whole.
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Foreseen Timeline

« The Detector R&D Roadmap Task Forces will need to start organising open meetings to establish the scope and
scale of the communities wishing to participate in the corresponding new DRD activities from Autumn of this
year.

* (Where the broad R&D topic area has one or more DRDTs already covered by existing CERN RDs or other international collaborations
these need to be fully involved from the very beginning and may be best placed to help bring much of the relevant community together
around the proposed programmes.)

» Through 2023, mechanisms will need to be agreed with funding agencies, in parallel to the below, for country
specific DRD collaboration funding requests for Strategic R&D and for developing the associated MoUs.

« By Spring 2023, the DRDC mandate would need to be formally defined and agreed with CERN management; Core
DRDC membership appointed; and EDP mandate plus membership updated to reflect additional roles.

» To allow sufficient time for reviewing and iteration, DRD proposals will need to be submitted by early Summer 2023.
« Formal approval should be given by the CERN Research Board in Autumn 2023.

* New structures operational and new R&D programmes underway from beginning 2024.

« Through 2024, collection of MoU signatures will need to take place, with defined areas of interest per institute.

« Ramp up of new strategic funding and R&D activities 2024-2026 in parallel to completion of current deliverables.
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Summary

» The ECFA Detector R&D Roadmap has been prepared by a large team of internationally recognised leaders in this
area with access to a much wider pool of other instrumentation experts. It has been the product of wide
community consultation with very broad participation.

* The results of all the feedback have been implemented in the final 248 page version and additional non-expert 8
page synopsis which was formally approved by Plenary ECFA on 19t November 2021.

» Many technological challenges and several examples were presented in this talk > Highlighting the need for a lot
of further Detector R&D

 The Roadmap has been presented to the CERN Scientific Policy Committee and Council and has been very

well received, with the SPC congratulating the Roadmap Panel and endorsing the recommendations, creating
significant support and momentum for following up on its key recommendations.

» Detailed plans for the implementation of the Roadmap have been developed during 2022.

 New DRD collaborations, one per Task Force are proposed and a related review structure to set up an overall

framework to secure longer-term R&D resources and taking advantage of the multiple synergies across different
fields of detector development.
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ECFA

European Committee for

Thank you!
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Detector R&D Roadmap

GSR 1 - Supporting R&D facilities General Strategic Recommendations

It is recommended that the structures to provide Europe-wide coordinated infrastructure in the areas of: test beams, large scale generic
prototyping and irradiation be consolidated and enhanced to meet the needs of next generation experiments with adequate centralised
investment to avoid less cost-effective, more widely distributed, solutions, and to maintain a network structure for existing distributed
facilities, e.g. for irradiation

GSR 2 - Engineering support for detector R&D

In response to ever more integrated detector concepts, requiring holistic design approaches and large component counts, the R&D should be
supported with adequate mechanical and electronics engineering resources, to bring in expertise in state-of-the-art microelectronics as well as
advanced materials and manufacturing techniques, to tackle generic integration challenges, and to maintain scalability of production and
quality control from the earliest stages.

GSR 3 - Specific software for instrumentation

Across DRDTs and through adequate capital investments, the availability to the community of state-of-the-art R&D-specific software packages
must be maintained and continuously updated. The expert development of these packages - for core software frameworks, but also for
commonly used simulation and reconstruction tools - should continue to be highly recognised and valued and the community effort to
support these needs to be organised at a European level.

GSR 4 - International coordination and organisation of R&D activities

With a view to creating a vibrant ecosystem for R&D, connecting and involving all partners, there is a need to refresh the CERN RD programme
structure and encourage new programmes for next generation detectors, where CERN and the other national laboratories can assist as major
catalysers for these. It is also recommended to revisit and streamline the process of creating and reviewing these programmes, with an
extended framework to help share the associated load and increase involvement, while enhancing the visibility of the detector R&D
community and easing communication with neighbouring disciplines, for example in cooperation with the ICFA Instrumentation Panel.
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Detector R&D Roadmap

GSR 5 - Distributed R&D activities with centralised facilities

Establish in the relevant R&D areas a distributed yet connected and supportive tier-ed system for R&D efforts across Europe. Keeping in
mind the growing complexity, the specialisation required, the learning curve and the increased cost, consider more focused investment for
those themes where leverage can be reached through centralisation at large institutions, while addressing the challenge that distributed
resources remain accessible to researchers across Europe and through them also be available to help provide enhanced training
opportunities.

GSR 6 - Establish long-term strategic funding programmes

Establish, additional to short-term funding programmes for the early proof of principle phase of R&D, also long-term strategic funding
programmes to sustain both research and development of the multi-decade DRDTs in order for the technology to mature and to be able to
deliver the experimental requirements. Beyond capital investments of single funding agencies, international collaboration and support at
the EU level should be established. In general, the cost for R&D has increased, which further strengthens the vital need to make concerted
investments.

GSR 7 - “Blue-sky” R&D

It is essential that adequate resources be provided to support more speculative R&D which can be riskier in terms of immediate benefits
but can bring significant and potentially transformational returns if successful both to particle physics: unlocking new physics may only be
possible by unlocking novel technologies in instrumentation, and to society. Innovative instrumentation research is one of the defining
characteristics of the field of particle physics. “Blue-sky” developments in particle physics have often been of broader application and had
immense societal benefit. Examples include: the development of the World Wide Web, Magnetic Resonance Imaging, Positron Emission
Tomography and X-ray imaging for photon science.
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Detector R&D Roadmap

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

Innovation in instrumentation is essential to make progress in particle physics, and R&D experts are essential for innovation. It is
recommended that ECFA, with the involvement and support of its Detector R&D Panel, continues the study of recognition with a view to
consolidate the route to an adequate number of positions with a sustained career in instrumentation R&D to realise the strategic aspirations
expressed in the EPPSU. It is suggested that ECFA should explore mechanisms to develop concrete proposals in this area and to find
mechanisms to follow up on these in terms of their implementation. Consideration needs to be given to creating sufficiently attractive
remuneration packages to retain those with key skills which typically command much higher salaries outside academic research. It should be
emphasised that, in parallel, society benefits from the training particle physics provides because the knowledge and skills acquired are in high
demand by industries in high-technology economies.

GSR 9 - Industrial partnerships

It is recommended to identify promising areas for close collaboration between academic and industrial partners, to create international
frameworks for exchange on academic and industrial trends, drivers and needs, and to establish strategic and resources-loaded cooperation
schemes on a European scale to intensify the collaboration with industry, in particular for developments in solid state sensors and micro-
electronics.

GSR 10 - Open Science

It is recommended that the concept of Open Science be explicitly supported in the context of instrumentation, taking account of the
constraints of commercial confidentiality where these apply due to partnerships with industry. Specifically, for publicly-funded research the
default, wherever possible, should be open access publication of results and it is proposed that the Sponsoring Consortium for Open Access
Publishing in Particle Physics (SCOAP3 ) should explore ensuring similar access is available to instrumentation journals (including for conference
proceedings) as to other particle physics publications.
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