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See also: 

P. Allport - Detector R&D Roadmap - Plenary ECFA

D. Newbold - Accelerator R&D Roadmap - Plenary ECFA 

S. Kühn - Overview of detector R&D - Lepton-Photon 2021

https://indico.cern.ch/event/1085137/contributions/4562906/attachments/2349055/4006852/Plenary%20ECFA%20Detector%20R&D%20Roadmap.pptx
https://indico.cern.ch/event/1085137/contributions/4562905/attachments/2349309/4006917/LDG_Update_211118.pdf
https://indico.cern.ch/event/949705/contributions/4575435/attachments/2372982/4052970/DetectorRDOverview_LP2022_SKuehn.pdf
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The roadmapping exercise
•The physics case for new collider facilities is spelled out quite clearly: 


• Precision Higgs/EW/Top physics, dark matter, naturalness (hierarchy, but also strong CP phase) - and all this 
assuming no deviation from SM at (HL-)LHC. 


•The role of ECFA (European Committee for Future Accelerators) and LDG (Laboratory Directors 
Group) is to bring the community to a decision about the “best” direction. 
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•However, “best” must take into account 
technology and resources availabilities, 
timelines, costs.


•Where does the community want the field to 
go? Discussed in the update to European 
strategy (2020).


•Do we need more information? How do we 
get there? The roadmapping exercise is 
about putt ing names on the roads, 
distances, and, in some case, costs. 

https://europeanstrategyupdate.web.cern.ch
https://europeanstrategyupdate.web.cern.ch
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The European Strategy Update

•The roadmapping exercise comes following explicit 
recommendations of the EPPSU. From the deliberation 
document: 


• “The European particle physics community must intensify 
accelerator R&D and sustain it with adequate resources. A roadmap 
should prioritise the technology, […]. Deliverables for this decade 
should be defined in a timely fashion […]”


• “[…] Detector R&D programmes and associated infrastructures 
should be supported at CERN, national institutes, laboratories and 
universities. […] 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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Which roadmaps?

•Each document developed by a dedicated panel of experts


•Panel chairs: D. Newbold (RAL) for accelerators, P. Allport (Birmingham) for detectors. 


• More details about panel composition in the documents and here
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European Strategy for Particle Physics 
- Accelerator R&D Roadmap

The 2021 ECFA Detector Research and 
Development Roadmap (+ Synopsis)

https://indico.cern.ch/event/957057/
https://e-publishing.cern.ch/index.php/CYRM/issue/view/146
https://e-publishing.cern.ch/index.php/CYRM/issue/view/146
https://cds.cern.ch/record/2784893
https://cds.cern.ch/record/2784893
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A collective effort

•Interaction with the community ensured by the panel members 
and well-attended symposia (+ consultation surveys for detectors)
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Example: attendance to the detector panel symposia, spring 2021

•In UK: interaction happening also through the Particle Physics Technology Advisory 
Panel (PPTAP - more details tomorrow)


•Created to draft UK response/policy document while gathering input for the 
European process. 


•For detector roadmap, I.V. acted as national contact (gathering survey responses 
and comments on roadmap document drat). 
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Accelerator roadmap 
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•Scope: define a programme to enable a 
communi ty dec is ion about next 
accelerator facility for next EPPSU.


•Questions to be answered: 


• What R&D is missing? Priorities?


• Timeline and cost, alternative solutions 
and trade offs


• Interdependencies and conflicts


• Intermediate science output.


•Time-span: 5 to 10 years 


•Planning: 


• Varying “readiness”, from engineering to 
emerging technology


• Three baseline funding scenarios (Nominal, 
Aspirational, Minimal) considered. 
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High-Field magnets 
•Magnetic field strength and target energy 

define the required field strength. 


•High-energy frontiers requires high-field 
(16 T and above) magnets: 


• Nb3Sn promising. Need to improve in 
reliability, robustness, cost while improving 
performance . R&D steps with quick 
intermediate turnaround demonstrators 
defined (for conductors and full magnets).


• High-Temperature Superconductors can 
increase field further, but a longer way to go 
to achieve a full-scale system.
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RF Structures

•Radio-frequency cavities are the 
“accelerating” component of an 
accelerator. 


•RF power a significant fraction of 
the wall-plug power cost of an 
accelerator


• Emphasis on efficiency crucial for a 
“green” accelerator facility.


•Requirements vary depending on 
the facility one has in mind. 
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In general, main R&D aimed at: 

• Maximising efficiency and optimisation of the 

system. 

• Industrialisation for assembly and tuning. 

• Diagnostic and feedback mechanism 

• Development of new materials and structures
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Plasma/Laser acceleration

•Very hot topic, with s ignif icant 
investment. 


•However, still in a development phase 
from a particle physics perspective.


• Potential: accelerations of 10s GeV/m 
demonstrated (100-1000 better than RF).


• Still to be demonstrated: simultaneous 
achievement of gradient, energy gain, 
c h a r g e , s m a l l e n e r g y s p r e a d , 
emittance, etc.


•Proposed R&D following three pillars of 
f e a s i b i l i t y / p r e - C D R , t e c h n i c a l 
demonstrat ion, integration and 
outreach.
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Muon beams and ERL
•Muon colliders can deliver high CM 

energy with efficient use of power.


•However muons decay: challenges with 
muon cooling cells, neutrino radiation, 
technology for magnets (quick ramp-
up) and RF (operations in high magnetic 
field and low temperature). 


•Benchmark defined on a 10 TeV collider, 
possibly with an intermediate 3 TeV. 
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•In an ERL, the electron energy is “recycled” 
after the beam use. 


•One can achieve high beam power with 
moderate RF power ⟹ promising way to 
“green” ee or eh machines.


•Need to gain one or more orders of 
magnitude for the future needs. 


•R&D largely done using existing facilities. 
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Accelerator Summary and Recommendations

•The document identifies a set of common themes, and gives 10 
general recommendations: 


• They recommend to maintain a broad front of R&D, with funding at least 
corresponding to the minimal scenario. There should be room for novel 
developments as well. 


• Prompt scientific exploitation should be emphasized where possible.


• Environmental (but not only) sustainability should be a primary consideration. 


• Links and collaborations between different European laboratories and with 
industry are key: industrial norms should be adopted to widen the 
applicability of new developments


• Training and professional development of accelerator physicists is a key 
factor in sustaining a vibrant and productive field.
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Accelerator coordination structure
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Detector R&D roadmap 
•Given the future physics programme, identify the main technology R&D to be met so that 

detectors ar not the limiting factor for the timeline.


•Detector context considered: 
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•Full exploitation of LHC 

•Long baseline neutrinos

•Detectors for future Higgs-EW-Top 

factories (in all manifestations)

•Long term vision for 100 TeV 

hadron collider

•Future muon colliders

•Accelerator setup for rare decays/dark 

matter

•Experiments for precision QCD 

•Non accelerator experiments (reactor 

neutrinos, double beta decay, dark 
matter) 
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Structure of the document
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•DRDTs define for each area the theme or 
R&D to be performed. 
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Structure of the document
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•DRDTs define for each area the theme or 
R&D to be performed. 
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Solid state detectors

•Some of the challenges to be 
met: 


• V e r t e x d e t e c t o r - h i g h 
resolution ( ), low mass 
( , already for 
e+e- colliders), low power and 
high radiation hardness (up to 
~1018 neq/cm2 fo r hadron 
colliders). 


• Trackers: reliable affordable 
sensors - low power


• Calorimeters: large-area, and 
affordable


• Time resolution of 10-100 ps for 
PID/ToF


• Integrated, etc. 

≤ 3 μm
X /X0 < 0.05 %
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Solid state detectors - technologies

- CMOS MAPS provide high spacial resolution 
and small material (integrated circuitery)

- Used in a number of experiments - current time 
resolution ~ 100 ps, rad tolerance up to 1x1015 
neq/cm2 (Malta Monopix with modified TowerJazz 
(180 nm) 

- Main R&D items: 


- Smaller pixel pitch 

- Stitching for large areas

- Increased radiation hardness and reduced 
power consumption
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- 4D tracking (adding precise time information) a 
necessity in high-pileup configurations


- Low Gain Avalanche Detectors can achieve 
~20 ps for 50  sensors for O(10 ) resolution 
and 1015 neq/cm2  radiation tolerance

μm μm

From JINST 13 C03014 (2018)

- Thin and 3D silicon sensors operated at ~1016 neq/
cm2. Non-silicon sensors (diamond for example) 
target to achieve resistance to extreme fluences. 

Bent sensor wafers for ALICE upgrade Taken from M.Mager, IAS Program on 
high energy physics

Diamond sensor bonding, taken from http://dx.doi.org/10.1016/
j.nima.2015.03.033

https://iopscience.iop.org/article/10.1088/1748-0221/13/03/C03014/pdf
https://indico.cern.ch/event/1096427/contributions/4671383/attachments/2372160/4051464/2022-01-13_HEP2022-bentMAPS.pdf
https://indico.cern.ch/event/1096427/contributions/4671383/attachments/2372160/4051464/2022-01-13_HEP2022-bentMAPS.pdf
http://dx.doi.org/10.1016/j.nima.2015.03.033
http://dx.doi.org/10.1016/j.nima.2015.03.033
http://dx.doi.org/10.1016/j.nima.2015.03.033
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Gas and liquid detectors
•Gaseous detectors ideal for large-area 

coverage with low material budget.

•Good timing performance ⟹ suited for 

TOF, etc. 

•Micro Pattern Gas Detectors (in their 

different forms) widely used in LHC 
upgrades (ATLAS NSW, CMS GEM, etc.) 


•Eco-gas a priority for future collider needs.
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•Liquid detectors: a rapid development 
field, shorter period of R&D outlined.


•Main liquid detector challenges: 

•Readout: spacial resolution, low-

energy threshold.

•Multi-ton, high-purity experiments (e.g. 

DM direct searches) target doping, 
purification, components radiopurity.
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•Quantum sensors promise to have 
significant impact on particle 
phsyics. 


•Many different technologies being 
considered/developed (clocks, spin-
based sensors, superconducting 
electronics, 3D microwave 
cavities,optomechanical sensors, 
interferometry)
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SiPM flexible and cheap. Will be used in LB neutrino 
experiments and colliders applications. 


Main R&D items: extension of efficiency to near UV, 
reduction of dark count, increased radiation hardness.

MCP-PMT and LAPPD good candidates for large area 
coverage, but at the moment expensive (also need to improve 
magnetic field tolerance) 

Particle identification used on a variety of different 
experiments (LHCb RICH upgrade is one example)

PID, photodetectors and quantum 
technologies
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Calorimeters

DRDT 6.1 - example MAPS 
based FOCAL EM calorimeter 
R&D for ALICE forward 
calorimetry  (SiW calorimeter - 
exploring hit counting)
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DRDT 6.3 - connection with 
electronics and solid state 
detectors - design of a 4D 
calorimeter (including timing)

DRDT 6.2 - Different approaches (high-granularity 
Si or scintillator based, crystal- or fiber-based dual 
readout, LAr) - largely complementary 
technologies (with different R&D challenges) 

Duaal readout EM prototype
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Electronics and integration

•Main challenges on electronics: high granularity and 
resolution, precision timing, etc. imply a cost in 
processing and eventually power ➞ need latest 
advances in high-speed links and microelectronics.


•However very specific need for PP in terms of, e.g., 
radiation hardness.


•Call for a change of approach from the past with 
increased coordination around Europe
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•Detector magnetic system development, including expert design and modelling software is a 
priority for almost all future experiments/facilities. 


•Cooling technologies to improve efficiency and reduce amount of material  (micro-channeling, 
improved air flows, etc.)


•Ultra low mass precision mechanics for machine/detector interface. 

https://indico.cern.ch/event/1001692/contributions/4215289/attachments/2215392/3750382/ECFA_ASIC_Rivetti.pdf
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Training

21
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•Training for a career in physics instrumentation is a key element (especially given the 
timescale of the projects). 


•Specific recommendation  for the development of an education programme in 
instrumentation 

https://indico.cern.ch/event/1001692/contributions/4215289/attachments/2215392/3750382/ECFA_ASIC_Rivetti.pdf
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Generic strategic recommendations 
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•The document gives 10 General Strategic Recommendations (GSR - see 
details in the backup): 
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General strategic recommendations

23
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Summary 

•The scale and complexity of the next big particle physics facility requires 
a common ground for R&D at European level. 


•ECFA and LDG roadmaps have defined the landscape of future R&D in 
Europe:


• To define short- and mid-term goals to help decision making process in the 
context of the European strategy. 


• To define a broad and versatile R&D programme that can meet the challenges 
(not only technological) of the next decades. 


•The roadmaps emerge from a thorough consultation process with the 
community. 


•The UK research landscape is largely aligned with the roadmaps (and in 
many cases it is one of the driving forces).


• Dedicated discussion in town hall meeting tomorrow on UK internal process(es). 
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Accelerators - recommendations
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Accelerators - recommendations
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Muon beams

•Muon colliders are interesting because they can deliver high CM energy with efficient 
use of power.


•However muon decay: chal lenges with muon cool ing cel ls , neutr ino 
radiation,technology for magnets (quick ramp-up) and RF (operations in high 
magnetic field and low temperature). 


•Benchmark defined on a 10 TeV collider, possibly with an intermediate 3 TeV. 

28
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Energy Recovery Linacs

•In an ERL, the electron 
energy is “recycled” after the 
beam use. 


•One can achieve high beam 
power with moderate RF 
power. 


•Need to gain one or more 
order of magnitude (or more) 
for the future needs. 


•R&D largely using existing 
facilities. 
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Overview of estimated costs
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RF resource

32



I.Vivarelli - European R&D Roadmaps - IoP 2022 - 3-6 April 2022  

Laser/Plasma acceleration
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Muon collider
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Energy Recovery Linacs
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Community consultation
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Photon sensors - Particle Identification
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Particle identification touches upon a number of different detectors used 
on a variety of different experiments (LHCb upgrade is one example) SiPM a flexible and cheap 

photon detector needed in LB 
neutrino experiments as well as 
colliders applications. 


Main R&D items: 

- extension of efficiency to near 

UV

- Reduction of dark count, 

- Increased radiation hard

MCP-PMT and LAPPD are good 
candidates for large area 
coverage, but at the moment 
expensive (and not necessarily 
tolerant to high magnetic fields) 
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20/01/2022 Detector R&D in Support of the European Strategy for Particle Physics: :  Phil Allport  13 

ECFA Detector R&D Roadmap 

Plenary ECFA presentation at https://indico.cern.ch/event/1085137/contributions/4562906/ 
attachments/2349055/4006852/Plenary%20ECFA%20Detector%20R%26D%20Roadmap.pptx 
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20/01/2022 Detector R&D in Support of the European Strategy for Particle Physics: :  Phil Allport  14 

ECFA Detector R&D Roadmap 

Plenary ECFA presentation at https://indico.cern.ch/event/1085137/contributions/4562906/ 
attachments/2349055/4006852/Plenary%20ECFA%20Detector%20R%26D%20Roadmap.pptx 
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20/01/2022 Detector R&D in Support of the European Strategy for Particle Physics: :  Phil Allport  15 

ECFA Detector R&D Roadmap 

Plenary ECFA presentation at https://indico.cern.ch/event/1085137/contributions/4562906/ 
attachments/2349055/4006852/Plenary%20ECFA%20Detector%20R%26D%20Roadmap.pptx 
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Gaseous detectors
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Liquid detectors
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Photodetectors and PID
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Quantum and emerging 
technologies 
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Calorimeters
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Electronics and Data Processing
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Integration 
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