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Calorimetry:

Not technology driven

Must cover system aspects

Short-, Mid-, Long- (Very Long-) term vision

TF6 Mandate               
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TF6 Symposium               

Date:
7 May 2021

Agenda:
https://indico.cern.ch/event/999820/

https://indico.cern.ch/event/999820/
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TF6 Symposium (2)               
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TF6 Symposium (3)               
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Set of guidelines ready (as in backup slides)

Prepared sharepoint for interacting with speakers

Speakers responsible for collecting information/input from the 
community, nevertheless verify is happening

Two preparation meetings:

1st (~beginning of April) - check flow of information, spot 
problems, first pass of coordination

2nd - for each talk, discuss bulleted list of contents, check 
overlap, uncovered issues, ...

Process                     
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What the target ?
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DOE – Basic Research Needs for Detector R&D  

Higgs and Energy Frontier Timeline
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Few main pillars           

Improve:

Energy resolution(s) for precision EWK mass and 
missing-energy measurements (PRD 1)

→ new materials
→ PFA and dual-readout

High spatial granularity + timing and radiation hardness 
for high-rate environments (PRD 2)

Bkg rejection and PID with new ultrafast media (PRD 3)
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not so much surprising …
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not so much surprising …

you wonna:



17 March 2021 13

not so much surprising …

you wonna:
highly granular
highly precise
highly resistant
high-speed

detectors
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Input sessions on future facilities
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Input sessions on future facilities

High-resolution timing common issue followed by high 
granularity and radiation resistance
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HL-LHC (LHCb)    

Shashlik technology with doped crystal fibres
Rad-hard materials for fast timing
Fast and rad-hard SiPMs
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EIC ECal           

Different options for different regions:
crystals (PbWO

4
), Pb/scint or W/scint Shashlik

High-res important in backward arm
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LHeC                  

Technologies: ECal: Pb/LAr (or Pb/scint) - HCal: Pb/scint
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FCC-eh                  
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(Luciano Musa)

High-precision calorimetry

• High-resolution ECal typically requires crystals such as Lead Tungstate 
(PbWO

4
)

• Crystals are expensive, few vendors, QA issues, moderate production 
capacity, raw material shortage

→ R&D on scintillating glasses and other materials

Conclusions on e-h detectors                 
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Fixed target experiments      

Development of rad-hard compensating calorimeters



17 March 2021 22

Linear Colliders                   

Hadronic resolution (both stochastic and constant term) with PFA
Technology: Si/scint (RPCs)
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Linear Colliders (2)                   

CLIC at 3 TeV poses moreover rad-hard issues
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Linear Colliders (3)                   

Frank Simon’s conclusions
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Circular e+e- Colliders (Belle II)              
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Circular e+e- Colliders (EWK factories)            

keys: resolution, granularity
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EWK factories (2)                

technology: all possible solution are in



17 March 2021 28

Circular e+e- Colliders – Mogens’ selected issues
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FCC-hh                 

Hadronic resolution (good stochastic term, ALAP constant term), 
granularity, rad-hardness, pile-up rejection …
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FCC-hh (2)                 

Technology: Pb/LAr (options W, Cu and LKr, but also Si/W)
Mechanics (electrodes), granularity, timing (pile-up soppression)
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FCC-hh (3)                 

Technology: steel+tiles (barrel), LAr/Cu or LAr/W (endcap)
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FCC-hh (4)                 

Martin’s R&D list for calorimetry
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Muon Collider                    

Main issue: Beam-Induced Background (BIB)
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Muon Collider (2)                    

Technology: Si/W (ECal) + Si/iron (HCal) with high granularity
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Muon Collider (3)                    

Other options: crystals + SiPMs
R&D on rad-hard fast crystals (synergies with KLEVER + LHCb …)
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Muon Collider (4)                    

Rad-hard, high energy and timing resolution, high longitudinal and 
transverse segmentation
Technology: scint + gas detectors optimised for fast timing
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Rare decay searches            

Kaon exp. @ CERN SPS and J-PARC (KLEVER and KOTO):
5D calorimetry and vetoes

excellent efficiency and time resolution (~100 ps)
good two-cluster separation (time-resolved particle flow)
rad hardness for small-angle veto
KLEVER calorimetry readout system:
free-running, very fast response, 100 MHz readout

Charged lepton flavour violation (Mu3e, COMET, Mu2e-II, TauFV):
sinergic with LHCb upgrade II
rad-hard (>100 Mrad), high-rate (~450 MHz) environment
high time (< 100 ps) and energy resolution
longitudinal shower sampling
spatial and pointing resolution
time-resolved particle flow

Possible options (TauFV):
1) W + rad-hard GAGG fibres
2) (YAG or GAGG) Crystals with (optional) longitudinal readout
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Low-energy facilities          

Speaking of PSI, GSI/FEAR, KEK, ELENA, COSY, ESS

μ-calorimeters based on superconducting Transition Edge Sensors (TES):
▪ Energy (sigma): 2.5 eV @ 6 keV, 1.0 eV @ 500 eV

(to be compared to 150 eV @ 6 keV for Ge)

increase active surface (> 104 channels)
improve energy resolution (1 eV @ 5 keV)
improve recovery time to few tens μs
improve time resolution (< 100 ns)
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Backup
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The talks should explicitly cover technical progress we can expect in 20+ years from now
Note that the European Strategy Update1 expresses itself on projects that start either in 20-40 years from 
now (FCC, Muon Collider) or, if starting earlier, that will have a very long research program (DUNE, 
LHC after LS4, ILC)

R&D on calorimeters has always to take system aspects into account !
• This distinguishes a bit the Calorimeter-symposium from the others

• Calorimeters imply interplay between absorber, sensitive material, electronics and mechanical structures
• Need to find the right balance between being visionary and realistic
• When presenting R&D results or describing future R&D, please keep in mind how to translate 

testbench results into calorimetric systems
• Where possible/applicable describe test beam plans and the scale of the devices/prototypes that should 

be tested

Try to identify (potentially) important issues that are not covered by any current plan

How do you consider (to the best of your knowledge) the step from prototypes to full systems?
• Which level of cooperation with industrial partners?
• Which level of “in house” contributions?

Guidelines – General remarks             

1https://home.cern/sites/home.web.cern.ch/files/2020-06/2020%20Update%20European%20Strategy.pdf

https://home.cern/sites/home.web.cern.ch/files/2020-06/2020%20Update%20European%20Strategy.pdf
https://home.cern/sites/home.web.cern.ch/files/2020-06/2020%20Update%20European%20Strategy.pdf
https://home.cern/sites/home.web.cern.ch/files/2020-06/2020%20Update%20European%20Strategy.pdf
https://home.cern/sites/home.web.cern.ch/files/2020-06/2020%20Update%20European%20Strategy.pdf
https://home.cern/sites/home.web.cern.ch/files/2020-06/2020%20Update%20European%20Strategy.pdf
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Describe what exists now as “state of the art”

At which target facilities (if applicable)? (if in running experiment, please mention explicitly)

Specify distinguished features of the target application (high rate, low rate, energies …)
... and feedback on this current state of the art

Please mention the present technological limits

Who are the main players of the developments? (e.g. approved experiments, R&D Collaborations)

Guidelines – State of the art                 
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Guidelines – What are foreseeable next steps?    

Plans of existing collaborations and/or experiments?  

Major breakthroughs that are necessary to achieve the proposed goals?
Otherwise said: are there radical steps needed or is it a rather gradual development?

Mention risks and alternatives
• Is there a risk that an experiment will find itself without a validated calorimeter concept?

 Or, if applicable, a technical problem that requires sizeable redesign?

Is the infrastructure available (in Europe in particular, but also worldwide) sufficient to incorporate 
quickly new ideas and developments? In terms of:

• Collaborative structures
• Modular prototypes, test benches, technical know-how (it is very important to understand which 

know-how needs to be preserved or newly acquainted)

In principle this/these slide(s) will yield the prioritisation in the Roadmap. 
So this is the most important part!  
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Possible further R&D on hardware?
I.e. Detectors, sensors, front-end electronics, data transfer/trigger/DAQ etc.?

Possible further R&D on software/simulation?

Possible further R&D about new analysis architectures/strategies?

Guidelines – What is not covered in the present & foreseen R&D 
plans?
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Guidelines – Synergies among HEP Projects            

Even if target application may call for diverging solutions
• Are there still overlaps to exploit synergies?

Common development teams
• Are there development teams that work for different target applications? e.g.: IN2P3-OMEGA 

works for both HL-LHC and future e+e- colliders
• Experience and ways to encourage communication within institutes where different 

developments are carried out

Is too specific funding (i.e. too project-oriented funding) a bottleneck for synergies?

Applications to other HEP-Projects (e.g. Collider experiment ↔ fixed target)    
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Guidelines – The look over the fence               

Developments in neighboring fields (Nuclear Physics, Astroparticle physics)
• E.g. Xtals for EiC, Liquid Scintillators for Neutrino Experiments

Synergies with applications beyond fundamental science
• In the past our developments were useful for medical applications, vulcanology ...
• What will be in the future?

• Pattern recognition in highly granular calorimeters?
• High level reconstruction in front end electronics?
• Your bright idea ...

Societal impact of our work
• Can we contribute to solutions for limiting climate change?

• Your bright idea ...
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