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Introduction

•Plan for this talk:  

• Touching upon material discussed in ECFA TF6 symposium 

• Connections with existing UK activities 

• Introduction to next talks 

•ECFA TF6 - Calorimetry. Some details:  

• Coordinators: R. Ferrari, R. Pöschl. Symposium held on the 7th of May 
2021 - 115 max concurrent users, 201 unique user connections 

• Full recording of the session here. 

• Questions from TF6 available here. UK response available here. 

• TF6 conveners’ input to plenary drafting session here
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https://indico.cern.ch/event/999820/
https://indico.cern.ch/event/999820/
https://videos.cern.ch/record/2766167
https://indico.cern.ch/event/957057/page/21912-questionnaires
https://sussex.box.com/s/ejnfw8iapkvw24qq2ryh0z7thkghb8dx
https://indico.cern.ch/event/1037113/contributions/4371990/attachments/2250724/3817894/talk-TF6-250521.pdf
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Calorimeter concepts

•Calorimeter community in UK small compared to, e.g., ID 
tracking community.  

•However, considerable efforts in recent past and present 
makes it relevant in international context. 

•Areas of UK involvement:  

• High-granularity calorimeters: 

• Si-based (Sci-based, Gas-based). 

• Optical readout calorimeters: 

• Crystal and fibre calorimeters 

• Noble liquid calorimeters
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High-granularity calorimeters
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Global challenges
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…while improving 
on, e.g., time 

resolution 
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High-granularity calorimeters
•Designed to ideally resolve individual clusters for, e.g., particle flow.  

•Actual implementation using different technologies (Si, scintillators, gas) 

•Silicon: flexibility and radiation hardness makes a good candidate in various 
conditions.  

• Initial linear collider design (CALICE) 

• Evolutions in hadron collider (CMS HGCal) and as beam monitor-forward calorimeters (FOCAL)
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Current prototypes:  
- 8 modules with embedded 
electronics  

- Total of about 30k channels 
Next step:  
pilot production prototype (1M 
channel fully integrated)  

Main challenge: production of 
many components and 
interaction with industry 
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CMS-HGCal

•A practical implementation of Si-based high-
granularity calorimeter 

• Challenges: very high doses (1016 neq/cm2), high 
occupancies and rates. High number of channels ⇒ 
power consumption ⇒ active cooling. 

• Timing as integral part of the readout  

• See talk from P. Dauncey, A-M. Magnan 

• UK involvement: Bristol, Imperial
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Timing

•5D view essential in high-pileup 
environments (e.g. vertex identification)  

•HG calorimeters have cell size/c ~tens 
of ps 

• Extreme time precision requires faster 
electronics ⇒ power.
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Present and future players 
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High Granularity Forward Calorimeters
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• FOCAL - Forward calorimeter for ALICE upgrade 
• See talk from N. Watson 
• UK involvement: Birmingham, RAL, UCL
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Not only silicon

•High granularity integrated tile 
calorimeters part of HGCAL 
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Optical readout calorimeters

13



UK contributions to CMS ECAL
UK institutes: Bristol, Brunel, Imperial College, RAL

3.2 m 
4 x 3662 PbWO4 crystals

From concept… …to reality

• UK has played a leading role in ECAL design, construction and operation
- UK led the design, construction & installation of ECAL endcaps (EE), in partnership with 

RAL TD
- RAL led development and testing of VPT photodetectors for EE (with Research Institute Electron, 

St Petersburg) and designed/operates the VPT High Voltage system
- UK involved in Lead tungstate crystal R&D, performance characterisation and calibration
- UK designed & manufactured radiation-hard, low noise front-end pre-amp ASIC for whole ECAL
- Crystal and photodetector expertise directly followed on from previous experience on LEP
- Almost 30 years of UK involvement in CMS and ECAL (from initial Letter of Intent)
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Crystals

•UK involvement (RAL, Bristol, Imperial, 
Brunel) with current CMS ECAL  

• See talk from N. Watson 

• See slides from D. Petyt attached to 
the agenda
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https://indico.stfc.ac.uk/event/316/sessions/283/attachments/566/975/cms_for_pptap.pdf
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ECAL crystals are capable of precise timing

• CMS ECAL crystals and APDs are 
capable of providing precise timing 
information
- intrinsic timing resolution: ~20 ps

• ECAL timing distribution system was not 
designed for sub-ns timing 
measurements
- achieved timing resolution is ~150ps, limited 

by timing distribution to front-end boards
• Phase-2 upgrade prioritises precise 

timing resolution
- Crystals and APDs will remain in Barrel
- ECAL will use a redesigned front-end preamp 

and ADC to minimise pulse shaping and over-
sample signal pulse

- dedicated timing distribution system to 
achieve 30ps resolution

- ageing (APD noise increase) gradually 
degrades performance

ECAL time resolution measured from test beam 

Phase-2 ECAL time resolution vs luminosity 
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Example of opportunities with crystals
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Example: opportunity with crystals 
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Dual readout fibre calorimeter 

19

UK involvement:  
University of Sussex
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Optical readout: challenges
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Noble liquid and gas calorimeters

•Challenges for future colliders:  

• increased granularity (high-density 
feed- th roughs , h igh-granu lar i ty 
electrodes) 

• Warm or cold electronics?  

• Timing resolution: dedicated timing 
layer?  

• UK involvement: University of Edinburgh
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Summary

•UK calorimetry community not very large, but with important 
activities on recent past, present and future calorimeters. 

•In this session:  

• High granularity calorimeters at colliders:  

• Paul Dauncey, Anne-Marie Magnan - HGCal (focus on UK 
involvement) 

• About future colliders: 

• Nigel Watson: UK ongoing R&D and perspective 
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For discussion

•Are the areas discussed appropriate? Is the involvement too 
small/big? 

•Potential for system construction? Milestones and 
demonstrators? 

•Connection with electronics and integration. 

•Framework of funding.
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