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Contents
• The workshop happened last week, Thursday and Friday.            

http://iasprogram.ust.hk/hep/2019/workshop_cc.php  

• It was roughly divided in the following parts: 

• Beam energy and backgrounds 

• Vertex detectors 

• Trackers 

• Calorimeters 

• I will try to do the summary in the same order
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http://iasprogram.ust.hk/hep/2019/workshop_cc.php


Physics requirements 
Future experiments and detectors

!3

Paolo GIACOMELLI

Higher luminosity for circular colliders 
Higher energy for linear colliders

CLD

IDEA

ILD-like



Physics requirements
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Paolo GIACOMELLI



Beam energy calibration
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Nikolai MUCHNOI

From FCC-ee CDR



Beam background
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Georgios VOUTSINAS

Very small backgrounds



Synchroton Radiation Background
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• A fraction of the last bend and Quad produced SR scatters 
off the mask and showers into the detector area  

• Full simulation studies of SR effect on FCCee detectors 
showed that proper shielding, it can be reduced to almost 
negligible levels 

Georgios VOUTSINAS



Bremsstrahlung induced background
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Georgios VOUTSINAS

ee pairs in these 
rectangles reach 
typical VXD



Vertex detectors
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Massimo CACCIA



Vertex detectors: 
readout rate
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Massimo CACCIA

CEPC Beam Induced Background at VXD

Fast reading → More power dissipated (CEPC current estimate <150 mW/cm²)



Vertex detectors: 
cooling
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STAR tracker @RHIC (operational) 
170 mW/cm², air cooled

CLIC-ILD conceptual design 
50 mW/cm² (power pulsing)

Massimo CACCIA

Rafael LOPES DE SA

LHC	CMS	
Detector	
Upgrade	
Project	

§  Disk structure thermal qualification with IR camera 
§   Fast, relatively easy, complete coverage 
§  Half disks are thermal cycled after embedding of  loops (30 times -40ºC to 

+40ºC), and then thermally tested at full end-of-life heat load (3W/module). 
 

Stefan	Grünendahl,		July	2017	 Forum	on	Tracking	Detector	Mechanics	 17	

Lessons Learned: QA/QC 

Green:	out	of	
range;		
Non-green:	
within	target	
temperature	
range	

CMS FPIX (operational) 
700 mW/cm², 2-phase CO2 cooled

ATLAS ITk Inner System (design) 
700 mW/cm², 2-phase CO2 cooled

ALICE ITS (to be installed soon) 
x/X0 = 0.3% (not good enough 
for CEPC) 
100 mW/cm², liquid cooled



Vertex detectors: 
new ideas
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Massimo CACCIA

Ladislav ANDRICEK

Rafael LOPES DE SA

Microchannel cooling
Polyimide supports

SiC foam support



Trackers: full silicon
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Emilia LEOGRANDE

CCLD Tracking Performance



R&D for future  
silicon trackers and vertex detectors

!14

Emilia LEOGRANDE

Integrated HR-CMOS Monolithic SOI sensors



PID with Silicon Trakers
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Wei-Ming YAO

• Pros: PID will help jet-charge and flavor tagging. 
• Cons: Additional material budget to degrade the detector 

performance. 

Do we need to 
go all the way to 
50GeV?



Trackers: drift chambers
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Francesco GRANCAGNOLO

IDEA Drift Chamber (CEPC and FCC-ee)



Drift chamber - performance
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Barrel Forward PID with dN/dx and timing

Good PID with cluster 
counting and timing

Francesco GRANCAGNOLO



Drift chamber structure
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Wire tension compensationVery light wire cage structure

Francesco GRANCAGNOLO



Trackers: TPC
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Huirong QI



TPC trackers:  
technologies

DESY GridGEM

SACLAY Micromegas

Gridpix: “digital TPC”
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Paul COLAS



TPC trackers:  
technologies (2)
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Huirong QI



TPC trackers:  
Ion Back Flow (1)
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Huirong QI



TPC trackers:  
Ion Back Flow (2)
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Paul COLAS

Piotr GASIK



Calorimetry 
EM high granularity calorimeter
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Jean-Claude Brient
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Calorimetry 
EM SiW calorimeter Jean-Claude Brient



Calorimetry 
EM crystal calorimetry
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Sarah ENO



Calorimetry 
HAD high granularity calorimeter
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Jianbei LIU



Calorimetry 
HAD high granularity calorimeter
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Jianbei Liu

RPC HCAL 
Prototype

SDHCAL 
Prototype

Sci-AHCAL 
Prototype



Dual readout calorimetry
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Roberto FERRARI

Hadron resolution



Conclusions
• Intense two days about detectors for future circular e+e- colliders. 

• Vertex: 

• Very strict requirements may require new mechanical designs to keep material under x/X0 < 0.1% 
per layer. 

• Tracker: 

• Both silicon, TPC and drift chambers are potential solutions for  future detectors. 

• Strict requirements for momentum resolution and PID 

• Calorimeters: 

• High granularity is a requirement for particle flow reconstruction. 

• EM calorimeter based on Si+W has excellent segmentation. Homogeneous crystal calorimetry with 
dedicated timing layer is an option with excellent resolution. 

• Dual readout calorimeters are an attractive possibility with SiPM readout.
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