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Collider detectors – Basic facts

Hadron-hadron collisions 
e.g. LHC 

e+e- collisions

- Busy events
- Requires clean filtering 
  Hardware and software
  

- Clean events
- Full event reconstruction
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Detector systems – hadron colliders
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Detector systems – ep colliders

Asymmetric detector that shares features with pp-detectors
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ATLAS ITK – See talk by Abdenour

How should ATLAS-ITK-FCC-hh look like?
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Readout of “modern” calorimeters I - Optical

Silcion photomultipliers have many 
applications Inside and outside of 
particle physics

- Calorimeters for future e+e- colliders
  Tile Hcal, Dual readout, 
   Scintillator Ecal  

- HL-LHC Calorimeters

- Medical applications
  e.g. Endoscopie 

~2007

~2017

Huge step in quality of SiPM in
last decade

- ~Since 2003 MePHI/Pulsar (RU)
- ~Since 2006 Hamamatsu
-  Recently Chinese producers
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Si Wafer Prototypes

Test beams Real size layers

Long layer
~1.5m

Important lessons
for detector 
construction

Readout of “modern” calorimeters II - Semiconductor
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Challenges @ high energy hadron colliders

More energy:
Size of detector scales with energy
e.g. 100 TeV FCC-hh ~ 7x LHC
=> ATLAS-FCChh ~ 2xATLAS-LHC?

New absorber material?
New techniques to estimate shower energy?
Innovative mechanical structures?
Higher (alternative) magnetic fields?

??

Better pile-up mitigation?
More agressive timing – fs?
Where are limits?
Even higher granularity in calos
-> See later

Radiation levels
Even cooler environment 
(e.g. HGCAL CMS operates at -30o)
Minimisation of occupancy? 

- Which design is required by (potentially) new physics
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       Energy resolution of Si Detectors

A potential drawback may be the moderate electromagnetic
energy resolution realistically achievable: ΔE/E 15 ~ 20% / √E

well matched to boosted  kinematics of particles and jets in the End-
Cap acceptance

but possibly sub-optimal for lower pT objects in central Barrel region
The EM energy resolution is strongly afected by Landau
fuctuations of MIP energy deposits in the silicon

Directly counting MIPs may allow to substantially improve on this

Could MAPS detectors be a potential break-through for SiW
calorimeters?

Potential for improved performance, reduced power, lower costs?
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       CMOS Pixel sensors

10

Wafer-scale integraton possible due to sttching

Would ease assembly of large areas

Has serious design implicatons 

One fab in a foundry: 1Mwafers/year, for ALICE (10 m2) 1.4 kwafers
(200 mm), volume capability ok even for signifcantly larger areas

14.5 cm

Courtesy: N. Guerrini Rutherford Appleton
Laboratory

e.g ALPIDE Sensor for ALICE Tracker Upgrade: Pich 30x30 um2

Terachannel calorimeters???
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Micro Pattern Gas Detectors
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MATHUSLA

                                 
  
                 
                                     

 
 

Baby Mathusla

Hands on experience for
young students and 
postdocs
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Backup
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