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Evolution of experiments and technology

ALEPH 1990 ATLAS 2010Gargamelle 1970 CMS upgrade 2030



Evolution of detectors and readout electronics

CdLT  10ans Higgs  9 sep 2022 3

ALEPH 1990 ATLAS 2010Gargamelle 1970 CMS 2030



How to « see » the Higgs boson ?
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• Challenging LHC

– High energy 14 TeV

– High collision rate : 40 MHz

– Small branching ratios…

• Challenging calorimetry

– Good resolution

– Small constant term (<1%)

– Low dead material

• Challenging electronics

– Large dynamic range (16 bits)

– Low noise  (< 1nV/√Hz)

– High speed  (25 ns)

– High radiation hardness (>Mrad)

• Challenging schedule

– Be ready for 1999 !

Challenging calorimetry @LHC (1990)

Why not a 

noble liquid ?



Fast calorimetry : from Bandoleon to Accordéon…

Slow because of 

parasitic inductance
Fast because behaves

as transmisison line

Long signal

=>

Fast shaping

Charge sensitive

=>

Current sensitive 

preamps
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116 Calibration boards 1524 Front End Board (FEB)

Electrodes

Cryostat

Cold to warm 

Feedthroughs

Readout and 

Calib. signals

ATLAS LAr calorimeter readout

200 000 kapton cables
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ATLAS LAr : Front End boards

• Amplify, shape, store and digitize LAr signals

– 16 bits dynamic range, ultra-low noise current preamps

– Trigain (1-10-100) CRRC2 shapers

– 12 bits R/W analog memories

– 10 different ASICs rad hard…
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• ASIC = Application Specific Integrated Circuit

• Innovation and technological progress allow

new/better detectors

• Complex readout path

• Direclty impact physics performance

• Close collaboration physicists/designers

• No chip => no detector => no experiment…

Why we do our chips instead of buying them ?

Caroline, il 

y a des 

wriggles…



OMEGA ASICs

HARDROC

SKIROC
SPIROC MICROROC

HGROC

MAROC3

PETIROC

ALTIROC
SK2_CMS

SPACIROC

CITIROC

TRIROC

CATIROC

2021

2006



• Evolution of technologies more and more complex and expensive: Moore’s law

• Allow high integration => « system on chip » (SoC)

Evolution of technologies



• Excellent performance of ATLAS readout electronics crucial for Higgs discovery

– Importance of detectors and readout electronics for physics performance : a real research area

• Large international collaborations : electronics is a strategic issue

Conclusion



backup



• Fabrication au ¾ en Asie

Fabricants de semiconducteurs (fonderies)



• Une activité cyclique, maintenant en forte tension 

Le marché des semiconducteurs


