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Detectors in development

● Silicon calorimeters
● Aerogel RICH
● Ultra fast silicon detectors (UFSD) for 4D tracking

Look for recent conferences on instrumentation:
INSTR-17: https://indico.inp.nsk.su/event/8/overview
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Silicon calorimeters

● Goal: measure with high precision electrons and photons at very high 
rapidities in collider experiments→ need for extremely high angular 
resolution to separate individual showers

● Need compact, highly segmented and fast calorimeters with imaging 
capabilities

● Not based on proportionality of deposited energy, but on counting the 
number of showering particles

Silicon detectors (strips or pixels plus pads) coupled to an absorber:
Few tens of layers (20-30) + segmentation to few squared millimeters
This also shows very good radiation hardness

Example project: FOCAL in ALICE (under study) 
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Silicon calorimeters

700 cm

Goal: separate close-lying electromagnetic showers and reconstruct their 
direction with high accuracy
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Silicon calorimeters

● High lateral segmentation to discriminate between the large number of 
particles incident on the detector, specifically distinguish direct 
photons from those coming from π0 decays

● Absorber material: tungsten: Moliere radius 10 mm
                                              radiation length 3.5 mm
20 layers, about 1 X

0
 each

● Sensor material: silicon
Alternate layers with fine segmentation to others with rougher 
segmentation to limit costs and the volume of data collected

● High granularity: CMOS MAPS (30 μm x 30 μm)
Low granularity: pad sensors
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Silicon calorimeters
Thesis
M. Reicher
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Silicon calorimeters
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Silicon calorimeters
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Silicon calorimeters

Number of hit pixels proportional to energy of incoming particle
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Silicon calorimeters

Number of hit pixels proportional to energy of incoming particle
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Silicon calorimeters

Results: linearity and energy resolution

QM2015 poster by Chunhui Zhang
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Aerogel RICH detectors

● Use aerogel for radiators (n=1.035 – 1.06) to allow π/K discrimination 
at “higher” momenta (4-10 GeV/c)

● Focusing aerogel RICH: improves proximity-focusing design by 
reducing the contribution of radiator thickness to the Cherenkov angle 
resolution
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Aerogel RICH detectors

● Focusing

● Proximity focusing
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Aerogel RICH detectors

● Aerogel layers allow compact RICH designs
● Provide a much larger difference 

between the Cherenkov angles for
different particles. Here shown for
pions and kaons

● Photon detection with powerful SiPM (single-photon sensitive device 
based on Avalanche PhotoDiodes, APDs – analog)
or DPC (Digital Photon Counter - digital)
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Other compact RICH detectors

● Radiator = gas under pressure
● Example: pressurized C4F8 (1 m long) plus GEM stack structure to 

detector photons
Pressure: 3.5-4 atm
● Clear π, K, p separation up to 32 GeV/c obtained with a prototype in a 

test beam
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Ultra fast silicon detectors for 4D tracking

● Development lead by RD50 and several Italian groups (N. Cartiglia, V. 
Sola et al.)

● 4D tracking: to cope with 
● Extremely high interaction rates and pile-up

High-Luminosity LHC: 150-200 collisions per bunch crossing
● High rate interactions in fixed target mode → no bunch crossing 

information (CBM, PANDA at FAIR)

● Goal: 4D event reconstruction with a spatial resolution of 20-50 μm 
and time resolution of 10-20 ps
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UFSD
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UFSD



New detectors, October 13, 2017S.Masciocchi@gsi.de          21

UFSD
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UFSD: Low Gain Avalanche Diodes

Aim at something like a pixel detector, but with a much larger signal
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UFSD: Low Gain Avalanche Diodes
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UFSD

Ingredients to achieve the very fast timing  and high timing resolution:
● Keep the gain around 10-20
● Use thin detectors (50 μm) to:

● Minimize event-by-event variation of the charge produced by ionization
● Minimize the rise time of the signal

● Use parallel plate geometry (strip implant ~ strip pitch ≫ thickness) to 
keep drift velocity as uniform as possible

● Reduce at minimum the shot noise → low gain, cool the detector, use 
small pads to limit the leakage current
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UFSD - Sensors
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UFSD - results
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UFSD - applications

● Particle identification in Time-Of-Flight (TOF) detectors
● Fast triggering
● Forward physics
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Conclusion

Thank you for your motivation, 
your attention, 
your questions,
your interest!!!


