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Context

Very nice CERN detector seminar Werner Riegler on 

https://indico.cern.ch/event/1083146/ and references inside:
– [1] W. Riegler and G. A. Rinella, ‘Time resolution of silicon pixel sensors’, J. Inst., vol. 12, no. 11, pp. 

P11017–P11017, Nov. 2017, doi: 10.1088/1748-0221/12/11/P11017.

A very quick and imperfect skimming...
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Interest for Silicon Calorimeters

Long presentation (60+ pages)

Planar sensors

– Shaping of signal

– Time resolution by Center-of-Gravity 
Example: d = 300um, Vdep = 58V, V=1.2 Vdep = 68V

               d0 = 330um, 𝜏e = 5.6ns, 𝜏h = 16.8ns 

Other examples and speed vs HV given

= non parallel fields
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Signal speed 
vs Filter BW

➞ formulas for tCOG

Filter 
Order
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Time Slew
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Energy fluctuations ➞ Time fluctuations

Landau fluctuations

– Primary interaction:  λ=0.21μm.
PAI model, 
‘plasmon peak’

1/n² (~Landau)

PhotoAbsorption Ionization (PAI)
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Landau vs PAI
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Theroritical Time resolution on planar Si sensor

PAI model, 
‘plasmon peak’

For Laudau distrib : 
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Noise

Noise ➞ Optimal filters…

– max the “slope to noise” ratio = d/dt of max(S/N) ratio.

–

n=1n=2
n=4

tpeak/Transit

T = Transit Time
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Noise + Landau 

➞ optimal thickness of sensors (T  thickness)⬌

Landau Fluctuations 

Landau Fluctuations  ⊕ Noise 

Noise scales with 
enCD

c.o.g. time resolution

Correction for a CFD :

tpeak/Transit
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Some slide son pixel sizes (for pix detectors)

➞ Non uniformities (“weighting field”)
➞ distorded signals +λ

-λ

v1 = 3v2 e.g. electrons 
moving to the strip and 
holes moving away from 
the strip

v1

v2d
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W. Riegler conclusions

This seems to apply mostly 
to thin pixel detectors 

– needs to be re-evaluated 
for calorimeters.
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https://cds.cern.ch/record/1500583 https://garfieldpp.web.cern.ch/garfieldpp/https://garfield.web.cern.ch/garfield/

Garfield and Garfield++



12/02/2024 15

https://doi.org/10.1016/j.nima.2005.08.064https://magboltz.web.cern.ch/magboltz/

Magboltz and Heed

https://doi.org/10.1016/j.nima.2005.08.064
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Timing simulations for silicon with GARFIELD++

Jan Hasenbichler (CERN TU-Vienna): monolithic silicon detectors 
(ALIPIDE), cluster size, efficiency, time resolution

Ann Wang (Harvard University): time resolution of silicon detectors, 
LGADs, frontend electronics, noise

Francesca Carnesiecchi (Bologna): time resolution of LGADs 

Marius Maehlum Halvorse: time resolution of silicon sensors

H. Schindler & EPFL group of  E. Charbon: time resolution and 
efficiency of SPADs

D. Janssens & INFN Torino group of N. Cartiglia: time resolution and 
efficiency of AC-LGADs 

LGAD

Interfacing to GEANT:

ALPIDE


