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GEANT4



My Summer Job



My Validation Test : SiTest

Energy Deposit Spectrum : Energy left by the primary and 
secondary particles in the layer.

SiTest is an automatic test that compares GEANT4
simulation of the energy deposit spectrum with 
experimental data (Bichsel Review)

Test is performed using shell scripts (bash and tcshell are 
available)
Fitting and plotting procedure are done using ROOT 
scripts



My Validation Test : SiTest (2)

G4 Version : 9.2 ref07 (Other versions can be used )
EM Models : Standard EM PhysicsList (default and opt. 3) 
and PAI Model (Other models can be compared)
Detector : Thin Silicon layer of :

300 um (Hancock Data)
1565 um (Nagata Data)

PAI Model (V. Grichine) : Calculates the ionization 
process, within a step length, the number of secondary 
particles created using photoabsorption and ionization 
cross-section for every atomic shell.

Data : Hans Bichsel, Straggling in thin silicon detectors, 
Rev. Mod. Phys. 60, 663 - 699 (1988)



Standard EM PhysicsList

Mean Energy Deposit : Bethe-Bloch Model
Fluctuation : Universal Fluctuation Model (L. Urban)

Cut-in-range : Only secondary particles that have 
enough energy to travel more than the cut-in-range, 
will be created and simulated (creation of delta-e-)

Contribution of the less energetic ones, will be 
calculated according to theoretical/phenomenological 
models



Energy Deposit Spectrum
Energy Deposit Spectrum : Thin Detector

Δ

w
w : Full Width at Half Maximum
Δ : Most Probable Energy Deposition



Results : Most Probable Energy Deposition Δ
GEANT4 Simulation



Results : Most Probable Energy Deposition Δ
GEANT4 Simulation



Results : Most Probable Energy Deposition Δ
Bichsel Predictions



Results : Most Probable Energy Deposition Δ
G4 Sim. Problematic Point : p 600 MeV

Strong cut dependence



Results : Most Probable Energy Deposition Δ
G4 Sim. Problematic Point : e- 980 keV

EM Standard PhysicsList is not in good agreement but PAI yes



Results : Full Width at Half Maximum w
GEANT4 Simulation



Results : Full Width at Half Maximum w
GEANT4 Simulation



Results : Full Width at Half Maximum w
Bichsel Predictions (ionization function)

Good results compare to EM Standard PhysList



Results : Full Width at Half Maximum w
G4 Sim. Problematic Point : e- 100 MeV

EM Standard opt.3 better than default one



Conclusion

Validation of EM Models of GEANT4 for thin layers of 
Silicon is important for tracking systems (that become 
more and more essential nowadays in HEP LHC).
Methods to fit the Energy Deposit Spectrum were studied 
(Gauss for the peak position and FG for the FWHM).

Results for the Mean Probable Energy Deposit show that 
for EM Standard PhysicsList, there is discrepancies for 
low energetic particle between G4 Simulation and Data.
Bichsel Predictions give no good value of Δ for these low 
energetic particles. Systematics of Bichsel Data ?
PAI Model is able to give a good value for Δ for e- 980 
keV.



Conclusion (2)
Results for the Full Width at Half Maximum show that for 
EM Standard PhysicsList, there is discrepancies for high 
energetic particle and e- 980 keV between G4 Simulation and 
Data.
Bichsel Ionization function is able to give good results for w. 
Possible new parameterization of G4UniveralFluctuation ?
EM Standard PhysicsList opt. 3 gives much better results 
than default one for w of high energetic particles.

The results of the SiTest is/can be source of discussion, 
models investigation, models stability and perhaps 
improvement of the corresponding GEANT4 Models (Contact 
with Authors).
The SiTest has been created within the summer student 
project and is included into GEANT4 Test Facility to 
compared different Models and Releases.



Novosibirsk Function
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E0 = Peak Position
σ = Width
τ = Tail Parameter

where



GEANT4 EM PhysicsLists

• emstandard
• emstandard_opt1
• emstandard_opt2
• emstandard_opt3
• emstandard_local
• livermore
• livermore_old
• penelope
• pai
• pai_photon
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