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Modeling electromagnetic showers
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Photo effect
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Photo effect
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Gamma energies above 50 keV.
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Gamma energies below 50 keV.
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Notes on photo effect
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Compton effect
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Gamma energy spectrum
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Cross-section per atom in geant4
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Notes on Compton effect
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Pair production
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Bethe Heiter including corrections
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@ / @ D ξ(Ζ)), or the triplet correction
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Φ, the screening corrections
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Final states
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Notes on pair production
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Ionization
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Continuous energy loss and explicit 
delta ray production
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Reduced energy loss and delta cross-
section
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Energy loss by heavy particles
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Ionization potential
n , �	� ��� � �
< � ���
	�
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Density effect correction
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Shell corrections
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Velocities below orbital electron 
velocities

n �� 6 H �6 � � 
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��; � ; �K β K ; � ; - �
/ ' �
� � �	� �� 
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Fluctuations
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Energy loss fluctuations (thin gas layer).
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Fluctuations
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n �� �Σ �� � � ��
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Minimum ionizing particles
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Delta ray emission
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Special cases: electrons and positrons
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Also special: e+e- annihilation



J.P. Wellisch, 
CERN/PH

e+e- annihilation
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Bremsstrahlung
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Critical energy Ec
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Correction to the Bethe Heitler cross-
section
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n 2 
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Note that for high particle energies, the cross-section 
becomes simple (Y.-S. Tsai, Rev.Mod.Phys.46,p815ff,1974)

( )3/1/ ZmE α>>

( )[ ]+−⋅+−≈ radrade
Tsai

ZLZfLZyy
k

r
dk

d
')()1(

3

41
4 222ασ

Eky /=

)/1194ln()('

),/15.184ln()(
3/2

3/1

ZZL

ZZL

rad

rad

=

=

+
+

=
= Ni

i
ic ZC

Z
ZZf

,0

22
2

2 )(
)(1

1
)()( α

α
α



J.P. Wellisch, 
CERN/PH

Radiation length, X0
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A few corrections for in-medium effects:
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Two medium effects can take place
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Dielectric suppression
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Dielectric suppression
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LPM suppression mechanism
(Docl.Acad.Nauk.SSSR 92,(1953),535,735; Phys.Rev.103(1956)p1811ff)
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LPM correction
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Combined suppression
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Multiple Coulomb scattering
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The Gaussian part
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Multiple scattering in geant4
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20 GeV gammas in copper (right, charged 
particles only, left complete
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Test beams experiments studied in the 
context of the LCG validation project
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G4 Validation using CMS 
HCAL Test Beam

V. Daniel Elvira

LCG validation meeting
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Motivation
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Use OSCAR_2_4_5 (G4.5.2),  LHEP-3.6, QGSP-2.7 
(HcalTB02 has been released as an OSCAR2 example)
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Pion Energy Resolution

� � � �� 	0 ����� 	8 5 5 D 	����� ���� �	
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E ! �����! �� (

E σE/E(%)  stat  bkgnd calib
20. 26.22 0.15 5.00     0.1
30. 21.76 0.12 3.00     0.2
50. 17.40 0.10 0.60     0.2 

100. 12.95 0.07 0.40     0.3 

300. 8.55 0.05 0.00     0.3
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Pion Energy Linearity
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E σE/E stat  bkgnd calib
20. 0.8640 0.0015 0.0800 0.008
30. 0.8790 0.0010 0.0320 0.008
50. 0.9240 0.0010 0.0050 0.008 
100. 0.9604 0.0007 0.0003 0.008
300. 0.9823 0.0004 0.0003 0.008 
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Additional reading:
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