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What is in the GEANT4 Monte Carlo? 
 Our GEANT4 expectation for the energy resolution for the LYSO 

beam test calorimeter is based on photoelectron statistics: 
 
 
 
 
 
 

Plus a linear correction for light collection non-uniformity 
 

 As we know, the situation is actually somewhat more complicated 
 

 There are many contributions to the energy resolution:  
 

        
 

Stefano Germani,  
Nov. 10, 2011  
EMC meeting 
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exp shower leakage photoelectrons electronics light collection intrinsic beamσ σ σ σ σ σ σ σ= + + + + + +

GEANT4 

        rms  5.5%  LO 1500 sqrt = 2.6% as received 
SIPAT rms 3.3% LO 1200 sqrt = 2.9% after 15mm stripe 
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Contributions to the energy resolution 
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Senesitivity of cutoff to cerium concentration 

Ce Concentration (ppmw) 
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Effect of cerium concentration 

Ce Concentration (ppmw) 
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With radioactive sources, the measured resolution 
is always worse than photoelectron statistics 
  RYZ:   
            SIPAT 
 
 
     This example shows: 1) measured resolution is worse that implied 
                                          by Npe 

                                                       2) surface treatment can correct for  
                                          geometrically caused non-uniformity in 
                                          light collection efficiency 
 
 
          Small crystal studies can help separate effects 

rms   5.5%  LO 1500 sqrt = 2.6% as received 
rms   3.3%  LO 1200 sqrt = 2.9% after 15mm stripe 
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The concept of “intrinsic resolution” 
  No inorganic scintillator achieves the naively expected energy 

resolution based on photoelectron statistics 
  Measured small sample resolution on 137Cs (662 keV) with PMT 

W.W. Moses, NIM A487, 123 (2002) 
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The intrinsic contribution for LSO 

C. Kuntner et al.,  NIM A493, 131 (2002) 

Measured with radioactive sources : 0.31 to 1.33 MeV 
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P. Dorenbos et al., IEEE Trans. Nucl Sci. 42, 2190 (1995) 

R=2.35σ 
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Relative light output is a function of electron energy 

W.W. Moses, NIM A487, 123 (2002) 

 Crystal light output depends on details 
of the energy loss mechanism  
  Delta rays 
  Compton scattering 
  Photoelectric effect 

    and on the energy transfer mechanism 
    to the scintillator active sites 
 
 
 
 
 
 
 
 
Behavior varies widely in different types 
  of crystals 
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The fundamental limit on light output of scintillation 
crystals is the number of electron-hole pairs created  
by ionization tracks 
 

P. Dorenbos, NIM A486, 208 (2002) 

This assumes that 
all charge carriers 
are transferred to 
activator ions 

e h
gap

E
n

E
γ

β− =

efficiency factor 
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LYSO :   electron, photon deposition vs energy 

B.D. Rooney and J.D. Valentine, IEEE Trans. Nucl Sci. 44, 509 (1997) 
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With a small crystal, the  absorption edges can be seen directly 
  137Cs 662 keV line in a 

 7 mm dia x 2,5 mm length 
 crystal of K2LaCl5 (Ce3+) 
 clearly shows Kα, Kβ structure 

P. Dorenbos et al., IEEE Trans. Nucl Sci. 42, 2190 (1995) 
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Non-linearity of energy deposition processes 
 The effect of non-proportionality of energy deposition process on 

the resolution of scintillating calorimeters has been modeled: 
S.Payne et al., IEEE Trans. Nucl Sci. 56,, 2506 (2009) 

 
 
 
 

 

Electrons: Bethe/Bloch/Landau:  
           delta rays 
 Positrons:  Bethe/Bloch/Landau:  
           delta rays, annihilation 
 Photons: Compton scattering,  
            photoelectric effect 
 
All create electron-hole pairs 
depending on the band gap 
 
These form excitons, and with 
differing efficiencies transfer 
energy to the acitvators, which 
then generate scintillation light 
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Mass attenuation coefficients  Cs, I, Lu 

     Z=53 Iodine  Z=55 Cesium                 Z=71 Lutetium 
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Degree of non-proportionality can be modeled 
reasonably well 

S.Payne et al., IEEE Trans. Nucl Sci. 56, 2506 (2009) 

R=2.35σ 
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What is the effect at high energies? 
 Whatever the energy of the incident electron or photon, the bulk of the energy 

that goes into scintillation light from excitons transferring energy to the 
activators, is deposited by low energy components of the electromagnetic shower 
in the crystal 

  Therefore, the intrinsic term, which differs from crystal to crystal, and is 
measured with 100 keV to 1 MeV sources should apply at the 100 MeV – 5 GeV 
scale of our beam tests 
 

 The variance due to the  
non-proportionality of  
scintillation light to  
deposited energy results  
in an intrinsic term that  
must be included in our  
estimation of the target  
energy resolution as 
expressed in the GEANT4  
Monte Carlo 
 

For LSO/LYSO the intrinsic term is  expected and is not negligible 
 

NAI(Tl) 
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Energy resolution fit – two SuperB beam tests 

LNF 

CERN 
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Energy resolution of Mu2e LYSO+PbWO4 matrix 

- 

•  data 
•  MC with  
       2% corr 
• MC no corr. 
 

 

Test at MAMI - Preliminary – courtesy of the KLOE-2/Mu2e group  
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Questions/Differences 
  Beam quality 
  Shower containment 
  Photoelectron statistics - light collection area  
  Electronic noise 
  Light collection uniformity (Ce doping + geometry + surface) 
  Intrinsic term – non-linearities 

What are the differences in the SuperB and Mu2e tests? 
SuperB Mu2e 

Array LYSO 5x5 

Crystal dimensions (cm) 25@2.5x2.5x20 9@2x2x15 + PWO 
Vendor SG, SIPAT SICCAS 
Geometry Projective Rectangular 
Beam CERN e-/LNF e- LNF e-/MAMI tagged γ 
Readout APD (mm) 5x4+5x1 (PD) / 2@5x5 10x10 
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BABAR/Belle CsI(Tl) calorimeter resolution 
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