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The energy deposition distribution for protons and helium galactic cosmic ray primaries at 0.3, 10, and 25 
TeV/nucleon in the ATIC-2 silicon matrix detector are simulated with GEANT4. 
 
1. Introduction 
 
The GEANT3 geometrical model of ATIC developed by the University of Maryland was combined with a 
GEANT4 application developed for the Deep Space Test Bed (DSTB) detector package.  The new code 
included relatively minor modifications to completely describe the ATIC materials and a more detailed 
model of the Silicon Matrix detector.  For this analysis all particles were started as a unidirectional beam at a 
single point near the center of the Silicon Matrix front surface.  The point was selected such that each 
primary passed through at least two of the overlapping silicon pixels.   

 
Figure 1. ATIC GEANT4 Geometry model. (The Silicon Matrix is at the left.) 

 
2. Discussion 
 
The starting primaries were mono-energetic with energies 0.3, 10, and 25 TeV/nucleon.  100000 primaries 
were started for each sample run.  Figures 2 through 7 show the distribution of energy deposited in the first  
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silicon pixel encountered for normal incidence.  The key conclusion from these plots is that the GEANT4 
simulation shows no significant energy dependence of the energy deposition over the energy range selected.  
The mean and RMS of the corresponding distributions are same within statistics from 0.3 TeV to 25 
TeV/nucleon. 
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Figure 2. Energy deposition in the first silicon pixel encountered at a primary particle kinetic energy of 0.3 
TeV/nucleon.  The left graph is for protons, and the right graph is for helium nuclei.  
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Figure 3. Energy deposition in the first silicon pixel encountered at a primary particle kinetic energy of 10 TeV/nucleon.  
The left graph is for protons, and the right graph is for helium nuclei. 
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Figure 4. Energy deposition in the first silicon pixel encountered at a primary particle kinetic energy of 25 TeV/nucleon. 
The left graph is for protons, and the right graph is for helium nuclei. 

Flight measurements of the electron noise in the silicon matrix and front-end electronics are well represented 
by normal distribution with a variance of 0.4MIPS (~58 keV)[1].  Figure 5 shows the distribution of the  
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energy deposited plus 58 keV of electronic noise in the first pixel at 10 TeV/nucleon.   Table 1 show the 
misidentification fraction as a function of energy deposition. 

Figure 5. The energy deposition including 58 keV of electronic noise in the first pixel encountered at 10 TeV/nucleon.  
Distribution for both protons and helium nuclei are shown. (The left plot is for normal incidence and the right plot is for 
40° incidence.) 
 
Table 1. Misidentification fraction where protons are required to have the silicon pixel energy depositions above D and 
Helium nuclei are required to have the silicon pixel energy deposition below D. 

 0° incidence 40° incidence 
D (MeV) Proton Helium Proton Helium 

0.2 0.186 0.0 0.351 0.0 
0.3 0.053 0.002 0.099 0.0 
0.4 0.026 0.063 0.046 0.0 
0.5 0.014 0.364 0.027 0.016 
0.6 0.008 0.680 0.016 0.172 

The ATIC silicon matrix has multiple pixel coverage for about 20% of the front surface.  For the sampled 
runs the starting point and direction were selected so that each primary passes through at least two silicon 
pixels.  With two samples of energy deposition protons can be more easily separated from helium nuclei.  
Figure 6 shows the distribution of the average of energy deposited in the first and second pixel at 10 
TeV/nucleon include 58 keV of electronic noise.   Table 2 shows the misidentification fraction as a function 
of D.  

 

Figure 6. The average of the energy deposition in the first and second pixel encountered at 10 TeV/nucleon including 58 
keV of electronic noise.  Distribution for both protons and helium nuclei are shown. (The left plot is for normal 
incidence and the right plot is for 40° incidence.) 
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Table 2. Misidentification fraction where protons are required to have the average of both silicon pixel energy 
depositions above D and Helium nuclei are required to have the average of both silicon pixel energy depositions below 
D. 

 0° incidence 40° incidence 
D (MeV) Proton Helium Proton Helium 

0.2 0.145 0.0 0.324 0.0 
0.3 0.034 0.0 0.077 0.0 
0.4 0.014 0.015 0.030 0.0 
0.5 0.006 0.287 0.010 0.001 
0.6 0.003 0.678 0.006 0.084 

 
3. Conclusions 
 
The proton and helium GCR flux in the TeV range is described by a power law spectrum 

aEE 0)( φφ =  
where α is around 2.7.  Since helium nuclei weigh about four times as much as a protons, misidentified 
protons will contaminate the helium spectrum at an energy four time lower than their kinetic energy.  
Conversely, helium nuclei will contaminate the protons spectrum at an energy four time higher than their 
kinetic energy per nucleon.  Because of the rapidly falling flux as a function of energy, measurement of the 
protons spectral slope will be more sensitive to contamination by helium than the reverse. 
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