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2GEANT4 Simulation: Side View

Electrons
Protons

AIR

Ca-48

Target Radius: 6.35 mm 
Target Length: 4.301 mm

Density: 1.86 g/cm3 
Molar Mass: 47.952 g/mole

Input Parameters



3Geant4 Simulation: Top View
Primary protons generated at the center (0,0,0) of Ca-48 target
Proton Initial Momentum: 1.325 GeV/c 
Proton Initial Angle: 66.9 deg

Hadronic Model Used: FTFP_INCLXX

Quantities Recorded (at boundary)
Proton Momentum, P 
Proton In-Plane Angle  
Proton Out-Of-Plane Angle 

(θ)
(ϕ)

* I recorded the angles by invoking:   G4ThreeVector::GetTheta(), and G4ThreeVector::GetPhi(), where 
G4ThreeVector are the 3-momentum vectors recorded at the boundary

Boundaryθ = 66.9∘Δt = 4.301 mm

R = 6.35 mm

Electrons

Protons

AIR

Ca-48



4

https://indico.cern.ch/event/781244/contributions/3251933/attachments/1782461/2902499/HadronicPhysics.pdf

I used the above slide as reference, to help me choose a pre-defined hadronic physics model

The entire presentation can be found on:

https://indico.cern.ch/event/781244/contributions/3251933/attachments/1782461/2902499/HadronicPhysics.pdf
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Detailed Materials Properties (output by Geant4):
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PLOTS

In the following 2D Histograms: 

1. 100,000 protons were generated with momentum and angle (1.325 GeV/c, 66.9 deg) 

2. The momentum and angle were recorded at the boundary between Ca-48 and AIR 

3. The protons at the boundary were required to be the primary protons (via trackID requirement) 

4. The number of protons recorded at the boundary represents the number of protons 
out of 100,000 protons that actually made it to the target boundary 
 
 
 
 
 
Geant4 Result:  

~ 1 % of protons are lost in the Ca-48 target  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Spread is due to multiple-scattering  
of protons with atomic electrons

98,975 / 100,000 protons survived (~99 %)

θ0 = 66.9∘

P0 = 1.325 GeV/c

(P0, θ0) :
(P, θ) :

@ target vertex (0,0,0)

@ target boundary
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ϕ0 = 180∘

P0 = 1.325 GeV/c

Spread is due to multiple-scattering  
of protons with atomic electrons

98,975 / 100,000 protons survived (~99 %)

(P0, ϕ0) :
(P, ϕ) :

@ target vertex (0,0,0)

@ target boundary
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ϕ0 = 180∘

θ0 = 66.9∘

Proton angular acceptance @ target boundary

(θ0, ϕ0) :
(θ, ϕ) :

@ target vertex (0,0,0)

@ target boundary
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θ0 = 66.9∘
P0 = 1.325 GeV/c

(P0, θ0) :
(P, θ) :

@ target vertex (0,0,0)

@ target boundary
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ϕ0 = 180∘
P0 = 1.325 GeV/c

(P0, ϕ0) :
(P, ϕ) :

@ target vertex (0,0,0)

@ target boundary



12θ0 = 66.9∘

ϕ0 = 180∘

(θ0, ϕ0) :
(θ, ϕ) :

@ target vertex (0,0,0)

@ target boundary
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proton-Ca48 target interaction 
probability sanity checks
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Boundary

θ = 66.9∘

Δt = 4.301 mm

R = 6.35 mm

Electrons

Protons

AIR

Ca-48

L ∼ 0.69 cm

• calculated rough estimate of probability of interaction of proton with Ca-48 
if the proton were to travel a distance,  cm (see slide 13) 

• used the mean-free-path formula (see next 17) to calculate the interaction probability 
• for the microscopic proton-nucleus (p-A) cross-section used inelastic proton-hadron cross sections  

from J. Carvalho / Nuclear Physics A 725 (2003) 269–275 (see slide 18) 

L ∼ 0.69
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Reference: “Particles Interaction with Matter”, A. Lechner (CERN 2017)

https://indico.cern.ch/event/451905/contributions/2159018/attachments/1426156/2187984/2017_11_03_particlematterint.pdf
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J. Carvalho / Nuclear Physics A 725 (2003) 269–275 

σinel = σ0Aα

Compilation of cross sections for proton–nucleus interactions at the HERA energy 

• for CaFe, the very low proton energies ~ 1.6 GeV (proton momentum ~1.3 GeV), 
parameters used:  mb,   from the data point cluster at small energies σ0 ∼ 45 α ∼ 0.69

• as an example, right plot shows linear relation, but for proton beam > 150 GeV/c 
‣ forCaFe, since E < 150 GeV,  then parameters are slightly difference 

(practically speaking, it does not make much difference in the )σinel

https://www.sciencedirect.com/science/article/abs/pii/S0375947403015975?via=ihub
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�Ca48 =
M

⇢NA�inel
=

47.952g/mole

(1.86g/cm3)NA(�0A↵)

<latexit sha1_base64="RO/F48jLPAXUXVvuhlzZRK/RvK4="></latexit>

Putting everything together . . .  

NA = 6.022⇥ 1023

<latexit sha1_base64="KI+nIfE5opQYlkCVu7YD0uhiN9M=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBbBVUhqfWyEqhtXUsE+oA1hMp20QyeTMDMRSgi48VfcuFDErT/hzr9x2mahrQcuHM65l3vv8WNGpbLtb6OwsLi0vFJcLa2tb2xumds7TRklApMGjlgk2j6ShFFOGooqRtqxICj0GWn5w+ux33ogQtKI36tRTNwQ9TkNKEZKS565d+ullxm8gKeWXal0FQ2JhI6dVo4zzyzblj0BnCdOTs ogR90zv7q9CCch4QozJGXHsWPlpkgoihnJSt1EkhjhIeqTjqYc6V1uOvkhg4da6cEgErq4ghP190SKQilHoa87Q6QGctYbi/95nUQF525KeZwowvF0UZAwqCI4DgT2qCBYsZEmCAuqb4V4gATCSsdW0iE4sy/Pk2bFcqrWyV21XLvK4yiCfXAAjoADzkAN3IA6aAAMHsEzeAVvxpPxYrwbH9PWgpHP7II/MD5/AFollW4=</latexit>

 mbσ0 ∼ 45 α ∼ 0.69 A = 48

Psurvival = e(�
l
� )

<latexit sha1_base64="aoJ6iB4VdZKLRsrTJWQ5PsIrD7A=">AAACGXicbVBLSwMxGMz6rPW16tFLsAj1YNmVil6EohePFewDuuuSTbNtaPZBki2UsH/Di3/FiwdFPOrJf2O23YO2DgSGme9LMuMnjAppWd/G0vLK6tp6aaO8ubW9s2vu7bdFnHJMWjhmMe/6SBBGI9KSVDLSTThBoc9Ixx/d5H5nTLigcXQvJwlxQzSIaEAxklryTKvpKSdEcshDJVI+pmPEsgxeQfKgqqdOwBFWLFMO01f2UXaSeWbFqllTwEViF6QCCjQ989PpxzgNSSQxQ0L0bCuRrkJcUsxIVnZSQRKER2hAeppGKCTCVdNkGTzWSh8GMdcnknCq/t5QKBRiEvp6Mg8h5r1c/M/rpTK4dBWNklSSCM8eClIGZQzzmmCfcoIlm2iCMKf6rxAPkW5D6jLLugR7PvIiaZ/V7Hrt/K5eaVwXdZTAITgCVWCDC9AAt6AJWgCDR/AMXsGb8WS8GO/Gx2x0ySh2DsAfGF8/sx2hWg==</latexit>

l ⇠ 0.69

<latexit sha1_base64="MFt3t25AvYi08pNK2HgOjUX50X4=">AAAB8nicbVDLSsNAFL2pr1pfVZduBovgKiTic1d047KCfUAaymQ6aYdOZsLMRCihn+HGhSJu/Rp3/o3TNgttPXDhcM693HtPlHKmjed9O6WV1bX1jfJmZWt7Z3evun/Q0jJThDaJ5FJ1IqwpZ4I2DTOcdlJFcRJx2o5Gd1O//USVZlI8mnFKwwQPBIsZwcZKAe9qliDPvbxBvWrNc70Z0DLxC1KDAo1e9avblyRLqDCEY60D30 tNmGNlGOF0UulmmqaYjPCABpYKnFAd5rOTJ+jEKn0US2VLGDRTf0/kONF6nES2M8FmqBe9qfifF2Qmvg5zJtLMUEHmi+KMIyPR9H/UZ4oSw8eWYKKYvRWRIVaYGJtSxYbgL768TFpnrn/uXjyc1+q3RRxlOIJjOAUfrqAO99CAJhCQ8Ayv8OYY58V5dz7mrSWnmDmEP3A+fwBxDZAO</latexit>

cm (proton path length travelled)
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My rough calculations

Recall from GEANT4 simulation: 

98,975 out of 100,000 
protons reached the target 
boundary  
 
Probability of Survival: ~98.97 %

Probability of Survival: ~98.95 %

Conclusion


