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Background 

   
 

•   I – Traditionally, LaRC radiation team has developed  fast deterministic-based   
             particle transport codes.  
 
•  II – Last year in Austin, for ISS, theory and limited validation of a directional   
            GCR model was presented. 
  
• III – The 20 minutes talk was followed by 30 minutes of Q/A. Experimentalists  
              were reasonably happy with my answers.  Questions concerning the  
              validity of the 3D GCR model at high energy (GeV – TeV) were not   
              satisfactorily answered and I will answer them today.  
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Outline 

 
 
•   I – How deterministic codes validate measurements.                          
•  II – Explain the connection between CAD/mass models of ISS and    
             dosemetric measurements. 

 
• III – Discuss how the directional model handles high energy (GeV – TeV)  
             portion of  the GCR spectrum.  
            
• IV – Show what has been done by others folks in the field of simulating  
             directional GCR.  

•  V – Summary and future work. 
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Introduction (3D GCR Validation) 

  

Can we validate the ISS measurements by 3D 
detectors such as TRITEL, etc… ??? 

Will need a fast 1D/3D transport code. 
Will need a 3D GCR/trap environments. 
Will need the appropriate trajectory. 
Will need a reliable epoch dependent 
CAD/mass model of ISS. 

ULF7 (2011) 
3R      (2014) 
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CAD Model of ISS 11A Configuration (2005)  

ISS External view  ISS US lab split view  

Internal view of Node1 looking Forwards towards US Lab 

840 m3 

455,000 kg. 
(1,000,000 Ibs.) 
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Raytracing Approach  
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Ray Tracing Approach  
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CAD Model of ISS 11A Configuration (2005)  

ISS External view  ISS US lab split view  

Lab01 target point (US lab-module)  

Liulin measurements courtesy of T. Dachev 



Can we validate the ISS measurements by 3D 
detectors such as TRITEL, etc… ??? 

Will need a fast 1D/3D transport code. 
Will need a 3D GCR/trap environment. 
Will need the appropriate trajectory. 
Will need a reliable epoch dependent 
CAD/mass model of ISS. 
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Validation of  3D Detector Measurements 

  

Courtesy of  Attila Hirn (2013) 

ULF7 (2011) 
3R      (2014) 

2 - counts = ∫∫∫∫ eff (E, Ω) J (E, Ω, A, t)dEdΩdAdt 
1 - CAD/mass model of the detector (location, orientation, what ISS CS…)  

What is needed from instrument people: 
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 ISS GCR Proton Directional Flux Distribution  
for 7 Angles of Incidence (400 km, 2005 epoch)     
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Directional Stormer Theory (Dipole approximation) 

Courtesy of R. Mugford (2003) 

R(λm,ξ,ψ) = (cDcos4λm)/(rD
2[1+(1-cos3 λmsinξsinψ)1/2]2) 

EK=4.5GeV, λm = 40° 
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ISS GCR Proton Directional Flux Distribution  
for 4 Angles of Incidence (400 km, 2005 epoch)     
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GCR Proton Directional Flux Distribution  
for 4 Angles of Incidence (Badavi and Hirn)     
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Summary and Future Work  

•   I – Hirn and Badavi, have essentially produced the  same GCR directional   
             cutoff distributions.  
 
•  II – The vertical drop of  directional flux at high rigidity is due to the limitation of   
             Stormer formalism in the allowed, forbidden and penumbra cones. 
  

 

• III – The success of 3D GCR formalism depends on an accurate epoch dependent  
              CAD/mass model. Once the CAD/mass model of  current version of ISS  
              (ULF7) become available, it will be desirable to validate the 3D   
              ISS measurements (tissue/SSD) with the corresponding simulations.            
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Backups 
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 counts = ∫∫∫∫ eff (E, Ω) J(E, Ω, A, t)dEdΩdAdt 

 counts = ∆t ∫∫∫ eff (E, Ω) J(E, Ω, A)dEdΩdA 

1 -  counts/ ∆t = ∫∫∫ eff (E, Ω) J(E, Ω, A)dEdΩdA 

         counts/ ∆t =A ∫∫ eff (E, Ω) J(E, Ω)dEdΩ 
  2 -  counts/ ∆t A = ∫∫ eff (E, Ω) J(E, Ω)dEdΩ 

 3 - counts/ ∆t A ∆Ω = ∫ eff (E) J(E)dE 
      counts/ ∆t A = ∆Ω ∫ eff (E) J(E)dE 

4 -  counts/ ∆t A ∆Ω ∆E = J(E) 
 counts/ ∆t A ∆Ω ≈ J (E)∆E 
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incident GCR  
ions direction 

anisotropic GCR TID 
(Si) 

isotropic GCR TID 
(Si) 

(ions: n-Ni) μGy/(sr-min) μGy/min 

   0 N 1.13E-02 1.41E-01 

15 N, 90 E 1.07E-02 1.34E-01 

15 N, 90 W 1.10E-02 1.39E-01 

30 N, 90 E 9.17E-03 1.15E-01 

30 N, 90 W 9.58E-03 1.20E-01 

60 N, 90 E 6.88E-03 8.64E-02 

60 N, 90 W 7.29E-03 9.16E-02 

X X*4π 

****Note: Si dose is due to all GCR ions (P-Ni) ****  

Directional and Omni GCR Dose Rates in  
Si for ISS Lab01 Target Point (2005 epoch) 

measurement long/lat altitude 

μGy/min 
 

1.56E-01 95.72/-6.33 380.55 

0º 

Liulin measurements courtesy of T. Dachev 

up to factor of 2 error 
due to normal vs. omni 
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incident GCR  
ions direction 

anisotropic GCR TID 
(Si) 

isotropic GCR TID 
(Si) 

(ions: n-Ni) μGy/(sr-min) μGy/min 

   0 N 3.44E-02 4.32E-01 

15 N, 90 E 3.35E-02 4.21E-01 

15 N, 90 W 3.37E-02 4.24E-01 

30 N, 90 E 3.22E-02 4.04E-01 

30 N, 90 W 3.25E-02 4.08E-01 

60 N, 90 E 3.03E-02 3.81E-01 

60 N, 90 W 3.07E-02 3.85E-01 

X X*4π 

Directional and Omni GCR Dose Rates in  
Si for ISS Lab01 Target Point (2005 epoch) 

measurement long/lat altitude 

μGy/min 
 

4.68E-01 175.68/-51.74 391.16 

****Note: Si dose is due to all GCR ions (P-Ni) ****  

0º 

Liulin measurements courtesy of T. Dachev 

up to factor of 2 error 
due to normal vs. omni 
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Computational Loop 

 
 
•   I – For every ISS trajectory point provided from telemetry downlinks, define   
             the GCR and the trapped environments (i.e. environment is epoch dependent). 
                          
•  II – For each trajectory point  environment(s), we perform a full transport run. 

 
• III – We follow the transport runs with computing the dosemetric quantities of   
              interest (tissue/SSD) using the appropriate ray traced ISS mass model. 
 
• IV – We validate versus available measurement. 

 
 

 
            
•  V – We repeat steps I – IV above for all trajectory points . 
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Rigidity and Vertical / Directional Cutoffs 
 
 
 
Rigidity:            R(E) = (A/Z)√(E2+2moE) 

 
 
 
At low energy:   R(E) ~√E 

 
 
 
At high energy:  R(E) ~E  

 
 
Cutoff  (vertical):     CV(rd, λm)        = (adcos4λm)/4rd

2 
 
 
 
 Cutoff (directional): CD(rd, λm ,ξ,ψ) = (adcos4λm)/(rd

2[1+(1-cos3λmsinξsinψ)1/2]2) 

For ISS flying in LVLH, we take advantage of angles ξ and ψ 
(zenith and azimuth angles) to study the directional intensity of 
GCR as ISS geographical latitude changes. That is how a 
directional particle telescope (3D) sees incoming ions. 



 
 
 

Cosmic Ray Directional Transmission in the 
Magnetosphere  

 
 

• Rigitidy (R) Definition: R = (A/Z)√(E2+2moE) 
    A and Z are mass and charge numbers, mo is ion mass in MeV, E is MeV/n 

    GCR Directional Rigidity:  
 R = (cDcos4λm)/(rD

2[1+(1-cos3 λmsinξsinψ)1/2]2) 
   ξ: zenith angle 
     ψ: azimuth measured clockwise from magnetic north 
     λm: magnetic latitude 
     rD: distance from effective central dipole 
     cD: normalized rigidity parameter for appropriate vertical cutoff at some geographic 
 
• Vertical cutoff maps at 20 km. cover the time period 1945-2020 

 
 

 

        location at 20 
km.   
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Intensities of Selected GCR Ions in LEO (ISS) 

         

Solarmin (~ 2009) 
Solarmax (~ 2001)  

1,E-06

1,E-03

1,E+00

1,E+03

1,E+00 1,E+01 1,E+02 1,E+03

D
iff

.  
flu

x,
 #

/(M
eV

-c
m

2-
da

y)
 

Energy, GeV/n 

Hydrogen 
Helium 
Carbon 
Oxygen 
Silicon 
Iron 



3-5 September-2013 

 
             

 ISS GCR Proton Directional Flux Distribution  
for 4 Angles of Incidence (400 km, 2005 epoch)     
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GCR Proton Directional Flux Distribution (Attila Hirn)  
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