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Calculated via SPENVIS                       
(4.6.10 – released May 4, 2018)

▪Near-Earth Interplanetary Space (1 AU from Sun)

▪GCR model: ISO-15390 (standard)

▪ Solar activity data: Solar Minimum (late 2009 )

➢Calculated within SPENVIS using 12-Month averaged Wolf Number of 

4.8)

▪GCR spectra generated from incident Protons to Fe ions

➢Generated for particle energies from 100 to 105 MeV/nucleon with a 

resolution of 20 points per decade
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Primary GCR Spectra
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Geant4 Modelling
o Geant4 (version 11.0.01)

o Built-in physics list FTFP_BERT_HP adopted to model particle 

propagation, interaction and energy deposition within lunar soil. Physics 

list includes:
o Fritiof model (particle energies > 10 GeV)

o Bertini cascade model (particle energies < 10 GeV)

o High Precision neutron model (G4NDL4.6 – neutron energies < 20 MeV)

o Primary GCR particles from Protons, Alpha, Carbon, Oxygen and Iron
o Incident energies in range 1-105 MeV/n

o Account for 99.63% of GCR falling incident on the Lunar surface
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Agostinelli, S. et al. (2003). DOI: 10.1016/s0168-9002(03)01368-8
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Simulation Geometry
TABLE: Elemental composition of the Lunar 
Surface as implemented in Geant4. Layer 
compositions are presented as mass percentages, 
based on LNPE Borehole data following the works 
of McKinney et al. (2006) and Mesick et al. 
(2018).
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10 µm cuts

10 cm cuts

1 mm cuts“Cuts” = Minimum/threshold 

traversal length of secondaries 

in that medium

If secondary traversal < cut 

length, secondary particle will 

not be generated
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Isotropic Source Modelling with Directional Biasing

- Integrate over 2π emission angle with cosine biasing

0׬
2𝜋
𝑑𝜑 0׬

𝜋/2
𝑑𝜃𝑐𝑜𝑠𝜃𝑠𝑖𝑛𝜃 = 𝜋

- Number of particles per unit “real time” from hemisphere (2πR2 surface)

𝑁𝑟 = Φ ∗ 2𝜋𝑅2 ∗ 𝜋, Φ = integral flux (cm-2 s-1 sr-1)

- With directional biasing (θmin< θ < θmax)

𝑁𝑟 = Φ2𝜋2𝑅2(sin2 𝜃𝑚𝑎𝑥 − sin2 𝜃𝑚𝑖𝑛)

- Dose per unit “real time”:

𝐷𝑟 = 𝐷𝑠
𝑁𝑟

𝑁𝑠
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*Santin, G. (2007). Normalisation modelling sources [PowerPoint presentation]. Geant4 tutorial, Paris, 4-8 June 2007. URL: http://geant4.in2p3.fr/2007/prog/GiovanniSantin/GSantin_Geant4_Paris07_Normalisation_v07.ppt

▪ G. Santin* describes the need for the emission of particles from surface of a sphere to follow a cosine-law 

angular distribution to simulate an isotropic radiation field at a desired target.

▪ The dose per particle can then be normalised to a dose per unit time in the “real world”

R = 1000m   ;     θmax = 0.0573O
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ICRP145 Human Phantoms
Anatomically accurate computational human phantoms

◦ Male: 73 kg, 176cm tall

◦ Female: 60 kg, 163 cm tall

◦ 186 organs/tissues constructed by over 8 million tetrahedrons 
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MALE
FEMALE

Images from Kim, C.H. et al. 2020. ICRP publication 145: adult mesh-type reference computational phantoms. Annals of the ICRP, 49(3).
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Organ Specific Radiation 
Quality Factors
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Comparison of 2 Methods 

• Microdosimetry (ICRU 40, )

• LET (ICRP 60, 1991)



Q-Factor Calculation Methods

MICRODOSIMETRIC APPROACH

Convolution of absorbed dose as a function 
of lineal energy d(y) with the distribution of 
Q(y), as described in ICRU’s Report 40 
(ICRU, 1986).

With coefficients a1 = 5510, a2 =  5E-5 and 
a3 = 2E-7. The av Q in each organ is 
calculated via

LET APPROACH
As described in ICRP Publication 60 (ICRP, 
1991). 

The radiation quality factor, Q, at a point in 
tissue is given by
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D - absorbed dose at that point in tissue, 
DL - distribution of absorbed dose with respect to linear energy transfer L, 
Q(L) - quality factor at the point of interest for a given L. 

𝑄 𝑦 =
𝑎1
𝑦
[1 − exp−𝑎2𝑦

2 − 𝑎3𝑦
3]

ത𝑄 = න𝑄 𝑦 𝑑 𝑦 𝑑𝑦
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Comparisons: Q-Factor Calculations
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Organ/Tissue Microdosimetry LET Diff (%)
Brain 1.67 1.68 1%

Breast 2.61 1.63 60%
Eye Lens 0.80 1.59 50%
Stomach 1.22 1.76 30%

Heart 1.44 1.74 17%
Liver 2.12 1.76 21%

Lungs 0.63 1.71 63%
Oesophagus 2.26 1.73 30%

Prostate 2.55 1.78 43%
Salivary 
Glands 2.95 1.67 77%

Testis 2.84 1.70 66%
Thyroid 2.68 1.67 61%
Bladder 1.42 1.77 20%



Calculated Daily Organ 
Doses
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For ICRP145 Male Phantom on the Lunar Surface



Results: Daily GCR Dose on Moon
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Combined doses from daily fluences of 
GCR Protons, Alpha, Carbon, Oxygen 
and Iron ions.

▪Absorbed dose, D (mGy), to organs/tissues 
calculated as average energy deposited in each 
tissue divided by their respective weight.

▪Average radiation quality factor, Q, calculated 
from microdosimetric spectra yd(y) vs y obtained 
within each organ/tissue.

▪ Dose equivalent, H (mSv), calculated as:

◦ H (mSv) = D (mGy) * Q



GCR Contributions
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ABSORBED DOSE DOSE EQUIVALENT



Benchmarking of Results (Reitz et al., 2012)
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Figures from Reitz, G., Berger, T. and Matthiae, D., 2012. Radiation exposure in the moon environment. Planetary and Space Science, 74(1), pp.78-83.
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ABSORBED DOSE DOSE EQUIVALENT

Benchmarking of Results (Reitz et al., 2012)
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Organ/Tissue Av Q (This Work) Av Q (Reitz, 2012) Difference (%)

Brain 2.14 3.82 -44%

Breast 3.09 3.35 -8%

Eye Lens 0.94 - -

Stomach 1.51 2.97 -49%

Heart 1.77 - -

Liver 2.42 3.23 -25%

Lungs 1.71 2.49 -32%

Oesophagus 2.17 3.91 -44%

Prostate 2.64 - -

Salivary Glands 3.29 3.59 -8%

Testis 2.84 2.91 -3%

Thyroid 2.83 3.05 -7%

Bladder 1.62 2.43 -33%

Benchmarking of Results (Reitz et al., 2012)



Conclusions
o Comparisons of LET and Microdosimetry methods of Q-factor calculation show varying degrees 
of agreement (min 1%, max 77%). 

o Microdosimetry method of Q-factor calculation adopted to investigate daily organ doses on 
lunar surface

o Benchmarking of results showed mixed results. The origins of these must be further investigated

o Organ Quality factors varied by less than 50% from the reference data

oFurther investigations and validations of the data are required
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