
9th June 2010

www.QinetiQ.com

© Copyright QinetiQ limited 2010

11, pE

22 , pE

),( PP ZA

),( TT ZA

PP pE ,

eMEREM and dMEREM: New 
Models to Predict the Radiation 
Environment for Mars Missions

Pete Truscott, Daniel Heynderickx, Fan Lei, Ana 
Keating, Sara Valente, Patricia Gonçalves, Laurent 
Desorgher, Norma Crosby, Hilde De Witte, Petteri
Nieminen, Giovanni Santin and Michel Kruglanski

QinetiQ, DH Consultancy, LIP, SpaceIT, BISA, ESA-ESTEC

SPENVIS Workshop 2010, Mechelen

P
ic

tu
re

s 
co

ur
te

sy
 o

f E
S

A
 M

ed
ia

 P
or

ta
l

The work presented has been sponsored by ESA 
under the Technology Research Programme 
contract number 19770/06/NL/JD



www.QinetiQ.com

2© Copyright QinetiQ limited 2010

Background on Mars Radiation Environment
• Interplanetary missions to Mars carry with them significant risk from long-term exposure 

to ionising radiation

• Almost all experience for manned space-flight accumulated from LEO missions

• Galactic cosmic ray ions and solar energetic particles principal risk for interplanetary 
space

• Shielding can have limited or even a detrimental effect:

− leads to the generation of high multiplicity of lower-energy (and more ionising) secondaries

− Need to have strategies to slow and stop energetic heavy ions with minimal production of highly 
ionising nuclear fragments

• Once at Mars, risk is not diminished:

− Tenuous atmosphere means secondary particle production maximises just beneath the surface of 
the planet – radiation dose at surface of planet can be worse

• Radiation threat needs accurate assessment to understand trade-off space in 
mission/spacecraft design

• Need easy-to-use tools to be used by mission designers and planners as well as radiation 
experts, to assess radiation received for different mission profiles and mitigation 
strategies

• Applicable to surface/sub-surface conditions or in the atmosphere of Mars, as well as for 
orbital spacecraft, and Phobos/Deimos landers
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MarsREM activities
• Created two radiation environment models for future Mars missions

• Detailed Martian Energetic Radiation Environment Model (dMEREM)

− Merge and extend MarsREC & Mars-Planetocosmic models for the Mars, Phobos and Deimos, 
including treatment of surface topology and composition, subsurface, atmospheric composition 
and density (including diurnal and annual variations), and local magnetic fields.

• Engineering Martian Energetic Radiation Environment Model (eMEREM)

− Base also on approach used in QinetiQ Atmospheric Radiation Model for Earth 
(http://qarm.space.qinetiq.com)

• SEP (different models), GCR (alpha, proton, HI) and X-ray

• Tools are for use by mission designers and planners as well as radiation experts

• Web-based and interfaced with existing radiation shielding and effects simulation tools 
at the SPENVIS web-site

• Assess the requirements gaps in Geant4 energetic nuclear-nuclear simulations, and 
implemented into Geant4 interface to DPMJET-II.5 model
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Detailed Mars Energetic Radiation Environment Model 
(dMEREM)

• dMEREM is a Geant4-based application to 
simulate GCR and SEP (protons and heavier 
ions) and X-ray propagation through the 
Martian atmosphere and soil

• Based on an extension of MARSREC and 
PLANETOCOSMICS codes

• Treats point locations above/within 
Martian atmosphere or subsurface + 
moons

• Propagation of all secondaries

• Treats protons & heavier ions, neutrons, e-, 
γ/X-rays, µ±, π±

• Energy as well as LET spectra for Si & H2O

• Treats internal magnetic fields, relevant to 
energetic electrons

10 MeV e- in the most magnetized region of Mars

Courtesy of L Desorgher from 
PLANETOCOSMCIS project
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Atmospheric Table (MACLIDIG5) based on Mars Climate 
Database (MCD)

Location Surface Atmosphere
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Pre-Processor (SOILCOMPI) results summary

Fe2O3 [Wt%]

SiO2 [Wt%]

H2O [Wt%]

CO2 ice Thickness
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[cm]
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Engineering Mars Energetic Radiation Environment Model 
(eMEREM)

• Based on the same principles as the QinetiQ 
Atmospheric Radiation Model

• Uses a series of response function data bases

which quantify the particle flux in the 
atmosphere/soil per unit incident 
monoenergetic flux at the top of the 
atmosphere

− 50 energies from 10MeV/n to 1TeV/n

• Atmosphere: 22 g/cm2 in 22 layers (1g/cm2 per 
layer), extend to 50 km altitude (based on 
MCD)

• Regolith: 14 spherical layers total thickness to 5000 g/cm2; composition uses data from 
dMEREM preprocessor

− Globally averaged, Equatorial average, Water ice (>80o), Dry-ice (>80o)
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Engineering Mars Energetic Radiation Environment Model 
eMEREM – response function database

• Current response database uses FLUKA 
results, but could use Geant4/dMEREM

• Currently protons and α-particle 
sources treated up to 1TeV/nuc

• Radiation particle type recorded: 
Up/downwards particle energy spectra 
at layer boundaries

− 100 keV (1 eV, n) – 1 TeV

− e, γ, p, n, µ±, π±, α,

• LET(Si), LET(H2O), ambient dose eqv. 
and effective dose

• Scoping calculations performed to 
assess validity of some of these 
approximations

− Little effect of ground density and 
composition except

− WATER IS VERY IMPORTANT
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Uses ISO 15390
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Ambient dose equivalent maps, in µSv/hour, for surface environment - left: 
solar minimum, right: solar maximum 

Particle flux maps for surface of Mars at solar minimum: 
Left: neutrons >100MeV; Right: protons >100keV. Flux units are particles-cm-2s-1.

GCR proton + α-particle induced environments (no shielding)
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    LocationLocationLocationLocation    Depth [g/cmDepth [g/cmDepth [g/cmDepth [g/cm2222]]]]    SourceSourceSourceSource    Primary Primary Primary Primary 
speciesspeciesspeciesspecies    

     Ambient dose      Ambient dose      Ambient dose      Ambient dose 
equiv. equiv. equiv. equiv. [cSv/yr][cSv/yr][cSv/yr][cSv/yr]    

protons 14.5 
17.8 GCR(max.flux) Day  / 137oSL 

alphas 3.5 
18.0 

17.9 GCR(max.flux) Night / 137oSL protons 20.1 

protons 22.3 

Viking 1 

20.5 GCR (min flux) Day / 253oSL 
alphas 4.9 

27.2 

GCR(max.flux) Day  / 137oSL 
protons 

20.8 

MER 2 15.9 

GCR(min.flux) Day  / 253oSL protons 23.8 

protons 14.7 

 

dMEREM 

 

Spirit 0.036 GCR(min.flux) Day  /137oSL protons B 
on 17.4 

 protons 10.0 

 
GCR(max.flux) Day  / 137oSL 

alphas 4.5 
14.5 

 protons 14.5 

 

eMEREM 

Viking 1 

 
GCR (min flux) Day / 253oSL 

alphas 7.0 
21.5 

HZETRN/MOLA 
Error! Reference Error! Reference Error! Reference Error! Reference 
source not found.source not found.source not found.source not found. (*) 

  
GCR  20-30 

  ElevationElevationElevationElevation    SourceSourceSourceSource    Dose equivalent [cSv/yr]Dose equivalent [cSv/yr]Dose equivalent [cSv/yr]Dose equivalent [cSv/yr]    

GCR Solar  maximum 11.8 
Regolith 0 km 

GCR Solar  minimum 29.3 

GCR Solar  maximum 6.4 
Dry Ice 0 km 

GCR Solar  minimum 16.5 

GCR Solar  maximum 4.7 

NASA Langley 
Research Center 
Models Error! Error! Error! Error! 
Reference source not Reference source not Reference source not Reference source not 
found.found.found.found. (**) 

Ice 0 km 
GCR Solar  minimum 12.0 

 

Mars Radiation Environment Experiment (MARIE) flown on Mars Odyssey and 
reported by Saganti:

• Average GCR-induced dose measured by the instrument in orbit during 
August 2003 was 214 µGy/day
• Of this 120 µGy/day (56%) predicted to be proton & α-induced
• eMEREM prediction for solar max is 71 µGy/day
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Conclusions
• Detailed and engineering models, dMEREM and eMEREM, have been developed to predict 

the Martian radiation environment (in atmosphere, in orbit, and on moons)

− Based on Geant4 and FLUKA for accurate physical treatment in 3D

− Through the Pre-processor, models accurately treat location-dependence of atmospheric pressure, 
density and composition, and surface geology and topology

• eMEREM and dMEREM used to assess variability of environment with solar cycle and 
longitude, latitude and thickness of atmosphere

• Results show good agreement with predictions from other models for surface 
environment and consistent with MARIE measurement data

• MarsREM Web-pages currently online under SPENVIS

Greatly benefit accessibility by the user community
- no other Mars radiation environment model provides this
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