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Abstract 

Recent data from the MARIE (Martian Radiation Environment Experiment) 
instrument on board the 2001 Mars Odyssey spacecraft currently in Mars orbit are 
presented. It is shown that the short-term modulations of ga lactic cosmic rays 
(GCR) are well described by corre lating the so lar modulation parameter, <1>, with 
Earth-based neutron monitor counts using a 85-day time lag and the NASA Mod­
els - HZETRN (High Z and Energy Transport) and QMSFRG (Quantum Mu ltiple 
Scattering theory of nuclear Fragmentation). The dose rates observed by the 
MARIE instrument are within 10% of the model calculations. 

1. Introduction 

The MARIE (Martian Radiation Environment Experiment) instrument cur­
rently in Mars orbit has been providing scientific data since March 13, 2002. 
Analyses and scientific interpretations of these data are needed to design future 
human exploration mi ss ions to the red planet including the description of the solar 
modulation of GCR [1-3). We present comparisons of calculations of the 
short-term modulation of the GCR dose-rate at Mars with the recent measurements 
from MARIE fo r the time period from April-2002 through April-2003 . 

2. Methodology 

The HZETRN (High Z and Energy Transport) code [4-6] describes the atomic 
and nuclear reaction processes that alter the GCR in their passage through materi­
als such as the Mars atmosphere and human ti ssue . The HZETRN code solves the 
Boltzmann equation for the particle flux, ¢j{x,E), of ion of type j , with energy E, 

and depth x, as obtained from 
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where ()j is the total reaction cross section and ()jk is the channel changing cross 

sections. The HZETRN code solves the Boltzmann equation using the continuous 

slowing down approximation and the stra ight-ahead approximation for projectile 

nuclei [4]. Nuclear fragmentation cross sections are described by the quantum 

multipl e scattering (QMSFRG) model [5 ,6]. The QMSFRG model c01siders the 

energy dependence of the nucleus-nucleus interaction, quantum effects in nuclear 

abras ion, and a stochasti c model of the de-excitati on of pre-fragment nuclei pro­

duced in projectile-target nuclei interactions. The modulati on of the GCR near 

Earth is described by Badhwar el aI., [7] in terms of the solar modulation potential, 

c}) making use of the T-85 day delay of the neutron monitor count rates of the Cli­

max data [8]. The daily GCR spectra were generated according to the detff­

mined c}) value of that day. However, this model was <kveloped for LEO (Low 

Earth Orbit - 1.0 AU) . Webber [9] has estimated an increase in the modulation 

potential c}) of 10 MY per AU which suggests the chan ge in GCR between Earth 

(- 1.0 AU) and Mars (- 1.5 AU) would be very small , however the modulation 

wou ld be in the energy regi on where HZE partic les have maximum biological 

quality factors and confirmation of the change due to modulation is needed for 

future human exploration. In this report, we are presenting the <l> value determined 

with a T-95 day delay (an additi onal 10 day delay to that of the LEO observation) 

that is correlated well with the observed dose-rate variations at Mars. 

1150 

950 

.1',1. I r l Calculated Phi for LEO I 

--~ 
1-\)\, I . , 

\ I 

t~\., --1 ,', 
: \ J \. . ~:"'-.':. ~ 

;' 
, ! \! '.. , :' " .''\ , j ..... , : . , 

; , . 
[' 1-...., " : \ ,,-J . 

. . ...-:; L- ' ' -" .--,t--~~ 

~tim'''d Phi ,t M", 

I 
; 

[\' . 
I \"--vi] • I 

) , . '. t ..... 
I-----' 

I 
'~! I 

I 

1100 

1050 

900 

1000 

Mar·02 Apr·02 May·02 Jun·02 Jul·02 Aug·02 $ep·02 OcI·02 Noy·02 Dec·02 Jan·03 Feb-03 Mar·03 Apr-03 

Date (UTe) 

Fig. 1. Calcul ated So lar modul ati on potential, <l> (April-2002 through April-2003) 
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3. Results and Di scussion 

Current model predi cti ons of the quiet time GCR contributed dose-rate at 

Mars are w ith-in 10% of the MARI E observati ons fo r the time period from 

April-2002 through April-2003 (see Tabl e-I ). The MARI E dose rates used here 

are determ ined by multiplying the count rate of th e detector (AI) by a constant 

that is a function of the area of the detector and the average LET (linear energy 

transfer) of the travers ing particles. The average LET was determined from the 

data obtai ned in near-Earth orbit and may not represent GCR partic le fl ux LET at 

Mars. Because of these uncertainties, th e MARI E measurement error is conser­

vatively estimated to be - 15% of the quoted values . During the first year of op­

eration, the MARI E instrument has been prov iding the scientific data as ant ici­

pated [1 0]. Improved understanding of the detector response will red uce the un­

certainty and prov ide a stringent test to the mode l ca lculations. Since the im­

provement in measurement accuracy w ill not effect the t ime-dependent variations 

of the GCR dose-rate, current model assessment of the GCR fluctuations at Mars 

w ill remain valid . The current model assessment with the di ffusion correction to 

- 1.5 AU shows good correlati on as presented in F igurB-2 . Thus these NASA 

models show the promise fo r assess ing the GCR environment at Mars wi th an ac­

curacy that is yet to be compared by any other model calculation . 

MARIE MARIE Model Model 
Measurements Measurements Prediction Prediction 

(GCR+SPE) (Only GCR) (Only GCR) (Error) 
Month mrad/day mrad/day mrad/day % 

Apr-2002 22.48 18.73 21 .59 13.25% 

May-2002 22.15 21 .74 23.31 6.74% 

Jun-2002 21 .21 21 .20 23.41 9.44% 
Jul-2002 168.68 22 .87 22.42 -2.01% 

Aug-2002 22.08 21 .54 22.57 4.56% 

Sep-2002 20.73 20.56 22.89 10.18% 

Oct-2002 112.21 21.46 22.56 4.88% 

Nov-2002 22.48 20.61 19.69 -4.67% 
Dec-2002 20.74 20.74 20.86 0.58% 

Jan-2003 21 .38 21 .38 22.46 4.81% 
Feb-2003 21 .51 21 .51 20.90 -2.92% 
Mar-2003 24.50 21 .65 21 .26 -1 .83% 

Apr-2003 21.36 21 .36 21 .65 1.34% 

Average 40.12 21.18 21 .97 3.41% 

Tab le - 1 : Compari son of model predictions vs . the MARI E measurements. 
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, , Model Predicted Average (GCR) = 21 .65 mrad/day 

MARIE Measured Average (GCR) = 21 .36 mradlday 
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Fig.2. Compari son of April-2003 calculations with the MARJE measurements 

4. References 

1. Saganti , P.B., Cucinotta, F .A., Wilson, l .W., Schimmerling, W., Visualizaion of 
Particle Flux in the Human Body on the Surface of Mars. 1. Radial. Res., 43, 
S119-S124, 2002 (http:// jrr. jsatage.jst .go.jpl) 

2. Cucinotta, F.A. , Saganti, P.B., Wilson, l.W., and Simonsen, L., Model Predi:.­
ti ons and Visualization of Particle Flux on the Surface of Mars. 1. Radial. Res., 
43, S35-S39, 2002 (http: // jrr .jsatage.jsLgo. jp{) 

3. Cucinotta, F.A. , Schimmeriing, W., Wilson, l.W. , Peterson, L.E., Badhwar, G.D. , 
Saganti , P. , and Dicello, J.F. , Space Radiation Cancer Risks and Uncertairties 
for Mars Missions. Radial. Res. 156,682-688, 2001. 

4 . Wi lson, l.W. , Townsend, L.W. , Schimmerl ing, W, Khandelwal, G.S ., Khan, F., 
ea ly, l.E., Cucinotta, F.A., Simonsen, L.c., and Norbury, J.W., Tran:port 

Methods and Interactions for Space Radiati ons. NASA-RP 1257, 1991. 

5. Cucinotta, F.A., Wi lson, J.W., Saganti , P.B., Hu, X. , Kim, M.Y., Cle~orn, T.F., 
Zeitlin, C.J., and Tripathi , R.K ., Physics of the Isotopic Lependence of GCR 
Fluence Behind Shielding. NASA-TP 210792, 2003. 

6. Cucinotta, F.A. , Wilson, J.W. , Tripathi , R.K. , and Townsend, L.W., Micra;copic, 
Fragmentation Model For Galactic Cosmi c Ray Studies. Adv. in Space Res. 22 , 
533-537, 1998. 

7. Badhwar, G.D. , and 0 ' eill , P.M ., An Improved Model of GCR for Space Ex­
ploration Missions. Nuc!. Tracks Radial. Meas. 20, 403-410, 1992. 

8. Space Physics Data Systems, http ://ul ysses .sr.unh .edulNeutronMonitor/ 

9. Webber, W.R. , The Interstellar Cosmi c Ray Spectrum and Energy Density. ]n­
terplanetary Cosmic Ray Gradients and a ew Estimate of the Boundary of the 
Heliosphere. ASlron. ASlrophys. 179, 277-284, 1987. 

10. MARJE Website: http: //marie.jsc.nasa.gov/ and Special Issue on 2001 Mars 
Odyssey. Space Science Reviews, (in press) 2003. 

I 

~ 


