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Simulation of charge exchange X-rays

1. An estimate of the solar wind parameters from WIND data.

2. A 3D hybrid simulation using these input parameters [Kallio
and Janhunen, 2001, 2002]

3. A test particle simulation for the heavy ions (O7 � , C6 � , O6 � ,
O8 � , Mg10 � , Mg9 � , Si9 � , N6 � , C5 � , Ne8 � , Fe9 � , S9 � , Si8 � ,
Fe11 � , and Mg8 � ).
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Average solar wind parameters at Mars on July 4, 2001,
11:47–21:00 (UT) as estimated from WIND data.



−30 −20 −10 0 10 20 30
−30

−20

−10

0

10

20

30

offset along solar direction [’’]

of
fs

et
 p

er
p.

 to
 s

ol
ar

 d
ir

ec
tio

n 
[’

’]

−30 −20 −10 0 10 20 30
−30

−20

−10

0

10

20

30

offset along solar direction [’’]

of
fs

et
 p

er
p.

 to
 s

ol
ar

 d
ir

ec
tio

n 
[’

’]

0

1

2

3

4

5

x 10−9

X-ray photons with 0.2 keV
�

E
�

1 � 5 keV, observed on 4 July
2001 by Dennerl [2002]. A simulated X-ray image of Mars at a
phase angle of 18 � 2 � , corresponding to the situation at the time
of the observation. The inner white circle, with radius 10.2 arc
seconds, marks the geometric size of Mars, and the outer white
circle, with radius 30 arc seconds marks the extent of the X-ray
halo. The grey-scale shows the X-ray radiance in Wm � 2sr � 1.
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Radial distribution of the observed X-ray count rate per steradian
and second. The thin solid curve shows the results of the simu-
lation. The horizontal thick lines are a histogram of the observed
X-ray photons. The horizontal thin lines show the average X-ray
intensity in the same intervals as the histogram of the observation.
The error bars mark a 90% confidence interval of the simulated
results, assuming a Poisson distribution for the count rate. The
vertical dashed lines mark the size of Mars and the extent of the
X-ray halo according to Dennerl [2002]
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Spectal density of Mars’ X-ray halo, i.e., between 11 and 30 arc
seconds from the centre of Mars. The thin solid lines show the
simulated count rate, and the error bars mark a 90% confidence in-
terval, assuming the photon count rate is Poisson distributed. The
thick solid lines show the count rates observed by Dennerl [2002],
and the dashed lines show the background noise level, which is
taken from the range of radii between 50 and 100 arc seconds of
the observation.



vsw 330 km/s

nsw 4 � 40 � 106 m � 3

Tp � sw 4 � 56 � 104 K
�
B � 1 � 13 	�
 3 � 63 	 0 � nT =

3 � 80 nT 
�� cos � 72 � 7 � ��	�
 sin � 72 � 7 � ��	 0 �

Average solar wind parameters at Mars on July 4, 2001, 11:47–
21:00 (UT) as estimated from WIND data.
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