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https://phys.org/news/2014-02-maven-satellite-mars-atmosphere.html
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Summary of oxygen loss on Mars 
[Dubinin et al., 2011]• Cold ion�������
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[Lundin et al., 2009]
Atmospheric origin of cold ion escape 
from Mars



Instrument
• Mars Express (MEX)

• ESA�������
• Imaging ion Mass Analyzer (IMA)

• FOV: 90˚ × 360˚

• Energy range: 10eV - 30keV

• Mass/Charge (m/q)��	
• m/q=1,2,4,16,32,64��
�	�

Ion mass analyzer
[Barabash et al., 2007]

Peak-fitting technique 
[Carlsson et al., 2006]
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Figure 1. Energy time spectra
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Figure 3&4. (a)Energy  spectra 
and (b) mass per charge spectra



Observation

Figure 5. Scatter plot of low-energy 
H+ and m/q = 2 ion number densities

NH+/Nm/q=2 ≈ 57
Minimum H/D ratio ≈ 1000
[Krasnopolsky and Feldman, 2001]• m/q=2���
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Observation

• Escape rates�tail	
r=1.15RM
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Table 1. Average ion fluxes and ion escape from Mars

������
"���
�



Discussions
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Conclusions
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[Inui et al., 2018]
Cold Dense Ion Outflow Observed in 
the Martian-Induced Magnetotail by 
MAVEN



Instrument

MAVEN����	3.
• (*,��05 	4�
• �)��	,�6'	4�
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�	total escape	4�

MAVEN: Mars Atmosphere and Volatile EvolutioN
• NASA�+�(��-"�
• 2014211��
• �1�%��75˚
• ��/�~150km
• ��/�~6200km
• &��~4.5$�



Instrument

• FOV: 90˚ ×360˚
• Energy range: 0.1eV - 30keV
• Mass/Charge���
• Used data: 32E×64M
• 	
���������
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MAG: Magnetometer
SWIA: Solar Wind Ion Analyzer
• �������Tail����
�������

STATIC instrument
[McFadden et al., 2015]

STATIC: Supra-Thermal And Thermal Ion Composition



Estimation of CO2
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Observation

• Wake)����Cold ion outflow"'�
• Wake)�
��MAVEN ���$%�Dusk���&%
�Dawn��#�	���
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Figure 2. Trajectory map of MAVEN orbit #354

• IMF [nT]
• Bx = –0.9

• By = 2.9

• Bz = 1.9

• ESW�ZMSO�
����24˚

Ø&%� ≈ +E

Ø$%� ≈ –E
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Figure 3. Summary plot of MAVEN observations



Observation
• Current sheet�#�
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→ H+ dominant

• ���������(
→ O2

+:O+:CO2
+ ≈ 71:26:3

Figure 4. Summary plot of cold 
dense ion outflow event



Discussions
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Figure 5. Schematic summary of of cold 
dense ion outflow event
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Discussions
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• Flux = 5.4×10'()*+,*-

• Escape velocity��/�
• Escape rate = 5×10+.,*-
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Conclusions
• MAVEN����cold dense ion outflow�#3	���
• Fitting method���O2
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