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Mars magnetosphere 
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http://lasp.colorado.edu/home/wp-content/uploads/2010/08/MOP-
14Mars.jpg 

• Mars induced magnetosphere. 

• Piling up of interplanetary 
magnetic field lines against the 
conductive ionosphere (and 
associated induced 
currents/magnetic fields). 

• Average subsolar induced 
magnetosphere boundary distance: 
1.2 Rm. 

• So small that the upper 
atmospheric layers extend into the 
solar wind. 

• Effective erosion by the solar wind. 

• Remnant magnetization in the crust 
provides additional protection in 
places. 

 



Crustal magnetic field 

• Remnant magnetism 
in localized places 
[e.g. Acuña et al., 
1998]. 

 

• Indication of a past 
Martian dynamo, 
which stopped 3.8 
billion years ago. 

 

• Weak magnetic 
sources in the North: 
|B|<50 nT at 400 km. 

 

• Strong magnetic 
sources in the South: 
|B|>50 nT at 400 km. 
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http://mgs-
mager.gsfc.nasa.gov/publications/grl_28_connerney/grl_28_connerney_fig1.html 



Magnetic flux ropes 

• Magnetic flux rope: bundle of highly twisted 
magnetic field. 

 Outer region: weak and azimuthal B field. 

 Core: strong axial B field. 

 

• Ubiquitous: e.g. Earth magnetotail, CMEs, 
ionospheres of Titan, Mars and Venus. 

 

• Formation: magnetic reconnection or strong B 
field shear.  

 

• Identified in magnetic field measurements by: 
peak in total B field and bipolar type rotation. 

 

  

Russell and Elphic, 1979 
Zhang et al., 2012 

Example of flux rope in the ionosphere 
of Venus, detected by Venus Express 
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Martian magnetic flux ropes 

Two types of magnetic flux ropes have been found in the ionosphere of Mars: 

 

Small scale flux ropes [Cloutier et al., 1999; Vignes et al., 2004]: 

• with diameters of a few tens of km 

• peak B < 20 nT 

• mostly in the Northern hemisphere, away from crustal B fields  

 magnetic flux tube  from the magnetic pileup region sinks from the ionopause into the ionosphere  
and becomes twisted due to velocity shears [Russell, 1990]. 

 

Large scale flux ropes [Brain et al., 2010; Morgan et al., 2011; Beharrell and Wild, 2012; Soobiah et al., 
2014; Hara et al., 2014, 2015]: 

• with diameters > 100 km 

• median peak B ~ 60 nT 

• found near crustal B fields 

• often at the terminator 

• populated by ionospheric plasma, 

• sometimes found detached at high altitude  

 magnetic reconnection with one of these mechanisms:  

 neighbour crustal field lines. 

 crustal field lines + draped interplanetary magnetic field IMF. 
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Statistical study of flux ropes at altitude < 400 km at SZA < 105 degrees, 
using magnetometer data from MAVEN: Mars Atmosphere and Volatile 
EvolutioN. 

Period of survey: October 2014 – May 2016. 
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We are looking for events: 

• inside the induced 
magnetosphere 
boundary 

• strong magnetic field 
enhancement not 
related to crustal fields 

• rotation in B field 

 

 

SWEA 

Cain model |B| 
MAG |B| 

MAG B 
components  

Data selection 
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Identification of flux ropes with 
minimum variance analysis  MVA 

 Maximum Bi, intermediate  Bj and 
minimum  Bk variance B field 
components. 

 

Requirements: 

Ratio of eigenvalues λj/λk > 5: well 
defined transformation. 

 

Bipolar variation in Bi, core field in Bj: 
flux rope. 

 

Small and unchanging Bk: MAVEN 
pass close to axis of flux rope. 

 

Flux rope identification 

Bi: green 
Bj: blue 
Bk: pink 
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Initial list of 168 flux ropes. 

 

Apply a force free model fitting (J x B = 0, 𝛁P = 
0) to these flux ropes [e.g. Lepping et al., 
1990]: 

Fit radial and tangential B field components 
with Bessel functions of the first kind. 

 

 core field strength B0, radius R0, chi 
square and closest approach (CA). 

 

Force-free model 
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Select ropes with a reasonable 
radius R0  leaves 164 ropes. 

 

Select fitted ropes where chi square 
< 0.05  leaves 151 ropes. 

Work with these 151 flux ropes for this 
study. 
  
• Median chi square: 0.019. 
• Median CA: 0.093. 
• Median R0: 81.5 km. 
• Median B0: 44.5 nT. 

Model outputs 



Flux rope orientation 

• Small angle between B field vector at CA and core axis: flux rope orientation well identified. 

 

• Core axis often horizontal and often perpendicular to the Mars Sun line. 
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The flux ropes are 
found: 

 

in the North and 
South hemisphere, 
away from crustal 
magnetic fields 

 

in morning and 
afternoon local times 

 

Many events near 200 
km altitude. 

 

Need to compare 
these plots with 
removing the 
restrictions from good 
fitting and small CA. 

 

Spatial distribution 



Proton moments and magnetic 
field data from times of MAVEN 
upstream of a bow shock model. 
 
Larger core field in flux ropes for 
high solar wind dynamic 
pressure . 

Upstream parameters 



Relation with draped field 

Relation between the ionosphere flux ropes and the local draped IMF.  

 

5 minute long time intervals of magnetometer data measured before a given flux rope time.  

 

The Cain model crustal B field is calculated at MAVEN location during this interval, and is 
subtracted from the measured field components, to obtain the remaining B field assumed to 
be the draped IMF.  

 



Relation with draped field 
The local draped IMF on the 
dayside has expected values of 
strength and orientation (often 
horizontal). 

 

The peak |B| of the flux ropes 
tends to increase when the local 
draped |B| increases. 

 

The core axis of the flux ropes is 
often roughly oriented along the 
local draped IMF direction 
(median angle ~60 degrees), 
rather than against it. 

 

These results suggest that the 
majority of dayside ionosphere 
flux ropes are created through 
processes which involve the 
draped IMF.  

 



Hypotheses 

 

Possible origin: magnetic reconnection 
between draped IMF and crustal fields [e.g. 
Hara et al., 2017]. 

 

“The axial orientation estimated for the flux 
rope indicates that it likely formed as a result 
of interactions between the local crustal and 
overlaid draped interplanetary magnetic 
fields.” [Hara et al., 2017]. 

 

 

“The flux rope observations occurred during 
an interplanetary coronal mass ejection event 
at Mars, suggesting that the disturbed 
upstream state played a role in allowing the 
interplanetary magnetic field to penetrate 
deeper into the Martian ionosphere than is 
typical, allowing the formation of the flux 
rope.” [Hara et al., 2017]. 

 
Hara et al., 2017 



 

Possible origin: magnetic flux tube from the magnetic 
pile up region sinks from the ionopause into the 
ionosphere and becomes twisted due to velocity shears 
[e.g. Luhmann and Elphic, 1985; Wei et al., 2011]. 

 

“Like the large scale field, the field underlying the flux 
ropes reflects the direction of the overlying 
magnetosheath field.” [Luhmann and Elphic, 1985]. 

 

“…when the rope starts to form near the ionopause the 
flux tube hung up right above the ionopause starts to be 

twisted by velocity shear to form an azimuthal field 
around the axial field which is in the direction of the 
untwisted flux tube field, the developing rope should 
have an axial field nearly parallel to the fields above the 
ionopause.” [Wei et al., 2011]. 

Luhmann and 
Elphic, 1985 

Hypotheses 



 

• Statistical study of 151 flux ropes in the dayside ionosphere. 

 

• Flux ropes with more often small radii  (tens of km) than large radii (hundreds of km). 

 

• Flux ropes with more often weak  core fields (< 50 nT) than strong core fields (> 50 nT). 

 

• Flux ropes occur often near 200 km altitude; to check occurrence frequency. 

 

• Stronger core fields for high dynamic pressure. 

 

• Flux rope orientation often horizontal and often perpendicular to Mars-Sun line, reminds of 
draped fields on dayside. 

 

• Flux rope have core field strength increasing with draped field strength and their orientation is 
rather along the draped field than against it. 

 

• Origin of ionospheric flux ropes involves draped IMF. 

 

Summary 


