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Abstract

Development of prediction methods for ICME arrival at Mars is important in a space weather context
for two main reasons. (1) It will be useful for future Mars exploration, and (2) it may increase our
understanding of the structure and heliospheric propagation of ICME’s in general, thereby potentially
improving our ability to predict ICME arrival at Earth. We use ~6 years of observations from the
MAG/ER instrument onboard the Mars Global Surveyor in the previous solar cycle to identify events
of significantly enhanced solar wind dynamic pressure and a set of ICME events encountering Mars.
We investigate the occurrence pattern of the events relative to the heliospheric current sheet and
relative to near Earth observations of ICME’s. When the solar source of the ICME’s can be identified
we employ two existing models of ICME propagation: The global MHD model ENLIL and the drag-
based model DBM. These are compared with the observations in order to identify key parameters for
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o SEVENTH FRAMEWORK

Prediction of ICME Arrival at Mars

S. Vennerstrom?!; T. V. Falkenberg?, K. Leer?,
T. Rollett?, A. Veronig?, M. Temmer?
B.Vrsnak 3, T. Zic3, D. Odstrcil ?

Technical University of Denmark, Denmark;
2University of Graz, Austria;
3University of Zagreb, Croatia;
“NASA GSFC, USA

Outline

e Characterizing space weather events at Mars
as observed by the Mars Global Surveyor

magnetometer and electron reflectometer
(1999-2006)

e Occurrence pattern
e Solar wind sources

e Predicting storm occurrence
— Simple propagation from Earth observations
— Drag based model (ICME)
— ENLIL global MHD (ICME)




Solar wind — Mars interaction

Magnetic
field lines

Solar wind

The Martian induced magnetosphere

- Hybrid simulation results

-and MGS observations
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Mars Global Surveyor Profect

MGS Mapping
Orbit Geometry St

Seml-Major Axis
3775 km (378 km index altitude)

Inclination
82.866~, nearly polar

Eccentricity

0.007, nearly clreular

Descending Node
Ahvays at 2:00 p.m. orlentation with respect to
the fictitious mean Sun

Periapsis
<20.0%, near the Martlan south pole

Ground Track Cycle

Approximately repeats after 88 revolutions,
aach orbit lasts for about 116 minutes

How to define magnetic storms at Mars?

MGS: B-Bcrust (nT)
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Storm occurrence

Earth storms
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Bartels diagram

IMF sector structure
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Presence of SEPs can be seen in the data
from the MGS Electron Reflectometer

¢ 19 energy channels 10 eV-20 keV,16 angular sectors.
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High energy protons V.

(>30 MeV) penetrate
instrument housing,

causing increased count anode
rates in all energy

channels. Distinguishable
N ES RN AAGER IS  Delory et al., Space Weather, 2012
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Storm occurrence

Earth storms
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Predictions
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ICME propagation - Drag Based Model (DBM)
Vrsnak et al. A&A 2010
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Prediction of ICME arrival at Mars
(DBM, gamma=0.2)




Prediction of ICME arrival at Mars
(DBM, gamma=0.2)

*3D Heliosperic full
MHD model
*Available online
through CCMC
(Community
Coordinated
Modelling Center, at
GFSC, NASA
*Developed by
Dusan Odstrcil

* Input: Potential
Field source model
(WSA or MAS) built
on magnetograms
* Allows Cone
insertion (CME) —
no magnetic cloud




Determining ICME propagation
direction

CoMMINTY
CoorRDINATED
MobELinG
CEMTER

2001-11-16 00:00:568 2001=11-13 +3.00 days
@ Mercury ® Yenus O Earth ® Mars O Messenger M Sterco_d M Stereo B

R = 10 &l

Ecliptic Plane , 200z __LAT = 3.00° NSO LON = -21° . g0,
Aa - 14

CME direction
determined
using LASCO

$90
[ o — ] IMF polarity Current sheath 3D IMF line
0 10 20 30 40 50 80 N @ 2 -===-
ENUL=2.6 kawress WSA—1.6 MWD
@ Mercury ® Venus © Earth ® Mars B Messenger B Stereo_d B Sterec B

NSO LON = -21.°

Ecliptic Plane . 20H9021 LAT = 2.64°

CME direction
determined :
from flare .
position.

RE N (em™) T IMF polarity Current sheath 30 IMF line
10 20 30 40 S0 60 ——

Falkenberg et al., JGR, 201 1=




Summary

Examining Mars Global Surveyor MAG/ER data we find:

Storms at Mars are driven by dynamic pressure enhancements in
connection with heliospheric current sheet crossings and/or fast
speed streams in the solar wind (ICME/CIR)

There is a clear Mars-annual variation in the number of storms due to
the eccentricity of the Martian orbit

Storms at Mars mainly occur close to interplanetary sector
Eourrl]darles, (i.e. they are more predictable) in opposition to storms at
arth.

The ER data can be used to detect passage of fast ICMEs: Most of the
largest events seem to be driven by fast ICMEs, and are not always
observed close to sector boundaries

The drag-based model using LASCO CME-speed as input give
reasonable estimates of arrival time (within ~1 day?, ut there is
indication of variation with Earth-Mars longitudinal separation

ENLIL runs demonstrate that the direction of ICME propagation is an
ingpgréant input parameter, i.e. it can introduce errors in arrival time
of ~1 day.




