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Grad-ShafranovE1R;% (GSR)

« Grad-ShafranovARER (CEDWT, BIED1S8087—4
N5 ISvOAO—TD2RchEEe=BIRT B.

o {RGE :
— magneto-hydrostatic static:

B e =ixB-vs [ x B=Vp
_ iEEH 2R 0/02 =0
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[e.g., Sturrock, 1994]

82_A+82_A—_ @—_ (A)
2 12 — —Ho dA H0J 2

y (km)

A=A,
B = [0A/dy, —0A/0z, B.(A)]

(Ex.) Magnetic cloud
Py = (p + BS/Q,UO) [Hu and Sonnerup, 2002].
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Viewed from Duskside

STATIC
Energy [eV]
M/q>12 M/q<12

-
o
w

STATIC
Mass
[amu]
Energy Flux [eV/cmZ/s/str/eV]

=3

MAG
IB|
[nT]

20

N = 18
SES q0E
20F
.3 = ! 1 L ' L |
Altitude [km]  2927.9  2776.3  2622.1  2465.6 23071  2146.9  1985.6
Xmso 0.7 0.8 0.8 0.9 0.9 1.0 1.0
Ymso [Rm] 1.2 1.2 1.1 1.1 1.1 1.0 1.0
Zmso -1.2 -1.1 -1.1 -1.0 -0.9 -0.8 -0.7
hhmm 1352 1354 1356 1358 1400 1402 1404
2014 Dec 26 (UT) hhmm 1300 1400 1500 1600

o ERDMGSIC KBEVHI(EE: 400km)(CLENRTHEULEY2500km™T
gHRlENS
— HEHNHSdetachcNTULBBEIEEENF L.

o BUVEBE O TR CERAIEINDS.

CU/LASP » GSFC » UCB/SSL « LN « JPL

>20

10

o
Br [nT]

-10

<-20



GSBIREZHWzISvwoOXO—J0
TEREWBIEHETE: T o ANYTEDES

JNAVEN

s fitmesphere and Uolatile Evolution Mission
CU/LASP » GSFT « UCB/SSL « LN « JPL

EBREOAAHEBCSEELU SISV ORO-J(CW LT, GSHE
REZER T D EFIFRICIHTHD.
NERBDTERH SN v OXO—T(CDULT, MAVEND\ IO T
A EWIBOIRDEVNZEFERARNDICENTEE.
GSHIDEICK D THESNETIT SV IORO—TDRARIC T B
TS XAXNE p 255%ANBIEHC, GSBIREZERA I BZHICA
NIBTSAXEDODEZF=ZTRKUTHD.
— Case 1:

p=0 (A —RTU—1))
— Case 2:

p=0

(MAVEN/MAGEDRI(C K> TESNIEHIRTE EF MDD

TS5 AREZ5Z3)

— Case 3:
p=0
(MAVEN/STATICIC K D CERRICEHIESNIEA A DERE - mE(C
FOTCEHETINBZTSAVEEE X D) g




GSBIEZR
ZEfEteisHEE: BIRER

Case 1

Case 2

Case 3

(@)

Pt [nPa]

Pt [nPa]

Pt [nPa]

WeDdowoO0—-TD

MAVEN 2014 Dec. 26, 13:57:50 - 13:58:10 (UT)

0.5
0.4
0.3
0.2

0.0

-0.5 0.0 0.5 1.0 1.5 2.0 2.5
A [T-m] (%x103)

0.4
0.3
0.2 B -

0.0

-0.5 0.0 0.5 1.0 1.5 2.0 2.5
A [T-m] (%103)

0.4
0.3
0.2

0.1

0.0

0.5 0.0 0.5 1.0 1.5 2.0 2.5
A [T:m] (x103)

0

100

100

200

300 400
X [km]

500

600 700

RUEN

Mars Atmesphere and Uolatile Evolution Mission
CU/LASP » GSFT « UCB/SSL « LN « JPL

GSR Spatial Results:
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MAVEN MAG Hodogram 2014 Dec. 26, 13 57 50 - 13 58 10 (UT)
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MAVEN MAG Hodogram 2014 Dec. 26, 13 57 50 - 13 58 10 (UT)
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1. Introduction:
1.1. Plasma Environment on Mars

JNAVEN

Mars Atmesphere and Uolatile Evolution Mission

MPB

s o
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Plas a Plasma
‘ ;/ sphere ﬁ ", sheet
v \ = Neutral Sheet

) i Current
\ Ring Current  Field-Aligned
N

' M “ L Low Latitude . Solar Wind =
. ~ Boundary Layer W
Solar Wind Magnetopause i ;
praiop sl Bow shock

Magnetopause Current

Brain [2006]

Kivelson and Russell [1995]

 Since Mars lacks a global intrinsic magnetic field, the solar
wind can directly interact with Martian upper atmosphere.

« Atmospheric escape from Mars induced by the solar wind
interaction has been directly observed by spacecraft
missions [e.g., Lundin+, 1989; Barabash+, 2007].

CU/LASP » GSFT « UCB/SSL « LN « JPL




1.2. Martian Crustal Magnetic Fields

Ny - ),
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Based on Cain:r [ZOO?Tj"'. Courtesy of D. Shiota

o Mars Global Surveyor (MGS) orbiter found Martian crustal
magnetic fields.

o Amplitude of magnetic field attains up to ~250 nT at the
altitude of 400 km [e.g., Acuna+, 1998, 1999].

o The crustal magnetic fields might be locally and/or globally
affected the Martian plasma environment. 18




1.3. Role of Crustal Magnetic Fields in
Atmospheric Escape from Mars

L
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« Enhancements :
— Auroral-like accelerations.
[Brain+, 2005; Lundin+, 2006]

— Magnetic reconnection.
[Eastwood +, 2008; Halekas+, 2009]

—|Magnetic flux ropes (Plasma clouds)
[Brain+, 2010; Briggs+, 2011]

* Protections :
— Mini-Magnhetosphere.
[Mitchell+, 2001; Lundin+, 2011]

We have not determined the role of the crustal
» magnetic fields in the atmospheric escape from Mars

yet. 19
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ENLIL Prediction Movie (1) ¢NAVEN
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 The ENLIL solar wind model is predicted the possibility
of a weak CME arrival at Mars on December 26t", 21
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ENLIL Prediction Movie (2) ¢NAVEN

http://spaceweather.gmu.edu/projects/enlil/archive/2014/12/vel1r204b_201412.mp4
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SOHO/LASCO C2 Movies
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http://spaceweather.gmu.edu/seeds/mkmovie.php?cme=20141221.012553.w087.v0276.p079&frame=16

 SOHO/LASCO detected a correspondent CME on December 215t
~01:25(UT).
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