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How does magnetic topology affect ion dllﬂllEIl
acceleration and escape? W sttt

e Mars’ magnetic topology affected by crustal field position, IMF
orientation and IMF strength

e MHD model results suggest magnetic topology may be responsible for
ion escape enhancement

Quiet time 2015-March ICME Most Extreme Event
Obs. by STEREO-A
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e Crucial to understand how the Martian plasma environment responds to
extreme conditions

— Early Sun was more active, transient events more frequent



Quiet conditions: crustal field strength and
IMF orientation
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We used the single-
fluid, multi-species
BATS-R-US MHD [Dong
et al. 2015] to model 4
IMF cases:

e +By

e -By

e +Bz

e -Bz

+E +E

Each IMF case was also

run with 4 crustal field

positions:

e Dayside, dawn, dusk
and night
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Quiet conditions: crustal field strength and
IMF orientation
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E . e Magnetic field
lines are traced
from 150 km

e Escape rate:
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Quiet conditions: crustal field strength and i ﬂUE"
IMF orientation d“
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Dawn crustal fields
yield highest escape
rates (as opposed to
the nightside)
Dayside crustal fields
yield lowest escape
rates

Generally +Bz has
highest rates but —Bz
has lowest rates
*The —Bz case is
analogous to a
southward IMF at
Earth!
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Quiet conditions: crustal field strength and
IMF orientation
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3l 5 | rate
e This suggests that
27 I draped fields are
1 | | | | responsible for ion
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Quiet conditions: crustal field strength and
IMF orientation
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% 7L i (see Dave Mitchell’s
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Halloween Event Upstream Proxies at Mars
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e Weak crustal regions, increasing

Pdyn:

e Less open/closed, more draped
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* Indicating a compression

e Strong crustal regions, increasing
Pdyn:
e Less closed, more open/draped
* Implying more reconnection
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Conclusions

e Draped fields are associated with
slightly higher escape rates during S
quiet conditions

 Both the IMF configuration and the
crustal field location determine the
magnetic topology

 During extreme conditions, the
magnetic topology at Mars becomes
more open in the vicinity of the -
crustal fields but also has over an T
order of magnitude higher escape \u\ : |

e Future work will include MHD models of the Halloween
storm, along with an analysis of more recent events (i.e.
September 2017)
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IMF#

DRAPED

Data

* Electron pitchangle  _ .., | 7,
distribution (PAD): N\ /) imagnetospinge
— One-sided loss cone: |
intersecting atmosphere

on one end, open
— Double-sided loss cone: intersection on both ends, closed

e Electron energy spectra for field-aligned directions:

— Photoelectrons seeing in one direction, solar wind electrons in
another, open

— Photoelectrons in both directions, closed
— Low energy flux: electron voids: closed

— Solar wind electrons in both directions with no loss cone,
draped
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Backup
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e Dawn crustal fields yield highest escape rates (as opposed to the nightside)
e Dayside crustal fields yield lowest escape rates
e Generally +Bz has highest rates but =Bz has lowest rates
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Open / closed field lines at 150 km

MAVEN

Mars ﬂmsplue and Uslatile Evolution Migsion
UHUISF  GSFC « UCB/SSL+ LM » JPL

+By (day) +By (dawn) +By (dusk) +By (night)

M Eimf Brwn, 150km field type

Max Eimf Bday, 150km field type

Max Eimi Bdsk, 160km eld lype

Max Eimf Bnt, 180km fied typa

Open
Closed
Draped

) 08 06 04 02 0 02 04 06 08 1 A 08 06 04 02 0 02 04 08 0B 1 - 08 06 04 02 0 02 04 06 0B 1
A 0B <06 04 <02 0 02 04 08 08 1 ¥ ¥ y

-By (day) -By (dusk) -By (night)

-By (dawn)

Mas Wimt Betwn, 150km field type

=1 =08 =06 -04 =02 0 02 04 06 08 1
¥

ESLAB 2018

02

Meze Wimf Bday, 150km field type

Max Wimf Bask, 150km field typa

42 02
4 04 04
0 -6 08|
08 08 Poi

-1 08 -06 04 -02 0 02 04 06 08 1
¥

-1 -08 -06 -04 02 0 02 04 08 08 1
¥

Max Wimf Bnt, 150km fiekd type

S [ said
- 1 = =
Lt doped] 08 08 L 08 L_ded

08 6 06

04 e o

02 02 02

-1 ~0B -06 =04 -0F 0 02 04 06 08 1
¥

smcurry@berkeley.edu



Open / closed field lines at 150 km
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Open field lines at 150 km and 400 km
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Open Field area at 150 km vs Berust location

% area in open field
=
T

By, +— Simf
.
g \'\\
"\\ L
! e
\ Sl "
N, 3 LSS
™ Ty
\.\\ . 4] .
\ S
4 \..‘
N\ g
N\
* !
\\
. L
\\ L __d-r"d_f_'(—
e

10F
5_
0

-50

ESLAB 2018

50 100 150 200 250 300
Berust location: dwn,day,dsk,nt

60

50

.
=4

% area. in open field
(%]
L]

(=
=i

Open Field area at 400 km vs Berust location

L]
ﬂnmmm and Ulatle Eveltion Mission

CU/LASP » GSFC » UCB/SSL + LM » JPL

T T T T T I I
i o Wimf
253 Nimf —0— -B
" L& —#— Simf | 0- Y
—o- 4B,
- e *
- \ \\\\\ % J -0 -B
\ \\\ 7 Z
Y,
\._\. e 7/ \3:‘_
\."'\ "-»./_:/
\ 73 .
\ / {
N
t ¥
1 L 1 1 1 1 1
=50 ] 50 100 150 200 250 300 350

Berust location: dwn,day,dsk,nt

smcurry@berkeley.edu



Open Field area at 150 km vs Bcrust location
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the escape rate
e The draped fields are able to
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Electron pitch angle distribution (PAD):

= One-sided loss cone: intersecting
atmosphere on one end, open

= Double-sided loss cone: intersection on
both ends, closed

Electron energy spectra for field-aligned
directions:

= Photoelectrons seeing in one direction,
solar wind electrons in another, open

= Photoelectrons in both directions, closed
= Low energy flux: electron voids: closed

= Solar wind electrons in both directions
with no loss cone, draped
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