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THE MAGNETOSHEATH PLAYS A KEY ROLE IN
SOLAR WIND-MAGNETOSPHERE COUPLING

Interplanetary Medium
At the \
Polar Cusp s
the K
magnetosheath is filled with shocked _

solar wind plasma.

The magnetosheath regulates the
for
(reconnection, Kelvin-
Helmholtz instability)

Plasmasphere

Magnetosheath
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THE MAGNETOSHEATH PARAMETERS DISPLAY
PRONOUNCED DAWN-DUSK ASYMMETRIES

Dusk favoured asymmetries:
IBI, VI, Tpern/ Tparanier Mirror modes

. Dusk-flank
‘(Quasi-perpendicular)
N N

* These asymmetries are mostly due to the
on the dawn
(quasi-parallel) and dusk (quasi-perpendicular)
flanks during Parker-spiral IMF [Walsh et al., 2012; |
Dimmock & Nykyri, 2013; Dimmock et al., 2017] [T Tl *'STT

~
IMF: i’ar\ker—spiral

at the magnetopause, such \ \
as the KHI [Nykyri et al., 2017], and could partially

Dawn favoured asymmetries:

. . Dawn-Flank
explain the temperature asymmetry in the )| LT tvdnee (Quasiparalo)
magnetotail [Wing et al., 2005; Dimmock et al,, D immock ot aL. | | == ke saimo nasity coninsastag
2 O 1 5 ] 2017 mi; I;ﬁzg;e;c:s;usspeoit;:;ﬁs waves (linear-stage KHI)
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* Jlons treated as

designed for

€

, electrons are a charge-neutralizing fluid

* Most runs are currently 5D - 3D in velocity space and 2D in ordinary space

Vlasiator PI: Minna Palmroth
(minna.palmroth@helsinki.fi)
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Full description of the model: Palmroth et al. [2018]
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WE QUANTIFY MAGNETOSHEATH ASYMMETRIES
IN A SET OF THREE VLASIATOR RUNS:

Run name  Simulation plane  IMF cone angle 0, IMF strength Ma nsw [cm_g} Vaw [kms_l}

Run 1 x — z plane 45° 5nT 6.9 1 (—750,0,0)
Run 2A x — y plane 30° 5nT 6.9 1 (—750,0,0)
Run 2B x — y plane 30° 10 nT 3.5 1 (—=750,0,0)
* Run 1: comparable with typical Parker-spiral IMF orientation

* Run 2A: lower cone angle

* Run 2B: lower Alfvén Mach number

HELSINGIN YLIOPISTO
Lucile Turc et al. - Magnetosheath asymmetries

HELSINGFORS UNIVERSITET
UNIVERSITY OF HELSINKI

Matemaattis-luonnontieteellinen tiedekunta

EGU General Assembly 2020

28/04/20



METHODOLOGY FOR QUANTIFYING
MAGNETOSHEATH ASYMMETRIES

@ Run 1 B/ Bur

t=850.0 s
30 B °

* We divide the magnetosheath in (10° wide).

20 F

* We delineate the inner and outer magnetosheath boundaries
with a model of the same form as the Shue et al. [1997] 0N
magnetopause model.

* We divide the magnetosheath into three sets of

h
-10

* We calculate the in each e
magnetosheath bin by performing a , inside the -
bin, and a , over 150 s of the simulation.

=30 0.0
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MAGNETIC FIELD STRENGTH

@ Run 1 B/Biur |E| Run 2A B/ By Run 2B B/Bir

t=850.0 s t=500.0 s
30 8.0 30 8.0 30 g 8.0
7.0 7.0 7.0
. just downtream 1 0 0
. H 6.0 H 6.0 6.0
of the bow shock, consistent B o N
with MHD theory 5.0 f5.0 5.0
e Larger field increase deeperin S ° “ 2° et "
the magnetosheath due to the 2.0 150 30
. -10 -10 -10
in front of |
2.0 2.0 2.0
the magnetosphere
=20 =20 =20
1.0 1.0 1.0
[
in the =30 0.0 -300 5 x[l}l;ﬁ] 15 20 0.0 —3(]0 5 x[llgE] 15 20 0.0
U (Run ZB) Turc et al., submitted to Annales Geophysicae
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MAGNETIC FIELD STRENGTH ASYMMETRY

E Magnetic field strength (central magnetosheath)

45 T T T T T T

) , Consistent 35 Q, -favoured asymmetry
with previous works [Walsh et al., 2012; Dimmock et al., 25
2017] T 15 T,
* Parker-spiral asymmetry level (in black) similar to g -
that in the data (5-10% in Dimmock et al., 2017) g b
s
* More pronounced asymmetry when the cone angle is _25 A
(0] o
reduced from 45° to 30° because of the weak _35 | Qifavoured asymmetry |+ Run24 |
compression at the quasi-parallel shock I |
0 10 20 30 40 50 60 70 8O 90
d due to the Angle from Sun-Earth line [°]
at the quasi-perpendicular
shock Turc et al., submitted to Annales Geophysicae
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PLASMA BULK VELOCITY

Run 1 v Run 2A
[a] /vew  [b] V/Vaw
30 t =50.0 -0 S

t=850.0 s

1.0

30

1|4 0.85 1 0.85

* Bulk velocity close to zero near 20
the magnetopause nose and
faster flows towards the flanks, 10 O\ W B
as expected.

1H 0.70

1H 0.55 1H 0.55

Z [Rgl
o
Y [Rel

. of the velocity
in the
, due to

foreshock processes

1§ 0.40 1§ 0.40

. of the quasi-
parallel magnetosheath velocity — <sof——5—s—Nore oMo

at X [Rgl X[Rgl

Turc et al., submitted to Annales Geophysicae
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BULK VELOCITY ASYMMETRY

, consistent with previous
works [Walsh et al., 2012; Dimmock et al.,
2017].

* Parker-spiral asymmetry level slightly
larger than in spacecraft measurements
(5-10% in Dimmock et al., 2017)

when changing the
cone angle or the Alfvén Mach number
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@ Bulk velocity (central magnetosheath)
30 r .

I I 1 1 ]
Q_ -favoured asymmetry

20

T—
10 [ k - ]

Asymmetry [%]

++ Run |1
—20 .

=+ Run IA Q-favoured asymmetry
Run 2B

1 1 | 1 1

0 10 20 30 40 50 60 70 80 90
Angle from Sun-Earth line [°]

—30

Turc et al., submitted to Annales Geophysicae
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ION DENSITY

@ Run 1
_ t=850.0 s

* Magnetosheath density < 4
times the solar wind density
in the quasi-perpendicular
magnetosheath, consistent
with MHD theory

Z [Rgl

in the quasi-parallel
magnetosheath, due to

at
(Run 2B)
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it B RUB2A e [ R 2P

Y [Rel
)
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0 5 10 15 20

X [Rgl X [Rgl

Turc et al., submitted to Annales Geophysicae
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ION DENSITY ASYMMETRY

d Ion density (central magnetosheath)

20 1 I I I I I L L
4+ Runl
15 | Q.-favoured asymmetry 4=+ Run 2A }
- Run 2B
) . 10 ' .
consistent with previous works [Paularena et al,, L | |
2001; Walsh et al., 2012; Dimmock et al., 2017] g X N\
EOIR
. E :
S of the density asymmetry, even g ° !
during ~10 .
— reverse polarity in some azimuthal bins 15 | Qi-favoured asymmetry |
. _20 1 1 1 L 1 L 1 1
* Median value of the asymmetry closer to 0 at 0 10 20 30 40 50 60 70 80 90
N Angle from Sun-Earth line [°]
overall, but with significant local
variations Turc et al., submitted to Annales Geophysicae
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CONCLUSIONS:
VALIDATION OF THE SIMULATION RESULTS

The magnetosheath asymmetries in our Vlasiator runs are in

« Same polarity (quasi-perpendicular or quasi-parallel-favoured)

« Levels of asymmetry larger in the simulation, due to the single set of
upstream conditions in each run # compilation of observations with vastly
different solar wind parameters [see also Walsh et al., 2012]

L. Turc, V. Tarvus, A.P. Dimmock, M. Battarbee, U. Ganse, A. Johlander, M. Grandin, Y. Pfau-Kempf, M. Dubart, and M.
Palmroth: Asymmetries in the Earth’s dayside magnetosheath: results from global hybrid-Vlasov simulations, Ann.
Geophys. Discuss., https://doi.org/10.5194/angeo-2020-13, in review, 2020.
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CONCLUSIONS: VARIABILITY OF
MAGNETOSHEATH ASYMMETRIES

« When the cone angle is reduced from 45° to 30°, the
, while the density and velocity asymmetry levels are unchanged.

o At low Alfvén Mach number, the , and the
of the magnetosheath is , due to weaker
foreshock processses.
. of the plasma even for completely

in our simulation, in particular in the quasi-parallel magnetosheath — could explain the
vastly different levels of density asymmetry quantified in previous observational studies

L. Turc, V. Tarvus, A.P. Dimmock, M. Battarbee, U. Ganse, A. Johlander, M. Grandin, Y. Pfau-Kempf, M. Dubart, and M.
Palmroth: Asymmetries in the Earth’s dayside magnetosheath: results from global hybrid-Vlasov simulations, Ann.
Geophys. Discuss., https://doi.org/10.5194/angeo-2020-13, in review, 2020.
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