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Earth's magnetosphere

Bow shock

Magnetopause

e Particle motion is dominated by

the geomagnetic field

&
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Magnetotail

e Determined by the interaction with
Solar

the solar wind it

Current sheet

o Charged particles from the
solar corona

o Carries the interplanetary
magnetic field " Magnetosheath

Vasylidnas (2015)
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https://agupubs.onlinelibrary.wiley.com/authored-by/Vasyli%C5%ABnas/Vytenis+M.

Earth’'s magnetotail

e Nightside of the magnetosphere
e Stretched by the solar wind

e Two lobes separated by the central plasma sheet
o Higher temperature, lower magnetic field
o Hosts the current sheet ( B, ~ 0)

. @@‘ Zelenyi et al. (2009)
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https://www.researchgate.net/publication/258368732_Magnetotail_after_Geotail_Interball_and_Cluster_Thin_current_sheets_fine_structure_force_balance_and_stability

Magnetic reconnection

e Magnetic field vanishes within a
diffusion region
o Field line topology changes
o Different plasma domains mix

o Magnetic energy is converted

into particle heating and B

Wikimedia Commons

acceleration
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https://upload.wikimedia.org/wikipedia/commons/2/24/Reconnection.gif

Magnetic null points (B = 0)

e O-points: elliptical field lines

o Magneticislands

e X-points: hyperbolic field lines
o Potential reconnection sites

e Three dimensions: X and O lines
o Field component along the line

can be non-zero

Lauri Pankalainen, 12.12.2023

0.75 [t

2 00
=075 ¥ &
-1.0 0.0 1.0
x/L
0.75 Eb) :
2 00
075 [ -
-1.0 0.0 1.0
x/L

Priest and Forbes (2000)


https://doi.org/10.1017/CBO9780511525087

Bursty bulk flows (BBFs)

High-velocity plasma flows in the
central plasma sheet

Last for 1-10 minutes

Density peaks before dropping,
temperature increases

Associated with reconnection

MMS data

0125 01:30
2021-Aug-15

Richard et al. (2022)
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https://doi.org/10.1029/2022GL101693

BBF statistics

10.0

e Cross-sectional extent of 1-3 R_ "
(Earth radii) :

e Observed 10-15% of the g 0.0
observation time, responsible S
for 60-100% of o
o mass and energy transport  _i0,

o magnetic flux
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http://dx.doi.org/10.1029/2019JA026872

Dipolarization fronts (DFs)

@ e, e ime iy,
. 400
e Sudden enhancements of B in < 00-
x 200
the magnetotail J 108—
o Preceded by a “dip” o 0 0 0 2 0 2 2 '
e Created by plasma instabilities Z
N
. . m
linked to reconnection
e Often associated with bursty bulk 17:45 1750 17:55  18:00
UT (1995/11/27; X = -22.2, Y = 5.3)
flows Ohtani et al. (2004)
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https://doi.org/10.1029/2003JA010002

DF features

e Cross-sectional dimensions
comparable to BBFs

e Saddle-shaped

e Involved in eg. energy conversion

and magnetic flux transport
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https://doi.org/10.1002/jgra.50092

Vlasiator

e Aglobal 6D (3D3V) simulation of
the Earth’s magnetosphere

e Hybrid-Vlasov approach:
o lon dynamics through the
Boltzmann equation
o Electrons charge-
neutralizing fluid
o EM fields from Maxwell’s
equations

NAASGUNT TR

Ganse et al. (2023)
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https://doi.org/10.1063/5.0134387

Research question

e Do we see signatures of BBFs and DFs in Vlasiator?
e Ifso, how do they compare to satellite measurements?

e Whatisthe 3D nature of BBFs and DFs?

Sergeev et al. (1999)

. $0¥ Transient
Y Fast Flows
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https://doi.org/10.1029/1999GL010729

Conditions in the simulated magnetotail
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Analysis of 24 dipolarization front events

e DFs were identified as
dB,
dt
e Earthward fronts mostly at

regions with ‘

the ends of high velocity g
“fingers”
e Tailward fronts on top of O

lines

> 0.35nT /s
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Spacecraft view of DF
events

e Frontsizes consistent with
previous studies

e Saddle-like shape in only three
earthward fronts

e Changein B accompanied by
velocity increases

o Not necessarily BBF fronts

Spacecraftat x= -159Rg y=-7.4R;
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BBFS in the SimUlation Plot along current sheet
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BBFs in spacecraft frame

e Signature origins:

Spacecraftat x=-12.1R;, y=39R;

Z [Re]

o New high velocity domains

o Deformation of the outflow
region

o Vertical movement of the
current sheet

“Fingers” most similar to previous

B; [nT]

results
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Spacecraftat x=-8.0Rgy=39R;

Do the results matter?

Z [Re]

® Real measurements could have
similar origins

o ldentification help from

Z [Re]

simulations?
e Possible sources of error:

o Small dataset, coarse resolution
o Different conditions

Z [Re]
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Summary

e Magnetotail has jet front activity
o Associated with magnetic reconnection

e Earth- and tailward dipolarization fronts differ in
simulation

e Different bursty bulk flows look similar in spacecraft frame

e Simulations could help with interpreting in situ data
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https://docs.google.com/file/d/1XYPCSzaiJ7_p6qi2vC6udbIaaEtewpSR/preview

