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Large-scale magnetic coupling under
southward IMF
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Dungey (1961)

Field line moves from 75° dayside to 75°
Footpoint moves 30°
1° ~ 100 km latitudinally

Footpoint moves at 500 m/s
- Time for field to cross = 30*100/0.5 = 6000 s

Other end of the field is connected to the solar wind
and travelling at 450 km/s

Distance solar wind end travels = 450*6000 = 2.7 Mm
Distance travelled in Rg = 2.7e6 / 6371 =424 R¢



Can rates of reconnection match?
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Kalmoni et al. (2018)

Separation~10-100 km
n=15¢cm3

B=24nT

T=3keV

lon inertial length = 58 km
lon gyroradius = 250 km
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Angelopoulos et al. (1992)
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Forsyth et al. (2014)
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Coupling a fluid and kinetic scalees
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Region-1sense FACs magnetic dip region

A Region-2 sense FACs
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When is coupling not coupli

- (a)

1 20

PN Fy i1 £
A B ; S
nT I M e et
i = WIND (p = 12.4 R_}.; S 1 -20
-"._‘---- IMP (p = 24.7 R_.sheath)

A (deg) A (deg)

A (deg)

e-dip. lon.

RANK 339
ESKI 336
FCHU 337
BACK 337
GILL 336
ISLL 4 336
PINA ! ] VM, 335

- : -
PBQ H 381

- :V’ W %

I~ AX (200 nT/division) 1 —

1 1 14 D 1 1
1 2 3 4 5 6 ¥ 4
UT (hr)

Lyons et al. (1999)

74
72
70
69
67

61

n(uh=10)/n{h=10) n{uh=10)/nuf{h=10)

n{u,h=10) /n.{h=10)

ng?

.8...

F3
)
n(u,h=10)

20

L : L
~200 o 200 400

1 " i " " Q
-200 o 200 400

A : L
—200 0 200 400

Time Delay, u [minutes)
Morley & Freeman (2007)



20U84IN220 LV
wiJ01sancg

90Ud8JUN220 LV
wJaoisgng

Milan et al. (2018)



Join at menticom | use code 3384 4120

0/26
*
-

® 0 ® O Q = i




Large-scale magnetic coupling under
northward IMF

Imber et al. (2007)
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DMSP F16 SSUSI Aurora in the Northern Hemisphere DMSP F19 SSUSI Aurora in the Southern Hemisphere DMSP F19 SSUSI Aurora in the Northern Hemisphere ~ DMSP F16 SSUSI Aurora in the Southern Hemisphere
Center time: 11:10:00 10 Apr 2015 Center time: 11:01:00 10 Apr 2015 Center time: 11:50:00 10 Apr 2015 h Center time: 12:02:00 10 Apr 2015
(2) 12 Tkm/s (b) 12 3 (2 12 Tkm/s (h) 12 3

00 pola
’ &u‘"r Horse-(‘allnrm(rora
| | !

mmtrl ILII | ‘ M 84 L6
10 ANyl

Ll 1 |

Horse-Collar Aurora__ Cusp Harse-Collar Aurorq
H{IK ] T2 T T T kgl o

~

=2
=
o
=

| «MMW

1N MMV" [{lati Unl.\l\l‘i“ﬂwwm(mm O T UAM\N\ i

Electrons
Electrons

Log Energy

Log Energy
[eV]

Log Energy
[eV]

-
~

Log Energy Flux [eV/eV- cm2-s-sr]

o
7
;
i
[}
£
o
:
>
2
>
A
%z
.
)
2
@
5
=
5]
50
Q
2

s113
electrons ions

)
3
z

UT 11:54:00 11:56 11:58 12:00 12:02 12:04 l2:06

UT 11:04:00 11:06  11:08 11:10  11:12  11:14  11:16 11:18:00 10:54 1 X 11:08:00
LAT 35 76.5 80.7 80.6 76.2 70.2 63.7 7.0 -77.4  -80. -79. -75.0  -68. -62. -55. -48.8 -676 =739 -79.1 -813 -786 =731 -668
LON 56.2 419 12.1 3270 2981 2843 2767 2718 251 8 2181 1748 1498 1376 1306 1259 1225 LON 2275 2169 1957 1547 1161 96.8 87.0
MLAT  67.4 73.2 78.5 82.9 83.6 79.7 74.3 6.9 -73.2 -79.2 -83.8 -82.8 -77.4 -71.0 -64.2 JHU/APL MLAT -626 -69.1 =756 -819 -862 -830 =772 JHU/API
MLT 15:26  15:00  14:15  12:27 08:54  06:38  05:42  05:13 04 52 0428 03:37  02:15  22:13  20:26 1944 19223 I 04:17 04:25 04:42 06:33 10:04 14:27 15:29

Wang et al. (2023)



PPMLR-MHD Model: MHD Time: 10 Apr 2015 09:17
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Scale size of northward IMF aurora

DMSP F17 SSUSI  Aurora in the Southern Hemisphere 07 Sep 2017
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Long in the lobes, quick in the sheet




Large scale driving leads to cross-scale
coupling

« Unbalanced dayside and nightside reconnection leads to builds up of open flux

 Kinetic-scale instabilities arise and lead to global disruption of the magnetotail
and plasma energisation

 Nightside reconnection can lead to fluid-scale flows with kinetic-scale proceses
at the boundaries

* Northward IMF can lead to removal of flux from the tail and the creation of
narrow but long shear flows and field-aligned currents in the magnetosphere

%7@ continued. . . é%%w&/
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