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o Three examples of cusp crossings during IMF change:
— IMF change from Bz negative to Bz positive
— IMF change from Bz positive to Bz negative
— IMF is northward and constant Philippe.Escoubet@esa.int
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7 Aug. 2004 02:10 UT
\

16 Y 8

dt41=4 min, dt42=9 min, dt43=18min
dlat41=0.5°, dlat42=1.2°, dlat43=2.5°

Why using Cluster at mid-
altitude to study the cusp:

 Four spacecraft following each
other from a few minutes up to
a few hours (separate temporal
from spatial structures)

« Four spacecraft exactly on the
same meridian: no MLT effect

* Very well equipped spacecraft:
particles, fields and waves
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2005

Spacecraft time delays at mid-altitude

Year | dt(min) | dt dt Tetrahedron
1st — 2nd | ]st_ 3rd 15t 4th el tkm)
2001 | C42:2 [ C41:3 C43: 45 | 2000
2002 | C12: 6 |C14:18 |C13:54 |[4000
2003 |C13:1 | C12:2 Cl4:3 |200
2004 | C41:2 | C42:7 C43: 13 | 1000
2005 | C21: 60 | C13: 120 | C34: 12 | 1000-
10000
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15t cusp example : Bz <0 => Bz>0

L0 CLUSTER

14 10
16 8
80 ILAT 90

dt41=2 min, dt42=5 min, dt43=41 min

dlat41=0.5°, dlat42=1.1°, dlat43=9.2°
30 Aug. 2001 16 UT Tsy87, KP=3
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Sketch of cusp motion to explain double cusp
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80 ILAT 90

dt41=4 min, dt42=9 min, dt43=18min

7 Aug. 2004 02:10 UT dlat41=0.5°, dlat42=1.2°, dlat43=2.5°
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IMF 20040807 WIND delay: 75 min
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Flows opposite in the two regions
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Eflux (eV/cm”"2-s-sr-eV)

Source differences
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MHD run for the cusp crossing

20 | 74
Poleward source:
Anti // reconnection

Equatorward source:
Component reconnection

Sun View Side View

=>Two sources simultaneously when IMF-By important Philippe.Escoubet@esa.int
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3rd characteristics of cusp:

- Density increase (X2)
from 1st spacecraft to last
- 140 cm-3 on C3

=> 45 cm -3 in solar wind
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_ ” Energy overlap:

low energy population
around 20 eV

High energy around
1.5 keV

On 3D: two concentric
distinct shells with
low energy going up
and high energy down
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Dispersion overlap also seen on DMSP F16
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One-spin Blow—up
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Psw increase => overlap energy
=> Density Increase In front of magnetosphere
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3rd cusp crossing, Bz>0 constant
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Summary 1

« 1st cusp crossing, motion of cusp reconnection point:

observed when turning of IMF from South to North and dominant IMF-By
negative.

MHD model shows reconnection moving from dayside to dawn flank after
the IMF change.

e 2nd crossing, polar cusp with equatorward step:

observed when turning of IMF from North to South and dominant IMF-By
negative.

Erosion of magnetosphere observed (fast and then slower)

lon step observed by C4, short dispersion by C1 and then full dispersion
by C3 equatorward of main cusp precipitation

Step produced by onset of reconnection and then as reconnection goes on
the dispersion developped fully

2 distinct populations: on the equatorward side, the ion step/dispersion
produced by component reconnection and on the poleward side the dense
population produced by anti-parallel reconnection

Philippe.Escoubet@esa.int
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Summary 2

 3rd cusp crossing, polar cusp under strong Northward Bz:
— Reversed ion dispersion observed on 3 spacecraft
— Lobe reconnection can last for more than 1h20

— 2nd population on equatorward side, equivalent to LLBL, and
growing with time mainly on the equatorward side

— Double reconnection may produce this 2nd population by mixing
plasma injected in North and South hemisphere
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Conclusions

Mid-altitude cusp Is important to study since it
maps to the dayside and lobes magnetopause and
can be crossed in fairly short time

Cluster can observe changes in mid-altitude cusp
on 1 few minutes to a few hours time scale

Any changes of IMF are almost immediately
visible In the structure and position of cusp

If IMF constant the polar cusp does not change
significantly on large scale but many sub-
structures can appeatr.
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