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| ntroduction: the magnetospheric cusps

e Qriginal picture from Cluster

| mission proposal
Exterior

Cluster orbit was designed to
encounter the high-altitude cusp

e The exterior cusp region may be characterizethime-scale
turbulence and flow eddig¢eg. Haerendel et al., 1978]

o Theexterior cusp / magnetoshedoundary may be shock
[e.g. Walters, 1966; Cargill, 1999]



| ntroduction: reconnection and the magnetospheric cusps

Southward IMF Northward IMF

Plasma mantle V sheat

V sheaj

Magnetosheath

 Reconnection may occur at tlwsv-latitude magnetopause
for southward IME but in thelobes for northward IMF

e The outer cusp boundary may beo&ational discontinuity (RD)
* Presence/absenotaplasma mantléor southward/northward IMF

o Super-Alfvenicflows in the magnetosheath would prevemtward
convectionn the cusps under northward IMF



Case studies of the exterior cusp structure;

Northward and Southward IM F




Northward | M F case: February 04, 2001




Stagnant exterior cusp and surrounding boundaries
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Theexterior cusps stagnant
and surrounded by:

High-speed downward flows
but noplasma mantle

Two distinct boundariewith
the plasma sheet and sheath

—> The exterior cusp is bounded by three distinct bdanes



Boundary with the magnetosheath (1)
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Boundary with the magnetosheath (2)
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Sub-Alfvenic plasma depletion layer
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- The sub-Alfvénic PDL allows the sunward convection
(vur) @and propagation of the reconnected field lines

-> It may allow the stability of the lobe reconnectmite



Theexterior cusp under northward IMF:
Overall structure
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—> The exterior cusp structure Is consistent, at laggdes,
with the occurrence of lobe reconnection



Southward IMF case: April 01, 2003




L arge plasma flows in the high-altitude cusp

16

Log JE
7.0

T

] I 1 i
| 1
1000 '“ 57
E lons
4.4

Bl

1N
h’t;.li.\"ﬂﬁﬂulﬂfﬂ“g.m.u‘.l‘f-.'l-ﬁ g R R T A = o OO

Z Re

(e GSM HIA

M:—v; GEM Hla,

-

|
o L fo o - Wb - - bzt 2 - TGS HIA
At o WE

vl Hia

E By 65M Fit

.“, ; « Presence of plasma mantle

i l il |« « Low magnetic field and large
n-’l'tmtmlh'm.mﬂn.m'.lh.a..'Lu'..:.nan.'.t.mw' Pl R T ., 5 ﬂOWS in the exterior CUSp
simultaneously at two S/C

e S/C 1 monitors aouthward

i 030 Q1D 01:30 az:D 230 ' IMF When S/C 3 Crosses MP




Boundary with the magnetosheath
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Theexterior cusp under southward I|MF:
Overall structure

VA |
V SHEAT Vht Lobe
VHT )

CLUSTER

Upward Ion

Convective P~
. Flows =
Exterior Cusp
| - Plasma Mantle
X line e
N/, Dayside N\
Magnetosheat\ Plasma Sheet )’
m- +— |
10 Rg 5

—> The exterior cusp structure Is consistent, at laggdes,
with the occurrence of low-latitude reconnection



Statistical study of the exterior cusp structur e:

Threeyearsof Cluster data




Superposed epoch analysis. methodology(1)

Magnetic dipole axis
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« Solar wind conditions are sampled at intervald®Mminutes
(ACE) and Cluster data eveByminuteq163 crossings)

 We make use dbC3 data on 2001 et 2002600 and 100 km
separation), data frosatellites 1 and 3 are used for 2({82Re).



R (SM)

Superposed epoch analysis. methodoloqgy(2)

Northward IMF and
Pdyn < 2,5 nPé

nce IMF = [0O; 2; 0]
—and Pdyn = 2,5 nPa
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The orbit points are brought back to theZ)swv plane

Thevariations in cusp latitudinal locati@re taken into account
by use of anodel field[Tsyganenko, 1996]

Thevariations in radial magnetopause locatwa taken into
account by use of @model magnetopaugShue et al., 1997]

{ii-
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Global propertiesfor all IMF conditions




M agnetic configuration

Magnetic Configuration, all IMF
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 The magnetic configuration follows that expectethe lobes
and dayside plasma sheet

* The variations ir<|B B.o¢> shows the existence of a
transition region:
“The Exterior Cusp

meas



Theexterior cusp: a diamagnetic cavity

Magnetic Pressure Ratio, all IMF

Normalized Density, all IMF

2103 | L | = ] 7E4 1 I | | ' R
L @ . l r ’é‘ D_bl'

o 4 ‘ i
e o2 | Z 0.0 _ |
B ool Z _os

T & -0.2 c, o0 .

= e 5 < &3 S 1.0l
3 |

2 e 1 RN,
E 10 1 10 I .:!.=n . ] el :. .":l _
m .
. . ’ﬁ Wy
5K i 2 r I /i / = I".‘:;'.".' i
= - . Z\N\ |
= | = = \ [
Oﬁ. /I\ .%\ il i R L .— O—.‘/ﬁ'. m .m. sl |H|\|. -
o Y X Nommal Re A Y NowmELEE e

The magnetic pressure difference observed witil §&model
field shows thaeliamagnetic nature of the exterior cusp

Threedistinct boundarieare found withlthe lobes, the dayside
plasma sheet and the magnetosheath



Flow characteristics for selected | M F directions




|MFE restrictions

Clock angles ]
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e Clock angle (CA) = arctan (IMF By / IMF Bz)
* NorthwardIMF defined agCA| < 60°
e SouthwardMF defined a§gCA| > 120°



Parallel flows. precipitation location

Southward IMF, ICAIl > 120° Northward IMF, ICAl < 60°
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* Precipitation occurs at trejuatorward edge of the cufew
southward IMFE at the boundary with the dayside plasma sheet

e It occurs ahigher latitudedor northward IMF, at the
boundary with the lobes



Perpendicular flows. plasma convection (X direction)

Southward IMF ICAI > 120° Northward IMF ICAl < 60°
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Plasma convection early tailwardat the equatorward edge,
andthroughoutthe cusp fosouthward IMF

The exterior cusp Is rathetagnanfor northward IMF, slight
sunward convectiors observed near th®undary with the lobes



Conclusions: the structure of the cusp

TheExterior Cusps adiamagnetic cavityorming
atransition regiorbetween the magnetosheath and
the magnetosphere

Three distinct boundariestirround the exterior
cusp withthe lobes, the dayside plasma sheet
and the magnetosheath

Theouter boundarynay be defined as the
magnetopause

It IS seen as aharp transitiomn most parameters
may berotational in natureand allows for
permanent plasma entnyto the cusps



Conclusions; therole of reconnection

Plasma precipitationccurs atow (high) latitudes
for southward (northward) IMF

Plasma convection is taillwafdr southward IMF,
theexterior cusp Is stagnafdr northward IMF

Sunward convectiors observed near the boundary
with lobes under northward IMF

Under northward IMF, theresence of a PDtenders
themagnetosheath flow sub-Alfvenipossibly
allowinglobe reconnection to be stable

Such findings are consistent with thigh-altitude
cusp being structured, at large scales, by recaoionec



Per spectives/ongoing wor kK

 What are the mechanisms leading to the formation o
the low-latitude boundary layers and plasma sheet
(cold and dense) under northward IMF?

N Orth I M F Magnetospheric lobesu-

Adiabatic
heating

'Y Cold Dense
. Plasma Sheet

Magnetopause Reconnection

e Candidate mechanisms:
- Diffusion by wave particle interactions
- Transport through Kelvin-Helmholtz instability
- Double high-latitude reconnecti@see next talk by J. McFadden)



