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1. Introduction

FACs play an important role in the solar wind-magnetosphere- ionosphere
coupling by transferring electric field, magnetic tangential stress, and energy.

— Nightside

Knowledge of the FACs structure and dynamics is a key to understanding
solar wind energy transfer to the magnetosphere and ionosphere.
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The dependence of FACs pattern and density on IMF have been well studied.

(lijima and Potemra, 1982; Potemra et al., 1984; Rich et a., 1990; Taguchi et al., 1993; Guo et al., 2010) .

Some studies revealed that the IMF By is important to determine the distribution of
the FACs near the dayside cusp or the dayside polar cap at low altitudes.

(Erlandson et al., 1988; Yamauchi et al., 1989; lijima and Shibaji, 1987; Taguchi et al.,1992 and1994) .

The field lines along which the nightside field-aligned currents flow are mapped to the
magnetospheric tail (including the plasma sheet), where some observations showing By
dependence have been made. These observations showed that the influence of IMF By,
exists not only in near-Earth region where field lines are closed (Nagai, 1987), but also
in the near-Earth magnetotail (Lui, 1984) and distant magnetotail (Tsurutani et al., 1984a;
Sibeck et al., 1985).
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magnetosheath

magnetopause

Magnetotail

tral sheet

In the study, analyzing the Cluster data obtained during northward IMF, we pay special
attention to the dependence of FACs in the PSBL in the magnetotail on IMF B,.
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2. Data and method

ACE data: solar wind and IMF data
Cluster data: magnetic field, electron, ion (FGM, PEACE,CIS)

[Dunlop et al., 2002, JGR]
® PSBL Confirmation
PSBL is given by the condition  0.01<3<1,

the lob region with a condition 3<0.01,
the plasma sheet with R>1 [Ueno et al., 2002,JGR]
® [Shi et al., 2010, JGR] [Cheng et al., 2013, GRL]

The density of the FACs exceeds 3 pT / km (It is about 2.4 nAm- because
1.2566 pT/km = 1 nAm-2).
The time interval between consecutive cases is more than 5 minutes.

® Model: T96

National Space Science Center, CAS



¥ 845 %

RS EMSERD
<SEH SR AP

3. Statistics and Analysis

(1) The flow direction of FACs in the PSBL and IMF B,

FACs observations in northern PSBL
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The possible explain, for northern hemisphere:
Field Aligned Current
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The traditional tailward FACs on the duskside
are flowing earthward.

It indicates that when IMF By is positive, the
For the FACs in the PSBL, the polarity (earthward / taibsaticlvagy RaGEry e« jtssenidnighe swistdesnispheres. To the

contrary, in the southern hemisphere, the effect of the‘ﬁ@sﬁf\‘?éniﬁwgﬁty- is a tailward FACs.
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The effect of the negative IMF By is a tailward FACs in the northern hemisphere. To the

contrary, in the southern hemisphere, the effect of the negative IMF By is an earthward FACs.
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(2) The FAC density in the PSBL and IMF B,
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than IMFB,.
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The Figures display the relationship between the absolute FAC density and absolute IMF By
when |IMF B,|<10 nT (left panel) and |[IMF By|>10 nT (right panel) . The line is the result of least-
mean-square fitting. N is the number of FACs cases. R stands for correlation coefficient.

It indicate the absolute FAC density in the PSBL has a very weak correlation with the absolute
IMF By when |[IMF B,|<10 nT and has an obvious positive correlation with the absolute IMF B,

when |IMF B,[>10 nT .
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(3) The MLT distribution of the density and number for FACs in the PSBL
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4. Conclusions

(1) When |IMF By| >10 nT, an obvious positive correlation. When |[IMF By| <10 nT, no
correlation. (10 nT is just our setting.)

(2) The effect of the positive (negative) IMF By is an earthward (tailward) FACs in the PSBL
in the northern hemisphere. It is opposite for the southern hemisphere.

There is a clear north-south asymmetry of the polarity of the FACs when IMF By is
positive or negative. And when IMF By is positive, the asymmetry is more distinct.

(3) There is a clear dusk-dawn asymmetry in the current densities for the FACs in the PSBL,
with the dawn currents appearing larger than the dusk currents.

Our results present IMF B, component plays a very important role in controlling the
flow direction and density of the FACs in the PSBL in the magnetotail. It is maybe
caused by the process that the IMF B, sinks into the mageototail. However, the detail of
the physics process needs to be further studied.

National Space Science Center, CAS



e B R T BB D
PEASE s smmm

THANK you!
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The Cluster is with 4 satellites, the current can be calculated with its data.

The electrical current density and the magnetic flux vector are related through
Ampere’s law:

\'4 \'
Hyd =V xB
: v v R
In integral form: yOJJ-dS:ﬁB-dI
A C

A: a face of tetrahedron, C: atriangular path
around A. The area of a face with spacecraft

i,j,k (1,2,3,4) is 05r>q%,mecanwme

The line integral can be estimated assuming
that the field varies along the sides of the

face linearly: . . . .
Vv vV
iB'dl :<B>ij i +<B>ik i +<B>jk .
(B), =, B.+E)
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\"J v

. V v
With A r,AB=B —B,
The average current density in the spacecraft volume can be estimated from:

1, d (AT xV) = AB, - Al —AB, - A¥

V V
r=r, —

For quality of the current calculation

V.B
— V<]
VxB

IdIVB -dv = '[B ds—Z Bav (AY xAr)

faces
The volume : %Ari -(Arj xArk)
\" \"
(divB)|AT - (AR, x AR)| = S AB,(AF, x Ar)
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FAC observations by CLUSTER (20010912)
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Fig.1 An example of FACs cases selection. The A and C were selected as FAC cases because they meet all of the conditions.

In this study, there are 1839 FACs cases from July to October in 2001 and 2004 were selected in
the PSBL in the magnetotail. According to the corresponding IMF conditions, we chose 748 cases that
during northward IMF to do analysis.
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The corresponding IMF conditions:

The time delay from the ACE
satellite to the magnetotail

(1) (2)
+ 1 » | magnetopause 1 » | magnetotalil

ACE
The time delay from the satellite Sometimes the time-shift is uncertain in a
to the magnetopause are about 48 study, e.g., Collier et al. (1998) have used
to 76 minutes according to the th_e unce_rtalnt!es of the time shifts (0~10
. minute) in their study. We also used the
solar wind speed. uncertainties of the time shifts (0~5 minutes)

in this study.
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