
0254-6124/2012/32(6)-778–07 Chin. J. Space Sci. ������

Xu Xiaojun, Wei Fengsi, Feng Xueshang. Characteristics of reconnection diffusion region in the solar wind. Chin. J. Space Sci.,

2012, 32(6): 778-784

���	
�������������
∗

��� 1,2 ��� 2 � ! 2

1(�������������� �� 330031)

2(���������������� �������	��
� �� 100190)

" # �� ACE � WIND �� 2007 � 1  6 ������, � 1AU 	
��	���
$��	�

� Petschek-like ����. ������	��	� Hall 
�����
$��	������ Hall

����
���$����. �������
$���� Hall �����, �����������
��	��
$���. ����, ����������%����������, ������������
�, Æ��	�� 80 �
$���	, ���	��	�����.

&'( ����, 
$���, ����, Hall ��
)*+,-. P353

Characteristics of Reconnection Diffusion Region

in the Solar Wind

XU Xiaojun1,2 WEI Fengsi2 FENG Xueshang2

1(Institute of Space Science and Technology, Nanchang University, Nanchang 330031)

2(State Key Laboratory of Space Weather, Center for Space Science and Applied Research,

Chinese Academy of Sciences, Beijing 100190)

Abstract A Petschek-like reconnection exhaust of extremely low plasma density was detected by

ACE and WIND on 6 January 2007 near 1 AU in the solar wind. The exhaust is characterized by

an apparent Hall bipolar magnetic field, ion and electron density depletion layers and pitch angle

distribution of low energy electrons anti-parallel to the direction of Hall current. Such features

indicate a possible reconnection ion diffusion region in the solar wind. To the best of our knowledge,

this is the first time to report direct detections of ion diffusion region associated with solar wind

reconnection exhaust. Observations show that the associated reconnection is quasi-steady, almost

anti-parallel merging (no guide field) and fast with a dimensionless reconnection rate of about 2%.

Meanwhile, the diffusion region is bounded by a pair of slow-mode waves and the spatial width is up

to 80 ion inertial lengths, performing large-scale characteristics of reconnection for large systems.
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Fig. 1 Petschek-like reconnection exhaust detected by ACE and WIND on 6 January 2007. Panels (a) to (e) are

sketch geometry of the reconnection exhaust, magnetic magnitude, GSE components of magnetic field,

GSE components of proton velocity and proton temperature
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Fig. 2 LMN analysis of the reconnection exhaust on 6 January 2007. From top to bottom are L, M and N

components of magnetic field, proton density, electron density and magnetic strength
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Fig. 3 Bipolar feature of BM from LMN analysis of ACE Level 2 magnetic field data (From top to bottom are

magnetic magnitude, the L, M and N components of magnetic field in LMN.

Resolution of ACE Level 2 field data is 1 second)
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Fig. 4 Spacecraft crossing the ion diffusion region

within the reconnection exhaust on 6 January 2007
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Fig. 5 Pitch angle distribution of low energy electrons (Two vertical black lines mark the boundaries of the

reconnection exhaust and the vertical red lines indicate the edges of the ion diffusion region)

#�>82$�H102&45K-)qvx
x/)$mn#*Æ&:/�5c5DU. y!#
�>82&45d� 180 !�H3775, 9', a
EDEL&u5.� 50 !�H3775, T'h�
H102&45W� 80 !�H3775, & L $ N

?C&x526� 72 $ 32 �H3775, _;
>45#�. #*ÆA>&@::D$>45&"
�H�vw0X;T`yu>45&#�&'. T
0[&$z4?Ek&8FS, &A>@::D=,

/H102K-JDK4v!�H3775 [26−28].

Phan[29] & -=H$!O( 60 !�H3775&
/H102&9?@(%4Ek&8.

U-Ra, g(H$!-DELH�@:
& Petschek-like #�>82&#@, C<*!, 4
&'OnG&IF& Hall  !-+"�H�Y5=
G23=, Qz3=&>afg&#�>82@D
'b0H2!, �^d(9?U. ./, / Hall /
8OTSV,[&s�[/HotY2tyS4#
�>82Oe0K�G&$!�H102. 9?*
!, <d�H102B0eIF&>453=, B!

&9$)45>, mU 80 !�H3775, z�, 6
7&4?Ek&&,xm>O. >453=<��
H102'h2`2!"�H�Y5=G2&l_.

_<, VK&&,FS, &#*ÆA>@:&"�H
�vw', FyP; !#�[j&"�H�$ 
!&'B0>45&3=, #�Vw<K�B0>
45&3=.

VW z{ ACE/SWEPAM, ACE/MAG � WIND/

3DP, WIND/MFI �xyz|{ R P Lin, R Lepping, D J

McComas � N Ness. z�nn}{| CDAWeb {~|}.

XYZ[
[1] Wang Shui, Lee L C. Magnetic Reconnection [M]. Anhui:

Anhui Education Press, 1999. In Chinese (}~, |}~.

{|	�. }~: }~��~��, 1999)

[2] Petschek H E. Magnetic Field Annihilation [M]. NASA

Special Publication, 1964

[3] Priest E, Forbes T. Magnetic Reconnection: MHD The-

ory and Application [M]. New York: Cambridge Univer-

sity Press, 2000

[4] Birn J, Hesse M. Geospace Environment Modeling (GEM)



784 Chin. J. Space Sci. ������ 2012, 32(6)

magnetic reconnection challenge: Resistive tearing,

anisotropic pressure and hall effects [J]. J. Geophys. Res.,

2001, 106(A3):3737-3750

[5] Ma Z W, Lee L C. Hall effects on the generation of field-

aligned currents in three-dimensional magnetic reconnec-

tion [J]. J. Geophys. Res., 2001, 106(A11):25 951-25 960

[6] PritchettPL. Collisionless magnetic reconnection in a

three-dimensional open system [J]. J. Geophys. Res.,

2001, 106(A11):25 961-25 978

[7] Rogers B N, Dento R E, Drake J F, et al. Role of disper-

sive waves in collisionless magnetic reconnection [J]. Phys.

Rev. Lett., 2001, 87, 195004

[8] Shay M A, Drake J F, Rogers B N, et al. Alfvenic col-

lisionless magnetic reconnection and the Hall term [J]. J.

Geophys. Res., 2001, 106:3759-3772

[9] Vasyliunas V M. Theoretical models of magnetic field line

merging. I [J]. Rev. Geophys. Space Phys., 1975, 13:303-

336

[10] Mozer F S, Bale S D, Phan T D. Evidence of diffusion re-

gions at a subsolar magnetopause crossing [J]. Phys. Rev.

Lett., 2002, 89, 015002

[11] Vaivads A, Khotyainstev Y, André M, et al. Structure
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