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K�� [2]. +nFb#4zN��bZ�K^�Yp8�V1�Æb�A�sKE~{zNer~`rd�b{,�e,4k�~{zN�℄b�8h�2	 (1) Æ�u(�1�ÆÆ�bIU��v~N�`&Wp�o�XZzN�� [3]; (2) Id��~{=,�{QI1}��l��E5p1�b�+��Id� [4], IM�EN+/�{Q�kL%I�'2&`bId� [5]. e2b$,3�8D~ [6] S'�S:zN�/4~{=,}��l&`b$k�V�t2
25% ∼ 50% bzN�℄$;2��E}��l~�N#RrC2^.:%�
&`Id��xu?Z_U��^bu?Z_U�XZ~{ 2P/EnckeE 2007M 4 > 20 u��bzN�℄ � NASA b STEREO-A 	E$,Z [7]. 3-~{ C/2007 N3 (Lulin) � 2007M 7 >�eb���f\~{�.E 2009 M 2 > 24 u�hjyq���K 0.411 AU,
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F 1 Guido G 2009 O 2 � 4.53 w (UT) S�d5/�}d|P
Fig. 1 The disconnection event of comet Lulin on 2009 February 4.53 (UT) photographed by Guido

2 ���C*�O$,hk�/I3-:U/�R�,,iKK CANON 450D, gWK ASA 1600, =℄�K�f EM-200, v��wK 16 cm, b� F3.3. X<ES$Enb
? 2009 M 2 >
3 uR�b 10 �En ( 1) o�C�� 1 bR�u\3Z&bX�
�K�l��EnC�B(�g��13X1tPH�C��}Eno�yz (RGB) ����e��<b R En (;&) 3 B En (�&) 
�?E B En^+bQEe�v8~N�n<} BEn^+o�nU
�e3-~{be�v8~NE 2009 M 2 > 3 u2rCdbPKer�nU<bEnK IMG 10 1 (E 2). PK7zN�℄b��2rn=�^�t3Fi��� [8], %LPKb?e#Rr
KF2zN�℄b���LH�aE 23 GuidoE
2009M 2 > 4 uR�Zb~{zN�℄o��e<
"�e"�Ene�v8~Nb�4&?���S4hNg�+ (E 2), 1��mi���\ 2 > 3 u3 4 u3-~{�1�3hjS\bO6#^
T~N�4b0"&
K�/O6A�u(&`b�N%C3-~{E 2009 M 2 > 3 u| ��,�MzN�℄�g��℄7 2 > 4 ubzN�℄&�?�M�

1http://www.spaceweather.com/archive.php?PHPSESSID=vh9t3plere7jrfst7nf13asmi0&month=02

&day=04&year=2009&view=view
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Table 1 The log of observations of comet Lulin

Image ID Date Heliocentric distance Geocentric distance Phase angle Mid-exposure Exposure

(AU) (AU) (˚) (s)

IMG 3709 2009-02-03 1.269 0.853 50.8 20:25:08 181

IMG3710 2009-02-03 1.269 0.853 50.8 20:28:18 181

IMG 3711 2009-02-03 1.269 0.853 50.8 20:31:42 181

IMG 3712 2009-02-03 1.269 0.853 50.8 20:34:52 181

IMG 3713 2009-02-03 1.269 0.853 50.8 20:38:02 181

IMG 3714 2009-02-03 1.269 0.853 50.8 20:41:12 181

IMG 3715 2009-02-03 1.270 0.852 50.8 20:44:23 181

IMG 3716 2009-02-03 1.270 0.852 50.8 20:47:33 181

IMG 3717 2009-02-03 1.270 0.852 50.8 20:50:50 181

IMG 3718 2009-02-03 1.270 0.852 50.8 20:54:00 181

F 2 5/�}df�w9�P��F�1 10 �['
ZM 181 s dFooV�7�oV>Fod['
Z
ÆM
20:39:35 UT. �F�oV>d�{F�bF��FuJeD�>df'vhF�P#F
���Af�w9�PdQL�F
3��qd�Td� 106.4◦

Fig. 2 The ion tail of comet Lulin. Top panel: average of 10 exposures with an exposure of 181 s for each.

Middle time of exposure is 20:39:35 UT. The image is shown in reverse color. Bottom panel: the isophotes

of top panel. Kink of ion tail can be seen in both panels. The position angle of the sun is 106.4◦
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3 �JZ�D�K(,p 2 > 3 u3-~{zN�qb't�X<} 1 bbb 3 �En3< 3 �En�"o�(nU�nU<bEn�"K IMG 3 1 3 IMG 3 2, xE 3. �~ Jockerse [9] b�\sK1�Æ=,~C<�vN
�K 3 �'��xE 4 ,��Eb AB y�+(1�Æb:��p� CD y�((1�Æbw�p�� AD yK,wl8�=,,pE 3 b"�E}(b D k7~1by C b��0�DB""�Eb�X0N
`?zN�qb't��vNbO6* [ 2.  2 b DCD  �~1by7zNCb���DCA  �~1by7zNkKkVXb��� PAAB � PAAD 3 PACD �" �~N�4 AB � AD 3 CD yb�S
�

F 3 ! 1 
d 3 �5> 3 �FooV>dFo��F� IMG 3 1, ['
Z
ÆM 20:28:22 UT; bF�
IMG 3 2, ['
Z
ÆM 20:50:47 UT

Fig. 3 Average of the forehand 3 images and last 3 images in Table 1. Top panel is IMG 3 1, middle time

of exposure is 20:28:22 UT. Bottom panel is IMG 3 2, middle time of exposure is 20:50:47 UT
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F 4 �}|P�5�B�$F� C M�2
z� D M|PD� A M|PlLl� B M|PdEx
Fig. 4 The sketch of disconnection event of comet. C is the comet nucleus, D is the disconnection point,

A is a turning point of the tail and B indicates the end of the tail� 2 /`HF\�!��B
Table 2 Geometric parameters of ion tail features

Image ID DCD DCA PAAB PAAD PACD

(105 km) (105 km) (˚) (˚) (˚)

IMG 3 1 12.7 15.9 273 305 280
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Fig. 5 Orbits of the earth, STEREO-A and comet Lulin projected onto the heliocentric ecliptic plane. A,

B and star symbol mark the positions of STEREO-A, STEREO-B and the comet, respectively1�ÆO STEREO-A Z~{,�b�k�X
/a�`? [11]:

△t =
θs − θc

Ω
+

(Rs − Rc)

Vp
, (2)^b θs−θc� STEREO-A33-~{E1�=℄A~bS
�Rs3 Rc�"� STEREO-

A 33-~{buy�� Ω �1�=℄b
	k't (14.4◦ /d), Vp �1�Æ't�E
2009 M 2 > 1 uZ 2 > 5 uJ� θs − θc O -1◦�AZ -2.58◦ , Rs − Rc O -0.291 590 AU�AZ -0.309 895 AU, 1�Æ'tE 300 ∼ 500 km · s−1 J�A (E 6), 
T1�ÆO~{Z STEREO-A ,�b�k�XE -1.33 d Z -1.53 d J�A��/ �1�Æ�
ZR STEREO-A. /4zN��b�XK 2009 M 2 > 3 u (15.24 ± 5.16) � (UT), ,"XZ3-~{zN�℄b1�Æ ~K STEREO-A 	EE 2009 M 2 > 2 u (4.8 ± 7.2) �
(UT) ,,$Zb ~�OE 6 
�?�E��XyJ1�Æb'tSZK 350 km·s−1,mv =tK 4 cm−3, �{QI1K 4 nT, q��Æ��:E��i}Wpb#X�$;2?eCdbIU�%L&
K,Æ�u(�k�3-~{��bNMzN�℄�K(�\~{ - �{QI1bi?{,�X<�, CCMC (Community Coordinated

Modeling Center)2 b ENLIL MHD D~ [12] �y(3-~{�qb1�Æn4��eE
2 > 1 u3-~{=,(���{QI1}��l�N�k�
OE 6 bI1p
b�

2http://ccmc.gsfc.nasa.gov/
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F 6 2009 O 2 � 1 w ∼ 2 � 5 w STEREO-A .&\d3��5�}RK2"�� (a) 3��)v� (b) aw">v� (c) �}RK2dqd (0◦!�K2�q��3�� 180◦!�K2�qXq3�); (d) K2ev
Fig. 6 Solar wind and interplanetary magnetic field (IMF) conditions observed by STEREO-A from 2009

February 1 to 2009 February 5. (a) Flow speed; (b) proton number density; (c) cone angle of IMF (0◦ and

180◦ indicate IMF is in the opposite and same direction of the sun, respectively); (d) strength of IMF

5 ;6M^8=�℄
T�>�JA%Æ,7V�O�~"~�\�XZ3-~{E 2009 M 2 > 3 u��zN�℄bJ�
K�Ku?Z_U�7~{i?{,XZbId��+nu?Z_U�XZNMzN�℄b��$;2n~{ 2P/EnckeH�`ZWfb$,~R��V��/A SOHO 	Eb LASCOu?Z_U�� 
T1�E 2009 M 1 > 27 uY 2 > 5 u\X��� 3 Mu?Z_U



2 ℄ Æ`Hf�5/�}d|P�_�{ 143

F 7 5/�}G 2009 O 2 � 3 w�rdwko5�E{��<!�xq3��)v�\D!��}RK2dxq
&�\Dd4vQ�6K2ev��}dT℄.}0 ∗ !�
Fig. 7 Status of the heliosphere around comet Lulin on 2009 February 3. The gray scale shows the radial

solar wind speed. The arrows represent the radial components of IMF and their lengths are proportional to

the magnetic field strength. The location of the comet is shown by the star symbol�	 1 > 31 u��"M� 2 > 1 u���M 3. u?Z_U�=3E 1 ∼ 5 d JO1�ZRhj�%LO�X~���3-~{
K�Zu?Z_U�b)l�LH�=,3-~{E 2 > 3 u3 4 u��"MzN�℄
�?�3-~{E 2 > 3 u��bzN�℄�e
'�N7~{=,�{QI1}��lXZbzN�℄'te:b6k&?�
6 &4�U=,,$ 2009M 2> 3 u3-~{zNi}4~yCqb't��G?zN�℄��b>��X�$i7W�b1�Æ3�{QI1i�}3-~{��zN�℄b:%o�(k`�\�`?bi8�NMzN�/u?Z_U�7~{i?{,XZbId�&`b�Y4Id����E~{5p1��+C�N+�Oe2s*C&KTp�N������6bEn��"?zNb`h�}43-~{E 2 > 4 u��zN�℄b:%� Guido sK��&4~{ 2P/Encke, �/u?Z_U�7~{i?{,XZb 4.

3http://spaceweather.gmu.edu/seeds/lasco.php
4http://www.spaceweather.com/archive.php?PHPSESSID=vh9t3plere7jrfst7nf13asmi0&month=02

&day=04&year=2009&view=view
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The Disconnection Event of Comet Lulin

SHI Jian-chun1 LIN Chi-sheng2 HU Zhong-wei3 ZHAO Hai-bin1 MA Yue-hua1

(1 Purple Mountain Observatory, Chinese Academy of Sciences, Nanjing 210008)

(2 Lulin Observatory, National Central University, Zhongli 32001)

(3 Astronomy Department, Nanjing University, Nanjing 210093)

ABSTRACT The disconnection event (DE) is the entire plasma tail or its part separates

from the cometary head. It is one of the most spectacular phenomena of comets. The driv-

ing mechanism remained unresolved and there are many competitive theories to explain the

onset of DE at present. However, the variable solar wind is suspected to play a major role.

Comet Lulin showed a DE on 2009 February 4. The data around this day are analyzed and

it is found that comet Lulin had already occurred a DE on 2009 February 3. By comparing

the morphology of plasma tail of these two DEs, it is concluded that the DE occurred on

2009 February 3 is a new DE, different from that occurred on 2009 February 4. In this paper,

we report the result of the analysis of DE on 2009 February 3. The calculated occurrence

time of DE is, in UT decimal date, 2009 February 3.635± 0.215. The radial velocity of the

disconnection tail is about 68 km·s−1. Considering the orbit characters of comet Lulin and

the solar wind conditions around comet Lulin, it is concluded that the DE occurred on 2009

February 3 was driven by magnetic reconnection between comet and a coronal mass ejection.

The solar wind conditions around comet Lulin are inferred to the comet by corotation of

STEREO-A data.

Key words comets: individual, methods: data analysis


