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f1P�q [7] �f�`n}o �+#uI���uyjAM`q	N;�njVnuG���L�2A [8] �\℄	o �jfJ,uS$(�	stV,u-�n L�u2|E�	���f�`n}o f7-`	&Æk L�u+��+
��;�\h�Vy+#Æ� [9] �o ~�G��OSh+#Æ�	;�(��f�`n}o u L�H��~Æ�	>A� X ��n
?
-��℄9p�o ~��mk�H�o �juS/-`	\$ km/o �j�S0LLf1PZ[ [10∼12] �o ~�M��e Vaianayl [13] Wf�#℄9(Æu8�=L`q X ��;��Vu L�Æ��5v	l�(Æ�
?
-� [14] ��	-� [15] R2℄9po ~��9 406b	l� X ��n
?
-�℄9puo ~�50��%$CfG#u4�AC�� 20��M��6g	Wf4� Skylab \�ÆW��#|
�u X��n
?
℄9UR7�u%K	l� o ~�u-�nH{G�f��)e#u�/�5u 20�� 906g	Yohkoh t)|
�u SXT(v X ��hwA) �SOHO 3X|
�u EIT(
?
G�hwA)[16] � CDS(o ��_JU)[17] � SUMER(=L?
;�9|U)[18,19] W� TRACE t) [20] uI\�n��4$�u℄95S47C�l� o ~�-�nH{G�um��m℄Y�	Wf =L_\Z>u��n\�℄9	dN�qa SOHO3X|
�u MDI(�Z&?#HfG�U)[21] z:0�u℄9%K	l�2Z ~�
0_\Z>H{fJ50eJPEAC	^$ ~�uZ�+f�Q�um���v'��1�o ~�u-��NH{G�	�$F�~�yjAMG�u��	hv1�o ~�S2	(u�/6
℄�	*-q �um�50!PuE�	Mv obuAC0�JQS+�
2 �q"��w/B�PJ}I�e|u℄9&&	o ~�uLby 10′′ ∼ 40′′ 	�N,'54S�fM 5′′ ∼ 10′′ u;�MVu`q [10,22] �℄ 1 �a EIT u 195Å -�℄9ueo#℄�	XWSp	8�=L`

^ 1 EIT-Fe XII (195Å) 8^:vp!��.A�O�p$}v53 [35,37]
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) 195�2��o ~��Wf4� Skylab \�Æ|uh9
?
℄9U (Harvard EUV Experiment)%K	 Habbal yl [10] (Æ	o ~�qkf�L u"0D9�7sf�L "0�8�=L`qZ>2A�,*Y5I�0�a	u�0 [23∼25] 	��pZÆ�-Xm}�uZv�dW` [26∼30] ��� Skylab �g	 Sheeley yl [31] G4$Q�o ~�u<�-X	:�(Æ	�Mo ~���e%Mr Yu�0YuZv�dLGu	 Zv�d,#!Byk 2.5 Mm 	Cy 12 Mm �vb	TRACE I��nI\�4$�u℄9Z������S-d [32] �℄ 2 
��SMo ~�15u<�-X	XWSp#M&
u Zv�d� ~�^<�p�
ueJ;E℄9(Æ	N�(� 5∼40 h 	
?
~�uBQ�(k 20 h [33] 	$ X ��~�uBQ�(k 8 h [34] � Zhang yl [33] mk	o ~�uu�^E� 2×106 KW
	�O62/�kÆ� X ��~�uBQ�(nLb��
?
~�u �$ Braj̆sa n
Tian yl [35,36] uACR&&	o ~�u;�u�_\|0}k 20 Mm u�0	6Pqkf�`n}o 	̂ $�K Zhangyl ~�u�ua9�Wf�)qk �nS�8�`uo ~�u-��N;�5��u#{G�	 Habbal yl [10] (Æ{��f�+|u0Y�

^ 2 TRACE-Fe IX/X(171Å) 8^:vp!��=	.YX�[?z#� [32]��p7�Ux\�X�6)m ±25 × 10−4 To ~�� L�u&
Z>-X [1] 	N<�nH{m&
Z>uH{ (t&
Z
?Æ�Z �) 3��[�Wf�)o ~�q'mN
0u_\Z>-X	l�(Æo ~�G�(���B
2uZ>-XW`u�0 [35,37,38] 	t℄ 2 7��[�AC&&	w4�Suo ~��5<&?Z
	$w4�'uo ~�mZ> �f[ [38] � Brown ylWf4� TRACE-Fe XII n MDI Z>u℄9%K	AC�YSMo ~�ue5H{fJ�:�(Æ	�B
2uZ>-X�?Æ�J
�4�n;9ufJ,	<��N/-�u~�-X	�t S -� π -y [39] �$ Madjarska yla EIT-Fe XII n�^u MDI Z>%K	4�
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2uZ>-X�yT9	k;���uMj� 7000 km Ng�	~�R�<���v	&
Z>��(� �	kSM
2uZ>ee�
�	~�R�
� [22] �o ~�u;��I���u�� Skylab ℄9�K	 Sheeley yl [31] G(Æ	LGo ~�u Z~-X���#{u	iM Z~u�(yk 6 min�Habbalyl [10,11,14] 4���Vz\J� (Ly α, C II)�f�`J� (C III, O IV, O VI)no J� (Mg X)u;�V�5��u#{G��:�(Æ	~�;�#{uG���f)�u 5 min n)Cu 20∼30 min 	j��f&
u4K2���Vf�`J�|	#{G�`�&
u ^[�	*Y�#%[`
	o ;�u�V� ^<f�`nz\;�u�V�:��(Æ	;�#{� 105 K MV�Wf4� CDS n SUMER u��9�℄9%K	 Ugarte-Urra yl [32] (Æ	SMqk �u~��{Vf�`J� (O III, O V) |;�#{uG���k 420∼650 s 	$o J�
Mg IX u;�#{�� �)���Y�	:��(Æ	�N,uS���1	 O V u;�IÆQ&
u4Kk 546 s u�m	E�mK:� 5 M4K�5v	 Ugarte-Urrayla CDSu_J%K5S4(Æo ~�pu�m4K.j� 400∼1100 s �� [40] �M9	Tian ylqa TRACE uz\ (1216 Å) no (195 Å) ;�%K	(Æ~�,`�C4K (8∼64 min)u�m	�m(l�~�,u Z~-X,MV [41] ��$�m(l�mkX2�^_\FZv��o V,u�Z�- [32,40,41] 	���1Æ2uz:Z>1wu-` [41] �M9	qa Hinodet)|
�u XRT(X��hwA)[42] n EIS(
?
G�_JU)[43] 	l�XW� X ��n
?
-�Y�℄9o ~��S$[k~�℄9u%K-T��Tm,	P4u-d
�	�{<URu℄9%K' ACo ~�u<�-Xn��H{G�Qpr1PuOa [44] �
3 ���{lCOI�w��4h�f
��6u��p	l� ~�yjAMuG�VfSÆuAC�j ℄9%Ku�(	 o ~�yjAMuG�t#Hf1��	A��yu��AC� b,��)~��� 1994 6	 Moses ylGqa HRTS(I4$�_JhwA) u�#℄9=� ~�u#Hf1�50�AC�:�(Æ	�o ~�7�u`q	f�`J� C IV7IÆu#Hf1�Xd 40 km/s 	�M1�w k	Sh+#�$�f�`�(�$ (explosive events) u�*1� 100 km/s	\℄~�m�(�$�f!*w� [45] ��S-�� Madjarskayl���:�qa SUMER u_J%K	tpSMo ~�`qu#Hf1��f�`J� S IV |
�k −10 ∼10 km/s [22] ��
` �	o ~��J� Ne VIII |
�u#HfATk 0 ��tT [46] �$�Nr �	o ~�Tu Ne VIII �(ÆLf) ueT [47] �ek Ne VIII6P-Gkf�`
5no �5ZÆ�-X�1a	u`q	;7
�ue=ueT (ek
5 km/s)�mk�=L8P�
�u(� [26,48] �\℄	t|-d&&	o ~� =L8QuuV�XWx��Popescu  qk
` �uSM~�`q50�AC	(Æf�`J� O III&ÆkMe 5 km/s utT	$o J� Mg IX ��~�,'`q
� 4 km/s ueT [47] �M
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) 197�9	 Brosius yla EUNIS(
?
�u�_JU) u�#_J%K	(Æ�SM~�u{"`�0��-u�+
�	OK�f�`J� He II |u4�	
�1�Xd ±15 km/s	$�o J� Fe XVI |4��Xd ±35 km/s ��$�-0�u1��mkmZ>1wf[ [50] �qa SUMER n EIS �{<-TMju=L?
_JUu℄9%K	 Tian yl4���-Gu�u % lg(T/K) = 4.5 ∼ 6.3 .j1u��Vf�`no J�|o ~�u-�n#HfG�	(Æ�~�`q7fJ�utTneT�`�&
u40�	�V40��f�`n�o `��yY!u��/#HfATu42G��/�km~��w�u�;-Zv�d,u�+
�	���Z>1wu-d�:��(Æ	�f�`�5n
5W�}o `	~�u#HfAT�) 	$�f�`,5MV	NtTneTQXDf 10 km/s [51] �o ~�`qu	A��XWWf���%J� u;�V��"b_t [52,53] �qa CDS _JUu� ���%J� ~�u℄9%K	 Ugarte-Urra yl [54] _t�o ~�� lg(T/K) = 6.1 ∼ 6.3 u�.j1u	A��� Brosius yl [55] a�#℄9u EUNIS%KR_t��Yu�.ju~����$ Tian yl [51] �qa SUMER n EIS u���%J� 	_t�o ~�� lg(T/K) = 5.2 ∼ 6.3 u�.j1u	A�� ne �-d
�	� lg(T/K) = 6.0 ∼ 6.3 .j1	~�u	A��.je%k (109.0
∼ 1010.0) cm−3 ����Yu�
8�=LuBQ	A��I	$m��`u	A���9	,&o ~�m��`LfSÆuh/2 [54] �$ Ugarte-Urra yln Tian yl�(Æ	 Fe XII n Si X u-Gu�Qk lg(T/K) = 6.1 	h$a Fe XII u���%J� _tu~���feka

Si X u���%J� _tu"��X2�e=LeS-Xu0Q|2�Gu	RX2�\km�|�3u Fe XII =:�0�g	�fX2�fo�uJ�m Fe XII J� ��SQ [54] �$�f�`�*u� lg(T/K) = 5.2 ∼ 5.4 u[`
	~�u	A��.jyk
(1010.0

∼ 1011.0) cm−3 ��M"�8�=Luf�`	A��PI	$��Yu�
��`u��P ��h/ [51] �
4 �q"��wU4�* ko ~�u<�mH{	(	-T6P`�w/℄��S/�Z> �u℄�	�0Y
2uZ>`q�yT9	(� �	<�~���'/℄��4J�1w	mkF4J�u^1Z>1wn%f�`no H�uyjAM��j	-G~���w/℄��mk_\(B}�7h(u	
>k~�JS�2|bu�℄9(Æw4�'uo ~�mZ> �f[ [38] ��k�S℄9��	 Priest yl [56]n Parnell yl [57] &t�0Y
2uZ>`qWf �1w<�o ~�u**�E**7a�>	k0Y
2uZ>`q�yT9�	H�(�Z1w	*�1w`q�j�yjAM	̂ $n% X��n
?
;�u�V�Priest **,	�BZ>-X� Fu�$ Parnellylu**7a�0 Fu9
Z>-X�℄ 3(a) 
��Z> �fJ,Zv��yOauwM+�Æs�yOa+���yOa+�� �+���S**XW/�o ~�(�fJ,u#/Æ�	^SR�Gtp�b/u�K�j�\k�f 1/3 u~�X2mZ> �~[	Z> �***0�ak7fuo ~��



� 198 �������P�w�<�6�
������� 27 O��'/℄��4J�1w� Longcope yl [58] mk	mo ~��w�uZ>-XXW-G4J�1wq-	4J�z*{MZ��	�^1Z>1w2AsY(�uq'	F4J�u1wn%f�`no H�uyjAM��j	^$<�o ~���/℄�tp�S$℄9u�K	t Brown ylmkZ
4�rsY<�Z>��	\$RGsY<�4J�	:�Wf TRACE u℄9	(Æo ~�uq'n-�mOK�>
atpu4J�uq'nJ��)*9 [39] � Longcope yl[�4�� 764 Mo ~�	(Æ℄9pu~�-�>AYm~��w�uZ~J�0S%	$m4J�uJ��)S%	t℄ 3(b) 7���m4J�1wu���>q [59] �

^ 3 ���T3
)vx07Q++ [60]

(a) \�"�,,� (b) 6L�3y,,� (c) a^*D��j*���,,�_-%�m 0.5 Mm �M9 Büchner yl [60∼62] JQ��w/℄�	:�mk_\(B}�7h(u	
>k~�JS�2|bu� Büchner ylu%"*56P�/SLZ
Mn,2eSuUq0J	�� ℄9u_\I�Z>50~v>
a	tpwn\�uP�Z>-X	OkSMP�V$�hvaz\no yjAMbSOZ>-X�*5R�v	ek_\yjAMu}�	o uZ>-X#t0��~v>	���N(uf�`	QÆY!u	
>nZ�v	Y��$	
�1�=:�)A,uz\ky�kH�	
�� (�
A1�) DfjA�0{Æ2uR"�	-A	K<�	B0	><�	1wR��	
>nwnZ>1w6P(��f�`Mj_\ 1.5∼3.5 Mm uI�.j1	t℄ 3(c) 7� [60] �E**V��_\yjAM(B}�u1P2	 TRACE u℄9R
��~�uq'n-�m**tpu1w`q (	
>q') �zq� Santos yl5S4���	
-Guq'm TRACE ℄9u~�q'�j1q [63] �
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) 199� k~�uS2	0:St|w/	(�Y�<�Oa	khRfX2 k0Yu~�	0Yu	(Q6nOa�M9	McIntosh yl [64] JQ�o ~�u{4S2	(�:mk	f�`J�no J�℄9uo ~�X4(Fkiunjuo ~�	_\Z> 
}�7n%uZ>1wkiuo ~�JS2|	k2|�gpSÆJ�u�u	'�b�~�uZ~�[a	n	I	|	uZ~�[mt�AH�|#ueL�o Z>��(�4J�1w	^$<�juo ~��M9�S℄�tp� Tian yl℄9-du�K�:�4G� McIntosh uÆ[	'f�`J�no J�℄9uYSMo ~�4(Æ[kEo ~�ui4|nj4|�-d(Æ	i4|nj4|uJ�W�#HfATuG�ee0Y	,&{�X2�e0YuS2	(<�u�Y�:��(Æ	mE~��w�u&
Z>Lf5% �uG��e_\Z>Wf�>**X&QbuZ1wq-,	4J�uJ�mj4|;�-Xu�	0�S%�\℄	:�mk	Z> �n4J�1wY�Oa	<��Eo ~�ui4|nj4| [51] �h$~�� )}u1�/wmZ>1w^<�uQ
1�0zq�k�/P�S|L	
Brosius yl [55] M9JQ	1w7<�uuA$X'2|E�pz\	n%z\�+u�jn<�	^$�z\�+�(��B����(	<�7℄9pu~�T0Ik 40 km/s u1���S/��:qm	�fhkQ#u℄9%Kn%"*5b!K�
5 �pdwCE1��f
u9 40 6p	~��^℄9|��m�|	l� o ~��f��)e#u�/	j�nfS$0#5P�VACÆ

(1) o ~�u<�-XmwnZ>-Xu[�Æ-TI\�4$�u℄9V�t<g�(~�u<�-XGkX2	$I+|u_\Z℄Rko Z>
aJS�!PuV$ [65,66] 	'{�-qQbAC~�yjAM;�mZ>��uUq'�
S4!hPR	uAC[L�	
	 STEREO {03X =LeSu℄9�}�2Z o uS$-XnÆ�t��`Z~ [67,68] �
p (plume) [69] n
`o ;
 (polar coronal jets) [70] uwn;�-X50�)XTu1X	�$GRu�"R�tl� o ~�wn<�-XuACO�Kh�
(2) o ~�yjAMG�u��Æo ~�uyjAM8%�&t~�%"**!0X~u!u%K	R�**-d� u ��-T	l��$�4���Mo ~�uyjAMG�	'b5P�Qeu�.j1 Q#o ~�u#Hf1��	A��yyjAMG�50���
(3) �5 Z>1wum/ÆZ>1w�o S2	(um'	$f�5 Z>1w�S���mfJum/	~�uS2	(62M.tpgm�k℄	S�%"*5N/m1w�[u�mfJ
 [71] 	 Z>1wbG-Xu1XACR�2A1Pu [72,73] �
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Coronal Bright Points
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Abstract: Coronal bright points (BPs) are small-scale phenomena in the solar transition region

and lower corona. They can be observed as enhanced emission in X-ray, extreme-ultraviolet
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(EUV) and radio wave bands. Coronal bright points are found to be located at network bound-

aries, where bipolar magnetic fields are present. Coronal bright points are typically 10′′ − 40′′ in

size, often with a bright core of 5′′−10′′. It is believed that a BP consists of several miniature dy-

namic loops which evolve at the order of seconds. The average lifetime of BPs is 20 hours in EUV

and 8 hours in X-ray observations. The shorter life and smaller size of BPs seen in X-ray than in

EUV suggest that BPs have a temperature of no more than 2×106 K. It has been found that the

occurrence and evolution of BPs are strongly related with the evolution of the underlying bipolar

magnetic field. Statistic study reveals that 2/3 of the BPs are associated with the cancelation

of magnetic features, while the other 1/3 are associated with the emergence of magnetic fluxes.

Transition region lines often show red shift or small blue shift in coronal bright points, indicating

that BPs are not directly associated with transition region explosive events and do not contribute

significantly to the solar wind outflow. It is also found that both up and down flows with speeds

of several tens km/s are present in the transition region and corona in bright point regions. The

flows might be associated with magnetic reconnection, or due to the geometry of magnetic loop

systems associated with BPs. The electron densities of BPs can be derived by using line pairs

which are density sensitive. It is found that bright point densities,lg Ne , are in the range of

9.0 − 10.0 at coronal temperatures (lg(T/K) = 6.0 − 6.3), and lg Ne = 10.0 − 11.0 at transition

region temperatures (lg(T/K) = 5.2 − 5.4). These values are higher than those of the normal

quiet Sun, and lower than or similar to those of typical active regions. From a theoretical point of

view, the energization of BPs may result from the interaction between two magnetic fragments of

opposite polarities, which can lead to magnetic reconnection and local heating of the plasma. The

radiation power of BPs may also be supplied by magnetic reconnection along separator field lines,

or by current sheets induced by photospheric motions. More recently, a two-stage heating process

has been proposed and supported by observations. In this scenario, magnetoconvection-driven

reconnection occurs in and supplies energy to the cool BPs, whereupon the increased energy sup-

ply leads to an expansion of the loop system, which in turn begins to interact with the overlying

coronal magnetic flux through fast separator reconnection and produce hot BPs.

Key words: solar physics; solar transition region; corona; UV radiation


