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(1. �)℄_+�℄�$H,/i)℄℄"0\ 230026; 2. u/�℄{#`>�/i)℄��E℄"{# 264209)ED� Nh�<L"L�o��<Lhl�<i8J1%9Op�Z*�<L��t*U�t.)�M��*J�"L�o�#
� 60∼360 s �%9p%�.)MzdZu9M�.4T~#�26#b���#b?8�X- 100 km·s−1 ��qG�#�I^?8,�,6`�5T����<i83?yhO�olE�Z"L�o��MWIX5�.ZCAUP�V-Z"L�o��DMaO\X�5J�<L<i8���O��=Tk5-NhMa*}e\�fbD�_X�V'(��1��8D�:"L�o�b�ZpZ6y�" ) ��Nh�DZ�Nh�<L�"L�o��th}H; /%�P182 ��� =?�72�A
1 ����Mg�;K�pF�b|Ng�;�CI0K� [2>�K�
�t7~�>)0P��A�\�P��;Kg|�5,�s – !�s??
Rf�.gs:�PRL�D}.g^*��D
� 20 �b 70 ��w9
$9$E�.gRL:)jg��ÆMg�;��s�L
f.1� Skylab � SpaceLab 
wW�1� SOHO � TRACE � Hinode ��f�CMg��s�LK$�,�;Ka
+5�,}zf;h7I0$8)��~�
�6wo
P (network) �wo2X (network brightening) �!K�n (explosive events, ��n_15"a�n� bi-directional jets) ��y~� (loop-like structures) � EUV Ay\ (EUV spicules)�� 9!64�2009-09-08 � A&64�2010-01-12'+�3���Y)℄M�~s2� (40574064, 40774080)
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�;K;h7�n��;Ka.gh7# 1
′′ �℄�y�
"	} 1 _d�℄�_d�zf�A�\��~�KI0�n
Lx��;KwoxWN��z�?�~�)I0�n2+�Q|I�b|d[)nMgbd>��{CLx��L)Cja�CÆsJ�;K�C�I�a�b|d[)Mgbd>�gky{��;K!K�n��;Kgk;h7I0$8No� 20 �b 80 ��!|� Brueckner) Bartoe [1] H�w�"$	f�t_4g�-s NRL/HRTS s:��L0�K$� 1996�w7
 SOHO(Solar and Heliospheric Observatory) �H�*� SUMER(Solar Ultraviolet

Measurements of Emitted Radiation) �-s)�S�9a�!K�n
 SUMER s: [2,3] ��t�-(_4g��g_4g�.g_4g)4�??
�|VR�!K�n�'0VHW4e>�e
$}?�E_�gk�L~�9�ps:�+	,% 2 ;D
�;K!K�n��LVHW�-YB�TO�% 3 ;�zÆ!K�n�L`N[�a��% 4 ;Sj!K�nCMgbd>�b|d[)b|�^W�U&'��0�% 5;Sj!K�n�4I�;K;h7~��N���7o;�PSj)5x�
2  =M#M�p��NXJY�/\DBVQ�;K!K�n��-VH�?�54)Yt8Ly��!K�nK��
, {��-3x�;K-( (f Si IV, 8× 104 K; O IV, 1× 105 K; C IV 1× 105 K) �5�;S}_;K>h��"2?
4+��E+=>7+� 100 km·s−1 wx [1,4−7] �|��L��"a>7�Ah
 Bruecker ) Bartoe [1] u?f$8_�S?�o?�p0�n (Turbulent events) 
4.gh7�K�g�)#>7)"	#)79	���;K!K�n+��̀ o?�K�g{;�"a�n (Jet events) 
45x'0�b|��A�\>7+� 400 km·s−1 
��"	# 80 s 
"ad>7 5 km·s−2 
TFS�g 22 s−1 �7o?�n��,~t�b|P�L

n 1 SUMER �.t� Si IV .)�M��*J"L�o [6]3�8�0*�rm`C��8�0*�:okS*�g!kv:P*�0���$N�q<r�FF`,6rk`W	
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)+	Sj�K�,�;K�n�!K�n+,
!K?7~�
�U~t�D7
 Cook �^ [8] H� Spacelab 2 ��L0�C�;K!K�n�PYi`_�
�oDK$-((}�2?+w_�jfE5�S}#2?��;}2?)�5}2?�,;K5}>7�Æ 50 km·s−1 � 549 y�na
 35% ;}2?�n
 25% 5}2?�n
 40% ;�5}#�2?�RkSo��
 Bruecker ) Bartoe [1] ,K$!K$8Nnu4��p0�n	ax�AVB�
f��p0�n
-(�S}�p�h�2?
F Cook�^�i`9�
� 60% ��n9$�S}Ah�2?�{s
 Dere �^ [7] '� HRTS �
C IV -(�L0�C{?�n�PY�oD�_�
K$-(�;})5}2?,.gx�Y_A�
?n6�A����p09��??�n��{
,{7�a�ankw!K�n9	�??�n�w��AhÆ>C!K�n�IU��,��;K!K�n�>7� Bruecker ) Bartoe [1] H� NRL/HRTS s:��L0�K$�p0�n�)#>7#� 90 km·s−1 
��>7+� 250 km·s−1 � Dere �^ [7] '� HRTS� C IV -(�L�!K�n)#>7# 110 km·s−1 � Innes �^ [5] f� SUMER t_4g�-s Si IV -(Cwo
PWk0;yK��!K�n�P.(�L�K$�x��n�5;S}E+=>7#+� 180 km·s−1 �!K�;q2?��nEÆ5q
,R#� 2 ��;K!K�n��;� Bruecker) Bartoe [1] K$�p0�n.gh7A	 2

′′

(# 1 500

km) �Dere �^ [7] �L�!K�n)#h7# 1 600 km �Teriaca �^ [9] f� SUMER �;K-( O VI CMg��K�Pn�a�K$
!K�n.gh7#� 1 800 km ��;K!K�n�"	� Bruecker ) Bartoe [1] K$�p0�n)#"	� 40 s �
Dere �^ [7] �L�!KQ�n)#"	 60 s � Innes �^ [9] K$)I!K�n�"	#
60∼360 s ��;K!K�n�o$g� Bruecker ) Bartoe [1] K$�p0�nTFS�g# 750

s−1 � Dere �^ [7] K$!K�n,��Ko$g� 10−16 m−2·s−1(+�ÆTFS�g�
600 s −1) 
|3�o$g� 4×10−17 m−2·s−1 �F|�N7� HRTS–6 [P:0��o!K�n,��K)|3�o$g+h [10] � Teriaca �^ [5] K$TFo$g#� 4×10−16

m−2·s−1(+�ÆTFS�g� 2 500 s −1) ��;K!K�n�+gmQ� Innes �^ [5] K$!K�n+gmo$℄|
�g+gV
30 min 
o$,�XK��!K�n0LY$8��"� Ning�^ [11] K$!K�ngmo$A�DN�
$ 3∼5 min |k1Q�!K�n�?fg$Qn��Y4IÆ>�L	�,|30�
 Doyle �^ [12] K$!K�n�g$k1+}!K%�� 3 min 2V~.}?� 5 min ��;K!K�n��;)xW��� Porter ) Dere [13] �/ HRTS ) NSO/KP xmK$!K�nS�,\yK
P0 �woRa
<!A��xWV�K� Dere [14] |�xm)�s0�K$!K�nS���D}xC:�N/t_4g SUMER ) BBSO xW�L0�
 Chae �^ [15] K$!K�n2yo$,?xWK

	!o$,9HxaQ(�,�i��H/TQxWu��E0!4�nS�����FxfUC:
?�N>�~joW�
Teriaca �^ [9] H� SUMER ) MDI �0�n��?<�~j
Z!K�nxVa,��K
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(�6|3) wo
P0 uKwo
Pai�xWu�h�
K$!K�nYK�,,4.gh7��5;qK� (;qZ�9℄5�L>�a0
5q�&A�L>�a0) �
RN
{�h7�5;qK� (f��h7x���A�\a0�8�{�h7a0) Ao.�D}!K�n

4,?xWVa"o$�{�>7a0A"$Yt8Ly��;K!K�n�z7B��!K�nK��ea�A�\L+I0 (fz7)�7) �B�CÆC�4�C+^�YYgk�� Hayes ) Shine [16] H�-(C O IV 1401 ) Si IV

1402 B�oI0K�;!K�nS��z72d� Dere [17] � O IV -(K$!K�n�z7# 7×1010 cm−3 � Wilhelm �^ [18] nL	Y!K�nS��z72d� Teriaca �^ [19]'�-(C O IV 1401/1404B�o!K�nS��z72d# 3(
?y~j) 2.5 � MHD���~�oW�h�4H�-(C O IV 1401/O III 703 B��!K�n�7n"�2?��;K!K�n��7B���!K�nnk�)�;K-(�L�
o�Æ>K$!K�nK��,pF�7-(n�0��Madjarska) Doyle [20] 3h��pF H I Lyman-

6(20 000 K) )�;K S IV (200 000 K) �-(9a�!K�n
~�9��n,pF�7-(0��g+C�;KY> 20∼40 s 
U��;K~ex)�L�Doyle�^ [21] K$U�y0 N V -(�L��!K�n�)�7+�� O IV -(�L��f�Ahz7�� N V �
O V-(�&$0��7��O(m+M�D}z7�2d
�&$0�_B5��&q�
N V -(?7D}z72dF2�
F O IV -(?7Uj;�Æ>_��E0!K�nS�,pFK
 N V -()pF-( C I #��"�2?�F O V -(fU�Æ,z7��K�2;
A�RL�!K�n�y0!K�nS�,�;K
 N V � O V -(#+RL�
F
C I -(RLAY�,~t��7x
!K�nS��b|!E-( Ne VIII n�0�C+Cn7 [22] �Ft�b|-( (f Mg X) y�!K�n�R [23] ��;K!K�nB���^)�U�'e�!K�nCÆb|d[)Mgb�+��&
AhÆ>CÆ!K�nS��B���^)�U�PY	`� Brueckner ) Bartoe [1] `B!K�nB��)#^U#� 2×1010 g 
B��U (0�) # 6×1019 J 
+�ÆTF)#�fU 9×10−4 J·cm−2·s−1 � Cook �^ [8] f� Spacelab 2 �*� HRTS s:�o!K�nTF�X�U 2.5×10−3 J· cm−2·s−1 
n��b|d[HR�U� 1/20 � Dere �^ [7] 	B!K�n^U 6×108 g 
+�ÆTF5x&'�^UfU� 3×1011 g·s−1 
0�# 6×1015 J �
Winebarger�^ [24] q�Y`BTO
�<!>f�VH>79	B	y�n��U
'�>7|_K|7	Bo 490 y!K�n)#�fU# (3.1±0.7)×10−3 J·cm−2·s−1 �TF�X�U 10−3 ∼ 10−2 J·cm−2·s−1 �f�_;`B!K�nx)�ST5��a
#+�� 0.01∼0.1

J·cm−2·s−1 �,�oD��Æa
 Winebarger �^ [25] '� SUMER � C III � 4 d-(�L!K�n�+,!>�Æ
p	,D�`BadgYoybl�� (filling factor, )##
0.23) 
�oTF�!K�nh��X�U# 4×10−3 J·cm−2·s−1 Vb|)pF� Teriaca �^ [9] 	B!K�n�0�# 1016 J 
�# 3×1016 J 
��U# 4×1016 J �Kyb��!K�n�U# 20 W·m−2 �x,a�a+w�o
!K�n&'�^U
<9+wr	�MgbB�A%Mg�^U (3.5×1011 g·s−1)[26] 

2E!K�n�K�,w-WxW�n���K
�A�\�O)�XVtP
�OL`Mgb�h�!K�nA	wY�Mgt��A�P (3×105 K) HR�g|�U [27] (# 4×10−2 J·cm−2·s−1 K 400 W·m−2) �
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;TO�!K�nK��(E?7<Yo.2X
�{Ax}?7xQ|!�
FU�}-(i8�VQ�PB���xM��A��'0yP".Y+�K|-(�Ly
4DN[�KY['0F�Æ Doppler ?��8�L-(�54
F�g|��A�\q��h7�W\'0>7�
h�nF�� Doppler ?��8�L-(aE�Y�q0 [9] ��{
_�+�K|-(�Ly+wB��A�\�'0yP�o�E5�
�'e�A�\uÆ�"[LY)4P�
A��[>7^p,8}_B
4K|�-(Lyt8Ly�F��L�?�Yt8Ly ("��E���'0>7) -(�
�x_�puK�Y!K�n�>�Y��;K!K�n��-VH�?�54)Yt8Ly
�{!�!K�nTOnk�LÆ�L-(CÆ)#-(47K)#-(Ly (t8I) �&A�AhÆ>H��!�+�h�Ah
��jfTO,{Yl�
(1) -(�/I0Æ�Q|!��CH��L-(�Pt8�/ (l�Æ 1) 
��-(�/I0 (faR?7 Imax �47I0 σ )aE?[�Y λ0 �) �Ro4a�/���-(47�Pi`
=o-(47�Æ 3 y7|&R�-(�X7RQV 3∼4 y3=�-(#&At8_B�"T� 1 y!K�n [9] �-(�/7�I0�aR (?7) �47�aE�Y)&�QV-?7�F��9$!K�nVQ��-(47
Hwo�w47�!�IU�

Ires = Imax exp
(−(λ − λ0)

2

2σ2

)

(1)

(2) H�Y[>7Æ�!��Y[>7�yA�-(1r4+A)4��[>7)s:W4N7���-(47HC�� Doppler 54>7 vnon−thermal(l�Æ 2 
4a vobs �
vinstrument ) vthermal _;��L-(47C�� Doppler >7�s:W4)A��[>7)�pTO!!CH��L-(_;�Pt8�/��z��-(47
H�-(54)>7��u-(54>7Io (l�Æ 3
4a c ��.a��>�λ0 �-(aE?[�∆λD =

√
2σ� Doppler (4) �|}��Æ 2 ��p-(�Y[>7 vnon−thermal ��7
����Y[>7 vnon−thermal �Æ 45 km·s−1(Z54�) �-(Z!.�!K�n-( [15] �	ka
�Y/�`BA��[>7)s:54
+H��Æ 4 Q|`BY[>7
4a 〈vobs〉 �f�CH�-()#��� Doppler 54>7
)#Y[>7 〈vnon−thermal〉 +f�	&V. (��K�)#�LR) 
f Si IV -(� 〈vnon−thermal〉 � 23 km·s−1 �

vnon−thermal =
√

v2
obs − v2

instrument − v2
thermal (2)

vobs = c
∆λD

λ0
= c

√
2σ

λ0
(3)

vnon−thermal =
√

v2
obs − 〈vobs〉2 + 〈vnon−thermal〉2 (4)

(3) H��L-((}�2?Æ�!��Roy7|-( (fYC��K�L���U-(R)#
Z+�Æu�K�!K�n�-() ��oy7|-(47
H�?y7|
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�Z�	�6������� 28 !�-(47C-(�P�/ (l�Æ 1 
-(47I0 σ �.�aE�Y λ0 )aR Imax �vy�L-(V.) 
vy-(;}K5}�7|-(+,�E�E_".Y;qK5q�>7?i
S}>7?�-(�!K�n-( [11] � Innes [28] {oYU>7|
_�Yt8-(!K�n (Si IV -() �5 / ;}?7�Æ 8 × 1016 lx·s−1·cm−2·sr−1 � Winebarger�^ [24] {oYU>7|��!K�n (O VI -() -(Y[>747�Æ 40 km·s−1 
���S}�Æ 30 y��0�%ofTO�%JfTO��i`y{x�7U
,{Q�
CU>7|�V
1ÆJÆ�SfTO+^oW
tXo�#�t8�/747��-(�
�8-(472���={E
y0E5A��x/k=o�!K�n$8�%JfTO!�!K�n>7��R�^��.�=�%jfTO�}-(�S}} 
,{i/!K�n�-(VH

?fTOAxV.!�I0
fAh-(�;} / 5}�Æ�tR�!K�n��Æ!�7|�Ah
,!K�n�i`_�aF�Wo$g��LVH�o�R|

�}~�x&
AhTO���i`~�L+x�/��
3  =M#M�p�NbP℄

Dere �^ [7] '� HRTS � C IV -(�LK$
!K�nK��-(�;})5}2?,.gx�Y_A
�{_�A��p0�8�
F�p��xW�I0HQ0��{
kC�!K�n�L`N[
N/xW��L�.k� ?�C!K�nS��xWVQWe>�a�+{A�.1� HRTS [P�1� Bruecker �^ [29]  ��, Spacelab-2 [P�1(�Mg1��!K�n�D}xW�k$� Porter �^ [30] �L� SMM 0�"�!K�n�;�x�T�+N����9
f� NSO/KP(Kitt Peak)�SOHO/MDI(Michelson Doppler

Imager) �xmK$!K�n�Yo$,wo
PRk~�i�H/TQxWK� [15] �
Dere �^ [10] K$!K�no$,xC:Ko�
C4>7�?7� 2 × 10−3 T �xW,pFP��H℄>7+�
�{+w� Petschek Yo�2>xgN�I9��� PetschekxgN�I_�xW�2>��N[K2>xWgNN[� Petschek �I�7lK�',oy;K�a
F+a'SKxWA�`w)P��,7lKaQ(o�xWO5_U2;
HwaQ(o�x7l��nk��e�
�Ia7lK+C2;
F,4��x_x�axWO5_U+w	��
wWs?v>��nk��e��A�\)sS?d>
�WsaKao$t>a
x�nkf�sS?vB��A�\a0��U [31] �ao7lK��A�\a0>g�<�Æ7lK0 u��" Alfven >g�?��L�!K$8+<� Porter )

Dere [13,32] �/ HRTS ) NSO/KP xmK$!K�nS�,\yK
P0 �woRa�!A��xWV�K�Ca'0�W_l�xL(+;Æ��8!K�n� Innes�^ [33] ~/!K�n�-(e>VH) Petschek xgN�I
.�U,YS>Ng��zN�
<SoxgN�Mg�A�\d>�L+N[� Chae �^ [6] _�pF"a�tK;h72>xgN�ga�pF"a# 20 km·s−1 �>7�!K�nxgNHR�ga>7+/
FC!K�n2yo$,pF�7 4× 104 K w��?y�7n�ga>7# 20 km·s−1 �L`aQ'�S�xgNHR�7�!(� Innes �^ [34] '�+_F MHD Te
C+��xgN�
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ndnX0b|)pF�x�~���oa5b|T5�"a~?C,a5pF"a\>�
?y�IU�+$-(E+=>7?�S}E_
A���15"a��>7aEX*E_� Roussev �^ [35−37] ��;K�I09a�xgN�!K�nS��ea�A�\_A
���e'eY+A)4�IxK$K|-($ndn�0 [
Uk+a'u�^z72d
��S�`7Æ-(S}�aEX*g|
?��LoW� Jin �^ [38,39]f����;K�xgN
_�R5xW()\yKCa�V�o8S�xgN
�L��15"a��gN7�oa�Karpen�^ [40] ) Fan �^ [41] �0R��n�o+h~j�

n 2 �"L�o�yhO�zn [33]o (a) �}��O��$N�q�$�:E�0u�eo��Z (o8u� 1 � 2 � 3 N�<r[^7�O�r26r�'B�O�r2) �3?Gi��$N�q�:X7�Oj0zXiP��3�o (b) �ziP�KS*:�zM*mk:��B�℄2W7q[$�:��$ Alfven �: VA -Æh�: ≪ VA 	CÆ!K�ngmo$$8
 Karpen �^ [40] ) Fan �^ [41] _��gA�xgN�D}+a'a^Hx��"o� Ning �^ [11] YoY+�� 3 min K 5 min �Mg9�F0? (P �) ~�YxL(�G�
S�xgN� Banerjee �^ [42] ) De Pontieu �^ [43]K$ P �F�+f�wo
P?�xa�}�FCdVpF� Chen �^ [44] f� 2.5 �
MHD 0R��K$��}�F!0�dg 5 min k1� P �bE?7
bE?,[xgN�N$|k1Q
Ck1}pF���k1 (3 min) �;�Q0k1 (5 min) �{s
IxASo�;K!K�nC��xgN4	2+�K�,pFP
gN(�#,Mg9�wx 1 900 ∼ 2 150 km u�!K�nS��Y�DxL(C: [13,15] ��nS��Y��15"a
>7��"�H℄>7+�
+hK�+gmo$ [11,12] 
C!K�n�"	�℄_d
!;Æ�FxWe>��g�Hw+5_��nS����;h72>xgN�
��9 Tarbell �^ [45,46] YoYS?S�!K�nCj
Za\0LY>QS��;Kzf;h72X)"a$8�pCj_�Mg9� (�FP) xa��ÆCa'0+;%w�gN7xL`�Q=�
S��?K



� 236 �������_�
�Z�	�6������� 28 !�xa\LY?�?�?,_P��;P5xv>�xL`S?
?�S?fY�m)�A�1j�?G����w)S?�S?gAh�L�%wW��Ut>>Q<S�jf+��~���UTEv>�[��TEv>�0� ( [��A�\"a) )E_[�E_"a�x,N[+w�9���;K�L��Ef52$8�V;�
,�V%�℄-�L�+K�yl��qy��w
S�?< Guderley ?���qQ>
,x(S�?�15"a
L`+�L!K�n [45] �D7 Tarbell �^ [46] ) Ryutova �^ [47] �oDf� TRACE � MDI) SUMER 0�fLN>�Cj
��Y�;Kz?$8
<.�U,Y�FP)pF / �;KNg�L – +�/N[�IxSo!K�n+_�S?�o?�n�? (negative energy

waves)�Y(Q!KAÆ.S�
̀ o?�S?�S?gQ|%wS��%o?!K�nS�VH�tÆ 40 km·s−1 a>��D}?72X)t�o$g�%J?!K�nS��Y,xWi�K� (f cell K^x(K) ��Ky�2X$8�"	>�Ryutova �^ [47] K$A	 10%�!K�n�S??>%wS�
�E_�S?7�5�.atK�AÆ.S�� Ryutova�^ [48] �oDf� TRACE (C IV) ) SUMER (O VI) 0�e�Y MHD S?S��;K$8��e��S?)P%w��.aS�
FS?xQ+��
�UoE_d[
`oE_S�.a�%w�y7$�
.a$?��xH,
�xWgNI0�e�W�;K!K�n�L`&9�oy+5��


�CÆ��K�,{tt7x�xgNQ|�W"K
A��K�,{��;P�gNI0g|"�W!K�n�L`�Æ>AA�Q|L�
+�Rk~E��L)�I`B9V.�
4  =M#M�p�Oid9�+d~f℄�;K!K�n�;h7I0$8�b|d[wWMgb8����[oQ�Mg�;K�Ca�a�oygk�[�b|d[N[agk�(No� Parker [49] Yo��m��I��m��I_��ÆMg�;a�xL(��v
L`UE;+a'�;+a'A�K�xgN
S�UE�U# 1017

J �m��n�?��m��nÆ�L+'l�,b�+5�,
�jE��m�g�Æ!K�
b|��)�?"d[�Cja�9��Ahh7�xgNS�Ah�U�!K�n
i`a�9�?�!K�n�K�(gD�U�_B$0�W{f_B
Z f ≃ E−α ��p$0�Q_LÆ+M
� α �Æ 2 �
��U��U;��n".�F α ;Æ 2 �
��U��U���n".�f��U;��m���?�Mgd[N[
�t����n�U_B$0�{S0 α .T�Æ 2[50−52] � Crosby �^ [53] f��U�U# 1021 J Mgm�� X |(!K�o α # 1.8 ��;��n (f EIT ) TRACE �L��;K2X�n) �o9� α S0AMoW� Krucker �^ [54] _��U, 1017.9 ∼ 1019.2 J Kg��n� α S0� 2.3∼2.4;

Parnell�^ [55] �� 1017 ∼ 1019 J Kg��n� α S0� 2.0∼2.4�Aschwanden �^ [56] �� 1016 ∼ 1019 JKg��n� αS0� 1.8 �!K�n��;K�nk�;h7$8No
CXTF!K�n�U (20 W·m−2) A	wY�b|d[HR�U (400 W·m−2) �
 Winebarger�^ [25] K$ 1015.7 ∼ 1018.1 J Kg�!K�n� α S0� 2.9± 0.1, α S0�Æ 2 
��U�
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?�;�n���Y�	���Ud[b|
}F,�LxL��m��I�b|d[N[a`ogk�(��H℄?'lN[��H℄?W>7dxWT5
>7R��H℄>7
+u�F�>7W�Z0�Uv'�b| [57,58] � Hollweg �^ [59,60] Yox��F���H℄?�'lN[�x�+w���4��(goW��H℄?
f��H℄?�x�a��A�\Ng��F+;Æ�	$x�5[�vB���9�LK$A�	!d[$8
U�DW�Fd[N[�/C���Z?,)PÆxWv>�ea
�A��DW(g (

γ ∝ Z

A
B
Z/A �(^, )�?�+�U(g�;+h�
?K�UK�xB
K��72d����DW(g�A��?!K��F
Z^(,t�A�	!d[
�7,4IA�t [61,62] �;h7�xgN)_��SKt(�H℄?�oyN[ [63] � Hinode �H��D�L9�{��"a�nK��F�D�H℄?�S� [64] �XF
�;K!K�n�fSK�H℄?aX�oy���LL	��[�Mgb�f-}Mg9�d>
�7,PHa.gL` 400 ∼ 800 km·s−1 �>7
�Mg�CYa�a�`oyg�-[��Æ�;K�MgpF)b|��;K�
�{�;K�!K�n)nMgbL`���[oQ�oy)�St�-[�o�_�
t>Mgb8�Æ|3
�t�f-L`��� SOHO [wK|'PN7
UEÆ>C?o�[�PY�W�a�� Hassler �^ [65] ) Wilhelm �^ [66] H��s�-�E+=(q)?7_BmV.Mgbt>a8�Æwo
P0�� Xia �^ [67,68] � SUMER s:�pFVb|�-_�Yk�|3��A�\�0LYVQwW)woxW��
L	nMgba�|3�	TxW��V�zB� Tu �^ [69] H� SUMER ��A�\E+=>7)?7�G�
od MDI �FPxW�0�
V.Mgb8�Æ�FPwx

5×106∼2×107 m t7Ng�xd4y~�a��FP�\yK
PCa�;�x�!EK�3)q0
h�0�v>�x�<Cs�,?�x�a�x�)d4yxW (%XxW)K�gN
�UFvq�d4yxW~�a�,{t�t7x
xd4~�)k~x��gNmreT
�U)^U/QT5�vq:n�"���A�\,d4~�a)d>
�eoE_�A�\�XL`Mgb�|� Tu �Cj�U�;x�a��A�\)Ca=��d4K!E
f�xgN+5s�Xo9
G�d>L`Mgb���9
^x_�Æ.#&�Mgb+��g�Æ�qmÆ52gN"|�-d�xgNS��!KQ�n�Yo$,wok~C+o$, Tu �^	B�Mgb8��YC���7�f�!K�n�t>�A�\a,d4yxWa��d>)d[<d}%XxL(5x'0
�e+)�X�TK|3��E_�%XQxW
pK�!K�n�t>�A�\a+��Mgb�oE_�Hw!K�n��xa�Mgb�[A+:��gk(G�+wf�$8Ya�
(�4�A�\�0LYVQ (�7�>7�z7�?7) 
=��"�[�l*0�
5  =M#M�p�6K=j9��h�Æ�!K�n��;K4I;h7~� (fv7� blinker ) EUV Ay\) �N�oQ)
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�Z�	�6������� 28 !�^xHt�v7�!|) Harrison �^ [70] � SOHO � CDS(Coronal Diagnostic Spec-

trometer) _�`� O III, O IV, O V �s-(K$
��Yo$,wo
PK��;K;h7g|2?$8�.gh7#� 6 000 km 
)#"	 16 min 
?72? 1.8 (
Yo$,wo
Pa?	TxWK�� SOHO/CDS �L�v7�E+=>7� −10 ∼ 20

km·s−1 
w5q�n [71] ���9UE	&R�v7��!K�n�N�
E0_�S>��;KAh;h7$8 [72−74] �
n�o��L+<Q
f��S�,wo�E�!K�nK��?72?
?�2?$8+) CDS s:!��;�v7��n� SUMERs:�L�v7��o�?<!K�n�	�2X�n (unit brightening events) 
`�?�	�2X�n"	# 2∼3 min 
h7 3
′′∼5

′′ 
�!K�n|��Ey	�2X�n
`�v7�-(no$S}24$8 [75] � Chae �^ [75] _�!K�n)v7�S�N[��hQ
#+�xgN��
U�S>S�xgN��LAh�!K�n�EK�,wo
P0 u
�G�V}i�TQm)�xL(
pK���x� (Q|wo
P�wo
Pg) );x� (wo
P�wo�E) S�gN
gN�xL(y7�Æ 90◦ 
x�L�"a�Fv7�H,�xW,wo
PaEu
�V}?m)TQ�xL(
+℄wo
P��x�g+;Æ�S�gN
gN�xL(y7;Æ 90◦ 
�"p�"a$8��/,{!K�n)v7��VH
K$!K�n�TFo$gkt�E
#�v7�� 60 (
F4lr�.gh7�"	U,v7�k��E
#�!K�n� 1/10 �{s
�L��v7��E+=>7,!K�n�>7nk;�E��{
,$���Ldn�
+5_�?SfI0�n�)ÆAh$8
��L�9�Lx+�5)xWI0�

aRkAh�N[dw���RkSo����LSy$8H�s:�_4g)_�7R|
!.Sy$8�TOAh��=n+�/`Lx�VHR|�CÆS>��ARf�_4g~&�s:9L	 [76] �) Hα Ay\oj
EUVAy\�Mg\0�nk�L$8 [77] �447, 10
′′ ∼ 20

′′Ng
�7# 2× 104 ∼ 2× 105 K 
"	�#�℄_d
z7# 2× 109 cm−3 
5x"a�>7# 30 km·s−1[4,77] � EUV Ay\3lr, Hα Ay\�[A [78] � Wilhelm [4] _�!K�n� EUV Ay\��z�wo�E���A�a5wo0 
,wo0 S�xgN
�A���d[�d>
S�!K$8�!K�nS��"a� EUV Ay\o8'0QVDn
�A�\x���v�E+=>7 :
�xU��L�u� :�5qE_
?��;KYl-(5q$8+i/� Innes �^ [28] _�b�x�L��!K�n�.ge>
r�!K�n+w��b|t7
L`\0+�L��Ay\� Popescu�^ [22] K$!K�n��Ay\-(47m?<
S>-(#�; / 5}�E_ EUVAy\�!K�nS��#�� 5 min k1Q
Cja�K$k1Q#� P �F�tKxgN� [43,79,80] �a�_�Mg�;K�L��zf;h7~�Ng�N�CÆ�gC��;K��C+^��gky{�XF
�ÆÆ>�L����s�-s�.g)�g_4ga��Yt
z?$8��\LPVQ�S���
AR�U�L0��?,)Cja��uw
G��gY��
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6 Ul�8z��J�E���L)a�
�xC�;K!K�nv�Y{T��Y��
,a��ean��o��[
�9�xRd?w�℄T���Æ�

(1) 	&a!K�n�!�TO2E
vfTO5�	(n�A	
�xR,TOx�Puw
=ooyf��|V�!�TO�?j��CTb��P.Ui`
��~��V��L~��
(2) !K�n��;K4I;h7~�Ng�N�R�oD��V_��;K�oyt70P��A�P
4a���~�2E
zy~�gN��rÆ�x~&"_
Mg�;K��C+^�
(3) �xWgNI0�e�W�;K!K�n�L`&9�oy+5��


�CÆ��K�,{tt7x�xgNQ|�W"K
A��K�,{��;P�gNI0g|"�W!K�n�L`�aR�7�L��g)Cj�uwG���ry��
?Cb|d[)Mgbd>�[��"n�}r0Æ��
(4) }�L ?T�96
Æ>�LH�s:nk� SUMER �s�-s�SUMER��L?? 500 ∼ 1 600 Å
-(�L`�7 104 ∼ 2×106 K
o\-_4g 0.044 Å/pixel(J\-_4g 0.022 Å/pixel)
.g_4g 1

′′ 
�g_4g�℄�wx
>7_4g 2 km·s−1 �f��~t�-(_4g��g_4g�.g_4g)4??�s:
��~|V"R�!K�n�'0VHW4e>�e
A�RL~|;��;K��~� [81,82] �t_4g�s�-�Ln��9Mg�;a��K5J�
f�l%^�`=a Solar

Orbiter[w�*��-su�� 70 km�.g_4g (SUMER�_4h7#� 1 000 km)��N
D}^*��D�s:�7�Yt)TO�uw
!K�n$8u)~T�"_M�?CsJ�;K�C�I)uw�;KCj
a�b|d[)Mgbd>
�}�	Dg�Æ���.<>�
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Observational and Theoretical Studies on Explosive Events in the

Solar Transition Region

ZHANG Min1, XIA Li-dong2, HUANG Zheng-hua1

(1. School of Earth and Space Science, University of Science and Technology of China, Hefei 230026, China;

2. School of Space Science and Physics, Shandong University at Weihai, Weihai 264209, China)

Abstract: Explosive events are small-scale dynamic events often detected in the far and extreme

ultraviolet (FUV/EUV) spectral lines of the Sun, which are emitted mainly by the solar transition

region. They have a small spatial scale of about 1500 km and a short lifetime of about 60 s on

average. As transient events and jets, they are characterized by non-Gaussian and broad profiles

with an enhancement of emission in the blue/red wings resulting from a high velocity component.

Typically, these bi-directional streams have an average line-of-sight velocity of 100 km · s −1,

which is comparable to the local Alfven velocity in the chromosphere. Explosive events tend to
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occur along the boundaries of the magnetic network and in cell regions, where weak mixed-polarity

magnetic features are present. Because typical explosive events produce apparently bi-directional

flows with high velocities, they have been suggested to be a consequence of small-scale magnetic

reconnection. Sometimes, explosive events are also found to burst repeatedly in the same region,

which may be caused by repetitive reconnection triggered by P-modes or transverse oscillations

of the flux tubes. Although explosive events are best seen in typical transition-region lines, they

can also be detected in spectral lines with a wide formation temperature ranging from about

1 × 104 ∼ 5 × 105 K. When an explosive event can be seen in a chromospheric line (H I Ly

6, 20 000 K), a delay time of about 20 ∼ 40 s in the response of the transition-region line

(S IV, 200 000 K) has been observed. However, there are almost no explosive events seen in

coronal lines such as the Mg X line. Relationship between explosive events and other small-

scale events observed in the transition region, such as blinkers and EUV spicules has also been

investigated during the SOHO era. It is found that explosive events have the size and duration

which are comparable to unit brightening events which may constitute blinkers. Nevertheless,

statistical studies by some authors have suggested that explosive events and blinkers are different

phenomena, although sometimes they can be observed to occur cospatially and coincidently. On

the other hand, some studies show evidence that explosive events may be associated with macro-

spicules observed at EUV wavelengths above the solar limb. Analysis of the energetics of explosive

events indicates that the energy flux released by these events might be insignificant for heating

the solar atmosphere globally. However, the mass flux carried by such events could become a

significant source of the solar wind in the coronal-hole region. In this paper, the observational

characteristics of explosive events are firstly reviewed and the methods used to identify them are

described. Then the formation mechanism of explosive events, their possible relation with other

small-scale dynamic events observed in the transition region and the impact on coronal heating

and nascent solar wind are discussed. Finally, the future study of explosive events is prospected.

Key words: Solar Physics; Solar transition region; Explosive event; EUV radiation


