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�n�Š�¾.œX�44ï5��•�&L$ (t1) (τ = t2–t1, τ > 0), '��>MŽ'�EÀ�4�{L$�ˆX�>�n,´�•/ë
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�:��/j�¶'��>MŽ'�EÀ�4�{L$�9�0�Ê��Ì�£3+ , 4ÿ�¨ Neupert�x�Ä
���+X�;�?>˜/j :

FSXR(t) ∝
∫ t

t0

FHXR(t
′)dt′ ,

or
d

dt
FSXR(t) ∝ FHXR(t) .

(1)

�¦�] FSXR�ÃFHXR�6�[��>˜EŸ X�44ï
¼.œX�44ï,´#qGÿ , t0�j.œ X�44ï,´C§�û�&�k .

X60�Á�7�ö Q»�] (�§�ƒ�ÿF ?ñ�·)^ [5]), �0�M60�Á7-GÿGú�n�ÐFOQ�7-2Â�€, F	�Ë
Q�7-2Â�€(+e�€
¼/ë�€ )-(�ƒ�0G��68��ÐFO	j"ï.ñ�Ë4ï"¹L}8#8¢*3 , FJE÷	ÊM¦�Œ+X
��4
.œX�44ï�¦�>
˜$1y/ë�€�ƒ.à�Î�•�a7-Gÿ , �Ð'�
˜$1y/ë�€�ƒ , �Ð'�,´8¢*3(™CXX	»�Ë
�ß�ÖP¡�Ø�; , "ï.ñ�Ë4ï
A�:7Ø6ð�›�u60�Á)ß , 
<�&EÀ�4EŸX�44ï , 	£�pBC8¢*3:è
� [6–7].

Neupert�x�ÄX60�Á�7�ö Q»�]�Ç�`�¸�,´L@F . �þ�:F (1)�?�]-;�` , Neupert�x�Ä,´>˜
F �•
���*6@��@EŸ X�44ï,´� �l�&L$�)�Ä.œ X�44ï,´5��•�&L$ .

�j�¶�$�`�ðP¼ Neupert�x�Ä , Veronig1y[8]�) 1117�Z60�Á�»�»�Š�¶5�AÑ.D0¦ , FJE÷
�)EŸX�44ï� �l�&�k (t2)-(�).œ X�44ï5��• (t1),´�&L$�� (t2–t1),´�6�À , 
�)à 49%,´�»�»
�&L$���?�¾ 1 min(�&L$�6EØ)·4Ö1 min), 	£EŸX�44ï� �l�&�k�>.œ X�44ï5��•�&L$-(�ƒ
(t2–t1∼ 0), 1V
8Neupert�x�Ä , 
<�&F��ˆX�0G��660�ÁEŸ X�44ï� �l�&L$�Š�¾.œ X�44ï
5��•�&L$ (t2–t1> 0), �>�n�•/ë�¶4ÿ�¨ Neupert�x�Ä . �)1V
8 Neupert�x�Ä,´�»�»�ŠEŸ X�4
4ï� �l#qGÿ�>.œ X�44ï0��6FJGÿ.D0¦ , 
�)à�³���9�¸�,´-(�£�W , -(�£3+� �j 0.71. F	
�ZE³�,´-(�£�W�\CX�:�_��j.œ X�44ï�>EŸX�44ï
��4,´7-Gÿ+a
<�0G��6MŽ'�+e�€��
�Ë, 
����Ø�ÝMŽ'�+e�€,´#��•7-#q Pbeam(t)�>
��4EŸ X�44ï,´'�1y/ë�€�ƒ,´7-Gÿ (Eth)

L¿�&L$,´
�	F dEth

dt
�Ä�ƒ�9�$�,´-(�£�W . Veronig1y[9]�) 4�Z1°	…,´60�Á�»�»�Š�¶7-Gÿ

�6�À , 
�)à Pbeam(t)�> dEth

dt
�¦"Ñ�9�$�,´-(�£ , F	
�7-$À�¾MŽ'�+e�€�~7-�Z!’7-Gÿ Ec,´

�=.ž�Ê�W , �,8$7-Gÿ�`1Ç�9�¸�W,´B��� . Gan1y[10]�.Añ�> , Ec,´�W�?L¿�&L$6<
�	F .

Warren1y[11]FJE÷60�Á)ß�Ø�Ë�– Q�� , 
�)àEŸ X�44ï,´� �l#qGÿ (Fpeak)�>#��•60�Á,´2Â�€
�•#q�k7-Gÿ (Etotal)�¦�=�_4ï�W-(�£,´ , 6<�_�ˆX�0�Z4ÿP¼�œ�? Fpeak ∼ E1.75

total/V
0.75L0.25,

�¦�] V 
¼L�6�[�_60�Á,´�ƒ0�
¼)ßK¯ .

�)8¢*3:è
�,´?ò#{�_�ðP¼ Neupert�x�Ä,´
��0�ZGý?±�éM’ , ���x,´?ò#{�¯+X,´�_EŸ
X�44ïBa4ï , �² Antonucci1y[12]�Y+XSMM (Solar Maximum Mission)?ò#{�`60�Á79�â-(
�OL$EŸX�44ïBa4ï,´;0+
¼MŽ'�8$�í , Gan1y[13]FJE÷Lc�y	›�O (YOHKOH)?ò#{�` Ca

XIXBa4ïX60�Á79�â-(�*)à�>�n,´;�=�)0 �W . F��¤�• , 8¢*3:è
�X X�44ï�Ã�±3[�F
¼
�4+e#�!åG-�"4ÿ�9�¶?ò#{Añ�ž [14–18]. �² : Liu1y[14]�6�À�¶�0�Z�}�¾��M’Eé5H M1.74×60�Á
,´.œX�44ï$À,´0ªL$%D	F, 
�)à7-GÿCºQ�,´ X�44ïEÀ�4�•8�60�Á)ß�]Cº�~,´`�é , 7-Gÿ
E³Q�,´Cã&é$ÀL¿�&L$�Ø0+F@$@
A�:0+�Ø�04ø�`Eî)ßN¦; Czaykowska1y[15]�)�0�ZF���M’
�]�ó,´	ü�V60�Á.D0¦
�)à , 8¢*3(™CX
A�:7Ø6ð
�+OX60�Á	ü�V�F�× , XF	�Z�}5ž?ò#{�`
�±3[�FBa4ï;0+ ; Ning1y[16]�)�0�Z Neupert»60�Á?ò#{�`�¶�=
<7-Gÿ!å$ÀL¿�&L$,´0+�Ø ,


�)à�=
<7-!å�Ã�=
<�}5ž$À,´8¢*3:è
�FO�Ö+•�9�=
< , �W�JX,®�œGü!ÿ0�,´Gÿ4×.
Li1y[19]�j.D0¦.œ X�44ï�>EŸX�44ï
��4,´�&�7 , F9�� 859�Z�§�91°	…�y
�,´60�Á�»

�» , 5�AÑ�¶�³��,´EŸ X�44ï� �l-(�).œ X�44ï� �l,´�&L$�� ∆t, 
�)à ∆t�˜G��W�¾0�¦�D
x
�7� > �ÿ�6�3 , F	�>)ßK¯
x�7� > �ÿ�6�32«�l , F	�Z-(
<,´�6�3
�7-$À�¾ ∆t�_8¢*3:è
�
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E÷0;,´	ý�P , �����!”���* : )ßCºK¯, >Û:è
�(™CX�`Eî)ßN¦,´�&L$CºK¯ , �•	£EŸ X�44ï� 
�lCº�°
> . H¤�¾�0�Ë60�ÁEŸX�44ï� �l
�+OX.œ X�44ï5��•�{
> , Li1y[20]���*�6 (1)�?�i
�É�j :

FSXR(t) ∝
∫ t

t0

FHXR(t
′ − τ)dt′ ,

or
d

dt
FSXR(t) ∝ FHXR(t− τ) .

(2)

�>4ÿ�¨ Neupert�x�Ä�=
< , F	GüLi1y[20]�E�•�¶�0�Z�&L$��€ τ �•��!“4ÿ�¨ Neupert�x�Ä ,

����AÔ�j τ 
�7-�_�0�Z5,
8�W	ò�  , �¦�]	5��8¢*3(™CX:è
��u%�)ß�pM0?±,´�&L$ , �v
�����¦"Ñ�9�§�ƒ�…�0.D0¦ . �\�·�]�A��J¸�) Li1y[20]���*,´��!“ Neupert�x�Ä , �§�ƒ�…�0
.D0¦ τ ,´(™*6�?�y . �A���wAî��!“ Neupert�x�Ä,´�&L$��€ τ1y�¾EŸX�44ï� �l (t2)-(�)
.œX�44ï5��• (t1),´�&F��&L$ , 	£ τ = t2–t1. FJE÷F9��
8F2,´�g�\ , �×Gý.D0¦τ �>)ßK¯,´
�£3+, B�.5	�*��!“ Neupert�x�Ä,´�ÊGÿ>˜Eî�? . 1\ 28²�A���û4ý60�Á�»�»,´�AF9�7�ö ,

1\ 38²�…/j60�Á�»�»	ò� ,´5�AÑ5��Ì , 1\ 48²�)5�AÑ5��Ì�Š�*�0�ËAØAê , �0
>�08²5	�*
5�Aê.

2 5�A×�¦�¤
�A��,´.D0¦�)B‘�_ τ (	5��EŸ X�44ï� �l �&L$ t2�>.œX�44ï5��•�&L$ t1)
¼60�Á)ß

K¯, � �ž�•$À�¾ GOES (Geostationary Operational Environmental Satellites),´EŸX�4
4ï� �ž
¼ RHESSI (Reuven Ramaty High Energy Solar Spectroscopic Imager),´.œX�4
4ï� �ž . Aschwanden[21]
�)à , �=
<7-!å,´EŸ X�44ï-(�)MŽ'�.œ X�44ïEÀ�4�9�=
<,´�&
F��&L$ , GOES�9�T�Z7-!å 1–8 Å�> 0.5–4 Å, �¦�] 1–8 Å7-GÿE³�~, 
����$�`	ý�P'��@
�6�k�,,´EŸ X�44ï
��4E÷0; , 
� GOES 1–8 Å,´� �l�&L$�Œ�j60�ÁEŸ X�44ï,´� �l�&L$ .

RHESSI 25–50 keV� �ž
���E³�>˜�±.œ X�44ï
��4 , �v�_�=7-�¼�˜�ÂL”MŽ'�+e�€#��•

>��FO'�	F�Ð'�
˜$1y/ë�€�ƒ
�7-�*)àCµ'��@�6,´CQ)^ . . 1+X�T�Z60�Á�»�»�…/j�¶
25–50 keV�> 35–50 keV,´�=
< , 
���-;�*�=
<7-Gÿ!å�)5��•�&L$,´.ž�Ê�¡
ý�¸�W , �!”
�A��
� RHESSI�y
� 35–50 keV,´5��•�&L$�Œ�j60�Á.œ X�44ï (	£MŽ'�+e�€#��• ),´5��•�&
L$. 60�Á)ßK¯�•8�.œ X�44ï�@�ÿ , �) 25–50 keVX� �l�&L$LtF��@�ÿ , �Ç�`�T�ZCã&é�{L$
,´D/ë+X�Œ)ßK¯,´�7�Ö . +a�¾�@�ÿ,´0��6�&L$F9X.œ X�44ï� �lLtF� , Cµ'��@�6�¡
ý�=
�W, F9�� 25–50 keV�@�ÿ,´
��0�Z	Ï��_��1�0�Ê,´�g�\� -� , �08\�kAÑ� �?�¾ 3000�6�=
7-F�>|�¸�,´�@�ÿ .

2.1 �m�bF?���=�ü

�A��X RHESSI
¼GOES60�Á�G>˜�] , �þRHESSI,´�y
��•�{ , OÆ�x�AF9�*25–50 keV

�9
��4,´�»�» , F�6<F9��.œX�44ï�y
�1°	…�Ã 
<�& GOES 1–8 Å�9�>�n,´�)�Ä
��4� 
,´�»�» . X25–50 keV�15��&L$E³.��D
��9�0�Z� �0*6�# , �v�•�=�ÂL”�T�Z� ,´MŽ*6�#
�»�» ; 1–8 Å�_E³5C
�,´	…� , �C�¾�T�Ý� �l�&L$ . �Œ�j�0�Z�»�€ , . 2�n/j,´�_
�+O
X2013-07-04 00:03:00 UT,´�0�Z C8.94×60�Á, 
���-;�`X 25–50 keV�_�¸�,´	…� 5��´
(�y
�,´D#
�$À�¾> �ÿ�˜,´�i
� ), 
<�& GOES 1–8 Å� �l$5�  . �i�ž 25–50 keV,´�y
��"
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4ï , �6� �ž�6�j�T2« : 14×� �žX 25–50 keV
��9�0�Z� , 24×� �žX 25–50 keV	…� (©�W
�=�_�¸*6�# .

2002−11−14 RHESSI Counts v.s. Time
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2005−05−16 RHESSI Counts v.s. Time
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. 1 25–50 keV7-!å�> 35–50 keV7-!å�y
��"4ï,´	j�[ , .�]�T�Z60�Á�»�»�6�[
�+O�¾ 2002-11-14 22:20:00

UT
¼2005-05-16 08:58:00 UT. 25–50 keV
�7-�ˆXCµ'��@�6 , 35–50 keV
����$�`>˜�±MŽ'�EÀ�4 . �¦�]�Ò#{�˜F9

�� 1F�Ã3F�Ã4F�Ã5F�Ã6F�Ã9F, Bk�j6ü�Ÿ .

Fig. 1 The difference of two sample flares between 25–50 keV and 35–50 keV, which started respectively

at 2002-11-14 22:20:00 UT and 2005-05-16 08:58:00 UT. 25–50 keV may contain super hot component,

and thus 35–50 keV can better represent non-thermal radiation. Detectors choose 1F, 3F, 4F, 5F, 6F, and

9F, and Bk is the background.

2.2 	ø�¦.¤�Ð

. 2�…/j�¶5�AÑ	ò� ,´.ž�Ê�é#� , �A���0�¡5�AÑ�¶ 3�Z	ò�  , �6�[�_EŸ X�44ï,´� 
�l�&L$�Ã .œ X�44ï,´5��•�&L$
¼	üCã&é$À�{L$,´D/ë . F9
�60�Á�}
>�T!å�&L$�Œ�j
6ü�Ÿ, t1�j 35–50 keV�;L}�`�>6ü�Ÿ#qGÿ-(�ƒ (	£	ëL”6ü�Ÿ
> 35–50 keVAÑ� F��~�j 0),´
�&�k ; GOES 1–8 Å�y
�,´� �l�&�k (t2)�> 35–50 keV5��•,´�&L$���j�&F��&L$ τ= t2–t1;

	üCã&é$À�{L$,´D/ë�Œ�j60�Á)ßK¯,´�7�Ö , F9���Ò#{�˜ 1F�Ã 3F–6F
¼9F, �¯+XClean1Ç
#� [22]�) 25–50 keVX� �l�&L$LtF��@�ÿ , X70%1yQ�4ï,´"d�£�;�Ç�`�T�ZCã&éGý�ó,´�}
5ž€�7 A(x1, y1)�ÃB(x2, y2), F�6<�Ç�`	üCã&é$À�{L$,´D/ë d (#¸L”�Å�¡�x�Ä ).

#¸L”�Å�¡�x�Ä�a�_�Ç�`	üCã&é�{L$,´*3M’D/ë , �".��T�ZCã&é,´€�7
¼�ZLc	z�´
Rsun, FJE÷(3)�?�Ç�`	üCã&é�{L$,´*3M’D/ë d:

d = Rsun × arccos[cos(φ1 − φ2) sin θ1 sin θ2 + cos θ1 cos θ2] . (3)
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�¦�]

θ1 = arccos
y1

Rsun

, θ2 = arccos
y2

Rsun

,

φ1 = arctan
x1√

R2
sun − x2

1 − y21
, φ2 = arctan

x2√
R2

sun − x2
2 − y22

.
(4)

RHESSI Counts and GOES Flux v.s. Time
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. 2 
�+O�¾2013-07-04,´60�Á�»�»	ú�¦5�AÑ	òGÿ . ��. : 	üCã&é$ÀA�ÃB�{L$,´D/ë d�j)ßK¯,´�7�Ö . .�ÿG÷+X���ó€

�7 , ��@�0��j	…�} . 
#. : �&F��&L$ τ=t2–t1, .�] SXR
¼HXR�6�[�jEŸ X�44ï
¼.œX�44ï .

Fig. 2 A flare on 2013-07-04 and its statistical parameters. Left panel: d is the distance of two footpoints

A and B, represents the loop length. Heliocentric coordinate in unit of arc seconds is adopted in this

image. Right panel: Delay time τ=t2–t1, SXR and HXR mean soft X-ray and hard X-ray, respectively.

2.3 B%�$�›$Æ

�&L$�&F� τ ,´B����•8��¾ RHESSI
¼GOES,´�&L$�6EØ)· , RHESSI�&L$�6EØ)·�j 4 s,

2010�¤�{�} GOES�6EØ)·3 s, �&F��&L$,´B����j ±5 s, 2010�¤�0�û GOES�6EØ)·2.048 s,

B���-(�Ä�ÿ�? ; 	üCã&éD/ë>˜�±,´)ßK¯B����•$À�¾Cã&é$À,´�}5ž	ú�W�? , δx1�Ã δy1�Ã
δx2�Ã δx2�6�[�_Cã&é�}5ž€�7,´B��� , �_ 70%1yQ�4ï"d�£�;�T�ZCã&é$À	j���µ 25$EÀ�4
�j�Ö�6�3,´	zQ��˜�í . d,´B��� δd+aB����PFB�œ�? (5)�?AÑ1Ç�Ç�`:

δd =

√(
∂d

∂x1

)2

× (δx1)2 +

(
∂d

∂x2

)2

× (δx2)2 +

(
∂d

∂y1

)2

× (δy1)2 +

(
∂d

∂y2

)2

× (δy2)2 .

(5)

�)Eé5H60�Á, d,´AÑ1ÇB��� δd�¸�W , �p���A��,´60�Á�g�\�˜G��6�3X��M’�: .

3 5�A×5	�Ò
�i�ž1\ 28²,´�T�ž , �A��X 2002—2015�¤,´60�Á�»�»�] , �0�¡F9
��¶ 276�Z79�â60�Á

�Œ�j5�AÑ�g�\ , �¦�] C4×60�Á201�Z�Ã M4×60�Á55�Z�Ã B4×60�Á20�Z , X4×60�Á�W�J.œX�4
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4ï
��4�15��&L$K �̄Ã�y
��=�r , �=�_�0�Z1°	…,´79�â , �>�A��,´�g�\F9���7�ö�=1V
8 , 6<
B4×60�Á�Z�a , �A�9 35 keV���:,´
��4 . F	�Ë60�Á,´B�4ö�G>˜?ñ�¾�·�—.…��Aê�· [23].

3.1 66�Ç	øH�,º5�A×�<�9

EŸX�44ï�±�W�&�k-(�).œ X�44ï5��•,´�&F��&L$ τ �>	üCã&éD/ëd (>˜�±)ßK¯ ),´5�AÑ
�6�3�². 3, ���×�j�&L$�&F�,´�6�3 , 
���-;�*� �l�}�¾ 0–20 s	jL$ , �¦�D
#�×�;L}5C�’ ,

B$�>�&F��W�¾0 s,´5�AÑ�»�»�$�J , �WG��660�Áτ X2 min���µ , �&F��&L$�0�W 311 s. �&
F� τ 6 0,´�»�»�9 49�Z , 	•�k� ,´ 18%, �0�?�&F� −66 s, F	�Z5��ÌB$�>�¶�&L$�&F� τ �j!“
X60�Á�»�&�]	•�H , 	 Añ�¶ Li1y[20]�E�• τ ��!“ Neupert�x�Ä,´�õ?±�W .
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. 3 60�Á5�AÑ	ò� �6�3. , �¦�] N �j5�AÑ�g�\� -� . �� : �&F��&L$ τ , -$�é.�]!ÿ�0‡��>˜ 20 s,´5�AÑ	jL$ . 
# : 60�Á	ü

Cã&éD/ëd, !ÿ�0‡��>˜ 5′′,´5�AÑ	jL$ , &é4ï�j d > 10′′�&�7� > �ÿ��
84ï .

Fig. 3 Distribution of flare parameters, and N is the number of statistical samples. Left panel: delay

time τ , each bar in the histogram represents an interval of 20 s. Right panel: distance of two footpoints d,

each bar represents an interval of 5′′, the dotted line is an exponential decay fitting of d > 10′′.

. 3
#.�_)ßK¯�7�Ö d,´�6�3 , F	G��65�AÑ�g�\� -�"��&L$�&F�,´�A�0�Ë , �¦	Ï�X
�¾, 276�Z�g�\�]
��9�0G��6�»�» 25–50 keV�@�ÿ
x)à	üCã&é$À,´5��´ , .�],´5�AÑ
�	5

[	üCã&é$À�»�» . �þ.�]-;�` , dX�?�¾ 10′′,´�»�»E³�A , d�W�¾10′′,´"��»	• 92%, �¦�6�3

���+X�7� > �ÿ�•��
8 , �>Li1y[20]�))ßK¯,´AØAê�08$ .

3.2 -.�©�]

F9���&F��&L$ τ > 0�¦�D�9	üCã&é$À,´�g�\ (�¡ 206�Z , �¦�] 14×� �ž 123�Z )F�>|-(�£
�6�À , τ �> d,´-(�£�W+a. 4�n/j , �¦�] ,  Z€�7�_ τ�Ã4å€�7�_ d, . 4��.�_ τ �> d,´�“&é.
�>4ï�W��
85��Ì , +a�¾�?60�Á�»�&E÷�¾Lö�] , �A��G÷+X�)� €�7 , �².
#�× . 
���-;�*
τ �>	üCã&é$ÀD/ë�{L$�9�0�Ê-(�£�W , �&F��&L$CºK¯60�Á)ßCºK¯, . 4��.+k�*�¶B����� ,

d�9�&�ˆX�W,´B��� , F	G��6� �ž�k�*)àX�•/ë4ï�W��
84ï,´�}5ž , ?ò���@�ÿ
���
�)à ,

�³���˜G�M•F���M’Eé5H , d,´AÑ1Ç.ž�Î�ˆX�¸�W,´�=.ž�Ê�W . F��9�0G��6� �ž τ �¸�W�v
�_ d�•�? , �A��)L#{F	2«�»�&
�7-�ˆX�¦��,´�Ð'��j�f , �v�_X�y
�
¼.œ X�44ï�@�ÿ�]��
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#��6EØ, M0?±F��0!•,´�6�À .
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. 4 �� : �&F� τ �>	üCã&éD/ëd�“&é. , �¦�]-$4ï�j4ï�W��
8 . 
# : �)� 0ªL$�],´�&L$�&F� τ �>	üCã&éD/ëd�“&é.�>4ï�W

��
8 . �: : τ > 0,´ 14×� �ž�] 93�ZB–C54×�?60�Á. �] : 123�Zτ > 0,´ 14×� �ž . �; : 206�Zτ > 0�»�» .

Fig. 4 Left panel: delay time τ against distance of two footpoints d with linear fitting. Right panel:

delay time τ against distance of two footpoints d with linear fitting in logarithmic space. Top panel: 93

B–C5 class sample flares of level 1 with τ > 0. Middle panel: 123 flares of level 1 with τ > 0. Bottom

panel: 206 sample flares with τ > 0.

206�Z�»�»�g�\4ï�W��
8-(�£3+�  cc = 0.463, 123�Z�04×� �ž cc = 0.591, �04×� �ž
�] 93�ZC5���;�?60�Á,´5�AÑ cc = 0.617, B$�>�&F��&L$
�)ßK¯,´�¡
ý , 	ý�P�¶60�Á)ß�]
,´'�EÀ�4�)�¾MŽ'�+e�€#��•,´
ý�ÄE÷0;�>60�Á)ßK¯�ˆX�0�Ê�£3+ , 	 Añ�¶ Li1y[20]�£�¾�&
L$�&F��>)ßK¯�£3+,´)L#{ .
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4 AÞAð

4.1 �`�Á�‹/p

3.28²�]�� �`�9�Ë�»�»�&F��&L$ τ �¸K¯�v�_ d�•�? , 
�7-�ˆX�¦��,´�Ð'��j �f , F	
Gü�A��63��
�+O�¾ 2013-10-22 00:14:00 UT,´�0�Z60�Á�»�» , �y
��>�@�ÿ�². 5, X25–

50 keV7-Gÿ93$�µ�15��&L$E³.� , �v�_EŸX�44ï�y
�	q�65C�’ , �`Eî� �lE³�Š , τ = 180 s,

�v�_ d�õ 16.71′′. �j �6�À�&F�E÷K¯,´	Ï � , �A��63�� �¦ ��#�!å,´?ò#{ , . 5�; �é 3�P.
�j SDO (Solar Dynamics Observatory)/AIA (Atmospheric Imaging Assembly) 131 Å#�
!å,´�ÿ , 1\ 1�P.�}�¾EŸ X�44ï�:	w-( , 
���-;�`�0�Z�>�n�Î�Þ,´	…)ß ; L¿
>	…)ßEÀ�45�
5��Ð�j , �¦�D)ß�{�:�*)à�0�Z�$�W,´)ß ; �0
>XEŸX�44ï,´> �ÿ-(
�7--;�`�W)ß,´�ˆX ,

	Ï�\,´	…)ß�¼�˜-;�=�* . XF	�ZE÷0;�]�¸
�7-�ˆX)ß�>)ß,´-(�Â�Œ+X , 8$�¯EŸX�44ï�1
5�
��4 . F	�a@�Gú�¶EŸX�44ï�15��&L$K¯,´	Ï� , )ß�>)ß,´-(�Â�Œ+XGú�n,´7-Gÿ�õ�&K¯
�¶EŸX�44ï,´
��4�&L$ , "Ñ�9�EC§25–50 keV,´
��4 , �p��X�@�ÿ�:�•-;�=�`	üCã&é�{�F
,´�¦��$À , +a!”-;�`)ß,´5��´�) τ 
¼Neupert�x�Ä,´?ò#{�9�¸�W�¡
ý .

RHESSI Counts and GOES Flux v.s. Time
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Algorithm:Clean 
Total counts: 1.50×104

Blue: RHESSI 25−50 keV 2013−10−22 
00:17:36 50%,70% countour
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. 5 
�+O�¾2013-10-22,´60�Á�»�» , �&F��&L$ τ �¸K¯�v�_ d�•�? . ���: : RHESSI 25–50 keV�@�ÿ. 
#�: :

RHESSI
¼GOES�y
��"4ï . �; : SDO/AIA 131 Å.�ÿ�…/j�¶60�ÁL¿�&L$%D	F,´E÷0; .

Fig. 5 A flare on 2013-10-22 with long delay time (τ) but small d. Top left panel: RHESSI image of

25–50 keV. Top right panel: lightcurves of RHESSI and GOES. Bottom: SDO/AIA 131 Å images show

time-dependent progression of the flare.

53-8



61 	§ �¾�·�—1y: ��!“,´ Neupert�x�Ä 5 �O

�Œ�j�)"��A���½�•?ò���0�Z4ï�W��
84ïLtF�,´E³��»�» , F9�� 2013-07-04 00:03:00

UT
�+O,´�0�Z60�Á , F	�Z�»�»,´�y
�
¼ 25–50 keV�@�ÿ�². 2, RHESSI 12–25 keV,´�@
�ÿ�> AIA 94 Å#�!å,´�ÿ�². 6. X12–25 keV�@�ÿ.�] , �=
<NÌ8¢1yQ�4ï�…/j�¶8¢*3:è
�
E÷0;�]$ÀL¿�&L$,´0+�Ø , �M�O12–25 keV$À�}�¾)ß,´Cã&é�}5ž , L¿�&L$�Ø0+�T�Z$ÀF@$@M•
F� , �04øX	üCã&é�{L$,´�}5ž
8�¦�@�0�ZE³�W,´	…$À , +a!”�`1Ç�*,´1y/ë�€�ƒ,´8¢*3:è

�FO�Ö4Ö�j 219 km·s−1, �>���°,´?ò#{5��Ì�08$ .
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. 6 
�+O�¾2013-07-04,´60�Á�»�» . ���: : 12–25 keV$ÀL¿�&L$,´
�	F , 6ü�Ÿ.�ÿ
�8� 00:06:44 UT, 1yQ�4ï�…/j�¶�=


<�&L$,´ 12–25 keV
��4$À . �‰�; 3�P.�_ SDO/AIA 94 ÅL¿�&L$
�	F,´�@�ÿ .

Fig. 6 A flare on 2013-07-04. Top left: Time-dependent source distribution at a given energy band of

12–25 keV. The background image was taken at 00:06:44 UT. The contours show the 12–25 keV sources

at different time. Other three pictures show SDO/AIA 94 Å images with time evolution.

. 6�]�•�…/j�¶ AIA 94 Å#�!å,´�ÿL¿�&L$%D	F,´5��Ì , 60�Á�M�OCã&é�Î�Þ, 
���-;
�*�>�n,´)ß5��´ ; XEŸX�44ïEî�`� �l�{
> 00:10:01 UT, 	üCã&é�{L$,´�}5ž ()ßN¦)�U�—
�Î�Þ , B$�>8¢*3:è
�(™CX�`Eî)ßN¦ ; XEŸX�44ï,´> �ÿ-( , 
���-;�`�0�Z�¼�¤,´�Þ)ß5��´ .

�¤�Z60�Á(6
�E÷0;�] , )ß,´�’�1���~"Ñ�9
�	F , �=
<�&L$�@�ÿ,´	j�[
�X�¾)ß�=
<�}5ž
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,´�Î�Þ . F	�ZE÷0;$5� `	ý�P�¶60�Á)ß�]�)MŽ'�+e�€#��•
>,´
ý�ÄE÷0; , >Û�Ð'�,´8¢*3
1y/ë�€�ƒ"ï.ñ�Ë4ï
A�::è
�8#)ßN¦ , 
<�&EÀ�4EŸX�44ï .

4.2 �ÐH��<�Æ

+a123�Z τ > 0�04×� �ž,´5�AÑ5��Ì , �A��
����Ç�`�0�Z τ (s)�> d (km)�{L$,´4ï�W��

84ÿP¼�£3+:

d = aτ + b , (6)

�¦�] , a = 96.7�Ã b = 10164.9�Ã τ > 0. F	�g�a�Ç�`�¶��!“ Neupert�x�Ä (2)�?�] τ �>)ßK¯
�7�Ö (Cã&éD/ë)�{L$,´�ÊGÿ�£3+ . X4ÿ�¨ Neupert�x�Ä�] , MŽ'�Eœ	F�@'��_-Ü�&,´ , X
��!“ Neupert�x�Ä�] , �ˆX�0�Z�&F� τ , 5�AÑ�:Aâ, )ßCºK¯, �&F��&L$CºK¯ . F	Gü�A���6
Li1y[20]���*,´��!“ Neupert�x�ÄGÿ	F�¶ .

4ï�W��
8	ò�  a�Ã b�_5�AÑ�£w,´5��Ì , 
�7-	5
[E³�j�=�r,´(™*6E÷0; :

(1) a�§�9FO�Ö,´Gÿ4â, �ÄB��>8¢*3:è
�E÷0;�9�£ . �A���w�Ê60�Á)ß
x	z6�’ , )ßCã
�`)ßN¦D/ë (	z)ßK¯ )�j L, �I L = π

4
(aτ + b), 	£"ï)ß,´�:	wFO�Ö�j π

4
∼ 76.0 km·s−1. F	

�ZFO�Ö"��08\?ò#{�`,´� ,®�œGü /0�,´8¢*3:è
�FO�Ö?±�? , F	�0�éM’	ý�P�¶8¢*3:è
�X
Neupert�x�Ä�],´Gý?±�Œ+X , �_FP�@MŽ'�Eœ
��@'��&�9�&F�,´Gý?±	Ï� . �v
<�&�•B$�>
�=7-	…4ß+X8¢*3:è
��•@�GúF	Güd�> τ ,´4ÿP¼�£3+, �³
�7-	ý�P�¶60�Á7-GÿGú�nE÷0;,´��
/ý�£w�x�Ä . !“�² Li1y[20]�pAØAê, ,́ �³��
�7-F��>7-GÿGú�n,´�&L$5�� �́Ã)ß,´�ö�Ö1y�J
/ý�3P�9�£ . .œX�44ï5��•
> , EŸX�44ï�±�W�¦�=�_0û	£Eî�` , 6<�_X60�Á)ß�u%�:è
�(™
CX
>,´���Z�&L$ , !”�&>Û:è
�1y/ë�€�ƒ,´�Ø7-�˜G�Eœ	F�j'�7- , EŸX�44ï�}Eî�`�±�W ;

(2) b = 10164.9, F	�Z�h� N© b��>˜�¶�&F��&L$�j 0��
#�& , 	üCã&éL$,´D/ë (km). 	F
�@)ßCã�`)ßN¦D/ë	£ L0 = 7979 km, L0�¸
�7-�_�0�Z�d+|D/ë . L < L0�&, �&F��=�ˆX ,


��9 L > L0�}�J�*)à�&F� . F	�=Lî*6@� , X60�Á)ß"�E³.�,´�õ�å�; , MŽ'�+e�€#��•)ßCã

>�EC§,´8¢*3:è
� , X.��&L$�µ�a
����u%�)ß , �Ð�:MŽ'�+e�€#��•�9�0�Z�15��&L$	ú�¦
��7-GÿE÷0; , �&F��j!“�F�&F��jCOw�9
�7- .

4.3 �,F��E�Ä 0

X�A��5�AÑ,´�§�91°	…�y
�,´79�â»60�Á�] , �WG��6τ > 0, τ 6 0,´�»�» 49�Z , 4Ö
�j60�Á�k� ,´ 17.8%, �A���)F	G��6 τ 6 0,´60�Á�@�ÿ , 
�)à�³���J�j8$�ö60�Á (31�Z ),

. 75	�* τ 6 0�g�\,´�0�Z�»�€ .

�þ. 7�]-; , 	£�¯F	�Z$À�_+a	üCã&é$À�´�@ , �¦Cã&éL$,´D/ë�•�=E÷ 7000 km, F	�?�¾
4.28²�]���`,´�d+|�l . �A���½�•-; τ 6 0�D�9	üCã&é$À5��´,´ 18�Z�»�» , �³�� τ 
¼d,´
�£3+�n/jX. 8�] , .�]�> XE¤�£>|,´-$4ï>˜/j 4.28²�]���`,´�d+|D/ë b = 15.014′′ =

10164.9 km. �þ. 8�]
���-;�` d�WG��6�?�¾�d+|D/ë , 
��9 3�Z�»�»+•�W�¾ b. F	G��6�g
�\�•Añ�>�¶�d+|D/ë,´�ˆX , �_�1 τ > 0�&�A���Ç�`,´-(�£�W5�Aê , )ßK¯�_�,8$�&F�,´Gý
?±	Ï� , )ßE³�?�&�&F��ÿ�?+J8#�jCO . X. 8�]�¦�=7--;�*�&F��&L$�?�¾ 0�&τ 
¼d,´-(�£
�W, �0�éM’��j� �ž�Z�A , 
��0�éM’��j)ßK¯E³.� , 8¢*3:è
�(™CX�¸���u%�)ß , !”�&MŽ'�
7-Gÿ
�7-F�X�15�#��• , �¯�Ç7-GÿE÷0;
��Ç�=�r .
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RHESSI Counts and GOES Flux v.s. Time
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Fig. 7 A flare with τ 6 0, which is a C9.6 compact flare at 2002-02-26 10:25:00 UT. Left panel: RHESSI

image of 25–50 keV. Right panel: lightcurves of RHESSI and GOES.
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. 8 τ 6 0�D�9	üCã&é$À5��´,´�»�» (18�Z ), �> ZE¤�£>|,´-$4ï>˜/j�d+|D/ë b = 15.014′′ = 10164.9 km.

Fig. 8 18 sample flares with delay time τ 6 0 and two footpoints, the straight line parallel to the

horizontal axis represents the critical distance b = 15.014′′ = 10164.9 km.

5 5	Að
4ÿ�¨ Neupert�x�Ä�7�* , .œX�44ï5��•�&EŸ X�44ï
��4�ÄB�Eî�`�±�W , �v�_ Veronig

1y[8],´.D0¦
�)à�¶�0�Ë60�ÁEŸ X�44ï� �l�&L$ (t2)�>�n�Š�¾.œX�44ï5��•�&L$ (t1) (t2–
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t1 > 0), Li1y[20]�*�¾ 12–25 keVF�5�
��4,´MŽ'��@�6�>'��@�6	ü� ,´�6�À , �•
�)à�¶
EŸX�44ï� �l�&L$-(�).œ X�44ï5��•�&L$�ˆX�&F� , �¦�E�•	ò�  τ ���*��!“,´ Neupert�x
�Ä�² (2)�? . �A���wAî τ = t2–t1, 5�AÑ�¶2002—2015�¤L$.œX�44ï�y
�1°	…�ÃEŸ X�44ï�9
�)�Ä
��4� ,´�¡ 276�Z60�Á�»�»,´�&F��&L$ τ , �¦.D0¦�¶ τ �>)ßK¯�7�Ö d (	üCã&é$À�{L$,´
D/ë ),´�£3+ , �k?±5��Ì�²�; :

(1)X�pF960�Á�»�»�]
��9 17.8%,´�g�\ τ 6 0, �W�J� �g�\
x)à τ > 0, 	£EŸX�44ï,´
� �l�&�k-(�).œ X�44ï,´5��•�&L$�ˆX�&F� , F	�>4ÿ�¨ Neupert�x�Ä�9�•�� ;

(2)�) τ > 0�D�9	üCã&é$À,´206�Z60�Á�»�»�6�À
�)à , �&F��&L$ τ 
¼)ßK¯�7�Öd,´-(
�£3+� �j 0.463, X25–50 keV	…� �WE³�,´ 93�ZC54×���;�g�\�]-(�£3+� �j 0.617, B$�>
)ßK¯�_�,8$�&F�,´Gý?±	Ï� , )ßCºK¯, �&F��&L$CºK¯ ;

(3)�ˆX�0�Z�d+|�l , 	z)ßK¯ L0 = 7979 km, �ƒL < L0�&, �&F�
����=�ˆX .

F	�Ë5��Ì�)4ÿ�¨ Neupert�x�Ä,´��!“���Ë�¶Gý?±Añ�ž , Añ�Î�¶��!“ Neupert�x�Ä,´�õ
?±�W, �¦5	�*5�AÑ�?�y�:,´�ÊGÿ>˜Eî�? (6)�? . �k,´�•B$ , �ÐFO,´MŽ'�Q�7-2Â�€"ï.ñ�Ë4ï
"¹L}8#8¢*3 , FJE÷	ÊM¦�Œ+X
��4.œX�44ï , �¦�>
˜$1y/ë�€�ƒ.à�Î�•�a7-Gÿ�Ð'�
˜$1y
/ë�€�ƒ , �Ð'�,´8¢*3(™CXX	»�Ë�ß�ÖP¡�Ø�; , "ï.ñ�Ë4ï
A�:7Ø6ð�›�u60�Á)ß , 
<�&EÀ�4
EŸX�44ï . 60�Á)ßCºK ,̄ >Û:è
�,´1y/ë�€�ƒ�u%�)ß,´�&L$CºK¯ , -(�).œ X�44ï5��•�&L$
EŸX�44ïCº�Š�`Eî� �l , �&F��&L$CºK¯ . �²�Ì)ßK¯E³�? , 8¢*3(™CX�¸���u%�60�Á)ß , �_
V
�&F�F�
��¦���J/ý�3P�¡
ý . Neupert�x�Ä�_60�Á�7�ö Q»,´�*.p , ��!“,´ Neupert�x�Ä

���@�Gú�$�J,´?ò#{�»�» , �_�)60�Á(™*6AÔAö,´�¼�´ . �ƒ'f , ��!“,´ Neupert�x�Ä�JM0FJ
E÷�´�*60�Á)ßMŽ'��Ð'��Ø�Ë�– Q»X*6Aê�:F�>|�$�,´�ðP¼ .
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Statistical Studies on Modified Neupert Effect

YU Wen-hui1,2,3 LI You-ping1,2 GAN Wei-qun1,2

(1 Purple Mountain Observatory, Chinese Academy of Sciences, Nanjing 210023)
(2 Key Laboratory of Dark Matter and Space Astronomy, Chinese Academy of Sciences,

Nanjing 210023)
(3 School of Astronomy and Space Science, University of Science and Technology of China,

Hefei 230026)

ABSTRACT The qualitative description of the Neupert effect is that there is a causal
relationship between the pulse component (hard X-ray, microwave burst) and the grad-
ual component (soft X-ray emission) in a flare. The initial energy of the flare is released
in the form of accelerating particles. The energetic particles produce HXR (hard X-ray)
via nonthermal electron-ion bremsstrahlung as they lose their energies in the chromo-
sphere. The SXR (soft X-ray) emission of the flare is the response of energetic particles
injected into the chromosphere. According to the quantitative description of the classic
Neupert effect, SXR should reach maximum instantly at the end of HXR emission (sign
of nonthermal electron injection). However, previous observations have found that for
quite a number of flares the SXR peak time (t2) is significantly later than the end time
of HXR (t1) (τ = t2 − t1, τ > 0), deviating from the classic Neupert effect. In order
to study the events deviating from the classic Neupert effect or not, we checked the
RHESSI (Reuven Ramaty High Energy Solar Spectroscopic Imager) and GOES (Geo-
stationary Operational Environmental Satellites) events list from 2002 to 2015, and
found out flare samples that have simple lightcurves at 25–50 keV together with other
criteria. A total of 276 flare samples were finally selected. We have analysed the τ
distribution of these flares, as well as the relationship between the loop length (repre-
sented by the distance between two footpoint sources d) and τ . We found that: (1)
227 sample flares present τ > 0, which means that about 82% of total samples deviate
from the classical Neupert effect; (2) there is a roughly linear correlation between τ and
d, that is, the longer the loop is, the later the maximum time of SXR with respect to
the end of HXR; (3) there seems to have a critical distance, within which the classic
Neupert effect works. These results confirm the necessity of modifying Neupert effect
and expound its physical significance.

Key words Sun: flares, Sun: X-rays, methods: statistical
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