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�Us��H$J�H68\��#��kR�iYFY8#4r�x���`#r
x�NSiYE7Guw��
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NS�;*�8$��2�	{8JNx��'Z8�

X %5 (SXR) ��� �ey℄�+%� (EM) `�/z�bRAH�Ex�
8#4r�S
oJ0�℄�E�#�J�H6kR [19−20]. Ke_Af+�8#�p�28$�h 1999N 1 2{ 2002N 12 2 GOES �L� SXR _AR\�hp�
℄�8'Z8+%�`�/zbRAH�x�A:�JEx�Ex����8X�#h2NS;*iYo����2A?x�'Z8J�H6���kR�
2 F5*Q�V
>v;_41� GOES 8 v GOES 10 �_AAI�kr��
 23 w℄�;N��28$�R\
 GOES 8 v GOES 10 � 1 ∼ 8 Åv 0.5 ∼ 4 Å� SXR �� (3 s =HR\), 41h 1999N 1 2i 2002N 12 2�RHESSI (Reuven Ramaty High Energy Solar

Spectroscopic Imager) �L8 2002 N 2 2+%�g�d��Ex�{�4! RHESSI �L_A{ [2]. 
�%^x�kR���v+%�� GOES � SXR ��'\w5�x�j��V���d�
>yG��V��7Guw [21]. �2;�� GOES x��0{
 http://umbra.nascom.nasa.gov/sdb/ngdc/xray-events/. JE�0R℄�x��
e41v��~���;_41�# 1999 N 1 2i 2002 N 12 2J�41R℄� 10 511 Nx�A:��2���~���;_41$x�h<�41YDM
x� 08�U`41 tr. �2��x��0# GOES 8 v GOES 10 �_A��w�R\�#!0�Nx���2�w��{8$R\�41y1838x�8��
e41j�PkH tr
1 . #!�EA:�x��0�;_4158#�!��~����m_��2uJCT�JE;_41��V��
>
;_41Yj������?��q?��41�#��We���)q#!��~$K�~�283���
>8���V�� 2 .� 1(�) /?�#d�x�u_�VY��;_��U!8:�,�}��/?�E`���V��XW�x� (≤ 10−6 W ·m−2), l�}��/?�E`�K�V��X

1 Raftery � [4] fjZ�z��b9)�i=63<#z��2S^�i=63�Æg%#LOz���}:&�T^z(�Fiz�ef63k�Q:4lJ 2tr �63�
2 9)!��3��)��7 }Mze+}7�#E�oB".��T^$+�oB� χ2 ��Ja")�

0.001. Mzi�-� 3 OT^�i=��6&_:�� χ2. �j&_� χ2 B#�Ja��3>�C,V(�T^�OT7WMz�w χ2 Lm�Ja6�fMz�[k�CQ�Jau�/�Lm�Ja�7WMz�7 ��L T^�Q\;P��39"vD!9�mT^}f��T^��"Mz��}}�7 ��3%1�}7 &_���Yga�%#z�=a[kÆ}Yg���
�7 ��3d�brG#�B�7 �Yg���� W���



484 z � f � 53 
W�x� (> 10−6 W · m−2). 
I8;_���K�`�8[�\Q�$ Lu � [11] �
�\�I?P�)m8�j�8;_�������gD�� GOES 8 $ GOES 10 �_AD3E7G=/��
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 W��&=a�� (�p W) �:^W��
Fig. 1 Left: background-subtracted peak flux distribution. The shaded histogram is for flares with a

background flux less than or equal to 10−6 W · m−2. The other histogram is for the rest of flares with a

higher pre-flare background flux. Right: correlation between the background flux and the peak flux

(including the pre-flare background flux).� 1(�) /?�d�x���V��$;_�� (�o�V) �8\U�8x��:3kRp�wv` 1 min �We;_��i$Kk�V��� 40%, Jo�HH
7-8���+5.�x�℄2 3. 
e��V��$;_��[�k8�8\UE�!x��:3kR=N�����8:0=#!�NR�n��x�`+.�U!8�~!�V���A8 �V��|mR� E�j�Nx��U58=N� [7]. 
eJ�iY�m&Rx�&eY1E8�������pXWvQ℄�|�E��g�R��kR=N� [22].h<41��V��
�Y��
�Us���:O 08��2uJ�
�x��h<41�x�h<��R\�*��+|:�
��{ol���v+%� [22], �2wv5��V���~��wKk 2.1× 10−8 W ·m−2. �iA!JN_�GOES �:?�R℄ 4 MK ����2_v 0.01× 1049 cm−3 �+%��2_ 4. �[���2wv
3 http://umbra.nascom.nasa.gov/sdb/ngdc/xray events/xraytime.txt
4 <9 SSWIDL (Solar SoftWare IDL) T_
 /ssw/gen/idl/synoptic/goes/goes chianti tem.pro
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��WR\�olU�8�
NR\��+%��#RYD8�Kkx�R\2�H+%�#R��m_v�A_YD� 15%.+%��bRAH8��2�JO��Ex�� 08�
�G℄`p�bRAH>8��2��(��5�#+%��#R{5NSLy�`x��/E�h��~���;_41?j8!A+R\�NS5ULy�%^8�� χ2 ("D-�
 1), v χ2Kk�I_ ((
 9.3 × 10−4) 4~eLy�Yj�BP�I_t�.�Kk�I_�5ULy�5��
#J�R\P[�bRAHQ>�:O�
��#;_Yj�`gR\y'�uB 8�kR�℄{SN 08y'�>Ly��iSN 08o���|5�Ly�Ju�x�=�Q_℄��

h2�Gn�?��g�U`?�41� 08��gv�:�D��8x���V��vh<41��Y���2JZ�d��x�0?8��V��vh<4q��� (u_�V) 
)��?Rs1H��� 2 d?�KuD�x�� $RR\�G�x��T!Q_�� 2( ) /?�E GOES �:�Æ�sy�# GOES 8 v GOES 10 83� 10 198 Nv 10 230 Nx����gv�:D�d=N�

{�E|=/��v�V��Kk 1.5 × 10−6 W · m−2 4��Æsy+
GOES �:#��v+%��%^�(l 5× 10−7 W ·m−2 ��_3m 6, 8��8eR_a�Æx5?x�8:��N0��Ee�8Æx� 2.1 × 10−8 W · m−2 ax�8:{��N0��Ee�vu_�V����!e_4� GOES �:�u����v+%�(
�2_�� 2(+) /?��_�:p 5 × 10−7 W · m2 �_3m�Fi�# GOES

8 v GOES 10 83� 10 251 Nv 10 275 Nx���_3mY���2o�j{��gi$�
N/z�=��n�mj��V���K��8�#!�V���K�� GOES

10 �R\��O2℄�E|���8:�JoJ$�g�R��kR�\��[��� 3/?� GOES K�~�sQ�/?��&�$��`8: (8� 3(+)).
e��g�
N/z=��nM8��~k8�x�
>�
��
℄FE8 08+%�O/zbRAH�x���2;���+R\� (1) �2wv��~��V��8Kk 1.0 × 10−6 W · m−2, 

�V��kK4� 08;℄�Kuk��8JR℄ol���v+%�� (2) bRAH8�U`41
(8� 4 p Du) Euw�w�K'��2wvbRAH8�U`41m! 30 s qm!hx�h<{x�;_41����JE
��WbRAH>8E/z�q8 08Eyy��� (3) bRAH8�+%�#R�AH��wvKk 08�+%�#R��m_$�A_YD� 40%. (4) 
���
p�x�`�4r�
){5��2#U58��~�� (u_�V) �#Rh;_��{;_�����y'NS5ULy ("D-�
 1). �2wvd��1� χ2 A! 10−4. `�?K1� χ2 _�x��`U58%?B4�oJ`�&
�FY�

5 <9 SSWIDL T_
 /ssw/gen/idl/synoptic/goes/goes tem calc.pro
6 <9 SSWIDL T_
 /ssw/gen/idl/synoptic/goes/goes tem.pro



486 z � f � 53 


� 2  W��&z�i=6r�� (v` W) ���� (%f�z� 1 ∼ 8 Å
��). ��� GOES 8 �aC� �� GOES 10 �aC�!�F: GOES �;A��tz,����,�F:�` 5× 10−7 W ·m−2 � W��4n�tz,����
^[7/��dr�z� W���!4�-�q2�3dr�-'�b�1|dTCJ�z�B;�
Fig. 2 The background flux vs. the background-subtracted flux at the flare onset in the 1 ∼ 8 Å energy

band of all flares. The left and right panels are for the GOES 8, and GOES 10 observations, respectively.

The upper panels are obtained with the default GOES software. The lower panels are obtained after

removing a criterion on the background flux. The vertical dashed line indicates the upper limit of the

background flux for our flare selection. The open circles indicate the selected flares with the rise phase

dominated by an exponential growth period of the EM.

� 3 �� 2 (%f�z� 0.5 ∼ 4 ÅL��)

Fig. 3 Same as Fig. 2, but for the high energy channel of 0.5 ∼ 4 Å� 4 R℄�
N
p�x�� RHESSI �L.�_A{J
Nx� 08;℄�sy��8�x��T! Raftery � [4] ;*iY�JNx�$�Nr
FY8�(�8 UVv EUV 6�o�j{=/�
�v���8` SXR  08�m>841��+%�ObRAH�#����?P�8)�`;_41�� X %5 (HXR) {.�=/�'ZS
��8�x���8��[�gE8;_41 25 keV Y �=/�'Z+%�
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� 4 2002 O 3 3 26 ��z� (�) & 2002 O 5 3 7 ��z� ( ). (a) GOES 8 �N�e+}7 (3 s T^).YY[72� W��� (b) � GOES SXR ��z^�-'��97 q2dTCJ�z(�Æ}�[7[3�dTCJ:��7x[7:4�z��i=63x
�����=a63� (c) � GOES SXR ��z^����YY972�&dTCJ::%�����Yga� (d) RHESSI �N:9�K faC}�e+}7 (4 s T^).~63x SAA (South Atlantic Anomaly) 63z(}�U/^�%# 9�z����1�i�)\T��b
25 ∼ 50 keV K �e+}7�7W/��^�

Fig. 4 Observation summary of two flares on 2002 March 26 (left) and 2002 May 7 (right). (a) The GOES

8 light curves (3 s data). The dashed lines indicate the background fluxes. (b) The EM derived from the

GOES fluxes. Solid line segments illustrate the periods of exponential growth in the EM. The dominant

exponential growth phase of the EM is indicated by the two vertical dot-dashed lines. The vertical dotted

and dashed lines indicate the flare onset and peak times, respectively. (c) The temperature derived from

the GOES fluxes. The mean temperature during the dominant exponential growth phase is indicated by a

horizontal solid line. (d) The RHESSI light curves (4 s data) in different energy bands. The RHESSI night

and the South Atlantic Anomaly (SAA) time intervals are indicated by horizontal lines. In the right panel,

the RHESSI light curve in 25 ∼ 50 keV energy band is plotted in linear scale to show its impulsive

behavior.
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Nx��
){5"℄B4E��`EbRAH8#��KJ��~���{5��
){5y℄���o�{|B4�
)�B4{℄E�!F&�
eJ
Nx�o�Æ
$� 4 �x��[�t$� 4 8��E�J
Nx��bRAH8o��℄k*{;_41��j�dO�#!d�
p�x���2o��{x�bRAH8�U`41 Du �AH! Gr �#��We���� ��~ 1 ∼ 8 Å�;_�������~ SXR ���U54- td. +8��2=�O2JE���%tOv8\U�

� 5 �� 4, 1��w-'�QdTCJ6%���p	#^D6�ÆOz�� RHESSI %LÆOz�/�}t�aC�
Fig. 5 Same as Fig. 4, but for the two flares with slightly more complicated temperature evolution when

the EM grows exponentially. RHESSI did not have good coverage of these two flares.

3 3-�� 8x�
>�R\�#! GOES 8 v GOES 10o�83�{ 620 Nv 522 N
p�x�A:�`p� 316 NE
m�LW�
p��� 6 /?�J 316 Nx�bRAH8#��We���+.U!8:�JE8:o��TnqRLy�8:�
��K�>8v��>8�!�gD��oJE8ol��#! GOES 8 v GOES 10 83�
210 Nv 209 Nx�E8TnqR 1σ 2�YH�`p� 192 Nx�E
m�LW�
p��
e�8�FiE#J 192 Nx�NS�%8$�{��0 1 /?�J 192 Nx��tO��̀ p SXR ��U54-��

h��~���;_U5{e;_�����dE��417_� ln2.
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Fig. 6 The occurrence frequency distribution of the mean temperature of the dominant exponential

growth phase of all flares selected from both GOES 8 and 10 satellite observations. The solid line shows a

Gaussian fit with a mean of 10.7 MK and 10.3 MK, and a standard deviation of 1.30 MK and 1.16 MK for

GOES 8 (left) and GOES 10 (right), respectively.� 1 Zl_�$Kg< (GOES 8 D4)

Table 1 Characteristics of selected flares derived from the GOES 8 observations

Peak time Peak flux Du td Gr Temperature

(W·m−2) (s) (s) (s−1) (MK)

1999-01-12UT20:44:27 7.93×10−7 153 201 3.74×10−3 11.28

1999-01-27UT01:21:39 1.22×10−6 282 240 3.10×10−3 10.13

1999-01-31UT11:43:39 6.17×10−7 84 90 5.38×10−3 11.71

1999-01-31UT16:28:03 4.81×10−7 42 96 8.83×10−3 10.35

1999-02-01UT23:31:33 8.79×10−7 87 189 6.67×10−3 11.94

1999-02-02UT05:10:03 6.03×10−7 81 57 4.20×10−3 10.08

1999-02-11UT23:15:27 1.35×10−6 579 1490 1.08×10−3 9.84

1999-02-18UT17:20:30 2.10×10−6 324 513 2.61×10−3 10.65

1999-02-22UT01:38:30 7.49×10−7 126 255 2.55×10−3 10.59

1999-02-25UT13:42:15 4.61×10−7 63 93 6.13×10−3 11.12

1999-03-03UT07:57:03 7.34×10−7 129 159 4.98×10−3 10.63

1999-03-03UT13:25:12 8.38×10−7 159 132 4.80×10−3 11.24

1999-03-03UT19:47:27 7.20×10−7 78 105 1.04×10−2 11.71

1999-03-09UT23:27:09 8.61×10−7 129 462 3.75×10−3 11.35

1999-03-12UT13:29:27 8.21×10−7 48 81 8.76×10−3 11.24

1999-03-12UT16:37:00 1.35×10−6 138 66 6.24×10−3 10.85

1999-03-15UT02:01:21 8.47×10−7 153 99 3.69×10−3 11.49

1999-03-15UT15:52:51 7.37×10−7 252 270 3.04×10−3 10.18

1999-03-17UT03:42:42 1.16×10−6 147 117 5.77×10−3 11.52

1999-04-06UT02:59:33 6.00×10−7 144 96 4.31×10−3 11.52

1999-04-06UT04:17:09 7.92×10−7 81 168 4.45×10−3 11.57

1999-04-06UT07:05:42 3.61×10−6 948 1170 1.02×10−3 10.41

1999-04-07UT05:36:42 1.25×10−6 159 162 4.08×10−3 11.01
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Table 1 Continued

Peak time Peak flux Du td Gr Temperature

(W·m−2) (s) (s) (s−1) (MK)

1999-04-09UT04:15:39 6.20×10−7 123 153 3.70×10−3 10.19

1999-04-09UT15:54:27 1.29×10−6 372 282 2.21×10−3 10.55

1999-04-09UT20:09:39 5.43×10−7 42 54 8.99×10−3 10.06

1999-04-11UT02:59:09 4.21×10−7 42 96 6.73×10−3 10.62

1999-04-13UT09:21:21 6.37×10−7 126 102 5.65×10−3 10.70

1999-04-18UT21:19:24 7.88×10−7 264 213 2.01×10−3 9.96

1999-04-21UT00:22:36 6.05×10−7 135 258 5.12×10−3 10.75

1999-04-21UT11:56:30 6.00×10−7 120 180 5.88×10−3 11.08

1999-04-21UT14:06:54 7.61×10−7 111 249 5.34×10−3 11.91

1999-04-24UT18:23:24 3.47×10−7 228 348 2.01×10−3 10.31

1999-04-27UT09:37:15 5.71×10−7 204 306 3.36×10−3 10.93

1999-05-03UT18:14:51 7.61×10−7 75 102 5.24×10−3 11.30

1999-05-04UT11:29:09 9.48×10−7 135 267 4.34×10−3 10.21

1999-05-25UT18:10:12 1.62×10−6 585 369 1.41×10−3 10.73

1999-05-26UT14:12:03 1.04×10−6 93 93 5.87×10−3 11.68

1999-05-29UT09:34:33 1.15×10−6 201 159 2.44×10−3 10.88

1999-05-31UT15:46:54 6.60×10−7 60 165 4.76×10−3 10.71

1999-05-31UT20:26:36 1.40×10−6 354 240 2.81×10−3 11.68

1999-06-09UT00:18:12 1.27×10−6 471 723 1.63×10−3 10.03

1999-06-09UT17:12:36 1.30×10−6 216 597 2.56×10−3 11.61

1999-06-11UT21:36:42 1.40×10−6 165 153 5.47×10−3 10.78

1999-06-12UT23:51:39 2.11×10−6 228 282 4.41×10−3 11.80

1999-06-20UT00:59:42 2.01×10−6 156 333 4.73×10−3 10.74

1999-06-23UT15:59:09 1.41×10−6 213 138 3.62×10−3 9.63

1999-07-07UT14:50:27 1.26×10−6 183 240 3.37×10−3 9.99

1999-07-10UT05:10:15 1.05×10−6 168 105 5.69×10−3 11.35

1999-07-10UT15:12:39 8.80×10−7 90 225 6.09×10−3 10.44

1999-07-12UT16:47:57 1.33×10−6 207 288 4.89×10−3 10.02

1999-07-15UT15:58:42 1.03×10−6 258 342 2.54×10−3 10.36

1999-07-16UT00:49:27 5.08×10−7 54 99 4.63×10−3 10.30

1999-07-16UT07:40:36 7.93×10−7 102 81 4.20×10−3 10.14

1999-07-21UT14:06:15 7.74×10−7 102 192 4.33×10−3 9.91

1999-08-13UT11:29:54 6.77×10−7 207 219 2.28×10−3 10.52

1999-08-13UT23:34:39 6.01×10−7 36 96 5.67×10−3 10.16

1999-09-10UT07:43:36 7.13×10−7 177 150 3.26×10−3 10.55

1999-09-10UT09:20:24 8.82×10−7 300 183 2.80×10−3 10.52

1999-09-11UT14:44:15 8.15×10−7 165 282 3.89×10−3 10.59

1999-09-20UT00:58:27 1.33×10−6 486 393 1.71×10−3 10.61

1999-09-22UT09:10:57 9.77×10−7 96 201 3.29×10−3 10.22

1999-09-29UT15:23:45 7.00×10−7 411 432 1.38×10−3 10.21

1999-09-30UT23:46:24 7.51×10−7 219 282 3.36×10−3 10.98

1999-10-01UT03:19:27 1.02×10−6 171 246 3.80×10−3 10.39

1999-10-03UT14:28:51 9.11×10−7 180 336 2.60×10−3 10.12
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Table 1 Continued

Peak time Peak flux Du td Gr Temperature

(W·m−2) (s) (s) (s−1) (MK)

1999-10-13UT04:53:18 1.18×10−6 105 141 4.42×10−3 11.30

1999-10-15UT07:20:36 1.31×10−6 69 129 1.30×10−2 10.62

1999-10-18UT02:31:24 1.83×10−6 291 927 3.95×10−3 11.21

1999-11-01UT22:35:30 9.60×10−7 159 171 4.73×10−3 11.05

1999-11-02UT09:49:03 1.46×10−6 384 246 1.76×10−3 9.80

1999-11-30UT11:12:39 1.28×10−6 198 273 3.44×10−3 11.39

1999-12-05UT03:27:54 9.30×10−7 294 294 2.28×10−3 9.74

1999-12-06UT09:51:15 1.22×10−6 390 354 1.40×10−3 10.03

1999-12-14UT07:00:03 1.17×10−6 237 369 2.33×10−3 9.74

2000-01-05UT04:15:30 1.06×10−6 369 351 1.03×10−3 10.62

2000-01-07UT15:16:03 1.16×10−6 237 207 2.54×10−3 10.48

2000-01-10UT19:02:45 1.30×10−6 675 489 1.26×10−3 9.80

2000-01-25UT11:37:00 6.51×10−7 147 177 2.47×10−3 9.37

2000-01-29UT00:30:51 7.90×10−7 189 318 2.44×10−3 9.50

2000-01-29UT12:53:57 5.92×10−7 108 111 3.57×10−3 10.34

2000-02-05UT18:20:33 1.27×10−6 288 861 3.12×10−3 9.80

2000-02-29UT21:58:54 1.87×10−6 150 189 4.65×10−3 10.82

2000-04-16UT18:02:48 8.55×10−7 81 81 4.75×10−3 9.78

2000-04-26UT12:33:15 1.10×10−6 123 180 7.32×10−3 11.24

2000-04-27UT03:20:27 9.39×10−7 81 87 6.39×10−3 10.38

2000-04-27UT15:50:36 8.99×10−7 147 294 5.08×10−3 9.88

2000-04-30UT16:18:48 8.33×10−7 174 240 2.67×10−3 10.83

2000-04-30UT16:38:18 7.68×10−7 93 150 5.12×10−3 11.35

2000-05-03UT21:47:09 1.15×10−6 237 141 3.62×10−3 10.42

2000-05-09UT04:19:54 1.12×10−6 357 834 1.00×10−3 9.45

2000-05-28UT07:25:12 1.66×10−6 279 186 3.52×10−3 10.16

2000-05-29UT12:29:36 1.01×10−6 231 168 4.93×10−3 10.80

2000-05-30UT18:47:06 8.13×10−7 123 204 4.35×10−3 11.00

2000-06-19UT05:31:36 1.16×10−6 132 141 3.92×10−3 11.91

2000-06-21UT00:46:54 6.71×10−6 264 351 3.66×10−3 11.91

2000-06-26UT04:35:15 1.93×10−6 381 495 2.47×10−3 11.76

2000-07-03UT04:15:12 8.19×10−7 282 381 1.45×10−3 9.49

2000-07-03UT16:29:36 7.58×10−7 42 150 9.42×10−3 10.88

2000-08-18UT23:55:21 1.34×10−6 363 138 2.64×10−3 10.64

2000-08-23UT01:16:00 1.41×10−6 711 603 5.63×10−4 9.88

2000-08-24UT06:42:12 1.81×10−6 903 864 9.47×10−4 10.36

2000-08-28UT11:42:42 1.17×10−6 204 72 4.11×10−3 10.40

2000-09-04UT15:37:42 1.40×10−6 171 105 5.92×10−3 11.77

2000-09-14UT13:56:18 2.26×10−6 258 249 3.88×10−3 11.24

2000-10-17UT11:22:21 1.11×10−6 312 330 1.94×10−3 10.36

2000-10-22UT17:04:24 8.50×10−7 108 381 4.51×10−3 11.02

2000-11-10UT16:39:15 1.81×10−6 330 381 2.67×10−3 10.34

2000-11-16UT06:55:27 9.61×10−7 54 123 9.70×10−3 11.30
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Table 1 Continued

Peak time Peak flux Du td Gr Temperature

(W·m−2) (s) (s) (s−1) (MK)

2000-11-17UT02:23:30 1.39×10−6 159 102 5.17×10−3 10.85

2000-11-21UT16:48:18 1.19×10−6 156 387 4.32×10−3 10.61

2000-12-07UT02:45:12 1.06×10−6 96 99 7.45×10−3 11.52

2000-12-13UT17:01:39 1.16×10−6 150 57 3.41×10−3 9.88

2000-12-14UT18:28:57 1.50×10−6 204 159 4.25×10−3 10.22

2000-12-25UT08:46:39 9.66×10−7 105 138 5.05×10−3 10.41

2000-12-26UT04:16:39 1.16×10−6 84 231 5.64×10−3 10.90

2001-01-11UT03:48:36 1.36×10−6 219 162 3.04×10−3 9.93

2001-01-15UT20:24:00 1.32×10−6 273 210 2.50×10−3 10.96

2001-01-17UT18:22:03 1.09×10−6 132 234 3.92×10−3 9.81

2001-02-17UT03:14:09 6.36×10−7 63 153 4.51×10−3 10.53

2001-02-20UT03:49:24 9.98×10−7 273 525 2.70×10−3 10.83

2001-02-20UT23:41:18 6.58×10−7 69 150 7.01×10−3 11.05

2001-02-23UT12:28:21 6.34×10−7 168 264 3.04×10−3 10.96

2001-03-01UT14:42:45 6.10×10−7 72 123 6.41×10−3 9.52

2001-03-03UT05:42:27 8.16×10−7 171 198 3.17×10−3 11.13

2001-03-04UT06:09:15 5.73×10−7 201 312 2.11×10−3 10.27

2001-03-04UT18:49:42 1.44×10−6 78 75 1.01×10−2 10.75

2001-03-05UT16:40:21 1.45×10−6 711 516 1.13×10−3 10.73

2001-03-06UT02:36:21 1.39×10−6 735 969 8.38×10−4 10.43

2001-03-11UT08:13:09 1.45×10−6 807 1080 9.06×10−4 10.84

2001-03-16UT15:54:15 1.80×10−6 297 384 3.34×10−3 11.43

2001-03-18UT04:26:09 5.81×10−7 198 333 2.51×10−3 9.68

2001-03-18UT12:26:12 2.24×10−6 264 135 3.24×10−3 9.59

2001-04-13UT08:30:06 5.86×10−7 165 354 2.05×10−3 10.70

2001-05-06UT19:20:15 5.99×10−7 126 141 3.96×10−3 9.72

2001-05-16UT09:44:03 1.60×10−6 348 270 1.89×10−3 11.64

2001-05-22UT14:13:12 8.90×10−7 414 978 1.19×10−3 9.81

2001-05-28UT14:10:27 7.32×10−7 333 333 1.74×10−3 11.05

2001-06-02UT13:26:54 9.73×10−7 138 240 4.59×10−3 10.83

2001-06-05UT08:01:06 9.68×10−7 201 225 3.06×10−3 11.45

2001-06-07UT13:03:00 1.39×10−6 189 90 4.32×10−3 10.80

2001-06-10UT17:26:06 1.15×10−6 210 267 2.08×10−3 9.93

2001-06-29UT23:50:00 7.62×10−7 126 150 3.85×10−3 9.94

2001-07-06UT06:01:33 3.68×10−7 42 36 4.38×10−3 9.71

2001-07-08UT01:50:03 4.12×10−7 153 222 3.02×10−3 9.80

2001-07-13UT07:50:12 7.62×10−7 57 180 9.83×10−3 11.04

2001-07-15UT23:24:51 8.86×10−7 174 447 3.42×10−3 10.03

2001-07-23UT01:44:18 8.28×10−7 243 162 2.42×10−3 10.00

2001-07-23UT21:57:36 1.30×10−6 102 129 6.29×10−3 10.94

2001-07-29UT19:10:42 1.31×10−6 498 426 1.91×10−3 10.48

2001-08-03UT05:34:39 1.27×10−6 345 330 2.29×10−3 9.60

2001-08-05UT19:54:00 1.73×10−6 237 336 4.10×10−3 11.06
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Peak time Peak flux Du td Gr Temperature

(W·m−2) (s) (s) (s−1) (MK)

2001-08-08UT06:29:30 1.06×10−6 63 153 4.26×10−3 11.52

2001-08-09UT04:38:18 2.09×10−6 114 78 6.60×10−3 11.53

2001-08-16UT02:52:42 8.10×10−7 78 60 7.37×10−3 11.08

2001-08-16UT17:46:36 8.98×10−7 225 405 2.61×10−3 10.91

2001-08-17UT09:25:12 6.10×10−7 54 102 6.66×10−3 10.16

2001-09-02UT04:08:48 1.42×10−6 162 114 3.53×10−3 11.19

2001-11-26UT19:21:27 1.64×10−6 141 183 4.39×10−3 10.72

2002-03-26UT15:21:30 3.11×10−6 693 1520 1.42×10−3 10.22

2002-04-01UT13:03:39 1.40×10−6 180 261 4.18×10−3 10.49

2002-04-02UT16:28:36 1.23×10−6 42 93 1.45×10−2 11.22

2002-04-20UT09:35:18 1.38×10−6 738 1180 9.56×10−4 11.95

2002-04-24UT10:53:15 2.16×10−6 351 441 3.07×10−3 10.62

2002-04-26UT13:26:54 9.25×10−7 159 165 3.20×10−3 10.44

2002-05-02UT03:32:33 1.71×10−6 219 1090 4.33×10−3 10.90

2002-05-07UT12:42:00 2.10×10−6 171 240 6.35×10−3 11.70

2002-05-12UT09:54:12 3.82×10−6 1491 969 7.99×10−4 10.47

2002-05-19UT06:49:36 1.19×10−6 138 579 6.02×10−3 11.59

2002-05-25UT05:47:00 1.40×10−6 177 159 3.98×10−3 11.25

2002-06-12UT01:19:21 8.70×10−7 144 180 3.29×10−3 10.31

2002-06-14UT00:02:51 9.55×10−7 87 228 5.55×10−3 11.20

2002-06-25UT01:59:03 6.87×10−7 54 54 9.77×10−3 10.02

2002-06-26UT17:18:45 4.53×10−7 60 201 6.09×10−3 10.58

2002-06-26UT20:09:57 6.31×10−7 135 186 2.67×10−3 9.88

2002-06-29UT12:53:21 8.52×10−7 249 246 2.08×10−3 10.35

2002-07-03UT08:51:51 1.13×10−6 129 297 3.06×10−3 9.80

2002-07-11UT02:39:57 1.62×10−6 180 117 4.96×10−3 11.69

2002-07-12UT07:01:42 1.70×10−6 894 1160 8.27×10−4 11.79

2002-07-12UT19:45:27 8.22×10−7 111 195 4.18×10−3 10.91

2002-07-16UT19:15:00 1.46×10−6 141 141 6.35×10−3 10.94

2002-09-24UT20:03:36 1.78×10−6 327 267 3.46×10−3 11.68

2002-09-28UT09:00:12 8.39×10−7 132 240 2.81×10−3 9.60

2002-09-28UT10:01:39 7.86×10−7 141 273 4.05×10−3 11.20

2002-09-30UT06:43:39 3.30×10−6 468 588 2.26×10−3 10.55

2002-10-06UT02:26:33 1.20×10−6 45 60 1.24×10−2 11.47

2002-10-11UT01:53:00 1.21×10−6 420 360 1.65×10−3 10.83

2002-11-05UT05:54:06 1.38×10−6 123 54 6.16×10−3 11.69

2002-11-24UT02:13:00 1.10×10−6 213 273 2.57×10−3 10.60

2002-11-25UT22:33:00 1.06×10−6 54 120 5.80×10−3 11.06

2002-12-08UT16:43:00 8.69×10−7 171 156 3.57×10−3 10.14

2002-12-27UT16:52:45 6.55×10−7 486 477 1.06×10−3 9.37� 7 /?�bRAH8� 04- te $ SXR ���U54- td �8\U�J� 04-
bRAH8AH!�xR�{[E+%�#RAH��
 e ≃ 2.72 4d#��
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Fig. 7 Correlation between the rise and decay times. The dot-dashed line indicates the equality of these

two timescales. The solid and dashed lines indicate the linear fits to the data derived from the GOES 8,
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Fig. 8 Left: Correlation between the duration of the dominant exponential growth phase Du and the

corresponding growth rate Gr. The mean temperature is indicated by the color bar. The circles indicate

the four flares shown in Figs. 4 and 5, respectively. Right: Distribution of the background-subtracted peak

flux of the selected flares in the 1 ∼ 8 Å band. The solid line shows a log-normal fit with a mean of

10−6.4 W · m−2, and a standard deviation of 0.24 for both GOES 8 and 10 observations.
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Fig. 10 Left: The frequency distribution of the duration of the dominant exponential growth phase. The

log-normal fit has a mean of 170 s, and a standard deviation of 1.9 for both GOES 8 and 10. Right: The

frequency distribution of the growth rate of the exponential growth phase. The log-normal fit has a mean

of 0.009 s−1, and a standard deviation of 1.6 for both GOES 8 and 10.
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Solar Flares with an Exponential Growth of the
Emission Measure in the Impulsive Phase Derived from

X-ray Observations

HAN Fei-ran1,2,3 LIU Si-ming1,2

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

(2 Key Laboratory of Dark Matter and Space Astronomy, Chinese Academy of Sciences, Nanjing 210008)

(3 Graduate University of Chinese Academy of Sciences, Beijing 100049)

ABSTRACT The light curves of solar flares in the impulsive phase are complex in gen-

eral, which is expected given the complexities of the flare environment in the magnetic field

dominant corona. With the GOES (Geostationary Operational Environmental Satellite)

observations, we however find that there are a subset of flares, whose impulsive phases are

dominated by a period of exponential growth of the emission measure. The flares occurring

from January 1999 to December 2002 are analyzed, and the results from the observations

made with both GOES 8 and 10 satellites are compared to estimate the instrumental uncer-

tainties. The frequency distribution of the mean temperature during this exponential growth
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phase has a normal distribution. Most flares within the 1σ range of this temperature dis-

tribution belong to the GOES class B or C with the frequency distribution of the peak flux

of the GOES low-energy channel following a log-normal distribution. The frequency distri-

bution of the growth rate, and the duration of the exponential growth phase also follow a

log-normal distribution with the duration covering a range from half a minute to about half

an hour. As expected, the growth time is correlated with the decay time of the soft X-ray

flux. We also find that the growth rate of the emission measure is strongly anti-correlated

with the duration of the exponential growth phase, and the mean temperature increases

slightly with the increase of the growth rate. The implications of these results on the study

of energy release in solar flares are discussed at the end.

Key words acceleration of particles, plasmas, radiation mechanisms: thermal, sun: flares,

sun: X-rays


