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 G � 52 ���9__X/,Zn
%��#V�9V�9<i (5'	� [2-5]). 1992m 1 � 13#n M2.0 dS�IX(>^n5L�b^�n Masuda S� [2]. �(FtB8? 3 (k X5���U?RxVn:(�y��) X 5�S~'1� 10′′ VuS�?v 3 (k X 5���~;mMR�BH:(Rx�,Z�'�_�_8*lJ�~���&^ 203 MK;*_��_8*V2�~y+V~ γ1 = 2.2± 0.6 (<25 keV); γ2 = 4.1± 0.2 (>25 keV). �m*�K�Y� [6−9] �Nvv6X(i4�L Masuda S�*&f nM�n_8���0OrS��PX(i4�x(|Qn_8���iIg~ Masuda S�nS~k X5��H:(Rx�02IqqXt|LB8n [10].eS�Æ8�#Y"�'NX�y�;�\>nS�k X 5�Rx�V�#Y�fB���9
%���_2Q℄��
�}2Rnj%�)|9<i#Vk X 5���oB�9��H�#V��Av1(Ej 60mba�YOHKOH H RHESSI ;b4o�9��	#Vk X 5��^�<?�X6nH� [5,11−15]. Tomczak[11] 4o YOHKOH�5nV�H�? 14 (7��#Y�fnS���/S�n<%��q:7�UI	tinT%I�H&inKQ=I���I(1�_7�Ftnk X 5� 5��r	in) X 5� 5�:((n�/X�2GB� 5′′. dIqv YOHKOH �5ny�'I!zt (.r 4 (ol), Q��� 5I�\=Qn� 5I�5�/S*I!z(gn� Krucker q [13] 4o RHESSI �5nV���? 2002 m 2 �i 2004 m 8 �|mn 55(Y,F5�qP�i<%��5℄�ntiT%I�H&in$%I��Yv
RHESSI �5z&ni<�'I [16],  55n�x��I��_miKEn���_RnH�*\	v_7�F5�x��7�'m.rz,n m�/ (�,v 5′′), .r3VF5�CSz_n�/ (�_v 5′′). dI	v�:,�'mnfq�Y�0�X�X6n���.I8<`R�iI2q9,n��Yv�PnH�E%�� 	5�R4o
RHESSI �5nV2V�H`nz&ni<�'I	�:,��<?#�nsg���
2 ��g�lk 	2sg��? 71 ( RHESSI 9<in7��#Y�fnS��FtE�)F'�	

1. S�nÆ8;m� 2002m 2� 12#i 2010m 12� 31#'m��Iqv�x��I��/z_n�X�V
z3�.r_<nP 9r�iWmR4�nY,F5�_$�<sg���
2. E�03� 12 ∼ 25 keV i�r�d<nk X 5� 5	��Xi�n�*gVI_v 100 counts · s−1 nS��_�$R4En4
!H�in��I��
3. S��/#3n�/_v 940′′, _�$^EÆnS�I"�S���XV�*�v Krucker q [13] ^EÆn 55 (F55#3�/nV,*�~?�-r^[F��R	v#3�� 900′′ ∼ 940′′ nS�VX?p<�~��C�X#3�1nS��I��"�n#YS��\�$\ 940′′ �XV,�/nE�IJKn�
4. 	vE�nS�F5oB RHESSI z�1h/n Quicklook ���<R6/E�



6 } ���s�U�%Xm X 7 �;>JÆ 483�}Rx�snS��	vzgp�nF5��4o RHESSI )tI(�
�<p��
5. .E� GOES d-� C d'1nS��Dy�	v�ylJBL5S�n.io�DV*lJnF5�rv�RnH�
n��<?4���P��RV8mi? 71(JOQ
nF5�� 71(F5�)? Kruckerq [13] ^��n 55 (F55n_7���}n7��).io�DV*lJnF5��3 GOES V�nF5H�*gVI2R (peak value < 100 counts · s−1 ) nF5��4o RHESSI H OSPEX )t	^EF5�<iylJ�W�^�V�'N��-	Q(Ftn�x��7�I(�g\S?�x��7��/n�/�\�	^rF5�<?�,�'N	:,#Yk X 5��n*&;V�<?sg���	vS�<Lyn���R4o? OSPEX 5)Fn�*lJ���ylJn[�;m~ 20 s, EÆnDVUJ~
��DV + XUHy +6.7 keV n�y +8.0 keV n�y�~56�XUHy�xi<_�7�ny+V~ 1.5[13]. I(��E~ Clean. I(n;m~\��y+VV,n;�i� 5�*;��

3 ~twn��	^rFt�<ylJ�����x��n��'N�oBI(miS�
��x��7��/�/n�4v (v 1).

w 1 U�Æ��"7z��"7�1�1p�5w
Fig. 1 Distribution of separation between the thermal source and non-thermal source\��S��4v1�_�S�	v_7�F5�K� 5H�� 5'mn�/2GB 4.5′′(59(F5),.r3VF5 (12()n�/GB? 4.5′′,~5�/V_nI 2003m 11 � 18 #nFt�~�/�~ 15′′. v 2 ^C~:[Ftn�n�/
%�S��4v1�/�/~#nF5*C�� 5��� 5�'1 (48 (F5), �/�/~#nF5�*C�� 5��� 5�'� (23 (F5).,��/~���_�neJ5�Rw,�� 5�H�� 5�'mn�/I�_v 4.5′′ �^r 71(F5�I:,	m�,v 4.5′′ nF5H~v 1,��m�_v 4.5′′nF5H~v 2 ,�� 4.5′′ nQ�.IZ�� nH�~��
���~5r�3Æ2
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 G � 52 �Z��Dy��Y�,50Or�G�� 5H� 5n!	&��V�IY.Q�/�/� 4.5′′ 'h�>vv 1 ,�_v 4.5′′ �>vv 2 ,�XA�G�(ntnQ�Vmi-�n4��g~�� 5�� 5'1n��i	ivX�^�nS~���� 5��� 5'1n��i	iv X x'1n#V���kn��^GS 	n�}��Y�keJx 	!7n~��
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w 2 �p�1�&�Wwp�1� 0.19′′; twp�1� 4.97′′

Fig. 2 Example of imaging in the thermal range and non-thermal range. Left: event with a ∼ 0.19′′

separation; Right: event with a ∼ 4.97′′ separation

3.1 �
xi}sqv Tomczak[11] H Kruckerq [13] nH���	�:,�X#�niy���gYiy��wI~ 	nX(:QUI7��
3.1.1 y+Vn!zQ(Ftny+V~"(S�BL5y+VnV,* (	ivb(&i�*), �PE�Ig~�,n^*�i�rb9f �y+Vnsg~��Cvv 3 5�!	vRxk X 5���#V�ny+Vx(!z)�=Q�4� 3 ∼ 7 'm��H� n~�Y X1 [11,13]. �		vv 1 ,Hv 2 ,��y+Vn�4fOOrA-�~?�X6���:,��y+V1�i℄�nAf��R
�?y+Vnw�*
(* 1) 03Y?y+Vx�/�/n,xv (v 4).v 1 ,�n!7�V~ r=0.11,~24�� 50% ∼ 80% 'm�v 2 ,�n!7�V~ r=0.09, ~24�,v 50%. �Y\:,�ny+VH�/�/'m�Or�=!7=�#' Tomczak[11] ^+Sn� Masuda q [2] �
Æ�ny+V℄�/�/�%knÆH��30OrS��v 1 ,�ny+Vnw�*~ (* 1) 5.25± 1.03, v 2 ,�ny+Vnw�*~ 4.99± 0.71, V2℄�A-�^_�RmS~J��:,��y+V12℄�Af�
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w 3 {,Wp�5w
Fig. 3 Distribution of power law index

w 4 {,Wz�1�1p-zw�7G,Dw 1 .��C;,Dw 2 .�
Fig. 4 Scatter plot of power law index and separation. Asterisks represent the first class events, diamonds

represent the second class events
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Table 1 Mean values of various parameters

1st class 2nd class

Thermal Non-thermal Thermal Non-thermal

Area(arcsec2) 530.44 878.37 817.33 2033.33

Density(109 cm−3) 13.02 ± 11.16 11.82 ± 8.37

GOES class(10−6 W/m−2) 1.1 1.3

GOES duration(min) 25.91 39.92

Temperature(MK) 21.33 ± 5.28 21.39 ± 5.15

Break energy(keV) 14.40 ± 3.63 14.77 ± 2.44

Critical energy(keV) 13.80 ± 4.43 14.48 ± 3.60

Photon index 5.25 ± 1.03 4.99 ± 0.71

Thermal energy(1029 erg) 4.72 ± 7.11 8.56 ± 14.83

Non-thermal energy(1029 erg) 60.00 ± 96.29 42.25 ± 36.78

3.1.2 �xi<HA�i<n!z�xi<HA�i<n*V�My+VV,;�n*��xi<I:oXUHylJ;nX(;V��6��xi<'�ny+V~ 1.5 'N [13], �xi<�!evoD^�nti}-i<�XUHy�!ev
UHy�A�i<I+�H�� 5E<!q;	ini<���xi<HA�i<��X��G�Ig~`R�*&f 1�!z|��VuSnI`Rn�4v�K�X��4	v 1 ,�Hv 2 ,���rX�~3 (v 5).

w 5 �zk=p�5waa�zk=z�1�1p-zw
Fig. 5 Distribution of break energy and scatter plot of break energy and separation\�xi<n�4v1�_�i:(�*	ini<*~ (10,16) keV�(10,16) keVH (12,16) keV, �-	iv�7Ft�v 1 ,�Hv 2 ,��v 2 ,��zti�{�4nz3X/�d�Gi�,�.r 12 (�sg�A�i!z_��,�n�xi<nw�* (* 1) �-~ (14.40 ± 3.63) keV H (14.77 ± 2.44) keV, �_"~IXPn�:,�n�xi<x�/�/n!7�V�-~ 0.09 H -0.08, 24��2R 50%, \��O



6 } ���s�U�%Xm X 7 �;>JÆ 487r�=!7=�	vA�i<n��Vmi?,Zn~��~�4v (v 6) 1:(�*	ini<*~ (8,17) keV, (8,16) keV H (10,18) keV. w�*�-~ (13.80 ± 4.43) keVH (14.48 ± 3.60) keV. !7�V�-~ 0.13 (24�� 50% ∼ 80% 'm) H 0.17 (24�,v 50%), Or�=!7=�^_��_"~:,���xi<HA�i<�YV2℄�Af�

w 6 B�k=p�5waaB�k=z�1�1p-zw
Fig. 6 Distribution of critical energy and scatter plot of critical energy and separation

3.1.3 ��n!zYVn��~S��*;�n���g~�;n��*xS�nP�i!7��rX�nb*=�\�4v (v 7) 1�_�i��=Q�4� 13 ∼ 27 MK 'm�v 1 ,�n���42u*v&��~�4n�*� 24 MK $��v 2 ,�n���42u*vt��	in�*� 18 MK $��d�Pk�4�K�A-2_�:,�n��x�/�/n!7�V�-~ -0.02 (24�,v 50%) H -0.14 (24�,v 50%), �Or�=!7=�:,���nw�*�-~ (21.33 ± 5.28) MK H (21.39 ± 5.15) MK, �_"~I!qn�^_�:,�����YA-2_�	~`;��5'y+VVk;���n��Vmi?,Zn~��
3.2 e i}sI(n;mzF�w�*�~ 3 min.  5E<H��nY[�-~ 50% q*�_hnE<HY[�qv� 5H�� 5nE<HY[X�2q�^_�YneJw�� 5H�� 57��-�<�
3.2.1  5�Y[n!zP��QY\nIqvI(;[�;mzF�X��)V(&iKQ^MBn;m����;mh�� 5H�� 5n�2��iÆ8z_n%R (5'	� [17-21]). ^_�3minY[�i02	ivS�BL5nb/q
FtnY[��I2q;�(nb9w�~��
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w 7 ��p�5waa��z�1�1p-zw
Fig. 7 Temperature distribution and scatter plot of temperature and separation� 5nY[=Q�4� 150 ∼ 700 arcsec2 'm��4n�*� 300 arcsec2 V�\�4v 8 1�_�iv 2 ,�nY[�4�z_Y[�{5n!5!	z&�~w�*~ 817.33 arcsec2. v 1,�nw�Y[~ 530.44 arcsec2, ,vv 2,�nw�*�:,�n� 5Y[x�/�/'mn�=!7=�:��>�~!7�V�-~ 0.42H 0.96,24��_v 99.9%.

w 8 �"7�|[℄p�5wa�z�1�1p-zw
Fig. 8 Area distribution of thermal sources and scatter plot of area and separation�� 5Y[V=Q�4� 150 ∼ 700 arcsec2 'm��4n�*� 300 arcsec2 V (v

9). v 2 ,�nY[�4�z_Y[�{5n!5V!	z&�w�*~ 2033.33 arcsec2.v 1 ,�nw�Y[~ 878.37 arcsec2. :,�n�� 5Y[x�/�/'mn�=!7=V�:��>�~!7�V�-~ 0.58 (24�_v 99.9%)H 0.79 (24�� 99.5%

∼ 99.8% 'm).
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w 9 ��"7�|[℄p�5wa�z�1�1p-zw
Fig. 9 Area distribution of non-thermal sources and scatter plot of area and separation

3.2.2 S�n!zYVnS�~S��*;�� 5�{q/LknS��IoB0B ne(t) =
√

EM(t)/S(t)3/2 5\min�~5 EM(t) ~Æ5�� S(t) ~�q/LknY[�\�4v1�_�i (v 10)#V�S��4�� 1.9×109 ∼ 6.4×1010 cm−3 'm�I{8n#V�S�*�v 1,�Hv 2,�nS��4!��:,�nS�x�/�/n!7�V�-~ -0.07 (24�,v 50%) H -0.29 (24�� 50% ∼ 80% 'm), �Or�=!7=�~w�*�-~ (13.02 ± 11.16) × 109 cm−3 H (11.82 ± 8.37) × 109 cm−3,v 2 ,�nS�2,X/�

w 10 T�p�5wa�z�1�1p-zw
Fig. 10 Density distribution and scatter plot of density and separation

3.2.3 S��in!z�S��*;�oB0B Eth(t) = 3ne(t)V (t)kT (t) ≃ 3kT (t)
√

EM(t)S(t)3/2 5\S
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 G � 52 ��BL5n�i�~5 V (t) ~�q/Lknk[� T (t) ~�q/Lkn��� k ~1
HMDV�S�n�i�4� 4.2 × 1028 ∼ 5.5 × 1030 erg 'm (v 11). v 2 ,�5rz�nF5�4��iz&n�{5�~w�*~ (8.56 ± 14.83) × 1029 erg, v 1 ,�nw�*~ (4.72 ± 7.11) × 1029 erg. :,�n�ix�/�/n!7�V�-~ 0.33 H
0.90, 24��_v 99%. �s�:,�n�iH�/�/'mn!7=�:��>�

w 11 U��kp�5wa�z�1�1p-zw
Fig. 11 Distribution of total thermal energy and scatter plot of energy and separation

3.2.4 S���in!zS�n��i<IoB��_85\min [22]. ��i�4� 4.3 × 1028 ∼ 6.4 ×

1031 erg 'm (v 12). :,���i<n�4!zX1�d�!7=1A-K_�v 1,�n��ix�/�/'mr:��>n�=!7=�~!7�V~ 0.40, 24��
99.8% ∼ 99.9% 'm�v 2 ,�n��ix�/�/'mn!7�V~ 0.16, 24�,v
50%, :�'mOr�=!7=�

w 12 U���kp�5wa�z�1�1p-zw
Fig. 12 Distribution of total non-thermal energy and scatter plot of energy and separation
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3.3 r^
�<%���H��7�n��Iqy+VVk;�n!7V���n�� 57�X�� 3 ∼ 15 keV, �� 57�X�� 18 keV iV&i<�� 57�<%��X�%R!zTN��� 57�n<%���rz�$%n�*~3�K�F5*�S&ih��	v*�S&ih�nF5�~�� 5n�*~3x GOES ) X 5�<%��nhV,Z��iI Neupert .in�n�
3.4 GOES yavf!�zi℄|^��F5n GOES d-�4� C1.0 ∼ M6.6 'm (v 13). v 1 ,��4n�*�
C3.0 V�v 2 ,��4n�*� M1.0 V�~w�*�-~ M1.1 H M1.3. v 1 ,�n
GOES d-x�/�/n!7�V~ 0.09, 24�~ 50%, Y\Or�=!7=�v 2 ,�n GOES d-H�/�/n!7�V~ 0.75, 24�~ 99.5%, :�'mr:��>n�=!7=�

w 13 GOES e/p�5wa�z�1�1p-zw
Fig. 13 Distribution of GOES class and scatter plot of GOES class and separation:,�n GOES MB;m (v 14) �4� 6 ∼ 126 min 'm�v 1 ,��4n�*�

10 min V�v 2 ,��4n�*� 20 min V�~w�*�-~ 25.91 min H 39.92 min.�s�v 2,�nMB;mzF�GOES MB;mx�/�/n!7�V�-~ 0.31 (24�� 98% ∼ 99% 'm) H 0.63 (24�� 95% ∼ 98% 'm), �r�>n�=!7=�
4 ~�w��S�k X5� 5)|7�GS�BL5K�:Qn�j�'��|Ll[�WS�i<�rq�_{	v#Vk X 5��n?�!z3��X�"~#V�{#IS�VRi<L�nu��~?	#Vk X 5���<#�n��4nH���RE�? 71(7��#Y�fnS�Y~H�	+�	v	5^Un:,#Vk X 5����R4o RHESSI �5H GOES �5nV��-\iy�I(H<%��q�Y�<?sgH
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w 14 GOES OD=op�5wa�z�1�1p-zw
Fig. 14 Distribution of GOES duration and scatter plot of duration and separation!zH��Y ~�'�	,�ylJmin~���RK���?v 1,�Hv 2,��y+V��xi<�A�i<H��q�Ynf �~��C:,#Vk X 5���r!Znfx��I('N��Ru��?�H�� 5�nY[��q/LknS��S�nP�iH��|L^1an��i�~��C�:,#V� 5�nY[HP�i�x�/�/'mrG:��>n�=!7=�~U>�LnAf�iI 5�S�Afn�n�:,#V�nS�x�/�/'m�Or�=!7=�~�4V:�!Z�dv 2,�S�nw�*z,�	vS���in5\�R:onI��_8��Ig~:,#V�nS��=Q�4� 2× 109 ∼ 2× 1010 cm−3 'm�I{8n#V�S�*�,��PnS�H� 5�{nY[g\S*n�S� N � 4 × 1018 ∼ 4 × 1019 cm−2 'm��Pn�S�i4Tfn|Lni<~ Estop =

√

N
1.5×1017 (keV), b�� 5 ∼ 15 keV 'm���IY��_8IKon�,���_8min~�I�:,�n��in�4I!Zn�dv 1 ,�n��ix�/�/'mr:��>n�=!7=�v 2 ,��Or���iIg~��i5\5n�Az_�!'g\5^oiny+VH<Ly�V��~y+VVk;�n*��2I;mnDV�Dy��V�iI 5�S�Afn�n��<%��1�:,�5�r!e�n&ih�F5�v 2 ,�5�,F52����iPF5n 1/3. Dy�v 2 ,�n GOES MB;mzF�OJ�G_1~��_Æ�:,��e/i4�n��|LT=n;<'y+V��xi<HA�i<�YIOrA-n���e/x 5�S�!7n;<'���S��Y[�i<�MB;mq�Y�rX�nAf��Rnsg~��Cv 2,�5nFt{{�rz_nY[�ztnS�HzFnMB;m��i	ivoD^�nXaS��!iu�v 1,��i	iv1SS��'�"~�:,S�n:IBLH�8FM



6 } ���s�U�%Xm X 7 �;>JÆ 493R�iI2qn��m*X/Y��S�nsX_8�YX?X/.Y [6,23], ' Shibataq [6] hS?q/Lkxh1X:9nS�_8� Chen q [23] nX:9V*_lq�q/Lkxh1X:9nS�_8"~X:9IHq/Lkxnq5[�)|!7�X�Yq/Lkxn℄�Vb3�n(E�(|Ev\�xtX:9I�DX�Yeq/Lkx\S|Ev;��Vr_<nq/LkHXCE�|Ev�\�hÆ$[X:9��$[X:9ur4vq/Lkxnq5	���PX9#�'n℄��m$[X:9m_�M	V8wq/Lkx_�eu Alfven [�qS���(_85EÆ2qn;V*��_�L�)1SS��XaS��|S�H�81Eq5�hn2q9,nS���RnH��C2�:,�*MnY[��iH GOES MB;mx�/�/'mr�>nX�:��>n�=!7=��	\"k1��2l��;�^rFtnY[��iH
GOES MB;mVx�/�/I�>nX�:��>n�=!7=��H1US�sX_8n}|IX1n�Dy�'1^U�:,��y+V��xi<HA�i<�Ynf=I!�n��V\DX(�Y%M?S�nsX_8�#Vk X 5���p~I� 5x�� 5���/z_n��K&
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An Observational Study on Coronal Hard X-ray
Sources of Solar Flares
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ABSTRACT Observations of solar flares partially occulted by the solar limb provide a valu-

able diagnostics of coronal hard X-ray emissions due to the absence of generally dominant

emissions from flare footpoints. In this paper, a statistical survey of 71 partially occulted

flares observed by RHESSI (Reuven Ramaty High-Energy Solar Spectroscopic Imager) is

presented. We find that two kinds of hard X-ray sources proposed previously are similar in

the aspects of their photon spectra, images, light curves and GOES durations, and the scales

of the radiation region, the total thermal energy and the GOES durations are correlated to

the separations between the thermal source and the non-thermal source. These results are

consistent with some of the unified models proposed in recent years, and indicate that the

Masuda flare could not be typical in coronal hard X-ray emission.
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