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diffusive

shock acceleration (DSA)
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(
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(4)

²
3: ³�´�µ�¶ Y±^�R�·�¸�²¨R���¹ (2.0−10.0 keV)
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9 × 10−3 pc
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rg = Ee,max/eB
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(1) � l�ó ��� Ee,max

l
���§U ��� l
� ���

∆R ∼ 0.3 ξ pc
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(wu ∼ 0.04 pc
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R�-�ÍZR�Á�M�Ì]ÍZ¬

100 µG
ò ë � åæ�ç�¸+R�^ a { î
Õ (

²
4-B)

������� U �
wu

M
wd

R
S�T�c±l�N�O Äö� *�, à ¬ ���

[11, 12]
� Ì]ÍN¬�r�s

�±� Ê�Ë R�î�ïxðeñ�Õ�òÆ�!	 Ð t � pÀMF���ZãU�����Ù�¬
� |���� ��R ¦�
 M�É �+�¨Ê+Ë ��å+æ�ç+¸ }ö���}���} Ã ~m���]� ¬ � s ; M�å+æ�ç�¸+R�¯ | põl����
ã!Õ � WÑp���WÑp Äm� R � �+� £�¤ ¬¨½+¬ �õ� ¯�W¨îÕ�å+æ¨çQR � s { � ��� Ð_~�� Ê+Ë R!u�èªã�rNsQt �p

[13]
M�x%y :�z%{Z� | {�}�~6� UõW��(M�R Ó�Ô Þ�ß

àNá�â R
10%

5 ½�¬ v
w Ðz~�� ��� a R Þ�ß¨àNá�â {��� Ð!~ª�
[11]
�

(ii)
R Çm¥!� Í�è � �¨M¨�+� a R
� ���(� �e ÆR�r4 í R ÊZË }x� d w Ð�~Ñ��� i�� µ���� }x� R �R�{�j U �
���Z� s � t � pqM�å+æ�ç�Red+f]¬
� w lF�

3



� �
[3]
� �]� a ¬
å�æ�ç }x�%1���1F� Þ�ß�àmá�â l� ¥ W�n¨Á¨¾NR
¾(.Z�+� ë ¬
� f M�� ë ¬ Ý t ������ R�W�n�å+æ¨ç G�  Re¾%.�R ��ë�¡ � Ð+��{ rZsZt �pqM¨�+� a��]� � Ð]��{e£+¤R¢ t ��� (

� R Çm¥!�+£
R ³�´ â C¥¤§¦�[ £ 
 ����� a R!¨���ó £ 
 M�©Z��¡
a�9 £ 
 ��ª]È
~Z���m� )

�(&6'Q{
«�¬ VJW � ãF­R®
³R¯�° ¬
� ��±%: c
b�c�l�² |�� å+æ�ç � M+��R Ç�¥� ��� a � w å+æ�ç�¬ � t u } S+T Ð°~��¨�N���]� ã� p

[14, 15]
M����+R
����i���� }��

(
É ���¨Ê�Ë ¬�³I ^ Ê]Ë VJ´ � s � ) �]� R�X¨v�w°y {!µQ|+��� M�KL � ��k�l�R����%*�, à {�� p u�u �+�õ��� R Ç�¥_���� a R�¡ aJ9 £ 
 ¬ £ t o�1 �+� ¬ £�¤ i ���+� Wn { ��M�Ì�ÍZRFcZ¬

100 µG
�U: c
bQc�R 8�9 i � cÇ p�ã

10–100 ¶ r�s �ª��� ¬
=(> �Q�]� [11]
�±� R

Ç�¥°�!·�¸ ã�M �+� Ð_~ W�® Ë ðe¹]¬�ºR»�R�� µ��J���¼ ¾�.�þ�½�ÿZl�¾+s�¿ � U � Ì�Í]¬�À�Á Ð_~�Â w Ð
~m���Ud�fN�z~����Z�

[16]
�öÐ���{ M ��� � s � ® ËR Ü Ý�Þ�ß�àmá¨â ��Ì]Í { ��¹ U�M

(i)
R�Í�è � � �

Ç �
1014 eV

ò ë M (ii)
� � ��Ç �

1015 eV
ò ë {���Q�ÄÃ�ÅZ� s ��� u ¯Ñp (ii)

R�¡ a�9�Ê]Ë��+� R�Í�è{ �
knee

Þ�ß�àZá
â
(1015.5 eV)

¯ � x�y :+Æ�ÇQ� R
DSA

� N�O%r�s ���V¥
�Q��{�� péM Ã�Å lQã ��� �
��È ~�� ~��¨�N� rZs � gmñ�R�� u {����
���Z���UP|
~ª���

4
ÉËÊ D ÊÍÌÏÎ :ÑÐÓÒ

O�P�� ?ÔA ú�YÕC µFEFÖ : l�× ����m n � å]æ�ç Ê
Ë
��� ReK�ÍZl�Ø�i {
}¨� ¯!S ���+� ¬ � �+W ��?ÙA úYÚC µ!E {ZÇ�� SN 1006

R�S�TÆ��M Ã(Å�Ðõ~N��� W
Ç p�ã¨� ��}�{�ÛZ�
Ü�Ým{ XZY�[]\ ^_\+Y�`

X a ¬� º U ���m� R�l { S�U�W � XQY�[]\ ^!\�Y�`
X aR
b]c! �"ªlQÞ�h Äm�]�!� ¥��]� �e��� a��+�+t d�lß �m�+'�{�� ¯�¯ ��{��¨� yZW � ° �Æ\ â A+�]�]�����~�{QÇ pqM

DSA
{ K ~ö�eÒ�Î�ì]í��à1 R+��g�áÆl

q+â�i { Þ�h Ä����]� ¬Jr
s {�� pqM���� a��+� g�h{ y�W ��ãFä lFå%¿ Äm���]��{���� W � O�P��¨M � �
~ W�S]T ¦�
 {!j U �

(i)
RJ-�Í ����æ�çm� j�kªl n

f W�¬
[5, 10]

M�èNR �¨��é
(i)
M

(ii)
<¨�ZR
-¨Í � j�k

¬�rJs �]�]���
è  

(i)
M

(ii)
R ¥Qê���;�~ ¬ £ U ��} )�ë l u � �W]n { M 5 Á+R Çm¥!� S]TN¬�ì%> {����N��P�|�~ª���

ä çJí�î]R�Ø�i¨S+T {+Ç
��� Ì�ÍQR�X�Y�R�ï�ð]¬ � �~�~QÈ *�, à {�ñ�ò ¬ u t �]� ¬ Ã�Å±Ð_~��!� TeV óY �¨a R
�%�m��M (i)
� � Ý�Þ�ß�àmá�â ä�Ë {QÇ�� ���ô(õ��%��î Ë R Øàö Y+�H^zY���� (leptonic

�Æ\�÷
I

)
¬�M

(ii)
� � Ý�Þ�ß�àZá�â ® Ë �U: c���M]R�¨�ø {

Çe��� v�w Ð°~ W
π0 Ê�Ë R�ù�ú {]Ç¨� ��� (hadronic�Q\Q÷ I

)
¬
� ~(û�~�ü
ý�Ä��

[11]
�]�!~x� �

MeV
}

�
TeV

{�| W � �%� I�K [ ^ à l�ß �ª�+�Z����þ�ÿ
r
s �����õ�

SN 1006
{�j�Ä��

TeV
R ó Y �ea R�S�T��k�l�R�� í R�� à]â � {]Ç p Õ |�~����N� ¬�M���P

R ¦�
 ¬ æ�ç U ��� pbè   R����N¬ Å W ~ö��� ¯�W�M
hadronic

��\F÷ I R � s { �%� Ð�~ö�
	�� â ^�w�

R�S+T ¦�
 ã�ì�> {��]�Q�eP]|�~m�õ� S+T]i {�1 R�X
vxwzy�¬Zã �Z� ã � U ��} )�ë ¬ u t � M 1 R Ç�¥_���� �21 R�t �_� R Þ�ß�àÆá�â ¬
��� a { ×�Õ Ä�� R} l�ONP���K���hNi { ) n �]��� ¬ � � ���Å� R   M
�õ~�� R
áZl�� � i � ��g���ò }ö� NRO Ä����]� ¬�g
h�i�� äN�+��éª¥ � U } U!M�K���� � ����� a Ö�R Þß�àÆá�â � È R!u�è�M Ò�Î¨ì�í ReÌ�Í�� ê 3QM�Ì�ÍQR
À(Á
��ò � 1 M
j ) Ä�� s ã�ä ¬����VU ���Æ���
����é�� M ���
� Þ]h U � s�WQR]� ä�Ë��Q� �Q���� ��� � M���� a R H w  �+�+� ® Ë R �+� { u �� R��� Q��K¨L±ã�þ�!� ���+�Q�!�+���%¢¨�
� � �e�

O�P���M
2005 " {�#6ê ½�$ � ~N�&%(' R X a*)�++Ö :

ASTRO-E II
l�ó ��� ® Ë R ��� £�¤ R
q!â�T�ÿ�l�,-ÑU ���Z�!�/.�0

1000 km s−1
5 ½�R ��ë l+ã u x%y:
Æ%Ç å+æ�ç]R Ó�Ô Þ�ß�àÆá�â ��å�æ�ç+Á
¾ �!� Þ¨ß

àÆá
â {�1
2xÐ°~m� ¬�M�å+æ�ç�R ��ë � Á�¾�RJ� µ��
� � ë l ¦ ~ u � � å�æ�çJâ�3*4�5�l76 {98�� ��n �� Á¨¾NR
� ë � kT ∼ 2 keV

5 ½ {��Q� � ;Z�]�Q���
���+é ¬ &('�{ �Fx�y :+Æ�Ç R ä�Ë � ë � 1 keV

5 Á
��������� ¬e��:+i ��� pqM

SN 1006
R�Í�èmã

0.2 keVò ë U }�� tzM�® Ë – ä�Ë î�; {+Â U ���Z�¨�Ñ� U �ã � R�< � � ë � Þ�ß¨àÆá
â ¬ � i � w  }ö� � }  R w  �Ö � × Ô UõW �]� l>=@? Äm�õ� r�sJ3 � U �
d
fN� ~�� R��¨M���� a w  �Ö]R Þ�ß�àNá
â R�× Ô��+�� ¬�M+¯9A/B�CÆ��Dmn �����¨�¨�

ASTRO-E II
{ ��M

k�l �!m n � x�y :+Æ%Ç R Ç�¥°��E ¬ � W ) . � ã�xÝ�Þ�ß�àÆá�â  �j%s � S�T � s �
X-ray spectrometer

(XRS)
¬7F@G Ð!~Q�������

XRS
leó �+� Ø�i {F� i

� µ��
� R ·�H l�ß �+� i%� µ!�J� Ö�R Þ¨ß�àÆá�â �È l�IQn ���]�õ� M � u p ����� ��� a ® Ë Ö]R
� ÈÞ�ß�àNá
â l�q�â�T�ÿ � s ~ZÈ M�x%y :
Æ%Ç R�å+æ�ç
{�� � �

DSA
R�X¨v�w°y { S]T�i { )�ë ¬ u t �eÃÅ U ���Æ���

4



JLK

' �@ ]�
M H+{ MNM�Í
O9P
(
g��

)
Me	Q�>R ¼�S�T

( UV r@W
)
M*X*Y
Z�[ S�T

( \*U r�W )
M9]_^a` v�b S�T

( c�d r�W )
M Ý�e +�f S
T (

r�g�r9W
)
��� R7hji>�� 

�+����� ¯�W�M ' �� Nl�k�Õ Ä��¨{�� WÑpqM�l�m�� %
' W
n�o*p9q }ª� ÛJÿ �� 
r

PD
� U ��s b l�� � �

�Æ�+���e{ut�v U�¯ Ä
�

wyx{z}|

1. Cronin J. W., 1999, Reviews of Modern Physics

71, 165

2. Blandford R. D. & Eichler D., 1987, Phys. Rep.

154, 1

3. Malkov E. & Drury L.O’.C., 2001, Rep. Prog.

Phys. 64, 429

4. Koyama K., et al., 1995, Nature 378, 255

5. Bamba A., Yamazaki, R. et al., 2003, ApJ 589,

827

6. Reynolds S. P. & Keohane J. W., 1999, ApJ,

525, 368

7. Bamba A., Yamazaki, R. et al. ApJ, in press

(astro-ph/0411326)

8. Ghavamian P. et al., 2002, ApJ, 572, 888

9. Jokipii J. R. 1987, ApJ, 313, 842

10. Yamazaki R., et al., 2004, A&A 416, 595

11. Berezhko E. G., Ksenofontov L. T., et al., 2002,

A&A, 395, 943

12. Berezhko E. G., Ksenofontov L. T., et al., 2003,

A&A, 412, L11

13. Völk H. J. et al., 2003, A&A, 409, 563

14. Shimada N. et al., 1999, Astrophys. Space Sci.,

264, 481

15. Terasawa T. et al, 1999, proc. 26th ICRC, 6,

528

16. Lucek S. G. & Bell A. R., 2000, MNRAS, 314,

65

5


