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9
:/0~�e�Us�.���DE��&
�sB� K����� 1�10 mG ���ZY��
r. � ��DF�9
:�Z!:��E6"
Us����l�"�I�1 knee ������,
6� ���Yp Z!:�GI��#�"��
#$� $���l$�� �� pc�� $pc�^�m
= 1 pc�3.3 �%� ���VW 9
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Y� (¤mG) D 1014 eV ���������,6
 ��Yp 3¥��2¡¦� 3§103 eV ���
�� � X : (103�104 eV) ¦D��"����
�fB�1 ��¦¨D¢£=l>l£2¡��I
��Df�f��9
:/0~�&�-�P�
�1 ©ª45� X :67«K ¬FIB­ �U��
JKLM SN 1006 �89�®U¯:°�BP¢
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% 1 '����*�DE���9
:;<=>�
�<²%1 ³¥�.�®� 1015.5 eV, 1018.5

eV � ´�µ� knee, ankle �¶{��·�
¸���,61

% 2 9
:��/0ST di#usive shock accelera-

tion (DSA) �¹� $57º»�1
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DSA,�P�Q:R�LS9�?T>#B&U
V,D��� '()*+�WXYN">O#O"
$%,��Z[B\]^_D`�Z[B\]ab

c Ee, maxde6� fL�P�� N">O#O"$
%&H�Z[B\] hnrollga�hi,jkI��
hnroll& Ee, max�lm Bdn��

hnroll�2.1�103 eV
�
�

B

10 mG
�
�
�
�

Ee, max

1014 eV

�
�

2

(1)

�oR��8)� ����&Sp��� X����
q��?T>#Bdrsf� hnrollt1.1u103 eV d
vL7)�
����&wx�yzd� {|/,}~���
�*P��� 5tWX�&P�7���E '()
*+ 4��,e�nfL� � 6& Cas A (SN

� 4 �� !"#����� ���!]����
�oR�L��� !"#����� 5�E
��,�<fL�� 5�E ��������
���!]��

� 5 G��"� J ,���� !"#�?T>
#B�

� 6 {|/'()*+ (SN 1006, Cas A, Kepler, Tycho, RCW 86) ���"� ,��� X��!]�� SN

1006 �wx� ��p� ¡�¢���,N">O#O" X��£¤f���x9�
K��
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C�C�:� /�01"1� X
� !��
�"#DE�9F	G�&� $H$.� I�:J
�� DSA�	�.��K���L�-.M
F
����
N:�-	9O� �P�$/QRS3
�TU$V�W$.$�X
AFY�%&-.�
��� 55�:� 5�563ZU[��	:$�
7\]	^_�`&�6ab�

DSA	
�W� �>?�,:cd	
%�e
�F��feg�3h�� i�-.j�k��l
m��,	
�n��$o�pq��� rs�g
�t 	u.%�i��vkF-�w�567�8
�� �	x'()*+� Ee, max3�y�,:� z
{��-.feg�6s�g���N|b}�
DR~K/usO.�������3)� 55�� us�
2,890 km s�1 :z{�?�10)� K:�,�fe�
m�� �>?�,7cd	
%���e�F��
-.�	e�F����	s�����}� r�
���h�t lmfp3	�� K�(1/3)lmfp c6 F�
�� lmfp :!�	��"	�,����1#� rg

�Ee, max/eB	�$U� %&�m x3	�� lmfp�
xrg6�O�7��6$%���� x:cd�.�
��|3 U� x7�F�6�b56:cd��
.�7�8O� I����,7e�F����5
63�'��� (1)�3	�� Ee, max3��U�
�3(��

DR�0.3x pc
�
�

B

10 mG
�
�
�3/2�
�

us

2,890 km s�1

�
�
�1

���
hnroll

1,100 eV
�
�

1/2

. (2)

(2)�3)�	^_�6� /�01"1� X
3
�2���,���*+: x	�$U� cd66
�	�Z��� ��:x'()*+��&� ¡
*�z{���,�DE�¢£$¤	
N�m�
%&A7lZ��7� ��"	:¥¦F�&/�
01"1�� X
���*+ wu, wd : DR��
��6U�
�� §i�563��	 SN 1006

�¥¦��	��:¨�`
b� ¥¦�� (wu~
0.04 pc, wd~0.2 pc) 6 (2)�3�;��6�

( i ) x©1

( ii ) Bªr-«�$��cdt~1�10 mG

����-� �UO:I�.�7/0���56
7C-� rus, nroll :��%�����¬	U$O
�
�t� �������§­�:� x~10�100, B~
m mG ���®	¯°0"*$¤�¥¦�AB3
±1�8�6aC���&7� 5��:¥¦F�
&� X
���DE3±1�8$�5671.
-	$%&�

(i) : lmfp©rg3�'�����4��6%�
²6aC��-�U�$�7� ³ 7(A)�
b$�
z{���2
�v r³ 73� x´t 6cd��
v7�h�:$�z{� rµ¨z{�t �:�¶
F��d|7��11)� �,:cd	�h$�v	
feU��O� I��v�����h�: rg
N
�8�� U-U� $$¨z{��d|	 lmfp: x

³ 7 z{��·4�cd�5¸�¹6³� 7º:
cd3 �� z{���2
�v rx´t 6
i�cd��v7�8U$�d| (A) 7$
$¨z{�� �8��d| (B) 7�hz{
�����
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,-�.�� �/��0�
#123�
4�5	���657�� ���8
95:�� �;�<� =�>?��@�>�A

BC4���DE�� ���>@�>�F�G�

���E:HDE�I	"� �0�#123�
�4��?��@�������J�65"KH
4<����
 � �>� LM�N��OP���>Q*P
������ERS� (i) ����TU/�VWX
Y$'�Z�� 
��	
,-�[\�]95
!S�7), 9), 12)� ^ 7(A)��H�P��LM�"
�#� _x�` �abc$ _c$LM�` �<dL
M��%�P����Q*P� (e10 mG) ��
� wu, wd �!���&'f(����c$LM�
�7:5> DSAg+�@����)h�i�>
^ 7(B)��H�P�� x�����LM� _�
�LM�` �����j5k��� lm���?
��)h��nopqr>*sQ+,�t�-u
v"�.w�x/nopqr� 1y ����
�13)� D�>z0�1{
�#123�TU��
	
,-����
=��� (ii) ����|� P�� 100 mG ��
�LM�"�#���� _^ 7(B)` ���E"5
wu, wd �!���&'
�}~p���13), 14)� P
���/:E)h��	
���>������
��O�����2 �� ��I�� 3@�)h
>LM�"4<�4�44��DE��/�� L
M�"������O�6��0��
����
�/�x/nopqr�5�DE��/� _@�
G�����`� K���LM��E/�>@�
���)h�i�O�/���15)� *sQ+,�

t�-uv"�.w�x/nopqr� 10y �
��lm���?���nopqr�2���
�13)�

(ii) ��H����>� ?������6>�
��7��)h4<+m���8
�X��4<
��6� "59��/����� LM��+�
�2m����4)� ?���LM�4<����
nopqr�:H�9|%�%;>���<S�
=������� D��9LM�>��%;��
��>�<��/���� ?��@�>�<�G
�?��� _D��H���VWr���%G�
>?���@�AG�� K�>���G�E�d
�5:�`� � �B¡N��OCDV¢£��
�EQ*)*�F �LM��� ���H�?�
�2mLM��:�04!���5:�DEO�
�16), 17)� z0��A
BC4� _3@�)h�¤
¥')hN¦�/�` @��#123�G 6
5� ���>[\�1{}~p���00���
D��H�?������G��G�a�@��
G�
����9�>� P���� 100 mG EQ
*)*�H�
����O 10�100I�/:DE
�JK���13)� D��H�§¨O� @����
Dh
©��ª��X��E��%;L«ME:
H�¬�­/®D"5� P��NO��Pm��
�ERS<�5:�18)� �<�� @��/�Dh
�¯�nopqr>P���Q"� (i) ����
>7�� 1014 eV ��� (ii) �>7�� 1015 eV �
����E°R�/�� 0K� (ii) ����)h
@�����> kneenopqr (1015.5 eV) K�
*sQ±²�� DSA�&'f(E:HDE��
�� °R�O65��S�<�5:��/���
�=0��65:�E³ ���

6. ������ASTRO-EII�� �
!"�

 � �> ´µ¶$�X· ¸Q�¹65]95
LM�)h@�����ºZ�4:K»�DE�
�/�� ´µ¶$�X· ��� SN 1006 �!�>�
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DSA
2��345�+6��������

�	��" �7�
+�1 #
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�+����8��" 
+9�� :�:�
1
�;��<�=>
��� (i) ���*�� +
?!�"@��7), 9), 12)1 A� "B (i), (ii) #$
���*?!�7�*0��
AC (i), (ii) �!D�E��%���F&�G
H��I
1 JK��!+<��'(
+� L
:��� )*+M�,N<�
�9�-��.O
�/0��;��PQRS
1T�GU" ��
����� VWSX.2� 1012 eV �Y�Z��
34
1 (i) *
[VWSX.)\
��#
5
]34M\�^_�-��34 `leptonic-�a
bc �1 (ii) *
[VWSX.6\ 7��8�
9d
�9�:;��� p0<\�=e
��3
4 `hadronic-�abc �f�g�>h��13)�
"�;
 109 eV �; 1012 eV 
:��34bi
��S��'�" *?@7�*0�� SN 1006


��� 1012 eV �Y�Z��<�
Aj�B�
�kS.-
��l:�����1 mn�=>�
� ��o�AC�pC������ )�1 had-

ronic-�ab� q
34���rs.�tu
�<�=>	'(
+� L:��� <��
6
��vtw�	9 	;���F&�GU 1 6
��!+xy*6�U;��VWSX.�#
�

zl�����:�:�
2D	�
FI�"
 �*q�� "�C1 "�;���EF�+��
{G�;HI��" ��	�|�*0B!� �
��1 2JK*
#
�}�VWSX.LM�~
�1345��-��NO1-��PQ{G+61
?F�'q����R�����
+o1 S�*T
7��U�*V*�#
�$
� ���	��q��
W
)\$�*0��

�$*1 #
��W;�*0�6\�$�
G�
�
A)*���
)�XY���Z��+��
f"*:�:�
1 2005[
\D]�;��^S
� 5_`� X�ab�7 ASTRO-EII�c��6
\�$��d����e�������� fg
1,000 km s�1 J]��h�	GT
7��U�*
��iVWSX.
U�*Kj*kVWSX.

l�����1 U�*��h Kj�-��Z�
h�=�GH�U�*�mn�19)�o
p�
I
� Kj��h
 kT�2�103 eV J]
+�
E
*0��  "B�q(

T
7���)\�h

 103 eV JK*0�" ��r�*0�1 SN

1006 ���	 200 eV Gh��+U1 6\�)\
s�
t���+� ��	"�u��h
VW
SX.�k�+;��;��v�;�} zi�
�" �w���� 7�O ���@;���

1 #
�;�}�VWSX.�zi*0��1
)�x�
yI��+�� ASTRO-EII

1 Aj
*zI�T
7����!+��9�a{*	T
[VWSX.�?�*<�*q� X-ray spec-

trometer (XRS) �|������� XRS�c�
�,N
k�-��Z�}~��'k�-��Z
}z9�VWSX.��I�" *1 o��*0
�#
�6\}z9�VWSX.����e*q
�P1 T
7���U�*
oH� DSA��v
tw
<��
F&�GU �������

� �

S�
����� `��c � ��¡¢¡J

) I��£	b����	 
¤;��	�*
�� ����¥� ` ��¡c1 ����¥� `�
 �¡c1 7��¦¥� `� �¡c1 §��:�
¥� `¨��¡c1  ��¡#
����©a{ª
����«�
¬����)�� )�1 S�
­
��®'+_¯������������¥�
`� �¡/��¡���c1 [°b�¥� `�±�
¡c1 �� �]²��³ `´�ab c1 [µ¦
¶· `�±�¡/
¸�¡c1 ��¹º��³ `�
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Abstract : With excellent spatial resolution of the

X-ray satellite Chandra, we discovered synchro-

tron X-rays in the supernova remnant SN 1006,

which concentrate on very thin filamental

structure. In order to illustrate the thin filaments

with di#usive shock acceleration mechanism

(DSA), we need (i) perpendicular magnetic field

to the shock normal with the strength of

interstellar magnetic field or (ii) very compressed

parallel one. This method is a new approach to

understanding the DSA.
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