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X A(CasA) DQPw��s
w�t^>dB�hMZx I [o II [{PWD"�	VmS{PWD:{+��KPo{PWDlw��,M�w��W�^�o���%ApHDvx
6�vd8�URp8!��eP,+sDw�;<
z � k �{PW�0� X F0�Uno�`�FE%u|�P145.3 ��� '+b���A

1 �>���
1.1 �g03t� —— .~�e)Æ`r�BzOVr�2�VkS�Rj�	L<Æh\C"{9z+>�9z\u
�C�*�ofhh;�C\R^fgre�nJ�#Q�<*#?��9�<S��+u�2�OÆ�V	zOV9z	��Vb�^w�9zu
C�o`rKV�! zR�OE���M\℄�3Z	3Zf�Y`�$J�Xt�VDz!M\^l<_Uz��	gres�I�P(�t�WV`<Clb���rzOV�/	=�4r�$AC�zOVA�tl*R� I Zn II Z	=�zOVT5*\CT`7�% A��t� Ia Z��=~ (H) �d
(He) �x/�+L�T`/}s�=Y (Si) �x/�	I (Fe) /Pv� Ib Z��=~�x/�=d�x/� Ic Z��=~�d�Y�x/� II Z�=~�x/	l)RZCzOVf�� �x���2009-09-29 � 7����2009-11-30��-��\IF�5p)}A785 (10903007)



� 98 �������A���n���s������� 28 #�9z\CTL�/℄<�^2M ()T 1  l) 	 I ZTL�/C��}�.Æ�%n��TeYt+�TeC 100 #?�9z	L$\�e��� II ZTL�/C��>�rÆ�%n��TeYt+�TeC 10 #?�9z	}CL$	

U 1 {PWSm&U [1]

(a) >�}RYFWbq;|, MÆT� (b) "}RY;|^WM�1F`OMÆT��a:">�;pF���MNmuNYFd# (G*?�&DY) �lRzOVS>Cs)�6% �=b�^MC=W�Y9z*�	nA Ia ZzOV��6X�n}CQSr% druSA1 (C)– � (O) (!VC�k9z	7(!VC!o)<%n�q�I3(5. (1.4 M⊙) \�9z!`gS%C�-����XuSv{C�E	�)7�C*�r�2(!V�A�6#��V�P$�%^lL"g�Z/V (3iV%~�C��V) �x�!���%C!o)< 1.4 M⊙ 	�\�(!V$WCWXth�^M [�V=DKC/h�;�(!V1 – �kSC�k*9o	�6`�7 'V C1OCn�OC�v�INL��uk�v�1 uSC�'Z�':V=o���	9z\reCS�nJr<A9z$u
u�*C�o�9z 	re^!f9�Y�ur!f}y�i\R=�� �O*r
Eb^�L�Iu
�u�o	�=Y�:� Ia ZzOV7�jRAJ!o*Aq�I3(5.Cl2(!VvX [2∼4] 	 Ia ZzOV9z*�nrKV0Z7k_fB�G�C�℄ [5] 	
Ia ZzOV9zr(!VC!o;�[�*�g9z)<P*zTve\C%nVG;r2MC���7� 89z\5*CTef Ia ZzOVAX�7To[�TV��WCR>2T	n% �_yQo	� 1998 D=�6+�Cz+�Qo<���e��[C�W�T Ia ZzOVCreJr$AK�}7�rH0J�UzCs℄ [6,7] 	zOV��C*DS+uE% 9o K<RUz�eC^M�No��TzOVzTC���e��Zl�2zOV9o\H0C�'F~�Ds�	���e[4�zOV9o\H0C�e�[D�*�"9o\j<+f�H0UzC�e��[*	reIA���CKQos℄S+ Ia ZzOVC�W1?T�% zCTe�?yC\Rh��<L�<���%{?H0"7\Uz<+f��[�u?yC\R	�!�
�H0`�CUz�e�[F4rC



� 2 d E���H�8s{PW�0w�%D/1�T�< 99�?�����H0IfJ�Uzh�2<%4rCUz�e	M\��$lH0$7�=$�o&f�*t�=�)�FuSLhCi)�oh�J�D)fH0Uz�e1_LDC�!RC�/h�z;�H0J�Uz	 Ia ZzOVCO+v�Awt2�H0P(/aCP+�/�Æ�	��Rtk"�ZzOV (/h"�) �4G Ib �Ic8 = II ZzOV�<*!o�V~�/h"�℄�	)℄�2�VC!ozA 8∼25M⊙ �%~�<\=fP(!℄�Ik	*tIOCCsv���r =L�$P4C�'IOC�v�=?*kC�C+L�^du
�o�2��o�u!A�j	�6\�*=fIk^d=�Lk�1uuSOC�o��*C/hf�6V=s�<$S.��7IkSC!o)<q�I3(5.\�g$S�!;dAt�$C<-�℄�$CV�M\u
�*oK-�oC$pC	Fj .C_q�!;<Q5$CVCS%�v{�5XuS�53Z��'Zf�6D\=J)�VCS%��Vre(5nJ���r II ZzOV9z	 II ZzOV�=�HDLZ) II-PZn II-L Z�4�H�r(�uTe�/TC^M (II-P C�/T=i\bC[0L�� II-LkÆ) �9zC(DOY�=+*sU ([S 1) 	d 1 �h14nH9#�}RYT\ Ia Ib/Ic II7,Wf L⊙ Z 100 $�t >[$�t Z 10 $�t;|Wb ��1�?Z (Si) �y1�- ��1qZ (Si) �y1�? RxFt�1N�b1�%��eJ1Rx �%F��-q�Fb1uNY 	Y�Q&F)"Y ,C 25M⊙ �Y� (8∼25) M⊙ �Y*,#qF�� – J�Y;|P, )"Y�.1Y�# �YJmT0i#� �YJmT0i#�#q,C 1.4M⊙;|�\, �.)"Y C/O mTF�m `,�� #RT&DYT'=;p aa�F�64\m ��$m |b &DY�2?Fv� 4
tJ ��-q�jt :*N�q?
Ib ZzOV=dC�x/�u Ic ZzOVk�=dnYC�x/�% uSC*�4r�^+��	�,!t% CrKV!o?* (25∼35 M⊙) �7�fs�% S/Ær (�Vri) *v{CV���Y�u_qC~ (Ic ZkkdnY�Y�u) �  % CT`$�=~C�x/ [8] 	 Ib ZzOV7�r�w��IÆZ�V"�Cs℄	7rKV!o+*� �A/h*Ak$CWXt�^�EÆn.\�zOVC$Sf��7�At��6IfS�℄�{a	nA Ia ZzOV�=�Y�A���fA�2 C-O (!V�f^wX ;pD^�*Q�?4C�eOE�!���e�` 0.5 M⊙ C C/O�?� 56Ni, 56NiP	d`�L� Fe [9] 	N&f*ouSA 56Ni �LC Fe r Ia ZzOV�/C+�7�Æ�	��0ZK{k"�ZzOV$Ckv�r#|�qC�!<�_C [10,11] 	f$Sk&���?3Z�eP4�



� 100 �������A���n���s������� 28 #�9ob Si �?` Si �f�jY�u�$P3�r 56Ni(�L� 56Co, 56Fe �XtTL:C�o) 	fTW$S2SCL��3Z�e=  �9ob Si �?�\r^b�C	�)�E 56Fe fv�C�!$#�w�[CF+�4?st Si, S, Ar, Ca 	f?_%zSCr9ob O �?�u�3�r O n Si, Fe �x�Q��=	P_fr9ob Ne n C �?��u�3�r O 	�VCO�sE(D^�zOV9z*L�*����6u�VC�=^hm~�kv�CsE	 II ZzOV9z`�$v�*oC$G!oL� (O, Ne, Mg, Si, S, Ar, Ca,

Fe G) rH0$�HL�C3�KR�u =F Fe +CL��rK`zOV9zv�C	<AD{zOV�/C X E/�E3�<�<3ZJ�CzOV9zOE�3;�n%C X E/�Ev�nAv�zOV9zCkv��=�x+�C%'	�? X E/��mCzr�
X E/�Ev����tuwzOV�/P3�CziÆ�	
1.2 g03m��{Æ_�rzOVC�T (light echo) �7�2zOVS�9z\�)℄%C.q=MF�C~��:�f%9z�i\RÆ	�g9z\z�CT/J)~� fCL�\�~�!nT/�_6E�M\~����xzOVCT/��	d ^MCZy�E�K	"~�6End�E`KCT�rzOVC��TÆ	�T<)L�C\R�AzOV9z\C�ET�4% Cv�O�r��C�*tEzOV9z\CT/=OC�ydA�T7&u K�4mH�FK`�T��zOVCT`X�[%CRZ��W�Q���?%f9z\v�u7H�mL�	EQozOV9z\C�ET2F��TC2o�F<As	<AH0<R~�pg�a�x#��T�,d�x$0 (6EreY 22 mag) �o~t���=t�^sC;ezOV�TA2o<�9x=COJzOV (�/) �$	W A zOV (�/) �*�}V`$C 1987A nzOV (�/)SNR 0509-67.5 [12] 	^`zOV9zC\R}<p#Kx�uVD~�6EC�TfzOV9z	}y�i\R=d=7�A2o<�*�?=A� n9OJzOV��C`dbzOV�_O+v�	
2 F}|QX�1x���7sZiQozi�� nzOV�/=uh�%C! [13] �4�Z;DK�D{zOV�/C3�v��r*dW^*<R X E/2om	 20 oG 90 D/CzOV�/ XE/�Ev�r ROSAT n ASCA C\/	 ROSAT `-x�r���vf�j�A<u�xgCT9n$nC�`�ASCA k`�`!o**:4�X`�iyJ<u 7 keV 	��wu�H��uSuOCv��I�4Gf�+VDz!\�zOV�/EguSC2�T7 [14,15] �<z+rKV9zC�Y-�CzOV9z�Yn9z`�$L�"v�;� 8 SNR 6q$
TeV WCCuS-KuOAH0/jRC5� [16] G	 1999 D	� XMM n Chandra <RjTÆC2FzEt� :Cu�x4<R�N
 (f*o:) n�o�N
 (;6WC�7) CT9n�`	74<R�N
CQo���7 nzOV�/�_��ICv����7 v�g<RsE�M\�7 v��/$n=C�Yko (�e�WWD~G) n|��eC<R�a [17] 	sv4C<Rn�o�N
����7 v�zOV�/$C^hm�; [18,19] 	



� 2 d E���H�8s{PW�0w�%D/1�T�< 101�
2.1 g03`r)Æ`d<9zCzOV�f�T?�17�Br�<A�}9zr	C5��n�����K`v�zOV�/�[9zRZ	nAk"�ZzOV�}+�C7��r$S��C�#�=	)℄f9z$S�F�[&f�2EzOV�/2OC��V�k7 �[tk"�Z�5.C)M<V` (Crab) n��WzOV�/ (Vela) $SC��V<A�E�xv�f
20 oG�fZD/��Az+	�	�f G292.0+1.8 $Sz+&fEW [20] n X E/ [21,22]��V	 Chandra f G54.1+0.3 $SQo<�H}Æ��V [23] 	fzOV�/$	W A(Cas

A) $S�Qo<u�#SR [24] �4rgb!�^���=��(l%7�	~��t-Z�+#8 [25](SGR) ��=v���7�r$CV [26] 	 SN1987A �[tk"�ZzOV�/�4$S��V�~#�zA{<	n�=s)wu�F)
��V�E��=�<	 �%~��V�we��i\R3z���%~��V.qz!#e`4;�n���EC6E%�x	�=7���V	g℄�A*o9oOE���\�fAg!oz`$CV!o<.uP(℄�u{a [27] 	
IaZzOVrKVf9z\A�foY�̂ !� �#�=	n*_QzOV�/ (Kepler)TL�/Cv�S+gzOV9z1)�A Ia Z [28] 	 Reynolds G� [29] f Chandra C 75e*OeQo$X�={<$S�#�= (re��F Cas A $S�#�=I 100 ?) �M\z+g X E/�`$�=�xvC Fe �E��H��d�	g Ia ZjR	4rTm [30] n

X E/ [31,32] v�S+%�9zAh�#C�$	�� XMM-Newton Qo<C9`/ 8kj`T9(lg<fF;f?r�" Fe n Si /CG�DeT7 ��d�!�r<A<fz!?�#j�C [33] 	n% CTmQokl��Hz!$f N �
+% }=7�jRAf~�C*!orKV<A!o�Yu℄�CV.z! (circumstellar medium �W� CSM) 	�S+ Ia ZzOV�=7�jRA?*!oCrKV [29] 	#|R>zOV9z0Z�Ia ZzOV (�/) $^1)&fE CSMC2�T7�4rf2H Ia ZzOV$��z+u�H�)2�T7C���)f SN2002ic [34] n SN2005gj [35]$,<Cq H /��Sn�HzOVCwu�&f�H�( [36,37] 	PatatG� [38] k;�u�nCT`��S+ SN2006Xr�6&fE CSMC2�T7C_K IaZzOV	N103B [39]E Kepler ���=vC Fe /n Si /�z&&fE CSM C2�T7	�Hp`S+ Kepler7��`�A���R&f�k9oCzOVEKErKVC�# CSM 2�T7C�=	(A <s��7 V� Ia ZzOVrKV0Zn CSM CK{ [40] 	�_�)℄�`&f���R Ia ZzOVC Z�:�77 Ia ZzOVTtR>2Tv�H0m\7��e�`% C47/	�� [29] 	nzOV9zC0CA�*sMHu�n�9z�nzOV�/QoS+9z7�X^b�r�n�C	 Willingale G� [18] 7 XMM-Newton Qo��n Cas A C Si � S n FeL��UTus_QT�(l|A℄;fC9oOE�_Q&fN��u<fCOE�kt����S+uS Cas A CzOV9z7�r��n�C	�	��n�9zC����rf Cas AC℄<f,<uR�S�<CsE	Chandra n Cas A �_uy) 100e*COeQo�"A<CT9$7 ��L,<℄<fCS�sEn�;f&fCS�Rn�	7
Cas A C5 X E/�EQo<C 44Ti zE/Z��gv�!oYt 1.8 × 10−4M⊙

[41,42] �



� 102 �������A���n���s������� 28 #�TT4AY�K{���S+9z7�r�n�C [43] 	�6GAzOV9zCrKV!oC}+�C�~�r'Qo<C9)L�v�!oEY�A�s℄�_Fh���n�9zC&fnY�A�:�u?4C��	
2.2 g03`rDm}�j;= ���V~�8zOV9z\d!v�*o$G!oL� (O–Fe) � =F Fe +CL�dfzOV9zC5g�YG^ v�	zOV9z	`v�CL�O<VD<R��tH0$+L�C3�KR	<AD{zOV�/E.qVDz! (ISM) T7\Rhh�9oOE�E ISM "vh��*�=7�y64<R�N
C���n9oOEWB�_v��"uv�zOV9z$Ckv�8L�C<R�a	 Chandra C<R�N
��)<uf*o:�t�Rv�:Cu�$C��	

Hughes G� [44] 7 ChandraQo��lÆu Cas A $ 4 6/Sb�I�_�`���z+% �UKE^MCkv�`�� (1) �`$;�=zE/�g7�?9r��CMd�E (	%!5�5�) 	 (2) �`=�xvC Si, S, Ar n Ca CzE/�4r;,^< FeC�rzE/ (4G Fe L n Fe K /) 	K`E0ZA�s℄2Fh�% C�`7�E9ob O �?u��x�v	 (3) �`^�= Si, S, Ar n Ca CzE/�M\�=�xvC Fe K/�E9ob^b� Si �?u���	 (4) f℄;f�x0_C�I&f?;r� Fe E�CWB�g�`C Fe L /n Fe K /d�xv�7�rKE9obb� Si �?	��rO� +��!ufzOV�/$&f9ob Si �?℄�C Fe WB	�R� Fe WBf	KCv�$A��d�` [45] ��	uf9ob Si �?$&f α-rich freezeout `�	7 ChandraC 100 e*Qo��n Cas A $&fCS�sE8gRn��_�`���z+% �=2�Cb!�$f Si/S/Ar/Ca L���e&t (1∼1.5) keV �WWD~Yt 1011s· cm−3[24] 	�_�f% C�`$���=,<vC Fe K /���= Fe L /	g|��eS+% ?9r^b� Si �?Cu��u^rKEA9ob O �?	�S+S�^9g%$ Fe WB��<b� Si �?u�O��M\% �^rKErKVCPOq	7 Chandra n KeplerC 75 e*Qo�x��N�u4RWB�*f��= Fe L /�En Si, S C K /�E�n19oOE��Df�tkj`3;C�I�7�rjRAMd�E��=5�� O E Fe C�eFE+�2M�7�r3ZJ�C CSM [29] 	�,!tzOV$Ckv�r#|�!0Z�_C�D{zOV�/$=7�7���CsE	 Hwang n Gotthelf [46] 7 ASCA <C�9T`�;�uOJzOV�/ (Tycho)C Mg/Si/S/Ar/Ca/Fe  8kj`C X E/�ET9	 =�HT9dS+�6q<sE�4r% ÆR�2X^2M� Fe K /TC��+(Fg%L� 8 Fe L /C���+C2��D	��s℄f�	 XMM-Newton CQo$A��d�` [17,47] �S+L�C�#OCi�Lzf^MC6q<	^ML�C^M�a7 [bLwut�<3ZT7`	C9oOE��=2)�enWWD~sE/jC	HwangG� [48] n ASCA QoC TychoC-��`Su5�v��z+g$&f Fe OE�����eY 1.6 keV �uWWD~F Si 3;��I 100 ?	 Fe CIWWD~ 8g�af�/=fE�<3Z0Z	g�v	�?�<3Z<=�Y�n=C�e�ÆU4u#e 	*��[A3Z7`g�e![4uWWD~[I	nzOV�/ G292.0+1.8C X E/�`�_���z+g$^&f9okv�C+



� 2 d E���H�8s{PW�0w�%D/1�T�< 103�|�WB ($f Si, S, ;gr Fe) C�E/>	���
+)�/C9oOE�r�qC�u�<3Z��=�Y< Si/S/Fe q [49] 	��C�qsE�7�AzOV9z ^�	 Cas A $C$ Fe WBF$ Si WB�af?*2�� [44] 	n Si, S n Fe L��USCs_QT�(lf℄;f Fe C��af Si _% ([k/�- [18] $T 7) 	�S+ Cas A $WBC*�qa^�x_Q�Xz�=MFC�o;�zOVkC27*�f�uS�)<R<C�9	�)�9}=7�r<AfzOV9z`�$<$pC^Cn�q$C<UnQ<�;�C [44] 	
2.3 s�v�;<G,�!zOV�/3Z$<A�!#e}I�gCAÆV;[&E<�Kx�F3ZsECVZ�e* 1∼ 2 6o:��\3ZtÆV;3Z	nzOV�/$CÆV;3Zv��r[k/�- [50] 	zOV�/A!trH0/J�C3�KR���7J�< 3×1015 eV �9H0/`C���Æ�uuS�)J�C	rzOV�/$C3Z	ÆrnzOV�/$C3ZJ�H0/PgC��KE6qZzOV�/$CEWMd�E�S+WCAJ�< GeV��	�DK<A4�2omCzr�f2oH0/J�<$Au?gCQo��	��%r<A X E/jTÆCzr�;gr<R�N
C:4�fzOV�/ SN1006 $| z+uMd�E� [16] ��	f Cas A [54] � G266.2-1.2 [55] n G347.3-0.5 [56](��.r RX

J1713.7-3946) $�{<uMd�EC��	u Chandra `<R�N
:4<uuf*o:�z+fhszOV�/$d&f;r6C�E�I�g�`;�=zE/	 )r%:<f Cas A $&fCkj`3;sE� Tycho KSkj`3;C'w<sE [57,58] 	f RCW 86 [59] � Kepler [29,60] � SN1006 [61,62] GzOV�/$dz+uR�Cuf*sE	fzOV�/$2o<C X E/Md�ES+WCAJ�<u 10∼100 TeV 	���%r<AlÆ1�2omCzr�H.E.S.S 2o<�2zOV�/C TeV Z�E/�E�) G347.3-0.5 [51] n�2OzOV�/ G353.6-0.7 [52] � 8 Milagro 2o<C G40.5-0.5 8
G106.6+2.9CY 20 TeV �E [53] 	��A�S+zOV�/�7�J�!C (H0/`C3;���)k/�- [63]) �4b�CQo�`�e�_��dCAT	Æ�)r�zOV�/7 ngC�_�x=GCJ��r�[Æ�	

100 TeV �rWC�AJ�<CP4�o [64] �FH0/`C���Æ#�I 1 6o:	)℄�wvenJ�J�!?J=G	 BiermannG� [65] :�*f���&�CH0/r�`rKVV�CzOV�/uSC��\7L�wF[&V��w�4	 KoyamaG� [16] fGA SN1006 $CWCJ��o\�Æ�wvet (0.6∼1)×10−9 T 	u Vink G� [42] 7 Cas A CMd�E'wDeGA3Z&��wt (8∼16)×10−9 T �T4A-x�[&�w (3×10−10 T) 	 SN1006, Tycho, Kepler GD{zOV�/$d&fR�CMd'w�S+% C3Z&��wvedh4 [66] 	`D<7Md�E'wDe�GA��wveC .	P�fMd���E3;zOV�/ G347.3-0.5C Chandra Qo$Po<g���E6q$&f�H�#WBC�oL� (nJnYD) �\Rf 1 a  =	)�C�CTL��7Md�EKwu�uL�ug% =C�E0Z	M\��)�oL��rn3ZJ�WCC`\[��Xt� :Cu�nC�wU�	K`Md�EWCC



� 104 �������A���n���s������� 28 #�U�\RnJ�\Rd�A���wveYt 1×10−7 T �v{�+u6q$&fVD�wC
*+>	��vC�w�rJ�!CnkC< 100 TeV  <CO\G^ [67] 	Y�v�S+H0/3zC��=hmZ (Ok<) 7 `�w
*;6o: [68,69] �4r�e�nhs#C4e�/bpQ`��_?O+Cv�	
3 QL|QXE�V�tMXp9BE0X
3.1 pyg03~"m�{OJzOV (SN1572) 9zA 1572 D 11 \ 11 $�9z� u�WÆ�CV`<lb�9OJzOV�/	$[n�9z=}5�CC��XzkjQou 18 6\	":\*i�%���r��mH �2v�C4R	^`��< 19 oG1�T`m17<��mv�<\���mH h*i=�hnzOV�_�R�u:\OJzOVC9z��`�u;*D�n%CQo�Æ~�n$A��zÆU��Nn%C�R��=�(	=�`dC� KCOJzOVTL�/n|8~��OJzOVA!t7�r Ia Z [70,71] 	�Z;DK��?QoziC^l:4�7UrnOJzOV�/=fO���C X E/Qov� [47] �� 1_!<%}7�r�6 Ia ZzOV�4r=HQo7���EVZC Ia ZzOV

U 2 PK{PWD�U [74]R�MFnyVth`O^T:O�WpmV�qRM}RY(�O�D
F�V�RyMFnyVtR�MnyV3ZFv_�*D;hn8bNeT�M��(!FtV3�? uD;9��bEtV-*mn�IWDFt (q&) H���90TH�F,F��9℄R*nwH�b`F	=�O91i�=GH�Fkj��V&F�HO1:=G>O�dU�
itRM}RYF~��n8bNeT�HBFH�b`�fp�W����-�It (q&) H�
tRM}RYF�W (j9�-h1 On-line .E) �

df
2



� 2 d E���H�8s{PW�0w�%D/1�T�< 105�X^2��gTL�/���v Ib n II-P zOVC7� [28,72] 	�6w$�6�;CPgC���~��rq{<OJzOV9z\CT`	��\5 400sD��6℄$7\C�nVT��^7�u���7�6OCzi —— Qo%9z	C�T	OJzOVC�TP��#	Al6v�OQo< [73,74] 	T 2 �QLklu�!�TnZl)�TEOJzOV�/2OC�~	� Qo<C�TF%9z\�nE<L�CTu 436 a hJ)L�	Kx�E�TC�!3�r�afVD<R$C~��% 7 |AzOVC.K��7 TfWzOV;*TDÆ_	�SOJzOVC�T�= 1572DOJQo\VTC�p#�Æ� (�TCS%rer (23.5±0.2) mag·arcsec−2) �4y6A!n�9<?� 8.2 m C[VWTmjTÆ (9$0�=�9�nB`���Lt FOCAS) � Krause G [73] $AuOJzOVC�TT9nT`	gT` .�qt 3 800∼9 200 Å ��N
r 24 Å 	fTu8*	nr��T���Æ	�$ z+�TT`$Æ~/�=Y�x/�8/�,/n�$CI/��=VZC Ia ZzOVT`7b	?��dER> Ia ZzOVT`CCRFn	�OJzOVA�!t	x Ia ZzOV ([T 3) 	

U 3 PK{PW�UDUa [73]KD^Tt 2008 G 12 ^ 22 &�h:"o�:=:?&2D?�;�qDb�F��v 8.2 m F℄YYWpmV���WFT'tft 23.5±0.2 mag · arcsec −2 �Wb"0�sv 3 800∼9 200 Å �ÆP�t 24 Å �hVw9+
qu�AW�������WWb&��1�?Z�y1�91�-1q�%FJ1�
3.2 pyg03��3m��6CzOVrP3{C�=�Y+>Æ��IaZzOVr(!VC�k9z��EOV (novae)uSC*�}2�	

Ia ZzOV9zR�?�2(!VCb�w=�uOV9zzSf(!VCS%�X^



� 106 �������A���n���s������� 28 #�% (!V	�_COVY�!t [75] �|A#��V�P$C(!Vkj"g (��V) /V�x�! (3�r~) <gS%�q�9Lt^��f~6qKf�e1_U4�<26\��S�~k�1�/j�k9o (�9~59o��) 	OVP4re7 F+�r 10 e? (zOV7 r 100 #?) ��,(}7[����.	�r)(!Vz)q�I3(5.�^!"���orKE-�fgS%<C~%dC�vk�1	=� Ia ZzOVnOVCY���A�V�P$C(!VfP(b�9zw=r�r=7�uS+#9z (recurrent novae)OV+>C [76] 	OJrKV=�+>��K`nZ�2o<Cx_ IaZzOVCQov���6zOVf BZiCP*%nTen9z 15 d	Te�L
C��O�AA<	M[H0mx�t H = 72 km · s−1
· Mpc −1 �ZAOJzOV%nVGYt−19±0.3 mag [73] 	̀ dC�(lOJzOV4wVGY−4.5 mag�l~2sY 15 mag 	 6 GVr�}7[P$V�)fOJzOVC|��gPD%nVGr

−9 mag 	*tTe2s 100 ?�VG�s 5 mag �+�C%nVGr 4.8 mag �*�OJOVPr%nVG1r −8 mag(P*F+�r 10 e?) 	)℄+=Y�rnC�	 r,^<7�COJOVC	=g$7���F�
 Ia zOV%nVG7 DA −19 ��%~OJzOV4wVGDKrrA 5 GC��%h�A?O+Cv�	
3.3 ��m_3 Tycho G

Ia ZzOVdrRA<)%n�q�I3(5.C1 (C)– � (O) (!VC�k9z�7�C*�r�2(!V1�A�6#��V�P$	*�q{%7�C/V�t}=I�CAT (g9zrC/V7�r3iV�u�Vn��V�4^!r(!V) 	 Tycho G |AOJ 1572 zOV�/= (��2� 0.65
′

) �r2 G0-G2 u�V (!oY 1 M⊙) �*=T4A.qg%�VC�<ny<�e��WEOJzOV�/27�=`4C+|�L��e (A IaZzOVOE� �) uA!tP7�rOJ 1572 zOVC/V [77,78] 	4n����=���F)OJzOVC"{9o!`gu�V/VC_4q^��7��� $SCk (7�r�2(!V) ��;�g/V (��fTmnB_Zi) �xr (F) 5 000 ?A+�) �TmQo Tycho G ^r�)�E (gS%=G�e 5 750 K) 	2UzK<RB_2omC��dQo7 36Y���S	
4 &�Y A |QXp'E�V

Cas A zOV�/r-x�$PD{CzOV�/Æ��*Y9zA 325Dr	�u�<A�}9o\CQrC��  � n�2zOVCjRuwQ�	 Rest G� [74] |#Qo<u Cas A zOV9o uSC�nT/7`L� 3 6oGÆ	%fTmZiK`~�6E℄�CTm�T�96EZ��TÆ	n? KrauseG� [79] A 2007D 8 \ 20 $f�_ZiK`�Il<R�_jTÆ (s-�TTeA) 2o<u Cas A zOV�/.q~�AzOVT:J�	d�E�KC�_�T ([T 4 ��_�T���or F24 µm = 0.36±0.04 Jy) �MD 10 \ 9 $fn1�_�T|��$ f7 8.2 m [VWTmjTÆIB<u�TCTmZiT`	�TT` .�qt 4 760∼9 890 Å ��N
r 24 Å 	 A�TT`klu+(C
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U 4 �U<sNIh}RY�2�?�8� .�*V&F�9
J!n�#}RY;|��>3k^T?�� .CL��(a�G}RYFW�&��y}RY�G�|��a�G��8X3>uP�:)��WF>TÆ�h<\�8z
^T (t) ^�
!->F�W3 (* C) Æh�8"}RY;|U (S) qN�vdU (O) F\�'=��8'X;|UFR� Xt

ct/2 �*}RY>
!F X~V (d ≫ r) �\�':��:P�'M)� [84] �

U 5 (a) Cas A {PWD�`�U [79] 
�sJm=S�`kU�JCD�7_NaM Cas A {PW�0'�N�A	 (�(+Eu 2.5×5 \�g) DU:
 2007 E 8 ℄ 20 %DU:)m�7�BxDs+�&�>�,gs&Dm7U:%
�sg�`[j3p=D Cas A {PW�0/r��B{PWU;K�
e�F�LD�`�U
�`�U���ps F24µm = 0.36±0.04 Jy) 
 (b) g8 8.2 m \WXUnkU�go2�`�U}�JCD�UUa (℄Ss 2007 E 10 ℄ 9 %) 
�UUa!/�ru 4 760∼9 890 Å �O�s 24 Å 
�UUalmv,)D Hα �F0��>iwD He, Na o Ca 0




� 108 �������A���n���s������� 28 #�
Hα�E/�nhvC Nan Ca/� 80 He/��E IIbZzOVT`�v}g ([T 5) 	��S+ Cas A zOV�/7�jRA IIb ZzOV9z�9�2*!o�Vf~�<��Vri	 ($S~�?bH) �Y�u_qC*f�~6q�dk."u9z	�)9zC*�EOJzOVrb�^MC	�TCQo^�s�u	j}�Cn Cas A rKVC����=6A��mH`9z`�Eg�/b!j�jK��_zOV�Yv�	
5 �V=tp�Vx�pC>�[E[_U9��4rQo<CzOV�TCpe�}��gn��v�C+�b�^'Æw��??sO?�C17�� Qo�TC�h`^l:4�?szOVC�T1�AQo<	Tt�ROCQo+>��Tf��v�$CT7�`^l℄r	F)
�TC%'^�fA|rVD~�CsE��7 J6�_�WCoo	f��m<�WrP<�[C�Yk�Æ�	P�OJzOVC�T�A2o<�ER>zOV0-2Fn�g�TT`��[%r Ia ZzOV	* Ia ZzOV9z\CP*re(Ddr2MC�u`d�C�uOJzOV9z\CQore	Qoren�`P*reCsU3�Æ$AzOVWQo~C�W�  � +f�7 ?gLooOJzOV�/C�W	M�OY7 Qo?sg$V�$C Ia ZzOVC�TXo[�TV�C�W	�_nzOV�TCv��=6AYw Ia ZzOV9zC�Y*����r4r��m<#�kuz$C�*<;	�,!tf�2(!Vn�6��VO�C#��V�P^uS Ia ZzOV9zp^�(!V"g/V�-�!�7!oz`q�I3(5.	zS9o (2WX0k) �u�=�)Y�k!t Ia ZzOVC9zrK`l2(!VCvXuzS (�WX0k) �~r~�#1��d25	�T+>f��m$�=}sg%C17�F)v�D{CzOV�/.qVDz!C4wsE [80] �ooD{zOV�/82OC��CD~%�W [81] �ooV�WC�W [82] nK`n4��Z�E/8C�TQoK�l+C�!#eG [83] 	
6 KuFulD�Jsux=D{zOV�/�DKÆACQo�℄�4G X E/��VCz+�72o�/$S�#�=36�[zOV9z*��v�zOVC�n�9z�zOV9z`�$Ckv�`�n0k�zOV�/$C3ZsEnH0/J�G�;	D��8�vZzOV�TQoCS^�r8*�nzOV�Yv�C47��zAu�TC;rnuSOY�25zK?szOV�TQo7�36w$zOV�Y$#�^��C�H�;�) Ia ZzOV��RA(!V�-/V (2UX) �r�(!VvX (�UX) u;�C�k9z�9o�Y�k��rzR�C9��ruR�C9�%~<9�9�t9��S#|���rf$S�rXW$S�TtH0mv�CR>�W2T� IaZzOVCP*9zTe=s*CL��q�zOV (�/) Cv��%}hsFx�fQo<4�gCAzOV3ZJ��=hszÆ��)3Z�o9�tWC�WC^�CFers��gG
)r}3ZC�z���w
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*%�rAt��zOV�/<A_Q&fzR�+>8v3Z�M\��tuv�H0$�R+>PgC`�v	zOVC�TnzOV�/svv��dJ< �/C?v*jTÆCQo�h�I�!Z^n�H�;C��dv�	A/ D�LTR�T~EM_ =hse��7UE;	*mT�n8���<	*mg�OPX�$4W4�v� ��'�[H��)ew�ne||Gv�QCe�nD�Cb�}=36�f�n$ Sl'SC3N�f
&*�
[1] Flippenko A V. ARA&A, 1997, 35: 309

[2] Han Z, Podsiadlowski P. MNRAS, 2004, 350: 1301

[3] Webbink R F. ApJ, 1984, 277: 355

[4] Yoon S C, Podsiadlowski Ph, Rosswog S. MNRAS, 2007, 380: 933

[5] gC��℄Hy���V�D�p�v� 2003, 21: 55

[6] Riess A G, Filippenko A V, Challis P, et al. AJ, 1998, 116: 1009

[7] Perlmutter S, Aldering G, Goldhaber G, et al. ApJ, 1999, 517: 565

[8] Woosley S E, Weaver T A. ApJ, 1995, 448: 315

[9] Arnett D. Supernova and Nucleosynthesis, Princeton: Princeton University Press, 1996

[10] Woosley S E, Weaver T A. ApJS, 1995, 101: 181

[11] Thielemann F-K, Nomoto K, Hashimoto M. ApJ, 1996, 460: 408

[12] Badenes C, Hughes J P, Cassam-Chenäı G, et al. ApJ, 2008, 680: 1149
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Light Echoes and Remnants of Historically Galactic Supernovae

TIAN Wen-wu1,2, YANG Xue-juan3

(1. National Astronomical Observatories, Chinese Academy of Sciences, Beijing 100012, China; 2. Department

of Physcics & Astronomy, University of Calgary, Calgary, Canada; 3. Faculty of Materials, Optoelectronics and

Physics, Xiangtan University, Xiangtan 411105, China)

Abstract: Observations to Supernova remnants (SNRs) play an important role in studying

the late stellar evolution, circumstellar and interstellar medium, the Galactice Cosmic-Ray (CR),

element nucleosynthesis, galaxy evolution and so on. Based on technical update of telescopes,

our knowledge on SNRs and issues related have been improved a lot in the past decade.

In the paper we review major progress in the field of the young Galactic SNRs.

(1) High spatial resolution X-ray observations of young SNRs by Chandra, XMM-Newton,

SWIFT, SUZAKU Satellites etc give the detailed physical images of supernova explosion, nucle-

osynthsis, shock and CR acceleration. By using high spatial resolution images from Chandra,

many pulsars associated with SNRs are found in X-rays, such as in G292.0+1.8, G54.1+0.3, Cas-

siopiea A (Cas A) and so on, which can be taken as direct evidence that these SNRs are from

core-collapse supernovae (SNe). On the other hand, the failure in finding the pulsar in Kepler’s

SNR strongly suggests that its explosion should be type Ia. New X-ray observations also reveal

asymmetric explosion of SNe, which challenges the current theoretical calculations. It is believed

that the nucleosynthesis in stellar evolution and SN explosion is in onion type with dominated

elements ordered in shells following their atomic number. From the X-ray emission of ejecta

dominated young SNRs, the model can be checked and the nucleosynthesis process can be well

studied. The synchrotron radiations in X-rays in SNRs (e.g. a young SNR 1006, an old SNR

G353.6-0.7) have been discovered, which provide the strongest evidences that the SNR shock

should be one of the main CR accelerators. This is further confirmed from new very-high-energy

γ-ray observations that γ-ray emissions share same space as X-ray synchrotron emissions from

the same SNR.

(2) Detection of light echoes of historical SNRs unambiguously shed light on the nature of

progenitors of the SNRs. I.e. The optical spectra of the light echo of young SNR Tycho 1572

confirms that it originates from the explosion of a normal type Ia supernova which is widely be-

lieved to come from carbon-oxygen white dwarfs that accrete mass from binary companions until

they reach the Chandrasekhar limit. The discovery of both infrared and optical echoes around

Cas A directly reveals that it comes from a core collapse explosion of a IIb supernova (about 20

M⊙) whose progenitor usually has a mass of 8 − 25 M⊙.

(3) We also shortly comment some key issues that have not been solved yet. Those issues

could be understood with the help of new generation of radio,optical, X-ray and γ-ray missions,

such as Fermi-large-AreaTelescope, Constellation-X, Symbol-X, FAST, ASKAP, etc.

Key words: light echoes; TeV soures; supernova remnants


