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\:E�fd�dC`dC#;\v0M��?C��.�L(Y�9t�hs.�"4C�:Z��v;\�:`�h�C���v;\M'k�"4��A�C�`P�C���6	A�C�
�lh?l%�*�!�8�e C���v;\�He"x�oH5
C�fdv�b;\-l�t�y%vA�C�!��/A�C�:��P�C�*m%��1;��x1;HCv	A��1
>�$�\��v;\�He"xMHCC�.d�*�~dCv;\-l�t:'l3jvP�C�!��nxMHCpv�w*m�W�1Æ?���9t��lh8�W�t:�v!�Y�gC�����v;\5Æ(���6C;"Uv�?���a:t!�vMIU��&BAHvM�Y9�5,��!�%^ÆM�v2,x&R��+��Z1;���'qM�W:�v"4YC�*;\�H IagMad-l�8�gvf��z53�1ZMad#�iq�jM�v B 7�A�dx. MB = (−19.48±

0.07) mag �/_�f M∗

B = (−19.48± 0.07) mag )te℄�M�.1�}MY?�Mad�~dCxdC#vM�;\ [1] �Y�"Ut+;\vP�C���� — *NtO!�.C�� W8TS�2009-12-18 � gBTS�2010-03-05CGP�TÆAKw|(�T
�U� (10773020) �TÆAKw|(v�
�U� (10778003, 10833055)



� 244 ���������:�u�-�P������� 28 ?��MadvM�;\��o*��"4�H 1987�'Be"j�?pMad 1987A#�v}v�&1!�Ctj�?v;\. (55±5) kpc [2] �Y�"Ut+;\vA�C��Madk�qM��x�tA�C;!���e"	�|W
\� [1] �Yb�6	�|W
lh�1��:�5l�℄"A�\(ZqiJCWv�H�Yt!�vy%5_l�&�|Wl$�\��vNe4 d �*�WSVJC<t��v�e4
θ �+l8:�t\��v;\ D = d/θ �&Ctv;\Q.X�;\x�4;\�&+���e4`Ne4v1?C�
b&U���+�:v��Y{�Z!�+E�<t��JC	qvVw6SE:'d"�f [1] �fH�B�Ne"Mad 1987A vP��%`SVJC	q��WY�"4t\j�?vX�;\. (52 ± 3) kpc [1] �/*�!�t\v"U)t%K℄�I..d℄oM&xMHC (xxMQHC) Y?�*M�;\%�qMe"�� —*NtO!�v5_Y�.d;\�A�C� [1] �:W1Wv�":(jWYtP �%9���&Wx�t.d;\vA�C�!���1<tvJ3"U�1!�vy^�lS
�qv�|W\��
2 {'7a�dC (�d%dC) �℄jlfd%�qP &;'d	&o�E	�P��6 (d	-�`O�vo�w	��j+ 101

∼ 103 cm −3) v|!-AS-�O�?��d?��d?`d?�vd	�oo�$C	�+<. 0.1 cm −3 �HUd?�=x0/'�8xJ388�5:�6 (M'g�K'+ B1 g) vmfd�Kd?v��ZfdvdM��M�Y8l�Zd?�/�Zd?P(��Zd?pvO�Zl�K(�6�d?v�ZM�QfdsM (light echo) �/ISsMv5hdMP(�JCWFqsMv�*�'�|W��+.dY{�*sMIXv�|WlM℄�C�v�5M"Y?�.d�*�~dCv;\�
2.1 l6"e/+2HNHU�8I..d_�+-�O�?��5?RvM_�j�JCS3I.�Zd?�����.dM�vx(j.m�d?v�ZM (sM) 3��v�aP�vQK.m�n�SK'�|W�e".ddx�Zd?YtsMIXv�|W\��Me C�I..dv;\ [3] �d?sM3�vYt.mvf�I/.dv91�N�:\.dv91M���W%`��2W���j�Efdx+v���+�-MJCqJ38m�.�jv	�℄"A
�l���vl�&+?R��o	�v&;5:CA��Fqv�℄"A�K+3I.�℄m��x�Ml��.��v�o	�6�sM�3��+JCq�<9Sv�_ V:�t\Exi [3] Æ

(Ni + ∆ϕi)P = kDθi , (1)ip P l.dvM.x(� d .m5�YlMJCl� D l.d;\�YllÆ?�v4bl�i (1) �Æl&.dW%} i 8�℄��q.dvN;\�	MF
.m5�



� 3 ) UDn�/N��tND<dJ� 245�
(Ni +∆ϕi) l} i ��/.dM.:Nv�P5|W�*p Ni ._x(w�∆ϕi .:��8x(vP5|Wl�i (1) )Æpv θi l} i 8��/.d�v�;\��� (

′′

) .m5�*fM�WSVJC.?��ip k = 5.775 5 lm5�r����vlg�?�v;\ D  kpc .m5�H���+��8�℄�� i �Mr\�8P�vi (1) �:W�0L ∆ϕi M?��n_w Ni >l4bv�5� i ���{t=:�����℄��q.dv�;\ θi lMC�v�n*���v i f>5:-�?��5�l��+�8 i �5%
�JCqP�v�℄M��:�6S<�+fdx+�Zd?�v�o	�&;�0LH�j��JCq 2 8x 2 8S�℄M���W�t�lWU�E�'M�&i (1) ?�.dv;\ [3] �Y�C;!�vy%|z�/ PanagiaxB [4] e"Mad 1987A vktP�JC	q?�j�?X�;\v5_%oSl��v���t+��;\vA�C��
2.2  4"e/+2HNkdS�℄I..d%�sMIX�M�\IE#�.d (Had`Madx) vdx?p [5] �1�lY℄.d�.t%Km��5d?pvO�	���C6�gsME|7S�JCq�:W�d	6SpsMvJC3X/I..d'�:��	�5:3I.E.dx+��X��+��'QK|TIJ38sMm��jv�℄m��P�Y{�#�.dM�vMm�l�Gv���MF�.�tM�Z�	�v�O�vPZ�"Edx?phS�8mp����v$
�.d�\vM�Z-M� c &�W%`6��mpvX�K:�XO�HfZ.d\I#�k� (h.dM�iq�j) ,�qJC3�2v��. t �KJCmpvNe4. 2ct �H℄mpv��4. θ ���e4. 2θ �K:�t\.dv;\ D . [6]

D = ct/θ , (2)Ybv t EM_$.�t�|W�H��Yl�t��;\vA�C���H D  Mpc .m5� t  a .m5�� θ  (
′′

) .m5�Ki (2) M2_.Ed"hi [7] Æ
D = 0.126t/θ . (3)Sv!�l�,i"\JC [6] ��.:'�6"\�vM(ZASvmp���vPZ�. 90◦ ��j'o1mp5+.d5l_v�74$
S�i (2) x (3) >�y7tSg�x�!
�z53Madu1�sMvm�(Madvm�<z 5∼10 mag ���I'�ul�CJCqv�H��.�WY�"4C�.dv;\�1�l*mbs.dv#���'K-?�?D�� t��Y���?�vg1!�"+C�.d�*�~dC;\v�Xrq��Mm�

2.3  4"e/X2HN�+fSN\IWvMadk��'�℄54�{E#�v��Yt6SE�gJCqP�vsMIX��?�e"i (2) x (3) Y?�	�vX�;\�.� Sparks [7] +
1996 ��\oe" 2 8:�3�JCqvsMiY?�Mad;\v℄R�i (2) M_S

θ = ct/D ,



� 246 ���������:�u�-�P������� 28 ?�Sik+��8p��Mt
θ̇ = c/D ,ip θ̇ �.sMv�i�HUi mas· a−1 .m5�� D E Mpc .m5�KSiM2_.

θ̇ = 126/D . (4)j���W���vJCtqsM�v�i θ̇ �-M�i (4) ?�Mad (�*�#�.d) v;\��?mbsMadv#���IEv;\ D l&sMvN��/���(?�v�MQ.��;\��t+��;\vA�C��Y�!��-|d"v1�l�sM3���v$
:v'�jvx��'K��LsM8JC:q� SparksD.�sM3�/ r2 S�(�Yb r lsM9q.dv;\�MQ.d;�x�!
��\sMv
~/ r2 S`(�+l�j�P��}M_:l�j��&ovZM�":eyu����+�oCA&;v?RY{�vsM3�j�S!V.Kw��/d; r vHC:j [7] �z-h\�'H�W((�Sv�ZsMC;�t\v.d;\Q.�b;\�:W�)WD.y7{j'�WO�oH�?�v;\>QtSl[`v�b;\�w�xb�&��odx`A�dx (M�) t\v;\Q.M�;\�G<9i (2) &�� (x*�℄"A)�e4`Ne4p\v;\:$Q.X�;\x�4;\ [1] ��<9i (4) &���`N��?�v;\�Q.��;\�jWH
	d#oH [1] �&.dsMIXCtvX�;\`��;\�
MRZ.��;\vA�C��
3 L5�$�+sMIX�.\���sMC;�JC	q'���v�8�/(=l\�P�JC`"\JC�5*m'�C6vJC1� (6P�&0~) �.).iU4<tP v�"�
3.1 l6"e,\ RS

1972 �� Havlen [3] qe�W 2.1 !pv!�?�o.da2 RS (RS Puppis, HD68860,

SAO198944) v;\�Yl�J%Kmv2�I..d�M.x(. 41.384 d �HLM.x(vI..d��+?�1Z.dxMHCvv��Æ�xMHCE6M� (Lx() Æv^~�
Ia gMadvM��1���?�d%dC;\X�`X9Kw
'�u����HE 1897��'B��qa2 RSvM.IX [8] �Havlen1�℄�W�1.dvM.`Q. (color variations)jo�o�� [9−13] �*pWesterlund [13] ?D�kV8o�}�1.dvdx?��oI..d`d	&o�e PHiv-�a9�Y��eu���.:�vo��Zd?v;\5%*�x�+.dv;\�fH�I..dGj SU (SU Cas) 0LFS=/���Zd?Ite/�nB�54?DkW�'��_SviC [14,15] � Westerlund [13] �q��q�a2 RS dx?v�+(�j�'M�ÆCq�fdM.�,v?R�M�&;v.m�E Havlen [3] ?"v�mÆgp�dx?l6�7�Qv�	&�CrCA&;v�7L�S��.d�5+7_�G}qa2 RS v;\<. 1.5 kpc x=:℄��JC	q\�vdx?X�<. 1

′ �G_R6SEEY��+�m�.�jv�℄"A��MMW 128 [3] �d	



� 3 ) UDn�/N��tND<dJ� 247�S� Havlen f Stromlo �9
 74 �h):3��Yv 20 R 103a-O VP{#S�++aD\1.dx+�Zd?pv 48�℄"A (�� 1) �5"*p 38"Av'HJC	qt\a2
RS v;\. (1.78 ± 0.20) kpc [3] �

! 1 �b3 RS �+y,�[e�qw 4 9tNn� [3]�/� Kervella xB [16](�� 2) �x Havlen v|z��a2 RS v;\De�oC��	q< 2006—2007 ��ne La Silla �9
S 3.6 m a�u):3 (NTT) v CCDCMJC"U��' 10 8P5|WC�f�.1?vsM�℄���E&BWUp��*�℄o*p 4 8�"H�jv�℄���5&*- 6 8��t\.da2 RS v;\.
D = (1 992± 20± 20) pc �Yb&4;\o;\C�fv��AH (1�T ±20 pc) `C�AH (j�T ±20 pc) ��P�AH+. 1.4% �P�vx�oH π = 0.502 ± 0.007 ��;\Æw m − M = (11.50± 0.03) mag �

! 2 �b3 RS KDN/;O [16]��20 B 8�pfy



� 248 ���������:�u�-�P������� 28 ?�3 1 ;\I..da2 RS ;\vJ3C�"U�<9K [16] �3p IRSB lhh%7�v
m�C;��1!�Cf�� — *NtO!�.m�Y�3po^ 1 � 2 � 7 � 9.;\vA�C��*-.P�C��&3rw�YF�Kervellax&sMC;��t"U 9v�)1��6� Havlen vH(sMC;"U 1 1��z�℄ 7 %*�;\C�f�v)U�qlPo℄v�z-h\���E7d�a2 RS Y�:fd (;\< 2 kpc) voHC�d	Sl?\v� % 1 -℄ RS 0U7(IF> [16]p_ =^E�g /pc #� AH<L
1 1 780 ± 200 uOE= [4]

2 2 040 	�FpI [17]

3 2 111+75
−73 IRSB [18]

4 2 052+61
−59 IRSB [19]

5 2 004±59 IRSB-1 [20]

6 1 984±122 IRSB-2 [20]

7 694+381
−181 	�FpIvbS� [21]

8 1 830+109
−94 IRSB [22]

9 1 992±28 uOE= [16]

3.2  4"est V838�s.d�� V838 (V838 Mon.) vM.IX�H& Brown+ 2002� 1= 6F�I [23] �� Hender xBD�1.dv#��h+1� 1 = 1 F1j [24] ��� V838 $D.l��_$v#�.d���'&;3	v1^dM�l�8 V = 15.6 mag vzM� F g~od�#�jv�jM�iq V = 6.7 mag �M.:N%.,C�53I.&�e#�ISv�u�jM��0L�'�B�*#�}m,iÆ��n.)4'?�� [25−27] �E�� V838 #�j:7� Hender xB [24] �+ 2 = 17 FÆCqo�dxO�PZp�fddM�ISvsM���v"sQ�sMv�e4 0
′′

.54/d v�~NjMj�q 3 =
23 F�iq 27

′′ �<9 2.2 !p�v!�v5_� Hender xB$�\�� V838 vX�;\<. 700 pc �q 4 =[�sM�e4�iq 30
′′ �� Munari xB [28] e"3H. 39 d v

15 d JC	q�tq.dsMe4 S�~. (0
′′

.44±0
′′

.017)/d �&t\1.dv;\. (790±30) pc ���jM�. MV = −4.35 mag ��� 8 =� Kimeswenger xB [25] ,�<e"3H. 89 d v 34 d JC	q�D��� V838 v;\�+. 640∼680 pc �0LY�wf(S
 2 T"U
Yt[�nH�H�:j�S 3 TH(>�vJC	q
<|
):3�*pQ4�jvl USNO 5+ Flagstaff v 1 m 3 [24,25,28] ��� V838 ;\C�f�aH�.m\I+�� Bond xBv>� [29](�� 3) � BondxB<to 4 83 (�j3H. 182 d) v HST 6&0~SV`"\JC	q���qF�℄sMvZp�"A&�LFJa�5fkeSVJC��.dv;\*j+ 2 kpc ��j��W*,�<e"sM"Av"\JC	q�t\1.d;\vEM<. 6 kpc �Y�wf/ 2002 �v�T;\C�"UH�ej�nH��1�.MI�*5�E+ HST 'e6v&0~�JC3HvMj��"\	qv�"� Bond xBq2(���3HvM



� 3 ) UDn�/N��tND<dJ� 249�j�;\C�"Uv1��v,�<�6�<9Y�;\Df��� V838 �jM�vA�dx�m+ MV = −9.6 mag �

! 3 ��� V838 F 4 9KDd4�w#B/n [29]

2004� Tylenda h\ [30] �Bond xBH+�LFv�℄l:Sgv��f_�`dCk8!
��oJCsM"A�*�C;"Uv S�D��� V838 v;\*j+ 5 kpc �5�W�sM"Ap�Bmpv&BD�1.dv;\. (8.0±2.0) kpc � 2008 �� SparksxB [31] ,�<e" 2002—2005�� HST ��� V838 v"\JC	q�t\1.dv;\. (6.1 ± 0.6) kpc �H����JC3HvMj�C;"Uv1�*�v'��6�
3.3 *deHE 1975��van den Bergh [32] 8�Æ�oJC�dCMadsMvM�j�1986 ��
Chevalier [33] �.QD|��o'HsMv�b"A`�_jo� 1994� Sparks [6] h\�Me"fSMadvsMJCYe D�d%dCvX�;\ (2.2 !!�) ��v!�l��MadsM,i"\JC�n:�8/�j"\�sMP�vPZ�*�. 90◦ �5D.%� HST vJCM"Y�!�<t Virgo dC#:dC;\v_Df�:W�EYT>��3�-��JCqd%dCMadsMIXvlj�?pv SN 1987A�:7�
Sparks [7] *�\M�WsM"\JCY?�:�Z4d%.M��v��;\ (2.3 !!�) ��VMad�ad�`kq' AGN ���ÆC�uv2,���sMJC���_��Dev�6 [34] �B�|qE�℄d%dCÆCqoMadvsM�Hn�#r>dC NGC 4572pvMad 1991T [35] �r>dC M81 pvMad 1993J [34] �� SN1987A 0/ 2 8avsM9 [36] �xx�.o�I=�vsM� Boffi xB [37] N�fSv�!Mad�o&Giv}��"U�IE 64 8�5S�<' 25% .issM9�.).i�e"MadsM$�d%dC;\v>�+�



� 250 ���������:�u�-�P������� 28 ?�+ NGC 4572 pvMad 1991T [35] �
Waagen xB [38] qF+ 1991 � 4 = 13 FE NGC 4572 p�IoMad 1991T � 16 dj*m�iq�j��modx. V =11.7 mag [39,40] � 1994 � Schmidt xB [41] �W��1vCM`M'&Bjh\� SN 1991T vj(M�M�Z,�+1MaddxO�vsM��+T>�� Schmidt x"vl|
):3	q� 1999�� Sparks xB [35] e" HSTvCM`"\JC	q�Sv"��o,�<v?D�5�W�sM"Av&BD�o NGC

4572 vX�;\��+Mad#�j2v�:��L���~dCv;\*Po:�0Le"I'v HST	q?d�IosMv"\�Z�nE?�?e4\�j"\�v�5���:M�e &
2.2 !pv!�Y?�Mad (�*�~dC) v;\�.� Sparks xB [35] ?"o�tÆg�v	� 
"4�qF�E��vsMÆgp℄��t�mv_R��sM�o	�<
n = 0.1 cm−3 �5.CA&;�5<9dCsMvX�<sM_�. 50 pc ��j�E��v�+�2.ÆgsMv;\g��yl/dCsMyl0M�P)�5�W����T\ÆgpMadv	�%
;\��Y�;\�M�.Mad 1991T v;\Df� Sparks xBv�s"�l� SN 1991T v;\:vMW< 15 Mpc ��.(�� Sparks xB [35] qh\ SN

1991T v�~dC NGC 4572 ' 2 8/udC�� NGC 4496 ` NGC 4536 �	�vM�;\C. (16.4±1.0) Mpc[42,43] ��E=H℄i Tully ;\v/dC3 [44] p�Y 3 8dCv;\
l 13.0 Mpc �℄ SN 1991T %� Liu xB [34] E� M81 pMad 1973J sM"Av��p����Wwt=�vJC	qCtsMv S�~�')?�M81 v;\�n.)4�'PH>��3�
4 � �

100��1�2'B��q�dC.dvsMIX [45] ��eq 20 j� 80 �l>[`ÆCqd%dCpvMadsM [46−48] �sMYoN!Wvd	O�x-��xWY.dvdx�o�L(Y:Z.dsMz5v~����_��E+Æ�d	O�vO1	�&; [36] ��dx�ovh��&;`S&x (H9K [49]) ��E?DgEdx�ovsMj�'B-"C�.d�*�~dCv;\�8�1YF��+rJC	q�M�sMC;vdf5:���5qgE�℄^��
4.1 3l6"e,\ RS '1E=oij.da2 RS l�1-�JCqdx�osM�5"Ct.dX�;\v�dCI..d [3,16] �d	S�E Kervella x [16] (� Havlen [3]) v>�p�Zo�8�℄Æ.ddx?vsM��j�S (xW{$C�}) 5+�74$
Sx*0/��JCWvoN!W/.d`��vjN/k`����v_&lZ���G�JCq�HUY��℄:Sg���8:�e" 2.1 !pv!�C�.dvX�;\�xWv;C;"UkY�jv:?�j�G}qSvM�j� Feast [50] �i (1) k`.EhiÆ

(Ni + ∆ϕi)P cosαi = kDθi(1 + sin αi) , (5)*p αi -l.d–} i ��jN/�74$
�v����E Kervella xBv>�pK�



� 3 ) UDn�/N��tND<dJ� 251�℄ αi ≡ 0 �Yb� Feast d	S�℄dxO�:'�"A���vp
/oN!W^��5
αi ≡ α �fY�Æg\���<I..da2 RS vM�;\. D = 1 728 pc, Feast [50] tq α = 8◦.1 ± 0◦.6 �5;\o1ÆgM�v���_����/�Bond ` Sparks [51] �Sv�℄,�<�\o3so�����WQDv&Bjh\���6SE&+1WPZv\~(�6��G�JCqvsM��:v5+�74$
S�	�eM�5+�74$
v1!�9� Bond ` Sparks �D Kervella xBv"�l?\v�:+H���qD. Feast v,$�Æg�l:�Sgv��.dx?=M�:'y�h�5�Wz/�74$
^����M�E 40◦ �)�0LH� Bond ` Sparks [51] D."\JCM)O*Sv:?�j���h\"\� p~�<�+PZ��<92�v Rayleign [w� p M&Ei��Æ

p = pmax(1 − cos2 ξ)/(1 + cos2 ξ) , (6)*p� pmax .PZ� ξ = 90◦ v�jN"\����H�<ta2 RS sMv6&0~"\SVJC	q�5dx?p'�C�vm��5�?D*p�℄m�:'�jN"\��f�adY℄m�vP�5l%K /�74$
���E�'M�t\1.dvX�;\�nl:LL�{�3 1 vw�3 Kervella xBv>�v?;\oPo℄v.d;\C�f�Yl'�.a2 RS vsM"Ajl0℄�� Havlen [3] ` Kervella xB [16] �?"v�m�℄��x1�℄?d�!osMv&mj"A�E�1+'�8JC�%v6SE�H�?���\?v���
4.2 9kst V838 /'HE=�H(.d�� V838vC;	qC<|
):3 [24,25,28] �5Q4
:ej��LJC3H:q 90 d��tqv.d;\C�f�+. 0.6∼0.8 kpc ��� HST 6&0~P�JC	qv�"��JC3HvML�1.dv;\C�f\Iowl�Sv.m [29−31] ��a"U. (6.1 ± 0.6) kpc ��JC	qv�L3H�MW 1400 d �&Sv.mM��fdC!
Y{�℄o*m<t"\JC	qY�1�%�m<sMC;1�v~��~�1lSVJCv&0~`JC	qv3H�FY�<t6&0~P�JC	q�sMC;�l*:MVv��� V838 vsMC;"U (6.1 ± 0.6) kpc �/ Afsar ` Bond [52] /(&~ou��tqv"U (6.2± 1.2) kpc )te℄�5'�6v�)1��fY��SYF�sM\�?dM"Y�#�.dv;\,iA�C���?m&ICbM��1�o��.)+'��
V838 �8�%��!�MIjv?D�ql4Y=�vJCdf��� V838 E#�	�modxiq V = 6.77 mag �P�vA�dx. MV = −9.8

mag �M�%Kj�nl�Y�jM�v��Ed%dCpE�Po�M�H 1988 �EG�dCp\Io�J%Kmvh.d M31 RV ��mA�dx<. MV = −9.4 mag �/�� V838 H:��nP�vodx+. V = 15.4 mag [31,53,54] �kV8�1YFe"Y��J.dYdIsMC;H�l:Idv�
4.3 AGN �;'H/LQf

AGN �l�Z.M���*M�::j+Mad�5v\I>s�`k#�iv.m�H�"+sMC;�m"�+*(.djt��/.d��� AGN vM.�℄v



� 252 ���������:�u�-�P������� 28 ?�M�&�W%`6�H�<t AGN sMv"\JC	q�-'M�"YD�	v��;\ [7] �x�!
� AGN v(Z.6�:W�j��5*x+PZ�ov&;e:CA�Y/.dsM��:����&�ZhSvsM5:T8�Q�j��eM�3I.�t"\(Z	�#
��+Y AGN vPZ"\�ZB��'PovDe�En�6Sp	�l�℄O9��Y`lsMv�℄�fH�/;N+�dC NGC1068 �ZMvhj�ST8�h�53I.p�Q [55] ���V6h
Z�dCE�v*��℄ AGN v"\JC��3o?dgE�PZISv(Z [56−58] �
Sparks [7] � AGN sM�℄v,Cj�o��_�v����E/.dsMÆ(�jh\�'M��W"\JC<t AGN sMvi�5"D�(Z9v��;\�nl� 10��W=o�.)E4�'PH>��3�*5�eM�/ AGN sM"Av,Cj����JC	q`_�Æg�\=6v�8'H�e".M��vsM\���(Z9�*�~��;\,iA�C�v|R�k)�'

30 ��vf�5�884�dC`/;d%dCpv.dC;<to�℄v"U�sMC;vy%5_%.�m�	.��;\vA�C���o���gv"4�nkV8�1YF:�dIU'��v�����<tv"U�qgE�℄^��℄_�Æg%�EJC	q!
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Distance Determination to Variable Stars from Their Light Echoes

ZHAO Jun-liang

(Shanghai Astronomical Observatory, Chinese Academy of Sciences, Shanghai 200030, China)

Abstract: Scattered-light echoes from variable objects, such as cepheids, eruptive variables,

and supernovae, may be used for absolute distance determination to variable stars and their host

galaxies. This method of distance determination does not depend on other indicators or detailed

theoretical models.
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There are three different techniques for distance determination to variables: (1) If a cepheid

variable star is embedded in a circumstaller nebula, the nebula will be observable due to reflect

light, light echoes, from the star. The intensity of the light echoes from the nebula would regularly

change when the luminosity of the cepheid varies, but with a time delay. Based on the time delay

effect of the light echoes, the distance of the cepheid can be directly determined. (2) Assuming

that the light echoes are coming from circumstellar scattering medium of an eruptive variable

star such as supernova, a circle of highly polarized light would be observable at a metric radius

of ct, where t is the time since the eruptive event and c is the speed of light. Measurement of

the angular size of this ring yields the distance to the star without any intermediate or secondary

calibrators. (3) If one can measure the proper motion of polarized light echoes at more than one

epoch from a transient or highly variable source of illumination, such as historical supernova,

the distance to the supernova follows immediately. Although this approach is technically more

difficult than (2), in principle, it is far more applicable, because it is not necessary to know the

time when the outburst event happened.

In 1972, the distance to the Galactic cepheid RS Puppis with long period of light variation

was determined from the technique (1) and observational data of ground-based telescopes, which

is (1.78 ±0.20) kpc. Recently, the distance to RS Puppis has been modified to be (1.992±0.028)

kpc on the basis of HST data, which is in good agreement with results gained from the IRSB

method, a relative distance estimator.

V838 Mon, a highly peculiar variable star, was discovered in outburst on 2002 January 6,

and the light echo from the star was observed very soon. In the same year the distance to the

variable star was estimated to be (0.6−0.8) kpc by the technique (2) and data obtained from

ground-based telescopes. In following years, with HST polarized data becoming available and

the observational time baseline being longer, the distance to V838 Mon was updated to be (6.1±

0.6) kpc, which is in very good agreement with (6.2 ± 1.2) kpc determined by the main sequence

fitting.

SN 1991T was discovered in the Virgo spiral NGC 4527 on 1991 April 13, and reached a

maximum brightness of mV = 11.5 mag 16 days later. In 1994, the light echo from circumstellar

material was noted, which was confirmed by HST polarized data in 1999. Based on the HST

data, an upper limit of distance to SN 1991T was estimated to be 15 Mpc, which is in fairly

agreement with distances of two galaxies near NGC 4527.

Besides what mentioned above, some issues on absolute distance determination to variable

objects including AGNs from their light echoes are briefly discussed.

Key words: cepheid variable star; interstellar cloud; light echo; distance determination


