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Hoogeveen O EHZOTLHOMIZ, IEHOLOLAH Y FHATLE(FE D, ORI, AHME
E3HTHLTD, BN LT WIS NS Z 522 W ERSH 570 & /MBS EE L v 2
ELAREERD S IR T EENMRN Z EELLBRIN DN 0 BbiET,

#£ 1V4727 Sgr OE/INKEZ & O-C

0(JD-2400000) E 0O-C Hoogeveen O-C Kat(2009)

51663.2622 -98 0.03582 -0.00060 Kiyota
51956.9510 0 0.00000 -0.03410 Hoogeveen Geert
55071.0042 1039 -0.02721 -0.03669 Kiyota
55445.6488 1164 -0.03136 -0.03787 Kiyota
55062.0149 1036 -0.02494 -0.03449 Kiyota

X LIX AN O E & & Hoogeveen DEEFHR K OIMEDEFHZITKT 5 0-C T3, Hoogeveen
O NREZNL, B/ hDJEZ RN e ASAS-3 7 — X ZMi5E L TRDT-H DT, [HEHOBLHIE &b
RODT, INERE, BRI TA VA2 b L0, HEH

+  min = 2451956.98143 + 2.9971361E

.+ mag.range 11.6-14.7V

+ D=50min
EHELE, FIERZRLMATZO0-COEEDIFLUTOR2DELY T, BHBIHAEVNDOTH
HREE, MINSEAERDLZENTEE LN, LT L, AR EREICERLIZL D
TlEHY FtA, BIEENZL2NTT L, A% OBUHITH D D LI, JAHLOE RS L
ERbIET,

# 2 R1IZESBEIOHFERIZHNT S 0-CEMZIZbD

0-C
0(JD-2400000) E O-C Greet Kat(2009) Kiyota(2013)
51663.2622  -98 0.03582 -0.00060 0.00008 Kiyota
51956.9510 0 0.00000 -0.03410 -0.03043 Hoogeveen Geert
55071.0042 1039 -0.02721  -0.03669 -0.00129 Kiyota
55445.6488 1164 -0.03136  -0.03787 0.00134 Kiyota
55062.0149 1036 -0.02494  -0.03449 0.00082 Kiyota
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FAHR N OWIEIER KR E WD S0 57 ASAS-3 <00 H OB Tl BN O ABIZEOE 2358
DHONEEA 3), EDX D RBHOERRRDN, A% OFHTNLETT,

|
I

14
1
St~

15

0.0 0.2 04 06 0.8 10

phase

X 2 ASAS-3(B) LHEHGER) ORI & 3 Y E iR

", Y Al goe o m o®
AT AN 't QP rn " A f’n w
o . .
> 2 4
B
0
T T T T T
0.40 0.45 0.50 0.55 0.60
phase

X 3 X2 ORME/NMHEZIER LIS D
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T VAV RD RS B A T B AR E 2 OV aERLk

ISR (T B RS R 5)

M=
T FH RZ Cas & AS Exi O EE (A3V) 13, IRENEAMIK 20 5 DREIETH S, Z O
s, 6 Sct M, E72iE roAp WA E AT D720, MM 21T 70 o 72, ZOFER, W2
FEBICEBBRZETHLZ NPT, BEHELE LN L, EEAPOA T =X LT
WCHGm T D, 7238, BRI, Narusawa (2013) 2SS 720,

1. [FL®IC

HEH LN T AL F RZ Cas DEE (LLF RZ Cas-p) IC#EEh 2 #i H L € (Ohshima et al. 2001)
Lok, BB ORDRICR 2 EIREIN RO o T\ 5, Zhou (2010) OH 4 1 Z2ix, KEIE
WG RE I TG 370 fHOEE  ZEHERERN Y A FEN TS (146 EREEE T, £
DHH 60756 Sct MEAAEE LTWD), F7=, Uytterhoeven et al. (2011)1%, 750 fi# D
A-FBLE D Kepler |2 X 2 MR A MENT L, 206 8230 SctTTHY, 2D HHD 7 D) A
BOWRSETHD ERFE LI, I T, Liakos et al. (2012)2 74 fHD § Sct B & /& &4
HTHEER RO 2 v 7 E2Fo T D,

INHEORTEHENER L TNDHOMN, RZ Casp & AS Eri ®FEE (LU T AS Erip) TH 5D

(EBEH 627 M A3V), ZNENOREEMIT, 2257, 24 3 THDLHR, ZNHIT6
Sct B L roAp EOHRNI/2>TWAHTDTHD (LN TWHH T, KERHD§ Sct Hix
KIC 4840675 @ 11-12 43 Balona et al. 2012, & EJSHID roAp i HD 177765 @ 23.6 %3
Alentiev et al. 2012), Z®7-® RZ Casp & AS Eri-p 7% Ap BEENE D Z L2 F 913 Hk
ZRioT,

& Z AT, Liakos et al. (2012)iF, REEDHKDE L 2> TODIREE DY (Pous. H) 13,
ANHEEH] (Pob, H) MRS D Z L 2L, TV TNNRICHOWTIEL, RADBKY LD E L
T2,

log P puis = -1.56(4) + 0.62 (8) log Porb (1

&L Z AN, RZ Casp & AS Erip OREEEHNIL. Do FHEINLILOLID ZNETh, 2
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i, 3RS > TWnD (=7 —DfiHZ X T D),

Z 02 ROFEMOFRKN KM L BR1RH D LB X, EXIHEFREAREZITR o7,
RZ Cas-p IZ2W\TCiZ, Narusawa et al. (200012352 £ LD TVER, ZOEDTEREIZL Boo
Bl OERRZETH>Te, AESTITFIZ AS Erip IZOWTER D,

2. EUR LR
fiZfrit, SPTOOL (Takeda 1995) ZHW 7=, o PsA (7 x—=</L"7 k) 1ZKGHEK & &
Z 6N TW5 (Dunkin et al. 1997), #ZT. « PsA & OMIENT 21T -7,

2.1. FlHfEW

AS Eri & o PsA O43eBUIE, 2005 & 2006 4FI, PHIE Y FRILHE D2 P Iz Limbilo 5
SiL7z MALLS 73 taea W CiT78 o 72, AS Eri ® A7 kL SPTOOL THRK L 72 ff 2
DAY Mz, BRREOEREORE, HRICHDOE TELIW, ZitEx AS Erip DAY
MreBielL, ETNVRKD ALV 7 1 IMMHI=0 Z{E LT, PRI LT-, &0k
B, AS Erip O#kfIE, a PsA £V ~0.8dex 1ZE/NENZ EBNbholz,

2.2, AEHT

2007 4E 1 Hd 28, 3132 % HDS T AS Eri OBHINTRDITZDT, 25 bDF —& &Kl
Fricn iz, a PsA D A2 hbid, McDonald KXLEDT —F XR—AnbLA 70— R LTz
bR L7,

F 72l 111 188cm @ HIDES THEE & [F U A7 M AAI(KO TID T 5 ¢ 20ri OB BT 72,
Z DR D4 EEIX[Fe/H]=-0.581+0.046 (Gray et al. 2002) TH 5, ¢ 20ri D A2 L% AS
Eri OfFREORBIEEIZHOE T n— F= 7 &%, AS Eri OBHIROEEORE, HERICH
b THRNT =262 05\, fERD AT hvid, AS Erip D A7 hLE R4z b
WTE, TRV,

Al L7z &k 9 1c, P O8EIT o PsA LV BB LZ 0.8 dex IEE/NS NI Lo
oo TIZT, BUNTETNVKRKDOAZ VT 4 %[MHI=-0.8 LEE LTz, & ZANFIEDIZT
RKOGDT A L EfEHT LTZE 25, a PsA XV 8EDH 0.6 dex BIE/NES o720 T, LIKIT
[M/H] = -0.6 % [ & L THT 21772 > 7,

3. KR

WRZE1IRT, ASErip b&BRZE ThH-o7- FEERNDG, O, C, SKHEDT A 1%
L, FTEHOT A LT L RLTWEOHT N TE 3, 1 Boo NG 2>E TITHIBA L 22 h
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S72), fRMTHRE RO —f L LT 112 Fe 15455 A, X212 CrII 4634 ADKEF %R,

1. AS Eri-p & RZ Cas—p D1LZEHERK

Element AS Eri-p® RZ Cas-p®
Mg 1 —0.57£0.14 —0.36
Mg 11 —0.55
Si —0.09£0.05 —0.59
Ca1 —0.60£0.07 —0.32
Tin —0.48+£0.16 —0.45
Cr1 —0.95
Crn —0.31£0.12 —0.84

Fer, Fe 1 —0.66+0.11 —0.63

a: RBFZE. b: Narusawa et al. (2006)

& AT, RZCas DA IE, FM/NOERTTBU L 72F Mg X, FMvhEZOZALD b/~
X< 7o TW% (Narusawa et al. 2006 DX 2 &), Ziuk, RZ Casp Fifi EOK v AR
v FBREEEZ NS, TI1E% HDS 12X % AS Eri OBUHNIE, A 0.805 & 0.174 123
WTAT e bivTz, WH OSAME 4 LT 5 & SRAIRZENRD by, 32d, AS Erip i
FHERIZENE (NRP) THh 272, NRP Tl Z ORI U TR S 223 5 2 & A3
LTS, & ZANR, 4RO HDS BlllOEHFMIZZENEN 1 0 TH Y . ZHUTIRENIAHD
4% % BM L 721 E 9, NRP WEMIEIC G 2 2 BIIAHTH S, 2L, bLlby hARY
FARFIEL TV LTH, £72 NRP ORENRH 72 L LTH, WAL TOMAANTHRE RiL—
Z = —DHEIFANT—H L T\,

ST, AEIOMHT T, MHlEE EBICHEBRMEZ 7V —"T A= & LT3, EFHOMAT
FERTIE, Vir = 39.9+2.8km/s & 72572, ZHULFEWHAEE 30km/s £ 0 #, 72, WEOH
WS L B2 % (35 km/siPoper 1973, 46 km/s: Levato 1974), Olson (1984) %, 7=
VRO BREENI R EEBE N KR E o T LT 2 L 2R LT D,

4, ER

RZ Casp & AS Erip iX, & bICE&BKZETIEH D23, Ap B TIHARW, - THEIL, &
Z5H<, § Sct & (Fridzodifl) 2L Bbinsd, Ap £2OJFKIX RLGS (JLEET V) Tl
HENTWAR, BEBENEBX A7 LILZTIEINTRZ IS VWDES S,
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ST, RZCasp & ASErip L[FILK ABVDET, #1853 & W) FWEWTIREN L T\ 5
6 SctME Hd 5 (V1366 Ori, Casey et al. 2013), ZDEDOEEIL, [Fe/HI=-0.8+0.1 TH
% (Merin et al. 2004), E72R U< A3V Th L3 A 2.6 RO § Sct MEIZ B Leo (7
F 77, Mkrtichan & Yurkov 1998) 3% %, 25 6 O#k& X [Fe/H]=-0.00 T& % (Folco et al.
2004), ZNOHEEBETH L, BRRZVEBPESO —-KIZZR-oTWD EEBbhs,

& ZAHD, BRKZDEFMIRE OME— O JIK TiX7e, 2 Boo MURENE D 727213, [Fe/H]
~-2 RETH D7, RZ Casp & AS Eri-p DA IV R\NH D (JHH] 30~40 5FRE) M6
NTHLI1HThD (F2),

®2. 1 Boo ZIRBENRBEAHN L EEE

B4 RENJE ) 2 [Fe/H]

(%) (dex)
35 Aql 30 -1.6b
A Boo 33 -2.0¢
29 Cyg 41 -2.0b

a: Paunzen (2002), b: Heiter et al. (1998), ¢: Venn & Lambert (1990)

THIANROERIT, TATHENOENZZIT VD, £o, HEDPLOHEBBIC L b
BROFER~DEA VT b e AR MRBHDH b IO TG, Flo, TAALRICE
WTH RS CVn BRI OGTREN M5 ST % (Retter et al. 2005), 6 Sct BlOHRHE)E
Hell iZX % k A=A LI X > Tl ST 5, RZ Cas-p ° AS Eri-p O#EH) & A I
FHZ R THESN TS &R D, 2L, ERDNOOEN), ¥4 VLI b A7/
BEMEE, BGEER SICERBRZDMDDHZ LIZE o T, WREITEM L KEEEZFF>Z &
MR EL, ZONEFRBIRB 25 S E TR L o> T D ARRERE X b D,

LIAT, RIFIV ABVOIRBEALZ TR LT LT NVIANVENDHSH, CTHer ThHhDH, EIX, Z
DOEOIRENAH 27 56 (1) XS TFRSHLHELY 2FHEEH N (=7 —"—2X T %),
t L CTHer D EE LRIV EBRZERD, LOEFEOEZEZNEMTONDL, ZDORDFHEM
IRAA R RAT AR S D,

AWFgEIE, 2L OH 2 DH IR TT-> 7o, EE&RB R, M RRER, WK, THIE
AP, PR Y R ORIFFEICAHTEHH L BT 5,
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Wavelength [A]

1.Fel5455 ADRARY FILEH. SBIZEH. BHEETIL. log N(Fe) = 6.86 DS, WiflE. @ PsA

DfE. log N(Fe) =7.59 DIBE,

AS Eri
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Alsuaju| pazijewloN
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o
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DfE.

28



Il Peg D £ £ [ IR

KB, FEHGT(PRRT), igse (hRRT) | ek, BT RRT), misell, B,
ABBEFERE RCE), FrtE, BREREEIIY KCR). SFME. DIARERT (MILBERIREE) |
ERTE, AEILFMOOEBRILR), &5k, A RCERRIR). HHE(FKO), KEE(0TO),
TRET Z (IR ICR). DHEksA, Hi)1IFnZ(VSOLI)

1, BA
1.1 WF5Edy 5

TLT7 R, KR EO/NEBEEDORKAT TEZONIHBRT AT —DHRY) ax7 v a itk
STRRIIRENDEETH D, 7 VTHIZEIFF-HBICE > T b HTRRIETH D KB TEAICAT
b TW%, KB TIE—ED7 L7 T10%~10% erg D= R L XF—RBEND, 2D X9 RELITKE
PSDEETHEMI S, YSO (Young Stellar Object) <° RS-CVn l# R  dMe star 72 & Tl KB LY
HHEWCRE R T7 LT RREIDLZZENMONTND, LnL, ZOEKRRZLTNREDL I ICLTE
ZoTWDNDERZICHFINTW R, ORI RERET LT OE2FEMDT-DITIELNE R FIRHE
WEITV, 77 22— L TS BERH D, T THRAIET7 LT OREHENREL, BE
XM CTHRRNEOZ LT 2RI LIZZEDH SR, RS-CVn BLHE || Peg (Z7EH L. 20134E1H (2 X #R.
A, ARSI T D 2 R IRIREBL A 1T o 72,

1.2 RS-CVn 7 11 Peg

RS-CVn AU R IR VEEB L O aa g2 Rm T oEEE CTh 5, EEITHN LI VIERTH
% & Ho OBEREALIZLIEAOGND K 91Tb, £L T, ZOHEERIIFRICEI B EAINIES
IR DENEN A B, BAIFERERED20~30%ICKSZELHDH(BRICL DT I Peg TlIE Z 572
W), | Peg i A~y KL X A7 K2IV-V, RS-CVnALEE O C 4 Fr I BIREN)NE S T IZ Ha
MEBNTHZ LN TE D, £lo, BAICIDEMEN 6,720, JSLELTHORIE 1T5 K065k E T
L, FEERmMOIED LD DEEG HE%D O 5 K60%FE £ T 7 % (Frasca et al. 2008,Hackman et
al. 2011), 7L 7R E L THLHATAHES XM TELOTZ LT R, LT, XBMTIHEEZ LT OH
THRAHED Lx~108ergls L5 7 L7 B STV S (Osten et al. 2007), UT4ETIT &K X B4
& MAXI TlX, 3HEMTROZ LT 28 LT 5,

100

Orbit 1 2T+G+NT

10

1
.1
0.01

courts ' ke\-
3

resicuals

1 10
Energy (xeV)

1 - swift ff 2 TEL S A7z 1 Peg DIEK 727 L7 Lx~1033 erg/s (Osten et al. 2007)
2, B
2 RIRIRFBLHNIZ20134E 1 A9 A 2 HILE ST T (MRKZETIHIA4A M H12H £T) 20072

(Suzaku 7 & Swift ) L 145 ONFEIEEEZ H O COBIZTT > 7=, Suzaku 213 X FRCTOEM
%100 ksec EH K TITV Y, Swift H2E X7 U T R DR T 2 5 1= OB OB 2 71T > 1=, JtFHE
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EHEIZLDBMIIEAREORIE, 7T~F 27 KXLFE., RFEZL > TUTbihe, SEOZH KR
BHOS IR - BRI BLHBESS, B - FiEO—H2 R 117,

HARE-ERAE AT wig- Ak
— Suzaku B 2 X ##
— Swift B2 X #R. UV
FIFVERXE -2 (200cm RETEEE) BRI
mLE 60cm RETEi=E U-band B¢
mLE 10cm RETEiRER B-band I
CAERXE 150cm RATEREE =N Y
XEXXE 10lem RATERE R8s
REEXXE DYNSLEEEE(105cm RETE=ESEE) g',Rc,Ic-band B3
0TO KB K 20cm RETEiEEE U-band B3¢
VSOLJ {##ksh K 30cm REFEEEE BV-band B¢
VSOLJ EJIFIE K 35cm RETEREE Rc-band 8IS
FKO BHE K 40cm RETEREE B8RS
RlL 7.5cm RETEERE V-band B3
FERXXE FEFEK 20cm RETEREE Rc-band GBI
FITEES SN 235cm  RETERE B,V,R-band i85
R XE 26cm RETEREE V-band I

71 : 20134F1H £ R [RIRFELHI

3. B, TR R

ZINEkEE - B BREs

B - 5k

FIEMRMTIRTT T DT S BUEMMT 5 A TN D Jr e R Veband DG, TEIEL D £ R SCHE AR,
Suzaku R DT — ZITOWTHERE LT\ <,

3.1 AHDLEHISE(V-band)

-a.9

Chuo Y—Band

—-a.8 [

-a.7F r

-a.6

-a.35

Delta Hagnitude [magl

-8.4a |

-a.3 -

Flxd
ITFPeg = HD223925 —F—

-a.2

L L L L L L L 1
a1/-a4 81 /85 a1/a6 a1/sa7 81/-88 a1./,a9 8118 81511 a1, 1> a81/13%
aa:a8 ag a8 a6 :aa aa:e8 BB:%RUB @P:BB aa:e8 aa:es a8:aa8 aa:es

(2 - BRI LD b0 L B 5 E )

H2ixF R KET1 H4ENS 1 HRBETHAZIT-72b DO TH D, ERILT 1w b7 —XIT sin BI%K
7L T AT LIEbDTHD, 74 FULIERER, HEZEOIEN 046 L0.01% K THY . Z Dk
Mg 2> & 2R IR 24600 K, AU EE 23600 K & & L Rydgren et al. 1983 TH 2 HAL TV A A& HW
TERmMOBREMEZRDIZEZA, BAFERIOOKIKTH21% %2 HDTND I ENnhoT,
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3.2 AIHRYE V-band 5. Ho ZE{HilE . XERELRI O bk

IIPEG
Vihand—Ha—Xray
o
=T b
g =
— T B
-t
= < -
T <«
= = —1
o
] ;
— L=~ ‘- " -
= 1 % L]
B §
- . -
il - — iy
L L)
— o0 - —
L]
= - [, n ]
g . N
A FI
8 = | =+ b _]
= - S, Radh WP g
é ca |- fos el PO PIPPUIEENS ST P A Sk paf v e o g, a8 s
- . 1 . R .
o Bx<10% 10° 1.5x<10% 2> 10%
TIME [=]

[XI3 : V-band Y. Ho ZEAfilE, X BRELH| o Hhig

3IXE2D1A9H 75 1A 11 H O FRIFFEIIE B S 7= 77 7 % V-band HDE, Ho ZEflilE,. = L C
XBCTHUREZT T T7THD, 2077706 R.5E XBTREREUBIBHTIC2EO 7 VT 28145
ZEMTETWD I EN D, £72 Ho H9H, 10H C11H 2T D EBH LR 7 LT IC K D2,
ERZDHIENTE TS, £ LT, V-band HEIT2E H D XHROE—27 225514800005 & 127 —H %
BETE, X HMOBNRFEZBHTETWDIN, RN H 7 VT@‘T‘@H: ey AWy N ks Niln
HEITTE RN, Fo. ZOBLUAHIE T OB EOF %2 K412

-0-®

R T O BSoB 0 b ) ORE(ENH1A9H, 10H, 11H)

AR BRALDFENTE 7 L7E, VERIZERREBERNBIZE O ZmWTWnWE & 2ERIIRA I
EXRBEADBHIENOHT, BANEDY 265 L LTV DL ITBITE I LD ND,

3.3 X HRaLiH
Suzaku #RIZ XL 5 X BEBLIO F A » 71— X5, [X6%R7,
- XISO—PIN Bin tinne: 10:0H0 - a
'.T:..' = E—'., .'1 ‘
s F Y 3
iy E .H"\ - bl P 3
§ ca 3 ~ '5*-4,..._;. Sty ""'\’4“'}#‘%»&&.—'*“9“#*—;
=13 ' 3
T B E
= § 4 I I h#"{“q‘ﬂ* 4 3
==
S =
=] [ =]
F o
S 3
= 3
“ a 5>10% 10° 1.5>x10% 2> 10
Time (=)
Start Time 18301 4:-41:-08:18584 Stopr Time 18303 15:34:268:184

X5 : 0.20-2.0 keV. 7.0-12.0keV/(XIS). 12.0-40.0 keV(HXD)D T A k1 —
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M5iE X DT A NI —T =X VX —HIM TR 7274 hI—TThbd, ThEh, EH50.2-20
keV, 7.0-12.0 keV, 12.0-40.0 keV &\ i CREI LTV 5, LEHO 7 L7 3R RV —{f] TR

FIRHENTWAZ ERNbnd, LT, 2EHO 7 LTI LD ST 7OHHMOETTT LT O2EH)
bw,oﬁxnéﬂ@hxfé LINTE T,

XISO Bin time: 420.0 a
gLl A ]
3 i,

Bohao T Ermmm s
X |
ia "W
= pedl TSR '*'*“-NNML&_M_&J_M_“_HM
3 My :
B b hﬁ H#MM&JN&&AWM&
8x10* o 1z><1o° 1.4>10% 1.6x10% 1.8x10% 2»x10°%

Start Time 18301 4:38:168:184 Stop Time 168303 15:38:18:184

X6 : 2EHO7 LT fHEEIERL7ZK (EA$0.2-2.0 keV, 7.0-12.0 keV, Hardness ratio(HR))

K6IZIZEH D7 LT L&k L, E2250.2-2.0 keV, 7.0-12.0 keV, Hardness ratio(Jk»*5 HR &9
DYDT A NHh—7 %:~9, Hardness Ratio i3 Xn‘%@ soft 7¢hi sy & hard 22y &l L T D 6 DT
AT MO OET 2R LT D, WHDERDEICEIT S BV, RIIHISEL TN bDLEZD L X
Wk LRV, [X6& L TH D & 7 LT OROLIRFEIC & £ 1100007 5130000 sec DT, HR I #)H
RbiTng

34X BT LT OfiFkT

3.4.1 A4 NA—T iRk

QEHOTZ VTR LT, ZVTOETNANT 4 v T 4 T EiTo0, RNZEDKTERLTZT 77 %
DETNWD, BRIOZERDZ LT #1ODT7 VLT ETNLTT v hLEIELER, EFS 74 vk
THZLENTER Do, ZZ2T, ZOZ7VLTHI/NERT7 LT, 73BT CHNMANRE Z ~ 72 &
WELTCTZ 4T 4 TEIToTeel A, BLrHIET 4y NTAHZENTET,

Il PEG

© snargy=0.20—12.0[keVv] Bin thme: 500.0 =
T T T T T

count/s

N ) N "
Bx10% 10% 1.2x10° 1.4x10° 1.6x10° 1.8x10% 2x10®
Time {a)

Start Tima 16301 4:36:56:184 Stop Time 16303 15:38:36:184

X7 :2ERDT7 VT DETNT 4 v T 4T, T4 9T 4 L THRERPE, 12HOT LT
TR, 200D T LT EFRTE LTINS,

PBe, ZO2EBO7 LT D125 % flarel2o0H% flare2 (7 L7 EAE) £ T5, 74 v b LIZRER,
flare1? e-folding time (%5.4 ksec . flare2? e-folding time 1364 ksec & 72 > 7=,

32



3.4.2 AT NVIRKT

[X18, 9IZ flarel & flare2> 7 L 7 i3 D AT kv &R T,

‘_% ° ;1?dlellzvlvlabs*apecl i ‘_% fn?dl.ellzv‘ulabs*apecl -

TM ) ; ':'MH R I 3
=y 1 . ki

g ;g : é: ' * ¥ E
":%::::} ' bttt : g%: J + .

- {
i B AL |

1 10 1
Energy (keV)

[X18:flare1?> A~ h /1-(94000~100000 sec)

Energy (keV)
X 9:flare2?d> A ~X7 kL (110000~ 123000 sec)

flareliZZ A k& — 7 ?94000~100000 sec % . flare2i%110000~123000 sec 725 A7 kL& HfE L7,
ENZENDT VTR DARY "V T v b LSRR, flareldd 7' X< iR kT=7.3+0.4 keV, X}
JEHE Lx=2.7X10% ergls, T F/LF—E=15X10%erg. flare2o> 75 X~ KT=4.5(-0.5,+0.6) keV. X #i
JEE Lx=5.1x10" ergls, TR/ F—E=3.2X10%" erg L7xo7-, flareld & X TI1T 7 L 71T X B SRR

To &0 LR 27N, flare2il BWCIIEER 2 HfEICR 2 Z LI1XTE o T2, 4RO 7 LT
BUIERED X7 LT E LTI LR RE I TH-7228, HXD 12X - T10 keV LA ED R4S & #LH
TAHZENTET,

4.F L L A5%OME

OFE®

L2ED X7 LT @R LTz, £ LT HafrT X7 LT ORLER
X, X#E Ho CO—HMHBEAZIL Z &N TE T,

QREHOZ LT OENIBEOF T, /NS 7 L7, FRITEMBEE7-L ) @280+ 5 2 &
NTE, EEMMGET 27 L7320 8 ) R B8 TlRE CWA AN 5,

(3)Lx=10*erg/s L VN S HHLD 7 L7 TH HXD TL0keV LA ED AR M ZTET 5 2 LN TET,

IR LFEEERADZLRT

Oiti#
(D Z R FEBRI O 2D T, AREO 7 LT O E R 2 T,
Q5% b ADEIZRB W THDEBI 235 Z & T, ASE#EOZ bz itz T,

227 30k

+ Periodic light variations in four pre-main-sequence K stars (Rydgren et al 1983)

+ The active RS Canum Vaenaticorum binary 11 Pegasi Il.Surface images for 1992-1996 (Berdyugina et al 1988)
« Spots,plages,and flares on 2 Andronmedae and 11 Pegasi (Frasca et al)

- Spot activity of Il Peg (Hackman et al 2011)

EERREME NEE - L oER
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CAFRXE 150cm EizmiZE AWLCENEDER A

A & (<A ERXA), AR (RN AY), REMES (F7EXA),
BRI (RO, HIO 6 (RS IR B Y & —)

1 CAFEKRXE 150cm Ei=EE

SAERXAEIET DEMO EH, BRIOEE150cm O KPF LS (M 1) TH D, FHEBETHIE I 72 R
BREBITER XN, WO TEWER - BREKE 2 EHLU T3 ( Hashimoto et al. 2002, 2005 ), #fEld =2
EHRASHIZE D, BEIS 14 FELLENRBEL THEN, SHETEEL M2 #FEL Tnwd, 72770,
EETIEEEEEZ DL U ZHIEY AT MMTBEAZBANENL DL DB ST I TEY . SBOBEEMRHZITE
KRR BENBERRIAE R >TW5,

CAFEFRXETHUNATEELBUL, SFHU TEM 100 KREETH S, XGBIEBNIHNZVEDD, SHH
WL SHETENES 20, ENRIATOHAELS R =A% 6NAWVIGEEE DR <R, BIEEIRIZEL T
WA, RZEEZNIEE TR ARV, HWEWBIZ KON P2 R ZPBETHD, HEIWERY —1 7Y
A RNZ2 - 3MAFE, sHAZBILZZLIXBEELIIAVY, 1RAZYZLIBRILEZTRISLN,

O & D BRBHEREZ O T, HARNZRERIMICEE XN 2 BRI E RS L DBHNIZITE O R<ER WY, UL
U . LRI 2 W RARD @8 B R & Tl + 0 @k R RO ABHT — 2 %2155 Z L WA gET
H2, NEARIXETIED D0, TOMMNBEEFEL FZEHATENL. DU AEMERTREO H 2 525 E)
WHEETH B, FZ. + o2 B2 DO BIHEREIZ £ b T 2 BIHIES MO THEIETH D I L N>
TWd, ZNIZE->T, KOS TIZETVHEL WEMIZH 2 D20 EBHERIY. £2<DY > TIVE
ERRIZERT 2 LD RBHITIE, WO THROBRMEFEL RS, EB. 20X DR AHEDILE TR~ R ARMN
BoNdELHITHE->TEY, REWARZILIZZEDRENENINT VDI ENREDH NN ZDOHTE KIBZEHE
FHOTWD, TIIWZEFYRLDOHEERNEFINTWVED, ERNAELEZ RT RETH DHEP [a BBEH
BREBMADYL, TOHEIEXILIZKRIBREDLR S, 2013 F 6 ABE, TN FTIZ 150cm Lz FFHL
TN Lo THRIN 2B L 25 W Th D, TORTENERHIZ 204H. HEIZET 280D 14fHE
BHoTWB, DM, TAU Y —F 25758 DBHEEHRE 57T MAITINTEYD, ZTOIFLAENFERHEFER
EENBIZHETSZIEDTH D, 2 I Tldk. 150cm LEBie £ ZITMA T SN2 ETEEREEEOMEIZMA .
INSITE>THRLNZBREIBERED —EH%E HMNT 5,

2 BAKE

2.1 ARSI EE GAOES

150cm EiEFIZ B VTR AN DA IOBHLEN, F A I AERUTHE I N2 06 & 0 800 Yeds GAOES
( Gunma Astronomical Observatory Echelle Spectrograph ) Tdh 2., T z)VEHif&T-& 7 0 AT  A/X—H
THEMINIZARDT I V% 2048 x 4096 HFED KT CCD MEHERIZHHEIE L 2 LIZL > T, MO THEWIKED
fRAEZ IRH BN S | D —EIZJAVIEREZ FRICHRR BT 5 Z & 2 7 HEiC L T4 ( Hashimoto et al.
2005 )o Z OFED AT 3 B BB E & U CTld, BN RSCE ML R AR BBIHIAT O 188cm HiFI 8 iE X
7z HIDES B ENTHEDMEREZ #E > T\ 25 H, GAOES OMEREIX HIDES IZEZ2EDTH Y. HRDAZL S
FHFEHIFIZ S W TEHERFEL B> TV D,

WU AN L IEZZEZA R VEBEOBHEIETH>TEH, LEBEOENEENZ FIIEAL . KED &S WS
TARAERETEIENTEDMNLBIIERETDH D, WEDOY —A VI EAETARRBRVENSIEIGFONS 1
BADAY Y MNET R = A6\ ~ 70,000 & 7% 35D T @\ O EESRAEA ZR I, —EDFEHT 180nm &
DO EHFE AN—FT DI LNAHETH D, 3RHREDFEHZ 7 RX. 10 FHOEEIZHL TS/N ~ 100 D
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CAFERXE 150cm RETE IR
+ BFEHAXE

CCDAAS

BREHARBCGAOLES (£&81\5)
BESHEEEE R=1/ 5~100,000

FOMEEAZEEGIRCS (£0%)
FER1—25um R =1 8 -~900

ED B n s/ BB EEGLOWS
HESHEERE R =7/ 8L~400

1: < A FERXE 150cm Hiat iz & SIS E R

2RI NVETUET S I ENTES, 20y MNER 2BMICTHE . IR R ~ 38,000 FEILE T3 60
D, HEVENRNY — VT EETH>TE, &) KWARBINE 5 C LA THETH S, —f. JDHkE
SARIEL 2 BT, B R0 2 BFEICHINST 5 0.6 BADAY v MEE VS & EEINIC TR BADIR
SREE R ~ 10° (60 ~ 3 km/s ) SR X3,

2.2 HHRESIWRDNHREEE GLOWS

RNy N ATV VERDOO & DITEGE X 3 72 Hl i N O B E DMK B0 Yehr i GLOWS ( Gunma
LOW resolution Spectrograph and camera ) Tdh %, QIR EH D FTIRAZBEEINE L BEFEO SO RAEE L %
AL . GRB X @ ERE OEFBREDEPHRFE, L TOROEBHIZ KN RET L L2 HIE
U CHFL 722ETdH 5 ( Kinugasa et al. 2009 ),

TVALEHNDEZ LIZE>T, 1TEREFTOREKIZHL THMEEE 300 — 500 FEEDRDELD AT NV %
WETHIENTED LB -oTV D, BEMER TER I 72010, RIHAGORERIEIZIZTEFmAIZ V. 1250
x 1152 His% O CCD MHAEHFIZHEK —60 EREICHAIIN TS, AEHDIEFE T 1 V2 —E FE I
THY., AV e ) ZXLEFHALRTIX, 10" x 10/ FEOBIEFE 0.6 arcsecond /pixel DFFERE % £ 72
BEEEUTERHTE S,

2.3 RAREAIEEE GIRCS

TRAMRBIHIZEE GIRCS( Gunma InfraRed Camera and Spectrograph ) &, 2 3 SiD %2 Z Iy 2V AL TV
VHERICREICREINT WD, DI ARSI, HAWAIL & IHEN S 1024 x 1024 Hz2D HgCdTe
TVABHNSNTEY, 0.4 arcsecond /pixel DFREET 6.8’ x 6.8 OUBZHHET DI ENARETH D, &
Foo TVZLEFCEZEILE ST, J, H, K D&Y RIZBWT A6 ~ 1,000 FEED SRR % ST 2 5
HE-—R BTN,
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3 GAOES % BW&A

3.1 ¢ Aurige

e Aurige (¢ Aur) 1%, 27 FHEIC 2 FRIFE BRI FWRENEL L TLLHMENTWS, HEZWEREDJH
Ve ERGH#EZ FFOMEEN 2T FOFMITRIEL TH Y, EEDOHZ HEAEET ORI <R EDEEX
S5NTWS, UL, TOLDBMIRTIEIBIEE L OB TAREL RLHKE DL <AL, BERBEHBOAL
59, RATWS EEDEANLZMEEIZLREMEINTOARVABELRRIEKTH 5,

2009 4F 8 25 2011 4R 5 FUTHT T 27 4R DROLBIRAREL 1. TOHiEZ FORMEICH 25T,
<A FERXE 150cm L#EBED GAOES & [l 188cm EiE#id HIDES % W Tk 2B Z 7> T X /2,
PHRANR T NIVORHEZANS . FIC L2 BOETP EREBMRIZAEL 2 EFHHLR 2 BHU . %;Vﬁbﬁﬁﬁaﬁ
ZRRIAL K52 928D THS ( Sadakane et al. 2013 ), BUHINS/OENAVE DDOHEN, IERT VT v
VIR0 eV L7825 Fel DEINARDAM, Scl, Til, VI, Crl, Mnl 72 & OARFIRIFRIZ 5 6 BIEZENRETH 5,
B2 1ZR_IND LD, BOBREIICOA, FHHEZEZZNOBN, F2HWMT 5, RIGRIZRFE & I2RR

H 2T B2, KI 769.9nm O BIKLEE & DEELABEN S AEEALOMEIZ L >TREINZEDTH S
BEMEA Y <. MRIEIEHINFRC, MEOBHEN BRIV E>TVEIEDTH D I EMNREINT WD,

7. BVIEE D LETOBHN 5. EEOFEM M SMENT 2 170 ( Sadakane 2010 ). A BUEE R (Alab)
HD81471 £ DM S . 5 DD RIFFML 7R 2 R 2 EAMRINT VD, §8DE, ¢ Aur DFE
B, KEEORKTHE I L RELFELBVBHFERTH D, UL, Hoard et al. (2010) B2E DL LD
e 5 1F/NEED BN AGB( Asymptotoc Giat Branch ) D#IZHELL 72 RETH D L ERBINTEY .
FEREDEMRIZOWTIZH > THZED D LD BHREBZ-OT WD,

2010 2011

July, 22 August, 26

BRI
F >Fel(l)
i Fe I (154
w—=Nmn I (1) 1
B CrI(18)+
- VI(3) ]
B Til(5) &
Mid Eclipse -—= Sc(2) _

B by |

5'%00 ‘3400 5500 5600 5700 ‘3800 5900
J.D. 2450000 +

2 RIEROFAN TV B HHY. IIL, IV I 2N 3, 4 4 Bifla RL TV 5.

3.2 Be/XiFZEE
BT T 2 S IRED B RIEHHUE (Be £) £ 2V /80 MRl FREASHEZL . RO X A BEL TO
% ERD Be/X MUEETH 2, Be ROFFIAFET 5 ML k72 L OMEAEMAD. X BB OIE». 7
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U RN —=ZA N EIHIN D RIMB RN R E DR ZELICEAZ A BEZEZF ERILTVDEEZILNT VD,
T2 HOHEE R OBIREN KK T H B0%, TOFMRZITIZRMBAZILAIN L, €I T, <A EFRKIA 150cm
LiEgED GAOES & [ IR BRI 188cm Fim$id HIDES & FAWT, RRMIZHEETLT U b= b
WICEKRZ B E, Be/X MEEDEDMANRYT MV OZEALZ kB TE 72, TOREE. Be/X fdE
A05354262 (V725 Tau) (25F 27 7 b /3= b O#HEP Be 2 JAILD MO EHR G R E DI S IS
25T ETW3 ( Moritani et al. 2010, 2011, 2013 ),

3.3 RV TauBZEHE

RV Tau BIZ¥ R, F/NEEOHEENEERKMIC, FEEREZRTRABEREZIEMTIEIOLTH S
EEZLNTVWS, UL, TO & D RHMBREDEIEE GO TEDFRITIEARHZR S % <, 100 HETEODJE
HITOREMRRHZE N E RTL ZACTOREMSENDHDEDLE HIAENT WD, FKxlk, 150cm P
& GAOES & FH\WT, #EdD RV Tau BLUEIZ KT % &5 B S 2 BUERIZ D 72 > THERL T X 72,

BUEEI TR £ 72 REE DI TH 03, 2D & D ZRBHAIOFER, RV Tau BLED TV & DT S U Monocerotis
(U Mon) Tlk., JAHHRZIRBIBIESHNTES Y, TAUTE D B L RIS RE &Y KL FAEL T
52 EMPALMNIR>TETND, K 31X Ha FRDORZALDHIZ RU 72EDTH B, MED IR L RO
BNER OIS T U CTRETBIN D IRO RN R D 3 FEENFAEL T ED L HAIh, ThThd
BAPHNLIZE T D 2 LT L > TREDIRBEL BT EDLEZLSNT WS, TRIADBSHILEIRNE
X 72O 0.7 MHETREICESARY, MER<HEET LS, ZORHDO AL, HIZIXERD 654.70m 72 L T
WHHEZR P Cygni B HIHL TN D Z 05, IRENC XK DRI L > T S Z I B EHERDMED LW
Ha OISR D ZEEL TWd Z L IZIFIEHEETH 5,

BB, JRHRFERPE T D GAOES DT — RIZIE/ NIV 3 — KA & bk % R E DAL R D ]
NEENTEY, ZhdDHIED S AAFEREH R TORGHER EDMIHE HfFL T3,

“www Hd feature BEIZE

J 1. JED B L VST S
Lo i FWHM~0.5nm ?
T FEHISHEM 1Y, [FFHATLEELH D,
(cf 20080308 {4 1.42)
2. IEDFELVRARAES
; FWHM < 0.2 nm
;BB WITISET HEBOEAHHFET B,
il [EINQY Cofo & edbe i By |
I J'h, NED B SR ?
e i e HEHN B AN BB,
! fi48 4.75 — 5.84 DH TEASNT=,
: s ( see 20090402 £I4H 5.65 )

o
ah ( sngatrom }

S ee0 mes o0 %os b0

L

0
waveiongs

H alpha spectrum of U Mon

e
Phse: 147

Ly il |
I h\.—\m mf’\"‘wmvaw; - '\““v“‘. e P A fvﬂ
PV AL

f‘w 1 i 4

L 1
- ‘Lﬁ,\_‘w_da,v\ T
1

SN R TTA Wi
| | aly U

( aseyd ) swn

& oo4s o506 b G0 BGsh  GeTO  Bors  Ba0D Ssis  8ss0  sees 660 £oes 6910 Ga7s 8300

Suses  E6E0 B 4560 Bess  #or0 6o G0 o1 o
Wevelsagith { sngiteom ] Vaveieng:th { angrizors ) Tarelezgith ¢ aagstrom |

3: U Mon (ZR 6N 584 7% Ha DR,
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4 GLOWS, GIRCS % f\\ 7= 838

4.1 REXEOER

GLOWS &, <A FRXA 150cm LD EEINE 2 lRRBRICIER T2 2 812 &>T, BT RER L DRBRIEK
DOBHNES I BERETH S, KT, EEEOR D EMETEPH R IEAVERE® S | WD TROKIED
BEE XD GRB & FHIZHD S Z & 2 HIFL TWd, TORER, TN ETIZ IAUC (IAU circular ), CBET
( Central Bureau Elactronic Telegrams ), GCN ( GRB Coodinates Network ) & & (2% < O BUHLE R % f it
LT3,

413, Kinugasa & Torii (2006) {2 & % GRB060927 D& TH 5, HOHRIZH DMK E>TWND
KARH, GRB F4:4 37 5 EDFENT, RNV RT203FDHDZITHD, IHICABOLEHESEIZL>T, 7
FRIE 2 =547 LHIEIN, YK, EBNOLEEFETHEINZRLETDORIKTH o7,

4: GRB060927 z ~ 5.47

4.2 ZEHNEDOHGER

GLOWS * GIRCS &, GAOES D & 5 2 @\ HRAMEREIZR /27208 DD, RGERITIENR Y IO RIKE
THETDZLNARETH D, £7/2. GLOWS TiF 17 FiE < FTOMRA D BB FRETH YD, 2 <DL
Kk % BRGNS N TEL L DB ->T WD, ERREE U TEIZBBL 7-4212. EHIME
HIAREREL . KD FEMARMIEE U THRETIHBAEEEL WI L TIERY, £/2, 2054, RO BIHIBE
THEHEEL 2B Thi, 2 RBEOBHITEN L 5hd e Loz, YD RWRIZ D72 > TR 2 B S
DDENBEND EDBRBHNBRINT WS, INETOHITIK, BHREDHEDM, v170L v XRHER
RNERBRYE DL D72 B bk 2 RS KRR BP N R & 782 > T E 72 ( Fukui et al. 2007, Kubota et al. 2010,
Maciejewski et al. 2013, etc. ).

EETIFRAMEHEEEN TS ER>TEY, CAZRXAEETOMMO R TOHEEBEBRIZSNT 2 Z LD
37N R ZE oD SE BT % bk < 2 BLHIZE E O HEIZ K > THEMET DMFDOEENEFE 4@ <R >TETW
%, GAOES WG T 2566 H DM, HEIEEOKKIZHIGT &5 GLOWS X, SO Hh T3 BB\ R
AMRBIHIZEE T H D GIRCS OIEAN G IN RN L NE D TH D,

HERE R THEOLETIR, M EHR OB ER I, EERNZGESEBNE UITUIXIThhTE 2,
77 MN—=ANBEROFEIZIEGELU TEHEBBBIN G50 LV, HlXIE, 2007 F£i2Fbiz WZ Sge #iD

38



KB GW Librae (GW Lib) 0 BB FRB ( Hiroi et al. 2009 ) Tlk. GLOWS % FI\ 7= 64 84 e @il
FERETSIML ., A—=/3=7 D MN=ZANBIRZ MU ZHEY AT AOMPHIZEIL T\ 5

ZERBRE U TR E D EHEDLEE . TOROBIAZ ks 2 2 LI X > THMAERNE54% Yamanaka
et al. (2009a) D & 5 & fFNEAZ <y, SN2009de DILFRBRITIX, FALOK 30 HIZE DM 72 - TEHI
DRI NN, DI RE D I L DT EDME—DEEL U THINISML THd, TORE. 20 Ia BLEH
ENF YU R I A-INVEREBZDZBOHBREENBERL 284, 97205 super-Chandrasekhar mass SN
la THDIL%RET D ( Yamanaka et al. 2009b ) 2 & &R 57z,

S AEFRIBDLXREME, FINETOBINIZ L >THT U EHANREDTIEH Y 28, UL, BReR
ZZEEDOBNCIE GIRCS & BEMEIZRAINT WS, BalTldk, IRk 2 HDCEHI & RARE DA%
HiEU 2 EE L FEBIHIZ GLOWS & & BIZS L . HIGDOE#%Z U T2 ( Maciejewski et al. 2011, 2013 ),

5 CAFTFRXEBICEIT BEBDERR

CAFEFRIABIIA|RLATED Y, ENIRXED L DR, £ < OWFEEIZIA < MF % B 72 2L [E R A
FEO>TWARW, SMBOWMEEN, <A FKXETENZITSHEIE. RXEMBOMSEHE & OILFAMIEDORK
BELDILEMFIE R >T WS, 72, THOAHEEIZE ST, 5HD 150cm LidE % Y & < 5B
EARTIZ AN TIEFIZEL KB TWABELFHET S, FPHLE ABDKEZHIEN RSN, T DEEFD
HH - EHZ T T E 5 AOBIIZ IV —T1%, FEE 1A TITHENINT WD, HRDOMFeE B
RREITHAEL T EE B LI I N2, KXEARRITITBEIRE MAVEA I hv, FARMIC TRIZEASH ]
INDIABERRLABELIZARS>TWD, #iBELYD 14EDJHAZ R/ LEHE . EFMEDd, HARKZ SE
E%%E EHEL 20 FE EFTHhIUE, TRITHEIEZ LD HIZZ DRV ALD Z L TIERW,

THTEH, ORI LI, PRGBS EO MR, A ME LRI REBIZH D, HLFERFHEETE
BN 2L UARRE U THERATIUX, % OBIHIEHE ORI mutm%m TR Ik £ 72+ T RE
RIFTTHD, BHZFEETIMEHL., CAZTRIXEOHYFIEZEELSFLELZEZITHL LV, 150cm Eiz
B5 & BIHEERNBEET DR IX, NS E2RARITEHLUGED 20 EZTHWS
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HEERERWER (2013.5)
BCBWmEDN 1 OFRZIRY B> TOEEND
I PNE S LS E /N
1. XCBHIZ

B CB (BIBLIOGRAPHY OF CLOSE BINARIES) &I1&, TAU®DCommission 42 (Close Binary
Stars) MEC2EFITL TS, EEo-H#EICBE IN-EEESZ RBEFROXETER
DEELEOHTHY, HERATIHBSETRITINTLS (TiEsH),
Editor-in-Chief:
International Astronomical Union C.D. Searfo

Commission 42

Editors:
BIBLIOGRAPHY OF CLOSE BINARIES N
D.R. Faulkner
No. 95 E. Kilpio

Y. Nakamura
P.G. Niarchos

EEHIZDwEA /N\—D—EEL, Asia, Pacific Region R.G. Samec
MoDEEMEE (Bih) ZHELBLTEz, BAEAIZ, REKFIE E. Tamajo
RER+REETE BHEL~1081EE) THY, RFETIIHRED W Yor Heamne
EBYELHO-TNS, M. Wolf

FENCOEBELEL L0, 198EMI-SEORESE REELLLNS) LIS
BESALYKEEZHTHLTHE, IBSAIFEL Sy FI—5 A5E LTV
KD, EREEEET 2R 51 LOBEESHI2ERS COLBEEEL SN TS, BEL
BIEZTBIZEIMENMENL S VDA LGRITER >THR>TUL D, KADFIEEN
EBAAHCLE LT, CORUBBOC LS H-> TRERBERTHDIHL, 0
BMOHEXREYIEY, BCBICET AL dADERFIRMRT 5 E & L=,

2. BCB~DOHEBIVCELRARE
2—1) HY4EEPH

WERNSDHWDIKFEI(X1999. 4. 7(2H Y, Znlxt L THE8FAIZMay 29, 1999.5. 94
(TTHLAR—bZEM LIz, HAMFHITEOLBTSAELERL L, “Contribution from
Asia (& Pacific)” TH->T, BEEMICIIRDELSTGEHDTH- 1=,

Surveyed journals and their volumes:

Acta Astron. Sinica Vol.39, No.4, 1998

Acta Ap. Sinica Vol. 18, Nos.1-4, 1998

Baltic Astronomy Vol.7, No.4, 1998

Bull. Astron. Soc. India Vol.25, No.3, 1997, Vol.26, Nos.3-4, 1998
Fund. Cosmic Phys. no newly arrived issues since 20-1, 1998
JARA no new issues since Vol.19, No.2, 1998
PASJ Vol.50, No.6, 1998, Vol.51, Nos.1-2, 1999

Publ. Astron. Soc. Australia Vol. 15, No.3, 1998
Publ. National Astron. Obs. Japan Vol.5, No.3, 1999
Southern Stars Vol. 38, No.2, 1998
(from Asia & Pacific & L TULVEMNS, #ZEhH Baltic Astronomy MA - TULV=AY, #
[2ENERDVEICTHAEBEZLTE b 21=,)
ZTRRLERWVICCOBRMATH 1D, ETFDEFLHY, EHITELE>TORKERE
LG S5mEHE (No.96) RAIE
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BASI (Bull. Astron. Soc. India) Vol.40, Nos.3,4, 2012

ChA&A (Chinese Astron. Ap.) Vol. 36, No.4, 2012
Vol.37, No.1, 2013

RAA (Research in Astron. Ap.) Vol.12, Nos.10-12, 2012
Vol. 13, Nos.1-3, 2013

JApA (J. Ap. Astron.) Vol. 33, No.4, 2012
Vol.34, No.1, 2013
PASJ Vol. 65, No.6, 2012

Vol. 66, No.1, 2013
PASA (Publ. Astron. Soc. Australia) Vol.30, No.1, 2013
Publ. National Astron. Obs. Japan No new issues since Vol. 13,
Nos. 3/4, 2011
Southern Stars Vol. 52, No.4, 2012
Vol.53, No.1, 2013
TH-o1=,

2—2) WEARIIHONT
LIR—MEIRDADDATI)—IZHELTITS :
(1) Individual Stars
V1333 Aql & {¥it Sakurai, S. et al.} (7 authors) 2012, PAS] 64, 72.
(Aql X-1) (2dx, 5i) Accretion geometry in soft/hard states.¥¥[0.5¢x]
Ofzx¥ELZ D& Individual StarsTH--
-BEAFE
-HR, HD, HDE, BD, CoD, CPD, SAO Objects
-X-ray sources with constellation names
*Objects with names including RA and DEC
*Objects with other designations
272115,
(2) General
{¥it Faghei, K.} 2012, JApA 33, 9.
Self-Similar Solutions for Viscous and Resistive Advection
Dominated Accretion Flows. ¥¥
(3) Collections of Data (83D Z#BAARZEW/HO TS EIZITAS]
{¥it Griffin, R.F.} 2012, JApA 33, 29. (1bo, 5d) Spectroscopic otbits for 52
stars in the Hyades field: van Bueren 22, vB 39, vB 50, vB 59, vB 75,
vB 102 and other systems. ¥¥
(4) Proceedings of Conferences, Symposia, and Monographs

ERROM E@IZEALTIE, EANEDE S GHIEDERATHEMN, EDK S EHHA
RERSNTVEINIE LT, IENHELESEMREI A LELH>TND, COFERES
FRITESNTLVEBCBDEEIZTRENTLLSDT, EXTIEERBT 5,

2 —3) & OFH
Bibliography of Close Binaries MTE&HM 5 &, —HREIICIZZHDNebH o FZELY
THADT (FEZAETRDEZ D), FCHhLENTHEHHRIZEBI LA ENTES,
http://www. konkoly. hu/TAUC42/bcb. html
http://www. sternwarte. uni—erlangen. de/pub/bcb
http://www. astro. uvic. ca/ robb/bcb/comm42bcb. html
A DS (Astrophysics Data System) & IEFE/-E>1=-FRELHHDT, BEIZELTHA
LTWW=f=&=0yY,
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3. 1 0FEEHEDOFEIS

EEMNLKR— b ZEEY L1=No. 68~No. D285 I L T, RIEFWICOLVTOEEL
et EMotze RXEDHTLERASNTWAADSBEVATFLIZEIVNTHE LD
DO TTRETH BN, TOETFTERE L=,

3—1) HERPB LU I OHE

(1) Individual Stars THbHNA TS EERDEH (1) &, (2) General & (3) Col
lections of DataDimX# (K2) O ZDREIDHER LR,

EHEIE, FhFh 223.25 £105.9741.9 THD, KRELETEIIELA, 211HEE#EE
H=YDAD, ETZLHICHBLI-EFEZSDTHAS,

HRROH genera! & collection papers
350 150

140
300 130

120
T 110 AA

7o

150 80
50

100 40 TNz
30
20

50 10
o

o

686970717272747576777879 808182 832485 868788 80909192 939495 68 73 78 &3 88 93

S#

X 1 : Individual Stars O E 2% [X] 2 : General/Collections of Data D LIk

3—2) LW EER
MM (1) Individual Stars THY EIF 52D 55, BIXEN4HBULDED
FRART, HERIRODEBYTH S,

68 6 Cyg X-1; 4 GRO J10422+32, GRO J1655-40

69 7 Cyg X-1, GRS 1915+105, GRO J1665-564; 5 Cyg X-3; 4 V1343 Aql(SS 433),
U Sco, XTE J1550-564

70 8 Cyg X-1; 5 Her X-1; 4 II Peg, Cyg X-2, Sco X-1, GRS 1915+108

71 6 GRS 1915+105; 4 Cyg X-1, GRO J1655-40

72 10 GRS 1915+105; 7 Her X-1;, 6 Cyg X-1; 4 XTE J1118+480, LMC X-3

73 11 Cyg X-1(V1357 Cyg); 10 XTE J1118+480; 6 Her X-1(HZ Her), GRS 1915+105;
5 V615 Mon, GRO J1655-40; 4 V1333 Aql (Al X-1), Cyg X-3, SAX J1808. 4+658

74 11 V1357 Cyg:; 9 XTE J1550-564; 6 V1343 Aql(SS 433), WZ Sge;
5 GRS 1915+105; 4 V821 Agql, Cir X-1, 1RXS J232953.9+062814

75 6 KV UMa(XTE J11818+480); 4 V1087 Aql, BLyr, GX 17+2

76 6 V1357 Cyg; 5 CH Cyg; 4 V1487 Aql, V4580 Sgr(SAX J1808. 4-3658),
V1033 Sco (GRO J1655-40)

77 8 V4743 Sgr; 6 V1357 Cyg; 5 V1487 Aql; 4 HZ Her (Her X-1), V4641 Sgr,
V818 Sco (Sco X-1), KV UMa (XTE J1118+480)

78 4 BR Cir(Cir X-1), AG Dra, WZ Sge

79 5 J0737-3039 (double-pulsar system)

80 12 PSR J0737-3039; 5 V1487 Aql(GPS 1915+105); 4 V1343 Agl, nCar, KV UMa
81 7 V1343 Aql; 5 V1357 Cyg; 4 V838 Mon

82 8 V1357 Cyg,; 6 V1343 Aql; 4 H1743-322(IGR J17464-3213)

83 5 V1357 Cyg; 4 RS Oph, V1487 Aql, AE Aqr

84 7 RS Oph, V615 cas; 5 V1487 Aql; 4 V407 Vul (RX J1914. 4+2456)

85 8 V1357 Cyg, RS Oph; 4 n5Car

86 4 V725 Tau(A0535+262=HDE 245770)
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87 8 V1357 Cyg; 7 V1343 Agl(SS 433); 5 RS Oph, V1033 Sco(GRO J1655-40) ;
4 V821 Ara(GX 339-4), SS Cyg, PSR J0737-3039

88 5 V1357 Cyg(Cyg X-1) ; 4 V821 Ara(GX 339-4), V4580 Sgr(SAX J1808.4-3658),
V479 Sct (RX J1826.2-1458)

89 6 V4580 Sgr; 4 nCar, CH Cyg, V1521 Cyg (Cyg X-3)

90 6 V1343 Agl; 5 nCar, V1487 Agl(GRX 1915+105), V1457 Cyg; 4 V82lAra,
V1521 Cyg

91 4 V821 Ara, ¢ Aue, nCar, V615 Cas (LSI +66° 303), V1521 Cyg

92 4 V1487 Agql, V821 Ara, V615 Cas, U Sco

93 6 V1357 Cug, CPD —63° 2496 (PSR 13125963); 4 nCar, V615 Cas, V1357 Cyg,
UY Vol, NGC 1313 X-2(ULX)

94 9 V1357 Cyg; 5 V821 Ara

95 4 V1487 Aql (GRS 1915+105), V821 Ara

(%5) ERBIIZVI3LT Cyg (Cyg X-1)THY, #IZIE, V1343 Al (SS 433), nCar,
V821 Ara, V838 Mon, RS Oph---7% EMNEZ Lk TET=,

3—3) MFEEHIZHONT

K BEITIEARANMEEIIELI-TH E=mART-, F=F2L, entry®EET, Bl
HWLIE Top author& LTOEGHDAEHAT-LDTHS (BCBIZIZIAU Circular £ Ex
UEFTWEREH- =L, ThIFHICANTLEL),

Indiv. stars + Coll. data: General :
92 T. Kato 22 J. Fukue
19 M. Uemura 11 S. Kato
14 [. Hachisu, D. Nogami 6 [. Hachisu
9 A. Imada 4 M. Kato
Total:
95 T. Kato 22 J. Fukue
21 M. Uemura 20 [. Hachisu
14 D. Nogami 11 S. Kato
10 M. Kato
4. BbVIZ

LIZE@BRE=AN, ADSABHB LoD, TS U2 —F%y FERIZZD K S H1ER
REOBRENEDERENIDOL, FEORBICESLEEHA5, EEEBHEH, FxICHEA
BEZAIZEVWHDIERY FZBELTHERZEDTLDINDT, OS5 LGEERVNELE—EESL
DOHEFETHOTET,

E£EZHEMETHNOBCBNEY, EKDITIE,

R RTEDHRFHLFMY DT
- BEXENA—ELARILUE
- HRABIC—ISENIDENE->TLNS

Fl-, FHEMIZZDESBEBRNIELNTL BDEEFNGY ICELKAHIONEEZ
BRETHD,

WDETHELANEIOMS VA, WESMTEHERI-DTELELELENTHS,
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Abstract
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1: Zero metallicity stellar track in the HR dia-
gram (Marigo et al. 2001). The each line describes
stellar evolution at each initial mass. The grey line
means zero age main sequence line. The box points,
the cube points and the triangle points denote end
of H burning, beginning of He burning and end of

He burning.
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# 1: Calculated models

model Population IMF primary mass range secondary mass range
1 11 Salpeter 10 Mg < M; <100 Mg 10 Mg < My < M,y
2 11 Flat 10 Mg < M; <100 Mg 10 Mg < My < M,
3 I Salpeter 10 Mg < M; <100 Mg 10 My <My <M,y
4 I Salpeter 1 Mg <M; <100 Mg 0.5 Mg < My <M;

7 2: The number of compact binary which merge in 15 Gyrs

NSNS NSBH BHBH
model 1 407 20 28935
model 2 106 26 131273
model 3 27188 3201 4277
model 4 906 119 165

7o, BTG OEEIR L U TR R TR
TXOWEEML D 5,
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3. ELHEDOREA

I TIREEMAOB S TR A SHEIETH bW o, BET B F 7 AL A 5
L THIZ,

3— 1) Massive Galculation
T DOELFT, KREFHDtmassive photometry 2K A THFIZKEDE B massive cal
culationZ B2 Z IO M EETHH I LD TH 5,
AIEIN G OFeE & LT, £7914,
(1) 2001 S. Wellstein, N. Langer & H. Braun :A&A 369, 939
“Formation of contact in massive close binaries”
(2) 2001 Nelson, C. A. & Eggleton, P. P.: ApJ 552, 664
“A Complete Survey of Case A Binary Evolution with Comparison to Observed
Algol-type Systems”
RENRETFTOLND,

(1) A,
ML, 0=12 - 25 Mo; M2,0=6 — 24 Mo DT45% D Case A,early Case B #E({LE}H,
contact—freelFIIfR1EHEIl (Conservative evolution) DIRE FT (7=72L, H
EREIC &L DHmass lossiFidAA), —F, #EHX —&Ep (=FEELOBMHEED
I HLHEENZITIDEES : B=1 ThiIthFtl) KET,
— Contact/C-Free®iE H # 7~

5] 2001 S. Wellstein et al.
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5.0
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-0.4 12.8+8.0 Mo 1987 N&N

(2) %1%, 5500412 >V TClase A HEAL A IRFELIRE TR D,
M1,0=0.8 - 50 Mo; q_0 =0.3 - 0.9
log (PO/P_ZAMS) = 0.07 — 0.75

— ELOMEZEOY T 7 T AZHFEL TWD,

Summary oF Brvary CLASSIFICATION SCHEME

Case Defining Equations End State *1 End State *2 End Geometry
AD...... M > Mity, M M Contact
AR L. M > Mitey, foontaes — trroel®l) < 0.10 x tyu(*1) M M Contact
AR oo tonniser — trpopl® L) = 0,10 3 1) M M Contact
AE ...... fyl*2) = tyl*1) M H Contact
AG. ... fl¥l) < t,(x2) G H.G Contact
AL ...... teror®*2) < fepumi® 1) R,C HG RLOF =2
7, i S tenuml*1) < Frpar*2) SNe MHG Detached

M: main—sequence

H: Herzsprung gap

G: giant branch

R: low—mass remnant
C: high—mass remnant
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3 —2) BPS (Binary Population Synthesis) D&%
BPS : Binary Population Synthesis
- for population synthesis of binary stars & DKFEDXR T L —T L DLEL
AR & AL BAR R D ¢ & CEEOEBEZRD D LD,

=& Z2I%,

=2002 Hurley, J.R., Tout, C.A., Pols, O.R : MNRAS 329, 897.

“Evolution of binary stars and the effect of tides on binary populations”

*2013 Hernandez—Perez, F., Bruzual, G. : MNRAS 431, 2612.

“Revisiting binary stars in population synthesis models”

=2010 Davis, P. J., Kolb, U., Willems, B. : MNRAS 403, 179.
“A comprehensive population synthesis study of post-common envelope

binaries”
RETHDLN, ZOMIZHLENY ONRBNS 5,

L <1z, Scenario Machine 22 LD BTSN T W5,

1996 Lipunov, V. M., Postnov, K. A., Prokhorov, M. E.: ARA, 310, 489.

“The Scenario Machine: restrictions on key parameters of binary evolution”
Monte—Carlo method C#IHA/ NS A—2ZFE-> T\,

=2009 Lipunov, V. M. et al. : Astr. Rep. 53, 915.

“Description of the “Scenario Machine’”

s TIE, =&z

f{loga) = eonst,
max(10R;, RL[M,]) < a < 1081

fIMY=M7E8 0AMy < My < 120My, (2)

flg)y ~g™, gq=M/M <1; (3)

72 E OB, F72MS phase DlifetimelZfd L Tlk

1.0+ (].GE}%. m > 79.0,
l“S.D----S.Sl@m—--]ug' LT m > =~ 10. ()
2400m "“i". 10 >m > .2 9. ki
10%m—3:3 m < 2.3,

MS phase radiusiZ®f L Tlx

. 1(][].15'5 log m -+--‘;J.[]5. m > 1.12. e
| m, m < 1.2,

FaOEPAZEM LT, #REEZKBICHOTLOTHD,
83—3) LT, CEE

CE (Common Envelope : 3LilME) &%, WS ODORKEZRET, ZOKRENRH
MR EINDEEZEZLNTVDHDT, ﬁﬁﬂﬁﬁlﬁ%@%ﬁﬁj—é EEZ BT D il R
Contanct systems D ILFEAE & 1TEVY, Z DCommon EnvelopelXZBhREET 5 L&z 5
na (CThwne, L 2“\\%%21“(—%‘571“\0)’%@%75&&&iﬁo“(bi 2

ZOEBIAERIZ LY, MIRAYIZ energy dissipationSE I VD, 237210 Dmass & ang.
mommentum loss 7ﬁ>§|é°t SNbEFEEINTND,

Z OFREIX = 5 A short-lived phase TH D EHLEZHNL TS,

U, EBRICBRI SN R TIINATZF—IVOHEEZRZ N, Uiz 8o Tl
WREIZBWTHYE D mass/ang.mom loss o7 ¢ LA TR0 ETH D,
FEE,

67



Type Ia SN progenitors

X-ray binaries

double neutron stars
REIZRBWTIE, 20X 9 compact comp. XDOMMRIT 1 A —F =Ll ER&E o7&
ZEzHbnTW5,

EDEHZANDDINDOR | TS O 01
o Q Q
o *
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/ SN HMXB :I
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SN la o

0 wMxe 0

/N _ l
..D WHeWD - G He \.'._\,, " = ra
SN la SNla wit st

OCEEDOTENIODNT : 2O LD ICEHERAMEZ 5D HCEE (Common Envelope
Evolution) Toh B 2%, Z OWFHL ﬁﬁ\kﬁ)iﬂiﬁléﬁ)i))ﬁ’)b\f, I am BE R
MTETWVBEIFLETHLEZRY, ZIUBIZOWTOMIRIE, WEEAIZITDLIL
9L LTEY, R Webbink, R.E. TaamH N FE L TV 5,

AR LIIE
=2008 Webbink, R. F.: ASSL..352..233
“Common Envelope Evolution Redux”
=2007 Beer, M.E. et a MNRAS.375.1000
“An alternative to common envelope evolution”
2010 Taam, R. E., Ricker, P. M. : New Astr. Rev. 54, 65
“Common envelope evolution”
2011 De Marco, O. et al. MNRAS 411, 2277
“On the o formalism for the common envelope interaction”
=2009 Sytov, A. Yu. Et al.: Astr. Rep. .53, 223
“The structure of the common envelope in a close binary system”

Z DAt
WNDIEAR L LT, efficiency paramer ac : FI TEX AR XL —DHH
FRIZenvelope ejection (ZfifEbiL D EE
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kRN ZEEN 2 STV DN, ETHT IR INS L O BRRETIT 0,
M ERFORM : T WL B a—2 7,
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%2013 Ivanova, N.; and 19 coauthors : Astron. Ap. Review. 21, #59(83pp.)
“Common envelope evolution: where we stand and how we can move
forward”

INDITHMA SN TWDIREOE & LTt :
* Energetics: [Pdi#itime scale (dynamical/thermal) & energy sources—sinks
radiative loss and internal storage
nuclear energy input (from below and the surface)
& accretion energy

* Orbital energy loss — heat input, envelope outflow
* Y'Z CTCE phaselZlbE 57 (1D DD, remnant D iEAT I

* CEE &transient events
MY ONEHEMO TR —ZnBonhEZXHNDN
V838 Mon, n Car H&7p L2
V1309 Sco ?

A,

k —J7, WMIRJIFERINE S 02 0 iThit T\ b,
N EDLITHE LD, BETWVWDLDONIOWTOEBERFENINV EH 25
DTIXRWNE VI I TH D,
& LT, 2012 Ricker, P. M., Taam, R. E.: ApJ 746, 71.
“SAn AMR Study of the Common—envelope Phase of Binary Evolution”

72 EOFERO—Hl 2R,

Orhital separation (10" cm)

Tkm ™"} in the orbital planc at 1~ 36.7 days. The location of the companion star (=) and red giant
xzaplanc. n i i L L L
a th online journal.h 0o 10 20 30 40 50 60
Time (days)

Figure 2. Orbital separation of the red giant and its companion as a function
of time.

w2 FEFEOREZR L TWD
RHREGIOM,

3—4) Mass/Ang. Mom. LossZEDHF L DI kX

ek T =7~ non—conservative evolution OFRIZIL, —TEDHEELRTHENLT S
(EED o, B) PN TEZ, L2L, ZIUIEEBEHEVICREBEL TV 5 L
HERE-TWS,

ZITC, e THE] 21EY B, IEGEE) NT A—Zb Lz - « o,
=ezix. -

+ 2008 van Rensbergen, W. et al. : A&A 487, 1129.

“Spin-up and hot spots can drive mass out of a binary”
+ 2007 van Rensbergen, W. et 1. : ASP Conf. 362, 54.
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“Evolution of Close Binaries with a B-type Primary at Birth”
7Y,

BRfIE LCIE, BEEE (SAEHE) 2KIOHEE LT
* spin—up of the gainer
« direct impactiZ X Hhot spotJEhk
radiation energy > binding energy
+ stellar wind
EEZ, IRETHOLIRETNVIIHESNT, TOKEDORDONRNTA—H Lo, B%&
Bh#EfTIF 525D TH S,

Ewvolutionary madels of binarees

FEHEMIE LT, 2011 Van Rensbergen et al.

A&A 528, Al6(2011)
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Fig. 5. Observed distribution (white) of orbital periods of 303 Algolsas  Fig. 6. Observed distribution of mass ratios of 303 Algols (white) as
comp‘\red to liberal (black) simulation compared to conservative (gray) and liberal (black) simulation.

EREFVICHES < Case A HELOF AR LB T —F L 2L TNDH D,
FETHBRELSES TV,

HfE LT
2010 Ge, H. et al. : ApJ. 717, 724
“Adiabatic Mass Loss in Binary Stars. [. Computational Method”

donor®Drapid mass loss%adiabatic expansion& {7 L, energy generation

Lheat flowx B 2720 ¢
, M, AR, aln Ry
M= Cad — 4L [( ai )U_ ( i )m] .

RN TA—=HFWHE LW, EWHIBZXTHD, 72770, 1HETELHT
1,\7‘0.31,\0

k ZOMIZIX, BEWTREBEAZ P.Eggleton OFF LV “HRA7ZL” IT2OWT
2010 Eggleton, P.P. : ASP Conf. 435, 151.
“Evolution of Very Close Binaries of Low Mass”
TR, MNEEHEEOENRIZHIK DL LT TFROLIBRLOEFIZFEL TS,
ZLTINGIEFENDRIBEICRKREFERLODEEZEZITNT, TNHETXTANIAALR
#ilba—RFE2EY52H5 L LTND,
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(i) nuclear evolution (NE),

(ii) Roche-Lobe overflow (RLOF),

(iii) mass loss by stellar wind enhanced by rapid rotation (ML),

(iv) tidal fmiction, which transfers rotation from stars to orbit and vice versa (TF)

(v) orbital angular momentum loss by stellar wind, magnetic braking and udal friction
(MBTF),

(vi) mass transfer in contact, potentially in either direction (MT), and

(vii) heat transport from one component (o the other during contact (HT),

| have developed an evolutionary code in which the two components are solved
simultaneously, and subject in principle to all six of the processes in the first paragraph.
All four morphological forms are achievable by the code. as the physics demands.
The code is still preliminary, partly at least because of the difficulty of quantifying
all six processes. [ will illustrate some possiblv peculiar evolutionarv scenarios that can
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ML EH R AR 2 ERRENTWD (&L ITAEMIDX),
WL, ZOXK DRI £ LD TR,

3—5) TDMDXZGEHI > -FHE
o MR AR P2 RE B W UMa—type systems

EFoxsizo< b, EOLIITELL TN D) - BSELSFLS @

A OB, EJEH D low-mass/intermediate—mass®D 206 DL, LaL,
Zero—age contact 1X72\U D>,

T R O (thermal relaxation oscillation)iilI K GIZHk L TR THEINTWD
RN TEHEA
D3, FEARMIZITARAER,

* Evolution of a system with two identical stars

4. BhYIT: FELHEFTE (BE)

Very complicated process CEEZ &M< ELTEH « ¢ ¢,
7-& 21X, FitEggleton(2010) 72 E oAz % L C,
ABIZZEINI ZE T DN EWVIHIKITHE 2 520,
“FNNRRD BN D breakthroughZe d T 2”7 WL 25,
ETNE, BENEETTOIMEORA XV T THEHA L Bbh, 40O
Koo LTiE. - -

BFFEITERTHE S, TR RAGHBHAINT]
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AR R —H

THEMELOFHE T, HMWVEERHEZ T 5> OIS Lz TEZowE, dbRfdto 7 r—
TR NNCBIRIZ BB L CWe, Z—T D2 L OFELEWND R EZ D A T,
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HWHEEOHEIZ OV T

M ERT (BERSA)

RAROEHEME LR EADOHHHE

FRITEEZROTORGBEEORE TR ZDIERIAZLTH L, 1TLALEDGLE. FEIT
0y Yo B—7 Elle T ERIIE T, KBETABREEN LD LT OHBAEED EIZSD
DHD, FOTAODENHHENEE Z 2D &, KEFEHADERBEDRNLZEITIRD, 1325
ﬁ@%f%5<ﬁ<ok%@%@ﬁk%<&<hé@f\%%ﬁ&ﬁ?ﬁw\%ﬁ%ﬁﬁ
ERD, HENE— 7:$?5%%#% TF LWEERHENEZ 5, HRIZA~HTHY
KW, HADBEENTR DT80 ﬁ%ﬁit 7 UtgIE, R & & BICNRNCBEIT 5,
HFEIFRPIED ZAHIT iﬁ%%ﬁ@k% PIRIRIRIDND, IKFBOBIRBENHED & RITRE
<720, BrEBRITKD,

X 112133 U < B & U= R R O & BUET R O EE AR L7e, SWIBEICAEN S, very
fast nova V1500 Cyg. fast nova V1668 Cyg. slow nova V723 Cas & V5558 Sgr ® R %%
W (BCRIEN =T — &) & VER (TRIOR) Tho, HEEEE RREIWIUE Hachisu & Kato
(2013, ApJ submitted) Z v, #axIEMRICE L TFry b L7z, —BICEWVHTZIZEH
2N,

WHHT R OBOEOM ST EICHAEEOEE TIRED, HENRKIWIZEHOHE, &
BN SWVIZEBWHTREE D, £, mFEMKRIC iof%ﬁé#ﬁ&@ RO D AT A
O, RFEVCEEFR, *A VR EARBERFORENTRENSZ W EHEL 25, ZhE T
7 1L DFERIC OV TIE Kato (1997,ApJS, 113,121) 12 & 0 kA3 720 & B2 o e i
L 72D 2 ERHE STV, BRAZ0 8 O YR R AET I ZAT L T 222 0o 72,
BT IISRANERI] DY — A BRI 99 A, M31 RCERIREH 72 EWVN AW A 2o Ffi ik OB 2 D3 R
HEn T, TNOHDOHEEZE 2, 2 2 TIEHEOE I ORKRIC X D@ IOV THE
T2,

ZIETCEIREEICH =BT 2IT 5 SBRENM O TWD, FEFERIREM OB S X LH
UAZIC S < 72 2 DT, BRIREFDIEFICHL WG ERE, R TH D, K1 0L
NI 2 E CTHENBH SN -EREM OB 5 X 2779, V1500 Cyg DX HIZHD T
X, EOBRRKEFICHI L THORBIZESTEA 90, BOFE TIIRHBR 2 H 5, M3IN
10-10f 1 M31 DERIKEF Bol 126 ([ZHI7-812 T, ERIRER L 0 TN WIEIT 7203,
HREMOW D IR —ERDOT, TNEEEROHENSFI Z LI X 0 HEHBRIRD 5
L7z (Henze et al. 2013, AAp,549,120), Z OFREITE— 7tEWVM%C%&&ﬁﬁE
RN, WG T o B, SEEEHRAENTIZ X V. V1668 Cyg X 0.95 M, (Hachisu & Kato,
2006, ApJ, 167, 59), M31IN 10-10f X FEHI1ZE< 1.37 M, (Kato et al, 2013, submittet to
Apl) TH %,
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time (days) for V5558 Sgr and V723 Cas
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FNENOHED TMNZ & 5 ULV Sk, AMOAEFUTEREF OB 2 &, ORI M31
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<725,

HEDONLEHRE EDTEK

FrREEDE Z 2REIEL,  EEHOLIC L2008 (Wi 5 continuum-driven) T, JLEKHE O
WRICRZ 5, HEBEEORE CEMINIE W ARSNTEZRINNX—T T v 7 AN, Kk
2o o THAFZEFNDRE, & A LA WA H Y, & 2 Tt & 1k
D HENDICH AZET 5, K2LE1%, HAZTRUICL < T DWIR % IRE ORI &
L THIWZ b DT, ZEdmatEk, Aindd AEBEEORE (=EMENEZ > Tno & 25)
Thd, BHOHHFFEDOREFF T, FEDOTRNMOEM L CWDHEENHY, T2
THFZWIT 5 O TRIBREN KR EL oo TS, BRCKER2E— 27 I XREN2 0 HE
DEZATHLHBOERERTH D, ZORERE =T DEZATHADNMEE N0,
T AIHERDOANIEL TT TITERMEEHE WK E 2R E E T I D,

ZORERE—IOm SR, FBICE Y RS, HOFER TIIEROEH &L R0,
E— 27137, SR 2R B B T (FeHE & Z ~ 0.001), ko — 7 3FEFIT/hS
<, EHO~Y T AOEMERO Y —7 LRICEECTHD, Lo THEOLERIT
L 725, R2HETITHERNFREDONEMBREZ R L, IR (Z =0.02) TE B&E 1M, ©
AR CRIDHRICKHGT 5, Z L ABEREOEREZ WA WAL X CREMMER A FHHE
L. [ ZERE AR E b 2bDE 7 ry f LT, BEMNNEWE | HIREOSLE IR
FPo< VL TWADD, FAUBLEEL b (AAEEER, Z2) OMAG0EIEL. Ko
EoZb, DFEV ZWhESL<B13E, BREEDEREITELS D, HEBEORMIZ
3. BEEEONEKIBEENE 2V B XBABHISND L5225, ZOHiRDO
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2 ' ' ' | ' ' ' ' |
Classical Nova very
a slow fast
g " M31 nova fast nova nova
% Bulge X O O 10.05
5 0| dskx x e0O0OROOO0OROOOQOGMED| 0.02
O .
Y— N N
5 X X W e O O § @WOM9]4e-3
T "1 |= B111 wind
S 210 Blozg X X X X, @ A O 4 1.E=-3
L O B126 no winds '
o —2 [ X X X+ A A A ARAN H4E-4
o (flat peak) )
X X X x. Weak wind AAN H1E-4
I 1 1 1 1 I 1 1 1
0.5 1

Mwp/ Mo

3 WANWALREILHEEICKT HHROE, SHATHEICH S i TR Z = 0.02 123
T 5, Bk, HANEERNBEICKHST 5, O XENIH 2R L X Wik <, PU
Vul @ X9 2fiiiilcp-> < 0 LI ElneE—72 & S O RIS 5, kI O 2 Tl
Z F120% [Fe] 23072 <. X FIOSEEAE Y, AFIOSEEIT, HEEAIER I L TS
AUDERGY Ty 1B O WM EERD Opaicty B — 27 TIN5 DIZxf L, ~VU 7 ADE
BRI D Opacity B — 7 THIE S5, FERCTREA TS ARBEEDNIZIXR U rl 60 LR il

MR
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R (X B A — o F v Z A D) ITEEDPREWVIFEENDOT, Z23/hEWEEREN,

X 3IZIZWANWA R E TR BT D HEMEE OE W E /R Lz, $RIHEICH 2 i #igr 2
X Z = 0.0212%605 L, —fANITANE VR L 72 5, AL OBOE N FIFEE D B D
R THEAT, 2D ZBR/NSWGEEIZE, BEEDORERHFEOHLRDHWNTE LD
ZEROND, CAHBEEDEESMAMNE UHa. SRoEN/NS T, BUWFTENE
<, ORIV AW ERTREEINS,

ZAVE TET R, M31, M87 OEIKEM THENBH S TWDH B, Evh A7R2EHEN
WU, TS OIREMOSOEN Z =0.001 728 LT3 245 &, XEIE AFIOEE
M MOWFRICKHGT 5 BEBERIZEFICENS O (> L1M,) IKRESLD, XHIT
FHTREENE Z 59, IEFICELS, DF VR TBRIT 5 2 L BES TIERWRIRIZH IR
L. AENE, IERSNY 7 LD opacity peak (2L 5720, G5WHTER LEZ 59, @F
OHBHED L 5 2L VWKRIKICIT R B0 E PHEEND, > TOHIOER Y LB &
NELHEBRNEZ ST, HOFTEOLPRH SN TWD LFIRTE 5,

Z ORFFEIFIEHUR (FTKE), M. Henze(ESAC, A1 V), HiHH (X0 ERLEH) &
DOILFETETH D,
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RS I]

.

Z N

SRS, FIBEZE () LEERR)

o Il 2 &
1 [FL&HIC
11 #FHELE

FRIIAER—EThoENERM TR LE
1706 10 THfEOR S S22 0 | iBKEIEE+H
2 HEE A DT TR L T I REE T
&% (Warner 1995, 2008), & OARMITABEE %
FELLUFABEEZHELT2OBEERRTHY, &
DED BRFRe MBI ERL VO . FHEOHDEIIR
BENOOEEBEIC o THRBEDREICKEY
O TMENREROBARREEN 22T B
JIEMNBRERNCAEL D Z ETHL IBRAMITHE KT S
LEZHNTWS,

1.2 HEOEAEE

B E OB ARED BB L T < 3HE (Bt
) [ IE & ERA ThH D, ZILEEEMICTHE (5
) THHEE LTty ts EWVIERHNDR, £
NERRRNS 2 %5 50T 3 FEHET 2 DICH
T LR A B L T D, BITE b I KD 0B,
Payne-Gaposchkin (1957) 12 & = T 5 BEREICHES
S, It IR D EBEIIENREDORE D Z
27 (GCVS ") iItBW THRASNTWEHIETS
BeBEICMSy STV D,

1.3 HAE vs. BROMEIER

B2 DRI (t,t3) & MR DM FRITIT
FBBRA D 2 Z &L BRBEYICE b TV D (e.g.,
della Valle & Livio 1995), W13 HWH £1F &
BRI Ot FEAR G (Mymax) 22 <L I
BOEBBNHTRITE My max WAL S
%o 2O L) Btk E i MMRD (Maximum
Magnitude vs. Rate of Decline) & 595, Z DR
LR OFFITHR D & B 2 DOt Sk 2 H#EE L B
ZRDDHZENTE D RT, FEOEHITRIRIC

-
[

-
[

*1 GCVS; General Catalogue of Variable Stars. (http:
//www.sai.msu.su/gcvs/gevs/index.htm)

/8

© NA/NA: X NIN:
O NB/NB: NR
A NCINC:

Fig. 1 SREE TR LEFLED M (Imamura
& Tanabe 2012).

BT 2 EB RS ST 5 ETH AR RRER
ThD,
14 #HEOEKEEZEMES T

FrREOEBRICET D2 RIIETROT 4 27
sV Y L nm—Tg BRI BRI R T D R OFF
HEBEMFT L ECEERERL D, HEORKE
FHAREDHERIUIMNALFMEBICBEFLTVD
LEZ LTS (Kato 1997), MfEL & I C
IR EZ e BRI IR D BDICEEE RIETZ
LREIRF SN D,

L ZABHEOTER (FricfEk 1) (2B 5%
LWIFZEIF R E TRINTWH R, RERLHE
DI L FATERI R O HULTT [ 0> B SR T 12T
TEPEIIHTHELTVSED (Fig. 1), Z01EE
AETREBETICET 2 EBbhT&l, ZhboHf
VR (S SRR A0 O BiEAL 72 BRI (|b] > 20°) (2T
ENBENDZLbHDN. £OX D RHEITIEED
33—t b LR S B 57 (Imamura &
Tanabe 2012), FEESFIZHOWTHAHKBTH S,

RIEOHEE LM 2 ECEERERO—
D, SRR TOZEMA RS ICE LTS 2 2
ETHD, LA L T E CTHRINROHE D LRI
PRA3 AN DU THIFFE & 7= 4l1% Payne-Gaposchkin
(1957) D#H T, £ D% Shafter (1997) 12X~ T



Wi ENCAT DN 72T Th %, £ O DRIRICE
TR I OFEDOFERITERICDR>TED
TS OIHERL & 1T OE THEZR(ELANZ b
NOPRDEENIED L D IENDNH D Db EEMIC
D232 TRV ORBIRTH 5,
1.5 AHEDNEH

ABFFED B EYIE 2009 F (B 7w R AL
&3 2B E KT Eri (Nova Eri 2009) O#F5%
(Imamura & Tanabe 2012) Z A& L, 2011 4F
TR RS NI EOZER SR bR ILIZE
TLOHEDFELCOWTHLNIT LI L Th D,
2R Z OBFFERE BIXREE OB R IT (2012 £ E)
L7poTN D,

2 BREBICHLHIHHEHE KT En

KT Eri (3 2009 4 11 A 25 AICIWERORE
BRFCTHOIREA—RIZL > TR ETHAIN
(Yamaoka et al. 2009), wdRiEDDERIR .07
DITEENZALE (I = 208°,b = 32°) [CHE LA
HIFETHS (Fig. | bBE). Z0RROME
2. Fa X LERRF (OUS) RXBICENT
0% 28cm O E#EE A 720 8l (R ~ 400)
Lo A 23.5cm D EESE A V2% ARDEELH
(B,V,y, Rc) ZRIFFZAT o7,

21 HRBADKHER

Fig. 2 123k~ 283 L7 KT Eri ©oRER
IRANRT BNV TH D, A7 PIVHIZIE S~ —
@ (Ha, HB, Hy) %1% L. He I (5016, 5876,
6678, 7065). He II (4686). N II (5001, 5679). N
I (4640). O I (7773) 72 & DM B &L 7=,
SHICERPA (BAEEND 12.2 AR) © Ha
@ FWHM (Full Width at Half Maximum) (%)
3,400 km/s IZETEL T, Zh bR L
v Williams (1992) O ¥EICHEX E, = DRI
“He/N nova” IZ5HTE5LEZOND,

22 BABADFER

Fig. 3 (ZZ@HEEN (B,V,R.,y) OfER
Thd, ZNHORNT —F X0 EBKEFD LT
DD S (My max) 1454 %X o7, EHICHAHA
(to) 1% 2009 & 11 A 14.44+0.2 A UT (2455149.9
ID) L HERE S I, bty ZENEN 6203 .
143£0.7 A LRDHND, ZORRITHEXIE, KT
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Fig. 2 Fkx 28I L7 KT Eri Of(EHR AR
2tV (Imamura & Tanabe 2012). 453k D HfE
IRAROLEE S Ol A A BR L TV 5.
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Fig. 3 KT Eri ®¥E## (Imamura & Tan-
abe 2012). RHOEMIIHERRAZEHK L, %
F.ATOF — %1% ASAS, Pi of the Sky, VSOLJ
DT —=HATTF—=FEHNTND, KEMRO E
I o DRI BRI AT o HARL TN D,

67\

Eri 13O FEF 12 “very fast nova” |2
EHLEZOBND,
2.3 KT Eri OREHH

A o S BE #h M2 D 3 72 WO R &2 T
MMRD Bif% X v @K offaxt ZE#kEH#E L, KT
Eri £ CoOMBE (d) k7= (Table 1), Z Z Tl
4 DOHMLTHEIN TN D MMRD BR%E Hv,
ENENBEE b, ZHOTHEL WD, RBE



Table 1 MMRD B & v k7= KT Eri O
%tk & BB (Imamura & Tanabe 2012).

MMRD My
—8.79+0.53
—8.88 +0.61
—8.86 + 0.41

—9.30 £ 0.69

d (kpc)
6.28 £ 1.55
6.55 £ 1.87
6.49 + 1.23
7.94 £ 2.57

Note. (i) = Cohen (1988), (ii) = Capaccioli et
al. (1989), (iii) = della Valle & Livio (1995), (iv)
= Downes & Duerbeck (2000).

I IZ DU Tik Ragan et al. (2009) 28 A ~<”
ML XD RDIME (Eg_y = 0.08) % M\ THR1k
ZRIIEL TW5, Table 1 L9 KT Eri ©EEE
dway = 6.6 0.8~ 7 kpc LIEEEIND,
2.4 KT Eri OZEMMLGMAE

RFOCHEE L 72 BEREA TV C KT Eri 048RIR
2B D 2R L@ IC oW TS 5. KT Eri
DERMEIT —32° THH 72, HEBE (d) %K 7 kpe &
T5ERMENPLDOES 2 13K 4 kpe 72D, D
F 0 KT Eri 12881 % @ thick disk & 0 & 4MAlC
frEL TS EEZBND, b L KT Eri 28 thick
disk N (2 < 1.3 kpc) ORIETHH72 6, RO
MITOALSE3FLV WL, 2DXH 7R
REITEH (mymax = 5.4 F) LFET D, £
KT Eri ® my max 1% SMEI (Solar Mass Ejection
Imager) IZX>THHSFBTHL I LEVHENDD
T Y (Hounsell et al. 2010), AHFZEOELHIRE
RE—HKL D, bR EZEETDH L KT
Eri (ZRFRO v —IZALET DK L OB 2T
& % ATREMED B,
25 FHREOENFR

STk - HEEE L W KT Eri O #EREO
RT OB D IR brhid, FIRE O 5 ik
(Mymin) % RAEEH D Z N TE 5, KT Eri Of%
Y7 EIZ1X GSC (Guide Star Catalogue; 71 % 1
27 ID= 5325.1837, ~ 14.8 mag) |Z progenitor &
BN AaRERHDH, b L 2O GSCIZFEEH ST
WD REN KT Eri & 957272 510 My min ~ 0.4
mag &7 %, BEEREHHFTEOFHEROR L S
X My min ~ 44 mag lZe 52 ERHMBNTEDY
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Table 2 KT Eri LEENEEORIRRL L Ok
i (Imamura & Tanabe 2012).

star t2(d)  Mvymax My min
T CrB 4.0 -7.3 0.3
RS Oph 6.8 —10.6 —4.1
V3890 Sgr 6.4 —8.6 —-1.2
V745 Sco 6.2 -8.0 1.3
KT Eri 6.2 -9.0 0.4

Note. [EFHT 2D T — X Schaefer (2010) £ b.

(Warner 1987), ZiuiZtt~2% & KT Eri ® My min
T4 EFELHLN,

Table 2 (3fEENEEZDEYFHE & KT Eri @
NIA—Z—% WL D THD, BEELZFi-T-
[EREHTRIT My min 7SS 72 1 BB 2 AC H -~ T
D, S BICREEE (t) 1B W TH KT Eri L E
BEfo-BRFEIFELHL TS, & L KT Eri
DEREFSTZHETH L2 5IE. Mymin S
WIEEBRICHATELZEEZALND,

3 RARDHEDERS M

ZZCIX KT Eri MK I & &2 5
D RAEBE 2. 1600 #4025 2011 4 F CTlom
SNTETERROFEDOEM A 2 KD, hooFE
1%L OFEDOFEIC OV THERT D,

31 T—=4LAE

A TIXEM DA 2RO DI HT=>T, HE
DERTFERE (1,b), BEHE (d). SRITED DO S (2).
WO (t3) % 50 LA LD £ & 2T 7=, N
Z CHRESCROERR RO B TWRWETE (Gt
26 KiK) 122\ Tk OUS, VSOLJ*2, AAVSO*3
DT —HEHWTEAFETHEL, ZnbD7—%
EAbETAR 252 RIFICE L TH ¥ v 7 2Bk
L7,

ZEMaA A RO HEE, &8 (X, Y, Z) OFEZEE
L,b,d Z#HWTUTO L S ICHEZIT- T2,

X =dcoslcosb (1)

*2 VSOLJ; Variable Star Observers League in Japan.
(http://vsolj.cetus-net.org/index.html)

*3 AAVSO; American Association of Variable Star Ob-
servers. (http://www.aavso.org/)



Y =dsinlcosb (2)

Z = dsinb. (3)

TOHEBREEECX, Y, Zo3%kTE. X, Y
EX,ZTRELIZ2RIEONMAREZ T
(AT 2R T TRELLLOEBHET D), B
TERI OB, KBER 2 DRI R L FE TORERER L
SRR D A — L Allen (2000) #5HRL7-, &
D IR SR D H D% % JilX Taylor & Cordes
(1993) 5L TV 5.

32 HBont-ZHEIHER

QWRETHRFELEX, ZHE X, Y GOXZ
Fig. 4,5 (277, X, ZE &L V. KBS OHENE
RO AMAT MBI ORETHL Z Lndb
b, —J CHEEE S 3 kpe BA BN ALE (A
=) ICFEEL, AONICREEIL & E2 5559
721X KT Eri, RW UMi, T Sco @ 3 Xk #
ThHDHZENDND,

T Sco IFERRER M0 Tt /- H &2 T,
HIEIL Th DI LITIZEREN RV EEbN D,
FEBEIZ DV T MMRD TidZe < M80 4 %5fk[X]
LIRS DFFFED B H- 2 BT % (Brocato et
1998), & 52 RW UMi @ B nova shell
DD BTEMICRO 5N TE Y (Esenoglu et al.
2000). MMRD 2545 b 5 #E%R L&V, KT
Eri OFEBEZ OV TIERTE TR ~72iE Y MMRD »»
5ok BTN DR, My max PEREC DN TH
0. SIHICEMBNES AT bnbRO BT
Wb, ZO7H 2 b ZEMBYICHER 1T L Bbid
FREOEBORBEIINTNS ~1kpe LT ThH D,

723 KT Eri, RW UMi, T Sco BAMZ b thick
disk OAMURCA L VI HTHHE L RZ T bh
Lo LOLINGITEMBENENRNERTH DD
HEEOAEMEN ~ Lkpe LEHD EEZ DN D,
Z O ZEEACHERE I Th 50 OMEITER D
BEta T 5,

33 &k OFHEOHESR

ULORERLIY, "o— BT EEZILN
LfENE I OFEIL 3 REFETLHLEZOLND,
I 3 oDOHEDOWEHFIX KT Eri & T Sco 1
AN, RW UM BB EWHETH D
(Table 3), —JFTA~Z hUET Sco & RW UMi

al.
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IXF RSN ERBZNZ I 1860 4 & 1956 4F &
WL FHMABEATOR VR, Zhb 320
FEHEIIICERT 5 EEX LN HMBICHKBRMEEIX
ELEALLTIEIRWA, HFEOHERELBET S
& KT Eri 3o —CFETLHE L L TRbLEEM
BRI SN-ERILTED Y a N2 A T\2hb &
Ezbhb,

4 FEH
INETORBRLEBERELUTICELDD:

1. KT Eri (35 8R#&2 D8R0 5% .00 & B 7L
EICHBRLHETH D,

2. ZOWBIFBANEFICHELS (b = 6.2+ 0.3
d). He/N A T DAY NV ERT,

3. FIERFOMEXI SR HERITIERETHD Z &N
REIhD,

4. BEREITH T kpe, SRITHED S O S 1359 4 kpe
LHEESN D72, KT Eri (3% /o —|Z
NMETIEEIIOREEEZLND,

5. THE TR RICHEHNIZHED 9 BALERIC
RCEBEILICET 2MERHET KT End, T
Sco, RW UMi @ 3 RIEDHTH 2% Z & A ZEM
AR LY FERwRATT 5D,

6. SRR BRI ARIT O KT Eri [ XERIR D/

o—|CHEETATEBEII OFE L LTS b4
AR DEEZLND,

HBEn-RIELEE

KT Eri FZE£7Z8EEH. RO AT db
B EEERSR, {bLFMEAL. L CEREBIN RO S
T, BEE KT Eri (38588 (~ 15%) Th
D720, BUERMR E R RO HOICIETIE D Eix
Bile L& AW TZ B RRRE O B AT O LER D
%, KT Eri "EOBEWRCTHEEKEILIZET 2 Z & O
X, ABROREESEICL 20 BEICEROR
HEEZLND, & DHIZZEBSAXN LIV DI
BT 5 L B2 EITEMBIROMIEICAEED
boH7w, FEILIZBT 208 5 0EE e 2Rt
EETDHEFE XD,
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Table 3 KT Eri, T Sco, RW UMi D #.

star ta(d) Mymax d(kpc) =z (kpc)  Ref.
KT Eri (2009) 6 ~9.0 7 4 1
T Sco (1860) 11 —-8.1 10 3 2,3,4
RW UMi (1956) 94  —7.7 5 3 2.5, 6

Ref. 1=Imamura & Tanabe (2012), 2=Duerbeck (1987), 3=Harris & Racine (1974), 4=Tam et al.
(2011), 5=Downes & Duerbeck (2000), 6=Esenoglu et al. (2000)
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UBV 2 X o i i g 2 o — ik pgdE bk
MeBs S (RARASUE).

DA,
INEE 5 BT (BEIERF)

UBV 7 4 VW& — &Aoo BT B OZ AR 72 0 < hbifThbhTE e, £/, 2
NnNzbH &Lz (B-V)-(U - B) 2aXHOEEOENLI i/)b\f%b\élz\ Heam S AL T
Too BIZIE, FTEPMBKRIEEDOEIZIX, £ DAY KL F-supergiant ([ZHEIL TS Z &
6 FTERITEOMAKNEE TIL, 2 A O supergiant sequence (Z{h-> TEI< (LT
%) EEPNTE L, ZThEFHNC, BEHOFROSLERIT, L7l "%ﬁ;b‘ﬂ):@f?f
~ /B0 A M- BER (free-free emission) IZL > TRE D L FSONTEY, FAl bl
DFEZIHESE | B O MR 2 RIS HELT 5 2 & 23 T& 72 (Hachisu & Kato, 2006,
ApJS, 167, 59), & L. free-free emission THEMARDI I E DD THAUL, free-free emission
® color (B—V & U — BOfE) IXIZE—EYIZHRED, LIen->T, FEOREEMICIX
DB 7B (HFT) ICH E D0, ZOfHEEBmT 522 8125, ZOXD B XITED
&, INETUBV ZEADLEBITOIIHREIZ OV T, EBRICE 9 2> TV D D0, i
JERNCTRAE LTc, TORER., 1ZE A O MBI RIT, 20aXFD, HORERE TENHZ
WA ZENHLNITR ST, TRTOHMPFEN, ZOFRBEWRRKZTZE LD THIUZL,
FEEEOBPE L Z ORI AT HZ LIk by, Al E(B-V) 2HERI KDDL Z LM
T&E %,

N —

1. £EZERHE PU Vul & slow nova V723 Cas : 2 X DAL EZ BT BT
1980 1990 2000 2010
T — . : 15 -2 L e e s
123 4 5 PU Vul 1979
l‘ll‘l‘ : l l | | o free—fr
10 F HE 410 g -1 r
3 ! \.Pu vul (1979) (m—M),=14.3 > ©
2 M Vavy % ©
& g g 0
; V N w2
o Y. V723 Ca s (1995) (m-M),=14.0 L o
15 | & *;? 15 3
55‘ o
@O %O - I
] ' A PUWI E(B-V)=0.30
% 1 1 T PR R T SR IR SR SR ST S '
20 — . . . _
5000 10* 1 5% 10" 0.5 0 0.5 1
JD 2,440,000+ (day) (B=V),

1: Left: JAERMEE (symbiotic nova) PU Vul (H

SEEE IR, UV1455A @ flux OREZAL (B O 1d PU Vul, 77 @ 13 V723 Cas,
BbY® TR, ZODHED UVI4S5A O EY OENRE S K91
HOBOHERIZ, PU Vul 128
DIZxET 5, Right: PU Vul @ 2 A H OE(LRRE (R AR
(B=V)o & (U=B)yl

Thd, 2B,

phase (Z%fIi),

F S TR O

b o

4) LIV (slow nova) V723 Cas (7R) @

B RO b
V723 Cas OffihAZ 35 L

BWT, B% L?‘_Eé@%%%féﬁiﬁﬁif\b‘?“éﬁqj

#H—I% rising phase, fk—I% decay
1%, A E (dereddening) 1% D1

Toh %, supergiant sequence £V, 0.2 FIZEF &L ZAIZ, nova giant sequence (sfR) IEFTET
%o 220 free-free emission DALED 5 6, M]3 optically thick free-free (F: ZROFT) T, A2
optically thin free-free emission (0: JRCIFEN) OLFTE & 5T,

b1V EEDOBVEFREZRNDOZ—7 > MZT D, ZOHEBEE, HREOEL)R D>V L
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_2 T T T T I T T T T I T T T T _2 T T T T I T T T T I T T T T
r HR Del 1967 b r HR Del 1967
V723 Cas 1995 L V723 Cas 1995
free—free PU Vul 1979 | | free—free PU Vul 1979

v

L
-

| « HR Del post—max E(B-V)=0.15
o V723 Cas post—max E(B—V)=0.35

| * HR Del pre—max E(B—V)=0.15
o V723 Cas pre—max E(B—V)=0.35

T A PU Vul E(B*V)I:OAB
-0.5 0 0.5 1 -0.5 0 0.5 1
(B=V), (B=V),

I A PU Vul E(B-V)=0.3
1 1 1 1 I 1

[X] 2: V723 Cas & HR Del ® 2 4[4, Left: KAl (72), 77@ILHR Del D21k, FOIL V723 Cas
DA, optically thin free-free emission (ZxHid 25501 (OF]) & stage 0 & L7z, EHHOHAE
b ERDIE, 0 BEAE S L 9 IC R 5. Right: Wik (£). WAHIE. PU Val LU LS
R THLEZBND,

TV L, FoRBIRIRHMIHEATE 20T, ZABHNOBINEIIEFICE R0 FER
HBRONPOTHD, ZOXICLT, ZLOBAURZHLREE O TEHELZ PU Vul ©
2 XH OB EK 1) 1SR T, 723, PU Vul ONEELITIEF IR 3041 < o
Th, TEFHEEHORL SITELTWRY, TRZ2M 1(E) IR L, HERDO7=0HIZ, slow
mmVﬁB&m@%@%k%ébﬁfﬁbko__f %@@wm%iewée

(1) %ﬁﬁg@ﬁ‘érﬁjf)tﬁ?of: 16 IFIEMAKD 212227 TIL, nova giant sequence &
AT T2 B LRI O“C?’@Jﬂ‘éo Z @ nova giant sequence 1%, 1# D supergiant
sequence LY., U — B color T —0.2 mag DWW (FW) LATICALET 5, ZOFRRIE, Hr
E OGN EE O supergiant (2T, ZOEEN 1 D 10561055501 E/hE<,
A EHE FE N ENTZ D12, Balmer edge OWRINAY emission (2K WD 5T, &K< 72> T
HZEITEDERDbND,

(2) WRAFIED 27275, wind mass-loss 288 F HEATO 3 12737 TiX, nova giant sequence
W ED, bED 1D ETRE-TKD,

(3) 3B AT TIE, AT MV ETHRERE(MNRH Y, P Cygni ¥ A 7 OREMREN &
Eib?h’( < %, BMEIZE > TIEX, Woll-Rayet & A 7D AT MARBINLTZE VD AH D
%, T Z T, fald, free-free emission (optically thin or optically thick) @& 0 fFL DA 4 12
WES 2,

(4) 4725 5 ~DOZA{kIE, EIT emission lines DA HZNNT, U — B color 1TdHFE D Z{LL
72WH, B —V color (3720 FL 72 b,

PU Vul I33EFICHN etk E LT\ b, B8%F 5 < super-Eddington (21372 > TR0,
THEBPTHDA, BRMIET, 15FELE, 7OV RROIE RS 5 DA, V723 Cas,
HR Del, V5558 Sgr 72 £'® slow novae T %, BIEDOWAIITDT LT (7SI R) ZERITIE,
PU Vul & HEHARORD FOBELTWD, 7272 L, timescale IZRE Hen, ZDH b,
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PW Vul 198441 V1500 Cyg 1975
(a) # (b) v9

PW Vul (Nova Vul 198441 b) V1668 Cyg (Nova Cyg 1978
PU Vul 1979 PU Vul 1979 (e} PW Yl (Nova Vul 158441) © ¥g (Nova Oyg 1978)
free free E(B-V)=0.55 (m—M),=13.0 E(B-V)=0.35
-8 4 -0}
JRuN
o 5' -6 -8
m >
| =
o s \\VVA3I X% 1 s \N\UA3 N 17| TRl e8| | Myme
~ -4 -6 -
ol
© Robb+(1995) N
-2 F O Kolotilov+(1986) 1 =4 [ phase b
o Noskova+(1985) o Mallama+(1979)
0 PW Vul E(8-V)=0.55 (t < 150 days) © V1500 Cyg E(B-V)=0.45 (t < 50 days)
0 Duerbeck-+(1980;
A PU VUl E(B-V)=0.3 A PU VUl E(B-V)=0.3 % kol uerbeck-+( )
1 I ! I 1 L . 1 0 s 2 NP L
-0.5 0 0.5 -0.5 0 0.5 -1 -0.5 o 0.5 1 -1 -0.5 o 05 1
-2 T T -2 T T T -12 -12
V1668 Cyg 1976 d V1974 Cyg 1992
c V1500 Cyg (Nova Cyg 1975, d) V1974 Cyg (Nova Cyg 1992
(c) PU Vul 1979 (d) PU Vul 1970 (c) ¥g (Nova ¥9 ) s (@) g (Nova Cyq )
E(B-V)=0.45 =87 My, max™ - E(B-V)=0.30
a 4 -0}
(m-M),=12.3 / (m—-M),=12.2
1 w i
My et 2=3.8
o -8
m
|
2 1 F.4' or 4
o o Williamon (1977) 1 “% ['m, .
 Arkhipova+(1976)
§ Kiselev+(1977) 4 =4
0 V1668 Cyq E(B-V)=0.35 (t < 40 days) © V1974 Cyg E(B-V)=0.30 (t < 60 days) te_ O Pfau (1976)
A PU VU E(B-V)=0.3 A PU VUl E(B-V)=0.3 O Chochol+(1993)
1 L 1 L -2 -2 v

I L I L s L L L
-0.5 0 0.5 -0.5 0 0.5 -1 -05 o 0.5 1 -1 -0.5 ] 05 1

(B-V), (B-V), (B-V)q (B-V)o

3: moderately fast nova @ PW Vul 725, fast novae ® V1668 Cyg, V1974 Cyg, £ L T, very
fast nova ™ V1500 Cyg £ TOHHBRD 2 @K () & ASHE (£7), Left: 200 .5h3dH 578,
2K TIXIFIER U L 5 iR a2 7= &5, Right: AR T, MA@k, X (B —V)
FEBWHEOMRE, PU Vul (HFAREEBEMR) LiEOHEDOREK V1500 Cyg (FeARFEMR) ORI, tho
BN OB 005, RO X —=2 7R A v N OLGENIIG T HALE 2 WD KEIFR TER T,
PW Vul (ZEF i ofrivth 2y v Of#E, i, FvMlloZ —=2 7R A b OALENEIE Z OWEE
DFRHAFEOMEIZL B,

2 A AT D, V723 Cas & HR Del ® — oD EZ K 2 1RT, ENKETORES
ThO, APBREZEOKRT THDH, WBR%IE, PU VUl EIEFIZRETWD, MKRTON
B 23D 73 optically thin free-free emission ONLEIZX T D stage 0 {0 HEAE > TV
HDVE, ZOFRNZ wind mass-loss DT AR LTWAD, ZOZ &iE, E£IEHENEF
DOIH ER Y ORI, V723 Cas & V5558 Sgr 128U T, P Cygni profile 238 v T
HIEEEHLTWD, ZDXIIZ LT, slow novae DEEAERIHD, stage 0 HIEE V|
stage 1,2,3,4 &% L, stage 5 ~EFET 5 X 9 2R3 72 0 — AT Y S5 Z & 3]
L7,

2. PW Vul, V1668 Cyg, V1974 Cyg, V1500 Cyg Z DXL oI, HAHFED slow novae
WZOUWTHL Y SEDE L ORI A oD moderately fast novae, fast novae, very fast novae (2
SNTHERD ToDH? ZNAETD DI, PW Vul, V1668 Cyg, V1974 Cyg, V1500 Cyg
DADOHFBEDELEEK I(FED A4 D) ITRT, TNENOFEZLIZZLDIELOX1TdH
HICLTH, BERMICITERC LS R AT ED 2 ENbND, 2 2 THFITHINTIL,
nova giant sequence 725 % L, optically thick free-free emission OAL{E (Z Z T, stage
F LARIZATTT2) 2@ 0 . i3 stage 5~k TIT <,

3. THHBOREH/E 26N T, Zhbd 450 HEHREDOGERXKE XK 3(4D
4 D) 12”7, very fast nova @ V1500 Cyg OEERNIL, K34 clcd b, thof T
H, FERERTRINTND, B, M3Fa LX3LAD T, FRERTRLTHDLD
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73, PU Vul O&E#EEKTH 5D, PW Vul I moderately fast nova T, Z @ very fast nova @
V1500 Cyg & PU Vul OHIZALE L T\ 5, fast nova @ V1668 Cyg (X H T optically
thin dust shell ZE&kTHZ b H-TH, B—V ® color TiEHE Y HFUVWNZ E TITT
W2, EEFESTSHELS 2> TS (T3 %), fast nova @ V1974 Cyg X V1500 Cyg D4 L,
TR IRIE V1500 Cyg ICi -7 JECHI<, PU Vul = PW Vul © & 512, #di CHriuing
DL HDHWIE V1500 Cyg X° V1974 Cyg 72 ED X 9 HF WA Iz b Z—=2 7
RA Y baFoL ) RGEF. TORERENITHESHEN, MANZKHIZFFOERTH 5,
DED, ZOXIRE—=THRA bR HNE TOMBEOKHNS, ffEZEHLEDL T L
T, TOFEOMHNEMRE RO ENTED, DF0, 2AKTRIEZEDESZ LT,
E(B-V) »MKv ., Thzfiv, aFERXNE#E, F—=0 TR, b ZOWEDKHIOHE
OMEICEDED & MR PRED, EBIZ, Ay = Ry xE(B-V)=31xE(B-V)
ORRE M, Bl d 2Rk D, famé LT, UBV O3 GAEARBERITI LT,
TR OFEHERNRTGA—=LThDH, E(B-V). #xttsik (m — M)y = Ay + 5log(d/10pc).
ZLT, HEfdEZRkDDHZ ENTE D,

4. UBV 28L& BEBBDRE 412, WAWAEEET R D 2 (A7) 5| extinction
E(B-V) ZROIplZbiT 5, HFIZKDIZEB-V)ERLTHD, 2&z, WBKRAE
OEJA7e< &b, BERS UBV ZAUPENTEIX, FRLLHZOEN 753025 DT,
EB-V)%ZRBERI KDDL LNTE D,

5. SRAIDIER-RINEREDLER bivbhnkd7c E(B-V) OEOZEYS ML R 57
WIT, K5 TiX, Marshall et al. (2006) 233K 7=, FERE-RINBAGR & DIz Z o7z,
Marshall et al. D7 —# X, SRAJEET |¢] < 100° BLO|b] < 10° OFFAT, Lord, 0.5°
BEIZLMEZONTWRWOT, RO FMEET, Fi%LLED4HmE7 7y LT
Do IEWTEWOFRIZBWTIE, S OBEE-RINERE < E-TVD EEA D, RELT
NTVDLDONR, B ENDN, ZHbiE, HEDOIEDm =V I2RINAEH LI,

6. FEORB-FRROFH HIHHENSEEOHEOLANCH S 56, LEMHREZ time-
stretching (IRFfEIHTANICHI ZEIX L2, Mid/2035) 2L TERAEDELZ A TE
%, HRAEDLETE ZOOFHEOKEDMIZIX, my =m), —2.5log f, DR H % (Hachisu
& Kato, 2010, ApJ, 709, 630), Z Z T, fs I% time-stretching factor T, 10 fFKHE K T
X, 25, L0 T ETH D, S oDOHED I R A BRI T R 2 IE OWE A S
T, BERAbED I & T, MREREEZRDDL ZENTEDHDT, IR N D> TND
Bz MRRII LT, kx & ZOREEZ LTHTTIR, Z2< OFEOMIEARBER b &
WHZENTED, ZOXIITLTRDI, FEOOFEMHN A 6 12FR R Lz, £ 40 HD
B e, HE %, V1500 Cyg, V1668 Cyg., PW Vul, FH Ser, PU Vul i2fE &5 550
BA TG TEDLZ N gholz, HIZ, (B=V)g 7 —T, H2RIZFHELTWS, Z
i, KFESNEOEE (- K), BEUHEDO ALY — K7 7 2 EN—IW) ITIZIZRHE LT
Wb, ZOXHIZLT, UBV 2K, BIOE-FEHRXZMES & HHBT RO E B 2
ZAHZENTED, BEOHED CCD BUITIE, U-band B INDLERH D13, EO
U-band & ALz, UBV 3R EIT> TE LY,

87



T T T -2 T T T -2

T T T -2 T T T
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%) s
2 A 2 ) 32
) L) ) %
i 2 of 2 of 2 of 2
- o (t < 70 days)
0 \ t < B5 de
(t < 10 days) O V446 Her (AU Girc) . Ev<vm (D:’rﬁ)ﬁ"e”) O FH Ser (Borra+)
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Abstract

Multi-epoch phase-referencing VLBI observations by using VERA (VLBI
Exploration of Radio Astrometry) of SiO masers were performed for the symbiotic
binary system, R Aquarii (R Aqr). We measured parallax of 7 = 4.59 +0.24 mas,

corresponding to a distance of 218712

pc tracing one of v =2 J =1—0 SiO maser
spots. This distance is consistent with earlier measurements, but yields the highest
accuracy of about 5% level. In addition, we performed Markov Chain Monte Carlo
(MCMC) simulation jointly fitted Doppler and Astrometry data to derive the orbital
parameters. Preliminary result of orbital parameters showed the orbital period of
16571.46 days (45.3 yr), eccentricity of 0.36, inclination of 145.23°, and semi-major
axis of 12.34 AU. By applying our parameter, permitted mass of white dwarf com-
panion would be a mass range between 1.1 and 2.4 solar mass which is a over of
Chandrasekhar limit (~ 1.4 solar mass) assuming that Mira variable in R Aqr has a

mass range between 0.1 and 1.5 solar mass.

1. Introduction

The class of Symbiotic system is nowa-
days generally understood as interacting bi-
nary system comprised of a cool late-type star,
which is a red giant or asymptotic giant branch
star, and a hot compact companion, usually
white dwarf or in a few cases of a low-mass
main-sequence star. Phenomena caused by in-
teraction between the components in symbi-
otic stars, such as accretion of the stellar ma-
terial around the hot component with nova-
like thermonuclear outburst, mass-loss from a

giant star with colliding wind process, forma-

tion of bipolar photo-ionized planetary neb-
ulae, and collimation of jet-like feature, give
unique astrophysical laboratories to investi-
gate the evolution of binary system (Kenyon
1986).

R Aquarii (R Aqr) is one of the most
studied symbiotic stars composed of a Mira,
long period variable, and a white dwarf com-
panion. Interesting by R Aqr exhibits jet-like
feature which is probably powered by accretion
disk around white dwarf companion. This jet
has been extensively observed in optical, radio,

UV, and X-ray wavelengths and known to ex-
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tend up to 2500 AU in North-East and South-
West direction with a shock speed of about 235
- 285 km s7! (Nichols and Slavin 2009).

The large-scaled, extended inner and
outer nebulae are also known in R Aqr. Solf
and Ulrich (1985) carried out an extensive
study of the nebulae using optical spectroscopy
observations, and revealed that both nebulae
had the same geometric structure resembling
of a bipolar, hour-glass-like shape extending
E-W direction for the outer nebula with an
equatorial velocity of 55 km s™! and N-S di-
rection for the inner nebula with an equatorial
velocity of 32 km s™!, respectively.

In addition, R Aqr is one of symbiotic
stars that have circumstellar masers associ-
Since the first de-
tection of SiO maser in R Aqr by Lépine et al.

ated with Mira variables.

(1978), there were several single-dish observa-
tional studies of 43, 86 GHz SiO masers as well
as 22, 321 GHz H,O maser. Moreover, high
resolution VLBI observations were also per-
formed by VLBA presenting a ring-like struc-
ture of 43 GHz SiO maser with approximately
30 mas diameter.

Ring-like structure of SiO masers in
AGB star is general trend of emitting distribu-
tion in circumstellar envelope within the dust
formation region, which is supposed to be at-
tributable to the longer path of gas needed the
physical conditions to form SiO maser. Among
the ”classical” circumstellar masers in AGB
stars, SiO masers arise inside of dust forma-
tion and wind acceleration point, so that the
monitor observation using VLBI technique is
a powerful and unique tool for investigating
the dynamics and physical conditions of AGB
stars’ extended atmosphere.

R Aqr orbital period of 44 years was
(1981), who in-
terpreted that the depressions of optical light
curve in 1928-1934 and 1974-1978 were at-
tributed to the obscuration of the Mira vari-
Wide-
range of radial velocity data were collected
by McIntosh and Rustan (2007) in visual,
Near-IR, and radio wavelengths from 1940.

proposed by Willson et al.

able by an extended cloud of dust.

They extracted an orbital period of 34.6 years
with an eccentricity of 0.52, and a projected
semi-major axis of 3.5 AU. Subsequently,
Gromadzki and Mikolajewska (2009) also ex-
tracted an orbital period of 43.6 years with
an eccentricity of 0.25 modifying radial ve-
locity data collected by McIntosh and Rustan
(2007) complemented by additional radial ve-
locity data. They obtained consistent orbital
period with Willson et al. (1981).

2. Observations and Data Reduction

The observations of v=1 J=1-0 and
v=2J=1-0 SiO maser transitions were
performed using VERA four stations from
September 2005 to February 2013. Rest fre-
quencies of 43.122079 GHz and 42.820582 GHz
forv=1J=1—-0and v=2J=1-0 were
adopted in this paper, respectively.

SiO masers around the target source,
R Aqr (aysge = 2394304954616, 079000 =
—15°17'04"202) and the phase-referencing
source J2348-1631 (avy2000 = 23148™m025608532,
d2000 = —16°31'12702226) were observed si-
multaneously using the VERA dual-beam sys-
tem. The separation angle between the tar-
get and reference source is about 1.6 de-
gree. All the data reduction was per-

formed using the National Radio Astronomy
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Observatory (NRAO) Astronomical Image
Processing System (AIPS).

3. Parallax Measurement

In order to estimate parallax, we as-
sumed that the movement of SiO maser spot
is summation of parallax motion and linear
proper motion, and that accelerating or decel-
erating factor of binary motion is negligible for
1 year of 44 years orbit.

Among all the observations, we used the
Visr = —20.7 km s~! of v = 2 SiO maser spot
to estimate parallax. We detected these spots
in 8 epochs at 2005/270, 327, 358, 2006,/045,
062, 128, 207, and 286, covering a period of
about 1 years. In Figure 1, we present the po-
sition variations of v =2, J=1—0 SiO maser
spots in Vigp = —20.7 km s~! with the best
fitting parallax and proper motion results pre-
sented by solid curve. Table 1 shows the sum-
mary of parallax and linear proper motion re-
sults with given uniform weights in right as-
cension and declination. By giving position
errors of opsa = 0.430 mas and op.. = 0.434
mas obtained by reduced chi-square fitting, we
obtained the parallax of m = 4.59 4+ 0.24 mas,
corresponding to a distance of 218712 pc, and
the linear proper motions are p =37.13+£0.47
mas yr~ ! and ps = —28.6240.44 mas yr—!, re-

spectively.

4. Position variation of Mira compo-

nent

High resolution VLBI observations ver-
ified that SiO masers in AGB stars tend to
occur in clumpy and do lie within the dust

formation region, which is located a few stel-
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Fig. 1. Variations of v=2 J=1-0 (VL sr=-20.7
km s71) and best Afit-
ted parallax result. The tracking center is
(@, 8) 2000 = (23143™49%4736,17°04//3620). The
filled circles with error bars of 0.430 and 0.434
mas in RA and Dec (see text) indicate presented

SiO  maser spots

maser positions, and cross symbols are repre-

sented predicted positions

lar radii away from the star and is in the form
We assume that the

center of circular fitting from SiO maser dis-

of ring-like structures.

tributions coincides with the position of the
central star, and estimate the stellar positions
by circular fitting from both v =1 and v =2
SiO maser spots. Obtained center positions of
each epochs from 2005 to 2013 are totally 13
epochs in our observations. Figure 2 shows one
of the recent phase-referencing image of SiO

maser distribution with the best fitting circle.

5. Preliminary orbital parameters of R
Aqr

For estimating orbital parameters, we
used Markov Chain Monte Carlo (MCMC)

99



Table 1. Parallax and linear proper motion of SiO v=2 J=1-0 maser spot

Visr m Distance e s NOTE

[km/s] [mas] [pc] [mas/yr] [mas/yr] [mas]

-20.7  4.654+0.29 215713 37.08+0.53 - oRrA=0.430
4.3840.53 228732 - -28.5640.49 0 pe.=0.434
4.5940.24 218717 37.1340.47 -28.62+0.44 -

Table 2. Median and Best values with 68% confidence
interval for R Aqr orbital parameters resulting from

MCMC simulation

Parameters Best Value Median (68% CI)
T [JD] 2442168.5 244215601353
P [days] 16571.5 166067559

e 0.36 0.34170-098

w [°] 49.34 49.9729

a [AU] 12.34 12.3775

i [°] 145.23 1461757

Q[ 130.30 133.3750
7 [mas] 4.59+0.23 -

technique to jointly conduct radial velocity
data and VLBI Astrometry data. During the
last decade, MCMC method has been applied
successfully to several astronomical data and
problems; including exoplanet survey. Radial
velocity data were taken from the recent paper,
by Gromadzki & Mikolajewska (2009), which
is most recent RV collecting paper as well as
Nobeyama observation data (Ukita et al. in
prep). Combining our VLBI astrometry data,
we performed MCMC simulation.

As a result, summary of our prelimi-
nary orbital parameter result is shown in Table
2 with the best values and median with 68%
confidence level. We can derive full orbital pa-
rameters without any ambiguity and divide in-

clination information.

6. Mass estimation for White Dwarf

companion

One of striking result in our simulation
is that the orbital inclination in this system is
presented about 145 °. This result is quite dif-
ferent from previous reported inclination of 72°
by Solf & Ulrich (1985) coming from the mor-
phology of nebula shape. By adopting our or-
bital parameters, the mass function of f(M)=
0.169 solar mass with best orbital parameter
values. From mass function, we can derive
the permitted mass for white dwarf companion
with the assumption of Mira mass range be-
tween 0.1 and 1.5 solar mass. Expected white
dwarf mass is about about 1.1 to 2.4 solar
mass which is over the Chandrasekhar limit.
The critical mass for Mira with Chandrasekhar
limit of white dwarf is about 0.39 solar mass,
which is lower than lower limit of core-mass of
Mira variable.

If our inclination estimation is true, R
Aqr system can be a progenitor of Type I su-
pernova in terms of inclination result. We need
to carefully analysis our data also consider how
this system (White dwarf companion) can be

become to grow over the Chandrasekhar limit.
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Fig. 2. Distribution of phase-referencing SiO
maser spots toward R Aqr and fitted circle from
the maser spots at 2013/053. The upward tri-
angles are represented the v=1 J=1-0 transition
and the downward triangles are represented the
v=2 J=1-0 transition. The tracking center is
(@, 8) 2000 = (23P43™4954736,17°04/3620). The
top color bar denoted the LSR velocity range of
-12 to -31 km s~ 1.
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Fig. 3. The permitted component masses con-
strained by the mass function. X-axis is the as-
sumed mass for Mira range from 0.1 to 1.5 so-
lar mass. Y-axis is the mass of WD companion.
The gray line is the permitted WD masses. The
dashed line indicates the Chandrasekhar limit of
1.44 solar mass, and the dashed-dot line indicates
the critical mass of Mira of 0.39 solar mass in the
case of Chandrasekhar mass of WD companion.
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