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HERADBZRELLFEFICHVELRIMRL S
LHMEFET - il P0sEICE), RUnT
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7o AN—7ELEREE L7z,

3. ANUT Loy FEE X RIE

F I
HKN96 Tid, | Mo BEDEEDHBEKE
(white dwarf — WD LHBEER) &, 1 Mg BEOANY
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BOBMBY A & - Ar—id, ~ 10 FBRELOT,
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INE, BB HARELS, ANYTA - aTELD
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(WD + RG system) &XBIT5E®RT, AOER-
FRVIAER (WD +MSsystem) EIFERZ ECT 5,
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ZhuE, HBTEEL ALY, WEIICIE LA
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Blovy vz -0-7%H2T. (F) TOBOE
EREILELZDT, BLAroAN) T2 EB%
PERICE 2B ZEDTE, EEANY YL Yy
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LEOKEPHB SN T D EEEPLLES
A, Uy a - I—7&ilky. BREBBIAE
ERDTHENGE YT A LAYy~ VTEEBEIE
tr. () HBEREOBFAGEEYHI LEERY
PRI HOT, AREELSEERITRE, BR
BEFELBLAANAIEERE LTRIEENS
A, EERERECHFELRTL. ) HEDE
ENERAL, BEEEI1IOESWTRE LEER
BEIFHOBEROBRBRERUTICBS T 50
T, BEREREL. ) HEEENDHERZDHE
BREIZKY, 138 Mg Kb e HEBHEL L
THRETS.

T, NIULAERVIEILR D, (B) N T LAREOH
DR L7 RE - BBEI 7O S NB L, ~
U AAEIEACKR, Byia - a—T %L
AN LEREANKOED, ZOBROEEBE)II,
BB MM, <079 20T BEHOEEH,S
BVWHOEEANEELDT), RETH S, 131F
FTRTOANY T LNBEEEANRE LRI, B
1 Mo BEO C-O HBHEREL, SBOINYT L -
Ny Filh oo ERERFNCEE TV AER
(2-35My) HFREND.
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L7eRB$5, H4DEHiZ, G EEOBHD,
HEPSERICHP - TRIA, ZhiE, EVWEHD
Ehb, BOHOENDEERE DT, BuldE
IHEAR, ANEEERA. LIzFoT, EXRFEDH
5 AL AF—VTEEBBIEZ Y, BEIFI,
K1) TERONLERBEEELBR L. @) MO
HERZEHERIKSY, BEEELS1IZEICIK
ONT, BEIFERITHD, BRBEERLDBHSLC
A, (DEERZIEDL. LaL, KEOEFERE
PR DI T D ORERIIHCDT, C-OHE
BREOEEIIHZ TwL. () BREMICE, 138 Mg
WETHREL, REEHEL LTRRT 5.

COEERET B TRRE TS L EBHEDHE
FER Q) 2MoTHETIY, vy = 0001y
LoT, BRSNS v, =0003 yr' O
BIZF3GDO1I1BEILL, ABEERTTKE
DFXRBERH 5 &, BREREOIIKEHTTER
EOREICRL, LzhoT, BHOY—2 138
X BOFRBICHY, B XHFREE LTRA S
HRITOLDTHAH. LiL, (H) DEMIZ, Al
BEPSOEERBHCI2HCHRNEH S0
WX BEBE SRR, O OBRBICRoTIILD
TEEAMEGOT, Bk X #IE (Super-Soft X-
ray Sources; SSS &B&T) L LCElMIS NG, EE
12, K¥¥IVvE (LMC) RETHEISNG @ik
X BB 7 LRSI B, S,
EDPOMBENDHTANANY L ) v FTHD
EVHZLEDEDEPHoTNE, #1LT, IO
HEALRREE & AU 4 - )y FHRBEK X BRIR (SSS)
F X ANVEIERT LT D,

Fi, B XS X HHEE ROSAT 2L NS
IR SN 721990 EACHIHD O R | ITHT T,
SSS A la BEH EOFE TR LW L HIFF SN
BEEADSd 72, LD L, Di Stefano & Rappaport' %
Yungelson et al."” & DIERIEM DM D 5, £DT]
BETEIXE VWEEZ LNT LI o7, bR
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3, SSSHA L BBHENBRETHL LV 2L %,
FLOEREREZROT LI LT, BUOEE
BRIV H) ZEiIChD, FRERBRIIC, @5k X
BIBEORFEDERERIZOVTYH, BILMITE
OTERVPEEZTWE, (N Lh - ) yF
SSS F ¥ FIVOFEMIZOVTIE, B - g - 5
& - HgH ' 2B, LR, HKNU99 &BEER.)

37, EREHE U Sco DF N — 7 HBEk X #i
BERU L) LR CTHETEL Z LG 0
o7z, TRIE, S5ETILOTHER LA,

4, £EEBF v R

EROANY YL )y FRBER X BEF Y AVT
HE L7, WD + MS ROXRKIL, EDEEDS
M,~2- 35Mg THHZ L DL, Fiyiddwngn
10 BERETH S, ZRTIE, BHERIALR
5% aBIBHAEZTHHAT LI LIITE LW,
HKN96 TRFELZL I %, 1 Mo BEOKEDH
BERLIM, BEOEEDREEREDART
(WD + RG3) P TILH 5%, Yungelson &
Livio” &, 20 X5 7% WD + RG %% la B H 2
BELZECTHERIIEALYOTHL LiEHRD
7z, UL, #72bid, S OB OREAR
BIBIREVRMaD B A L 2IEH L, TRb2E
ET5E, WD+ RCRARLIEBHENHE L L
THALHEENHLILERTIENTES: (B
B b0k - TA 7. LIRE, HKNO9 LEEER). 4B,
WD+RG RIZABEE L ClIKREORREDN D
DTHTHEOBRTH Y, HREBEEIL 3000-
4000 EOREREZFHD. BREOBVELEBEED
BVEDARY PUBEFELTWE L0, #4
£ (symbiotic star) DT, WD + RGRIFIHEE
ELTEHEIINAIITCHE, LD oT, WD+
RGFE2&T, ZO#IERELEERTF YAV E
MR &Y 5,

41 X—IS— -« 74 2 KEEDEEINHKE

%4, Yungelson & Livio” 1&, Y UOERODELR
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ROBBFEE a, <1500 Ry ERE L2, Thig,
PEEENINEEE5H (AGB; asymptotic giant
branch) BRPEICEE L7z & & ORKDFEEDT 1000
Ro BETHLILALEINILOTHS. Ih
L OEERENKREVE, FREROY Y - O—
TERMIETIENRVOT, EEBHITE IO R
Wwe#Ezl, 22T, AGBEROELIZ, P40
C-0aA7DELYTHE AT LENDY, Th
ZEVWKENEIBE> T A& LD,

Z @ Yungelson & Livio #F x 13, 4 % Tl
BEOEHRL L TULLRITANLTEZLDTH 5.
LHL, COEENFRLICEZLHEDOH LD DD,
HOERCRF LTI hdor, HEERIE, £
DAL DR (AGB KR O&E) 12, A
— - %4 F (superwind) &IEITN BN LREE
Bat L, KENBEZRERIL, BREKEEL
b, FOEEMHEEM ~ 10° Mg yr 120ET
595, [HEBOEEL 10 - 40 knys LIEFITE .
MEBEBCTRREI WL Y TF SR, &
EROEFHS MV KL, AEHEEZDL L.
FORAEH & L THEEROUEIIHED.

EOREY o Y HADBHTITL &, BLEEE
HEE T D% A L7 R, BT A RADEE
ZvEl, LEEER . BEEBHOARELQ
LT 5L,

vs15aQ, 3)

DEMGEHIZTE, PELEFRL I LU
7. ThEEBROEEROMPMEEEHNTHS
E‘j—ty

MU+MMHIOMSIV

455500 Ry (51 —)% @

L%, O, MHMOEEN M, =T70Me &M,
=10 Mo DRTEE2 5L, a 540000 R T
T, THEEREROMICANILENH DT LA
G h. BEA—BIE LBD S &, BLEOREE
BETITRELLDOT, £HF @ BITET+

Bk 115
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ST END LD ISR DT, BEOEILIE
ahan, oF 0, HESNBELEFEL LS
BB BEFO—»5+50—BE) Ik
35,

42 BERBERRICLIFEEED
BN

A—s%— - v A v FEEO#E R LEIEE
ILOBALERIGEZR2ETHE, MSITRLE
£z, EERIIELTS. (A) YOFEROMIIK
HE. (B) TEATAGB EFSICEHEL, RRIZA—N
— - A Y DKL E, BUEEEFRAIILD,
©€) HBIVBHEALLFAL LS 2EBEES. (D)
D%, C-OaATHLERLICRY, C-0 AEE
ELIERVIBEDXTHIRD. (B) MNEEEDOHEEMN
AL - aTEERL, AMEERIIRLE, T
yya-O-—7%EkL, REBBFHIS. ¥
EBEIIERED g = M/M, > 079 2DT, FEE
THY, POREONBIHHBETHLDT,
EREISAFINNEI AL - AT —IVICETH
{h, bL, HREE, SEERAEERLIIK
Mg, £EABFERIN, EERIET,
Webbink % Iben & Tutukov AHEE L7z Xk )12, @
HEHEALZRC, —ERBERERNFTETLI).
L2L, ERIEERABERERAVOBEEES LR
X3LwsnT, EEROHEDD, BEBE
WEERT S, ®EELI g=M/M <079 £ %25
Y, BEBBRIINE R, BEREERERIZ
2. Lo L, KEOEFEBRBEEIH (DT, C-0
HBEZERIZ138 Mg $TAD, LEEHFRLLT
BT 5.

TR, AEEErSOBRENSKCE, &
PTEEBFIRENT ErEdR~S, EERLHE
FEAT 1000 ks 12RE LFEF LK & W0, REBEE
EWIHRET A LHRHEEREL, KEEMAT
5. B E N AR, FEEICHRICEY, R
HEOBWEHZIRIT-T, HBREE,LOE
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EREFICRANKITES. ZOB, FA5HE-o
TH2HEBE TN EVDT, BB TR,

COMBEFMMLTALE, M, REBEENL
DEEBROHEE, FEEELSEINERELE
(mass-stripping rate) % M LEThE,

M,=cM,, ®)
DRFEDD Y, H¥c, i,

2, R M.\l
Cf”%Aégg)“mﬁmnf)(m;@ﬂfﬁ;)
(6)
LFMBENG. TIT, g WEBEICEY, HR
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New Evolutionary Channels to Type Ia super-
novae

Izumi HacHisu

Department of Earth Science and Astronomy, College of
Arts and Sciences, University of Tokyo 153-8902

Abstract: As promising channels to Type Ia supernovae
(SNe Ia), we have proposed two binary systems: one is
a supersoft X-ray source (SSS) binary system consisting
of a white dwarf (WD) and a near main-sequence star
(MS) that fills the Roche lobe, and the other is a symbi-
otic binary system consisting of a WD and a low mass
red-giant (RG) that fills the Roche lobe, both in which
strong winds from the accreting WD play a key role in-
creasing the WD mass to the Chandrasekhar mass limit.
Here we have found one new evolutionary channel to
helium-rich SSS binary systems that makes the birth
rate of SNe Ia thourgh the SSS channel much larger
than the previous work. We have proposed two new
evolutionary processes that make the symbiotic channel
to SNe Ia much wider: (1) The WD + RG close binary
can form from a wide binary even with an initial separa-
tion as large as g, 5 40,000 Rg, Therefore, the WD +
RG binary can form from much wider binaries than our
earlier estimate, which is constrained by a, 5 1500 R,
(2) When the RG fills its inner critical Roche lobe, the
WD undergoes rapid mass accretion and blows a strong
optically thick wind. If a mass-stripping effect of the
RG envelope by the wind is strong enough, the symbi-
otic channel can produce SNe Ia for a much (ten times
or more) wider range of the binary parameters than our
earlier estimate predicted. With the above two new ef-
fects (1) and (2), the symbiotic channel together with
the helium-rich SSS channel can account for the in-
ferred rate of SNe Ia in our Galaxy. The immediate
progenitor binaries in these channels to SNe Ia may be
observed as luminous supersoft X-ray sources, symbiot-
ic stars, or recurrent novae like U Sco, T CrB, or RS
Oph, depending on the wind status.
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