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The Progenitors of Type la Supernovae
{Single Degenerate
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(2) Companion (Age, Metallicity)

j SNe la (E vs. Spiral; Redshift) ® Rate ® Evolution?
® Circumstellar Interaction: SNe 2002ic, 2005ke




Accreting White Dwarf Models

for Type la Supernovae
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Stability of H Shell Burning
Thin Shell

AM << M \/I' /
AR << R

+P=GMAM /4R* Surface Zone

Positive Specific Heat

‘Geometry: Plane Parallel
*EOS: Degenerate Electrons
- P (T-iIndependent)

High M, L --> AR~R --> negative C,



Mass of H-rich Envelope
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Steady H Burning
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Response of WDs to Accretion
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Surface H-burning Model

e

Surface Zone

(Starrfield et al. 2004)

Myp=1.35M,
M=2 X 108~8 X 10" MayrL

Surface Zone

+AM<,=10"M, (1 Zone)

oP,=GMAM, /47R

¢

s,=2-5% 108K



Temperature of H Burning Shell
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(2006)



Surface H-burning Model

(Starrfield et al. 2004)

Mwp=1.35M,
M=2X108~8 X 10"Meyr

% i / Surface Zone

Surface Zone +AM,=10>M, (1 Zone)
oP.,=GMAM, /47R*
oT,=2-5X%X10%K

+€57=ME 1116/ AM sz
(T-independent: stable)
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Properties of H Burning Shell
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Rapid Accretion onto White Dwarfs
. 5 Wyn 0 s (Nomoto et al. 1979)
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Accretion Wind
(Hachisu, Kato, & Nomoto 1996, ApJ, 470, L97)

M. > M., — Winds
White Dwarf

Companion Star




White Dwarf Wind
dm/dt
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White Dwarf Wind
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LMC: X-ray Sources (ROSAT)
Super-Soft X-ray Sources

2 degree

Greiner et al.
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Super-Soft X-R
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SSXS In LMC: RX J0513.9-6951

Limit Cycle: Opt-high/Xray-off =» Opt-low/Xray-on =
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Candidate Progenitor Systems for Hachisu, Kato, Nomoto

Li, van den Heuvel

Carbon Ignitors Han, Podsiadlowski
107 < M (Mg yrd) < 2 x10°6
Companion M, > Myp
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Limit Cycle In SSXS
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(.r:_} »::u:.~”tiu::n:|||;,T thick wind phase

(b) just after the wind stops

_ Hachisu, Kato (03)
(c) mass accretion makes a spray



Circumstellar Medium of SN la
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WD wind (fast)
Companion star wind (slow)



Mass accretion and Mass tripping

MS
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SETip strip

(a) mass accretion on (b) mass accretion off Hachisu, Kato



Viswual

Super Soft Source: V Sge

Limit Cycle: Opt-high/Xray-off = Opt-low/Xray-on =
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Recurrent Nova: U SCo
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Reccurent Nova : U Sco

| ik I R 1
1.30M, d=10 kpc
8 | @ B 1.35M, d=8.4 kpc
= B 1.36M, d=8.0 kpc
— 1.53/Mg d=7.5 kpc
1.5377/Mg d=7.2 kpc

© 0 @O0

10F §F

12 | |

U Sco 1999 Qutburst

14

1 1 1 1 L 1 L 1 L 1
234 236 238 240 242 244
HJD 2,451,000+ (day)

U Sco 1999 outburst Mwp = 1.7+ 0.01 Mg
ct. Thoroughgood et al. (2001)

MWD = 155 S5 O24M@ b 132M® Hachisu, Kato




I
00 o)) EN

log(d M/ldt) (M@/Iyr)

|
—
o

—12

/70 Y=0.28 Z=0.02

Res&mnse of WD to accretion

Optically Thick Wi
(Accretion Wind

—4.0

| 1 | 1

' Steady H—burning
— ¥
H—shell Fl —93.9

0.8 1 1.2

Mwo/ Mo

Hachisu, Kato



Candidates of the SN la Progenitors

Companions of the Chandrasekhar Mass WDs

Main-Sequence (MS): ‘Red Giant (RG):
Slightly Evolved 2-3M¢, stars 1-2M,, stars
=Young, Spiral =0Ild, Spiral & Elliptical
(t =20.5Gyr) (t =23Gyr)
—Supersoft X-ray Source —Symbiotic Stars?
—Recurrent Nova (USCo) —Recurrent Novae (TCrB)
Remnant ?

Double Degenerate ?
Search; Hydrodynamics of Merging

Sub-Chandrasekhar Mass SN la? He in peculiar SN 00cx ?

Circumstellar matter ?
Rotation of accreting WDs -> Fate, Diversity ?

SN rate (2)
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