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Bob, Welcome to the Red Vest Club !




The Progenitors of Type la Supernovae
{Single Degenerate
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VS.

Double Degenerate C
{Chandrasekhar Mass WD
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Sub-Chandrasekhar Mass WD

Companion

Single Degenerate Scenario
Hurdles, Constraints,
Observational Tests i @

SN 1572 (Tycho)
SN 2009dc (Super Chandra Candidate)



(T. Matsuda)




Single Degenerate Scenario

(1) Compressional Heating (I\7I)

(2) H & He Burning

(3) Radiation-driven WD Winds

(4) Mass-Stripping of Companion Star
(5) Reduction of Mass Transfer Rate
=» Ignition of Carbon Burning

=» Hurdles, Constraints, Observational Tests
Population(M,,P); Delay Time Distribution
Circumstellar Matter, etc.



(1) Accreting White Dwarf Models
Compressional Heating
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(2) Nuclear Burning
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Hydrogen Burning in Accreting WD
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Candidate Progenitor Systems Hachisu, Kato, Nomoto

Lee, van den Heuvel

for Carbon Ignitors Han, Podsiadlowski
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(3) White Dwarf Wind

(Hachisu, Kato, & Nomoto 1996)
M.cc > M., — Winds
White Dwarf

% Companion Star

Wind \ Accretion Disk



White Dwarf Wind

(1) Suppress of WD Radius Expansion
= Super Soft X-ray Sources
2> M > Mg Is allowed

(2) Mass Stripping from the Companion
=» Reduction of Mass Transfer Rate
=2 M, ~ 6 - 8 Mg (Young Population)

IS allowed
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(4)Stripping of Companion’s "= -*
Mass

mass

winds ..
C stripping

=» Mass Transfer Rate
reduced

=» Massive (young)
Companion = SN la

= Circumstellar Matter
10-100 km/s

Hachisu, Kato, Nomoto (2008a)
ApJ 679, 1390



WD+MS system M
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Pre-SN Winds & CSM

WIND
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AB magnitude + offset
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Models for 2002ic-like SNe

SN la/lln SN Ic/lbn/lin (He line?)
2006jc-like ?
Stripped-off Matter \Mass Lass?

from Companion
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Hamuy et al. core

Han, Podsiadlowski
Hachisu et al.

Benetti et al.



AD 2008
Remnant of Tycho's Supernova
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Observations of “SN Echo”

(Oort, Zwicky, ,,, Rest et al., Krause et al.)



(Krause, Tanaka, Goto, Usuda, Hattori, Birkmann, Nomoto ‘08)

Spectra
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High Velocity Ca Feature

W SN 1572

(Tycho)

= SN 2001el 3
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Origin of high velocity Ca ?
-- Circumstellar interaction ? (Gerardy+, Mazzali+)
-- Asphericity ? (< Echo)

8,500 9,000




SN 1572: Companion Candidate (Star G)

WHT Aux Port S'_\I In Blnary >

Filter B, 600s . High Velocity

15 June 2002 ; Proper Motion
' (~100km/s)

(Ruiz-Lapuente et al.)

Peculiar Abundances
Ni, Li

(Hernandez et al.)

Star G: Non-rotating

WD+RG system ?
(Subaru HDS obs.)
(Kerzendorf et al.)

Star E ?(Subaru:lhara et al.)



Super-Chandra candidate SN 2009dc

Vega magnitude
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SN 2009dc: Color Evolution
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SN 2009dc Bolometric Luminosity
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relative flux
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SN 2009dc: Spectroscopy
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SN 2003du (+3 .2 days)
SN 20069z (+6 days)
SN 2009dc (+5.6 days)

Spectropolarimetry
with Subaru
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Spectropolarimetry .} SN 200300 (84 0days) — -

/‘\ SN 2009dc (+89.5 days)

with Subaru (2)

e 2009 July 24
(day +89.5)

e Determination of
Interstellar
polarization
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SN 2009dc: Data in Q-U plane
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Am,c vs. P(SI II)
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Evolution of Rotating White Dwarfs

Critical Rotation
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Structure of Rotating WDs

Uniform Rotation
M=1.48 Mg, J=4.63
Rotation Period = 2.3sec
0 .=2.0e9 (Ignition)

g=0.66
(Uenishi, Nomoto, Hachisu 2003)

0 . , . .
0O 02 04 06 08 1

Differential Rotation

M=2.03 Mg

0 =2.0e9 (lgnition)
(Yoon, Langer 2005)

pe=210% /cm?® AAe37: M=2.03Mg
T/W=0.11

IfM~2Mg,
small polarization ?
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M, or M, or —M2/1O_6M® yr

Super Chandra Mass in SDs

Mwp < 1.7 Mg(chen & Li)
Mo < 2.2 Mg (Hachisu et al.; mass stripping )
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Progenitors of Type la Supernovae

Single Degenerate
WD winds & Mass Stripping

- Young Population
Delay Time Distribution
Circumstellar Matter (10 — 1000 km/s)
H, He ?

SN 1572 (Tycho) : Companion Star ?
SN 2009dc : Super-Chandra Candidate
but ~Spherical; Mass ?
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