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8,000 km ] 20 km
Herant+ 1997
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600 km

100 km

Herant+ 1997
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40- to 50-km radius;
neutrinos are produced
by the following reactions:

Stalled - :

shock front. " ' p+e = n+ug
k n+e" — p+7,
e +ET = V+V

Hot
neutrinos

~—

Region heated by
neutrinos

50- to 100-km radius;
neutrinos are absorbed

Proto-neutron star by the following reactions:

approximately 40-km radius n+v, — p+e

+V, = n+e*
=

Herant+ 1997 vae s paes
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\ Lﬁx Ia In ‘ II : Ir ' ;HRFH:“ i /
A TR vy A | /"~ *Cold" infall collects
\ » \\ | ) ;ff/ into downdrafts
Quasi-static | P .
! f( L Thx“m
layer Q : ,«"// R 7 ~ Heated matter
. ‘\ ' expands and rises
\k ; J / /Neutrlrm heating

e /50
Herant+ 1997 Surface of
proto-neutron star
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through the star’s diameter,

by duplicating the output info

times. The circles therefore
Shock front fourfold symmetry.

Herant+ 1997
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SN 1987A
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Hirata+ 1987
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spin up of common envelope
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SN 1987AHNETE 2

. unstable mass transfer

=< eces

partial envelope ejection

‘ red—blue transition and
sweep—up of ejecta by

blue—supergiant wind

= 46.0, y= 53.0

Morris+ 2007

B

23



mp&¢£ﬁ5<m)

(Chandrasekhar RERERIRE BES

Credit: Daniel Kasen, UC Santa Cruz
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Degenerate matter
(helium, carbon or other
possible reaction
products)

-Apr-2016

Normal gas
(50 km thick)

1931, Apd em

THE MAXIMUM MASS OF IDEAL WHITE DWARFS
By S. CHANDRASEKHAR

ABSTRACT

The theory of the polytropic gas spheres in conjunction with the equation of state
of a relativistically degemerate decirom-gas leads 1o a umigque value for the mass of a star
built on this model. This mass (=0.91Q) is interpreted as representing the upper
limit to the mass of an ideal white dwarf.

In a paper appearing in the Philosophical Magazine,' the author
has considered the density of white dwarfs from the point of view of
the theory of the polytropic gas spheres, in conjunction with the
degenerate non-relativistic form of the Fermi-Dirac statistics. The
expression obtained for the density was

o=:<x6:><xo’x(g)' ’ (1
where M/© equals the mass of the star in units of the sun. This
formula was found to give a much better agreement with facts than
the theory of E. C. Stoner,” based also on Fermi-Dirac statistics but
on uniform distribution of density in the star which is not quite jus-
tifiable.

In this note it is proposed to inquire as to what we are2@le to get
when we use the relativistic form of the Fermi-Dirac statistics for
the degenerate case (an approximation applicable if the number of
slectrans ner cubic centimeter is > 6% 10™). The pressure of such a
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TABLE 2

FiTs To THE COLOR PARAMETER VERSUS SAAREELEEAR AL RSN
LumiNosiTY RELATION USING M, = M, + RAC,, [ ® High-velocity SNe Ia 7
'16'__ B Normal SNe la s 2g- L
5 , E .
Bandpass M R*® (mag) n° C
E -
B ... —19.96(07) 1.94(13) 0.099 30 =-17
Vo —19.72(07) 1.46(12) 0.070 30 B |
I ... —19.23(07) 1.03(13) 0.072 27 -k
E L
*Error estimates in parentheses are in units of = -1%
+0.01 mag. g r
® The sample number of SNe Ia selected.
Wang+, ApJ, 2005 =19
-20
b | | | P T T T T T T T [ T B

L L L PR S I SR T S S T B R R Ei
0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.R
E(B - ‘v’]w (mag)

Figure 4. Am 5-corrected absolute V mag at maximum brightness vs. the host-
galaxy reddening. The filled symbols are SNe with z = 0.01 or Cepheid-based
distances, and the open symbols are nearby objects that were not included in
the fit. The two solid lines show the best-fit By for SNe in the HV and Normal
groups, with dotted lines indicating 2¢r uncertainties. The dashed line represents
the Milky Way reddening law.

Wang+, ApJ, 2009
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1. 38MsunBICORZRERFARZIBLE —> SN la

carbon ignition under degenerate conditions—
thermonuclear runaway——
Incineration and complete destruction of the star

Pur(? deflagration in a Chandrasekhe_lr—mass co Delayed detonation.At t = 0.72 s the detonation
WD: snapshot of the flame propagation 1.0 s after : . .
ignition in multiple sparks around the star’s center. triggers. Subsequently it burns the remaining fuel
& piesp | wrapping around the ashes left behind from the
Ropke et al. 2011, initial deflagration.

Progress in Particle and Nuclear Physics (Review)
17-Apr-2016 R 33



(Hoeflich 1995, ApJ 443, 89) Data obtained by CfA group
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Spectra between 3000 and 8000 A: SN94D vs. M36
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1. WDRRFRFRA (B A 2EE)

(Hachisu et al. 1996; Li & van den Heuvel 1997;
Han & Podsiadlowski 2004, 2006; Han 2008;
Chen & Li 2007; Meng et al. 2009; Lv et al. 2009;
Wang et al. 2009a,b; Wang, Li & Han 2009)

COWD + MS
COWD +RG
CO WD + He star

=
~

2. BWDHERE (N iEHERE

(Iben & Tutukov 1984; Webbink 1984; Han 1998)

COWD + COWD
Image Credit: NASA/Tod Strohmayer (GSFC)/Dana Berry

17-Ap r-2016 @?\‘ (Chandra X-Ray Observatory) 37
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Li & van den Heuvel, 1997 A&A, 322, L9
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My o (M)
L

g <) -

0.1 1 10 100 1000
|:Icnrt:, 0 t\d}

Fig. 3. Distribution of the progenitors of SNe la in the My ¢ — Fom, 0
diagram. The filled dots denote the boundary of the initial orbital period
at the beginning of the mass transfer, for a white dwarf of 1.2M <, initial
mass with a specific companion star, and circles for 1 M-, white dwarfs.
The dotted lines represent the boundary of mass transfer in Case A and
Case B (from left to right).
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WD+MS: ML E AT LA~=5

Han+ 2004, MNRAS " 5ia
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VR EMERNRE5 KA1, TMsun

Chen+ 2014, MNRAS

When does C ignition occur ? Tmax 1 while keeping p constant.

Mwd=0.8Mo
< @ — |esaffre+, 2006 alpha=1/22
& \ | t, = at,
H
| tcool=10"8 yrs _
tcool=10"9yrs |
oog I 912 I 914- l 9!6 I 9f8
log,, 0(g.cm™)
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Chen+ 2014, MNRAS

log,, T (K)
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T-rho profile at the C ignition

center ignition
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log Neutrino Luminosity (erg/s)
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Hillebrandt+ 2013
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SN la host galaxies

Birthrates

Delay time distributions

Candidate progenitors

Surviving companion stars

Stripped mass of companions

Circumstellar material after SN explosion

Early optical and UV emission of SNe la (collision with companion)
Early raido and X-ray emission of SNe la (collision with CSM)
Pre-explosion images

Polarization of SNe la
17-Apr-2016 R
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Contamination of SN ejecta onto helium star
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« Discovered in 2005 (Brown et al. 2005)

« ~20
« Galactic halo
« > escape velocity

Origin?
* Interaction of Binary + BH

« Alternatively
remanant star of SNe la from
WD+He channel.
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Captured star -
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Binary CM trajectory
(parabola)

Ejected star (HVS)

Credit: Warren Brown
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Remnant velocity distribution of SNe la
from WD+He channel

T 1 T | ¥ | ' I ' I ' I
0.3 |~ -
Wang+ 2009, A&A, 508, L27
0.2 |- -
B =
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o
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400 450 500 550 600 650 700
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The fastest unbound star in our Galaxy ejected by a thermonuclear
supernova

S. Geier et al.

Science 347, 1126 (2015);

AVAAAS DOI: 10.1126/science.1259063

US 708 is a hypervelocity helium
star with a space velocity of

1200km/s, it is not from the
Galactic centre.

20000

bin
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r

5000

Y in kpc
L=
T

2000

It may be ejected by a thermonuclear — .:
supernova! 2F

(from a WD + He system)

L 1500

Number of measurements pe

200
100

58
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