Polytrope & White dwarsf

* Completely degenerate electron gas :
n changes from 1.5 to 3.0 as the
density increases

In general, for a polytropic star,
1-n

Stellar radius: R = Zg” o A7 o p2n

' 3-n
Mass: M = 47zpCR3(—Kj oc p 2
z/._

z=z,

I-n

—>Roc M3

When 1<n<3, R becomes smaller
as M increases.

For the limit of n =3 (relativistic
limit), R > O.
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Polytrope & White dwarfs

For the limit of ultra - relativistic
(or high density), EOS is

P.oc p *". Using this and (1.22)
we find mass approaches to

Y 2
M= 1.46(0 sj My=M,,

the Chandrasekhar mass.

Or when M — M, it becomes n —3

I=n 1-n
RoclimM?3* " =limM,3-» =0, and
n—3 n—3
L >0,

Cases of binary mass transfer

(Rgp)

3 Evolutions of radius in a 5 M, star
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Case A: A primary star fills the Roche lobe during

the main sequence.
time scale: thermal (KH) time scale ~ GM%/(RL) = T,
example: M = 2Msun, Ty,- 107 yr, dM/dt ~ 107 Msun/yr
M = 5Msun, Ty,- 108 yr, dM/dt ~ 10 Msun/yr
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Another way: RG+WD system
(Symbiotic Star Chanel)

M1=8.8-1.2Ma o Y G+0 core and
M2-0.0-3M0 { : main.sequenca
4=40-400R0 star
P=30-800 day e
g '\Tf = strong wind and
Symbiotic starm {coicg ()i messsimong
e from RG
. l\ (E) d
wind

SN Ia explosion

dMy/dt (Myyr)

SD +Wind mode
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Previously it was shown that steady
H-shell burning for the CO core growth
Is possible only for a narrow region.
= too few SNe la from the SD model?

Type la SN

*C ignition at center
*Cooling by neutrino emission
*Degenerate electron :
Runaway nuclear burning=»explosion
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Pakmor et al. 2013
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Summary
*Violent merger can explain all
observed SNe la? -- not sure yet

*Can explain observed SN rate ?

*So far, VM can’t explain super-chandra type.
(DD rotation model can?

*Some are DD some are SD ??

*Uncertainty in numerical resolutions and
assumptions.

Violent merger model of DD
Pakmor et al. 2010, 2012, 2013

* 2010: Sub-luminous type la supernovae from
the mergers of equal-mass white dwarfs with
mass 0.9 Msun

— Nearly equal mass WDs merge violently
— Hot spots appear in a high density region, and
carbon detonation ignites here.
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¢ Previously it was considered |
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that detonation is not a
burning mechanism for
SNe la, because if it occurs at

center, it burns entire star and
inconsistent with observations; ..
showing some unburned 2w
materials.
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