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How will isolated white dwarfs evolve by

losing angular momentum?

Super-Chandrasekhar WDs

will they slow down ? -> no

will they explode as a type la supernova ? - > ?, yes
will they collapse into a neutron star ? - > ?, yes

Sub-Chandrasekhar WDs
will they slow down ? - > yes
will they live forever ? - > yes



Equilibrium WD configurations

Boshkayev, Rueda, Ruffini, Siutsou, ApJ 2013,762, 117
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Equilibrium WD configurations

Boshkayev, Rueda, Ruffini, Siutsou, ApJ 2013,762, 117
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Rotating WD properties

Composition P20 k M2=9/M: Ry p=0 a Prmin
THe 546x10° 1.0646 1.40006 1163 0.26952 0.284
2c 6.95x10° 1.0632 138603 1051 0.54692 0.501
16y 7.68x10° 1.0626 138024 1076 0.72343 0.687
OFe 1.18x10° 1.0864 1.10618 2181 0.71685 2.195

Maximum Mass and Minimum Period

M7 =k M7=° ~ 1500, 1.474,1.467. 1.202 M,

max max

M 2 Ry =0 3
Pin = O-(MJSO) (101;1;‘1) SCC ~ 03, 05, 07,22 SEC

Boshkayev, Rueda, Ruffini, Siutsou, ApJ 2013,762, 117



Astrophysical Implications of WDs



My =4-8M_ @ ® M <M, <M,

l Nuclear time scale: few=10" yr

Type la
Supernovae

‘M.."'. .
Red Supergiant x‘. Main-sequence star
e T

F r O m ve r y Wind ' 13:: :’: E‘.uﬁx:: mass

l A planetary nebula phase: =107 yr

Long Delayed
My, =0.6—0.8M 0 @ ~-SM <M, <8M,

Explosion of
Core-WD
Merger

l Nuclear time scale: few=10" yr

M., =06-08M_0O . Red Super Giant (Extreme AGE star)

l Tidal interaction, Extreme AGE star further expands

M yp =0.6—0.8M . Common envelope M___ =0.7-1M

l Merger of two WDs during the post-AGB phase or

M. llkov and N. Soker. MNRAS 419, 1695, (2012)

during the second planelary nebulae phase

My, =14-2M, (/g

Myp :| Rapidly rotating magnetized super-chandrasekhar WD

=

It is assumed that J is proportional to (2,
i.e. the moment of inertia | is constant.

Spin-down via magneto-dipole radiation torque
T, = 10° ]{"’31'

SN Ia



Type la Supernovae From Very Long
Delayed Explosion of Core-WD Merger

M. llkov and N. Soker. MNRAS 419, 1695, (2012)
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Moment of Inertia of NR and RWDs
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Spin-up and spin-down stages
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Delayed gravitational collapse of Super

Chandrasekhar WDs
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Time versus magnetic field
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Central density versus time
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Angular momentum versus time
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Angular velocity versus time
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Magnetic field versus time
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Mean radius versus time
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Moment of inertia versus time
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Concluding remarks

Stability of rotating WDs is a delicate matter: all mass-shedding, inverse
beta decay, and secular instability play role

Both spin-down and spin-up stages by loosing angular momentum are
possible in WDs

Super Chandrasekhar WDs can only spin up by angular momentum loss
The delayed time for gravitational collapse of a WD via magnetic
braking is comprised in a variety of ranges upon the magnetic field value
We showed that WDs composed of light elements (Helium, Carbon) are
unstable against axisymmetric secular instability, whereas WDs with heavy
elements (Oxygen,.., Iron) are stable.

Evolution of the physical parameters of WDs over time due to the angular
momentum loss.

The magnetic flux conservation shortens the lifespan of WDs .

It will be interesting to consider the effects of temperature.

Work in progress



[-Love-Q relations for WDs
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[-Love-Q relations for WDs
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[-Love-Q relations for WDs
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[-Love-Q relations for WDs
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[-Love-Q relations for WDs
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[-Love-Q relations for WDs
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[-Love-Q relations for WDs
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[-Love-Q relations for WDs
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[-Love-Q relations for WDs
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[-Love-Q relations for WDs
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[-Love-Q relations for WDs

| @ Static u=2 WDs

& Rotating y=2 WDs
| Static “He WDs

— Rotating *He WDs
@ Static '*C WDs

< Rotating '2C WDs
A Static '°0 WDs

7+ Rotating '°0 WDs

- ¥ Static *"Fe WDs
= Rotating “°Fe WDs

2 4 6
107?xQ/(MR?)




[-Love-Q relations for WDs
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[-Love-Q relations for WDs
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[-Love-Q relations for WDs
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[-Love-Q relations for WDs
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[-Love-Q relations for WDs
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[-Love-Q relations for WDs
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[-Love-Q-e relations for WDs
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(2014).
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