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Accreting White 
Dwarfs (about 1 

in 100)

• P>60 minutes, the 
donors are Hydrogen 
rich main sequence 
stars.

• H-rich stars have a 
minimum radius of 
~0.1 R_sun, so that 
P<60 min. implies 
He-rich donors

Angular momentum 
loss is gravitational 
wave emission, setting 
accretion rates!



Hydrogen Accreting Binaries
Townsley & Bildsten 2005

Supersoft
Sources: Burn 
H Stably (van 
den Heuvel et 
al 1992), or 
Symbiotics/RN

Cataclysmic 
Variables
undergo unstable 
burning, leading 
to Classical 
Novae. Whether 
the mass stays or 
goes is uncertain

The WD masses are 
not known

Accumulated mass



Finding the Equilibrium 
Core Temperature

• Previous workers assumed 
a WD core temperature, 
whereas we (Townsley & 
Bildsten ‘04) calculate it
• We find the core 
temperature such that, 
through the CN cycle, there 
is no net heating or cooling 
of the WD.
• The time to reach/track 
the equilibrium depends on 
the rate of change of M_dot 
compared to WD cooling, 
at late times, the WD 
simply cools

Core is heated   cooled



At Equilibrium

Boom

Townsley and Bildsten, 2004



Classical Novae Ignition Masses
These self-consistent CN ignition masses yield a  
comparison to the ejected masses and a calculation 
of the CN rate for the whole CV population.

Townsley & Bildsten, 2004

• The ignition mass 
depends most on 
the accretion rate 
and was previously 
underestimated!!! 

• The WD  mass 
dependence is 
LESS STRONG 
than previously 
assumed 

• Helium-3 can 
make a difference  
above the period 
gap (Shara ‘80)



Classical Novae Ejecta Masses
We could only find 5 CN for which an orbital period AND ejected mass 
were measured. We concluded: Townsley & Bildsten ‘04

1. No strong evidence for 
ejection of more than 
accreted 

2. Confirmation of the 
accumulated mass contrast 
above and below the gap, 
agreeing with “standard” 
CV evolution

3. Some CN show C/O 
enrichment that clearly 
implies some dredging up 
from the underlying WD



Nova Rates => Population Density
• From the CN recurrence rate as a function of orbital period, we
measure the underlying CV population from the observed CN rate. 

• The K-band specific CN rate of 2 per year in a 10^10 L_sun, K 
galaxy (Williams and Shafter 2004) gives a CV birthrate

• 60-180 CVs above the period minimum for every 10^6 L_sun,K (~3 
for 0.6 vs. 1.0 Msun), agreeing with the local estimates of CV space 
density. Also agrees with the number of CVs inferred from X-ray 
observations of the Galactic center (Muno et al 2004) and galactic 
plane (Sazonov et al ‘06)

• The mass specific CV birthrate is identical to the Ia rate in E/SO’s. 
However, the WD masses in CVs appear too low to ignite the C/O in 
the core. . . So unlikely that they are progenitors . .  But first time a 
relative rate comparison has been made. 





Ignition curve

If cold (T<3e8 or so), then 
ignition is from high 
densities..which only occur 
near the Chandrasekhar 
mass.





Carbon Ignition 

(Hernanz et al. 1988; Nomoto 1982)

Type Ia supernovae are triggered when the central density and 
temperature are high enough for unstable carbon burning. The 
competition for the central fluid element is between density 
compression at the rate set by accretion of matter (on average) 

CVs

where F<<1 as the WD 
approaches the Chandrasekhar 
limit, and the time for heat to 
traverse the conductive (K) core 
of heat capacity C_P

Supersofts



Accretion of C/O at a high rate leads to:
1. Adiabatic compression of the core 
2. Ignition at the outer edge, where there is a 

larger density change from accretion 

Rapid C/O Accretion from Mergers
Nomoto and Iben 1985
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Rapid C/O Accretion (Cont.)
Rapid accretion results in an off-center ignition that likely leads to burning C/O 
to O/Ne and maybe NS formation, not a Ia SN! The accretion rate needs to be 
<10^{-6}M_sun/yr to have core ignition and Ia SN. However that M_dot and 
M_tot depends on initial core temperature (i.e. age of the WD)!!

~70 Myr
~Gyr



Nomoto,  Thielemann and Yokoi 1984

A Standard Example of Successful Ignition

R
un

aw
ay

 ig
n i

tio
n



Intermediate C/O Accretion Rates 

Bravo et al. ‘96
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