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(No	
  Postdoc	
  or	
  Graduate	
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  was	
  harmed	
  in	
  the	
  producEon	
  of	
  this	
  talk)	
  



Sumnery	
  of	
  Unsolved	
  problems:	
  
	
  
1.  Latest	
  results	
  from	
  Fermi/LAT:	
  3/12	
  CNe	
  emit	
  >	
  100MeV	
  photons.	
  
2.  Are	
  Classical,	
  Recurrent,	
  and	
  SymbioKc	
  Novae	
  SN	
  Ia	
  progenitors?	
  
3. When	
  does	
  the	
  mixing	
  occur	
  during	
  the	
  TNR?	
  How	
  much?	
  
4.  How	
  much	
  mass	
  is	
  accreted	
  and	
  ejected	
  during	
  the	
  CN	
  outburst	
  
5.  THEREFOREàAre	
  the	
  WDs	
  growing	
  in	
  mass?	
  	
  
6.  How	
  well	
  do	
  we	
  know	
  the	
  ejecta	
  abundances	
  (and	
  mass)?	
  
7.  CV	
  white	
  dwarfs	
  (Dwarf	
  Novae)	
  are	
  probably	
  growing	
  in	
  mass	
  do	
  

they	
  show	
  evidence	
  for	
  mixing?	
  
8.  If	
  not,	
  is	
  there	
  a	
  way	
  to	
  prevent	
  mixing?	
  
9.  	
  If	
  so,	
  are	
  Cataclysmic	
  Variables	
  	
  Ia	
  progenitors	
  [not	
  CNe]?	
  
10. What	
  is	
  the	
  evoluKonary	
  status	
  of	
  the	
  secondary	
  (mass	
  donor)?	
  	
  
11. What	
  are	
  the	
  effects	
  of	
  magneKc	
  fields	
  on	
  the	
  WD	
  and	
  on	
  the	
  

secondary?	
  
12. What	
  is	
  the	
  mass	
  of	
  the	
  White	
  Dwarf?	
  



All	
  Types	
  of	
  Recurrent	
  Novae	
  have	
  Recently	
  gone	
  into	
  Outburst:	
  

System	
   Last	
  Outburst	
   Orbital	
  Period	
   Secondary	
  

RS	
  Oph	
   2006	
   455	
  days	
   Giant	
  

U	
  Sco	
   2009	
   1.23	
  days	
   G3?	
  
	
  

T	
  Pyx	
   2011	
   0.1	
  days	
   unknown	
  

And	
  have	
  been	
  or	
  are	
  being	
  studied	
  in	
  X-­‐rays	
  



Why	
  do	
  we	
  care	
  ?	
  
	
  

Cataclysmic	
  Variables	
  and	
  SymbioKc	
  Systems	
  may	
  be	
  
Progenitors	
  of	
  Supernovae	
  Ia	
  	
  (2011fe	
  and	
  PTF	
  11X)	
  

Classical	
  Novae	
  cannot	
  be	
  the	
  Progenitors	
  since	
  they	
  are	
  losing	
  mass!	
  
	
  
	
  

Single	
  Degenerate	
  Scenario:	
  
AccreKon	
  onto	
  a	
  CO	
  White	
  Dwarf	
  	
  

	
  in	
  a	
  Close	
  Binary	
  System	
  	
  
(SN	
  Ia	
  2011fe	
  	
  and	
  PTF11x	
  are	
  members)	
  

SuggesKons:	
  	
  Dwarf,	
  Recurrent,	
  or	
  SymbioKc	
  	
  Novae:	
  
MULTIPLE	
  CHANNELS	
  

	
  
(and	
  working	
  on	
  SN	
  Ia	
  is	
  helpful	
  in	
  gehng	
  funding	
  in	
  the	
  US)	
  

	
  
Actually,	
  of	
  course,	
  They	
  are	
  really,	
  really	
  fun	
  to	
  study	
  



Latest	
  ObservaKonal	
  Results	
  for	
  SN	
  Ia	
  progenitors:	
  Single	
  Degenerate	
  Scenario:	
  

1.  SN	
  Ia	
  2011fe	
  (M101)	
  discovered	
  by	
  the	
  Palomar	
  Transient	
  Factory	
  about	
  11	
  hours	
  aier	
  the	
  
explosion.	
  	
  No	
  evidence	
  for	
  circumbinary	
  material	
  and	
  progenitor	
  likely	
  a	
  CO	
  WD.	
  

2.  However,	
  PTF	
  11kx	
  was	
  a	
  SN	
  Ia	
  that	
  exploded	
  in	
  a	
  system	
  with	
  circumbinary	
  material	
  and	
  
they	
  suggest	
  that	
  the	
  progenitor	
  was	
  a	
  SymbioKc	
  Binary	
  like	
  RS	
  Oph.	
  	
  But	
  maybe	
  not.	
  

3.  LMC:	
  Schaefer	
  and	
  Pagnoja	
  (2012)	
  did	
  not	
  “find”	
  a	
  star	
  in	
  the	
  “center”	
  of	
  a	
  Ia	
  remnant	
  in	
  
the	
  LMC	
  (to	
  stringent	
  but	
  not	
  impossible	
  limits);	
  Edwards,	
  Pagnoja	
  ,	
  Schaefer	
  (2012)	
  find	
  
lots	
  of	
  stars	
  in	
  the	
  center	
  of	
  another	
  SN	
  Ia	
  remnant.	
  	
  

4.  Zorotovic	
  et	
  al.	
  (2011)	
  find	
  that	
  the	
  WDs	
  in	
  Cataclysmic	
  Variables	
  are	
  growing	
  in	
  mass.	
  
5.  For	
  example:	
  U	
  Gem	
  –1.2M¤;	
  SS	
  Cyg	
  –	
  0.8M¤	
  ;	
  IP	
  Peg	
  –	
  1.16M¤;	
  	
  Z	
  Cam	
  –	
  0.99M¤	
  	
  

	
  These	
  are	
  the	
  nearest	
  and	
  brightest	
  CV’s.	
  	
  [Canonical	
  value	
  is	
  0.6M¤	
  for	
  single	
  WDs]	
  
“Conclusions”	
  
1.  SN	
  Ia’s	
  are	
  a	
  mixed	
  zoo	
  but	
  our	
  Ia	
  colleagues	
  can	
  “diddle”	
  the	
  data	
  to	
  make	
  them	
  standard	
  

candles.	
  
2.  The	
  Single	
  Degenerate	
  scenario	
  is	
  NOT	
  ruled	
  out.	
  	
  	
  
3.  Something	
  is	
  probably	
  prevenKng	
  mixing	
  in	
  CV’s	
  as	
  opposed	
  to	
  Classical	
  Novae	
  where	
  the	
  

mixing	
  must	
  be	
  taking	
  place.	
  



Two	
  parts	
  to	
  this	
  talk:	
  
	
  
1.  Solar	
  accreKon	
  with	
  NOVA	
  

2.  Solar	
  accreKon	
  with	
  MESA	
  



10-­‐7M¤	
  

This	
  Figure	
  is	
  
the	
  main	
  
argument	
  
against	
  the	
  

Single	
  
Degenerate	
  
Scenario	
  



The	
  calculaEons	
  shown	
  on	
  this	
  plot	
  make	
  no	
  assumpEons	
  about:	
  
	
  
1.  Chemical	
  ComposiKon	
  of	
  accreKng	
  material	
  

2.  Chemical	
  ComposiKon	
  of	
  underlying	
  WD	
  and	
  whether	
  or	
  not	
  mixing	
  has	
  
taken	
  place	
  

3.  Thermal	
  structure	
  of	
  the	
  underlying	
  WD	
  and	
  whether	
  or	
  not	
  it	
  has	
  suffered	
  
previous	
  outbursts	
  

4.  How	
  many	
  outbursts	
  it	
  has	
  undergone	
  and	
  how	
  they	
  have	
  changed	
  the	
  
thermal	
  and	
  composiKonal	
  structure	
  of	
  the	
  underlying	
  WD.	
  

5.  But	
  they	
  do	
  assume	
  staKc,	
  steady-­‐state	
  envelopes	
  	
  (UNLIKE	
  A	
  REAL	
  
ACCRETING	
  WHITE	
  DWARF)	
  

Therefore,	
  I	
  can	
  accrete	
  solar	
  material,	
  assume	
  no	
  mixing	
  with	
  the	
  Core,	
  and	
  
follow	
  the	
  “first”	
  outburst	
  on	
  the	
  WD	
  



SimulaKons	
  (NOVA):	
  
• Accreted	
  Solar	
  material	
  onto	
  0.4M¤, 0.7M¤,1.0M¤,	
  1.25M¤,	
  	
  1.35M¤	
  
White	
  Dwarfs	
  	
  (no	
  mixing	
  with	
  WD	
  Core	
  majer)	
  

• 2	
  iniKal	
  luminosiKes:	
  4	
  x	
  10-­‐3L¤	
  (CWD)	
  and	
  10-­‐2L¤ (ENV)	
  

• 7	
  Mass	
  accreKon	
  rates	
  from	
  1.6	
  x	
  10-­‐11	
  M¤/yr	
  to	
  1.6	
  x	
  10-­‐6	
  M¤/yr	
  	
  
	
  (extra	
  simulaKon	
  at	
  3	
  x	
  10-­‐7	
  M¤/yr	
  )	
  

• 150	
  mass	
  zones	
  with	
  surface	
  zone	
  masses	
  less	
  than	
  10-­‐9	
  M¤ 

• Both Complete WDs and just Envelopes:  No substantial 
 differences in results. 

• Just the first outburst on the WD (a feature of NOVA)	
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Will	
  they	
  be	
  detected	
  	
  
in	
  X-­‐rays	
  	
  

while	
  evolving	
  to	
  the	
  
	
  

	
  Thermonuclear	
  	
  
Runaway?	
  

	
  	
  



Swii	
  Light	
  Curve	
  and	
  Hardness	
  RaKo	
  for	
  RS	
  Oph	
  in	
  Outburst	
  

-­‐-­‐-­‐-­‐	
  	
  ~30	
  	
  days-­‐-­‐-­‐-­‐	
  



Julian	
  Osborne:	
  from	
  Bath	
  and	
  Harkness	
  



The	
  Supersoi	
  source	
  in	
  RS	
  Oph	
  did	
  not	
  become	
  visible	
  to	
  
	
  

Swii	
  
	
  	
  

unKl	
  about	
  day	
  26	
  to	
  30	
  when	
  its	
  
	
  

temperature	
  was	
  about	
  400,000K	
  to	
  500,000K	
  
	
  

(higher	
  if	
  we	
  believe	
  the	
  atmosphere	
  fits).	
  
	
  

This	
  implies	
  that	
  a	
  Super	
  Soi	
  Source	
  
	
  

	
  must	
  be	
  around	
  this	
  temperature	
  
to	
  be	
  seen	
  by	
  Swii.	
  

	
  
	
  

We	
  predict:	
  
	
  	
  



400,000K	
  

Before	
  the	
  TNR	
  



	
  

	
  Only	
  the	
  most	
  massive	
  white	
  dwarfs	
  	
  

accreKng	
  at	
  the	
  highest	
  rates	
  might	
  be	
  

detected	
  by	
  Swii	
  before	
  the	
  TNR.	
  

But	
  they	
  have	
  the	
  shortest	
  “duty”	
  cycles	
  

	
  (accreKon	
  Kme	
  to	
  TNR).	
  

What	
  about	
  at	
  the	
  peak	
  of	
  the	
  TNR?	
  



400,000K	
  

Peak	
  Luminosity	
  and	
  effecKve	
  Temperature	
  of	
  the	
  TNR	
  



At	
  the	
  peak	
  of	
  the	
  TNR:	
  
	
  

The	
  sequences	
  that	
  are	
  hojest	
  and	
  most	
  luminous	
  are:	
  
	
  

Those	
  with	
  the	
  highest	
  mass	
  accreKon	
  rate	
  at	
  each	
  mass.	
  
	
  

They	
  are	
  the	
  sequences	
  that	
  have	
  accreted	
  the	
  least	
  amount	
  of	
  
	
  

material	
  and,	
  therefore,	
  have	
  ejected	
  the	
  least	
  amount	
  of	
  material.	
  
	
  

They	
  are	
  “bright”	
  in	
  X-­‐rays	
  for	
  the	
  shortest	
  amount	
  of	
  Kme	
  
	
  

(Solar	
  AccreKon	
  ONLY!	
  –	
  this	
  is	
  not	
  true	
  for	
  either	
  CO	
  or	
  ONe	
  accreKon).	
  
	
  

Peak	
  temperature	
  in	
  X-­‐rays	
  is	
  probably	
  a	
  measure	
  of	
  WD	
  mass.	
  



New	
  calculaKons	
  with	
  a	
  new	
  code:	
  MESA	
  
Paxton	
  et	
  al.	
  2010,	
  2013	
  

	
  
Solar	
  accreKon	
  onto	
  White	
  Dwarfs	
  	
  

BUT	
  
MulKple	
  outbursts	
  and	
  many	
  more	
  zones	
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  next	
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The Fate of a WD Accreting H-Rich Material at High Rates 3

mechanism, if its velocity is larger than both the speed of sound
and the escape velocity at the radius from which the mass is re-
moved (Prialnik et al. 1978, 1979). This general rule leads to very
extended radii and short time steps before the conditions are satis-
fied. Kato (1983) was the first to fit a steady state wind in a model
with two parameters which were the mass loss rate and the mass
of the envelope. The envelope was assumed to be in place as initial
conditions. Kato found that steady mass-loss solutions can be found
only if the luminosity at the bottom of the envelope is greater then
the minimum value of the local Eddington luminosity throughout
the envelope.

Here we follow Kovetz (1998), and check at every time step
whether an optically thick wind can exist, and remove mass ac-
cordingly. We stress that in no case, did the removal of the mass
was found to induce additional mass removal, namely, no rarefac-
tion wave was created leading to endless mass loss. The possibility
of an optically thin wind was not considered in this calculation.

We quench the accretion during the eruption, because we ex-
pect the accretion disk to be destroyed under the dynamic and high
luminosity conditions. Thus, mass accretion is switched off when
the nuclear luminosity is larger than 10 times the total luminosity,
and switched on again when the luminosity decreases below the
threshold1. For this reason, the long term average accretion is typi-
cally a third of the peak instantaneous accretion rate of 10−6M"/yr.

3 RESULTS

Figure 1 depicts the initial behaviour of the 1.0M" WD model,
which settles into steady cycles of small outbursts without eject-
ing any mass. Unlike accretion at low rates, giving rise to classical
or recurrent novae (Rakavy & Shaviv 1968), the high rate accretion
keeps the accreted layers barely degenerate. As a consequence, the
TNR is modest and involves a small shell.

Figure 2 demonstrates that the cyclic behaviour continues for
many cycles, with a period of about 10 yr. There is very little secu-
lar change from one cycle to the next. In each cycle, hydrogen un-
dergoes a small runaway in which the luminosity increases by over
a magnitude. The flashes are characterised by a very sharp rise and
a slower decline. A refined picture is shown in panel B of fig. 2,
demonstrating how the system approaches the Eddington luminos-
ity for a couple of years. The system stays in the minimum state
only a very short fraction of the total period, until thermal ignition
starts a new cycle.

Because the emitted luminosity during the flash is slightly less
than the Eddington luminosity, no mass loss develops. This is be-
cause the luminosity was used to expand the thin hydrogen shell
(see fig. 3).

The burnt hydrogen accumulates as helium. The abundances
profile after 3000 cycles of small outbursts are shown in fig. 4. The
underlying CO WD is present at small radii, below ∼ 7 × 10−3R".
It is surrounded by a thick layer of helium with smaller amounts of
C and O. The freshly accreted material having solar composition
is located at the outer radii. It is important to note that the burning
is almost complete. At this phase the system appears as a perfect
recurrent object which accretes the ashes onto the original WD.

1 Using other conditions, such as switching off the accretion only when
mass loss is present gave rise to minor changes in the time scale.
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Figure 1. The first 10 outbursts for a 1.0M" WD with peak accretion rate
of 10−6M"yr−1 – only the first outburst ejected mass.
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Figure 2. The secular sequence of flashes for the model depicted in fig. 1,
3×104 years after the onset of accretion. Panel B shows one cycle in detail.
Note the high similarity from cycle to cycle.

3.1 Secular changes in the accreting star

The initial profile which we employ is obtained by evolving a poly-
tropic WD, until a desired central temperature is reached. Once
accretion cycles begin, the small hydrogen flashes give rise to a
temperature wave which propagates into the helium layer and the
outer edge of the CO WD. This wave increases the temperature at
the base of the accreted helium envelope to nearly 1.2 × 108K after
4000 cycles. Fig. 5 provides snapshots of the temperature profile.
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Figure 3. The maximum radius reached during outbursts, for the model
depicted in fig. 1. The small variations in the maximum radius are due to
the finite time step taken.
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Figure 4. The abundances after 3000 cycles of small outbursts, for the
model depicted in fig. 1.

The large mass of the accreted envelope, nearly 0.01M!, af-
fects the structure of the WD as well. As a consequence, the
WD contracts and the inner temperature rises from 6.0 × 107K to
6.17 × 107K—a 3% change (see fig. 6).

It is interesting to compare the temperature profiles of the
WD for different accretion rates. We therefore, calculated using
the same initial WD structure a model having an accretion rate
of 10−9M!yr−1. We follow the calculation for 3000 cycles. Note
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Figure 5. Temperature profiles at different cycles, for the model depicted
in fig. 1. The slow diffusion of heat into the WD is due to the temperature
inversion which inhibits convection, and the fast time scales associated with
the high accretion rate which limits the energy lost outwards.
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Figure 6. The temperature profile at the core, for the model depicted in
fig. 1. Note that the heating is due to the adiabatic contraction of the WD
associated with the additional accreted mass.
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Figure 7. Comparison between the temperature profiles after 3000 outbursts
of a 1 M! WD, accreting at a rate of 10−9M!/yr (dashed) and at a rate of
10−6M!/yr (solid).

that in both case, this corresponds to a total accreted mass of order
10−2M!. See fig. 7.

For the low accretion rate, where the accreted material is suf-
ficiently degenerate, the outbursts are strong enough to eject all the
accreted material, as well as some of the eroded WD. The interval
between outbursts (3 × 104yr) is long, such that the WD can cool
down. The temperature profile of the WD accreting is then hardly
affected by the outburst itself. The only evidence for the existence
of the previous outbursts is a small hump in temperature profile.

The outcome of the high accretion rate is completely dif-
ferent. Since the material is insufficiently degenerate, the pres-
sure at the base of the envelope prior to the outburst, Pcrit ≈
GMwdmenv/4πR4wd ≈ 8− 9× 1017dyn cm−2, is too low to allow mass
ejection. This result is in agreement with the analytical calcula-
tion of Fujimoto (1982) and MacDonald (1983) that predicted mild
outbursts occur for Pcrit ! 1018dyn cm−2. Because the outburst is
weak, matter cannot escape the gravitational field of the WD. Con-
sequently, a heat wave can form and penetrate into the base of the
accreted envelope. This heat wave will serve as the trigger for the
giant outburst described in the next section.

To summarise, the positive temperature gradient in the high
accretion rate inhibits heat flow into the core. The degree of heating
per cycle is negligible, but accumulates during thousands of cycles.
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Conclusions:	
  
	
  
The	
  “Nomoto”	
  Diagram	
  is	
  not	
  correct.	
  
A	
  bejer	
  discussion	
  is	
  in	
  Yoon	
  et	
  al.	
  2004.	
  
It	
  also	
  violates	
  the	
  Schwarzschild	
  and	
  Harm	
  
Thin	
  shell	
  instability.	
  
	
  
Therefore:	
  The	
  Single	
  Degenerate	
  Scenario	
  Lives	
  
	
  
BUT:	
  	
  
	
  How	
  is	
  mixing	
  prevented?	
  
	
  
There	
  are	
  no	
  	
  solved	
  problems	
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