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Accretion scenario  predicts: 

•  too large (soft) X-ray luminosity of  
E/S0 galaxies, inconsistent with 
Chandra observations  
(too many SSS – Di Stefano, 2010) 

•  too frequent Classical/Recurrent  
Novae explosions 
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Collective luminosity of accreting WDs 

 compare with Chandra observations of nearby elliptical 
galaxies 
  Interstellar absorption 
  bolometric corrections 
  spectral energy distribution of accreting white dwarfs and its 

dependence on the white dwarfs mass 
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LWD,nuc = ˙ M X HεH ~ 1037−38 erg /sec

NWD =
ΔMWD

˙ M 
×ν SNIa ~ 104

Ltot = LWDNWD = ΔMWD X HεHν SNIa



The effective temperature 

The role of the 
interstellar 

absorption: 
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The effective temperature 
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WD mass-radius relation 
from Panei et al., 2000 •  photospheric radius ~ 

WD radius 

•  WD radius decreases 
with mass 

•  color temperature  
increases with WD 
mass 



Luminosity of SNIa progenitors 
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combined luminosity of all 
SNIa progenitors in M105 
predicted in the single 
degenerate scenario 

consistent with 
X-ray observations



Comparison with Chandra data 
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predicted LX: initial WD mass 1.2 M, mass accretion rate 10-7 M/yr,  

                                intrinsic and interstellar absorption taken into account 

predicted LX exceeds observed  LX by a factor of 30-50 

Name LK Lx erg/s 
observed 

Lx erg/s 
predicted 

NH 
1020 cm-2 

M32 8.5·108 1.5·1036 7.1·1037 6.3 
NGC3377 2.0·1010 4.7·1037 2.7·1039 4.2 
M31 bulge 3.7·1010 6.3·1037 2.3·1039 6.7 
M105 4.1·1010 8.3·1037 5.5·1039 2.8 
NGC4278 5.5·1010 1.5·1038 7.6·1039 1.8 
NGC3585 1.5·1011 3.8·1038 1.4·1040 5.6 
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predicted LX: initial WD mass 1.2 M, mass accretion rate 10-7 M/yr,  

                                intrinsic and interstellar absorption taken into account 

predicted LX exceeds observed  LX by a factor of 30-50 

Name LK Lx erg/s 
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Lx erg/s 
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1020 cm-2 
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Contribution of super-soft sources 
to the SNIa rate  

<2-4% 



Why early type galaxies? 

•  low intrinsic absorption, log(NH)≤20 

•  old stellar populations, age>5 Gyrs 
lack of massive donors (Mdonor<1.1-1.2 M) requires high 
mass accumulation efficiency by the WD 
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€ 

νSNIa =
1
2
× 4.4⋅ 10−3  yr -1  per 1011 Msun( )

age pre-selection of the sample is taken 
into account by reducing the SNIa rate for 
E/S0 galaxies (Mannucci et al) by half



Population synthesis context 

previous calculations 
assumed 100% of time in 
the steady burning regime  

plausible binary evolution 
tracks spend ~moderate or 
~small fraction of time in the 
steady burning regime 
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!Menv of our steady state models because of the lower entropy
in the former for a given M and Ṁ .

The stability of our steady state models is consistent with
previous computations for long-term evolution of accreting white
dwarfs. For example, Sion et al. (1979) found that a 1.2M! white
dwarf accreting at a rate 1.03 ; 10"7M! yr"1 gives rise to repet-
itive hydrogen shell flashes, while a 1.3M! white dwarf accret-
ing at 2.71 ; 10"7 M! yr"1 undergoes stable hydrogen burning.
Paczyński & Żytkow (1978) have also shown that for a 0.8 M!
white dwarf, the stability boundary of the hydrogen-burning shell
is located around Ṁ # 10"7 M! yr"1. Consulting Figures 2 and
4, we can confirm that those evolutionary results agree very well
with our results for steady state models.

4. DISCUSSION

4.1. ‘‘Surface Hydrogen Burning’’ Models

Starrfield et al. (2004) wrote that their surface hydrogen burn-
ing models of mass-accreting 1.25 and 1.35 M! white dwarfs
are thermally stable for accretion rates ranging from 1.6 ; 10"9

to 8.0 ; 10"7 M! yr"1. The stability properties of our steady
state models, however, differ from those of their models. Our
models indicate that the hydrogen-burning shell in the 1.35 M!
model is thermally unstable if the accretion rate is less than 2.5 ;
10"7 M! yr"1 (2.1 ; 10"7 M! yr"1 for 1.25 M!; Fig. 2).

Starrfield et al. (2004) also wrote that the mass accretion onto
the hot white dwarf just after a nova explosion leads to stable
surface hydrogen burning. However, the time-dependent calcu-

lations by Prialnik & Kovetz (1995) indicate that hydrogen ac-
cretion onto hot white dwarfs with interior temperatures of
(1Y5) ; 107 K leads to a shell flash for M = 0.65Y1.4 M!.
In addition to the difference in stability properties, the radii

of Starrfield et al.’s models tend to be smaller than those of our
models (Fig. 5 below). In particular, their highest luminosity
model (M = 1.35 M! and Ṁ = 8 ; 10"7 M! yr"1) has a white
dwarf size, while our results indicate that such a high accretion
rate should produce a star of red giant size (Fig. 4).
These discrepancies are caused by the extremely coarse zon-

ing adopted in Starrfield et al.’s computations. Starrfield et al.
(2004) adopted a surface zone mass of 10"5 M!, which is much
larger than the entire envelope mass of the steady state models
withM = 1.35M! andM = 1.25M!, as seen in Figures 2 and 4.
This means that the envelope of the ‘‘surface hydrogen burning’’
model is approximated by a single zone having a single temper-
ature and density. Furthermore, the ‘‘surface zone’’ is much deeper
than the realistic hydrogen-rich envelope in the steady state model
corresponding to the same white dwarf mass and the accretion
rate.
Table 1 compares the two white dwarf models with M =

1.35 M! accreting hydrogen-rich matter at a rate of Ṁ = 1.6 ;
10"7 M! yr"1. The steady state model calculated in the pres-
ent study has !Menv = 1.4 ; 10"7 M! and log TH(K) = 7.98
(fourth column). For the model in the rightmost column, the mass
of the hydrogen-rich envelope was artificially set to be!Menv =
10"5 M!, which is the same as the ‘‘surface zone mass’’ adopted
by Starrfield et al. (2004). According to equation (9) and T4

H /
PH / !Menv, the temperature at the burning shell [log TH(K) =
8.41] is much higher than those of the steady state models.
Such a high temperature is comparable to that of the surface

zone of Starrfield et al. (2004), fromwhich we see the reasonwhy
they obtained a very high temperature at the ‘‘surface zone.’’ They
treated the envelope between the region of log (1" q) # ("5) "
("22) with a single mass zone, while our steady state models re-
solve the H-rich envelope with #50 mass zones. Obviously, the
zoning adopted by Starrfield et al. is too coarse to obtain a phys-
ically realistic stellar model.
In the heavy-envelope model, the temperature at the hydrogen-

burning shell is so high that all accreted hydrogen burns in one
typical time step to compute mass accretion, as Starrfield et al.
(2004) state: ‘‘it takes less time than the time step (#2 ; 106 s)
for all the infalling hydrogen to burn to helium in this zone.’’ In
this case, the nuclear energy generation rate !n is determined not
by the temperature-dependent nuclear reaction rate but by the
supply rate of nuclear fuel, as

!n ¼
XQṀ

!Menv
: ð10Þ

Despite a temperature as high as log T(K) = 8.41, the energy
generation rate thus determined is !n = 2.2 ; 109 ergs g"1 s"1,
which is much lower than the "-limited reaction rate of the hot
CNO cycle, !" = 6 ; 1013(XCNO/0.01) ergs g"1 s"1. Because
XQṀ /!Menv is constant, being independent of the temperature,
the nuclear burning is stable; it is also steady, as expressed by
equation (1). In other words, the assumed envelope mass!Menv

is too large and hence the temperature at the nuclear burning shell
is too high for the mass accretion rates they assumed. All the ac-
creted hydrogen-rich matter should have been consumed long
before being pushed into a layer as deep asM " Mr # 10"5 M!
(Nariai et al. 1980).

Fig. 4.—Properties of H-burning shells in accreting white dwarfs, shown in
the plane of white dwarf massM vs. accretion rate Ṁ . If the accretion rate is lower
than Ṁstable (solid line), H-burning shells are thermally unstable. Dashed lines
trace the loci of the envelope mass!Menv (M!). For givenM and Ṁ , the envelope
masses of these steady state models are smaller than the envelope masses of the
‘‘ignition’’ models shown in Fig. 9 of Nomoto (1982) because of the higher
entropy in the steady state models compared with the ‘‘ignition’’ models (see text
for more details). In the area between the solid (Ṁstable) and dash-dotted (ṀRG)
lines, the H-burning shell burns steadily and the star is located around the ‘‘knee’’
or the horizontal branch on a steady statewhite dwarfmodel locus.Above the dash-
dotted line for ṀRG, the stellar envelope has expanded to red giant size and a strong
wind occurs. The dotted line indicates the Eddington accretion rate ṀEdd as a
function ofM.
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opt.thick wind (Hachisu et al) 
large photospheric radius 
no X-ray emission 

unstable burning 
Recurrent Novae 
little X-ray emission 

Classical Novae 
no mass accumulation 



Wind regime 

•  low mass accumulation efficiency ≤1/3 (Hachisu et al) 
≥2/3 of material leaves the system with the wind 

•  available mass budget: 
 Mdonor<1.0-1.2 M 
 MHe core~0.3 M 
 M≤0.2-0.3 M are available for the WD growth 

•  the initial WD mass ≥1.1-1.2 Mis required in order to 
reach the Chandrasekhar mass in the wind regime 
~exceeds the maximum initial mass of CO WD$
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in the accretion scenario  Nova rate ~ SN rate 

             more precisely:  
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€ 

ΔMCN
˙ N CN ~ΔMSNIa

˙ N SNIa

ΔMCN ~ 10−6 −10−5 MΘ; ΔMSNIa ~ 0.3− 0.5 MΘ

˙ N CN ~105 −106 ˙ N SNIa

Recurrent/Classical Novae 

€ 

˙ N CN ≈
dMWD

ΔMCN (MWD, ˙ M )∫ ˙ N SNIa
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Recurrent/Classical Novae 
frequency of fast Novae 
predicted in the accretion 
scenario for the bulge of M31 
≥300-500 per year 

observed: 5.2±1.1 per year 

extensive Nova searches in M31 
(e.g. Arp, 1956)  

theory is based on Prialnik, Kovetz et al. 
observations:  Arp; Capaccioli et al. 

bulge of M31 



frequency of fast Novae 
predicted in the accretion 
scenario for the bulge of M31 
≥300-500 per year 

observed: 5.2±1.1 per year 
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Recurrent/Classical Novae 

contribution of RNe to 
the observed SNIa rate 

 <1-2 %  

bulge of M31 



Population synthesis context 
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!Menv of our steady state models because of the lower entropy
in the former for a given M and Ṁ .

The stability of our steady state models is consistent with
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These discrepancies are caused by the extremely coarse zon-

ing adopted in Starrfield et al.’s computations. Starrfield et al.
(2004) adopted a surface zone mass of 10"5 M!, which is much
larger than the entire envelope mass of the steady state models
withM = 1.35M! andM = 1.25M!, as seen in Figures 2 and 4.
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Despite a temperature as high as log T(K) = 8.41, the energy
generation rate thus determined is !n = 2.2 ; 109 ergs g"1 s"1,
which is much lower than the "-limited reaction rate of the hot
CNO cycle, !" = 6 ; 1013(XCNO/0.01) ergs g"1 s"1. Because
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is too high for the mass accretion rates they assumed. All the ac-
creted hydrogen-rich matter should have been consumed long
before being pushed into a layer as deep asM " Mr # 10"5 M!
(Nariai et al. 1980).

Fig. 4.—Properties of H-burning shells in accreting white dwarfs, shown in
the plane of white dwarf massM vs. accretion rate Ṁ . If the accretion rate is lower
than Ṁstable (solid line), H-burning shells are thermally unstable. Dashed lines
trace the loci of the envelope mass!Menv (M!). For givenM and Ṁ , the envelope
masses of these steady state models are smaller than the envelope masses of the
‘‘ignition’’ models shown in Fig. 9 of Nomoto (1982) because of the higher
entropy in the steady state models compared with the ‘‘ignition’’ models (see text
for more details). In the area between the solid (Ṁstable) and dash-dotted (ṀRG)
lines, the H-burning shell burns steadily and the star is located around the ‘‘knee’’
or the horizontal branch on a steady statewhite dwarfmodel locus.Above the dash-
dotted line for ṀRG, the stellar envelope has expanded to red giant size and a strong
wind occurs. The dotted line indicates the Eddington accretion rate ṀEdd as a
function ofM.
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to low mass accumulation 
efficiency 

too high Nova rate 

Classical Novae 
no mass accumulation 

too high X-ray emission 



Conclusion 

•  No more than ~5% of SNIa in elliptical galaxies are 
produced by white dwarfs accreting in binary systems 
and detonating at the Chandrasekhar mass limit 

•  alternatives: 
–  white dwarf mergers 
–  explosions of sub-Chandrasekhar white dwarfs 

•  unless our understanding of accretion and nuclear 
burning on the WD surface are fundamentally flawed 

•  this applies to early type galaxies; SNIa in star-forming 
galaxies may be different 
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Thank you! 


