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Accreting White Dwarfs

August 19, 2022 EUROWD22 2

also known as 

Cataclysmic variables (CVs). 

Spectra of accreting WDs with a 

relatively low mass-transfer rate 

often exhibit the clear presence 

of broad Balmer absorption lines.



Accreting White Dwarfs
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Physical parameters of accreting WDs:

Crucially important for 
the development of the theory of 
CV evolution:

• Teff allows for estimating the mass 

accretion rate which is a function of 

system age.

• log g is a function of the mass, is 

needed to evaluate other system 

parameters of the binary. 

The knowledge of the WD spectrum  
allows extracting the accretion disc 
spectrum:

• The discs in CVs with 

a low mass-ratio and 

a low mass-transfer rate 

are still poorly understood.
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How to determine these parameters?

• The traditional methodology of the parameter determination of isolated WDs

is fitting the model spectra to observed absorption lines. 

• Spectra of accreting WDs with broad Balmer absorption lines suggest using 

the same approach for measuring the WD parameters.

• However, optical spectra of the accreting WDs are contaminated by an 

accretion disc, the contribution of which is unknown. 

• Attempts to apply the traditional approach often give quite strange results. 
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MT Com
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Watson et al., 2006, “The EUV transient RE J1255+266”:



MT Com
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Our tests with artificial super-massive WDs (thanks to 

Detlev Koester) and the SDSS spectrum
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Log g = 10



• The contribution of the disc is unknown. 

• When we see the Balmer absorption lines, we 

often say that the spectrum is WD dominated.

• But it is not necessarily correct.



















WD dominated?



WD dominated?



Then how to determine the WD parameters?

• There is a common opinion that optical 

spectra of the accreting WDs do not allow 

for accurate constraining Teff and log g and 

that instead ultraviolet spectroscopy is 

necessary.

• The contamination from the disc at these 

wavelengths is expected to be smaller 

compared to its contribution at optical 

wavelengths and therefore can be 

neglected. 

(Pala et al. 2022)
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Then how to determine the WD parameters?

• Unfortunately, most of accreting WDs with a 

low mass-transfer rate are quite dim and only a 

few of them were observed with the Hubble 

Space Telescope while optical spectra of many 

such objects were already obtained with large 

ground-based telescopes. 

• I will show that by adopting a simple model for 

the disc contribution it is possible to constrain 

Teff and log g of an accreting WD using optical 

spectroscopy.
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How to deal with 

accretion disc 

contribution?

❑ Emission lines? 

➢ They can be cut out.
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How to deal with 

accretion disc 

contribution?

❑ Emission lines? 

➢ They can be cut out.

❑ Continuum?

➢ Its shape is not known

But we use a short 

wavelength range, so we 

can assume a power-law.
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Hydrogen slab

(Suleimanov V.)



Our fitting procedure can be described as follows:

• We use the flux calibrated spectra.

• Usually, we consider only the Hβ, Hγ, and Hδ lines because the width of 

higher-order Balmer lines of the WD in many objects becomes comparable 

with that of the disc emission component.

• We cut out the emission cores of these lines and then perform the χ2 fit of an 

object spectrum to a grid of synthetic spectra of DA WDs, to which the power-

law flux is added.

• We use a grid of Koester’s model atmospheres which cover a broad range of 

Teff in steps of 250 K and log g in steps of 0.25.

• These WD model spectra were convolved with the appropriate Gaussian 

instrumental profile to match the spectral resolution of observed spectra.
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Testing

• We performed extensive 
testing of our technique by 
simulating various spectra 
which consist of synthetic 
spectra of WDs covering a 
range of log g / Teff plus a 
power-law with the differing 
contributions of the latter 
and adding random noise of 
different levels.

• Even for a relatively large 
disc contribution (100%), 
and a relatively low signal-
to-noise ratio ~30, 
uncertainty estimates of 
parameters were within our 
model grid (ΔTeff = 250 K 
and Δ log g = 0.25).
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Tests below: T=14000 K, log g=8.35, PL index = -2

Obviously, these errors represent only the ability of the 
model spectra to match the observed (still modelled) 
spectra and most likely are underestimated.
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SNR=50 SNR=30

FPL= FWD / 2

ΔV=±3000 km/s

ΔV=±4000 km/s

Extreme tests with large cut-out velocities ΔV



Distance

The knowledge of the distance to the source helps to significantly increase the 

reliability of parameter estimates, allowing the WD flux to be scaled correctly. 

In our fitting procedure, we link log g and RWD using an approximation formula 

based on Nauenberg's mass-radius relation 

RWD / Rsun = (0.4074 − 0.0368 ∗ log g)2

(Neustroev & Mäntynen, submitted).
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SNR=30, ΔV=±4000 km/s, FPL= 50% FWD
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Also removing other than Balmer lines (e.g. HeI)



SNR=30, ΔV=±4000 km/s, FPL= 100% FWD
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d=100 pc



MT Com
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Log g = 8.5

With d=370 pcWithout distance use

Now using our technique



Comparison with UV spectroscopy

• Again, the tests demonstrate only the ability of the model spectra to match the 

observed (still modelled) spectra. What about real data?

• We fitted the spectra of several CVs for which both optical and UV 

spectroscopy is available and found a good agreement in the measured 

parameters of the accreting WDs using our method with those obtained by 

Pala et al. (2022) from the analysis of UV spectra (e.g. BW Scl). 

Unfortunately, only a few are available.

• However, we also found a good agreement in the measured parameters, using 

observations with different telescopes & instruments (e.g. BW Scl and EZ Lyn). 
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GW Lib

SDSS J123813.73-033932.9

SDSS J0919+0857

SDSS J1035+0551 SDSS J143544.02+233638.7

BW Scl

We have studied 15+ accreting WDs. We found that the WDs in most of them 

have the temperature in the range of 10000–15000 K. 



So, can we use the optical 

spectra for constraining 

Teff and log g?
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Yes

Thank you for listening!


