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Abstract

The spectroscopic technique, which consists in fit-
ting high signal-to-noise optical spectra with the
predictions of state-of-the-art model atmospheres,
has routinely been used for over 25 years to
measure the atmospheric parameters of DA white
dwarfs, and DB stars as well. We review the tech-
nique, the progress we have made, and more im-
portantly, we attempt to assess its validity and also
try to identify some of the current challenges in the
physics of white dwarf atmospheres related to the
use of the spectroscopic technique.

1 Introduction

About 25 years ago, Bergeron et al. (1992) pioneered
the so-called spectroscopic technique — at least the
way it is routinely used today — where hydrogen line
profiles (the Balmer series) are compared with the pre-
dictions of state-of-the-art model atmospheres to mea-
sure the atmospheric parameters of DA white dwarfs,
Teff and log g. These parameters can then be combined
with evolutionary models to derive stellar masses, lumi-
nosities, ages, etc. Liebert et al. (2005) estimated that
for DA stars, uncertainties of 1.4% in Teff and 0.042
dex in log g could be achieved. Statistically speaking,
these uncertainties refer to the precision of the spec-
troscopic method, which is a description of random
errors, a measure of statistical variability, repeatability,
or reproducibility of the measurement. The accuracy
of the spectroscopic method, however, represents the
proximity of measurement results to the true value
being measured, in this case, the true Teff and log g val-
ues. In this paper we attempt to estimate the accuracy
of the spectroscopic method by comparing atmospheric
parameters obtained from spectroscopy with those de-
rived from the photometric technique.

Figure 1: Sample fits to a DA star where the Balmer jump
is important. In this particular example we fit the SDSS u,
Pan-STARRS grizy, and JHK magnitudes (error bars) with
both pure hydrogen and pure helium models (filled and open
circles, respectively).

2 Comparison of Physical Pa-
rameters

Our spectroscopic sample is based on the analysis of
relatively bright DA stars from Gianninas et al. (2011),
although all objects have been refitted using model
atmospheres with the ML2/α = 0.7 prescription of the
mixing-length theory, instead of the value of α = 0.8
adopted by Gianninas et al. Furthermore, we applied
the 3D corrections in both Teff and log g given in Trem-
blay et al. (2013) to take into account hydrodynamical
effects.
These spectroscopic Teff and log g values can then be

compared with those obtained with the photometric
technique, where the photometric energy distribution
is fitted with the predictions of model atmospheres. In
this case, the free parameters are the effective temper-
ature Teff and the solid angle π(R/D)2, where R is the
radius of the star, andD its distance from Earth. Again,
the stellar mass and other parameters can be obtained
from evolutionary models. Interstellar reddening is
taken into account in our calculations following the
approach described in Harris et al. (2006) but with the
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Figure 2: Comparison of effective temperatures obtained by
fitting the combined SDSS u and Pan-STARRS grizy energy
distribution, with those derived from using only the Pan-
STARRS photometry.

extinction maps from Schlafly & Finkbeiner (2011).
Here we take advantage of the recently measured

trigonometric parallaxes from Gaia (Gaia Collabora-
tion, 2018), from which D can be obtained directly,
and the exquisite Pan-STARRS grizy photometry. We
also make use of the u bandpass from SDSS, when avail-
able, for two reasons. First, the u magnitude is useful
when fitting DA stars where the Balmer jump is im-
portant. This is illustrated in Figure 1 for a typical DA
star, although in this example we also included JHK
photometry. Secondly and most importantly, the umag-
nitude is particularly useful for hot DA stars when the
energy distribution enters the Rayleigh-Jeans regime.
This can be quantified by comparing the effective tem-
peratures obtained by fitting the combined SDSS u
and Pan-STARRS grizy energy distribution, with those
derived by fitting only the Pan-STARRS photometry,
as illustrated in Figure 2. The results indicate that
the inclusion of the u magnitude becomes particularly
important above Teff ∼ 14, 000 K or so.
The comparison of spectroscopic and photometric

temperatures is displayed in the top panel of Figure 3,
while the bottom panel shows the comparison of stellar
masses derived from both techniques using the C/O-
core evolutionary models from Fontaine et al. (2001)
with thick hydrogen envelopes (MH/M? = 10−4).
While the mass estimates appear to be in relatively
good agreement, the comparison of effective tempera-
tures show a systematic discrepancy, in particular above
∼10,000 K, with the spectroscopic temperatures being
5 to 10% larger than the photometric values. A similar
effect is reported by Genest-Beaulieu & Bergeron (these

proceedings) using optical spectra and ugriz photom-
etry of DA stars from the SDSS. Note that this is not a
new result since this particular trend had already been
reported by Genest-Beaulieu & Bergeron (2014) who
performed a similar comparison of spectroscopic and
photometric temperatures (see their Fig. 20) for DA
stars in the SDSS. In our case, any attempt at using a
different set of photometry, for instance using SDSS
ugriz or adding available JHK photometry, has not
changed our result significantly.

Genest-Beaulieu & Bergeron (2014) also experi-
mented with older model spectra used in Liebert et al.
(2005) based on the Stark profiles from Lemke (1997)
(and ML2/α = 0.6), while our current model spectra
rely on the improved Stark profile calculations from
Tremblay & Bergeron (2009), which take into account
nonideal perturbations from protons and electrons
— described within the Hummer-Mihalas occupation
probability formalism — directly inside the line pro-
file calculations. Note that these older model spectra
also include a completely ad hoc parameter — namely,
taking twice the value of the critical electric microfield
(βcrit) in the Hummer-Mihalas theory — introduced
to mimic the nonideal effects in the line profiles (see
Tremblay & Bergeron 2009 for a full discussion of this
approach). In that sense, the profiles from Tremblay
& Bergeron are far superior, from a physical point of
view, than these older model spectra. We neverthe-
less performed a similar experiment with these older
models, the results of which are displayed in Figure
4. Unfortunately, the systematic differences between
spectroscopic and photometric temperatures have been
significantly reduced, a conclusion also reached by
Genest-Beaulieu & Bergeron (2014, see their Figure
23), although the agreement is far from perfect. Our
results only suggest that Stark broadening probably
needs further improvements, most likely along the lines
of the promising work of Gomez et al. (2017).

Going back to the mass comparison displayed in the
bottom panel of Figure 3, we already noticed that the
masses were in fairly good agreement, with no obvious
systematic differences. However, there is an obvious
population of objects with Mspec > Mphot, with dif-
ferences as large as ∼ 0.4 M�. One component of
this population corresponds to unresolved double DA
white dwarf binaries, for which the measured radii
inferred from the photometric technique are overes-
timated — and thus the masses are underestimated
— due to the presence of two stars, while the spectro-
scopic masses remain relatively unaffected. These are
identified with red symbols in Figure 3. However there
is another component of this population, which corre-
sponds to objects with large spectroscopic masses above
∼0.75M�. In this case we believe these are unresolved
double DA+DC binaries, where the DC star dilutes the
hydrogen lines of the DA component of the system,
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Figure 3: Comparison of effective temperatures and stellar masses obtained from the spectroscopic and photometric techniques
as a function of the spectroscopic temperature. The red symbols correspond to objects with low photometric masses,
Mphot < 0.475M�, while the blue symbols indicate objects with large spectroscopic masses,Mspec > 0.75M�.

making the object only appear as a massive DA white
dwarf. An excellent example is the DA star G122-31
(WD 1132+470), which Harris et al. (2013) reported
as being an unresolved degenerate binary. Our spectro-
scopic parameters for this object are Teff = 28, 080 K
and log g = 8.97 (the top most blue symbol in the upper
panel of Fig. 3), while the photometric values are sig-
nificantly different, Teff = 14, 648 K and log g = 8.53.

3 The Mass-Radius Relation Re-
visited

Here we revisit the analysis of Bédard et al. (2017)
who tested the mass-radius relation for white dwarfs
using a sample of 219 DA and DB white dwarfs for
which published trigonometric parallax measurements
were available. The general approach is to compare
the radius R obtained from the photometric technique



4 The spectroscopic method: 25 years later

Figure 4: Comparison of effective temperatures obtained
from the spectroscopic and photometric techniques as a func-
tion of the spectroscopic temperature using older model
spectra described in the text. For clarity, DA stars with
Mphot < 0.475 M�, which are unresolved double degen-
erate candidates, have been removed from the sample. As
before, blue symbols indicate objects with large spectroscopic
masses,Mspec > 0.75M�.

with the massM derived by combining this radius with
the spectroscopic log g value. While this approach in-
volves the spectroscopic technique and all its potential
flaws, it does not make use of the mass-radius rela-
tion in any way. These R and M values can then be
compared with the predictions of evolutionary models,
with various assumptions about the core composition
and thickness of the hydrogen layer — see Figure 13
of Bédard et al. We updated the analysis of Bédard et
al. using the trigonometric parallaxes from Gaia, the re-
sults of which are displayed in Figure 5. A comparison
with our earlier results indicates that the average un-
certainty in R, indicated by the error bar in the figure,
has been significantly reduced, and more importantly,
that the objects are more tightly bound to the model
predictions.

We can also compare distances for some of the most
discrepant cases reported by Bédard et al. A first dis-
tance estimate can be obtained by using the mass-
radius relation from evolutionary models, which we
denote DMR; this distance is calculated by converting
the spectroscopic log g into radius, combined with the
photometric value of the solid angle π(R/D)2. For in-
stance, Bédard et al. obtained for G87-7 DMR = 17.5
pc, while the distance derived from the old parallax
measurement was significantly different,Dπ = 15.7 pc.
This discrepancy can now be resolved with the Gaia par-
allax, which yields DGaia = 17.07 pc, in perfect agree-
ment with the distance inferred from the mass-radius
relation. Similarly, we find for Ross 548, DMR = 32.6
pc, with Dπ = 63.3 pc and DGaia = 32.76 pc, and for
GD 1212, DMR = 18.7 pc, with Dπ = 15.9 pc and
DGaia = 18.66 pc, again showing the improvement of
Gaia parallaxes over older published measurements.

Figure 5: Location in the R versusM diagram for all white
dwarfs in the Bédard et al. (2017) sample but updated with
Gaia parallaxes; the color coding is identical to that used in
Figure 7 below. The cross in the lower right corner repre-
sents the average uncertainties. Also shown are mass-radius
relations for C/O-core, thick hydrogen envelope models at
Teff = 7000, 15,000, and 25,000 K (black dashed lines, from
left to right), for C/O-core, thin hydrogen envelope models
at Teff = 15, 000 K (green dotted line), and for Fe-core, thick
hydrogen envelope models also at Teff = 15, 000 K (blue
dotted line).

4 Other Selected Results

4.1 Improving the Precision of the Spec-
troscopic Method

As discussed in the Introduction, uncertainties of 1.4%
in Teff and 0.042 dex in log g can be achieved accord-
ing to the estimates of Liebert et al. (2005) based on
multiple measurements of several DA white dwarfs.
Although this alleged precision of the spectroscopic
technique is very good for practical purposes, it is in-
sufficient in some cases, for instance for discriminating
between thin and thick hydrogen layers when study-
ing the mass-radius relation — see Figure 5. There,
the error bar in mass is completely dominated by the
lack of precision of the spectroscopic log g values. One
way to improve the precision of the spectroscopic at-
mospheric parameters is to use multiple measurements
of the same object, in which case the uncertainties on
the average values are reduced by

√
N where N is the

number of independent observations. This is illustrated
in Figure 6 for the well known white dwarf 40 Eridani
B, reproduced here from the detailed analysis of Bond
et al. (2017). The average effective temperature and
surface gravity in this case are Teff = 17, 200± 110 K
and log g = 7.957 ± 0.020, where the uncertainties



Bergeron et al. 5

Figure 6: Spectroscopic determinations of Teff and log g for
40 Eri B, based on nine independent spectroscopic observa-
tions (black filled circles). The ellipses represent the 1σ and
2σ dispersions. The average values are given in the figure
and indicated by the red filled circle, whose error bars repre-
sent the errors on the mean values, Teff = 17, 200± 110 K
and log g = 7.957± 0.020.

represent the errors on the mean values. These are
significantly smaller than those quoted above from a
single spectroscopic observation.

4.2 3D Hydrodynamical Corrections

All spectroscopic analyses of DA white dwarfs suffer
from the so-called high-log g problem where surface
gravities obtained from the spectroscopic technique
show a significant increase at low effective tempera-
tures (Teff < 13, 000 K). Tremblay et al. (2011) showed
that this high-log g problem is related to the limitations
of the mixing-length theory used to describe the con-
vective energy transport in DA stars, and that more
realistic, 3D hydrodynamical model atmospheres are
required in order to obtain a surface gravity distribu-
tion that resembles that of hotter radiative-atmosphere
DA stars. Tremblay et al. (2013) later published 3D cor-
rections that could be applied to Teff and log g values
obtained from 1D model atmospheres.
We show in Figure 7 — which is an update of Fig-

ure 12 from Bédard et al. (2017) — the differences
in distances, Dπ −DMR (expressed as fractions of the
parallax distances Dπ), as a function of effective tem-
perature. Dπ and DMR are described above, but this
time the parallactic distance is defined in terms of
the Gaia measurements. The results are shown both
with and without the hydrodynamical 3D corrections
of Tremblay et al. Had we neglected these 3D correc-
tions, severe discrepancies would have been present at

Figure 7: Differences between the distances Dπ and DMR,
expressed as fractions of the parallax distance Dπ, for all
white dwarfs in the Bédard et al. (2017) sample but updated
with Gaia parallaxes. Objects shown in red exhibit differ-
ences larger than a 1σ confidence level between the two
distance estimates, while the filled red circles and the dotted
open circles represent, respectively, known and suspected
unresolved double degenerate systems. The results in the
upper panel (uncorrected) do not take into account the hy-
drodynamical 3D corrections of Tremblay et al. (2013) for
both spectroscopic Teff and log g determinations.

low effective temperatures, where convective energy
transport becomes important (Teff < 13, 000 K). The
comparison displayed here thus provides a strong sup-
port to the results of Tremblay et al., and in particular
in the interpretation that the mixing-length theory is
the culprit behind the high-log g problem observed in
most spectroscopic analyses of DA stars.

4.3 Interactions with Neutral Particles

Bergeron et al. (1991) introduced for the first time
the Hummer-Mihalas occupation probability formal-
ism into the calculations of synthetic spectra for white
dwarfs. In this formalism, the perturbations by neu-
tral particles are treated with a hard sphere model,
where the last atomic bound level is constrained by
the space available between the particles (excluded
volume effect). The classical way to treat this problem
is to consider all the atoms as hard spheres, with a char-
acteristic radius rn associated to each excited level n.
Bergeron et al. assumed in their study that this charac-
teristic interaction radius could be written as a fraction
f of the hydrogenic atomic radius associated with level
n, rn ∼ f n2a0, where a0 is the classical Bohr radius.
In general, the parameter f is usually assumed unity.
However, it was found (see Bergeron et al. 1991 for
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a full discussion) that by using the Hummer-Mihalas
formalism with f = 1, the strength of the high Balmer
lines in cool DA white dwarfs were always predicted
too weak, and that the mean surface gravity of DA stars
had to be lowered to log g ∼ 7.5, a value which is very
unlikely for a representative sample of cool DA white
dwarfs. The solution to this problem adopted by Berg-
eron et al. (1991) was simply to lower the value of the
parameter f to 0.5, thus reducing the perturbations by
neutral particles (see in particular Figure 6 of Bergeron
et al.). However, as mentioned by Bergeron et al., this
particular choice remains somewhat arbitrary.
Here we further investigate this choice of the pa-

rameter f by using the sample of DA white dwarfs
from Gianninas et al. (2011). In Figure 8 we show the
mass distribution as a function of effective temperature
using various assumptions. The top two panels both
assume a value of f = 0.5, but with and without the
3D hydrodynamical corrections applied to the spectro-
scopic Teff and log g values; the corrections observed
here at low effective temperatures (Teff < 13, 000 K)
are significant. The results shown in the two bottom
panels are both 3D corrected, but with assumed val-
ues of f = 1.0 (full neutral interaction) and f = 0.0
(no neutral interaction). With the full neutral inter-
action, we see a significant and uncomfortable drop
in the mean mass at the cool end of the distribution,
as discussed above. With no neutral interaction at all,
however, we see the opposite trend, even though the
problem is not as severe as with the full interaction. A
closer examination of these results reveals that a value
of f = 0.5 is not a particularly bad choice after all, until
a better treatment of interaction with neutral particles
becomes available.
This work was supported in part by the NSERC

Canada and by the Fund FRQ-NT (Québec).
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