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Abstract. We measure apparent velocities (vapp) of the Hα and Hβ Balmer line cores for 16
helium-dominated white dwarfs (WDs) using optical spectra taken for the European Southern
Observatory SN Ia progenitor survey (SPY). Following the gravitational redshift method employed
by Falcon et al. [1], we find a mean apparent velocity of vapp = 39.58±4.41km s−1 and use it to
derive a mean mass of M = 0.701+0.042−0.046M . Though the sample is small, the mean mass appears
to be larger than the mean mass of DAs derived using the same method [0.647+0.013−0.014M , 1].
Keywords: white dwarfs, techniques: radial velocities, techniques: spectroscopic
PACS: 97.20.Rp, 95.85.Kr

1. INTRODUCTION

White dwarfs (WDs) of spectral type DB constitute ∼ 20% of all WDs in the effective
temperature range 30,000K Teff 10,000K [2]. Their relatively small numbers com-
bined with difficulties of interpreting pressure broadened helium lines [3, 4, 5] contribute
to our lack of understanding of their nature and origin.
Though helium is the dominant atmospheric constituent, Voss et al. [6] detect various

amounts of hydrogen in most (55%) of the DBs in their sample and find similar spec-
troscopic mass distributions to show that this WD subclass, DBAs, is not distinct from
its parent class. Therefore, let us assume investigation of one is an investigation of both.
We do not discard the possibility, however, that DBAs are fundamentally different from
DBs and possess signficantly different masses.
We follow the method of Falcon et al. [1], which uses the apparent velocities of

hydrogen Balmer lines for an ensemble of WDs to determine a mean gravitational
redshift. With a mean redshift, we derive a mean mass.

2. OBSERVATIONS

We use spectroscopic data from the European Southern Observatory (ESO) SN Ia pro-
genitor survey [SPY; 7]. These observations, taken using the UV-Visual Echelle Spec-
trograph [UVES; 8] at Kueyen, Unit Telescope 2 of the ESO VLT array, constitute the
largest, homogeneous, high-resolution (0.36Å or ∼ 16 km s−1 at Hα) spectroscopic
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dataset for WDs. We obtain the pipeline-reduced data online through the publicly avail-
able ESO Science Archive Facility.

2.1. Sample

We analyze 16 helium-dominated WDs from the SPY sample that show measurable
apparent velocity (vapp) in the Hα (and Hβ ) line cores. Since these DBAs do not show
measurable vapp variations, we presume them to be non-binary.
We require our targets to have Teff>16,500K (see Section 3.2). The lack of detectable

Zeeman splitting implies that our targets do not harbor significant ( 100kG) magnetic
fields [e.g., 9].
The literature does not show our WDs to have any stringent stellar population classi-

fications; none are suspected to belong specifically to the thick disk or halo. Because it
is a necessary criterion for our analysis (see Section 3.3), we make the assumption that
all of our targets are from the thin disk. Nearly all (>90%) of the SPY WDs that have
been studied kinematically are classified as thin disk objects [10, 11].

3. USING GRAVITATIONAL REDSHIFT TO DETERMINE A
MEAN MASS

We summarize the method employed in Falcon et al. [1]:

3.1. Gravitational Redshift

In the weak-field limit, the general relativistic effect of gravitational redshift can be
observed as a velocity shift in absorption lines and is expressed as

vg =
cΔλ

λ
=

GM
Rc

(1)

where G is the gravitational constant, and c is the speed of light. In our case, M is the
WD mass, and R is the WD radius.
The apparent velocity of an absorption line is the sum of this gravitational redshift

and the stellar radial velocity: vapp= vg+vr. These two components cannot be explicitly
separated for individual WDs without an independent vr measurement or mass determi-
nation. We break this degeneracy for a group of WDs by assuming that the sample is
co-moving and local. After we correct each vapp to the local standard of rest (LSR), only
random stellar motions dominate the dynamics of our sample. These average out, and
the mean apparent velocity becomes the mean gravitational redshift: vapp = vg .
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3.2. Velocity Measurements

Collisional (Stark) broadening effects cause asymmetry in the wings of absorption
lines for the hydrogen Balmer series, making it difficult to measure a velocity centroid
[12, 13]. These effects are not significant in the sharp, non-LTE Hα and Hβ Balmer line
cores.
van der Waals broadening due to neutral He may also signficantly affect line shapes

below Teff >16,500K [14, 6]. We avoid this systematic by not including targets in that
range of Teff.
We measure vapp for each target in our sample by fitting a Gaussian profile to the

Hα line core using GAUSSFIT, a non-linear least-squares fitting routine in IDL. When
available, we combine this measurement with that of the Hβ line core centroid as a
mean weighted according to the uncertainties returned by the fitting routine. We include
Hβ line core centroid information in 4 of our 16 vapp measurements. If multiple epochs
of observations exist, we combine these measurements as a weighted mean as well. vapp
measurements of a given observation (i.e., Hα and Hβ line core centroids) are combined
before multiple epochs.

3.3. Co-Moving Approximation

Wemeasure a mean gravitational redshift by assuming that ourWDs are a co-moving,
local sample. With this assumption, only random stellar motions dominate the dynamics
of our targets; this falls out when we average over the sample.
For this assumption to be valid, at least as an approximation, our WDs must belong

to the same kinematic population; in the case of this work, this is the thin disk. We
achieve a co-moving group by correcting each measured vapp to the kinematical LSR
described by Standard Solar Motion [15]. In Falcon et al. [1], we show in detail that this
is a suitable choice of reference frame for the purpose of this investigation.
Our WDs must also reside at distances that are small when compared to the size of

the Galaxy, thereby making systematics introduced by the Galactic kinematic structure
negligible. Six of our targets have published distance determinations in the range of∼ 40
to ∼ 260 pc [16, 17, 18]. We assume the rest to have comparable distances to the rest
of the SPY sample which Pauli et al. [10] determined spectroscopically to be mostly
( 90%) within 200 pc with a mean of ∼100 pc.

3.4. Deriving a Mean Mass

To translate the mean apparent velocity vapp to a mean mass, we invoke two depen-
dencies: (1) we need the mass-radius relation from an evolutionary model, and (2) since
the WD radius does slightly contract during its cooling sequence, we need an estimate
of the position along this track for the average WD in our sample (i.e., a mean Teff).
Our evolutionary models use MHe/M = 10−2 helium surface-layer mass, and, since

we are interested in WDs with helium-dominated atmospheres, we use MH/M = 0
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TABLE 1. Mean Apparent Velocities
vapp δ vapp σvapp δ vapp M/R δ M/R

Sample # of WDs (km s−1) (km s−1) (km s−1) (km s−1) (M /R ) (M /R )
DBA 16 39.58 4.41 16.77 4.42 62.20 6.95
DA∗ 449 32.57 1.17 24.84 1.51 51.19 1.84

∗ Main sample of normal DAs from Falcon et al. [1]

FIGURE 1. Histogram of measured apparent velocities vapp with a bin size of 12.5 km s−1. The mean
vapp is 39.58±4.41km s−1. The overplotted curve is the Gaussian distribution function used to determine
Monte Carlo uncertainties.

for the hydrogen surface-layer mass. See Montgomery et al. [19] for a more complete
description of our models. Our dependency on evolutionary models is small. We are
interested in the mass-radius relation from these models, and this is relatively straight-
forward since WDs are mainly supported by electron degeneracy pressure, making the
WD radius a weak function of temperature. We estimate that varying the C/O ratio in
the core affects the radius by less than 0.7%.

4. RESULTS

We observe H absorption in 16 WDs classifed as helium-dominated by Voss et al. [6].
Table 1 lists our derived mean apparent velocity as well as the corresponding result for
DAs from Falcon et al. [1]. Figure 1 shows the vapp distribution.
The quoted uncertainty of the mean apparent velocity (Column 4 of Table 1) comes

from Monte Carlo simulations. For the sample, we recreate a large number of instances
(10,000) of the vapp distribution by randomly sampling from a convolution of the empir-
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FIGURE 2. Left: plot of M/R versus Teff with cooling tracks from evolutionary models for a range
of WD masses. The intersection of the mean measured apparent velocity vapp (vertical, black line) and
mean Teff from (horizontal, purple line) indicates a mean mass of 0.701+0.042+0.046M . Right: Distribution of
spectroscopically determined Teff of our targets from Voss et al. [6]. The bin size is 1700K. The mean
is 18,010±300K. The overplotted curve is the empirical distribution function used to determine Monte
Carlo uncertainties.

ical vapp distribution (Gaussian characterized by the parameters in Columns 3 and 5 of
Table 1) and the empirical measurement uncertainty distribution (not shown). We adopt
the standard deviation of the resulting simulated mean values as our formal uncertainty.
Since the input distribution for our simulations is empirical, our uncertainty is subject to
the normal limitations of Frequentist statistics.
For this sample, vapp = 39.58± 4.41 km s−1. Using spectroscopically determined

Teff from Voss et al. [6], Teff = 18,010± 300K. We plot these values against WD
cooling tracks from our evolutionary models in Figure 2 and interpolate to find M =

0.701+0.042−0.046M . This is larger than the mean mass for normal DAs determined using the
same gravitational redshift method [0.647M ; 1]. This also disagrees with 0.621M ,
the mean of the spectroscopic mass determinations for these targets from Voss et al. [6].
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