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New halo WD candidates 2455

Figure 2. Optical spectra for the five DA white dwarfs in our sample. The
dotted line marks Hα.

(2MASS) stars in the SWIRC field of view for photometric and as-
trometric calibration. In addition, near-infrared photometry for two
more targets, J0040+1458 and J1649+2932, are available from the
UKIRT Infrared Deep Sky Survey (UKIDSS; Lawrence et al. 2007)
Large Area Survey. Table 1 presents the ugriz and JH photometry
for our sample of 57 targets with follow-up spectroscopy and/or
near-infrared photometry.

Fig. 4 presents optical and infrared colour–colour diagrams for
the same stars, along with the predicted colours of pure H and
pure He atmosphere white dwarfs. The differences between these
models are relatively minor in the optical colour–colour diagrams,
except for the ultracool white dwarfs with Teff < 4000 K. The
pure H models predict the colours to get redder until the onset of
the collision-induced absorption (CIA) due to molecular hydrogen,
which leads to a blue hook feature. This transition occurs at 3750 K
for the r − i colour, whereas it occurs at 4500 K for the r − H colour.
The colours for our sample of 57 stars, including the targets with
and without follow-up spectroscopy, are consistent with the white
dwarf model colours within the errors. The majority of the targets
with g − r ≥ 1.0 mag (Teff ≤ 4250 K) show bluer r − H colours
than the pure He model sequence, indicating that the coolest white
dwarfs in our sample have H-rich atmospheres.

We use the SWIRC astrometry to verify the proper motion
measurements from our optical imaging survey. Given the rela-
tively small field of view of the SWIRC camera and the limited
number of 2MASS stars available in each field, the astromet-
ric precision is significantly worse in the SWIRC images com-
pared to the Bok 90-inch and USNO 1.3-m optical data. We find

Figure 3. Optical spectra for 24 DC white dwarfs in our sample.

that the proper motion measurements from the SWIRC data are
on average 54 ± 44 mas yr−1 higher. Nevertheless, all but one
of our targets, J1513+4743, have SWIRC-SDSS proper motion
measurements consistent with the proper motion measurements
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Table 1. Optical and near-infrared photometry of white dwarf candidates.

SDSS u g r i z J H

J213730.86+105041.5 23.30 ± 0.54 21.77 ± 0.06 20.51 ± 0.03 20.01 ± 0.03 19.73 ± 0.08 19.21 ± 0.10 19.25 ± 0.18
J214538.16+110626.6 23.72 ± 0.52 21.49 ± 0.04 20.22 ± 0.02 19.77 ± 0.02 19.61 ± 0.05 18.87 ± 0.07 19.00 ± 0.10
J214538.60+110619.1 23.47 ± 0.45 21.01 ± 0.03 19.93 ± 0.02 19.49 ± 0.02 19.29 ± 0.04 18.54 ± 0.06 19.31 ± 0.06
J004022.47+145835.0 22.23 ± 0.23 20.56 ± 0.03 19.83 ± 0.02 19.53 ± 0.03 19.43 ± 0.06 18.60 ± 0.10 18.39 ± 0.12
J004725.61−085223.9 25.78 ± 0.74 21.65 ± 0.06 20.67 ± 0.04 20.29 ± 0.05 20.17 ± 0.15 . . . . . .
J010838.42−095415.7 24.07 ± 1.04 21.56 ± 0.06 20.61 ± 0.04 20.20 ± 0.04 19.98 ± 0.13 . . . . . .
J014749.07−093537.4 22.98 ± 0.53 21.64 ± 0.07 20.70 ± 0.04 20.44 ± 0.05 20.39 ± 0.24 . . . . . .
J073417.76+372842.6 24.01 ± 0.74 21.88 ± 0.07 20.95 ± 0.05 20.57 ± 0.04 20.44 ± 0.14 19.59 ± 0.09 20.08 ± 0.17
J074942.95+294716.7 22.45 ± 0.26 20.80 ± 0.03 19.95 ± 0.02 19.64 ± 0.03 19.49 ± 0.06 18.56 ± 0.04 18.37 ± 0.05
J080505.26+273557.2 23.73 ± 0.62 21.52 ± 0.06 20.59 ± 0.03 20.25 ± 0.03 20.28 ± 0.12 19.05 ± 0.06 19.16 ± 0.06
J080545.80+374720.4 23.87 ± 0.64 21.12 ± 0.04 20.39 ± 0.03 20.08 ± 0.03 19.87 ± 0.10 19.13 ± 0.05 18.86 ± 0.06
J081140.07+384202.2 23.87 ± 0.69 21.89 ± 0.07 20.84 ± 0.04 20.55 ± 0.04 20.30 ± 0.11 19.50 ± 0.06 19.24 ± 0.08
J081735.51+310625.5 22.39 ± 0.23 20.52 ± 0.03 19.50 ± 0.02 19.14 ± 0.02 18.89 ± 0.03 18.14 ± 0.03 17.84 ± 0.04
J082035.23+390419.9 22.72 ± 0.32 22.01 ± 0.07 20.86 ± 0.04 20.53 ± 0.04 20.29 ± 0.09 19.31 ± 0.05 19.49 ± 0.10
J082255.41+390302.7 23.16 ± 0.34 21.87 ± 0.05 20.90 ± 0.04 20.49 ± 0.03 20.37 ± 0.11 19.19 ± 0.06 19.24 ± 0.08
J082842.31+352729.5 21.43 ± 0.09 19.84 ± 0.02 19.06 ± 0.02 18.73 ± 0.02 18.69 ± 0.03 17.88 ± 0.03 17.47 ± 0.04
J084802.30+420429.7 22.92 ± 0.37 21.72 ± 0.06 20.79 ± 0.04 20.53 ± 0.05 20.41 ± 0.14 19.63 ± 0.06 19.29 ± 0.08
J085441.14+390700.1 22.87 ± 0.28 21.22 ± 0.03 20.40 ± 0.03 20.12 ± 0.03 20.03 ± 0.08 19.17 ± 0.04 18.83 ± 0.06
J091035.82+374454.8 23.85 ± 0.63 21.79 ± 0.06 20.53 ± 0.03 19.95 ± 0.03 19.64 ± 0.07 18.95 ± 0.04 18.80 ± 0.05
J091823.08+502826.4 22.60 ± 0.26 20.72 ± 0.03 19.87 ± 0.02 19.62 ± 0.02 19.47 ± 0.06 18.67 ± 0.04 18.38 ± 0.04
J092716.99+485233.3 22.96 ± 0.30 20.65 ± 0.02 19.59 ± 0.02 19.17 ± 0.03 19.11 ± 0.05 19.12 ± 0.06 19.60 ± 0.14
J100953.03+534732.9 23.82 ± 0.84 21.82 ± 0.07 20.75 ± 0.04 20.40 ± 0.04 19.86 ± 0.10 19.09 ± 0.06 18.92 ± 0.07
J102417.17+492011.3 22.83 ± 0.29 21.59 ± 0.06 20.70 ± 0.03 20.42 ± 0.04 20.15 ± 0.10 19.46 ± 0.08 18.89 ± 0.10
J105652.84+504321.3 23.56 ± 0.56 21.40 ± 0.04 20.37 ± 0.03 19.99 ± 0.03 19.79 ± 0.08 19.05 ± 0.04 18.78 ± 0.05
J110105.01+485437.9 23.00 ± 0.51 20.88 ± 0.04 19.92 ± 0.05 19.68 ± 0.03 19.67 ± 0.09 18.75 ± 0.04 18.50 ± 0.05
J114558.52+563806.8 23.08 ± 0.52 21.73 ± 0.06 20.93 ± 0.06 20.62 ± 0.06 20.26 ± 0.15 19.64 ± 0.08 19.35 ± 0.07
J120514.49+550217.2 22.84 ± 0.43 21.31 ± 0.04 20.37 ± 0.03 20.00 ± 0.03 19.88 ± 0.10 18.94 ± 0.05 18.68 ± 0.04
J132358.81+022342.2 23.10 ± 0.46 21.88 ± 0.07 20.91 ± 0.04 20.60 ± 0.05 20.52 ± 0.16 19.43 ± 0.07 19.37 ± 0.07
J133309.98+494227.2 24.03 ± 0.78 21.15 ± 0.04 20.23 ± 0.03 19.86 ± 0.04 19.60 ± 0.06 18.79 ± 0.04 18.60 ± 0.04
J140907.89−010036.9 22.94 ± 0.28 21.64 ± 0.06 20.58 ± 0.03 20.18 ± 0.03 19.97 ± 0.10 19.12 ± 0.06 19.06 ± 0.06
J142136.69+035612.4 24.39 ± 0.97 21.89 ± 0.08 20.82 ± 0.05 20.43 ± 0.04 20.23 ± 0.16 19.19 ± 0.06 19.04 ± 0.07
J143400.55+534525.2 22.95 ± 0.44 21.20 ± 0.04 20.28 ± 0.03 19.89 ± 0.03 19.62 ± 0.07 18.99 ± 0.06 18.64 ± 0.06
J144417.48+602555.1 23.73 ± 0.61 21.62 ± 0.05 20.65 ± 0.03 20.42 ± 0.04 20.52 ± 0.13 19.50 ± 0.07 19.09 ± 0.10
J144606.46+025811.5 23.70 ± 0.85 21.72 ± 0.12 20.64 ± 0.07 20.33 ± 0.06 30.02 ± 0.12 19.03 ± 0.06 18.92 ± 0.09
J150904.50+540825.2 24.60 ± 1.03 21.97 ± 0.08 20.94 ± 0.05 20.49 ± 0.05 20.17 ± 0.13 19.31 ± 0.07 19.13 ± 0.08
J151319.26+502318.6 23.39 ± 0.44 21.96 ± 0.07 20.70 ± 0.03 20.30 ± 0.03 19.93 ± 0.07 18.85 ± 0.05 19.30 ± 0.08
J151321.20+474324.2 20.82 ± 0.06 19.92 ± 0.03 19.63 ± 0.02 19.42 ± 0.02 19.41 ± 0.06 18.62 ± 0.05 18.55 ± 0.21
J151555.53+593045.3 25.19 ± 0.86 21.96 ± 0.06 20.78 ± 0.03 20.34 ± 0.04 20.24 ± 0.09 19.40 ± 0.08 19.66 ± 0.10
J153300.94−001212.2 23.65 ± 0.59 22.05 ± 0.07 20.89 ± 0.04 20.46 ± 0.04 20.16 ± 0.12 19.24 ± 0.07 19.07 ± 0.09
J153432.25+562455.7 21.76 ± 0.14 20.26 ± 0.02 19.62 ± 0.02 19.36 ± 0.03 19.28 ± 0.05 . . . . . .
J155243.40+463819.4 21.53 ± 0.11 20.09 ± 0.02 19.50 ± 0.02 19.31 ± 0.02 19.28 ± 0.05 . . . . . .
J155501.57+494056.4 25.76 ± 0.64 21.84 ± 0.08 20.77 ± 0.04 20.46 ± 0.05 20.30 ± 0.16 19.29 ± 0.07 19.23 ± 0.07
J160125.48+412014.1 21.20 ± 0.07 19.28 ± 0.02 18.44 ± 0.02 18.15 ± 0.02 18.08 ± 0.02 . . . . . .
J160130.82+420427.6 24.19 ± 0.98 21.65 ± 0.06 20.71 ± 0.04 20.37 ± 0.04 20.37 ± 0.17 19.29 ± 0.07 19.01 ± 0.09
J160424.38+392330.5 21.88 ± 0.20 20.51 ± 0.03 19.87 ± 0.02 19.67 ± 0.03 19.44 ± 0.07 . . . . . .
J162417.93+415656.6 21.21 ± 0.09 20.18 ± 0.02 19.84 ± 0.02 19.69 ± 0.03 19.62 ± 0.07 . . . . . .
J162724.57+372643.1 21.78 ± 0.10 19.80 ± 0.02 18.94 ± 0.02 18.64 ± 0.01 18.53 ± 0.03 17.60 ± 0.03 17.39 ± 0.03
J164358.79+443855.4 21.42 ± 0.10 19.84 ± 0.02 19.11 ± 0.02 18.88 ± 0.01 18.81 ± 0.04 17.91 ± 0.03 17.63 ± 0.03
J164745.45+394638.6 24.56 ± 1.09 21.55 ± 0.05 20.30 ± 0.03 19.89 ± 0.03 19.84 ± 0.08 18.91 ± 0.05 18.60 ± 0.05
J164931.91+293247.7 22.19 ± 0.15 20.61 ± 0.03 19.90 ± 0.02 19.63 ± 0.02 19.51 ± 0.08 18.62 ± 0.06 18.52 ± 0.11
J165723.84+263843.5 24.80 ± 0.80 21.33 ± 0.04 20.28 ± 0.03 19.99 ± 0.03 19.77 ± 0.10 19.24 ± 0.08 19.20 ± 0.10
J171135.27+294046.0 23.00 ± 0.33 21.11 ± 0.03 20.37 ± 0.03 19.96 ± 0.02 19.85 ± 0.07 18.73 ± 0.05 18.41 ± 0.07
J171543.76+260016.9 22.82 ± 0.40 21.25 ± 0.04 20.45 ± 0.03 20.06 ± 0.03 19.91 ± 0.10 18.81 ± 0.07 18.27 ± 0.04
J212739.00+103655.1 22.77 ± 0.41 21.67 ± 0.06 20.71 ± 0.04 20.35 ± 0.04 20.11 ± 0.13 . . . . . .
J223038.21+141505.7 21.86 ± 0.15 20.37 ± 0.03 19.87 ± 0.02 19.64 ± 0.02 19.60 ± 0.07 . . . . . .
J231617.67−104411.0 23.41 ± 0.67 21.98 ± 0.09 20.99 ± 0.05 20.56 ± 0.05 20.34 ± 0.14 . . . . . .
J232018.23−084516.7 25.55 ± 0.95 21.63 ± 0.07 20.57 ± 0.04 20.20 ± 0.05 19.97 ± 0.15 . . . . . .
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New halo WD candidates 2457

Figure 4. Colour–colour diagrams for our sample of 57 white dwarf candi-
dates. Solid and dashed lines show the predicted colours for pure H (Teff ≥
2500 K) and pure He atmosphere (Teff ≥ 3500 K) white dwarfs with log g
= 8 (Bergeron, Saumon & Wesemael 1995), respectively.

from our optical data within 3σ . J1513+4743 is spectroscopically
confirmed to be a DA white dwarf. Hence, the contamination rate of
our sample of 57 stars by objects with incorrectly measured proper
motions should be relatively small.

3 PH OTO M E T R I C A NA LY S I S

3.1 Model atmospheres

Our model atmospheres come from the local thermodynamic equi-
librium (LTE) model atmosphere code described in Bergeron et al.
(1995) and references within, along with the recent improvements
in the calculations for the Stark broadening of hydrogen lines dis-
cussed in Tremblay & Bergeron (2009). We follow the method
of Holberg & Bergeron (2006) and convert the observed magni-
tudes into fluxes, and use a non-linear least-squares method to
fit the resulting SEDs to predictions from model atmospheres.
Given that all our targets appear to be within 150 pc, we do not
correct for extinction. We consider only the temperature and the
solid angle π(R/D)2, where R is the radius of the white dwarf
and D is its distance from the Earth, as free parameters. Con-
vection is modelled by the ML/α = 0.7 prescription of mixing
length theory. For a more detailed discussion of our fitting tech-
nique, see Bergeron, Leggett & Ruiz (2001); for details of our
helium-atmosphere models, see Bergeron et al. (2011). Since we
do not have parallax measurements for our objects, we assume
a surface gravity of log g = 8. This is appropriate, as the white
dwarf mass distribution in the solar neighbourhood peaks at about
0.6 M� (Tremblay et al. 2013). We discuss the effects of this choice
in Section 4.

Below about 5000 K, Hα is not visible. However, the presence of
hydrogen can still be seen in the blue from the red wing of Lyα ab-
sorption (Kowalski & Saumon 2006), and in the infrared from CIA
due to molecular hydrogen. Cool white dwarfs with pure helium
atmospheres are not subject to these opacities, so their SEDs should
appear similar to a blackbody. Because of this, atmospheric com-
position can still be determined from ultraviolet and near-infrared
data. Table 2 presents the best-fitting atmospheric compositions,
temperatures, distances, and cooling ages for our targets, as well as

their proper motions and tangential velocities. Below, we discuss
the pure H, pure He, and mixed H/He atmosphere targets separately,
and highlight the most interesting objects in the sample.

3.2 Pure H solutions

Of our 57 targets, only 45 have the near-infrared data that are
needed to observe the CIA that allows us to detect the presence
of hydrogen. Of these 45 objects, 12 have SEDs best fit by pure
hydrogen models. Fig. 5 shows the SEDs and our model fits for
four of these objects (full sample is available online). We show
the photometric data as error bars and the best-fitting model fluxes
for pure H and pure He composition as filled and open circles,
respectively.

J1513+4743 is the only DA white dwarf in our sample with
near-infrared photometry available (the four other DAs are dis-
cussed in Section 3.5), and the pure H model is a better fit to
the SED than the pure He model. For the remaining objects, we
chose the composition based on the solution that best fits the
SED. Our sample includes three previously published H-atmosphere
DC white dwarfs: J2137+1050, J2145+1106N, and J2145+1106S
(Kilic et al. 2010a). Our temperature estimates of 3670 ± 160, 3720
± 110, and 3960 ± 100 K, respectively, agree with the previously
published values of 3780, 3730, and 4110 K (Kilic et al. 2010a)
within the errors.

With the exception of the DA WD J1513+4743, all of the remain-
ing 11 objects that are best explained by pure H atmosphere models
have Teff ≤ 4250 K. These objects appear significantly fainter in
the H band than expected from the blackbody-like SEDs of pure
He atmosphere white dwarfs, indicating that they have H-rich at-
mospheres. In addition to the previously published J2137+1050
and J2145+1106N (Kilic et al. 2010a), we identify three new white
dwarfs with Teff ≤ 3700 K; namely J0734+3728, J1515+5930, and
J1657+2638. The latter is the coolest white dwarf known (Teff =
3550 ± 100 K) with an SED that is matched relatively well by a
pure H atmosphere model. The implied cooling age for such a cool
white dwarf is 10.1 Gyr assuming an average mass, log g = 8, white
dwarf.

3.3 Pure He solutions

For our remaining 33 objects with infrared data, 29 show no evi-
dence of CIA and are best fit by pure He atmosphere models. Fig. 6
shows the SEDs for a sample of these targets. All 29 of these objects
have Teff in the range 4240–4930 K. Nine stars have optical spectra
available, and all nine are DC white dwarfs.

The differences between the pure H and pure He model fits are
relatively small in this temperature range, and additional K-band
photometry would be useful to confirm the atmospheric compo-
sition for these stars. However, Bergeron (2001) and Kilic et al.
(2010b) also find an overabundance of pure He atmosphere white
dwarfs in the temperature range 4500–5000 K. Kilic et al. (2010b)
discuss a few potential problems that could lead to misclassifica-
tion of spectral types for these stars, including problems with the
CIA calculations, or small shifts in the ugriz or JH photometric
calibration.

3.4 Mixed atmosphere solutions

The last four targets with infrared data (J0910+3744, J0927+4852,
J1513+4743, and J1555+4940) have SEDs that are inconsistent
with either a pure H or pure He atmosphere solution. We fit the SEDs
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Table 2. Physical parameters of our white dwarf sample. Source of the optical spectroscopic observations: 1 – this paper; 2 – Kilic et al. (2010b); and 3 –
Kilic et al. (2010a).

Object Spectral Source Composition Teff d Cooling age μRA μDec. Vtan

(SDSS) type (log He/H) (K) (pc) (Gyr) (mas yr−1) (mas yr−1) (km s−1)

J2137+1050 DC 2 H 3670 ± 160 75 9.8 − 228.9 − 473.6 187.1
J2145+1106N DC 2 H 3720 ± 110 68 9.7 191.9 − 366.9 134.4
J2145+1106S DC 2 H 3960 ± 100 65 9.1 185.9 − 367.7 126.5
J0040+1458 DC 1 He 4890 ± 90 94 6.3 128.1 18.5 57.6
J0047−0852 DC 1 H 3140 ± 160 68 11.0 211 − 27.2 69.0

He 3920 ± 120 79 8.5 79.2
J0108−0954 DC 1 H 3630 ± 520 77 9.9 − 70.1 − 183.9 72.1

He 4360 ± 150 100 7.5 93.6
J0147−0935 DC 1 H 4300 ± 320 108 8.2 211.5 − 26.4 109.0

He 4640 ± 190 126 6.9 127.3
J0734+3728 DC 1 H 3700 ± 140 94 9.8 − 3.5 − 114 50.5
J0749+2947 . . . . . . He 4690 ± 60 90 6.7 216.1 − 133.9 108.9
J0805+2735 . . . . . . H 4130 ± 120 94 8.7 68.1 − 215.9 101.1
J0805+3747 . . . . . . He 4820 ± 80 118 6.4 − 91.8 − 135.5 91.4
J0811+3842 DC 1 He 4570 ± 110 131 7.0 99.3 − 147.4 110.1
J0817+3106 . . . . . . He 4510 ± 50 67 7.1 231.4 − 93.8 79.8
J0820+3904 DC 1 H 4050 ± 150 104 8.9 − 172 − 129 106.0
J0822+3903 DC 1 H 4190 ± 150 109 8.5 274.2 − 316.5 216.5
J0828+3527 DC 3 He 4840 ± 60 65 6.4 − 13.1 − 161 49.9
J0848+4204 . . . . . . He 4820 ± 120 146 6.4 − 137.8 − 32.5 97.9
J0854+3907 . . . . . . He 4810 ± 80 119 6.5 − 29.9 − 162.1 93.2
J0910+3744 DC 1 −3.69 3450 ± 190 63 9.5 − 143.6 − 91.7 50.7
J0918+5028 . . . . . . He 4810 ± 70 94 6.5 − 108.2 − 185.9 96.3
J0927+4852 . . . . . . 6.33 3210 ± 90 42 9.9 216.5 − 70.1 45.4
J1009+5347 . . . . . . He 4290 ± 100 104 7.7 − 120.1 − 254.3 138.2
J1024+4920 . . . . . . He 4680 ± 120 128 6.8 − 80.1 − 391.8 242.1
J1056+5043 . . . . . . He 4560 ± 70 104 7.0 − 36.7 − 119.7 61.7
J1101+4854 . . . . . . He 4770 ± 80 97 6.6 73.9 − 196.1 96.8
J1145+5638 . . . . . . He 4780 ± 120 148 6.5 − 127 − 114.3 119.8
J1205+5502 . . . . . . He 4560 ± 70 102 7.0 − 23.4 − 311.8 151.2
J1323+0223 . . . . . . H 4250 ± 170 116 8.4 − 112.2 − 50.6 67.5
J1333+4942 . . . . . . He 4550 ± 60 95 7.0 − 174.7 − 0.9 79.0
J1409−0100 . . . . . . H 4090 ± 120 92 8.8 − 125.2 75.8 63.7
J1421+0356 . . . . . . He 4340 ± 100 111 7.5 − 156.2 − 15 82.3
J1434+5345 . . . . . . He 4600 ± 70 100 7.0 − 143 136.6 93.5
J1444+6025 . . . . . . He 4730 ± 100 132 6.6 − 18.1 − 134.3 85.1
J1446+0258 . . . . . . He 4360 ± 140 104 7.5 − 196.2 43.2 99.5
J1509+5408 . . . . . . He 4320 ± 110 114 7.6 13.3 − 135.7 73.9
J1513+5023 . . . . . . −3.22 3860 ± 180 86 8.7 − 98.6 − 49.4 45.0
J1513+4743 DA 1 H 5960 ± 120 124 2.3 − 500.8 − 147.1 305.9
J1515+5930 . . . . . . H 3700 ± 120 87 9.8 − 74.6 90.4 48.5
J1533−0012 . . . . . . He 4240 ± 100 107 7.8 − 44.2 − 140.2 74.7
J1534+5624 DC 1 H 4900 ± 120 84 6.2 − 140.3 119.5 73.2

He 5050+120
−70 93 5.7 81.0

J1552+4638 DA 1 H 5100+120
−100 88 5.2 − 48.7 − 181.5 78.1

J1555+4940 DC 1 −3.16 3910 ± 180 94 8.5 27.1 − 127.1 57.6
J1601+4120 DC 1 H 4080 ± 120 36 8.8 74.8 − 228.7 40.6

He 4610 ± 60 44 6.9 50.5
J1601+4204 . . . . . . He 4540 ± 110 119 7.1 − 111.1 70.9 74.1
J1604+3923 DA 1 H 5010 ± 140 99 5.6 15.3 − 152.1 72.0
J1624+4156 DA 1 H 5840 ± 150 133 2.4 27.7 − 194.1 123.6
J1627+3726 DC 3 He 4650 ± 50 57 6.8 − 24.1 − 169.3 46.0
J1643+4438 DC 1 He 4910+60

−40 70 6.2 42.8 − 197.7 66.8
J1647+3946 DC 1 He 4360 ± 70 91 7.5 − 114.3 − 111.8 69.3
J1649+2932 DC 1 He 4930 ± 80 99 6.2 121.3 16.1 57.6
J1657+2638 DC 1 H 3550 ± 100 67 10.1 − 73.3 − 104.6 40.3
J1711+2940 DC 1 He 4550 ± 70 97 7.1 57.7 − 165.8 80.7
J1715+2600 DC 1 He 4310 ± 80 88 7.6 − 34.3 − 162.2 69.5
J2127+1036 DC 1 H 3970 ± 370 93 9.1 − 112.5 − 65.9 57.5

He 4470 ± 160 113 7.2 69.7
J2230+1415 DA 1 H 5210 ± 140 107 4.6 − 18.3 − 142.3 72.7
J2316−1044 DC 1 H 3670 ± 790 93 9.8 237.7 − 72 109.7

He 4310 ± 200 115 7.6 136.0
J2320−0845 DC 1 H 3240 ± 190 67 10.8 166.7 20.3 53.3

He 4010 ± 130 80 8.3 63.7
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Figure 5. Fits to the SEDs for four of our white dwarfs with pure H atmospheres (full sample available online). Filled circles are pure H models, and open
circles are pure He models (included for comparison).

Figure 6. Fits to the SEDs for four of our white dwarfs with pure He atmospheres (full sample available online). Filled circles are pure H models (included
for comparison), and open circles are pure He models.
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