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1 Centro de Astrobioloǵıa (CAB), CSIC-INTA, Camino Bajo del Castillo s/n, campus
ESAC, 28692, Villanueva de la Cañada, Madrid, Spain
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Abstract

The infrared excess shown by white dwarfs can be an indicator of a low-mass substellar
companion, like a brown dwarf or even an exoplanet. In this work, we describe the method-
ology followed to identify white dwarfs with infrared excess within 100 pc and we show the
preliminary results. Our initial sample is an almost complete volume-limited white dwarf
sample within 100pc. We use the available infrared photometry at the Virtual Observatory
(VO) and the J-PAS synthetic photometry obtained from the Gaia DR3 spectra. This work
may also be considered as the starting point of a spectroscopic study to unveil the nature
of peculiar white dwarf systems.

1 Introduction

White dwarfs are stellar remnants of low and intermediate mass stars (M<8M⊙) [2]. The
majority of stars formed in the Galaxy fall within this mass range, so the percentage of stars
that end as white dwarfs is over 97%. Therefore, white dwarfs are one of the most common
objects in the Galaxy. This is the reason why the study of white dwarfs is highly significant
for our understanding of the Galaxy.

The latest Gaia data release, Gaia DR3, presented 200 million low resolution (R ≈ 60)
spectra [9]. These include around 100 000 white dwarfs [17]. These Gaia spectra cover from
the ultraviolet to the near-infrared wavelength range (330− 1050 nm).

The presence of infrared excess at white dwarf spectra can be related to the existence
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of circumstellar material, like a debris disc, or a companion object, like a red dwarf star, a
brown dwarf, or even an exoplanet. The study of these objects is crucial for understanding
the presence of planetary systems around post main sequence environments.

2 Photometry search

We selected the volume-limited white dwarf sample within 100 pc built from Gaia DR3
spectra by Jimenez-Esteban et al. (2023) [12]. Their spectral classification was based on the
atmosphere composition: hydrogen-rich (DA) and non-hydrogen-rich (non-DA). We refer the
read to the original work for further details. Our initial sample was constituted by the 8 150
white dwarfs with a reliable spectral classification.

We built the optical photometry from the spectroscopic coefficients of Gaia DR3 [7]. We
used the Python package GaiaXPy1 to generate the synthetic photometry of Javalambre
Physics of the Accelerating Universe Astronomical Survey (J-PAS2; [16, 4]). The J-PAS filter
system is formed by 54 narrow filters (3780−9100 Å), 2 wider filters in the reddest and bluest
part of the wavelength range, and 4 SDSS-like filters. This filter system was chosen because
it has similar resolution and wavelength range to Gaia spectra.

In order to ensure the quality of the synthetic J-PAS data, we imposed two conditions:
skip any J-PAS filter bluer than 4000 Å due to the low signal-to-noise ratio of Gaia spectra
[10]; and a J-PAS flux relative error smaller than 10 %.

In order to identify infrared flux excesses, we required photometry at the infrared wave-
lengths. So, we queried at the following infrared surveys available through the Virtual Ob-
servatory (VO) using Topcat [22]:

• Two Micron All Sky Survey (2MASS, [21]): 2MASS All-Sky Catalog of point sources
(PSC).

• Wide-field Infrared Survey Explorer (WISE, [24]): CatWISE2020 [18].

• UKIRT Infrared Deep Sky Survey (UKIDSS, [11]): Large Area Survey (LAS) DR10,
Galactic Clusters Survey (GCS) DR10, Galactic Plane Survey (GPS) DR7, Ultra Deep
Survey (UDS) DR10, Deep Extragalactic Survey (DXS) DR10.

• Visible and Infrared Survey Telescope for Astronomy (VISTA, [8]): VISTA Variables
in the Via Lactea (VVV) DR5, VISTA Kilo-Degree Infrared Galaxy (VIKING) DR4,
VISTA Hemisphere Survey (VHS) DR6, VISTA Deep Extragalactic Observations (VIDEO)
DR5, VISTA Magellanic Survey (VMS) DR4.

• Spitzer [23]: The Spitzer Enhanced Imaging Products (SEIP) source list, Galactic
Legacy Infrared Midplane Survey Extraordinaire (GLIMPSE) I, II & 3D.

1https://gaia-dpci.github.io/GaiaXPy-website/
2http://www.j-pas.org/

https://gaia-dpci.github.io/GaiaXPy-website/
http://www.j-pas.org/
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The search was done by selecting a radius of 3′′ at the white dwarf position for each catalogue
observing epoch. We selected white dwarfs with at least three reliable infrared photometric
data with good quality flags. Detailed information of these catalogue’s filters can be found
using the SVO Filter Profile Service3 [20].

3 Infrared excess detection

We used a similar methodology than in Rebassa-Mansergas et al. (2019) [19]. With the
help of the Virtual Observatory SED Analyser (VOSA4, [3]), we analysed the spectral en-
ergy distribution (SED) of each white dwarf built with the collected optical and infrared
photometry.

We used Koester atmospheric models [13] for DA (hydrogen pure) or DB (helium pure),
accordingly with the spectral classification by Jimenez-Esteban et al. (2023) [12] catalogue
to make a single body fit to the SEDs. Then, we looked for the SEDs with infrared excess
emission with respect to the estimated flux by the model taking advantage of the automatic
detection of VOSA. We selected the 739 white dwarfs showing infrared excess at least at two
photometric data points as initial candidates. Figure 1 shows two examples of white dwarf
SEDs with infrared excess emission.

Figure 1: Single object SED fits, illustrating examples of white dwarfs with infrared excess
emission. The red and black filled circles show the observed photometry, the black ones
have flux excess with respect to the model shown in blue. The best-fitting model is Koester
DA with Teff = 10 250K (left-hand panel) and Koester DB with Teff = 14 500K (right-hand
panel).

Subsequently, we checked whether the infrared excess was due to contamination of near
objects. We did a visual inspection of optical and infrared images available within the VO
using Aladin5 [5], an interactive atlas of the sky. This was the most meticulous step of our
methodology in order to obtain a reliable white dwarf with infrared excess catalogue. Figure
2 shows an example of contaminated white dwarf SED. We obtained a total of ∼ 200 white
dwarfs without contamination.

3http://svo2.cab.inta-csic.es/theory/fps/
4http://svo2.cab.inta-csic.es/theory/vosa
5https://aladin.u-strasbg.fr/

http://svo2.cab.inta-csic.es/theory/fps/
http://svo2.cab.inta-csic.es/theory/vosa
https://aladin.u-strasbg.fr/
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Figure 2: Example of contaminated white dwarf in an Aladin chart. The pink cross is on
the white dwarf, the red square is the position of CatWISE, the green crosses are of Gaia DR3
and the orange circle is of 2MASS. The example shows how infrared photometry is placed on
an angularly close object with different parallax.

Afterwards, we made a two-body fit to the SED in VOSA using the same Koester model as
in the single fit for the white dwarf and either the BT-Settl (CIFIST) model grid [6, 1] or a
black body emission curve for the second body, choosing the one that gave the best result.
Figure 3 shows two examples of two-body SED fits.

Figure 3: Two-body SED fits, illustrating the same examples of white dwarfs with infrared
excess emission as in Fig. 1. The red filled circles show the observed photometry; the cyan
circles show the Koester model and the purple ones the second body model. At the left-hand
panel, the best models are Koester DA with Teff = 10 250 K and BT-Sett (CIFIST) with
Teff = 2200 K. At the right-hand panel, the best models are Koester DB with Teff = 12 750 K
and Black Body with Teff = 700 K.

4 Preliminary results and future work

Our preliminary results were ∼ 200 white dwarfs with reliable infrared excess emission.

According to the spectral classification obtained for these white dwarfs there were ∼ 68%
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DAs and ∼ 32% non-DAs. Furthermore, if we looked at the second body fit, it was revealed
that ∼ 75% had a best BT-Settl (CIFIST) fit and ∼ 25% had a best Black Body fit (Teff <
1200 K). When we looked at the mass and the temperature distributions, we saw that
mass distribution had the predicted peak at 0.6M⊙ and at the temperature distribution a
concentration of white dwarfs at the lowest temperatures, as it is showed at Figure 4. We
have 53 objects in common with Rebassa-Mansergas et al. (2019) [19] sample. This work
increased the number of white dwarfs with infrared excess within 100 pc by a factor of three
compared to the previous sample. The difference between the samples is because of the
new data available like Gaia DR3 synthetic photometry, CatWISE2020 or new infrared data
releases; and taking into account the proper motion of the objects and a smaller search radius.

Figure 4: Preliminary mass (left-hand panel) and temperature (right-hand panel) diagrams.

It should be noted that these results are preliminary as we are in the process of verify the
non-contaminated objects using Aladin. In the near future, we will publish the final results
with the analysis and the comparison with other infrared excess white dwarf catalogues
[19, 25, 14, 15]. As a future work, we will start a follow-up program of the most promising
infrared candidates using ground-based telescopes, such as the Very Large Telescope or the
Gran Telescopio CANARIAS, to determine the cause of the infrared excess.
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