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ABSTRACT

Here, we present the 1UVA catalog of time variable ultraviolet (UV) sources. We describe a new analysis pipeline, the VAriable
Source Clustering Analysis (VASCA). We apply the pipeline to 10 years of data from the GALaxy Evolution eXplorer (GALEX)
satellite. We analyse a sky area of 302 deg2, resulting in the detection of 4202 time-variable UV sources. We cross correlate these
sources with multi-frequency data from the Gaia satellite and the SIMBAD database, finding an association for 3655 sources. The
source sample is dominated by Active Galactic Nuclei (≈73 %) and stars (≈24 %). We look at UV and multi-frequency properties
of these sources, focusing on the stellar population. We find UV variability for four White Dwarfs. One of them, WD J004917.14-
252556.81, has recently been found to be the most massive pulsating White Dwarf. Its Spectral Energy Distribution shows no sign of
a stellar companion. The observed flux variability is unexpected and difficult to explain.
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1. Introduction

The study of the time variable sky has historically been a key
area in astronomy. The characterization of planet movements
and the light emitted by distant supernovae, for example, have
fundamentally shaped our understanding of the Universe. More
recently, the time variability of stars due to the occultation of
orbiting planets, has led to the discovery of thousands of extra-
solar planets (Zhu & Dong 2021). Over the past decades, sev-
eral new classes of variable sources have been found, such as
Fast Radio Bursts (Cordes & Chatterjee 2019), Tidal Disruption
Events (Gezari 2021), Kilonovae (Abbott et al. 2017) or Pulsar
Wind Nebulae (Bühler & Blandford 2014).

Wide field surveys have characterized the time variability of
the sky from radio to gamma-ray frequencies (Thyagarajan et al.
2011; Bellm et al. 2019; Lo et al. 2014; Abdollahi et al. 2017).
At all wavebands, AGN and/or variable stars make up the bulk
of variable sources. The variability observed from stars typically
has a thermal photon spectrum, indicating time-variable heating
and/or cooling of the star or its environment. For AGN, the vari-
ability often shows non-thermal spectra and is therefore linked
to acceleration and cooling of cosmic rays. However, exceptions
to both of these generalizations exist.

In this article, we study the variability of the UV sky, us-
ing data from the GALaxy Evolution eXplorer (GALEX). This
satellite scanned ≈70 % of the sky from 2003 to 2013. To date,
its data is still the one with the best UV-coverage in time over
a wide field. GALEX took data in two filters, in the NUV
(λe f f = 2316 Å) and FUV (λe f f = 1539 Å) bands. The FUV
sensor failed in 2009, which is why only NUV data is available
after this. A summary of the GALEX instrument performance
can be found in Morrissey et al. (2007) and a description of its
different surveys in Bianchi et al. (2014).

The most detailed systematic characterization of time-
variable sources in the GALEX data was done in the Time Do-
main Survey (TDS, Gezari et al. 2013). The TDS covered an area
of 40 deg2 finding 1078 UV-variable sources. More recently, a
project has been started to create a legacy catalog of GALEX
sources using all available GALEX data1. This catalog shall also
include time variability information. As a first result, a catalog
of 1426 sources which vary on small time scales of /1500 sec
was derived (Million et al. 2023). Future missions, as ULTRA-
SAT (Shvartzvald et al. 2023), the CSST (Zhan 2018) and the
proposed UVEX (Kulkarni et al. 2021) are expected to improve
the sensitivity of such studies in the coming decade.

In this work, we created the 1UVA catalog of variable
sources from the GALEX data, extending the sky coverage of
the TDS by a factor ' 7. For this, we implemented a new anal-
ysis pipeline, the VAriable Source Cluster Analysis (VASCA).
The article is structured as follows: In section 2, we describe the
VASCA pipeline, the GALEX dataset and the source association
procedures. In section 3, we present the obtained results and dis-
cuss the source classes, focusing on UV variable stars and White
Dwarfs (WDs). Finally, we summarize our findings in section 4.

The VASCA code is publicly available on GitHub2 and the
data products of the 1UVA catalog will be made available at the
Strasbourg astronomical Data Center (CDS). Throughout this
paper we will report spectral flux density in micro Jansky, AB
magnitudes will also be given in parallel for comparison with
other works.

1 https://www.millionconcepts.com/documents/glcat_

adap_trimmed.pdf
2 https://github.com/rbuehler/vasca
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Table 1. Selection parameters used in the VASCA pipeline.

Variable Description Value
Detection quality selection

S2N Signal to noise >3
R f ov Distance to the center of the FoV <0.5 deg
ELLIPworld Ellipticity <0.5
SIZEworld Circular extension <6 ′′

CLASSstar Extended (0) or point like (1) >0.15
CHKOBJtype Matched to a bright star (0=no, 1 = yes) 0
APPRATIO f lux Ratio of flux calculated with apertures of 3.8 ′′ and 6.0 ′′ 0.3 to 1.05
ARTIFACTS Detections on-top of variable/hot pixels and of optical reflections are ignored 2, 4, 8, 128 and 256

Variable source selection
FLUX Spectral flux density 0.145 µJy to 575.4 µJy
Ndet Number of detections >3
PVAL f lux Probability of constant flux <5.73 × 10−7

NXV f lux Flux normalized excess variance >0.001 (>0.01)
FRATIOco Ratio of the mean flux to the co-add flux >2
S2N f di f f

co Signal to noise of the flux to co-add flux difference >7
QVALpos Cluster position quality parameter <5.73 × 10−7

XVpos Positional excess variance <2 arcsec2

Notes. More details on the detection variables can be found in the GALEX documentationhttp://www.galex.caltech.edu/wiki/. Selection
parameters are typically equal for the NUV and FUV bands. If the FUV parameter value differs, it is listed in brackets.

In order to check the chance probability of false associations,
we shifted the 1UVA source positions randomly between 2 ′′ and
60 ′′ five times and performed the source association again: on
average, only 14.8 Gaia-DR3 associations are found, their dis-
tance distribution is also shown in figure 3. The low number of
random matches confirms the expectation that only few sources
are wrongly associated in the catalog. This also confirms that, if
at all, only a few spurious sources are part of the 1UVA catalog.

3.1. Source classes

To classify the types of the 1UVA sources, we rely on the clas-
sification used in the SIMBAD data base5. The distribution of
source types is shown in figure 4 and listed in more detail in
table 2. Both of them only show SIMBAD counterpart sources
with a secured source type.

In general, a large diversity of sources is found. As expected,
the vast majority of sources are Active Galactic Nuclei (AGN,
≈73 %). Among these, the subclass of quasars dominated the
sample. The second largest class of sources are stars, either sin-
gle (≈18 %) or in binary systems (≈5 %). Non-active Galaxies
(≈2.8 %) and one HII region are also found; these large diffuse
objects must have a variable source within them, which is of un-
known type at this point.

In two cases, 1UVA sources are associated to a Supernova
(SN) explosion. For the first case, 1UVA J141829.9+534331.0,
the time profile corresponds to the SN PS1-11pf (Sanders
et al. 2015). In the second case, 1UVA J33308.1-271452.5,
the observed UV variability precedes the associated
“SN cdfs1 r 20121007 43A” by several years. In addition,
the latter is only classified as "Probably Supernova" in the orig-
inal catalog (Cappellaro et al. 2015). This source is therefore
very likely not a SN.

The square root of the flux-excess variance of the different
source classes is shown in figure 5, for the NUV and FUV bands.
In both bands, the observed variability amplitude varies between

5 http://vizier.u-strasbg.fr/cgi-bin/OType?$1

AGN

73.4%

Galaxy
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Star

18.4%

Binary
5.3%

Misc0.1%

Fig. 4. Object groups for 1UVA counterpart sources with a secured
source type in the SIMBAD database. A more detailed subdivision is
given in table 2.

a few percent to a factor ≈ 10. The variability amplitude is gen-
erally larger and extends to higher values for stellar objects than
for AGN. A similar trend had already been found in the TDS
survey (Gezari et al. 2013).

Due to the richness of the data set, a deeper study of all
sources types found in the 1UVA catalog is beyond the scope of
this article. Here, we will focus on two findings: first, the large
variety of different stars that are found in the 1UVA catalog. Sec-
ond, two WDs are found to be variable, even though their SED
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Table 2. Types of 1UVA counterparts in the SIMBAD database.

Object group Type Description Nr. sources
AGN AGN Active Galaxy Nucleus 87
AGN BLL BL Lac 11
AGN Bla Blazar 2
AGN QSO Quasar 1620
AGN Sy1 Seyfert 1 Galaxy 127
AGN Sy2 Seyfert 2 Galaxy 2
AGN SyG Seyfert Galaxy 1
AGN rG Radio Galaxy 1
Binary ** Double or Multiple Star 2
Binary CV* Cataclysmic Binary 11
Binary EB* Eclipsing Binary 109
Binary No* Classical Nova 2
Binary SB* Spectroscopic Binary 9
Galaxy BiC Brightest Galaxy in a Cluster (BCG) 2
Galaxy EmG Emission-line galaxy 2
Galaxy G Galaxy 62
Galaxy GiC Galaxy towards a Cluster of Galaxies 3
Galaxy GrG Group of Galaxies 2
Misc HII HII Region 1
Misc SN* Supernova 2
Star * Star 157
Star AB* Asymptotic Giant Branch Star 1
Star BS* Blue Straggler 1
Star BY* BY Dra Variable 1
Star Em* Emission-line Star 1
Star Er* Eruptive Variable 8
Star GlC Globular Cluster 1
Star HB* Horizontal Branch Star 5
Star Ir* Irregular Variable 2
Star LM* Low-mass Star 4
Star LP* Long-Period Variable 3
Star PM* High Proper Motion Star 20
Star Pe* Chemically Peculiar Star 1
Star Pu* Pulsating Variable 12
Star RG* Red Giant Branch star 2
Star RR* RR Lyrae Variable 203
Star Ro* Rotating Variable 5
Star TT* T Tauri Star 1
Star V* Variable Star 22
Star WD* White Dwarf 5
Star WV* Type II Cepheid Variable 1
Star Y*O Young Stellar Object 1
Star cC* Classical Cepheid Variable 2
Star dS* delta Sct Variable 4
Star s*b Blue Supergiant 1

11 CVs counterparts are found for 1UVA sources in the SIM-
BAD database, see table 2. Time variability has also been found
for WDs with sub-stellar companions: the obscuration during
eclipses and the heating of the companion can cause flux pe-
riodicity on time scales between a few hours and several days
(Hernández Santisteban et al. 2016; van Roestel et al. 2021). On
short time scales of ≈10 min, periodic UV variability has been
found for isolated WDs from their rotating photosphere, in so
called Pulsators (Rowan et al. 2019).

We searched for isolated variable WDs among the 1UVA
sources. For this, we selected sources which have a counterpart
that is classified as a WD at >90 % confidence in the Gaia-EDR3
WD catalog. Four 1UVA counterpart sources passed this selec-
tion, their properties are listed in table 3. Note, that this classi-

fication is more reliable than the one of the SIMBAD database
used previously. Indeed, two sources which had been classified
as WDs in the SIMBAD database showed a probability < 35% of
being a WD in the Gaia-EDR3 WD catalog (1UVA J234829.1-
92500.3 and 1UVA J221409.9+05246.0). We therefore did not
include them in this discussion.

The SED of these sources is shown in the left panels of figure
7. No companion star is visible in all cases. To emphasize this
point, we show the SED of a putative dim brown dwarf star com-
panion in the SED in this figure. The star was assumed to have a
radius of 0.1R⊙ and to have a temperature of 2700K. As one can
see, the measured fluxes are about an order of magnitude below
the expected stellar emission, particularly in the infrared.
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Table 3. Properties of the WDs associated with the sources shown in figure 7.

1UVA ID J04917.1-252556.5 J221828.6-00012.0 J22222.9-05025.9 J231536.9+192449.5
WD ID J004917.14-252556.81 J221828.58-000012.17 J022222.85-005026.59 J231536.88+192449.14
Distance 99.6 pc 121.7 pc 371.6 pc 168.9 pc
Spectrum DA DAH DA Unknown
Temperature 14145 K 11514 K 11831 K 12483 K

Notes. The WD ID refers to the Gaia-EDR3 WD catalog and the temperature to the Black Body fit shown in figure 7.

The UV light curve of the four WDs is shown in the right
panels of figure 7. All of them are clearly variable. The vari-
ability time scale has to be larger than the typical observation
time of ≈ 24 min. In several cases, indications of long-term
trends of time scales of days to years are apparent: e.g. for
WD J004917.14-252556.81 all fluxes measured in 2009 are be-
low the ones measured in 2004. However, due to the scarcity
of the data, it is possible that these trends are in fact due to the
random sampling of shorter term variability.

One of the sources, WD J221828.58-000012.17, is classified
as a magnetic WD. Flux variations from magnetic WDs are well
known (Lawrie et al. 2013): they are related to the rotation of
the WD and have a period between several minutes to several
days. The typical peak-to-peak amplitude of the flux variations
are a few percent. Even so no periodicity can be measured in the
UV data due to its scarcity, this might explain the observed flux
variations for this source.

Two sources, WD J004917.14-252556.81 and
WD J022222.85-005026.59, are classified as normal DA
WDs. Variability time scales & 24 min is not usual for these
sources. It might hint at an ongoing accretion from an unde-
tected substellar companion. However, no companion was seen
in the SED and no spectral lines from an accretion disk can be
seen in the optical to infrared spectrum (Kilic et al. 2023b).
Another possibility is that planetary debris is absorbing the light
from the WD periodically (Vanderbosch et al. 2020). A third
possibility might be that the temperature of the photosphere is
changing due to a yet unknown reason.

Particularly interesting is the WD J004917.14-252556.81, as
pulsations with a period of TP1 = 221.36 sec and TP2 = 209.3 sec
have been found from this source (Kilic et al. 2023a). The peak-
to-peak amplitude of the pulsations is ≈30 %. This source is the
most massive WD from which pulsations have been found to
date. We looked for these periodic signals in GALEX data: we
derived a light curve sampled in 40 sec bins using the gPhoton
tool (Million et al. 2016). We found this to be the smallest time
binning at which the photon count rate per bin is still accept-
able. Note, that this time binning does unfortunately not allow to
resolve the periods TP1 and TP2 separately.

As the WD oscillations might drift with time (Kilic
et al. 2023a), we searched for periodicity’s running a
Lomb Scargle test for the four observing blocks in the
GALEX data: MJD 52925.31975–52925.61277, 55096.10218–
55097.06439, 55104.57558–55106.78567 and 55123.12991–
55128.62543. The periodogram is shown in the appendix D. No
significant pulsations were found in all except the third observ-
ing block. During this observing block a peak is found in the pe-
riodogram at TP = ≈218 sec with a false probability of 0.10 %.
This period is in agreement with TP1 and TP2 within the accuracy
of the time binning of our data. We therefore consider this an in-
dication that the found oscillations are also present in the UV, at
least during some time periods. More sensitive UV observations
with a finer time resolution will be needed to settle this question.

4. Summary and Outlook

We have presented the 1UVA source catalog of variable UV
sources. We described a novel analysis pipeline, called VASCA,
to cluster and diagnose sources found in photometric data. We
applied the VASCA pipeline to GALEX data, finding 4202 vari-
able UV-sources that vary in time scales between ≈30 min to sev-
eral years. We found a multi-frequency counterpart for 3655 of
these sources. As expected, AGN dominate the source sample by
numbers. The second largest group are variable stars.

We found, that UV-variability is ubiquitous for stellar ob-
jects, even for those which are not in binary systems; UV-
variable stars are found in all regions of the HR diagram. We
then focused our attention on WDs, which are not in CV sys-
tems, finding four variable WDs. One of them, WD J004917.14-
252556.81, is particularly interesting. This source has recently
been found to be the most massive WD with seismic periodic
oscillations (Kilic et al. 2023a). We found indications for these
pulsations also in the GALEX UV data. The observed UV vari-
ability from this source is puzzling and we speculated on several
possible scenarios.

Due to its modularity and instrument independence, VASCA
can be applied to different surveys in the future. The only re-
quirement is that photometric measurements are available on a
visit level, before co-adding the data. Such data is for instance
expected to be available for the upcoming ULTRASAT mission
(Shvartzvald et al. 2023), Vera Rubin telescope (Ivezić et al.
2019) and Cherenkov Telescope Array (Actis et al. 2011) data.
For future UV data, the 1UVA catalog provides a long time base-
line, that can be used to study UV flux variability over several
decades.

Finally, we want to mention that due to richness of the 1UVA
dataset, we could only focus our attention on selected sources in
this work. We encourage the usage of the VASCA code and the
catalog data products for further studies.
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Appendix A: GALEX observations

0 100Nr. of visits

Fig. A.1. Number of visits with NUV exposure for each field considered in the 1UVA catalog. The sky map is shown in galactic coordinates in a
Mollweide projection.
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Fig. A.2. Time difference distribution between all combinations of light-curve points for the 1UVA sources.
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Appendix B: VASCA processing flow
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Fig. B.1. Schematic of the VASCA processing flow.
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Appendix C: Catalog tables content

Table C.1. Columns of the “SOURCES” table of the 1UVA catalog.

Name Description Unit
SRC_NAME VASCA catalog source name
NR_DET Number of detections
RA Sky coordinate Right Ascension (J2000) degree
DEC Sky coordinate Declination (J2000) degree
POS_ERR Sky coordinate position error arcsec
POS_XV Sky position excess variance arcsec2

POS_VAR Sky position variance arcsec2

POS_CPVAL Sky position quality
POS_RCHIQ Sky position reduced chisquared of the constant mean
FLUX Flux density µJy
FLUX_ERR Flux density error µJy
FLUX_NXV Flux normalized excess variance
FLUX_VAR Flux variance 10−12 Jy2

FLUX_CPVAL Probability value for a constant flux from the chisquare test
FLUX_RCHIQ Flux reduced chisquared of the constant mean
COADD_SRC_ID Co-add source ID number
COADD_FFACTOR Source flux divided by flux of the associated co-add source
COADD_FDIFF_S2N Signal to noise of the flux difference
RG_SRC_ID Region source ID number
NR_FD_SRCS Number of field sources
HR Flux hardness ratio, only simultaneous detections considered
HR_ERR Flux hardness ratio error
OGRP_SIMBAD SIMBAD source type group in VASCA
OTYPE_SIMBAD SIMBAD source type
MAIN_ID_SIMBAD SIMBAD main ID
SOURCE_GAIADR3 Gaia DR3 source ID
WDJNAME_GAIAEDR3_WD Gaia-EDR3-WD object name
OBJID_GFCAT GFCAT object ID
LS_PEAK_PVAL LombScargle power probability value
LS_PEAK_FREQ LombScargle peak frequency d−1

Table C.2. Tables of the 1UVA catalog.

Name Description
SOURCES Properties of the 1UVA sources
DETECTIONS Properties of detections of 1UVA sources
FIELDS Properties of the analysed fields
VISITS Properties of the analysed visits
FILTERS Observation filter description
COADD_SOURCES Properties of the co-add sources
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