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ABSTRACT

Context. The study of astronomical transients at high energies provides insights into some of the most extreme physical events in the
universe; however, carrying out their detection and fast follow-up studies are limited by instrumental constraints. Search for Transient
Object in New observations using Known Sources (STONKS) is a near-real-time transient detection system for XMM-Newton offering
the capability to detect transients in XMM-Newton observations at fainter fluxes than can be achieved with wide survey instruments.
Aims. We present the transients detected with the STONKS pipeline found in an XMM-Newton multi-year heritage survey of the
Galactic plane to identify and classify highly variable X-ray sources that have recently been reported in this region.
Methods. We examined the alerts created by the STONKS pipeline from over 200 XMM observations of the Galactic plane, screening
for instrumental effects. The 78 alerts associated with 70 real astrophysical sources were then subjected to further temporal and spectral
analysis.
Results. From the 70 sources we identified, we were able to classify 32 with a high degree of confidence, including 7 X-ray binaries,
1 γ-Cas analogue, and 1 magnetar candidate. Of the 70 sources, 23 were detected for the first time in X-rays.
Conclusions. This systematic analysis of publicly available data has shown the value and potential of STONKS in the application to
XMM-Newton observations. It will enable the community to detect transient and highly variable sources at fainter fluxes than with any
other X-ray transient detection systems.

Key words. methods: data analysis – X-rays: general

1. Introduction

The X-ray sky is rich in variable phenomena (e.g. Li et al.
2022; Khan et al. 2025), offering many opportunities to probe
some of the most energetic astrophysical events. To acquire the
energy for X-ray emission, in a variety of sources including
stars, stellar remnants, and active galactic nuclei (AGNs), we
require extreme physical conditions. These often include strong
magnetic or gravitational fields, or very high temperatures. Insta-
bilities in these environments can invoke temporal and spectral
changes that offer insights into the processes taking place. Exam-
ples include X-ray emission from coronal emission in stars and
how it relates to magnetic reconnection events (e.g. Güdel &
Nazé 2009), tidal disruption events and how they describe the
strong gravity experienced by stars approaching massive black
holes (e.g. Gezari 2021), and Type I X-ray bursts, along with
how they relate to thermonuclear burning on neutron stars and
the effect on their atmospheres (e.g. Lewin et al. 1993).

Several recent X-ray observatories have been designed for
the detection of variable X-ray sources and transients, including

⋆ Corresponding author: robbie.webbe@irap.omp.eu

Neil Gehrels Swift Observatory (Gehrels & Swift Team 2004),
the Space-based multi-band astronomical Variable Objects Mon-
itor (SVOM; e.g. Atteia et al. 2022), and the Einstein Probe
(Yuan et al. 2022). These missions typically employ wide fields
of view to maximize the likelihood of detecting transient events.
As part of the XMM2Athena project (Webb et al. 2023), we
have developed a near real-time transient detection system for
the XMM-Newton pipeline. Search for Transient Object in New
observations using Known Sources (STONKS: Quintin et al.
2024) automatically detects any long-term variability within the
field of view by comparing the new observation to several avail-
able sources of archival X-ray data. STONKS presents an alter-
native to wide field-of-view missions with high-flux detection
thresholds. The long exposure times of pointed XMM-Newton
observations enable observers to identify sources that are sig-
nificantly variable with fluxes down to 3.1 × 10−16 erg cm−2 s−1

in the range of 0.5–2.0 keV for exposures of ∼100 ks (Hasinger
et al. 2001). These parameters are several orders of magnitude
below those available to survey missions. As of the AO24 pro-
posal cycle, STONKS is now being applied to all XMM-Newton
observations, with alerts shared with principal investigator and
(with their prior approval) with the community. This paper
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presents the first results from testing the pipeline on publicly
available data, notably the 2024 XMM-Newton Galactic Plane
Survey (XGPS: e.g. Mondal et al. 2022, 2023; Anastasopoulou
et al. 2023; Mondal et al. 2024a,b). A survey of the Galactic
plane enables us to detect a wide variety of X-ray sources, includ-
ing objects corresponding to all points of stellar evolution. Here,
we present some examples of the highly variable sources we
could expect STONKS to detect in the Galactic plane.

Main sequence stars emit X-rays as the result of magnetic
reconnection events in their coronae (e.g. Favata & Micela 2003;
Güdel & Nazé 2009) driven by their rotation. Flares from these
reconnection events are on timescales of the order of hours,
while much longer (i.e. year-long) dynamo-cycles can also affect
the X-ray emission by orders of magnitude (Orlando et al. 2001).
The rotation periods can be significantly different for stars of
the same mass when young (Affer et al. 2013), but are expected
to converge on values determined by their age and mass for
all but some of the smallest M-dwarfs (Irwin et al. 2011). The
relations between the stellar rotation, bolometric luminosity,
and X-ray luminosity are well constrained for different classes
of stars (Pallavicini et al. 1981), with a maximum such that
log(LX/LBol) ∼ −3 (Vilhu 1984) even for the fastest rotators.
Flares, with durations of the order of hours, can significantly
affect the luminosity of these objects, emitting total energies of
the order of EX ≥ 1032 erg (e.g. Pandey & Singh 2008; Pye et al.
2015). These detections of flares are too short-lived to allow for
follow-ups, but they will help identify stellar X-ray flares and
help improve our understanding of the phenomenon.

Young stellar objects (YSOs) also display significant X-ray
variability as a result of magnetic activity (Montmerle et al.
1993). This coronal activity is similar to the activity seen in more
evolved main sequence stars, but there are also features in their
X-ray emission that may be due to shocks from accretion or out-
flows, or fluorescence from an irradiated disc (Güdel & Nazé
2009). The X-ray emission from such activity can reach several
orders of magnitude higher than that seen from main sequence
stars (Feigelson & Montmerle 1999; Stelzer 2017). As this emis-
sion is not the result of constant processes, large variations in the
X-ray luminosity can be observed, from below detection limits
up to luminosities in the range LX ∼ 1029−34 erg s−1 (Preibisch
et al. 2005; Winston et al. 2018, etc.). These flares have typi-
cal rise times on scales of minutes to hours and then decay over
several hours (Montmerle et al. 1993).

The remnants of stars can also display significant X-ray vari-
ability. Cataclysmic variables (CVs) are powered by accretion
onto white dwarfs often from Roche-lobe filling K and M-type
stars. They can display significant short and long-term variabil-
ity. Many CVs will display pulsations caused by the rotation
of the accreting white dwarf (e.g. Kuulkers et al. 2006; Mukai
2017), but these may be averaged out over the course of typ-
ical X-ray observations. More significant (and longer lasting)
variability can be observed in CVs over several orders of magni-
tude due to changes in the accretion flow on to the white dwarf
through the disc. For CVs with lower or no magnetic fields (non-
magnetic CVs), the disc instability model (e.g. Lasota 2001)
describes how accretion rate onto the white dwarf can signifi-
cantly increase. In quiescence CVs have X-ray luminosities of
the order LX = 1029−34 erg s−1 (Mukai 2017; Schwope et al. 2024,
and others), but can exceed LX ≥ 1034 erg s−1 (Kuulkers et al.
2006) at their most luminous. These novae (e.g. Hameury &
Lasota 2017) are characterised by durations of the order of days
and can recur with periods of weeks or months, making them
ideal for detection by STONKS and follow-up. In magnetic CVs,
the magnetic field truncates the inner part of the accretion disc

(intermediate polars) or prevents the disc from forming (polars).
Thus, variability is due to variations in the mass transfer rate
from the donor, ṁ. In cases where white dwarfs exist in binaries
with higher mass companions (i.e. symbiotic stars), the accre-
tion rate (and, thus, the luminosity) can vary over several orders
of magnitude as the result of variable winds from a high-mass
companion (Kuulkers et al. 2006; Mukai 2017).

X-ray binaries (XRBs) are powered by accretion onto stel-
lar mass black holes or neutron stars and they can be similarly
variable to CVs. Binaries fed by low-mass donors can display
highly variable outbursts (e.g. Remillard & McClintock 2006;
Bahramian & Degenaar 2023) in accordance with the disc insta-
bility model. Luminosity changes can encompass several orders
of magnitude during these outbursts. Typical quiescent X-ray
luminosities lie in the range LX ∼ 1030.5−33.5, and can surpass
LX ≥ 1036 at the peak (Remillard & McClintock 2006) of an
outburst. X-ray binaries with high mass donors can also display
large variability as a result of the accretion of variable winds
from the high mass companion (Fornasini et al. 2023). The exact
nature of the evolution of accretion discs during these outbursts
and how the hard X-ray producing regions and radio jets are
affected are issues that are still poorly understood. Rigorously
detecting and monitoring outbursts in XRBs and the appearance
and disappearance of jets (e.g. Gallo et al. 2005; Kylafis et al.
2012) associated with these outbursts can further deepen our
understanding of these sources. As outbursts can last for sev-
eral weeks or months, they represent a prime target for detection
by STONKS, allowing for prompt monitoring and enabling the
detection of significant numbers of new transient XRBs.

Neutron star-powered X-ray sources can, however, also dis-
play significant shorter term variability. Type-1 X-ray bursts
(Lewin et al. 1993; in’t Zand et al. 2019), caused by runaway
thermonuclear burning on the surfaces of neutron stars, have
durations of the order of ∼10–100 s. In addition, they can be
Eddington-limited with peak luminosities of LX ∼ 1038 erg s−1

(e.g. Pastor-Marazuela et al. 2020). Repeated bursts from XRBs
powered by accretion on to neutron stars from a high mass com-
panion, namely, a supergiant fast X-ray transient (Sidoli 2017),
can result in variability by greater than one order of magnitude.

Neutron stars with very strong magnetic fields (B ≳ 1013 G;
e.g. Olausen & Kaspi 2014; Kaspi & Beloborodov 2017), known
as magnetars, have quiescent X-ray luminosities in the range
LX ∼ 1031−35; however, they can display further variability as
a result of those magnetic fields. Bursts in magnetars (e.g.
Göǧüş et al. 2000; van der Horst et al. 2012) have timescales
of under 1 s, but can reach luminosities of up to 1043 erg s−1

(Kaspi & Beloborodov 2017). Giant flares are even more ener-
getic with durations on the order ∼100 s and luminosities up to
LX ∼ 1047 erg s−1 (e.g. Cline et al. 1980; Hurley et al. 1999).
While these phenomena are too fast to allow for follow-up after
detection by STONKS, the detection of higher flux states could
enable the identification of more examples of this class, which
would then be monitored for further variability. Outbursts in
magnetars, with peak luminosities of the order LX ∼ 1036 erg s−1

(Rea & Esposito 2011; Coti Zelati et al. 2018), tend to be fol-
lowed by a decay in their luminosity on the order of weeks or
months. Therefore, follow-ups are possible if they are promptly
identified through an alert issued by STONKS.

In this analysis, we present the results of an application of the
STONKS pipeline to a recently completed survey of the Galactic
plane, illustrating its potential in the near-real time detection of
X-ray transients. In Sect. 2, we outline the approach that will
be taken in processing these survey observations and classifying
the STONKS alert sources. In Sect. 3, we present the results of
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Fig. 1. Locations of alerts within Multi-Year Heritage Programme observations in galactic coordinates. Observations are presented as blue circles,
with radius 15′ as an approximation of the footprint of XMM observations and alert sources are indicated by red diamonds.

applying this methodology to the survey observations. In Sects. 4
and 5, we discuss how this analysis affects our understanding of
variable sources in the Galactic plane and we examine a subset
of these sources in greater detail.

2. Methods

2.1. The STONKS pipeline

This analysis employs the Search for Transient Objects in New
detections using Known Sources (STONKS) pipeline developed
by Quintin et al. (2024, henceforth, Q24). This pipeline is based
upon a multi-mission catalogue of X-ray sources compiled by
cross-matching catalogues of X-ray sources observed by XMM-
Newton (Webb et al. 2020), Swift (Evans et al. 2020), Chandra
(Evans et al. 2024), ROSAT (Boller et al. 2016), and eROSITA
(Salvato et al. 2022; Merloni et al. 2024). After these sources
have been collated, flux estimates are then obtained for all detec-
tions of each source in the range from 0.1–12 keV, using an
assumed spectrum of an absorbed power law with parameters
Γ = 1.7 and NH = 3 × 1020cm−2 (Q24). These flux estimates
can then be used as a baseline to estimate the magnitude of new
variability in these sources, or to identify significant past vari-
ability. The validity of this estimate is examined in detail in Q24.
Upper limits are also obtained for all locations where sources
have not been detected previously by XMM-Newton, but when
they were in the field of view, in both pointing and slew observa-
tions. The variability of a new detection of a source is computed
pessimistically, following

V =
Fnew,low

min(Fpast,up,UL)
, (1)

where Fnew,low is the newly obtained flux measurement less the
1σ uncertainty on this measurement, compared against Fpast,up,
an archived flux measurement plus the 1σ uncertainty, or against
UL, which is the 3σ upper limit on the flux at that position. Vari-
ations of this formula are applied in the case of sources with
past variability or which have decreased in brightness. To create
a rigorous estimate of significant variability, only sources with
a variability V ≥ 5 (Q24: false alert rate ∼0.6%) were used to
trigger alerts. Full details for the creation and validation of the
STONKS pipeline can be found in Quintin et al. (2024).

2.2. Observations

This analysis concerns all of the Multi-Year Heritage Programme
observations of the Galactic plane conducted by XMM-Newton
between 13 March 2021 and 10 October 2024. A total of 231
observations were recorded and processed by the XMM analysis
pipeline. Source lists from each observation were then pro-
cessed by the STONKS pipeline and the alerts were screened in

accordance with the methodology outlined in Sect. 2.3. The
pipeline versions used in the processing of observations are listed
on the XMM Science Archive1. The characteristics of these
observations are discussed in greater detail in Sect. 3.1 and we
show the footprint of the programme in Fig. 1.

2.3. Alert screening

For the majority of observations performed with XMM-Newton
the source detection pipeline is not affected by observational
effects. The sources identified can then be analysed with a high
degree of confidence that they do relate to real astrophysical
sources. This is reflected by the very high proportion (85%)
of source detections in the most recent version of the XMM
Serendipitous Source Catalogue (Webb et al. 2020), DR14,
which are flagged as ‘SUM_FLAG’ ≤ 1, indicating a good quality
of source detection.

Given the crowded nature of the surveyed region, there is a
significant risk that observations may have been affected by very
bright sources just outside the field of view of the EPIC camera
which can cause the appearance of bright, concentric reflection
rings. Once the positions of these spurious “new” sources are
compared against archival information they might be wrongly
identified as first detections of newly variable bright sources.
To mitigate this risk, we manually inspected the observations
containing alerts for these and other effects.

High line-of-sight neutral hydrogen column densities in the
Galactic plane also create the potential for false alerts. This is
due to the spectral assumptions inherent in the STONKS pipeline
(Q24), and those of X-ray missions and their catalogues: XMM
(Webb et al. 2020), Chandra (Evans et al. 2024), Swift (Evans
et al. 2020), ROSAT (Boller et al. 2016; White et al. 1994), and
eROSITA (Salvato et al. 2022; Merloni et al. 2024). Flux estima-
tions rely on an assumed spectral shape, relevant for an average
point in the sky but typically with a lower column density than
in the direction of the Galactic plane, leading to incorrectly
derived fluxes. This is further compounded by the overlapping,
but not identical, energy ranges when considering observations
of the same region by different instruments. Flux estimations
from different instruments will be affected to some degree by the
spectral assumptions, potentially leading to variable fluxes even
for constant sources. We therefore inspected all spectra, after
first screening for observational effects, to determine whether
any of the alerts were likely to be false alerts due to spectral
assumptions.

2.4. Source classification

Once screened, these sources were classified to determine
their nature and the underlying phenomena responsible for the
1 https://nxsa.esac.esa.int/nxsa-web/#home
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variability. This was achieved by examining the features in X-ray
data, from new and archival detections and by considering the
multi-wavelength information. In the Galactic plane, we expect
the majority of alert sources to fall into a small number of cat-
egories, associated with Galactic X-ray sources: stars, YSOs,
CVs, and XRBs.

The X-ray light curves and spectra were examined using
either the pre-created XMM-Newton processing pipeline prod-
ucts or by reprocessing the raw event data using XMMSAS
version xmmsas_20230412_1735-21.0.02. Source and back-
ground regions were extracted for sources on an individual basis
to ensure a high signal-to-noise ratio (S/N) and to create source-
free background regions from the same CCD, which were at
least twice as large as the source regions. Events were extracted
for all instruments where the source was detected. Light curves
were created with time bins of 1 s for pn detections and of 5 s
for MOS detections. When more than one spectrum was avail-
able for a detection, they were all combined to maximise the
S/N. Combined light curves were created using the MOS1 and
MOS2 cameras where possible if no pn detection was available.
To visually examine time domain variability on a range of scales
the light curves were re-binned with time bin sizes of 10 s, 50 s,
250 s, and 1 ks. Where appropriate, we also attempted to iden-
tify periodicities in source event lists using epoch folding and
Z2

n tests contained in the stingray (Huppenkothen et al. 2019)
module for Python. X-ray spectra were fit using the PyXspec
implementation of xspec (Arnaud 1996).

Multi-wavelength information was obtained from the SIM-
BAD3 Astronomical Database and the VizieR4 library of astro-
nomical catalogues. The STONKS pipeline queried the SIM-
BAD database for known sources within 10” of the X-ray source
position. The X-ray source locations were also, independent of
any SIMBAD matches, queried through VizieR to obtain opti-
cal counterparts in the Gaia DR3 catalogue (Gaia Collaboration
2023), near-infrared (NIR) counterparts in the 2MASS All-Sky
Catalog of Point Sources (Cutri et al. 2003), and mid-IR (MIR)
counterparts in the AllWISE data release (Cutri et al. 2021).

Finally, we also considered previous classifications of X-
ray sources in the XMM-Newton and Chandra archives using
machine learning. We searched for previously detected sources
in the 4XMM-DR12 catalogue5 (Webb et al. 2020) that were
classified using a naive Bayes classifier by CLAXBOI (Tranin
et al. 2022) and those sources with previous Chandra detections
in the Chandra Source Catalog Release 2.06 (Evans et al. 2024)
as classified by MUWCLASS (Yang et al. 2022). We then col-
lated this information and applied the following classification
methodology:

– Verify the location of any STONKS-identified SIMBAD
counterpart is coincident with the X-ray source.

– Inspect light curves for distinctive patterns of variability.
– Perform fits to the X-ray spectra using absorbed (tbabs * )

blackbody (bbody), powerlaw (powerlaw), plasma (apec),
and thermal bremsstrahlung (bremss) models.

– Identify optical and IR counterparts to the X-ray sources,
consider the colour differences, and determine the X-ray-
to-optical flux ratios or the limits on the ratio when optical
counterparts are not present.

2 https://www.cosmos.esa.int/web/xmm-newton/sas
3 https://simbad.cds.unistra.fr/simbad/
4 https://vizier.cds.unistra.fr/viz-bin/VizieR
5 http://xmmssc.irap.omp.eu/Catalogue/4XMM-DR12/4XMM_
DR12.html
6 https://cxc.harvard.edu/csc2.0/

Table 1. Summary of the 142 STONKS alerts triggered during the
Galactic Plane survey.

Alert class True alerts Instrumental alerts

All 78 64

First detection 25 64
High-flux state 29 0
Low-flux state 15 0
Past variability 9 0

Notes. True alerts are those defined as not being contaminated by
artefacts as described in Sect. 2.3.

– Inspect the light curves and X-ray spectral fits to any previ-
ous XMM observations of the source.

– Identify source classifications from the CLAXBOI and
MUWCLASS catalogues.

These steps are not considered hierarchically and all available
information forms part of the overall classification. Additional
steps which were taken to confirm membership for each of the
individual source classes are detailed in Appendix A. For those
sources that remained unclassified at this stage we then made
provisional classifications as to their nature based on the avail-
able information. These should, however, be treated with the
utmost caution and require future follow-up.

3. Results

3.1. General population

Between the 13th March 2021 and 10th October 2024, a total
of 231 observations were conducted as part of an XMM-Newton
Multi-Year Heritage Project survey of the Galactic plane. For 18
observations, no source detection was performed by the XMM-
Newton pipeline as the exposure time following screening for
background flaring was below the limit of 10 ks. The remain-
ing 213 were processed by STONKS and 71 triggered alerts.
The durations of these 213 observations ranged from 11.5 ks to
48.4 ks.

Over the duration of the survey, this corresponded to an aver-
age of 0.11 alerts per day just from these survey observations,
with an expectation E(Alert) = 0.62 alerts per observation. With
a total observation time across the survey of 4380 ks, the average
alert rate was 0.032 alert ks−1.

There were a total of 142 alerts from the 231 observations.
These were screened according to the procedure described in
Sect. 2.3, while 64 were rejected as observational artefacts. All
of these spurious alerts were for first detections of new sources,
and 63 also triggered alerts that the spectrum could not be
well described using standard assumptions. The remaining 78
alerts were examined further, with 54 of them also triggering
spectral alerts. These 78 alerts (Table 1) were associated with
70 sources, with 4 sources triggering 2 alerts, and 2 sources
triggering 3 alerts. Of these 78 alerts, 6 were expected to be
caused spuriously by issues with flux estimations caused by the
extreme spectra observed and a further 3 were deemed question-
able. We included these nine alerts, which may be the result of
spectral assumptions, nonetheless, in our subsequent analysis as
their variability cannot be conclusively excluded without a more
detailed spectral analysis of all multi-observatory data.

Alert Source 20 (SIMBAD association: cataclysmic binary
V478 Sco) triggered two alerts: one for past variability and one
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Table 2. Catalogued and multi-wavelength counterparts to STONKS X-ray alert sources per their alert classes.

Alert class No. SIMBAD Opt. NIR MIR Opt & NIR Opt & MIR NIR & MIR Opt, NIR & MIR None

All 70 25 40 40 16 31 14 15 13 21

First det. 23 4 11 8 3 5 1 3 1 9
High flux 27 10 11 13 4 9 3 4 3 12
Low flux 12 8 12 11 8 11 8 7 7 0
Past var. 9 4 7 9 3 7 3 3 3 0

Notes. The SIMBAD column indicates those sources which have SIMBAD counterparts as per the STONKS pipeline, but does not consider the
quality of the association. The Opt., NIR, and MIR columns lists those sources with Gaia, 2MASS, or AllWISE counterparts. The last five columns
list the numbers of sources with combinations of these counterparts.

for a low flux state. It was the only such to trigger two alert
classes. All other sources with multiple alerts triggered alerts
of the same class. One source that triggered multiple alerts did
not also trigger alerts for extreme spectra in all of those alerts.
Alert Source 51 (SIMBAD association – V* V1017 Sco) trig-
gered three alerts for a low flux state, but one of those three did
not have an alert for an extreme observed spectrum. When con-
sidering the locations of sources within the Galactic plane (see
Fig. 1), there is no apparent large-scale structure or overdensity,
although some local clustering of alerts might be present.

The fluxes of the alert sources cover more than three
orders of magnitude. The faintest source was associated with
a low flux state alert at 5.1 × 10−15 erg s−1 cm−2, while the
brightest source was associated with a high flux state alert at
9.7 × 10−12 erg s−1 cm−2. The median and mean alert fluxes
were 2.44 × 10−13 erg s−1 cm−2 and 2.23 × 10−13 erg s−1 cm−2,
with the 5–95% interval for fluxes ranging from 0.26–24.66 ×
10−13 erg s−1 cm−2. With the exceptions of the brightest sources
these fluxes are below the detection limits of other X-ray obser-
vatories focussed on the identification of variable sources, for
example MAXI.

3.2. Multi-wavelength counterparts to X-ray alert sources

The 70 Alert Sources were cross-matched with the Gaia,
2MASS, and AllWISE source catalogues as described in
Sect. 2.4. Of these, 25 (35.7%) had SIMBAD associations as
per the STONKS pipeline. The classifications of the 25 sources
with SIMBAD associations are 11 stars (including high proper
motion, Be, RS Cvn variable), 5 YSOs, 2 X-ray sources, 2 XRBs,
2 IR sources, 2 radio sources, and 1 CV. A significant minority
(44%) of these SIMBAD associations are for stars, with a small
number of others in expected Galactic transient classes. Those
sources classed as X-ray, IR or radio sources (6 of 25) do not
have further classifications with specific phenomenologies, and
only one of the IR sources (source 13) also had a prior X-ray
detection noted.

We used Gaia, 2MASS, or AllWISE to identify counterparts
for 49 (70%) of the 70 alert sources, with 35 of those having a
counterpart in at least two bands. The numbers of sources with
counterparts are detailed in Table 2. There are fewer sources (13)
that display a cross-match in all three bands than sources that do
not display any match; there is a significant minority of 21 (30%)
that have no identifiable optical or IR counterpart. However, this
was not an unexpected outcome considering the target area of
the survey, which is prone to high levels of optical extinction.
More than half of our alert sources were associated with an iden-
tified optical source or near IR source, and just under half of the
sources have both a Gaia and a 2MASS counterpart, allowing
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Fig. 2. X-ray fluxes of alert sources and apparent optical, NIR, and MIR
magnitudes for the associated counterparts of these sources.

for a colour analysis. The mean X-ray source localisation was
0.9′′ and within 3σ ranges, there were only eight sources with
more than one potential optical counterpart. In the few cases
where multiple counterparts appeared equally likely, considering
distances weighted by positional uncertainties, the results of the
spectral fitting and temporal examination formed part of the deci-
sion as to the likely counterpart. For the purposes of this study,
we did not consider the likelihood of spurious multi-wavelength
matches; however, we did not classify sources solely on the basis
of their multi-wavelength properties; hence, a small number of
coincidently overlapping sources should not significantly affect
our aggregate results. In Fig. 2 we show the distributions of
X-ray fluxes for alert sources against their associated optical,
NIR or MIR counterpart magnitudes. Full listings of STONKS
X-ray alert sources and their multi-wavelength counterparts are
detailed in Table C.2.

Distance measurements were available for 35 of the alert
sources. These distance estimates covered more than two orders
of magnitude, from 28 pc to 5.76 kpc. For those sources with-
out an estimated distance (as there is no optical counterpart), we
considered the possibility that the lack of a visible counterpart
is due to high absorption along the line of sight. In these cases,
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we use an estimate of 8 kpc to derive X-ray luminosities, as the
approximate distance to the Galactic centre. This will provide
an appropriate upper estimate for the luminosities of potentially
highly absorbed sources which would explain the lack of an opti-
cal or IR counterpart. Luminosity estimates for these sources
can then easily be scaled to consider their brightness at greater
or lesser distances from this benchmark on an individual basis,
as advised by the results of temporal and spectral analysis. In
Fig. 3, we show the distributions of X-ray fluxes for sources
with and without distance estimates, along with the distances
and luminosities derived for sources with estimated distances.

There is a clear overlap between the two populations, but we
find that the average flux for those sources without distance esti-
mate is non-significantly higher (see Fig. 3). For sources with
an optical counterpart and distance estimate, the mean flux leads
to log(FX) = −12.75 ± 0.61, while for those without, we have
log(FX) = −12.54 ± 0.51.

3.2.1. Firm classification of sources

The 70 X-ray selected sources were classified using the method-
ology outlined in Sect. 2.4 and Appendix A. These classifi-
cations allowed us to identify 38 sources with confidence: 21
stars (including 1 RS CVn star), 7 XRBs (including 1 HMXB),
4 CVs, 4 YSOs, 1 γ-Cas analogue, and 1 magnetar candidate. Of
these, 13 stars (5 XRBs, 3 CVs, 1 YSO, and the magnetar candi-
date) had not been previously identified as such. They either had
no classification, an alternate classification, or had been identi-
fied using a single wavelength-band detection only. These firm
classifications based on our methodology are listed in Table C.3.

For 3 of the 25 STONKS-selected sources (sources 1, 2,
and 18) the SIMBAD associations automatically generated by
the pipeline were not appropriate to the X-ray source location.
Some source confusion in crowded regions, such as the galactic
plane is not unexpected due to the relatively large error circle
used to search for SIMBAD counterparts as per the STONKS
pipeline (10′′: Q24). In the cases of sources 1 and 2, our clas-
sification identified different types to those in SIMBAD. For
four further sources (4, 13, 23, and 57) we were able to provide
firm phenomenological classifications. These sources had previ-
ously only been identified in SIMBAD using multi-wavelength
photometry.

3.2.2. Provisional classification of sources

Following the classification of the alert sources, there were
32 sources remaining that could not be classified with an

appropriate level of confidence. We re-applied the same method-
ology as previously, but relaxed the limits for classes on the
optical-to-X-ray flux ratio (or colour comparisons) to find the
best combination of multi-wavelength, temporal, and spectral
conditions to provide a provisional classification. These should
be treated with great caution, but may be used as a starting
point for future analysis. This provisional classification allows
for the identification of a further 12 XRBs, 8 stars, 7 CVs, and
5 YSOs.

4. Discussion

4.1. Alert source characteristics

We found associations (p<0.2%) between the type of STONKS
alert and the existence of multi-wavelength counterparts for the
sources in our survey. We found χ2 values of 14.4, 18.2, and 14.6
for three degrees of freedom for associations of alert type with
optical, NIR, and MIR counterparts, respectively. The associa-
tion between alert type and the existence of an NIR counterpart
is more significant (3σ) than in the optical and MIR bands. In
all cases we find that the ‘low flux’ and ‘past variability’ alerts
are more likely to be associated with multi-wavelength counter-
parts. These associations are unsurprising given that 10 of the
12 sources that triggered low flux alerts are classified as stars,
while the remainder can be classified as CVs. In both cases, the
expected reddening-corrected optical-to-X-ray flux ratios (Pye
et al. 2015; Schmitt et al. 2022) indicate that these sources would
be expected to have multi-wavelength counterparts. The majority
of sources that triggered past variability alerts were also clas-
sified as stars or YSOs. Again, we would expect to see this
association as a result of the expected optical and IR-to-X-ray
flux ratios and how bright they would expect to appear in optical
and IR bands.

We note that sources identified as CVs in our sample tend
to be located at greater distances than those from two optically
selected samples (Ramsay et al. 2017; Inight et al. 2023). For
the six sources in our sample that have distance estimates, we
found an average distance (and standard deviation on such) of
d = 1.43 ± 0.96 kpc, with the other five being too faint optically
to have a reliable parallax measurement. A Gaia-selected sam-
ple of 16 CVs had a significantly lower average distance d =
0.30 ± 0.17 kpc (Ramsay et al. 2017), while a much larger sam-
ple of 507 CVs identified by the Sloan Digital Sky Survey had a
non-significantly lower distance distribution, d = 1.03±0.95 kpc
(Inight et al. 2023). With more than half of the CVs identified
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by our analysis having no reliable distance measurement, poten-
tially being too distant for counterparts to be detected, STONKS
could be identifying a significantly more distant sample of CVs
than those found in optical surveys. More complete populations
of CVs out to greater distances are key to constraining their
number densities and so stellar evolution pathways.

4.2. X-ray source populations

Previous XMM surveys of the Galactic plane have considered
overall source populations in this region, and searches for peri-
odically variable sources (Mondal et al. 2024a), but none have
specifically targeted highly variable sources. Additionally, the
surveys of Motch et al. (2003, 2010) and Nebot Gómez-Morán
et al. (2013) examined low-galactic-latitude regions. In all previ-
ous cases a significant number of sources remained unidentified,
and so we compare the identified sources with the 38 for which
we provided firm classifications. In all cases, the greatest propor-
tion was for stellar sources, with at least 70% of the identified
sources in each case and up to 92% in the case of Motch et al.
(2003). Stars were also the greatest class in our sample, albeit for
a much smaller proportion (55%). As the most populous sources
in the Galaxy, they ought to comprise the largest class and the
marginally lower proportion in our sample could be represen-
tative of the smaller magnitude of their variability compared
to other X-ray sources. The observational characteristics may
also bias STONKS towards triggering alerts for harder X-ray
sources in this region. With no alerts created for non-detections
of previously identified sources, the relatively low average flux
of sources identified as stars (log10(FX) = −12.9) is likely a con-
tributing factor. If some sources were in low flux states during
the survey then they could be too faint to be detected and com-
pared with previous detections. By contrast, the number of alerts
for compact object powered sources (WD, NS, or BH) is greater
(34%) than in any previous survey – 8% (Motch et al. 2003), 30%
(Motch et al. 2010), and ∼1% (Nebot Gómez-Morán et al. 2013);
in addition, the average flux is significantly greater for these
sources (log10(FX) = −12.2). This ability to detect compact
object-powered sources through variability was also identified
by Lin et al. (2012). That the difference is greatest between our
sample and that of Nebot Gómez-Morán et al. (2013) is striking
given that it is closest in the number of fields considered, and
observation duration. However, the fact that the Nebot Gómez-
Morán et al. (2013) survey considers a much greater range of
galactic longitude could be a significant factor, since we would
expect compact object-powered systems to be associated with
the most evolved populations of sources. With the recent survey
being focussed only on the centre of the Galaxy, we would expect
to detect a greater proportion of stellar remnants.

In comparison with other XMM populations of X-ray
variability-selected sources, we have again found that they are
dominated by stellar sources. The first large scale implementa-
tion of the EXOD detection algorithm (Pastor-Marazuela et al.
2020) considered all observations comprising the 3XMM-DR8
catalogue where the EPIC pn camera was active in full-frame
mode. They identified 734 point sources that are not associ-
ated with AGNs. Of these, 515 (∼70%) were associated with
stellar sources and 153 (∼21%) with compact object-powered
sources which were not AGNs. The EXOD methodology (Pastor-
Marazuela et al. 2020; Khan et al. 2025) detects sources with
significant in-observation variability and so, the indications
are that both long and short-term variability might be able
to detect a greater proportion of compact objects over stel-
lar sources than surveys alone. Unfortunately, the results of

Pastor-Marazuela et al. (2020) do not delineate between the dif-
ferent classes of compact object and so, we cannot conclude
which approach is more appropriate for detecting CVs, neutron
stars, or black hole sources. The highly variable sources as iden-
tified in the XMM-Newton Slew survey (XMMSL27) by Li et al.
(2022), whose methodology is also based on long-term variabil-
ity, again display a similar split in the numbers of point sources.
Of the sources not associated with galaxies, they detected 100
stars and 27 compact object-powered sources from a total of 265
variable sources. As the slew survey covers a large fraction of the
entire sky, they found a large number of highly variable sources
associated with galaxies, which we would not expect to detect
in the survey of the inner Galactic disc analysed by STONKS.
Within the population of compact object sources identified by Li
et al. (2022) there were 6 CVs (this work: 4) and 21 XRBs (this
work: 8), indicating that the Slew may be preferential for the
detection of XRBs. This is not unexpected given that the Slew
survey has a far higher detection threshold than pointed obser-
vations and CV sources have lower luminosities than XRBs in
their high states. As such, we would expect the Slew survey to
preferentially detect more luminous sources.

A Swift survey of the Galactic plane (O’Connor et al. 2023)
identified 928 sources, of which 447 were identified as vari-
able by their criteria; however, we note that the study was
focussed on a wider area of the Galactic plane. From the 928
sources, 73 could be identified and in their sample of identi-
fied sources, 48 of them (66%) were associated with compact
object sources, including XRBs, magnetars, and CVs. This is
a higher proportion than what is contained in our sample of
STONKS-selected sources, but this may be as a result of the
observing and classification strategy. The observations com-
prising this Swift survey were no longer than 5 ks and, as a
result, the observed source fluxes end up focussed on brighter
sources. In the sample of sources considered by O’Connor
et al. (2023) the mean flux in the energy range 0.3–10.0 keV
is 2.9 × 10−13 erg s−1 cm−2 and the 5–95% interval ranges from
0.4–46.8 × 10−13 erg s−1 cm−2, which is consistently higher than
the same values in this STONKS-selected population for a
broader energy range. Additionally, their classification method-
ology focussed only on sources which have previously been
identified in SIMBAD or other catalogues, and is not restricted
to the identified variable sources. This will necessarily be biased
towards brighter sources with rigorous classifications and with
825 (92%) of their population, it is not possible to rigorously
conclude whether there are significant differences among the two
full populations.

The only other large-scale implementation of the STONKS
pipeline was carried out by Quintin et al. (2024), retroactively
applying the transient detection system to all observations of
2021. The total number of alerts being triggered per observation
from this MYHP was slightly lower, with 0.617 alerts per obser-
vation (Q24: 0.652). This drops significantly to 0.339 alerts per
observation when we consider that 45% of the total alerts (Q24:
≲ 20%) were spurious and due to observational effects. We also
find a significant difference in the types of alerts triggered, with
far more triggers for the first detections and high-flux states:
32.1% (Q24: 18.1%) and 37.2%, respectively (Q24: 16.5%); as
opposed to past variability, 11.5% (Q24: 43.8%). We show the
differences in these distributions in Fig. 4.

For those MYHP observations where the XMM pipeline per-
formed source detection, the average duration was ¯dur = 19.8 ks,
with a standard deviation of σdur = 7.4 ks, as opposed to the

7 https://www.cosmos.esa.int/web/xmm-newton/xmmsl2-ug
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Fig. 4. Comparison of alerts and alert types in this work and as per Q24.
The first column represents the alerts per observation, and the other
four represent the proportion of alerts in each category. The black solid
bar represents the results of Q24, while the red diagonally striped bar
represents the total alerts and the blue crossed bar show the true alerts
obtained during this work.

observations analysed in Q24, where ¯dur = 39.8 ks, and σdur =
29.6 ks. The longer average duration during the observations
comprising the analysis in Q24 means sources can be detected to
a lower flux level. The reduced sensitivity in the MYHP obser-
vations reduces the number of sources which can be detected
within any given field. Additionally, the high levels of absorp-
tion in the direction of the Galactic plane significantly affect the
observed flux at lower X-ray energies. This reduces the observed
flux from sources which are present and can further reduce the
number of sources which are detected and so processed by the
STONKS pipeline. The STONKS pipeline currently does not
trigger non-detection alerts for sources which have been detected
previously.

The total number of sources detected during the MYHP
observations was 18 445 (Q24: 12 584). However, a large pro-
portion of these are due to observational artefacts, caused by
the high density of bright sources within the Galactic plane.
For those observations in this dataset that have been processed
and included in the 4XMM DR14 Serendipitous Source Cata-
logue8 (182 of the 213 with source detections), only 7 397 of
the 15 250 sources have ‘SUM_FLAG’==0 (Webb et al. 2020),
indicating the highest quality of clean detection. Given that at
least half of the detections in this sub-sample of the observations
analysed have questionable characteristics, we cannot determine
with utmost certainty how many of the total 18 445 detections are
related to true X-ray sources. Without a reliable comparison of
true detected sources in the MYHP sample, we can draw no rig-
orous conclusions as to the intrinsic variability of Galactic plane
sources as opposed to a universal population. Across the full
population of XMM detections in the DR14 catalogue, more than
73% (759 741 of 1 035 832) detections have ‘SUM_FLAG’==0.
We therefore expect that as STONKS is now being applied to
the all observations that a greater proportion of new alerts will
be due to real variability rather than observational artefacts.

5. Detailed variable source classifications

Here we further investigate a sample of sources for which there
is complementary multi-wavelength data available. We present

8 http://xmmssc.irap.omp.eu/Catalogue/4XMM-DR14/4XMM_
DR14.html
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Fig. 5. Light curve for source 45, 4XJ1751-2759, during observation
0886121001. The solid line shows the background-subtracted countrate
for photons in the energy range 0.2–12.0 keV. Figure adapted from
Webbe et al. (2025).

details of six of these to display the value of STONKS in detect-
ing such objects. These are the alert sources numbered 1, 9, 38,
45, 57, and 61. We address them according to their classifications
in the following Sects. 5.1, 5.2, 5.4, and 5.3.

5.1. Magnetar candidate: 4XMM J175136.8-275858

Source number 45, 4XMM J175136.9-275858 (henceforth,
4XJ1751-2759) was identified as being in a high-flux state in
observation 0886121001. An examination of the light curve iden-
tified a fast, significant, increase in brightness within the last
5 ks of the observation, with the increase in count rate coming
at photon energies above 2 keV. We show this in Fig. 5. This
flaring behaviour was also identified during post-processing of
X-ray transient candidates identified by the EPIC X-ray Out-
burst Detector (EXOD; Pastor-Marazuela et al. 2020; Khan et al.
2025), which was developed alongside the STONKS pipeline for
the XMM2Athena project (Webb et al. 2023).

There are two further Galactic plane MYHP observations
of the source with XMM-Newton within the six months of the
observation that triggered the alert, along with three Chandra
observations with 4XJ1751-2759 in the field of view of during
the preceding five months. During one of the Chandra observa-
tions, 4XJ1751-2759 was not detected with a constraining upper
limit.

During the outburst we find that the flux of 4XJ1751-
2759 increases by nearly two orders of magnitude from 3.05 ×
10−13erg s−1 cm−2 to 2.63 × 10−11erg s−1 cm−2 within a period of
a few hours. The flux of 4XJ1751-2759 is still higher than this
initial level nearly six months later by a factor of ∼2, indicating
a long duration for the flux decay. Possibly a greater drop is still
to come if the true quiescent flux level is below detectable limits,
as implied by the constraining non-detection with Chandra.

A spectral fitting to the detection of 4XJ1751-2759 during
observation 0886121001 showed that it was well described by a
combination of blackbody components, but with kT > 10 keV.
We found a blackbody temperature, albeit unconstrained, of
200 keV during the observed outburst. Fitting to the spectra of
the other observations revealed blackbody temperatures consis-
tently between ∼1–4 keV. This value is also consistent with the
temperature seen in the known magnetar XTE J1810-197 at a
similar time after an observed outburst (Borghese et al. 2021).
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Fig. 6. Short-term variability of source 38, 4XJ1753-2446, during observation 0886090801. The left panel displays the background-subtracted
0.2–12.0 keV light curve with time bins of 50 s. The source light curve is shown as a solid black line and the background rate is a red dashed line.
The right panel shows the light curve folded at a period of 2.03 ks with time bins of 127 s. The highlighted red and grey regions show the 3σ and
5σ confidence regions, respectively.

During the outburst, the X-ray-to-optical-flux ratio would
lead to log(Fx/FOpt) ∼ 2.5 if the detected optical companion
were to be associated with the X-ray emission. At the distance of
this optical/NIR source, estimated at greater than 5.5 kpc (Bailer-
Jones et al. 2021), this would imply an X-ray luminosity of
LX ≥ 1 × 1035 erg s−1. This combination of X-ray to optical flux
ratio and X-ray luminosity means that the most likely classifi-
cation for 4XJ1751-2759 is a magnetar. A search for pulsations
in the X-ray observations did not return a significant result, but
this does not preclude a magnetar classification as they simply
may not be detectable in the current observational data. The full
details of the temporal and spectral analysis of this source can be
found in Webbe et al. (2025).

5.2. γ Cas analogue: 4XMM J175328.4-244627

Source 38, 4XMM J175328.4-244627, was identified as being
in a high flux state in observation 0886090801 and it was associ-
ated with the SIMBAD variable star HD 162718. HD 162718 was
identified as a γ-Cas analogue star by Nazé & Motch (2018) as a
result of its association with a BE star (spectral B3/5), relatively
high X-ray luminosity of −6 < log(LX/LBol) < −4, and spectral
features, which included the presence of a thermal component
with temperature kT ≥ 5–6 keV. It was subsequently identified as
periodically variable during a blind search for periodicities in X-
ray sources in the Galactic plane by Mondal et al. (2024a), with
a period of 4.1 ks. The nature of the X-ray emission from γ-Cas
and its analogues is unknown, with theories citing emission from
accretion onto a compact companion and interactions between
the decretion disc and the star itself (see Langer et al. 2020, for
a review of these mechanisms). HD 162718 was identified as a
binary candidate by Nazé et al. (2022) alongside 12 of the 24
other confirmed γ-Cas sources. The combination of an optically
very bright, giant, young Be companion star with long orbital
period would appear to rule out the provisional classification as
a polar, by Mondal et al. (2024a); however, it could allow for a
white dwarf in a symbiotic binary system. The STONKS long-
term light curve indicates that this latest observation continues a
trend of increasing flux identified in the previous XMM-Newton
pointed observation in March 2019. The spectral changes indi-
cate that this is, at least in part, a result of increased emission at
higher energies. The parallax of the source as per the Gaia DR3
catalogue places HD 162718 at a distance of 1.80 kpc implying a
luminosity of log(LX) = 33.5 erg s−1.

An inspection of the light curve identified significant short-
term variability. Epoch-folding and Z2

n searches in the frequency
range from 5.0×10−5−5 Hz revealed several significant features.
The most significant feature is located at f = 4.9 × 10−4 Hz for
a period of P ∼ 2.1 ks and is significant at the 5σ confidence
level. This timescale is half of the value reported by Mondal et al.
(2024a) and this might indicate that the pulsation found in that
case was double the true period. The light curve and pulse profile
are shown in Fig. 6. The pulsations detected in HD 162718 occur
on a similar timescale to those observed, albeit transiently, in
other γ-Cas systems, such as γ-Cas (6.1 ks and 8.1 ks; Frontera
et al. 1987; Haberl 1995), HD 110342 (∼14 ks; Torrejón & Orr
2001), and HD 161103 (3.2 ks; Lopes de Oliveira et al. 2006). An
examination of the previous pointed XMM-Newton observation
of HD 162718, observation 0840910501, also identified pulsa-
tions at f = 4.5 × 10−4 Hz for a period P ∼ 2.2 ks significant at
the 5σ confidence level.

The combined spectrum from all three instruments was
binned for a minimum S/N of 20.0, and fit to absorbed mod-
els consisting of several plasma temperature components, and a
combination of blackbody and power law components, with or
without emission lines. The spectrum was best fit by a combina-
tion of an absorbed blackbody and power law component, with
temperature of kT = 0.142.95

0.03 keV, photon index α = 1.38+0.06
−0.06,

an emission line at 6.7 keV, and with a column density of NH =
0.53+0.14

−0.10 cm−2. All the spectral fits to the observation of 4XMM
J175328.4-244627 are given in Table D.1. The addition of the
emission line significantly improved the quality of the fit. This
fit to the spectrum is significantly preferred to a combination of
plasma models and could indicate that the X-ray emission in this
case is due to accretion onto a compact companion. An analysis
of the changes in pulsations, flux, and spectrum of HD 162718
will be subject of a forthcoming paper by Webbe et al. (in prep.).

5.3. New cataclysmic variable candidates

Sources 1, 9, and 61 have been firmly classified through our
analysis as CV candidates. Source 1, 4XMM J173828.0-292842,
triggered an alert in observation 0886010101 as a first detection
of an X-ray source. The source was located at RA=17h38′27.90′′
Dec=–29◦28′41.5′′, with a position error of 0.7′′. A manual
inspection identified a Gaia counterpart 4060035990845753344,
at a distance of 1.15′′ with a position error of 0.01′′, excluding
the initial SIMBAD match against a long-period variable star,
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Fig. 7. Pulsation profile for the CV candidate, source 1, 4XMM
J173828.0-292842. X-ray events in the range 0.2–12.0 keV are folded
with a period of 12.98 ks and bins of 810 s. The blue and red bands indi-
cate the 1σ and 3σ confidence intervals.

at a distance of ∼8.3′′ with a position error 0.4′′ from the X-
ray source location. This Gaia source has no reliable parallax
measurement and with mG = 20.78, it is only just detectable con-
sidering the nominal Gaia detection limit of 20.7 (Hodgkin et al.
2021). The combination of optical colour (BP − RP = 2.07) and
estimated X-ray to optical flux ratio log(FX/FOpt) ∼ 0.46 iden-
tifies the source as a potential CV. The spectrum was well fit by
a thermal bremsstrahlung model with a characteristic tempera-
ture kT = 2.82, with an uncertainty that cannot be constrained.
This fit can be improved with the addition of an emission line
at 6.7 keV. All the spectral fits to the observation of 4XMM
J173828.0-292842 are given in Table D.1. There were no clear
features in the light curve in the full energy band, 0.2–12 keV,
a soft band (0.2–2 keV), or a hard (2–12 keV) band. The epoch-
folding and Z2

n searches in the frequency range 3.2× 10−5 − 5 Hz
identified one 5σ-significant feature at ∼7.70 × 10−5 Hz in an
observation with exposure time 31.1 ks. The X-ray events, folded
at a period of 12.98 ks ( f = 7.70 × 10−5 Hz), display a distinct
pulsation, as shown in Fig. 7.

Source 9, 4XMM J173409.6-322946, triggered an alert in
observation 0886040201 as a first detection of an X-ray source.
There was no identified SIMBAD association, but a potential
optical counterpart, Gaia source 4054630516785955200, was
identified. The optical counterpart to 4XMM J173409.6-322946
is located at a distance of ∼640 pc, which implies an X-ray lumi-
nosity of ∼5.1 × 1030erg s−1. The combination of optical colour
(BP − RP = 2.96) and estimated X-ray to optical flux ratio of
log(FX/FOpt) ∼ 0.01 identified the source as a potential CV.
The spectrum was well fitted with a thermal bremsstrahlung
model with a characteristic temperature of kT = 4.61+30.56

−2.92 . For
all spectral fits to the observation of 4XMM J173409.6-322946
see Table D.1. There were no clear features in the light curve
in the full energy band, 0.2–12 keV, or a soft (0.2–2 keV) or hard
(2–12 keV) band. Epoch folding and Z2

n searches in the frequency
range 4.8 × 10−5–5 Hz identified one 5σ-significant feature at
∼1.2 × 10−4 Hz in an observation of a duration of 20.8 ks. The
X-ray events, folded at a period of 8.21 ks ( f = 1.2 × 10−4 Hz),
display a distinct pulsation, as shown in Fig. 8.

Source 61, was identified as being in a high-flux state in
observation 0932201101 and it was associated with the Chandra
source 2CXO J180012.0-240359 (henceforth, 2CXJ1800-2403).
The X-ray light curve for the source during this observation
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Fig. 8. Pulsation profile for the CV candidate, source 9, 4XMM
J173409.6-322946. X-ray events in the range 0.2–12.0 keV are folded
with a period of 8.21 ks and bins of 256s. The blue and red bands indi-
cate the 1σ and 3σ confidence intervals.
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Fig. 9. Light curve for the CV candidate, source 61, 2CXJ1800-2403.
The light curve is for events in the energy range 0.2–12.0 keV, with time
bins of 250 s. The source is shown by black diamonds, while the back-
ground is shown as a red dashed line.

showed clear variability, with two brighter periods being sepa-
rated by a quiescent period of duration ∼3 ks. The light curve
for the observation is shown in Fig. 9. The light curve appears
to show one bright period, which may have begun before the
start of the observation, and a second of duration ∼3 ks, fol-
lowed by a further quiescent period extending to the end of
the observation. This manual inspection would suggest a period
of approximately P ∼ 5 ks. A search for optical and IR coun-
terparts found no matches in the Gaia, 2MASS, or AllWISE
catalogues. The spectrum of 2CXJ1800-2403 was aptly fit by
a thermal bremsstrahlung model with a characteristic temper-
ature of kT = 7.08+16.57

−3.37 and an absorbing column density of
NH = 0.59+0.34

−0.21 × 1022 cm−2. All the spectral fits to the observa-
tion of 2CXJ1800-2403 are given in Table D.1. The temperature
is consistent with that expected for CVs, while the derived col-
umn density would imply a source distance on the order of
∼1.5 kpc, assuming there is no local absorption, as per the nH3D
tool9 (Doroshenko 2024). At this distance, the X-ray luminosity
would be log(LX) = 31.73 and even when accounting for opti-
cal extinction along this line of sight of the order AV = 1.7,

9 http://astro.uni-tuebingen.de/nh3d/nhtool
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we can place a lower limit on the X-ray to optical flux ratio of
log(FX/FOpt) ≥ −0.28. A search for periodicity was conducted
using Fourier products, epoch folding and Z2

n searches, but no
significant features were found. This is unsurprising given that
the light curve appears to show that fewer than two possible
cycles have been captured within the observation and, thus, no
robust estimation of the periodicity is possible.

All three of these candidates had previous, constraining, non-
detections during XMM observations, and source 61 was also
previously detected at an even lower flux by Chandra. Flux vari-
ations over more than one order of magnitude are possible for
magnetic and non-magnetic CVs, as described in Sect. 1. The
X-ray spectral characteristics are consistent with those of CVs
(e.g. Kuulkers et al. 2006; Mukai 2017), while their optical and
X-ray fluxes are within the ranges observed in similar X-ray CV
samples (e.g. Schwope et al. 2024; Galiullin et al. 2024). The
potential periodicities seen in sources 1 and 9 were only sam-
pled over two full cycles and, thus, further monitoring would
be required to confirm their existence; however, these results
are consistent with the periods of other CVs identified in other
Galactic samples (e.g. Inight et al. 2023; Galiullin et al. 2024).
As such, further monitoring of these sources would be needed
to determine the strengths of the magnetic field in each case and
the exact nature of the accreting white dwarf system.

5.4. New X-ray binary candidate

Source 57, 4XMM J175033.4-264858, was identified as being
in a high-flux state in observation 0932190801. It was asso-
ciated with the Chandra source 2CXO J175033.4-264858 and
with the SIMBAD IR source IRAS 17474-2648 by the STONKS
pipeline. There is no visible optical counterpart for the source,
which implies a lower limit on the X-ray to optical flux ratio
of log(FX/FOpt) ≥ 0.93, although this could be reduced due to
significant extinction in the optical band. The X-ray light curve
is dominated by harder energy photons, with energies greater
than 2 keV, which shows significant short term variability. A
search for periodicity found no significant features in Fourier
products or through epoch folding or Z2

n searches. The X-ray
spectrum is best fitted with an absorbed non-thermal power law
component with photon index α = 1.27+0.43

−0.39, column density of
NH = 18.42+3.82

−3.38 × 1022 cm−2, and an emission line centred at
6.7 keV, which could correspond to an ionised Fe feature. Plasma
models are strongly disfavoured in this case. All the spectral
fits to the observation of 4XMM J175033.4-264858 are given
in Table D.1. The fit to the spectrum is shown in Fig. 10.

This combination of the spectral fit, absence of optical coun-
terpart, lack of pulsations, and X-ray-to-optical flux ratio indicate
that source 57 could be a candidate XRB, likely in the low/hard
state, if not in quiescence. There is significant optical extinc-
tion in the direction of the source, potentially of more than ten
magnitudes making any determination as to a likely donor coun-
terpart difficult, but does not preclude a high mass companion.
The lack of pulsations and a higher luminosity potentially above
1033 erg s−1 disfavour a CV interpretation and, in the absence of
pulsations, there is no evidence to indicate whether the compact
object is a neutron star or black hole. The very high column
density, estimated to be NH ≥ 1023 cm−2, could indicate the exis-
tence of a local absorber. This might indicate a high-mass XRB
system being fed by winds from a giant companion, which tem-
porarily increase absorption along the line of sight, although this
would be equally consistent with a low-mass XRB. The high lev-
els of optical extinction along the line of sight will hinder the
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Fig. 10. Model fit to the spectrum of the XRB candidate, source
57, 4XMM J175033.4-264858. The spectrum is fit by an absorbed
power-law model with an emission line fixed at 6.7 keV. The observed
spectrum is shown as black circles with associated error bars while the
model is plotted as a red dashed line.

possibility of determining the nature of this system by identifi-
cation of the donor object. Instead, X-ray monitoring of 4XMM
J175033.4-264858 is necessary to further understand the nature
of this specific object by tracking the limits of the flux evolution
and accompanying changes in the spectral shape and absorption.

6. Conclusion

In this analysis, we present an application of the STONKS
pipeline for the detection of highly variable X-ray sources to
an XMM-Newton survey of the Galactic plane. The pipeline
was used to process source lists from 218 observations and
produced 142 alerts for variable sources. Screening for obser-
vational artefacts resulted in the identification of 78 true alerts
for variability associated with 70 sources. These sources were
classified through considering a combination of X-ray variabil-
ity within observations, X-ray spectral fitting, previous X-ray
source detections, as well as optical and NIR-MIR detections.
This approach enabled these detections, with a firm classification
achieved for 38 of the 70 sources.

In particular, we identified one new magnetar candidate,
detected at the onset of an outburst, 4XJ1751-2759, along with
evolving pulsations in the γ-Cas analogue HD 162718, three
new CV candidates, with periods of 13.0 ks, 8.2 ks and ∼5 ks,
and one new XRB candidate. We also identified a population of
CV candidates located at greater distances than those routinely
selected in optical surveys. Extending the population of CVs to
greater distances will help to further constrain stellar evolution
pathways. The application of STONKS to this survey has demon-
strated the potential of this pipeline to identify highly variable
X-ray sources. With the implementation of STONKS as part
of the XMM processing pipeline in proposal cycle AO24, new
alerts are being made available to the community as soon as they
become available after processing through the XMM-Newton
Survey Science Centre10.

Data availability

Tables C1, C2, C3, and D1 are available at the CDS via
https://cdsarc.cds.unistra.fr/viz-bin/cat/J/A+A/
706/A168

10 http://flix.irap.omp.eu/stonks
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Appendix A: Source classification methodology

We present here the full details of the classification methodology
related to specific source classes. Due to the sparseness of multi-
wavelength information for many of our sources and with the
extinction across all bands expected to be very high as the survey
is covering the Galactic plane, we considered these criteria in a
non-discriminatory manner.

– Star:
– Source is classified as a star in the Gaia DR3 catalogue.
– Fit the multi-wavelength information to known stellar

templates using the ARIADNE module for python, and
compare with Gaia detections.

– Confirm that stellar parameters from ARIADNE are consis-
tent with the Gaia source location distance and expected
extinction.

– Verify that X-ray flux and luminosity are such that
log(FX/FOpt) ≲ −2, log(LX) ≲ 32 (Pye et al. 2015;
Schmitt et al. 2024), and that log(Lx/LBol) ≲ −3 (Pizzo-
lato et al. 2003).

– Verify that the absorbed apec model parameters have
physically meaningful and reasonable values.

– YSO:
– X-ray source location is within that of known star-forming

regions (Avedisova 2002).
– Identification of the source as a YSO by MYStIX (Broos

et al. 2013).
– Identify an excess in the NIR spectrum of the source,

using the criteria of Zeidler et al. (2016). (mJ − mH)
> 0.05, (mH − mKS ) > 0.05 and (mJ − mH) < 1.86 ×
(mH − mKS ) - 0.05.

– Luminosity at the estimated source distance is such that
log(LX) ≲ 33 and that log(Lx/LBol) ≲ −1 (Barrado et al.
2011; Getman et al. 2021)

– Fit the X-ray spectrum to that of an absorbed apec plasma
(Getman et al. 2006), or raymond (Winston et al. 2018)
hot gas model, with abundances set to 0.3, and con-
firm that the spectrum has physically meaningful and
reasonable parameters for a YSO.

– CV
– Identify periodicity in the X-ray light curves within

expected ranges for CVs, with orbital periods ∼1.25 −
8 hours (Kuulkers et al. 2006; Mukai 2017).

– Verify that log(FX/FOpt) ≳ 1 − 3.5(BP − RP) using the
methodology of Galiullin et al. (2024) and Rodriguez
(2024).

– Fit the X-ray spectrum to that of a thermal bremsstrahlung
bremss emission model (Kuulkers et al. 2006) with phys-
ically meaningful and reasonable parameters (kT ∼ 1 −
20 keV; e.g. Kuulkers et al. 2006; Mukai 2017).

– Source is classified as a white dwarf in Gaia DR3 cata-
logue.

– XRB
– Verify that log(FX/FOpt) ≳ 1 using an upper limit on the

source optical magnitude of 20.7, where necessary, as the
Gaia detection limit (Hodgkin et al. 2021).

– Verify that log(LX) ≳ 31 (e.g. Remillard & McClin-
tock 2006; Bahramian & Degenaar 2023; Fornasini et al.
2023) using the distance estimate of 8 kpc if no other is
available.

– Fit the spectrum to a combined absorbed blackbody and
powerlaw model (bbody + powerlaw) with expected

normalisations and parameter values to match those
expected in XRBs in hard or soft states (Remillard &
McClintock 2006).

Appendix B: Luminosity distribution for firmly
classified STONKS alert sources
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Fig. B.1: Optical to X-ray flux ratios and X-ray luminosities for the 38
sources with a firm classification as per our methodology outlined in
Sect. 2.4. We plot the different classes as: star - red circle; XRB - grey
cross; YSO - purple triangle; CV - cyan cross; magnetar candidate -
blue pentagon; γ-Cas star - green diamond. Note that the apparent lin-
ear trend for some YSO, CV, and XRB sources is due to the lack of a
MW counterpart with an associated distance estimate, or the lack of any
MW counterpart. In these cases we use a distance of 8 kpc in deriving
a luminosity estimate and the Gaia detection limit as an upper limit for
the optical flux. Sources without a distance estimate from a MW coun-
terpart are shown as un-filled symbols.

Appendix C: True alert details

Here, we present the first ten lines of three tables, each of which
is available in full through Vizier. These three tables list the
details of the STONKS alert, multi-wavelength associations, and
spectral fitting to X-ray observations respectively.

Appendix D: Spectral fitting

Here, we present the first three lines of a table, which is available
in full through Vizier. This table lists the details of the spec-
tral fitting to X-ray observations of the STONKS-selected X-ray
sources.

A168, page 13 of 15



Webbe, R., et al.: A&A, 706, A168 (2026)
Ta

bl
e

C
.1

:X
-r

ay
pr

op
er

tie
s

of
ST

O
N

K
S

al
er

ts
ou

rc
es

fr
om

M
ul

ti-
Y

ea
r

H
er

ita
ge

Pr
oj

ec
to

bs
er

va
tio

ns
of

th
e

G
al

ac
tic

Pl
an

e.
L

oc
at

io
ns

an
d

flu
x

va
lu

es
ar

e
as

pe
r

th
e

so
ur

ce
de

ta
ils

in
th

e
X

M
M

Sc
ie

nc
e

A
rc

hi
ve

.

A
le

rt
Sr

c.
N

o.
O

B
SI

D
So

ur
ce

R
A

D
E

C
E

rr
or

("
)

4X
M

M
D

R
14

Id
en

t.
A

le
rt

C
la

ss
Sp

ec
tr

al
Fl

ux
Tr

ue
A

le
rt

1
08

86
01

01
01

12
17

:3
8:

27
.9

0
-2

9:
28

:4
1.

5
0.

7
J1

73
82

8.
0-

29
28

42
FD

Y
2.

58
Y

2
08

86
01

04
01

3
17

:4
5:

24
.9

8
-3

0:
47

:5
0.

7
0.

4
J1

74
52

5.
0-

30
47

50
FD

Y
2.

46
Y

3
08

86
01

04
01

4
17

:4
5:

55
.3

2
-3

0:
42

:4
0.

3
0.

6
J1

74
55

5.
4-

30
42

40
FD

N
0.

90
Y

4
08

86
01

04
01

9
17

:4
6:

23
.3

4
-2

0:
37

:5
8.

6
0.

8
J1

74
62

3.
4-

30
37

58
H

Y
1.

60
N

5
08

86
01

05
01

3
17

:4
4:

05
.0

3
-3

0:
39

:5
4.

2
0.

5
J1

74
40

5.
0-

30
39

52
FD

Y
4.

57
Y

6
08

86
01

08
01

11
17

:3
8:

41
.4

6
-3

0:
14

:5
7.

2
0.

9
J1

73
84

1.
4-

30
14

58
H

Y
2.

08
Y

08
86

12
12

01
10

17
:3

8:
41

.4
8

-3
0:

14
:5

9.
7

0.
9

H
Y

2.
35

Y
7

08
86

01
10

01
10

17
:3

9:
59

.6
2

-3
0:

38
:4

6.
8

1.
2

J1
73

95
9.

5-
30

38
47

L
N

0.
28

N
8

08
86

02
05

01
23

17
:3

9:
47

.4
0

-3
1:

01
:5

1.
3

1.
3

J1
73

94
7.

4-
31

01
52

FD
Y

4.
12

Y
9

08
86

04
02

01
1

17
:3

4:
09

.6
9

-3
2:

29
:4

7.
2

0.
6

J1
73

40
9.

6-
32

29
46

FD
N

1.
85

Y

10
08

86
04

02
01

20
17

:3
4:

06
.2

3
-3

2:
28

:5
8.

4
0.

9
J1

73
40

6.
1-

32
28

57
FD

Y
1.

54
Y

09
34

20
04

01
3

17
:3

4:
06

.2
4

-3
2:

28
:5

3.
1

1.
2

FD
Y

5.
02

Y
09

34
20

10
01

19
17

:3
4:

06
.2

2
-3

2:
28

:5
3.

4
2.

3
FD

Y
3.

03
Y

N
ot

es
.A

le
rt

cl
as

se
s

al
ig

n
w

ith
th

os
e

po
ss

ib
le

th
ro

ug
h

th
e

ST
O

N
K

S
pi

pe
lin

e:
H

-
H

ig
h

flu
x

st
at

e,
L

-
L

ow
flu

x
st

at
e,

FD
-

Fi
rs

td
et

ec
tio

n,
PV

-
Pa

st
va

ri
ab

ili
ty

.T
he

sp
ec

tr
al

co
lu

m
n

id
en

tifi
es

th
os

e
so

ur
ce

s
w

he
re

th
e

sp
ec

tr
um

de
vi

at
es

si
gn

ifi
ca

nt
ly

fr
om

th
e

as
su

m
pt

io
ns

m
ad

e
in

pi
pe

lin
e

flu
x

es
tim

at
io

ns
.F

lu
xe

s
ar

e
st

at
ed

in
un

its
of

10
−

13
er

g
s−

1
cm
−

2 .T
he

fin
al

co
lu

m
n

id
en

tifi
es

th
os

e
ST

O
N

K
S

al
er

ts
w

hi
ch

m
ay

be
as

th
e

re
su

lt
of

sp
ec

tr
al

as
su

m
pt

io
ns

be
tw

ee
n

di
ff

er
en

ti
ns

tr
um

en
ts

an
d

no
tt

ru
ly

ca
us

ed
by

si
gn

ifi
ca

nt
flu

x
va

ri
ab

ili
ty

:Y
-

L
ik

el
y

a
tr

ue
flu

x
va

ri
at

io
n,

N
-

L
ik

el
y

a
fa

ls
e

va
ri

at
io

n
du

e
to

sp
ec

tr
al

as
su

m
pt

io
ns

,?
-P

os
si

bl
y

a
fa

ls
e

va
ri

at
io

n.
T

he
fu

ll
Ta

bl
e

is
av

ai
la

bl
e

at
th

e
C

D
S.

Ta
bl

e
C

.2
:M

ul
ti-

w
av

el
en

gt
h

pr
op

er
tie

s
of

co
un

te
rp

ar
ts

to
ST

O
N

K
S

al
er

ts
ou

rc
es

fr
om

M
ul

ti-
Y

ea
rH

er
ita

ge
Pr

oj
ec

to
bs

er
va

tio
ns

of
th

e
G

al
ac

tic
Pl

an
e.

N
um

be
r

SI
M

B
A

D
G

ai
a

m
G

Se
p

("
)

2M
A

SS
m

J
Se

p
("

)
A

llW
IS

E
m

W
1

Se
p

("
)

1
2M

A
SS

J1
73

82
84

9-
29

28
44

5
40

60
03

59
90

84
57

53
34

4
20

.8
1.

2
–

–
–

–
–

–
2

T
Y

C
73

77
-8

39
-1

–
–

–
–

–
–

–
–

–
3

–
–

–
–

–
–

–
–

–
–

4
[J

B
N

20
11

]1
00

5
–

–
–

–
–

–
–

–
–

5
–

–
–

–
17

44
05

06
-3

03
95

22
14

.0
2.

1
J1

74
40

5.
05

-3
03

95
2.

1
10

.0
2.

2
6

–
–

–
–

–
–

–
–

–
–

7
H

D
31

61
76

40
55

39
87

66
19

14
61

37
6

9.
6

3.
4

17
39

59
79

-3
03

84
69

8.
2

2.
6

J1
73

95
9.

76
-3

03
84

8.
6

7.
3

2.
8

8
–

–
–

–
17

39
47

55
-3

10
15

32
15

.4
2.

8
–

–
–

9
–

40
54

63
05

16
78

59
55

20
0

20
.0

2.
0

–
–

–
–

–
–

10
–

40
54

63
12

72
70

02
04

67
2

18
.4

4.
2

–
–

–
–

–
–

N
ot

es
.T

he
se

co
nd

co
lu

m
n

st
at

es
th

os
e

co
un

te
rp

ar
ts

id
en

tifi
ed

in
SI

M
B

A
D

by
th

e
ST

O
N

K
S

pi
pe

lin
e,

an
d

sh
ou

ld
be

tr
ea

te
d

w
ith

ap
pr

op
ri

at
e

ca
ut

io
n.

T
he

re
m

ai
ni

ng
ni

ne
co

lu
m

ns
co

nt
ai

n
so

ur
ce

ID
s

an
d

m
ag

ni
tu

de
s

fo
rt

he
m

os
tl

ik
el

y
co

un
te

rp
ar

ts
as

id
en

tifi
ed

by
in

di
vi

du
al

vi
su

al
in

sp
ec

tio
n.

M
ag

ni
tu

de
s

ar
e

st
at

ed
as

ap
pa

re
nt

,r
at

he
rt

ha
n

ab
so

lu
te

,d
ue

to
th

e
la

ck
of

co
m

pl
et

en
es

s
of

di
st

an
ce

es
tim

at
es

.T
he

fu
ll

Ta
bl

e
is

av
ai

la
bl

e
at

th
e

C
D

S.

A168, page 14 of 15



Webbe, R., et al.: A&A, 706, A168 (2026)

Ta
bl

e
C

.3
:C

la
ss

ifi
ca

tio
ns

of
X

-r
ay

se
le

ct
ed

ST
O

N
K

S
al

er
ts

ou
rc

es
.W

e
lis

th
er

e
th

e
ST

O
N

K
S

al
er

tc
la

ss
an

d
av

ai
la

bl
e

m
ul

ti-
w

av
el

en
gt

h
co

un
te

rp
ar

ts
to

th
e

X
-r

ay
so

ur
ce

s.

N
o.

A
le

rt
M

W
(O

/N
/M

)
d

(k
pc

)
lo
g
(L

X
)

lo
g
(F

X
/F

O
pt

)
Sh

or
tV

ar
ia

bl
e

Sp
ec

tr
um

kT
kT

2
kT

3
A

bu
nd

α
Sr

c
C

la
ss

Q
ua

lit
y

1
FD

O
–

33
.0

5
0.

46
Y

b
r
e
m
s
s

1.
22

–
–

–
–

C
V

F
2

FD
–

–
32

.9
7

≥
0.

35
N

b
b
o
d
y

1.
66

–
–

–
–

X
R

B
?

3
FD

–
–

32
.8

0
≥

0.
18

N
a
p

43
.2

5
–

–
1.

0
–

St
ar

?
4

H
–

–
32

.9
5

≥
0.

33
N

p
o
w
e
r
l
a
w

–
–

–
–

1.
38

X
R

B
?

5
FD

N
/M

–
33

.6
4

≥
1.

01
N

b
b
+
p
l

0.
22

–
–

–
1.

07
X

R
B

?

6
H

–
–

33
.0

6
≥

0.
43

N
b
b
o
d
y

2.
27

–
–

–
–

X
R

B
?

H
33

.4
3

≥
0.

81
N

b
b
o
d
y

1.
12

–
–

–
–

7
L

O
/N

/M
0.

05
27

.8
5

-4
.8

7
Y

a
p
e
c

0.
27

–
–

1.
0

–
St

ar
F

8
FD

N
–

33
.3

2
≥

0.
69

N
p
o
w
e
r
l
a
w

–
–

–
–

0.
31

X
R

B
?

9
FD

O
0.

64
30

.7
1

-0
.0

1
Y

b
r
e
m
s
s

4.
62

–
–

–
–

C
V

F

10
FD

O
0.

97
31

.1
0

-0
.6

3
N

a
p
+
a
p

0.
11

3.
35

–
1.

0
–

St
ar

?
FD

31
.5

1
-0

.2
2

N
a
p
e
c

16
.4

8
–

–
1.

0
–

FD
31

.3
3

-0
.4

0
N

a
p
e
c

0.
34

–
–

1.
0

–

N
ot

es
.D

is
ta

nc
e

m
ea

su
re

s
(d

)
ar

e
re

po
rt

ed
in

un
its

of
kp

c,
an

d
th

e
lu

m
in

os
ity

es
tim

at
es

(l
og

(L
X
))

ar
e

ca
lc

ul
at

ed
us

in
g

th
es

e
di

st
an

ce
s

in
un

its
of

er
g

s−
1 .W

he
re

no
di

st
an

ce
es

tim
at

e
is

pr
ov

id
ed

,
lu

m
in

os
iti

es
ar

e
es

tim
at

ed
us

in
g

a
di

st
an

ce
of

8
kp

c,
th

e
ap

pr
ox

im
at

e
di

st
an

ce
to

th
e

G
al

ac
tic

ce
nt

re
.T

he
co

lu
m

n
lo
g
(F

X
/F

O
pt

)
re

po
rt

s
th

e
X

-r
ay

-t
o-

op
tic

al
flu

x
ra

tio
,o

r
th

e
lo

w
er

lim
it

of
su

ch
if

th
er

e
is

no
op

tic
al

co
un

te
rp

ar
tw

ith
a

de
te

ct
io

n
lim

it
of

m
G

20
.7

.T
he

Sh
or

tV
ar

ia
bl

e
co

lu
m

n
in

di
ca

te
s

th
os

e
so

ur
ce

s
w

he
re

si
gn

ifi
ca

nt
va

ri
ab

ili
ty

w
as

de
te

ct
ed

w
ith

in
th

e
lig

ht
cu

rv
e

of
th

e
so

ur
ce

fo
r

w
hi

ch
th

e
al

er
tw

as
cr

ea
te

d.
T

he
Sp

ec
tr

um
co

lu
m

n
in

di
ca

te
s

th
e

m
od

el
w

hi
ch

be
st

ch
ar

ac
te

ri
se

s
th

e
so

ur
ce

in
th

e
co

nt
ex

to
f

its
cl

as
si

fic
at

io
n.

T
he

kT
(a

ls
o

kT
2

an
d

kT
3)

,A
bu

nd
an

ce
,a

nd
α

co
lu

m
ns

in
di

ca
te

th
e

ch
ar

ac
te

ri
st

ic
te

m
pe

ra
tu

re
(s

),
so

la
ra

bu
nd

an
ce

as
fix

ed
fo

rm
od

el
fit

tin
g,

or
po

w
er

la
w

in
de

x
de

ri
ve

d
fr

om
th

e
sp

ec
tr

al
fit

as
re

qu
ir

ed
.T

he
fin

al
tw

o
co

lu
m

ns
in

di
ca

te
th

e
lik

el
y

so
ur

ce
cl

as
s,

an
d

th
e

st
re

ng
th

of
th

is
cl

as
si

fic
at

io
n

(F
-F

ir
m

,?
-P

ro
vi

si
on

al
).

T
he

fu
ll

Ta
bl

e
is

av
ai

la
bl

e
at

th
e

C
D

S.

Ta
bl

e
D

.1
:R

es
ul

ts
of

sp
ec

tr
al

fit
tin

g
to

X
-r

ay
se

le
ct

ed
ST

O
N

K
S

al
er

ts
ou

rc
es

.W
e

lis
th

er
e

th
e

ST
O

N
K

S
al

er
tc

la
ss

an
d

pa
ra

m
et

er
s

de
ri

ve
d

fr
om

fit
tin

g
th

e
X

-r
ay

sp
ec

tr
a

to
X

-r
ay

so
ur

ce
s.

N
o.

A
le

rt
O

B
SI

D
M

od
el

N
H

kT
kT

2
kT

3
A

bu
nd

α
do

f
χ

2 ν
N

C
-s

ta
t

1
FD

08
86

01
01

01

b
b
o
d
y

68
.3

8+
21

7.
29

−
∞

1.
22
+

6.
99

−
0.

93
–

–
–

–
7

1.
29

–
–

p
o
w
e
r
l
a
w

84
.3

8+
11

9.
10

−
∞

–
–

–
–

3.
86
+
∞
−

6.
46

7
1.

30
–

–
a
p
e
c

39
.5

0+
34
.3

0
−

20
.3

5
57
.5

9+
∞
−

51
.8

6
–

–
1.

0
–

7
1.

40
–

–
b
r
e
m
s
s

78
.1

6+
22

3.
95

−
56
.1

6
2.

81
+
∞
−
∞

–
–

–
–

7
1.

30
–

–
b
r
e
m
s
s
+
g
a
u
s
s

0.
77
+

8.
27

−
0.

77
22
.7

9+
∞
−

22
.7

3
6.

7
–

–
–

5
0.

86
–

–

2
FD

08
86

01
04

01

b
b
o
d
y

1.
19
+

2.
39

−
1.

03
1.

66
+

1.
03

−
0.

58
–

–
–

–
10

0.
76

–
–

p
o
w
e
r
l
a
w

2.
75
+

4.
67

−
2.

10
–

–
–

–
1.

08
+

1.
70

−
1.

11
10

0.
72

–
–

a
p
e
c

4.
12
+

3.
53

−
1.

31
7.

80
+
∞
−

5.
58

–
–

1.
0

–
10

0.
51

–
–

b
r
e
m
s
s

3.
05
+

1.
42

−
0.

96
19

9.
36
+
∞
−
∞

–
–

–
–

10
0.

72
–

–

3
FD

08
86

01
04

01

b
b
o
d
y

1.
40
+

2.
80

−
∞

1.
70
+

2.
31

−
0.

72
–

–
–

–
9

1.
80

–
–

p
o
w
e
r
l
a
w

3.
14
+

3.
83

−
2.

26
–

–
–

–
1.

38
+

1.
80

−
1.

33
9

1.
62

–
–

a
p
e
c

2.
98
+

2.
57

−
1.

17
63
.9

3+
∞
−
∞

–
–

1.
0

–
9

1.
63

–
–

b
r
e
m
s
s

2.
95
+

2.
92

−
1.

22
95
.2

4+
∞
−
∞

–
–

–
–

9
1.

63
–

–

N
ot

es
.T

he
M

od
el

co
lu

m
n

in
di

ca
te

s
th

e
m

od
el

w
hi

ch
ha

s
be

en
co

m
bi

ne
d

w
ith

IS
M

ab
so

rp
tio

n
(t
b
a
b
s
*

)
to

pr
ov

id
e

th
e

sp
ec

tr
al

fit
.T

he
N

H
co

lu
m

n
gi

ve
s

th
e

ne
ut

ra
lh

yd
ro

ge
n

co
lu

m
n

de
ns

ity
in

un
its

of
×

10
2 2

cm
−

2 .T
he

kT
(a

ls
o

kT
2

an
d

kT
3)

,A
bu

nd
an

ce
,a

nd
α

co
lu

m
ns

in
di

ca
te

th
e

ch
ar

ac
te

ri
st

ic
te

m
pe

ra
tu

re
(s

)i
n

un
its

of
ke

V
,s

ol
ar

ab
un

da
nc

e
as

fix
ed

fo
rm

od
el

fit
tin

g,
or

po
w

er
la

w
in

de
x

de
ri

ve
d

fr
om

th
e

sp
ec

tr
al

fit
as

re
qu

ir
ed

.T
he

fin
al

fo
ur

co
lu

m
ns

in
di

ca
te

th
e

qu
al

ity
of

th
e

fit
.T

he
y

ei
th

er
gi

ve
th

e
gi

ve
th

e
nu

m
be

ro
fd

eg
re

es
of

fr
ee

do
m

an
d

th
e

re
du

ce
d

ch
i-

sq
ua

re
d

va
lu

e,
or

th
e

nu
m

be
ro

fp
ho

to
ns

an
d

th
e

C
as

h
st

at
va

lu
e.

W
he

re
th

e
er

ro
rs

on
ph

ys
ic

al
pa

ra
m

et
er

s
ca

nn
ot

be
bo

un
d

by
fit

tin
g

th
is

is
in

di
ca

te
d

as
∞

.T
he

fu
ll

Ta
bl

e
is

av
ai

la
bl

e
at

th
e

C
D

S.

A168, page 15 of 15


	STONKS first results: Long-term transients in the XMM-Newton Galactic plane survey
	1 Introduction
	2 Methods
	2.1 The STONKS pipeline
	2.2 Observations
	2.3 Alert screening
	2.4 Source classification

	3 Results
	3.1 General population
	3.2 Multi-wavelength counterparts to X-ray alert sources
	3.2.1 Firm classification of sources
	3.2.2 Provisional classification of sources


	4 Discussion
	4.1 Alert source characteristics
	4.2 X-ray source populations

	5 Detailed variable source classifications
	5.1 Magnetar candidate: 4XMM J175136.8-275858
	5.2  Cas analogue: 4XMM J175328.4-244627
	5.3 New cataclysmic variable candidates
	5.4 New X-ray binary candidate

	6 Conclusion
	Data availability
	Acknowledgements
	References
	Appendix A: Source classification methodology
	Appendix B: Luminosity distribution for firmly classified STONKS alert sources
	Appendix C: True alert details
	Appendix D: Spectral fitting


