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A B S T R A C T 

The growing number of multi-epoch optical and infrared sky surveys are uncovering unprecedented numbers of new variable 
stars, of an increasing number of types. The short interval between observations in adjacent near-infrared filters in the UKIDSS 

Galactic Plane Surv e y (UGPS) allows for the disco v ery of variability on the time-scale of minutes. We report on the nature of 
one such object, through the use of optical spectroscopy, time series photometry, and targeted X-ray observations. We propose 
that UGPS J194310.32 + 183851.8 is a magnetic cataclysmic variable star of no v el character, probably featuring a longer than 

average spin period and an orbital period likely to be shorter than the period gap (i.e. P orb < 2 h). We reason that the star is likely 

a member of the short-period intermediate-polar subclass that exists below this period boundary, but with the additional feature 
that system’s spectral energy distribution is fainter and redder than other members of the group. 

K ey words: stars: indi vidual: UGPS J194310.32 + 183851.8 – nov ae, cataclysmic v ariables – stars: peculiar – stars: variables: 
general. 
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 I N T RO D U C T I O N  

he object UGPS J194310.32 + 183851.8 (hereafter referred to as
ource 363; Lucas et al. 2017 ) was imaged twice as part of

he UKIDSS Galactic Plane Surv e y (UGPS), displaying 1.97 mag
nfrared (IR) variability in K o v er the 4 yr interval and H α emission
n the INT Photometric H-Alpha Surv e y (IPHAS) photometry (Drew
t al. 2005 ). One of the IR colours was exceptionally blue: J − H =
0.6, but H − K = + 0.7. Lucas et al. ( 2017 ) suggested that this might

e due to variability on the 7 min time-scale of the UKIRT Infrared
eep Sk y Surv e y (UKIDSS) filter changes, supported by marginal
etections in the Two Micron All-Sk y Surv e y (2MASS) images that
uggested unremarkable colours. Additionally, the Gaia satellite has
etermined a fairly nearby location (see Section 2.1 ). Consequently,
rom the lack of any previous detection of hard X-rays, gamma-
ays, or radio waves by facilities such as the Fermi -Large Area
elescope (LAT), the ROentgen SATellite ( ROSAT ), and the Very
arge Array Sky Survey (VLASS; Voges et al. 1999 ; Atwood et al.
009 ; Lacy et al. 2020 ), we infer that the system does not contain a
 E-mail: c.morris6@herts.ac.uk 
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eutron star or black hole. Thus we must be looking at a white dwarf
WD) binary system most likely of the cataclysmic variable (CV)
ype. 

CVs are binary systems containing a WD and a close companion
of comparati vely lo w mass), wherein the WD primary accretes
ass via Roche lobe o v erflow from the secondary star (see Knigge,
araffe & Patterson 2011 ; Schreiber et al. 2021 , for comprehen-

i ve re vie ws). These systems are subdi vided into magnetized and
nmagnetized systems (based largely on the presence or absence of
ulsations caused by the accretion flow proceeding along the mag-
etic field lines), and further subdivided based upon the method of
D accretion. The magnetic CVs consist of polars and intermediate

olars (IPs). Polars accrete matter following the magnetic field lines
irectly to the surface of the primary due to their high magnetic field
trengths of 7–230 MG (Oliveira et al. 2017 ). This high field strength
lso causes the orbit and the spin of the WD’s magnetosphere to
ecome synchronous. In contrast, in IPs the Alfven radius is smaller
han the circularization radius of the accretion disc, but larger than the

D’s radius, allowing an outer disc to exist. This disc is truncated,
nd then leads to the flow following magnetic field lines at free-fall
elocity in the inner region. These systems are also notable for the
pin and orbital periods ( P spin and P orb ) being different from one
© 2022 The Author(s) 
lished by Oxford University Press on behalf of Royal Astronomical Society 
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nother. It should be noted that a small subgroup of IPs can transfer
ass via both disc-fed and stream-fed methods; for example FO Aqr, 
X Col (Littlefield et al. 2020 , 2021 ), and others still are known to be
olely stream-fed and are referred to as discless IPs, such as EX Hya
nd DW Cnc (Rodr ́ıguez-Gil et al. 2004 ; Andronov & Breus 2013 ). 

Their hard spectrum arises because the gas is in free-fall on to a
D, so if the accretion column is optically thin, the emission will

ome out as bremsstrahlung radiation with energies E ≈ kT ∼ 10–
0 keV. The innermost region will usually be optically thick, and 
hen can give emission in soft X-rays or extreme ultraviolet (EUV),
epending on the luminosity and the size scale of the polar region
pot at the base of the accretion column. It is reasonable that some
f these are missed because of absorption effects, but that is still
nsettled. X-ray spectra frequently show ionized iron in emission, 
aused by shock excitation from the free-falling disc material. 

In the optical regime, the systems are highly variable and multiperi- 
dic, with periodicities associated with the WD spin, the binary orbit, 
nd beat interactions between these two periods. Spectrally, IPs are 
haracterized by broad emission of hydrogen recombination lines, 
s well as emission of helium (both neutral and ionized), carbon, 
nd nitrogen. Absorption features can be used to understand the 
omposition of the companion [providing they are of high signal-to- 
oise ratios (S/Ns)], as well as the disc inclination. By comparison, 
olars have stronger but narrower emission features (often having 
eeman splitting due to the high magnetic field strength), including 
 prominent doubly ionized nitrogen line at 4650 Å produced in the 
ccretion column. 

In this paper, we present the disco v ery of Source 363’s nature as a
ew magnetic CV. We report on optical spectroscopic observations 
howing unusually broad emission lines (Section 3.1 ). We then detail 
umerous photometric monitoring observations that illustrate the 
ystem’s behaviour on short time-scales (Section 3.2 ), revealing 
eriodicity at ≈2760 s. Finally, we report on new X-ray observations 
y the Neil Gehrels Swift Observatory (hereafter Swift ) that have 
rovided the first detections of X-ray emission from the source, 
onsistent with our classification of the source as an accreting 
D system (Section 3.3 ). We then conclude with a discussion on

he nature and no v el properties of the source, given the various
ichotomies our combined approach has unco v ered (Section 4 ). 

 S O U R C E  I N F O R M AT I O N  A N D  

BSERVATIONS  

.1 Source characteristics 

revious optical and IR observations of the source have been carried 
ut as part of UGPS, 2MASS, UVEX, IPHAS, Gaia , and Panoramic
urv e y Telescope and Rapid Response System (Pan-STARRS; Drew 

t al. 2005 ; Skrutskie et al. 2006 ; Lucas et al. 2008 ; Groot et al.
009 ; Flewelling 2017 ; Gaia Collaboration et al. 2018 , 2021 ). They
eveal the source to be an optically faint but comparatively IR-bright
ariable star (see Table 1 ), with a prominent H α excess. Rapid
ariability is clearly seen in the sparsely sampled Pan-STARRS 1 
ptical light curve: it varies by a factor of 4 in 15 min or less
n r , confirming the fast nature of the source’s variability. This
ndicates that the system includes a compact object of some type. 
he latest distance from Bailer-Jones et al. ( 2021 ) using Gaia Early
ata Release 3 (EDR3) put the star at 900 . 7 + 288 . 3 

−245 . 6 pc, which leads to
n absolute magnitude in G of 10.61, although some care should be
aken with this due to the variability of the source, as the prior used
y Bailer-Jones et al. ( 2021 ) is more suited to non-variable stars. All
hese features together were indicative of Source 363 possibly being 
 compact object, although there was no associated X-ray emission 
ecorded in previous all-sky surveys, so the flux must be less than
 × 10 −13 erg cm 

−2 s −1 , the limit for ROSAT (Voges et al. 1999 ).
he absence of X-rays of the required intensity can safely rule out a
eutron star system, but a CV system would still be plausible for a
aint X-ray source. The combination of the strong, rapid variability 
seen in Fig. 1 ) and the lack of X-ray emission in all-sky surveys led to
he acquisition of targeted X-ray observ ations, se veral high-cadence 
ight curves, and an optical spectrum. 

.2 SOAR obser v ations 

.2.1 Spectroscopy 

e obtained a single low-resolution spectrum of the source on 
021 May 12 with the Red Camera of the Goodman Spectrograph
Clemens, Crain & Anderson 2004 ) on the SOuthern Astrophysical 
esearch (SOAR) telescope. The exposure time was 1800 s, and 

he observation used a 400 lines mm 

−1 grating and a 0.95 arcsec
lit together with a GG395 longpass filter, yielding a full width at
alf-maximum resolution of 5.4 Å (about 250 km s −1 ) o v er a usable
avelength range ∼4000–7820 Å. 
The spectrum was reduced and optimally extracted in the usual 
anner using IRAF (Tody 1986 ). The resulting spectrum has an

verage S/N of ∼14 per resolution element ( ∼8 pixel −1 ) in the
ontinuum. The spectrum and selected line profiles can be seen in
igures 2 & 3 respectively. 

.2.2 Imaging 

ollow-up imaging was obtained on 2021 June 9, using the Red
amera of SOAR/Goodman in imaging mode. We obtained 29 
xposures, each of 180 s duration, using the Sloan Digital Sky Survey
SDSS) i ′ filter. These totalled 87 min on source o v er a time span
f 98 min. The average airmass was 1.62 and typical seeing was
.5 arcsec. 
The raw images were corrected for bias and then flat-fielded with

ky flats using standard routines in IRAF (Tody 1986 ). We performed
ifferential photometry of Source 363 with respect to 17 nearby, 
on-variable stars and calibrated these magnitudes using their Pan- 
TARRS Data Release 2 (DR2; Chambers et al. 2016 ) i ′ mag, the
nal results can be seen in Fig. 4 . 

.3 WHT obser v ations 

e made use of recently offered service time on the William Herschel
elescope (WHT) for testing the new PF-QHY camera 1 to obtain two
igh-cadence light curves. These were using Sloan u ′ and r ′ filters,
ith 62 and 61 epochs of data co v ering 90 and 89 min, respectively,

nd individual exposures of 80 s in each band. PF-QHY is a wide-field 
amera with a complementary metal oxide semiconductor (CMOS) 
etector, its field of view being 10.7 × 7.1 arcmin 2 and a pixel scale
f 0.267 arcsec using 4 × 4 binning. Data reduction and calibration
ere carried out using the PHOTUTILS (Bradley et al. 2021 ) and
STROPY (Astropy Collaboration et al. 2013 , 2018 ) libraries for
YTHON , with profile-fitting photometry being used in the crowded r ′ 

mages. Aperture photometry was used in the u ′ images as the field is
omparatively less populated with sources. Calibration was done via 
MNRAS 514, 6002–6010 (2022) 
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Table 1. Selected archi v al measurements for Source 363. 

Surv e y Filter Mean magnitude and error No. of epochs Maximum variation (mag) 

UKIDSS [1] K s 16.70 ± 0.08 2 1.97 
UKIDSS [1] H 18.36 ± 0.11 1 N/A 

UKIDSS [1] J 17.76 ± 0.03 1 N/A 

IGAPS [2] r 20.54 ± 0.06 4 1.94 
IGAPS [2] H α 19.42 ± 0.06 2 N/A 

IGAPS [2] i 19.27 ± 0.07 2 N/A 

IGAPS [2] RGO U 19.68 ± 0.03 2 0.37 
Gaia [3] G 20.02 ± 0.10 3 0.72 
Pan-STARRS [4] g 20.35 ± 0.04 8 a 1.46 
Pan-STARRS [4] r 20.83 ± 0.07 8 1.82 
Pan-STARRS [4] z 19.64 ± 0.07 4 a 0.55 

Note . References: [1]: Lucas et al. ( 2008 ) and Contreras Pe ̃ na et al. ( 2014 ); [2]: Mongui ́o et al. ( 2020 ); [3]: Gaia 
Collaboration et al. ( 2016 , 2018 , 2021 ); and [4]: Flewelling ( 2017 ). a More epochs were available but they are not 
included because of poor data quality. 

Figure 1. William Herschel Telescope (WHT) PF-QHY r ′ -band images of 
Source 363 (within the green annulus), showing the short time-scale variation, 
with the 1.1 mag change across 16 min. The left-hand panel has an MJD of 
59386.153 and the right-hand panel of 59386.164. 
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 standard star SP 1942 + 261, with corrections to individual epochs
eing averaged across non-variable stars in each frame. 

.4 Swift XR T/UVO T obser v ations 

e obtained X-ray and ultraviolet (UV) data from Swift via a
uccessful target of opportunity (ToO) program on the 2021 July 2,
sing both the X-Ray Telescope (XRT) and UltraViolet and Optical
elescope (UV O T) instruments in parallel, with 4 ks of observation

n the photon-counting mode. These data produced the standard X-
ay images, light curve, and spectrum, as well as additional images
nd a light curve in the UV O T U filter. The data were provided
re-reduced via the Swift ToO server (Evans et al. 2009 , 2020 ) with
he spectrum being fitted with a power law, and adjusted for galactic
bsorption along the line of sight. Calibration for the UV O T data was
one in PYTHON using the same packages described previously. All
ther XRT reduction was carried out using XSPEC , using the specific
et-up for Swift -XRT. 

 RESULTS  A N D  ANALYSIS  

.1 Optical spectrum 

he SOAR spectrum (Fig. 2 ) displays a number of features consistent
ith CVs in general, most notably H α and H β in emission, with

dditional emission features from both neutral and singly ionized
elium (see Table 2 for details of individual lines). All emission
NRAS 514, 6002–6010 (2022) 
ines are broad and single peaked, with a wavelength resolution of
00.5 km s −1 at 5910 Å (the mid-point of the spectrum). The wide
ange of velocities suggests the presence of a disc, or possibly a
ymmetric wind, although this cannot be further identified due to
he blending of any C III / N III lines into the wings of the He II line
t 4686 Å. Fitting of line profiles (using a Voigt profile to account
or both Doppler and Stark broadening) provides an average radial
elocity (RV) of −280.2 ± 12.9 km s −1 (see Fig. 3 ). This value,
hile high, is not unexpected when only one spectrum is available,

nd the system’s mean RV is likely less than this. Some absorption
eatures could be present in the spectrum, ho we ver the modest S/N
 ≈14 per resolution element) precludes any reliable identification
f these, and thus we have to determine the characteristics of the
ompanion star through another method. 

From the equi v alent width (EW) ratio of He II / H β = 0 . 18 ± 0 . 10
e cannot be certain whether the system’s accretion is primarily
agnetic (see Silber 1992 ), due to the noise in the detection of the
e II line: a ratio abo v e 0.4 is indicativ e of magnetically controlled

ccretion. It should be noted that those authors also suggest that the
W of H β should be ≥20 Å in magnetic systems: here we have
W = 49.3 Å. We reason that the observed hydrogen line ratios may
e as a result of a more complete than usual disc (for an IP), bearing
esemblance to those observed around dwarf novae. In those cases
he slower rotating outer disc regions limit the excitation of the more
nergetic recombination lines, leading to lower fluxes from H β and
 γ than normal IPs. 
We cannot be sure if Source 363 was in a brighter than average

tate at the time of observation; pre-spectroscopic imaging places the
tar at an intermediate-brightness level (compared to its maxima and
inima). Ho we ver we cannot interpret whether the star was pre- or

ost-outburst, which given the length of the subsequent observation
ould place the star at either state. This is especially true given the
ow S/N of the He II line, meaning that the true ratio might be higher
han the 0.4 value that is assumed to indicate magnetized accretion. 

In comparison to objects from the literature, we note the absence
f emission from N III and C III , which is commonly seen in fully
agnetic polars (Warner 1995 ). In addition the fringes of the
 β line do not contain the characteristic absorption features that

re associated with a high disc inclination angle. Given that a
road range of velocities is observed the disc inclination angle
annot be very low so we can reason that the inclination angle
s intermediate. The same line can also show the hallmarks of
yclotron radiation, as an overall increase in the localized continuum,
hich we note that Source 363 does not display, so cyclotron

art/stac1718_f1.eps
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Figure 2. Optical spectrum of Source 363, using the Goodman Spectrograph at SOAR. Hydrogen recombination lines are prominent, and broader than those 
seen in more typical CVs. Other common CV lines such as He I and He II are also present, although the 4606 Å Na III line often associated with IPs is not seen 
abo v e the noise. 

Table 2. Equi v alent line widths for notable features in the I -band 
spectrum. While faint absorption features from a companion star 
can possibly be seen, they are not prominent enough for us to 
provide analysis. It is worth noting the approximate 9/3/1 ratio 
between the Balmer lines, while the helium ground-state transitions 
indicate a higher population at higher energy levels, with the 3–
2 line being most prominent. The helium lines were affected by 
noise and some blending, and thus have not been fitted for radial 
velocities (RVs) and widths. 

Emission line Equi v alent width and error Width 
( Å) (km s −1 ) 

H I 4340 Å (5–2) − 21.7 ± 5.7 1746.6 
H I 4861 Å (4–2) − 49.3 ± 2.6 2302.9 
H I 6562 Å (3–2) − 161.6 ± 2.2 2747.5 
He I 5875 Å (3–2) − 31.3 ± 4.2 N/A 

He I 6678 Å (2–1) − 19.4 ± 5.2 N/A 

He I 7065 Å (1–0) − 16.2 ± 4.9 N/A 

He II 4685.7 Å − 9.0 ± 5.1 N/A 
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adiation is unlikely to be the cause of the observed near-IR
xcess. 

.2 Light cur v es 

he three light curves (Figs 4 , 5 , and 6 for u ′ , r ′ , and i ′ , respectively)
ach display amplitudes between 0.9 and 1.2 mag, but each wave- 
ength sho ws dif fering behaviour: the u ′ curve sho ws symmetric
ehaviour with minimal time spent at either bright or faint states,
hereas the r ′ curve is at a faint level for approximately two-thirds
f the observation, with the rise taking ≈7 min, followed by a 20 min
ecline to a state of quiescence, resembling behaviour reminiscent 
f stream-fed accretion on to the WD. This is similar to that seen in
olar-type magnetic CVs (mCVs). The longer duration observations 
n i ′ show two peaks, with a separation and shape consistent with the
 

′ data, including the scatter about the curves’ minima. The peaks are
eparated by 51 ± 2.2 min and 65 ± 2.1 min for i ′ and u ′ , respectively,
ith the r ′ curve having a less clear cycle, although the curves’
inima are separated by ≈64 ± 2.1 min. These estimates provide a

ough baseline for the most visible time-scales of variability. 
The u ′ and i ′ light curves show small amplitude variation at low-

rightness states not seen at the maxima, although at this time
t cannot be wholly rejected that these are indicators of short
eriod variability (not unlikely given the magnetohydrodynamic 
rocesses present in the disc). We investigated this by fitting a
hird-order spline to the phase-folded light curve (using SCIPY ; 
irtanen et al. 2020 ) and checking the residuals to this fit. This

evealed no obvious periodicity. It would seem therefore that the 
ariations during the system’s minima are more likely the result 
f increased sensitivity to the atmospheric conditions during the 
bservations. In addition a 19 h light curve (with approximately 
 h on-source) in UV O T U band was produced, consisting of
ix epochs of varying exposure time. Whilst not much can be
leaned from the shape (given the known rate of variability), the
aximum amplitude was ≈0.8 mag, in keeping with data from other
MNRAS 514, 6002–6010 (2022) 
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Figure 3. Fitted line profiles and radial velocities for the hydrogen recom- 
bination lines. Points and blue lines are the data, yellow dashed lines are 
the fits, using a Voigt profile, and converted into velocity space. The median 
radial velocity (RV) of the star was −283.9 ± 9.3 km s −1 , relative to the local 
standard of rest. The individual radial velocities fitted to each line are marked 
with solid yellow lines. Fluxes are normalized with respect to the H I 3 → 2 
line. 

Figure 4. i ′ -band light curve for Source 363, using SOAR’s Goodman 
Spectrograph in imaging mode. Fainter exposures were averaged with 
sequential epochs to reco v er signal. The peaks are separated by ≈51 ± 2.2 min 
and the amplitudes are ≈0.9 mag. 
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Figure 5. r ′ -band light curve, obtained with the PF-QHY instrument on the 
WHT. The peak shows an amplitude of ≈1.2 mag and resembles flare-like 
behaviour, with a comparatively fast rise followed by extended cooling time. 
If we assume this behaviour repeats based upon data from other filters, the 
time-scale is of the order of approximately 66 min, from the start of the event 
to the next rise. 

Figure 6. u ′ -band light curve, obtained with the PF-QHY instrument on the 
WHT. There is significant scatter in this curve, likely because of the u ′ bands 
increased sensitivity to changes in seeing. However, the same high amplitude, 
short time-scale behaviour can be seen as in other filters. The two apparent 
peaks are separated by between 64 and 67 min, which is analogous to the 
time-scales seen in the r ′ curve. 
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Interpreting the nature of the observed variability is a challenge
ue to the limited time span of the observations, although a few
auses can be inferred. A common cause of variability in CVs is
ickering, a phenomenon that is thought to relate to modulation of

he accretion rate and flares associated therein (see Bruch 2021 for
 comprehensive review). A second driver of variability could be
he spin of the WD primary star, seen via the accretion columns or
NRAS 514, 6002–6010 (2022) 
olar hotspots (depending on observed wavelength). A complication
an arise from the orbital sideband: a sideband represents the
eprocessing of the WD primary’s emission by its disc, which causes
n interaction between the spin period and the orbital period of the
econdary, observed as a distinct frequency, ω spin ± ω orb , with a
ositive sign in most in cases, e.g. AO Psc (Bonnardeau 2015 ), and
 ne gativ e sign if the orbit is retrograde. While there are currently
ot enough individual cycles to confirm any periods, we note that the
ack of observed periodicities at short time-scales ( ≈20 min) in any
f the curves is interesting. This could imply that the WD does not
pin at the common period of approximately 10–15 min. 

.3 X-ray photometry 

he Swift -XRT observations detect a single source at RA = 295 . ◦7935
nd Dec. = 18 . ◦6475 with an astrometric uncertainty of 3.0 arcsec (see
ig. 7 ) given by the Swift -XRT data products generator’ software
Evans et al. 2014 ). These coordinates are offset from the optical/IR
oordinates by 1.9 arcsec, which is consistent with zero offset within
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Figure 7. XRT photon-count mode image (blue/green/yellow) o v erlaid on 
a stacked UV O T U -band image (greyscale), Source 363 is located within 
the red (7.6 arcsec) and green (3.0 arcsec) annuli. These represent the source 
detection confidence radii (without and with UV O T astrometry, respectively), 
as calculated by ‘the Swift -XRT data products generator (Evans et al. 2014 ). 
Our system is faint in the stacked UV image, but the XRT image provides the 
first indication that the star is an X-ray source. 
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Figure 8. Orbital period versus spin period for a selection of known IPs (data 
from Mukai’s IPs – see Footnote no. 2). The blue stars represent short-period 
systems (those with white dots being mentioned in the text), red circles 
typical IPs. The green rectangle represents the likely range of orbital and 
spin periods of Source 363, these being constrained by the minimum orbital 
period of ≈80 min (Knigge et al. 2011 ) and the lower limit of the period 
gap. The two dashed vertical lines at P orb = 2 and 3 h represent the ‘period 
gap’ where magnetic braking due to angular momentum transfer will cut-off 
mass transfer between the WD and its companion. The diagonal dashed line 
is where P orb = 10 × P spin , below which long-period IPs are found. The 
additional dotted line demarcates the region where the orbital period is twice 
the spin period, which is a common feature of short-period IPs. 
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he uncertainties. We note that the rather scattered distribution of 
-ray photons shown in Fig. 7 is typical of Swift /XRT observations
f a single faint source; see https:// www.swift.ac.uk/ analysis/xrt/xrt 
entroid.php for an example of how real sources are distinguished 
rom noise. 

Given the lower resolution of Swift ’s instruments than the optical 
nes discussed thus far, the possibility of chance association should 
e considered. The measured X-ray flux is brighter than the ROSAT 

ensitivity limit (see below). Therefore we consider X-ray source 
ensity of 0.27 objects per deg 2 in the Galactic Plane, as determined
rom the ROSAT catalogue (Voges et al. 1999 ) at Galactic coordinates
0 ◦ < l < 90 ◦, −3 ◦ < b < 3 ◦. With this figure the probability of
 chance alignment within 3.0 arcsec is 3.78 × 10 −6 . Given that
he fitted XRT spectrum is brightest at the lower energy regime, 
he lo w sensiti vity of ROSAT to higher energies is not detrimental
o this estimation. Further to this, whilst there are two optical/IR 

ources within the XRT astrometric uncertainty radius, the associated 
V O T light curve displayed high amplitude variability consistent 
ith that observed in Source 363 and the second star is not
ptically variable. Therefore it is clear that the XRT X-ray source is
ource 363. 
The average count rate over the length of observations was 

.01375 counts s −1 ; this was then converted into a flux via fitting an
bsorption adjusted power law to the XRT spectrum (see Section 2.4 ),
ith a model temperature of 20 keV. The previous lack of detections

mplied that the o v erall flux would be low, but our measured fluxes
adjusted for absorption) of 1 . 3 + 0 . 4 

−0 . 3 × 10 −12 erg s −1 cm 

−2 are abo v e
he lower limits for surv e ys such as ROSAT , making the non-
etection interesting. Luminosities corresponding to these fluxes 
ave a range that is higher than average for IPs. Depending on the
istance used, luminosity ranges from 6.9 ± 1.8 × 10 31 erg s −1 

o 2.3 ± 0.6 × 10 32 erg s −1 , at the closest and furthest distance
stimates, respectively (as discussed in Section 2.1 ). The associated 
-ray light curve shows only an intermittent signal, implying that 

he source has a more extreme bright to faint state ratio than other
imilar stars. 
 DI SCUSSI ON  

.1 Comparison to sources in the literature 

xisting IPs with some degree of similarity to Source 363 have
ften been detected either through their X-ray emission or optical 
arrow-band flux. Thus we must compare the o v erall behaviour of
ource 363 to these systems (see Fig. 8 ), in order to understand

he observed behaviour. Constructing some approximate optical to 
ear-IR spectral energy distributions (SEDs; see Fig. 9 ), we note that
ource 363 has both the lowest o v erall luminosity at the wavelengths
easured and an unexpectedly faint optical SED. This SED has been

ormed by averaging all available measurements at each wavelength 
including each individual measurement from this work, as well as 
ll available archive data), with the full range of values also marked
n the plot. It should be noted that the J (1.25 μm) and H (1.65 μm)
ata are single measurements that may not be representative: the 
 datum may be near a peak v alue, gi v en the e xceptionally blue
 − H colour (see Section 1 ). Ha ving noted this ca veat, the SED
ppears to have a redder slope than other systems, possibly a by-
roduct of the disc being optically thicker than other examples. The
wo most similar objects (EX Hya and DW Cnc) are both short-
eriod systems that lack discs, and exist in a separate portion of
he IP spin–orbit period diagram, where P orb ≈ 2 × P spin (see 
ig. 8 ), 2 as opposed to the more common ratio P orb ≈ 10 ×
 spin . 
MNRAS 514, 6002–6010 (2022) 
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M

Figure 9. Optical and near-IR SEDs (AB system) for Source 363 (blue) and 
a selection of existing IPs from the literature. The solid blue points represent 
the median optical values from the new light curves in this work ( u ′ , r ′ , i ′ ), the 
three Pan-STARRS passbands, and two INT Galactic Plane Surv e y (IGAPS) 
passbands with multiple epochs: ( g , r , z) and ( u , r ), respectively. The single- 
epoch J and H UKIDSS data and the mean of the two UKIDSS K values are 
also shown as solid blue points. Open circles are the individual measurements 
from which the medians were computed. (For readability the Pan-STARRS 
r , WHT r ′ , and IGAPS r data in slightly different filters have been offset 
by 250 Å, but u and u ′ are almost identical so they are combined into one 
average.) Note the high red optical and IR luminosity compared to shorter 
wavelengths. This is not present in previously classified IPs. The selected 
IPs are those with long spin periods and orbital periods ( P spin ∼ 0.3 P orb ), 
with distances coming from Bailer-Jones et al. ( 2021 ), using Gaia 
EDR3. 
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We propose that our source might also be a part of this small
opulation, given the lack of a detectable short spin period in any
f our observations, and the orbital period lower limit given the low
ass of the companion (see Section 4.2 ). Our u ′ light curve is also

imilar in shape to DW Cnc (Rodr ́ıguez-Gil et al. 2004 ), although it
s a factor of 2 higher in amplitude, with both sources having periods
f under 1 h. The corresponding r ′ light curve from the same night
f observations shares little in common with any typical IP system
n the literature. 

A more comparable object is the short-period IP V598 Peg
SDSS J233325.92 + 152222.1; Szkody et al. 2005 ; Southworth et al.
007 ), which has a spin period of 43 min, and a confirmed (via XMM–
ewton direct observations by Hilton et al. 2009 ) orbital period of
6 min. The shape of the optical light curve when phase folded
fig. 4 in Hilton et al. 2009 ) is almost identical to the r ′ -band curve
see Fig. 5 ). In addition, the H α to H β ratio of 1.87 is of a similar
rder to Source 363. 
To compare our spectrum to the literature, we find Oliveira et al.

 2017 ) to be a good source of similar candidates due to their
urv e y also using SOAR’s Goodman Spectrograph. Source 363’s
lightly blue continuum (by comparison to polar-like sources)
nd broad lines bear the closest resemblance to MLS 2054 −19,
LS 0720 + 17, CSS 1012 −18, and SSS 1359 −39 (see fig. 1

n the aforementioned paper). Interestingly, three of these are
lassified by those authors as discless IPs (MLS 0720 + 17 was
uggested to be a polar). Some small differences to these sources
re worth noting, in particular the relative strength of the H β

ine compared to H α, with all of these sources having the 4–2
NRAS 514, 6002–6010 (2022) 

 2008 ). The URL of the Mukai’s IPs (where this data is collated) is as follows: 
ttps:// asd.gsfc.nasa.gov/ Koji.Mukai/iphome/ iphome.html 

a  

d
 

c  
ransition as strong or stronger than the 3–2 line, the inverse of
ur finding. 

.2 Nature of the system? 

s it stands, we can say with some confidence that if the apparent
45–70 min variation time-scales are related to the WD spin period

e.g. with the spread of values caused by stochastic flickering), then
he system cannot be a polar CV. All hydrogen-rich stars will o v erfill,
ather than fill, their Roche lobes for such short periods (leading
o a rapid cut-off of the mass transfer via magnetic braking), and
he optical spectrum of the source clearly shows strong hydrogen
mission lines, indicating that accretion is taking place. The argument
ould be made that there are two accretion streams, from both poles
f the WD being magnetized (synchronizing the system) much like
he system V2400 Oph (Hellier & Beardmore 2002 ), and thus the
pin period would then be on the order of 90 min. Ho we ver gi ven
hat the spectrum suggests a disc, it is more likely the orbital period
s longer than the spin period and just below ‘period gap’, making
he system some form of IP. 

With the IP explanation preferred based on the optical spectrum,
t then becomes important to investigate the evolutionary state of the
ystem, in order to explain the unusual behaviour (high amplitude,
ed SED, and low o v erall luminosity). We can add constraints to the
rbital period of the system by considering its near-IR brightness and
he amplitude of the associated variability; using the Bailer-Jones et
l. ( 2021 ) Gaia EDR3 distance of 900.7 + 288 . 3 

−245 . 6 pc, we find Source 363
as M K ≈ 6, and in order to explain the observed variability the
ompanion object must be at least 1 mag fainter than that. This is
ecause the variability is intrinsic to the WD, and thus the companion
ust not be providing the majority of the flux. These two factors

ombined lead us to place constraints on the classification of the
ompanion, finding that it should be no more massive than an M3V
tar at 0.36 M � (Pecaut & Mamajek 2013 ). This proposed limit on
he companion mass would put the orbital period at roughly 2.5 h
r less, where a 2.5 h period sits in the IP ‘period gap’. Equally
sing fig. 13 in Knigge et al. ( 2011 ) for our two K s observations
eads to orbital period limits of between 2.1 and 1.4 h. While this is
 wide spread of values it does place the system below the period
ap, in the region between that and the minimum IP orbital period of
0 min. 
Thus we can reasonably then assume the orbital period is less than

he 2.1 h lower limit (Rappaport, Joss & Webbink 1982 ), especially
iven the higher than average X-ray luminosity (stars within the
ap hav e v ery low accretion rates, and thus low X-ray luminosity).
dditionally a companion star of the described nature would have a

hort orbital period if in an IP-like system, lending further credence
or Source 363 to exist below the period gap. There is an argument
o be made that the orbital period is in fact less than 90 min, as can
e seen in Fig. 8 , because a number of short-period IPs (including
he aforementioned V598 Peg) have settled into orbital periods at
wice that of the WD spin, but with the same magnetic moment
s more normal IPs, as predicted in Webbink & Wickramasinghe
 2002 ). With an orbital period in this range we would expect a
ypical IP system to have a spin period on the order of 5–9 min,
hich is not seen in our data, hence we posit that Source 363
ay be a member of the short-period subclass mentioned abo v e.
his would roughly place the spin period of the WD between 41
nd 63 min, which mimics the time-scales observed in our optical
ata. 
Finally, the observed strong IR excess (as described in Section 4.1 )

an then be assumed to be tracing the accretion flow, made more
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ikely due to the lack of cyclotron emission features in the optical
pectrum. Combining this with the short period, we can infer that 
ur system has a reasonably high accretion rate for its short-period
ype. The method for this accretion is still uncertain, but is could be
o v el; our light curves suggest direct accretion, whilst our SED and
pectra suggest the presence of a disc, and thus disc-fed accretion. In
rder to make sense of this dichotomy, there is a possible explanation
hat Source 363 is currently undergoing an evolutionary transition 
etween a typical (long-period) IP and the short-period systems, such 
s has been described by Southworth et al. ( 2007 ) and Norton et al.
 2008 ). 

There is currently an open question as to what the number density
f short-period IPs should be (Pretorius & Mukai 2014 ). The small
inary separations in short-period systems should easily allow the 
D magnetic fields to connect with the conv ectiv e donor star, and

hus quickly synchronize the orbits, with system thus becoming a 
olar CV – provided μWD � 5 × 10 33 G cm 

3 (Norton, Wynn & 

omerscales 2004 ). This interpretation would render the subgroup 
hort-liv ed, thus e xplaining their low observed numbers. On the other
and, WD magnetic fields can fall o v er time (Ohmic decay), and
ence dramatically extend the time taken to become synchronous, in 
urn making such systems quite old, increasing the number density of
his subgroup by extension. With a higher accretion rate than usual 
or short-period IPs, ram pressure would likely exceed magnetic 
ressure, which would then produce a disc, lending credence to this
xplanation for Source 363. 

 C O N C L U S I O N S  

e report on the disco v ery of a new magnetic CV star system with
n observ ed near-IR e xcess, and hav e determined that our source
s most likely a short-period IP system, with a higher than average
ccretion rate. This decision was based upon the following. 

(i) Our optical spectrum shows emission of H I , He I , and He II , 
ll of which are indicators of magnetic CV systems. In addition the
resence of disc-like features indicates that the magnetic field is not 
olely responsible for the accretion, making the case that the star is
 polar unlikely. 

(ii) The low optical luminosity of the system implies a low-mass 
ompanion to the WD, which sets an upper limit on the orbital period
f the binary. 
(iii) Combining this with the lack of an obvious spin period near 

he expected range of 5–9 min, we can infer that the system does not
t with the standard 1:10 ratio between spin and orbital time-scales. 
his deduction then places Source 363 within the loose group of
hort-period IPs, such as EX Hya. 

(iv) The confirmed detection of X-ray emission from the system 

n targeted observations is interesting given that the star is absent 
rom previous wide field X-ray surv e ys that co v er the re gion (it does
ot feature in Pretorius et al. 2013 ). The non-detection by ROSAT
ould normally suggest that the o v erall X-ray luminosity is lower

han typical IPs, a phenomenon that has been observed in other 
hort-period systems. Ho we ver, the measured X-ray luminosity of 
 . 31 ± 0 . 34 × 10 32 erg s −1 (using the Gaia EDR3 Bailer-Jones et al.
021 estimated distance of 900 pc) is higher than that of most short-
eriod IPs and we would expect the source to have been detected
y ROSAT , if the luminosity were constant. We can then infer that
his system goes through bright phases, relative to an otherwise faint 
-ray flux level. 
(v) Additionally, we make a case that given the short orbital period 

nd low optical brightness, that the system has a lower than average
ccretion rate (for an IP in general) and a companion star of a very
aint type. This provides contrast with other short-period systems, 
aking Source 363 seems fairly unique. 

With such an unusual nature, implications from this work are 
wofold. 

(i) It reiterates that there is a population of underluminous CVs that
ontinue be missed in all wide area X-ray surv e ys completed thus far.
ut this work indicates a chance that the X-ray luminosity of these

ources may not be as low as current literature suggests. Previous
hort-period systems have L X ≈ 10 31 erg s −1 , whereas Source 363 
 L X ≈ 10 32 erg s −1 ) shows that these systems can exist above this cut
ut still below the more usual value of ≈10 33 erg s −1 seen in typical
P systems. With the suggestions of a population of underluminous 
Ps that may be responsible for some of the observed X-ray excess
n the galactic bulge (Hailey et al. 2016 ), Source 363 might be a
seful laboratory to probe this idea further. The ongoing eROSITA 

Predehl et al. 2021 ) surv e y should be deep enough to detect similar
bjects. 
(ii) It shows the usefulness of using near-IR variability to locate 

his kind of object, as well as the benefits of multiwavelength 
stronomy to classify variable stars that are unexpected or unusual 
pon initial disco v ery. 

The next steps in our investigation are to further constrain the
ystem’s parameters, specifically the WD and companion masses, as 
ell as the spin and orbital periods. In addition, having these parame-

ers will allow us to test our ideas for the system’s unusual behaviour,
s described in Section 4.2 . In addition, we aim to find additional
andidates within the VISTA Variables in the Via Lactea (VVV) 
urv e y (Minniti et al. 2010 ), via collation of short-period variable
tars (Smith et al. 2018 ) with close distances and observed H α excess
rom the VST Photometric H α Surv e y of the Southern Galactic Plane
nd Bulge (VPHAS + ; Drew et al. 2014 ). This will allow us to build
n idea of the scale of this population, and thus the expected X-
ay flux that would be produced. In turn, this would provide a useful
etric to determine whether they are the cause of the aforementioned
ux excess. Further the results thereof would indicate whether we 
re looking at a new subgroup of IPs or a short-lived phase in their
volution. 
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ll data are available from the first author upon request (and
rom PWL at p.w.lucas@herts.ac.uk), it will also be hosted at
star.herts.ac.uk/ ∼cmorris/source 363 public/). Swift ToO data are
ublicly available at HEASARC. 
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