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Abstract
We report a radio and optical study of the star TYC 6544-3483-1 originally
selected as a follow-up target in the course of our efforts to cross-identify Galac-
tic high-energy sources. The star by itself finally turned out to be a very ordinary
main-sequence star despite the initial expectations that apparently pointed to
the contrary. We found that its, at first glance, exotic properties arise as a com-
bined consequence of the limited angular resolution of the radio and optical
databases being used. Our preliminary astrophysical interpretation was strongly
hampered by the presence of unexpected optical variables inside both the pho-
tometric and background apertures. While such an ill-posed situation is not a
frequent one, we believe that our experience is worth sharing with the com-
munity to raise a word of caution and help to avoid similar misleading results,
especially when dealing with modern TESS data.
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1 INTRODUCTION

The identification of candidate counterparts to gamma-ray
sources is an on-going task offering new opportuni-
ties for discovery whenever new gamma-ray catalogs are
released. The recent publication of the latest Fermi 4FGL
Point Source Catalog (Abdollahi et al. 2022) is an impor-
tant milestone in this context. Although the gamma-ray
sky is mostly dominated by extragalactic blazar sources,
other populations of stellar gamma-ray emitters are also
worth studying and searching for (Martí et al. 2013). A
clear clue that betrays the possible connection of a stel-
lar object with a gamma-ray source is the detection of
non-thermal radio emission, by means of dedicated obser-
vations or catalog cross-identifications, implying a popu-
lation of relativistic electrons (Martí et al. 2015; Martí &
Luque-Escamilla 2021). If additional signs of binarity are
found, then the suspicion becomes strengthened as proto-
typical stellar gamma-ray sources are often binary systems
(Chernyakova & Malyshev 2020).

In this paper, we report a case of negative results of
this observational methodology and the valuable lessons
learned in the process that should hopefully illuminate
future searches.

2 SELECTION OF TYC 6544-3483-1
AS AN INTERESTING TARGET

This context outlined above is what originally attracted
our attention to the star TYC 6544-3483-1 located inside
the 95% confidence ellipse of the gamma-ray source 4FGL
J0745.4−2447. Although a sound Fermi counterpart can-
didate was already pointed out in the 4FGL catalog, the
quasar ICRF J074510.2-245143 (Immer et al. 2011), dif-
ferent observational facts presented below rendered TYC
6544-3483-1 worth of further additional investigation as an
alternative feasible counterpart.

TYC 6544-3483-1 was selected for in-depth study given
that a non-thermal radio counterpart was suspected to
be associated with it. Support for this claim is displayed
in Figure 1 where the NRAO VLA Sky Survey (NVSS)
radio contours (1.4-GHz, Condon et al. 1998) are over-
lapped onto the optical red plate of the Digitized Sky
Survey (DSS).1 The 9.6 ± 0.6 mJy compact radio source
NVSS J074454-250522 position was coincident with TYC
6544-3483-1 within the NVSS astrometric error (±2′′).
Moreover, it was also detected in images from the GMRT
150-MHz all-sky radio survey (Intema et al. 2017) at a flux
density level of 33 ± 9 mJy. Assuming constant values, a

1 https://archive.eso.org/dss/dss.
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F I G U R E 1 Field of view of TYC 6544-3483-1 in the red plate
of the Palomar Digital Sky Survey with the other relevant stars in its
vicinity (see Section 5). Yellow contours illustrate the radio
emission according to the NVSS. The one arc-minute bottom left
horizontal bar sets the angular scale. North is up and East is left.
Two other stars (CZ Pup and ASASSN-V J074444.41-250618.7/
GDS_J0744444-250618) relevant in the Section 5 are also marked.

negative spectral index of −0.6 ± 0.3 was estimated that
pointed toward a nonthermal emission mechanism.

To pursue the exploration of TYC 6544-3483-1, we
noticed that this star was included in different point-
ings of the Transiting Exoplanet Survey Satellite (TESS)
corresponding to the sky sectors 07 and 34 of this
space mission, observed during years 2019 and 2021,
respectively. We downloaded and processed this data
using the tools provided by the Lightkurve Collabora-
tion (2018). The resulting optical light curves have a
bandwidth of 600–1,000 nm overlapping with the Cousins
IC band centered at 786.5 nm. Their time resolution
was excellent (10–20 min cadence) and each pointing
lasted nearly four weeks. A plot of the TESS photome-
try is displayed in Figure 2. At first glance, the result-
ing light curve was strongly reminiscent of an eclips-
ing binary system and different periodogram algorithms
suggested a 6.1669 day period, on which TESS data is
phase-folded. Based on this evidence and the possible
radio counterpart, TYC 6544-3483-1 appeared as a likely
Algol-type eclipsing binary with promising follow-up
perspectives.

Moreover, we additionally noticed the presence of
repetitive small optical mini-flaring events superposed
onto the TESS light curves (see again Figure 2). There
were a total of four per cycle and their occurrence con-
stantly drifted across the period phase. Their sharp appear-
ance was also strongly reminiscent of self-lensing events
observed in some binary systems (Kruse & Agol 2014).
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F I G U R E 2 Apparent result of performing aperture
photometry on the TYC 6544-3483-1 position using TESS data
folded on a 6.1669 day period. Four almost complete cycles are
shown. No additional corrections beyond the subtraction of
scattered light have been applied. Notice the repeating four
mini-flares best visible in the top light curve.

Overall, the observed facts resulted in very puzzling and
stimulated further observational studies.

3 RADIO OBSERVATIONS

The first step to assess the peculiar nature of TYC
6544-3483-1 was to obtain a sub-arcsecond accurate radio
position of NVSS J074454-250522 to check its apparent
coincidence with the star. For this purpose, we carried
out a Very Long Baseline Interferometry (VLBI) using the
antennae of the European VLBI Network (EVN), under
proposal code EM168. The observations were conducted
in two blocks, of 3 h each, scheduled on the March 6 and
11, 2023. The frequency setup was centered at 1.67 GHz
(18 cm wavelength) with four subbands of 32 MHz each
(32 channels per subband). The integration time of visi-
bilities was 2 s. The sources J0745+1011 and J0745-2451
were used as fringe finder and phase calibrator, respec-
tively. The EVN data were calibrated following standard
procedures in AIPS (Greisen 2003). The a priori amplitude
calibration and flagging were applied from the tables gen-
erated by the EVN Pipeline. We then manually corrected
for the ionospheric contribution, instrumental delay,
fringe fit, and bandpass calibration. A round of imaging
and self-calibration were performed in the phase cali-
brator source using the Caltech VLBI Analysis Program
DIFMAP. These solutions were then transferred to the
target source to improve the calibration, and we finally
imaged the source.

The EVN map revealed that NVSS J074454-250522
actually consists of two resolved components separated
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F I G U R E 3 VLBI map of the main component of NVSS
J074454-250522 as it appears at the 18 cm wavelength. It was
obtained with natural weight and a uv taper of 5 M𝜆. Contours
shown correspond to −4, 4,5, 6, 8, 10, 12, and 14 times 9.6 𝜇Jy
beam−1, the rms noise. The bottom left ellipse illustrates the
synthesized beam of 18 × 30 milli-arcsecond2, with position
angle of 53◦.

by a few arc-seconds, hereafter designated as A and B.
This separation is a large angle in a VLBI context to
produce a full clean map. In Figure 3, we display a con-
tour plot of the brightest A component that was detected
with an excellent signal-to-noise ratio. With a total flux
density 792 ± 19 𝜇Jy beam−1, NVSS J074454-250522-A is
located at J2000.0 coordinates 07h44m54.87273s ± 0.8 mas
and −25◦05′21.1360′′ ± 1.6 mas. Its angular size is 49 ±
1 mas. Concerning NVSS J074454-250522-B (not shown
here), it does not have a well definite core. With a total
flux density 588 ± 53 𝜇Jy beam−1, its centroid is located at
07h44m54.3663s ± 6 mas and −25◦05′17.522′′ ± 3 mas. Its
angular size is 149 ± 22 mas. Errors given combine both
statistic, systematic, calibrator position and phase refer-
encing uncertainties. Angular sizes are as measured by
fitting a circular Gaussian component.

4 OPTICAL SPECTROSCOPIC
OBSERVATIONS

To complete our observational study, a low-resolution
(𝜆∕Δ𝜆 ∼ 103) spectrum of TYC 6544-3483-1 was obtained
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F I G U R E 4 Optical spectrum of TYC 6544-3483-1 as observed
with the University of Jaén telescope. The continuum has been
normalized to unity and the most relevant absorption spectral
features are identified.

in March 20, 2023. We used a commercial LISA spectro-
graph attached to the 41 cm University of Jaén telescope
(UJT). This is an educational facility located on the out-
skirts of the Spanish city of Jaén, and occasionally used for
research purposes involving bright targets as in this work
(Martí et al. 2017). The instrument resolving power and
wavelength coverage (including 4,000–7,000 Å) enables a
first spectral classification and search for the emission line
features exhibited by most peculiar star systems (X-ray
binaries, cataclysmic variables, WR stars… ). The final
UJT spectrum is shown in Figure 4. It resulted from a
total of eight exposures of 5 min each median-combined
to get rid of cosmic ray impacts. Data reduction followed
the standard procedure of bias and dark current removal,
flat field correction, and wavelength calibration (using
a Ne-Ar lamp). Different tasks of the IRAF package
were used for these purposes as well as for the spectrum
extraction and analysis.

The resulting Figure 4 spectrum is dominated by nar-
row absorption features that correspond to the Balmer
series (H𝛼, H𝛽, H𝛾 , and H𝛿). In addition, it also exhibits
a clear absorption next to H𝛿 consistent with the so-called
G-band (4,299–4,313 Å), a feature related to CN molecules.
This is commonly seen in F-type stars later than F3
(Kaler 1989). A visual comparison with an extended stellar
library suggests an F5V type as the most plausible spec-
tral classification, whose expected effective temperature is
about 6,700 K. This is also consistent with the available
optical photometry by Høg et al. (2000) (B = 10.72 ± 0.04,
V = 10.30 ± 0.04 and B − V = 0.42 ± 0.06). Given the Gaia
parallax, that points to a nearby 0.34 kpc distance, both the
absolute magnitude and color point to a mid-F-type star
observed under very low extinction (AV ≤ 0.1 mag).

5 DISCUSSION

The key finding of our TYC 6544-3483-1 follow-up study
is the lack of coincidence with none of A and B com-
ponents of NVSS J074454-250522. Given the ±0.01 mas
accurate optical position of the star2 from the third Gaia
Data Release,3 its offset from the two radio components is
a significant arc of about several arc-seconds for both A
and B. Therefore, the optical-radio overlap suggested by
Figure 1 must be considered a mere line-of-sight effect.
This negative result prompted us to consider with strong
care the other hints of TYC 6544-3483-1 peculiarity, in
particular the photometric ones.

A later in-depth investigation of the literature, unex-
pectedly revealed a previously cataloged eclipsing binary
in the TYC 6544-3483-1 field of view, known as CZ Pup
(Wood & Forbes 1963), with orbital period almost identi-
cal to the period apparently present in the light curve of
Figure 2. This fact quickly raised, a posteriori, an alarm
pointing to possible contamination of the TESS light curve
of TYC 6544-3483-1. The close location of the polluting
star is marked in Figure 1. Even if only one or a few edge
pixels of the TESS photometric aperture were affected by
the weak CZ Pup signal, this turned out to be sufficient to
introduce a contaminating periodic modulation wrongly
attributed to TYC 6544-3483-1. This unwanted effect
unavoidably occurred despite TYC 6544-3483-1 dominated
the counts inside the aperture. The large size of TESS pixels
(21 arc-seconds) can certainly cause this kind of problem
and strong caution is needed when interpreting the light
curves with blended objects. This concern has been also
pointed out by other authors in the recent literature
(Pedersen & Bell 2023).

Concerning the apparent mini-flaring events present
in Figure 2, we have also searched for a possible con-
tamination origin that makes it unnecessary to invoke
other exotic phenomena initially considered, such as
lensing effects. And indeed a contaminating culprit was
finally found thanks to the All-Sky Automated Sur-
vey for Supernovae (ASAS-SN) (Jayasinghe et al. 2020;
Shappee et al. 2014), namely the star ASASSN-V
J074444.41-250618.7/GDS_J0744444-250618 currently
classified as an eclipsing binary. Using the ASAS-SN pho-
tometry, we estimated its most likely period to be 3.1108
d, with two minima whose timing coincides with the
apparent mini-flares of TYC 6544-3483-1. Although the
ASAS-SN object was outside the TESS Full Frame Image
used (see its location in the bottom left side of Figure 1),
part of its flux managed to leak towards at least one edge

2 116.2275026111792, −25.088836626280095 in degrees.
3 https://gea.esac.esa.int/archive/.
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pixel inside the region used to evaluate the background.
When removing it, the signal of the two eclipsing minima
translated into unreal flaring excesses.

Comparable background and/or photometric aperture
problems have been reported in the past. For instance, see-
ing fluctuations may translate into fake optical microvari-
ability of quasars if the aperture is not correctly chosen
(Cellone et al. 2000). Spurious effects on gamma-ray light
curves can also be potentially related to the Moon sidereal
period (Abdo et al. 2015).

Taking all previous considerations into account, it
clearly appears that TYC 6544-3483-1 is nothing else
but an ordinary main sequence star since all the evi-
dences for peculiar phenomena vanished after a careful
inspection of the observed data. This statement is fur-
ther supported by the UJT low-resolution spectrum shown
in Section 4, where no emission lines but only normal
absorption features consistent with an F-type star are
present. No peculiar behavior is seen from this star, not
even signs of chromospheric activity. Consequently, the
quasar ICRF J074510.2-245143 remains as the only reli-
able candidate counterpart to the gamma-ray source 4FGL
J0745.4-2447.

6 CONCLUSIONS

The star TYC 6544-3483-1 has finally been revealed to
be a standard stellar object, thus confirming the previ-
ous quasar counterpart candidacy to 4FGL J0745.4-2447.
However, the most relevant outcome of this work is
the lesson learned about the dangers of misinterpre-
tation of subtle effects in otherwise high-quality pho-
tometric databases. The limitation of angular resolu-
tion, mainly at optical but also at radio wavelengths,
has been at the origin of the problem in our case. In
particular, crowded variable objects in the same field
of view can lead to confusing results if not properly
accounted for by identifying and excluding the affected
pixels. TESS light curves are especially prone to this
problem and disentangling the true individual light
curves can then become a very painful task. The source
cross-identification purposes, that originally motivated
this work, require full awareness of this real possibility in
future work.
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