THE ASTROPHYSICAL JOURNAL, 1003:224 (26pp), 2026 June 1
© 2026. The Author(s). Published by the American Astronomical Society.

OPEN ACCESS

https://doi.org/10.3847/1538-4357 /ae66£9

CrossMark

Multiwavelength Outburst Activity from EP J174942.2-384834: A Very Faint X-Ray

Transient Discovered by Einstein Probe

F. Coti Zelati'">? , A Marino'>* , Y. L. Wangl’z’S 6 , M. Veresvarska'*> , N. Rea'? , S. Guillot’ ,
D. A. H. Buckley®®'® N. Rawat®®, S. E. Motta’ @, Y. Xu''®, Z. Li'"*®, Y.-F. Huang'*'"*®, H. Feng''®, L. Tao"' ®,
M. Imbrogn()l’z’15 , G. Illiano > , M. C. Baglio3 , H. Q. Cheng5 ,C.C. Jin>%16 , H. Sun’ , W. Yuans’(’,
F. Carotenuto '’ , R. P. Fender'” , A Coleiro'® , D. Gotz" éOH. L. Li®° , P. Maggi21 ,Y. L. Qiuzo, J. Wang20 , and
L. P. Xin

! Institute of Space Sciences SICE CSIC), Campus UAB, Carrer de Can Magrans s/n, Barcelona, E-08193, Spain; cotizelati@ice.csic.es
Institut d’Estudis Espacials de Catalunya (IEEC), Barcelona, E-08034, Spain
3 INAF—Osservatorio Astronomico di Brera, Via Bianchi 46, 1-23807 Merate (LC), Italy
INAF Istituto di Astrofisica Spaziale e Fisica Cosmica, Via U. La Malfa 153, I-90146 Palermo, Italy
5 National Astronomical Observatories, Chinese Academy of Sciences, 20A Datun Road, Beijing 100101, People’s Republic of China

8 South African Astronomical Observatory, P.O Box 9, Observatory, 7935 Cape Town, South Africa
o Department of Astronomy, University of Cape Town, Private Bag X3, Rondebosch 7701, South Africa
Department of Physics, University of the Free State, PO Box 339, Bloemfontein 9300, South Africa

12 School of Science, Qingdao University of Technology, Qingdao 266525, People’s Republic of China
3 School of Astronomy and Space Science, Nanjing University, Nanjing 210023, People’s Republic of China
Key Laboratory of Modern Astronomy and Astrophysics (Nanjing University), Ministry of Education, People’s Republic of China
15 INAF—Osservatorio Astronomico di Roma, Via Frascati 33, 1-00078, Monte Porzio Catone (RM), Italy
S Institute for Frontier in Astronomy and Astrophysics, Beijing Normal University, Beijing 102206, People’s Republic of China
17 Department of Physics, University of Oxford, Denys Wilkinson Building, Keble Road, Oxford OX1 3RH, UK
18 Université Paris Cité, CNRS, Astroparticule et Cosmologie, F-75013 Paris, France
® Université Paris- Saclay, Université Paris Cité, CEA, CNRS, AIM, 91191, Gif-sur-Yvette, France
20 National Astronomical Observatories, Chinese Academy of Sciences, Beijing 100101, People’s Republic of China
2! Observatoire Astronomique de Strasbourg, Université de Strasbourg, CNRS, 11 rue de 1’Université, F-67000 Strasbourg, France
Received 2026 January 23; revised 2026 April 28; accepted 2026 April 28; published 2026 May 28

Abstract

We report the discovery and multiwavelength characterization of the Galactic transient EPJ174942.2-384834,
first detected by the Einstein Probe during a faint X-ray outburst in 2025 March. Coordinated follow-up
observations revealed two major outbursts and a rebrightening over a 7 month period. Broadband X-ray spectral
modeling shows that the outburst emission was dominated by thermal Comptonization of very soft seed photons.
The absence of a detected thermal disk component, together with the low inferred seed-photon temperature, is
consistent with a cool and possibly truncated accretion disk. The X-ray spectrum remained consistently hard
throughout the outburst activity, with a power-law photon index of I' ~ 1-2, gradually softening as the flux
declined. The optical/UV counterpart brightened in tandem with the X-ray emission and exhibited a blue
continuum with broad Balmer absorption features. Together with the optical/UV-X-ray luminosity correlation,
this supports a disk-dominated origin of the optical /UV outburst emission, with viscous heating likely playing a
major role and irradiation possibly contributing, especially in the UV. No radio counterpart was detected,
implying at most very faint jet activity. Taken together, the observed properties support the classification of
EPJ174942.2-384834 as a very faint X-ray transient black hole candidate. This study demonstrates the ability of
the Einstein Probe to uncover and characterize the faintest accreting compact objects in the Galaxy.

Unified Astronomy Thesaurus concepts: Accretion (14); Low-mass x-ray binary stars (939); Stellar mass black
holes (1611); Time domain astronomy (2109); X-ray transient sources (1852)
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1. Introduction

Low-mass X-ray binaries (LMXBs) hosting either neutron
stars (NSs) or stellar-mass black holes (BHs) are prime
laboratories for studying accretion physics, relativistic out-
flows, and the evolution of compact objects (for recent
reviews, see E. Kalemci et al. 2022; A. Bahramian &
N. Degenaar 2023; T. Di Salvo et al. 2023; for catalogs, see
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M. Armas Padilla et al. 2023; A. Avakyan et al. 2023; F. Fortin
et al. 2024). In these systems, matter transferred from a low-
mass companion star (typically with a mass < 1 M) through
Roche-lobe overflow forms an accretion disk as it spirals
inward toward the compact object (N. I. Shakura &
R. A. Sunyaev 1973). Most LMXBs are transient: they
remain in a quiescent state with X-ray luminosities of
Lx ~ 10%°-10** erg s ', punctuated by outbursts during which
their luminosity increases by several orders of magnitude to
Ly ~ 10°°-10*erg s, lasting from weeks to years (e.g.,
J. M. Corral-Santana et al. 2016; B. E. Tetarenko et al. 2016;
C. O. Heinke et al. 2025). These outbursts are generally well
explained by the disk instability model (DIM), in which
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thermal-viscous instabilities trigger episodic accretion (G. Dubus
et al. 2001; J.-P. Lasota 2001; J. M. Hameury 2020).

Over the past two decades, a subpopulation of very faint
X-ray transients (VEXTs) has emerged, with outbursts peaking
at Ly < 10%ergs™' (e.g., M. Sakano et al. 2005; R. Wijnands
et al. 2006; M. Del Santo et al. 2007; N. Degenaar & R. Wij-
nands 2009; L. Sidoli et al. 2011; M. Armas Padilla et al. 2013;
E. W. Koch et al. 2014; N. Degenaar et al. 2015; C. O. Heinke
et al. 2015; A. Bahramian et al. 2021; M. Stoop et al. 2021;
O. Ahmed et al. 2024; G. Stel et al. 2026). Most VFXTs are
NS systems, as revealed by type-I X-ray bursts or coherent
pulsations at the NS spin period, although a few BH candidates
have shown similarly faint outbursts. These sources are
particularly interesting because they probe accretion in a
regime where radiative efficiency is extremely low, with much
of the energy of the inflowing material advected onto the
compact object or carried away in outflows. Their duty cycles,
recurrence times, and population demographics remain poorly
constrained, largely because their intrinsic faintness places
them below the sensitivity thresholds of all-sky X-ray
monitors. Indeed, most VFXTs have been identified serendi-
pitously through deep, dedicated monitoring of the Galactic
center with sensitive pointed observations (e.g., N. Degenaar
et al. 2012, 2015).

VFXTs display distinctive multiwavelength signatures (e.g.,
M. Armas Padilla et al. 2013; S.-S. Weng & S.-N. Zhang
2015). Their X-ray emission is typically well described by a
power-law spectrum with the photon index I ~ 1-2, consistent
with Compton upscattering of photons from a truncated disk
by an optically thin coronal flow.”> Many sources remain in
this hard state throughout the outburst and exhibit gradual
spectral softening during the decay phase (e.g., R. Wijnands
et al. 2015). In BH systems, this behavior is commonly
interpreted as the signature of the inner flow transitioning into
a radiatively inefficient state as the disk progressively recedes
and is replaced by a hot, geometrically thick flow (e.g.,
R. Narayan & 1. Yi 1994, 1995; K. Menou et al. 2000;
G. Dubus et al. 2001). The optical and UV emission in the
outburst is produced primarily in the outer disk and is often
dominated by viscous heating (e.g., M. Armas Padilla et al.
2013; S.-S. Weng & S.-N. Zhang 2015). In some cases,
compact jets may contribute nonthermal emission up to the
near-infrared (NIR; e.g., R. M. Plotkin et al. 2016; D. M. Russell
et al. 2018). Radio detections remain rare: a few BH VFXTs
exhibit flat or slightly inverted spectra at low X-ray luminosities,
consistent with optically thick, partially self-absorbed synchro-
tron emission from a steady compact jet powered by continuous
particle acceleration (e.g., G. R. Sivakoff et al. 2011;
R. M. Plotkin et al. 2016; M. Stoop et al. 2021). In contrast,
NS VFXTs are systematically more radio-faint (J. van den
Eijnden et al. 2021).

The prospects of detecting and characterizing VFXTs are
now entering a new era after the advent of the Einstein Probe
(EP; W. Yuan et al. 2022, 2025) mission. Thanks to its wide-
field X-ray imaging and high-cadence all-sky coverage, EP can
detect X-ray transients that were previously beyond reach,
enabling detailed studies of the faintest accreting binaries in
our Galaxy. This capability was already demonstrated by the
recent discovery of a transient LMXB, which underwent a

22 Because VFXTS are intrinsically faint, any soft thermal component is only
detectable when observations of sufficiently high quality are available (e.g.,
M. Armas Padilla et al. 2014).
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~20 day faint outburst with multiwavelength properties
consistent with a BH accretor (H. Q. Cheng et al. 2025). This
event highlights the potential of EP to uncover an as-yet-
unseen population of VFXTs.

This paper reports on the discovery and multiwavelength
study of EPJ174942.2-384834 (also known as EP250305a;
hereafter EP J1749), a new VFXT first detected by EP in 2025
March. The rest of the paper is organized as follows: Section 2
details the observing campaign and the data reduction
procedures; Section 3 presents the data analysis and results,
covering the source localization, counterpart identification,
distance estimation, the temporal evolution across all bands,
X-ray timing and spectral properties during the outburst,
optical spectroscopy and radio emission properties, and
constraints on preoutburst activity. Section 4 discusses the
multiwavelength properties of EPJ1749 in the context of
LMXBs. Conclusions follow in Section 5.

2. Observations and Data Processing
2.1. X-Ray Observations

We analyzed X-ray observations of EP J1749 obtained with
multiple observatories between 2025 March and September. A
log of these data is provided in Table Al. Below, we
summarize the reduction procedures and analysis choices
adopted for each instrument.

2.1.1. EP

The Wide-field X-ray Telescope (WXT; H. Cheng et al.
2025; and references therein) on board EP first detected X-ray
emission from EP J1749 on 2025 March 5, after a gap of > 5
months since the previous observation of the field on 2024
September 29. Subsequent WXT monitoring yielded detec-
tions only 4 times between March 5 and March 24 and 15
times between June 8 and July 4, whereas the remaining
observations provided 3¢ upper limits on the observed flux of
an order ~ 107 ''-10" " erg cm 2 s~ '. Because the individual
exposures were relatively short (=~ 1.0-6.2ks) and the
detections were often marginal, we coadded the spectral files
within each of these two intervals to derive more robust flux
estimates through spectral fitting.

The Follow-up X-ray Telescope (FXT; Y. Chen et al. 2021;
Y. Chen et al. 2025; J. Zhang et al. 2025) observed EP J1749
11 times between 2025 April and July, with both telescope
units (FXT-A and FXT-B) operating in full frame (FF) mode
(time resolution of 50 ms). We processed the data using the
fxtchain routine included in the FXT Data Analysis
Software package (H.-S. Zhao et al. 2025), together with the
FXT Calibration Database v1.20. Source photons were
extracted from a circular region of the radius 60” centered
on the source position (see Section 3.1), and the background
was estimated from a concentric annulus with inner and outer
radii of 80” and 160”. The pipeline produced cleaned event
files, spectra, response files, and light curves. For nondetec-
tions, we computed 3o upper limits on the net count rate at the
source position using the sosta tool in ximage, adopting
the same extraction regions; the derived limits were not
strongly sensitive to the exact choice of region size.
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2.1.2. NICER

The Neutron star Interior Composition Explorer (NICER;
K. C. Gendreau et al. 2016) observed EPJ1749 four times
between 2025 March 26 and April 17. We processed the data
using the nicerl2 pipeline and removed intervals affected
by high-energy particle-induced flares from the cleaned event
files with the flaghighenergyflares task in the
nicerutil package.”® Spectral products and background-
subtracted light curves were extracted with nicerl3-spect
and nicerl3-1c, respectively, adopting the SCORPEON
background model in both cases.”* Spectra were grouped to
contain a minimum of 20 counts per energy channel.

2.1.3. NuSTAR

The Nuclear Spectroscopic Telescope Array (NuSTAR;
F. A. Harrison et al. 2013) observed EP J1749 on 2025 March
30-31, with a total elapsed time of ~ 38 ks and an on-source
exposure of ~21.5 ks. We processed the data using nupipe-
line with standard settings. Source events were extracted
from a 100” circular region centered on the source position,
whereas background events were taken from a nearby source-
free circular region of the same size. The source was
significantly detected up to ~40keV, so we adopted the
3-40keV range for all subsequent timing and spectral
analyses. Background-subtracted spectra and light curves for
both focal plane modules (FPMA and FPMB) were extracted
with nuproducts, and the spectra were grouped to contain a
minimum of 50 counts per energy channel.

2.1.4. SVOM/MXT

The Microchannel X-ray Telescope (MXT; D. Gotz et al.
2023), the soft X-ray (0.3-10keV) “lobster-eye” telescope on
board the Space-based multiband astronomical Variable
Objects Monitor (SVOM; B. Cordier et al. 2026), observed
EPJ1749 from 2025 March 30 at 22:42:15 to March 31 at
06:30:59 (UTC). After filtering out intervals affected by stray
light, Earth occultations, and passages through the South
Atlantic Anomaly, the net exposure time was ~ 8.4 ks. The
event-mode data were processed with the MXT pipeline
(P. Maggi et al. 2026). Source detection was performed by
fitting the MXT point-spread function (PSF) using single- to
quadruple-pixel events in the 0.3-10keV band, yielding a
source position of R.A. = 17M49™m37%49, decl. = -38°48/53"7
(J2000.0), with a 90% confidence statistical uncertainty of 45”.
Source and background spectra were extracted from the event
list at that position. For spectral fitting, we used the ancillary
response file (ARF) and redistribution matrix file provided by
the MXT Instrument Centre, after rescaling the 0.3-0.6 keV
AREF to account for the effective-area loss caused by bad pixels
identified by the pipeline. An inspection of the MXT image
and fitted PSF suggests that the observation is affected by non-
X-ray background contamination at a level that is difficult to
quantify. We therefore conservatively treat the MXT flux
measurement as an upper limit.

3 https: / /github.com/georgeyounes /NICERUTIL
https: / /heasarc.gsfc.nasa.gov/docs /nicer/analysis_threads/scorpeon-
overview/

Coti Zelati et al.

2.1.5. Swift/XRT

The Neil Gehrels Swift Observatory (Swift; N. Gehrels
et al. 2004) observed EP J1749 on 29 occasions between 2025
March 30 and September 21, with exposure times typically
ranging from fractions of a kilosecond to a few kiloseconds. In
all cases, the X-Ray Telescope (XRT; D. N. Burrows et al.
2005) operated in photon counting (PC) mode, providing a
time resolution of 2.5s. We processed the data with the
standard xrtpipeline task. The source was detected in
most observations, always at net count rates < 0.4 counts sfl,
so pile-up corrections were not required. For the epochs with
detections, source photons were extracted from a circular
region of a radius ~ 47" centered on the source position,
whereas background events were extracted from an annulus
with inner and outer radii of ~94” and 188", respectively.
Background-subtracted spectra and light curves were obtained
with xselect, ARFs were generated with xrtmkarf, and
the appropriate response matrices were assigned from the
calibration database.

For nondetections, we estimated 3¢ upper limits on the net
count rate at the source position using sosta, following a
procedure similar to that adopted for EP/FXT (Section 2.1.1).
When consecutive observations did not yield a detection, we
additionally stacked the data to derive more stringent upper
limits.

2.2. Ultraviolet Observations

EPJ1749 was observed with the Swift UltraViolet/Optical
Telescope (UVOT; P. W. A. Roming et al. 2005) in image
mode ousing the uvm2°(central Wavelength 2246 A), uvwl
(2600 A), uvw2 (1928 A), and u (3465 A) filters. For each
observation, the individual exposures were coadded to produce
a single summed image per filter. Aperture photometry was
then performed with uvotsource, following standard
UVOT guidelines.”” Source counts were extracted from a
circular region of the radius 5” centered on the source
position, and the background was estimated from a nearby
source-free circular region of the radius 10”. When the source
was not detected above a signal-to-noise ratio of 3, we report
the 30 upper limit on the magnitude returned by uvot-
source. The final dataset contains both detections and upper
limits, primarily in the uvm2 band (Table A2).

2.3. Optical Observations

We used optical imaging and spectroscopic data from the
Asteroid Terrestrial-impact Last Alert System (ATLAS),
SVOM/VT, and the Southern African Large Telescope
(SALT). The reduction procedures adopted for these datasets
are summarized below.

2.3.1. ATLAS

We performed forced photometry (L. Shingles et al. 2021)
at the source position using the ATLAS public image archive
(J. L. Tonry et al. 2018). ATLAS provides photometry in two
broadband filters, narrolely, “c” (cyan; 4200-6500 A) and “0”
(orange; 5600-8200 A). We retrieved all available measure-
ments from 2017 May onward, most of which were obtained in
the o band.

% hitps://www.swift.ac.uk /analysis /uvot /index.php
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To retain only high-quality measurements, we excluded
detections flagged for known photometric issues, required the
centroid coordinates to lie within the inner region of the
detector in order to avoid measurements affected by truncated
PSFs or unreliable local background estimates near the
detector boundaries, and imposed cuts on image depth and
background quality by requiring both the local 5o limiting
magnitude and the sky background to be fainter than 17 mag.

2.3.2. SVOM/VT

We obtained high-cadence optical photometry of EP J1749
with the Visible Telescope (VT; Y.-L. Qiu et al. 2026) on
board SVOM on 2025 March 30-31. A sequence of 100 s
exposures was acquired in the VIz and VTy bands, corresp-
onding to the blue (4000-6500 A) and red (6500-10000 A)
channels of the instrument, respectively, and covering a
time span of ~ 8§ hr. The data were reduced following standard
procedures, including bias subtraction, dark correction,
and flat-fielding. We then performed differential photometry
and applied aperture corrections. Because of the high
stellar density in the field, no isolated stars were available to
derive reliable aperture corrections directly. To reduce
contamination from nearby sources, we adopted a small
aperture radius of r=2.0pix (=~ 1'5). We applied aperture
corrections of AVT; ~ —0.2mag and AVTz ~ —0.4 mag,
derived from a comparison field with lower stellar density. The
relative photometry was calibrated using a bright, isolated
comparison star in the same field (R.A.=17:49:39.62,
decl. = —38:48:42.21; J2000; VIz ~ 1590mag; VIp =~
14.85 mag). This procedure may introduce a systematic offset
of up to 0.1 mag in both bands. The full details of the SVOM/
VT detections are reported in Table A3.

2.3.3. SALT

Two low-resolution spectra of EP J1749 were obtained with
the Robert Stobie Spectrograph (RSS; E. B. Burgh et al. 2003;
H. A. Kobulnicky et al. 2003) on SALT (D. A. H. Buckley
et al. 2006). The observations started on 2025 June 1 at 21:56
UTC and 2025 June 5 at 20:14 UTC, with exposure times of
2400 s in both cases. Observing conditions were clear on both
nights, and the guide-star images showed a full width at half-
maximum (FWHM) between 09 and 1.2. The PG700 grating
provided wavelength coverage from ~ 3100 to 6770 A at a
resolving power of ~ 640. The CCD preprocessing steps
(overscan correction, bias subtraction, gain correction, and
cosmic-ray removal) were carried out with the pysalt?®
package (S. M. Crawford et al. 2010). Wavelength calibration
was derived from CuAr arc exposures obtained at the end of
each science exposure.

The remaining reduction steps were performed using IRAF
and/or pyraf. These included spectral extraction and optimal
extraction (K. Horne 1986) of the science and standard-star
spectra, together with sky subtraction, to derive relative flux
distributions.

2.4. MeerKAT Radio Observations

We monitored EP J1749 with the MeerKAT array (J. Jonas
& MeerKAT Team 2016) as part of the X-KAT Programme

26 For more details on pysalt, visit htp://pysalt.salt.ac.za/.
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(PI: Fender). The campaign comprised 17 weekly observations
obtained between 2025 April 6 and July 27 (Table A4).

All data were acquired in the L band, centered at 1.28 GHz,
with a total processed bandwidth of 0.86 GHz
(856-1712 MHz). The correlator provided 4096 frequency
channels with an integration time of 8 s per visibility. After
initial radio frequency interference (RFI) flagging, the data
were averaged spectrally to 1024 channels to facilitate
processing. Antenna participation ranged from 62 to 64 (out
of 64), yielding baselines up to 7.698 km. Each observation
lasted 15 minutes on source and was bracketed by two 2
minute scans of the secondary calibrator J1726-5529; a single
10 minute scan of the primary calibrator J1939-6342 and a 10
minute scan of the polarization calibrator J1331+3030 were
also obtained.

Semiautomated calibration and imaging were performed
with OXKAT (I. Heywood 2020), a suite of dedicated PYTHON
scripts. Within CASA (T. CASA et al. 2022), we flagged the
outer 100 channels at the band edges, removed autocorrela-
tions and zero-amplitude visibilities, and applied additional
time- and frequency-domain RFI flagging. Solutions for the
flux-density scale, bandpass, and instrumental delay were
derived from the primary calibrator, while residual delays and
complex gains were obtained from the secondary calibrator.
To model the phase calibrator, we temporarily binned the band
into eight equal spectral windows referenced to the flux scale
of the primary calibrator. These solutions were then applied to
the target field. The target data were subsequently split into a
separate measurement set, averaged by a factor of 8 in
frequency, and further cleaned of residual RFI using TRICO-
LOUR (B. V. Hugo et al. 2022).

Imaging was carried out with WSCLEAN (A. R. Offringa
et al. 2014). We first generated a wide-field image (field of
view =~ 1.5 deg?) to construct a deconvolution mask, adopting
a Briggs robust parameter of 0.0. This mask was then used to
reimage the dataset, followed by direction-independent self-
calibration with CUBICAL (J. S. Kenyon et al. 2018) to solve
for phase and delay terms on 32 s intervals.

No significant emission was detected at the nominal position
of EPJ1749 in any individual epoch. We therefore performed
a stacking analysis, grouping epochs according to the X-ray-
inferred source activity. Specifically, we stacked epochs 1-2,
4-8, 11-13, and 14-17, and we also combined all epochs to
produce a deep field image with a total on-source integration
time of 4 hr 15 minutes. Even in the deep image, which
reaches an average rms noise of 27.9 pJy at the position of
EPJ1749, no significant detection was obtained. Table A4
reports the flux-density upper limits derived from the
individual and stacked images.

3. Data Analysis and Results
3.1. Localization, Counterpart Searches, and Distance

Figure 1 shows the optical field around the EP/FXT and
Swift positions, extracted from SVOM/VT data. The first
pointed X-ray observation of the field was carried out using
EP/FXT, starting on 2025 March 24 at 06:02:34 UTC—over
19 days after the initial EP/WXT detection. An uncataloged
X-ray source was detected at a position consistent with
the EP/WXT localization: R.A.= 17h49m42555, decl. = —
38°48’33"5 (J2000.0), with a positional uncertainty of the
7'4 radius at the 90% confidence level (c.l.). Swift follow-up
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Figure 1. Zoomed-in (30” x 30”) VTk-band image extracted from SVOM/VT
observations (2025 March 30-31), centered on the optical counterpart of
EP J1749. The dotted magenta circle (radius 7'4) and the dashed blue circle
(radius 2'4) mark the 90% confidence X-ray localization uncertainties from
EP/FXT and Swift, respectively. The red crosshair indicates the position of
the optical counterpart as reported in Gaia DR3 (see Section 3.1 for details).

observations yielded a more precise position via astrometric
calibration using field stars in the UVOT images (P. A. Evans
et al. 2009): R.A.=17M9m42533, decl. =-38°48/33"4
(J2000.0), with an error radius of 24 (90% c.l.). The
corresponding  Galactic  coordinates are [ ~ 35275,
b ~ —5%, placing the source close to the direction of the
Galactic center, slightly below the Galactic plane.

Within the Swift error circle, two sources are classified
as stars in the Gaia Third Data Release (DR3; Gaia
Collaboration 2023). Using the likelihood ratio formalism by
W. Sutherland & W. Saunders (1992), we identify Gaia DR3
4036709435120357888 as the most probable optical counter-
part of EP J1749 (for details, see Appendix B). This source is
located at R.A.=17M9m42529 4+ (0500003 and decl. =~
38°48/33"2 + 0”0003, with a G-band (3300-10500A) magni-
tude of ~ 19.7 mag and a color index of BP — RP = 1.06 mag.
Optical photometry at the Gaia position shows long-term
variability closely tracking the X-ray emission over the activity
period of EPJ1749 (see Section 3.2). The second candidate
shows no significant variability, supporting the identification
of Gaia DR3 4036709435120357888 as the optical
counterpart.27

The position of the Gaia counterpart matches an NIR source
listed in the DR4.2 release of the VISTA Variables in the Via
Lactea (VVV) survey (R. K. Saito et al. 2012; D. Minniti et al.
2023), which has average magnitudes of J ~ 18.5 mag and
H ~ 18.3mag (Vega). No radio counterpart is detected in
existing surveys (see Appendix C).

* The second Gaia source has a magnitude of G ~20.2 mag (see
Appendix B) and is much fainter than the transient counterpart visible in
Figure 1. Any photometric contamination arising from the different apertures
used in the optical and UV data reduction (see Sections 2.2 and 2.3) is
expected to be negligible.
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Figure 2. Face-on view of the Galactic disk showing the LoS toward EP J1749
(illustration credit: NASA /JPL-Caltech/R. Hurt (synchrotron self-Compton/
Caltech)). The colored segment traces the LoS over the distance range inferred
from the Gaia parallax measurement (see text). The position of EP J1749 is
marked with a star symbol. The inset shows a zoomed-in view around the
position of EP J1749.

The parallax of the Gaia source is w = 0.64 £ 0.51 mas,
which, based on the probabilistic estimate from the Gaia Early
DR3 distance catalog (C. A. L. Bailer-Jones et al. 2021),
corresponds to a geometric distance of d = 6.033 kpc (90% c.
1.). This places EP J1749 at a location consistent with the Near 3
kpc Arm (see Figure 2), at a height of |z| = 0.6170% kpc above
the Galactic plane. Using the 3D extinction and column density
tool by V. Doroshenko (2024),*® we estimated a line-of-sight
(LoS) hydrogen column density Ny = (3.0739) x 102! cm 2
at the Gaia position and the assumed distance. This is
consistent within the uncertainties with that derived from
the modeling of the broadband X-ray spectrum (see
Section 3.5.1). The estimated extinction along the LoS is E
(B — V) =0.27 4+ 0.04 mag. We obtained a consistent value
using the recent 3D dust map of the southern Galactic plane by
C. Zucker et al. (2025).

For all subsequent timing analyses, the arrival times of
photons collected by the various instruments were corrected to
the solar system barycenter using the Gaia-based source
position and the JPL planetary ephemeris DE440 (R. S. Park
et al. 2021). We assumed a source distance of 6 kpc.

3.2. Multiwavelength Temporal Evolution

Figure 3 shows the multiwavelength temporal evolution of
EP J1749 over ~ 220 days (from 2025 mid-February to mid-
September), as observed in the X-ray, UV, and optical bands.
The X-ray flux and photon index are obtained from the spectral
fits described in Section 3.5 and are used here to follow the
evolution across bands. The initial 0.5-10keV observed flux
was ~5 x 10 "' erg cm 2 s™' and remained at comparable

28 hittp:/ /astro.uni-tuebingen.de/nh3d /nhtool
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Figure 3. Multiwavelength temporal evolution of EP J1749. Panel (1): observed 0.5-10 keV fluxes in cgs units (erg cm

~2 57 1) along with the 3¢ upper limits on the

radio flux density in the L band. Panel (2): X-ray photon index. Panel (3): multifilter UV photometry. Panel (4): optical photometry. The orange curve and shaded
area show the GP interpolation and uncertainty envelope for ATLAS o-band data. Horizontal dashed lines mark the quiescent levels in the ATLAS bands. Panel (5):
UV-optical color evolution based on Swift/UVOT uvm?2 and ATLAS o-band data. Vertical lines indicate the epochs of the SALT spectroscopic observations.

levels for about a month following the first X-ray detection on
March 5 (MJID 60739). This was followed by a sharp decline
of more than 2 orders of magnitude over ~ 20 days, after
which the source rebrightened over ~ 1015 days to flux levels
comparable to the initial outburst. The X-ray emission
subsequently began a second decay, eventually dropping
below the Swift/XRT detection threshold by August 10
MJD 60897). A rebrightening, lasting about 2 weeks,
occurred thereafter. Following this episode, the source
transitioned back into quiescence, where it remains at the
time of writing.

The first available UV observation, taken on March 30
(MJD 60744) during the initial phase of enhanced X-ray
emission, detected the counterpart at a magnitude of
~ 17.5 mag (Vega). This detection was followed by a fading
trend interspersed with periods of nondetection. Subsequently,
a renewed UV brightening was measured along with the onset
of the second X-ray outburst, after which the UV emission
again began to fade. Importantly, optical observations revealed

that the counterpart was already brightened by February 12
(MJD 60718; the first available measurement after a ~ 4
month gap in ATLAS observations), several weeks before
X-ray activity was first detected. Although the outburst onset
epoch remains uncertain, this early optical brightening
indicates that the source was already active at the time of
the initial EP/WXT detection. The optical data further reveal a
dimming by ~ 2 mag at the end of the first X-ray outburst,
with a subsequent rebrightening accompanying the second
outburst. Overall, the optical evolution closely mirrors the
behavior seen in both the X-ray and UV bands.

A UV-optical color index was derived using uvm2 and o-
band detections. When no simultaneous measurement was
available (offsets >0.5day), we interpolated the o-band
magnitudes using Gaussian process (GP) modeling (for a
review, see S. Aigrain & D. Foreman-Mackey 2023). Speci-
fically, we modeled the ATLAS o-band light curve with a GP
employing a Matérn-3/2 kernel combined with constant and
white-noise terms. We then used the GP’s predictive mean and
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Figure 4. Top: logarithmically rebinned average PDS of the NuSTAR
3-40 keV data (black), fitted with a zero-centered Lorentzian plus constant
model (orange-dashed curve). Bottom: postfit residuals. The inset in the top
panel shows the fractional rms amplitude in the 0.001-0.1 Hz frequency band
as a function of energy, computed over six energy intervals; the horizontal red-
dashed line marks the mean value.

1o uncertainty to estimate the optical magnitude at the UVOT
epochs. The resulting UV-optical color curve exhibits a
blueward shift during the outburst, consistent with the
emergence of a hot, blue-emitting component.

No radio emission was detected in any individual observa-
tion. To improve sensitivity, we performed a stacking analysis
by grouping observations based on the X-ray flux evolution,
but still obtained nondetections. The resulting 30 upper limits
on the radio flux-density range from 20 to 80 pJy at 1.28 GHz
(see top panel of Figure 3 and Table A4).

3.3. X-Ray Aperiodic Variability and Spectral Trends
3.3.1. Power Spectrum Analysis

To investigate the aperiodic variability of EPJ1749, we
focused on the NuSTAR observation (2025 March 30-31),
which provides both the highest photon statistics and the
longest exposure of our campaign. We selected photons in the
3-40 keV energy range and extracted a time series with 1 ms
resolution. We then computed an averaged power density
spectrum (PDS) by dividing the time series into 512 s
segments, extracting the power spectrum for each segment,
correcting for windowing effects caused by gaps in the data
(see H. El Byad et al. 2025), and applying fractional rms
normalization (T. Belloni & G. Hasinger 1990). We adopted
512 s segments as a compromise between low-frequency
coverage and statistical robustness. This choice sets a
minimum sampled frequency of ~2 x 10> Hz, allowing us
to probe the low-frequency regime where broadband noise and
quasiperiodic features are typically observed in LMXBs, while
retaining a sufficient number of independent segments for
averaging. Repeating the analysis with different segment
lengths yielded consistent PDS shapes. The resulting PDS was
logarithmically rebinned with a frequency resolution of
Av/v = 2%.

Figure 4 shows the PDS restricted to frequencies < 5 Hz. At
frequencies < 0.1 Hz, the PDS exhibits increasing variability
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Figure 5. Top: EP/FXT count rate as a function of fractional rms amplitude
(left) and HR (right). Bottom: HR versus rms amplitude, with points color
coded by the EP/FXT count rate. Net count rates are in the 0.5-10 keV energy
range; rms amplitudes are in the 1-100 mHz frequency range. Error bars are
shown in gray (in some cases, they are smaller than the symbol size).

power toward lower frequencies. To characterize this broad-
band noise, we modeled the PDS using a zero-centered
Lorentzian plus a constant white-noise component. We
obtained maximum-likelihood estimates by minimizing the
chi-squared statistic and assessed parameter uncertainties
using a Markov Chain Monte Carlo (MCMC) sampler.”’ We
obtained y* = 29.37 for 31 degrees of freedom (dof), and the
following best-fit parameters: zero-frequency normalization
N = 19 + 0.2 (rms mean ")?>Hz !, half-width at half-
maximum of the Lorentzian v, = 0.040 + 0.004 Hz, and a
Poisson noise level C = 1.616 + 0.005 (rms mean ') Hz .
All quoted uncertainties refer to 68% credible intervals.

After subtracting the Poisson noise level, we measure a
fractional rms amplitude of 31% =+ 1% over the 1-100 mHz
frequency range (where red noise is prominent) in the
3-40keV energy band. No significant energy dependence of
the rms is detected (see the inset of Figure 4).

3.3.2. Variability across Intensity States

To investigate variability as a function of time and source
intensity, we focused on the EP/FXT data (0.5-10keV energy
range), as they offer the best count statistics across a broad
range of epochs (from 2025 April 1 to 2025 July 13) and
source intensities (see Table Al). From these data, we also
computed hardness ratios (HR), defined as HR = (H — §)/
(H + S), where H and S are the net count rates in the 2—10 keV
and 0.5-2 keV energy bands, respectively.

Figure 5 illustrates how variability and spectral hardness
evolve with the source intensity. We quantified these relation-
ships using Spearman’s rank correlation test. We found a

2 We used the tools included in the nDspec package (M. Lucchini
et al. 2025).
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moderate anticorrelation between rms amplitude and count rate
(Spearman coefficient p = —0.61, p = 0.11), although this is
not statistically significant at the 5% level. In contrast, the HR

strongly correlates with the count rate (p = +40.97,
p = 6.5 x 107°). As a consequence, HR and rms amplitude
also show a moderate anticorrelation (p = —0.57, p = 0.14),

albeit with limited statistical significance. The results hint at a
potential softening of the spectrum when the source becomes
fainter.

3.4. Search for X-Ray Pulsations and Bursts

We searched for coherent X-ray pulsations in the NICER
(2025 March 26-2025 April 17) and NuSTAR (2025 March
30-31) datasets, using techniques designed to account for red-
noise-dominated power spectra (for details, see Appendix D).
No significant periodic signals were detected, with the most
stringent 3¢ upper limit on the pulsed fraction being < 6% in
the 1-1000 Hz range from NuSTAR. We also performed an
acceleration search on NuSTAR data to account for possible
Doppler shifts from orbital motion, yielding no detections with
the most stringent pulsed fraction limit of < 26% (99% c.l.).
Finally, we conducted a burst search across the NICER,
NuSTAR, and EP/FXT observations on multiple timescales,
but found no statistically significant events above a 50
threshold (see Appendix D).

3.5. X-Ray Spectral Analysis
3.5.1. Broadband Spectrum

To investigate the broadband X-ray spectral properties of
EP J1749 during the outburst, we performed a joint fit of the
EP (FXT-A and FXT-B) spectra acquired on 2025 April 1 and
the NuSTAR (FPMA and FPMB) spectra acquired on 2025
March 30-31, during the first outburst. We excluded the
SVOM/MXT spectrum from this analysis, as the source was
only marginally detected, and the data are likely affected by
non—X-ray background contamination (see Section 2.1.4).
Consequently, the MXT data did not provide additional
constraints on the spectral shape beyond those provided by
the FXT and NuSTAR observations.

We jointly fit the spectra using the XSPEC spectral fitting
package (K. A. Arnaud 1996). Interstellar absorption was
modeled with the Tiibingen-Boulder model (TBabs; J. Wilms
et al. 2000), using photoelectric cross sections from
D. A. Verner et al. (1996). We used the Comptonization
model nthComp (A. A. Zdziarski et al. 1996; P. T. Zycki
et al. 1999) to describe the broadband spectrum and assumed
that seed photons originate from a cool, disklike blackbody
component. We also included a multiplicative constant
(const) to account for both the cross-calibration offsets
between instruments and the potential flux variations due to
the nonstrict simultaneity of the EP and NuSTAR observa-
tions. The constant was fixed to unity for the FXT-A data and
allowed to vary for the three other instruments. The model
provided an excellent fit to the data (reduced x* of Xf = 0.95
for 546 dof; null hypothesis probability of 78%), with residuals
showing no systematic trends across the 0.5-40keV energy
range.

Despite the lack of evidence for an additional soft thermal
component and/or reflection features in the residuals, such as
an Fe Ka emission line (see Figure 6), we investigated the
presence of additional spectral components. We first included
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a multicolor disk blackbody (diskbb) to the model, but both
its temperature and normalization were completely uncon-
strained by the fit, indicating that this component was not
statistically required. We also attempted to replace nthComp
with the self-consistent reflection model relxillCp
(J. Garcia et al. 2014), which accounts for both the
Comptonized continuum and its reflection off the disk. While
the model describes well the Comptonization spectrum, all
parameters related to the reflection component, e.g., the
reflection fraction, disk ionization, and inner disk radius,
remained completely unconstrained. We therefore adopted
nthComp alone to describe the continuum.

Table 1 lists the results of the spectral fit. We obtained the
following best-fit parameters: Ny = (2.7 &= 0.2) x 10" cm 2,
fully consistent within uncertainties with the expected Galactic
value along the LoS (see Section 3.1); a photon index of the
Comptonizing component of I' = 1.76 + 0.01; and a
temperature for the electron population of kT, = 17"} keV.
We derived a 30 upper limit on the seed-photon temperature
of < 0.1 keV. These results show that the broadband emission
is dominated by thermal Comptonization of very soft seed
photons. The low inferred seed-photon temperature and the
absence of a directly detected thermal component are
consistent with a cool disk whose emission lies largely below
the observed X-ray band.

3.5.2. Spectral Evolution

To investigate the evolution of the spectral properties over
the course of our observing campaign, we fitted all spectra
with an absorbed power-law model, fixing Ny to the Galactic
value along the LoS at 6 kpc (V. Doroshenko 2024), consistent
with that obtained from the broadband fit. Spectral fitting was
performed using Cash statistics (W. Cash 1979; J. S. Kaastra
2017). Observed and absorption-corrected fluxes in the
0.5-10keV band were measured using the cflux model.
For epochs corresponding to nondetections, we estimated flux
upper limits using WebPIMMS>? assuming an absorbed power-
law model with I = 2.5, consistent with spectral fitting results
at similar flux levels. The results are reported in Table Al and
shown in the two upper panels of Figure 3. During the initial
outburst phase, the X-ray photon index remained in the range
~ 1-2, then mildly softened as the flux declined, and
subsequently hardened again during a second outburst episode.
This behavior is consistent with the results of the HR analysis
(see Section 3.3.2). However, the limited photon statistics in
the faintest intervals prevent us from determining whether the
observed softening reflects the emergence of a thermal
component in the spectrum.

3.6. Short-term Optical Variability

The optical counterpart was detected in all SVOM/VT
exposures collected on 2025 March 30-31 during the first
outburst. The average magnitudes were VIg = 17.22 £
0.02 mag and VT = 17.10 £ 0.02 mag (AB). On the native
100 s cadence of the VT light curves, the VT data show no
significant short-timescale variability, with a 30 upper limit on
the fractional rms variability amplitude of F,, < 1.5%,
whereas the VT light curve shows weak variability with
Fooo = 22% £ 0.1%. Lomb-Scargle (LS) periodograms,

30 https: / /heasarc.gsfc.nasa.gov/cgi-bin/Tools/w3pimms/w3pimms.pl
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Figure 6. Top: unfolded X-ray spectra of EPJ1749 extracted over the
0.5-40 keV energy range from quasi-simultaneous EP/FXT and NuSTAR
observations, along with the best-fit absorbed thermal Comptonization model
(solid curves; for details, see Section 3.5.1). Bottom: postfit residuals. Data
from each instrument are shown in different colors. The spectra have been
rebinned for visual purposes.

Table 1
Results of the Fits to the Broadband (0.5-40 keV) X-Ray Spectrum
of EP J1749 Using an Absorbed Thermal Comptonization Model
(const*TBabs*nthComp)

Parameter Value
CrxTB 1.03 £+ 0.03
Crpma 1.33 + 0.05
CrpmB 1.37 £+ 0.05
Ny (10*' cm™?) 27402
T 1.76 £+ 0.01
KT, (keV) 1723
kT4 (keV) < 0.1
Observed Flux (x10~!! erg cm 2 s7h 52+02
Unabsorbed Flux (x10~! erg em2s7h 574+0.2
Luminosity (x10* erg s™") 25+0.1
X2 (dof) 0.95 (546)

Note. Uncertainties are at the 1o c.1.; the upper limit is at 30. The fluxes and
the luminosity refer to the 0.5-40 keV energy range. The luminosity was
computed assuming a distance of 6 kpc.

computed over timescales accessible to the VT sampling (from
~ 0.05hr to ~ 8hr), reveal no periodic modulation with
semiamplitudes > 0.025 mag at the 99% c.l. The VIg—VTg
color also remained roughly constant, indicating minimal color
evolution.

The SVOM/VT observations were simultaneous with the
NuSTAR observations. However, no significant optical /X-ray
correlation was detected (for details, see Appendix F). We note
that the ~ 100s VT sampling limits sensitivity to rapid
correlated variability.

3.7. Optical Spectroscopy

Figure 7 shows the optical spectra of EP J1749, obtained on
2025 June 1 and 35, covering the 3300-6800 A wavelength
range. Both spectra display a blue continuum with prominent
Balmer absorption features (HZ, H~, H6, He), while no

Coti Zelati et al.

significant feature is detected at the wavelength of Ha. A
broad depression is observed in the bluest portion of the
spectra, consistent with the Balmer jump at 3646 A and with
the blending of higher-order Balmer absorption lines.

To measure the line properties, we normalized each
spectrum using a local continuum fit around each line,
modeled with low-order polynomials and excluding the line
core. Equivalent widths (EWs) and FWHMs were then
measured from the normalized line profiles. Uncertainties
were estimated via MCMC simulations, in which the flux was
perturbed according to the per-pixel uncertainties, and the
continuum was refitted in each realization. The standard
deviation of the resulting EW and FWHM distributions was
adopted as the uncertainty. The results are summarized in
Table 2. The HG/H~ absorption-EW ratio is 1.0 £ 0.2 on 2025
June 1 and 1.1 £ 0.3 on 2025 June 5, indicating that the
relative strengths of the two lines remain consistent within the
uncertainties between the two epochs.

3.8. Multiband Constraints on Preoutburst Activity

Before 2025 March, the field of EP J1749 was observed in
soft X-rays by ROSAT (during its all-sky survey), XMM-
Newton (in three separate Slew Survey observations), and
eROSITA (according to the eROSITA-DE Data Release 1
archive; see A. Merloni et al. 2024). No emission was detected
from EPJ1749 in any of these observations. Table AS lists
these observations and the 30 upper limits on the net count
rates at the source position, obtained using the HIgh-
energy LIght-curve GeneraTor tool (HILIGT'!;
O. Konig et al. 2022; R. D. Saxton et al. 2022). The table
also reports the corresponding flux upper limits estimated
using WebPIMMS, assuming an absorbed power-law model
with Ny = 3 x 10*' cm ™2 and I’ = 2.5. The most constraining
upper limit on the unabsorbed flux was derived from the
eROSITA observation (performed on 2020 March 30),
Fx <3 x 10 "%erg cm 2 s™' (0.5-10keV), corresponding
to a luminosity of Ly < 1.3 x 1033 dZ erg s™' (where dj is the
source distance rescaled at 6 kpc). However, this is not the
most constraining limit on the quiescent X-ray emission from
EP J1749, as a deeper limit of Fyy < 1.4 x 107 ergcm ™2 s™!
was obtained by stacking the EP/FXT observations collected
after the first outburst, on 2025 May 20 and 23 (total exposure,
6.3ks; see Table Al), yielding Ly < 6 x 1032 dZ erg s™'.

To investigate potential preoutburst optical activity of
EPJ1749, we systematically analyzed ATLAS photometric
data collected before the first outburst. We searched for both
isolated brightening events and sustained episodes of enhanced
flux. Apart from a few single-epoch artifacts associated with
spurious measurements, no significant brightening lasting
longer than ~ 1 day with an amplitude 0.5 mag was detected.
We therefore found no compelling evidence for preoutburst
activity in the ATLAS coverage since 2017 May 6. An LS
analysis of the light curves likewise revealed no periodic
variability in the quiescent emission (for details, see
Appendix E).

4. Discussion

The 2025 outburst of EPJ1749 unveiled a previously
unknown Galactic transient, characterized by marked temporal

31 https: / /xmmuls.esac.esa.int/hiligt/
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Figure 7. Flux-calibrated spectra of the optical counterpart to EP J1749 obtained with SALT/RSS on 2025 June 1 (cyan) and June 5 (orange). The spectra show a
blue continuum with multiple absorption features, including Balmer lines (He, Hé, H~, H/3; black labels), as well as interstellar absorption from the CN molecular
band, the Ca Il H and K doublet, the Na D doublet, and the diffuse interstellar bands (DIBs) at 4428, 5780, and 6284 A (gray labels). A narrow [O I] sky emission
line at 5577 A is visible in the June 5 spectrum. The gray-shaded regions mark the wavelength gaps corresponding to the separations between the three CCDs of the

RSS mosaic.

Table 2
Properties of the Balmer Absorption Features in SALT Spectra of the Optical
Counterpart to EP J1749 during the Rising Phase of the Second Outburst

Line Epoch EW FWHM
(A) (kms ")
Hy Jun 1 6.5+ 1.3 4831 + 626
HG Jun 1 6.6 £ 0.8 5487 + 530
Ha Jun 1 < 1.6
Hy Jun 5 48 +0.8 4983 + 472
Hg Jun 5 53+ 13 5399 + 706
Ha Jun 5 <15

Note. Uncertainties are at 1o c.l. Upper limits are at 30 c.1.

evolution from X-rays to optical. Our monitoring campaign
demonstrates that the source underwent two distinct episodes
of enhanced activity over a span of & 7 months, during which
the X-ray flux varied by more than 3 orders of magnitude. This
behavior was accompanied by correlated brightening and
fading of the UV and optical counterpart. Overall, the
observed multiwavelength properties strongly suggest that
the transient was powered by accretion onto a compact object
in an LMXB.

In the following, we examine the emission properties to
investigate the nature of the accretor and the physical
mechanisms governing the outburst, focusing first on the
X-ray spectral and timing characteristics, and then analyzing
the optical and UV behavior, as well as the radio emission. We
finally address the origin of the multiepisodic activity and the
classification of the source as a BH VFXT candidate.

4.1. X-Ray Emission Properties
4.1.1. Outburst Evolution and VFXT Context

In the outburst, the source consistently displayed a hard
X-ray spectrum (I' >~ 1-2) and a low peak luminosity of
Ly ~ 5 x 10% dZ erg s~ " in the 0.5-10 keV energy band (more
than 3 orders of magnitude above the quiescent level). This
behavior makes EP J1749 a compelling candidate member of the
class of VFXTs. As the flux decreased, its X-ray spectrum
softened, with I' increasing up to =~ 2.5 (see Figure 3). From
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the deepest preoutburst and postoutburst nondetections
(Section 3.8), we infer a 0.5— 10 keV quiescent luminosity limit
of Ly q < 6 x 102 dg erg s~'. For compari ison, qulescent BH
LMXBs typically span Ly ~ 10°°-10erg s', while NS
systems more commonly occupy Ly ~ 10°—10** erg s™' (e.g.,
E. Kalemci et al. 2022; A. Bahramian & N. Degenaar 2023;
T. Di Salvo et al. 2023; and references therein). Our upper limit
therefore lies in the region where the two populations overlap
and, by itself, does not uniquely distinguish the nature of the
accretor, owing to the substantial overlap and intrinsic scatter
between the two population3' however, it is fully consistent with
a BH system in quiescence.

With a peak X-ray luminosity of a few x10* erg s~' and
two outbursts plus a rebrightening spread over ~ 220 days,
EP J1749 lies near the bright end of the VFXT regime while
exhibiting a long-lived, multiepisodic activity pattern. The
absence of any comparable optical activity in the ATLAS
archive since 2017 implies a duty cycle < 10% on multiyear
timescales. Such low-luminosity, low-duty-cycle behavior
strengthens the case for a larger, undercounted population of
VFXTs that are difficult to detect in all-sky surveys and are
often missed without sensitive triggers such as those provided
by EP.

—1

4.1.2. I-Lyx Diagnostic: NS versus BH

We compared the X-ray spectral behavior of EP J1749 with
that of well-studied NS and BH LMXBs, focusing on the
correlation between I' and Lx. We employed a Monte Carlo
approach for the statistical comparison (see also M. Stoop et al.
2021). For each data point, we sampled values of I' and
log,o(Lx/erg s™!) from independent Gaussian distributions
centered on their measured values, with standard deviations
equal to their lo uncertainties. To account for sampling
variability, we resampled each synthetic dataset with a replace-
ment—i.e., by randomly selecting data points from the set—until
the new dataset matched the original sample size. We then fitted a
linear relation, T' = a[log,(Ly/ergs™!) — 34] + b, to each
resampled set. This procedure was repeated 10° times for each
population, generating posterior distributions for both the slope
(a) and the offset (b). For EP J1749, we obtained median values
ofa=—-02=+02and b =19 + 0.2 (68% credible intervals).
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Figure 8. Left: X-ray photon index versus 0.5-10 keV luminosity, with 1o error bars, for BH systems (black circles), NS systems (cyan diamonds), and EP J1749
(orange squares). Overlaid are 600 linear regression lines randomly drawn from the Monte Carlo analysis, color coded by population. The NS and BH data are taken
from R. Wijnands et al. (2015), R. M. Plotkin et al. (2017), and A. W. Shaw et al. (2021). Right: posterior distributions of the regression parameters from 10°> Monte
Carlo realizations per population. Probability density function (PDF). Contours represent kernel density estimates enclosing 1%, 10%, 30%, and 50% of the
maximum density. The top and right subpanels show the marginalized posterior probability density functions for the slope and offset, respectively.

The left panel of Figure 8 displays the I'-Ly scatter plot
together with 600 randomly selected regression lines, color
coded by population. The right panel shows the posterior
distributions on the (a, b) plane. EP J1749 overlaps with the
BH posterior distribution in both slope and offset, while it lies
significantly outside the region occupied by NSs. We repeated
the analysis assuming distances of 4 and 8 kpc, consistent with
the uncertainties in the Gaia parallax measurement (see
Section 3.1), and the outcome did not change. To appear
more consistent with the NS correlation rather than with the
BH track, EPJ1749 would need to be located at a distance
225 kpe. This is beyond the expected extent of the Galactic
stellar disk along this LoS (see Figure 2). We thus conclude
that EP J1749 occupies the same I'-Ly parameter space as BH
LMXBs, supporting the presence of a BH accretor.

4.1.3. Constraints on the Accretion Flow

The analysis of the broadband X-ray spectrum shows that
the emission from EPJ1749 is dominated by thermal
Comptonization of soft photons. We derive a moderately hard
photon index (I' ~ 1.8) and a comparatively low electron
temperature for the Comptonizing plasma (K7, = 1771 keV),
implying a spectral rollover within the NuSTAR bandpass.
Such low kT, values have been reported in BH VFXTs (e.g.,
M. Armas Padilla et al. 2014), although BHs in the canonical
hard state more commonly exhibit higher electron tempera-
tures of ~ 30-200keV. In contrast, hard-state NS spectra
frequently show cooler Comptonizing plasmas, plausibly due
to additional cooling from seed photons originating at the
stellar surface and boundary layer, with typical electron
temperatures in the 15-25 keV range, although higher values
are also observed (e.g., M. J. Burke et al. 2017; and references
therein). Given the large uncertainty on our derived k7, and the
lack of spectral coverage above ~ 40keV, we do not regard
this measurement as a decisive diagnostic of the nature of the
accretor.
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The low temperature of the seed photons (< 0.1 keV at 30)
suggests that the accretion disk is truncated far from the
compact object, making any thermal disk component unde-
tectable in the X-ray spectrum and limiting the supply of seed
photons for Comptonization. Additional evidence for disk
truncation is provided by the broadband properties of the PDS
of the NuSTAR data shown in Figure 4. Broadband PDSs can
usually be well fitted with a number of zero-centered
Lorentzians (C. Done et al. 2007). However, the dominant
Poisson noise in the NuSTAR data of EPJ1749 limits the
detectable fraction of the intrinsic variability. Here, we assume
that the zero-centered Lorentzian fit presented in Section 3.3.1
corresponds to v, (C. Done et al. 2007). According to the
propagating accretion-rate fluctuations model (Y. E. Lyubars-
kii 1997; P. Arévalo & P. Uttley 2006), broadband variability
in accreting systems is produced by fluctuations in the
viscosity that originate at large radii and propagate inward
through the accretion flow. In this framework, v, traces the
viscous frequency at the inner edge of the accretion flow,
which evolves during state transitions (C. Done et al. 2007)
and shows correlations with other broadband components and
quasiperiodic oscillations (R. Wijnands & M. van der
Klis 1999). In such a case, the viscous frequency at the
truncation radius can be expressed as v, = a(H/ R)zl/(/), where
« is the (dimensionless) Shakura—Sunyaev viscosity parameter
(N. I. Shakura & R. A. Sunyaev 1973), H/R is the accretion
disk scale height, and 15 = (GM/R%!'/? is the Keplerian
angular frequency evaluated at the truncation radius.*
Assuming a ~ 10M, BH, o ~ 0.1 and H/R ~ 0.1-0.3
(bracketing the cases of a geometrically thin disk and a
moderately thick hot flow; C. Done et al. 2007), and adopting
v, = 0.04 Hz, the inferred truncation radius is in the range
64-275 ry (960—4130 km). Here, r, = GM/C2 ~ 15km is the
gravitational radius for a 10 M, BH. These values are well

32 Some authors instead adopt the orbital frequency, which would rescale the
inferred radius by a factor 2m) /3 at fixed v, @, and H / R (see discussion by
M. Veresvarska & S. Scaringi 2023).
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within the expected, and observed, range for disk truncation
(e.g., C. Done et al. 2007; F. Fiirst et al. 2016; Y. Xu et al.
2017; J. Wang-Ji et al. 2018; A. A. Zdziarski et al. 2022).

All sampled points in the rms—intensity diagram from
the EP/FXT data (see top left panel of Figure 5) lie in a
high-variability regime, with fractional rms amplitudes of
~20%-40% in the 1-100 mHz band. Transient BH LMXBs in
their hard states typically occupy this high-rms branch,
whereas transitions to softer states are accompanied by a
marked drop in rms (T. Mufioz-Darias et al. 2011; for reviews
on accretion states of BH systems, see, e.g., J. Homan &
T. Belloni 2005; R. A. Remillard & J. E. McClintock 2006;
T. M. Belloni 2010; T. M. Belloni & S. E. Motta 2016;
E. Kalemci et al. 2022). Similar patterns are observed in
transient NS LMXBs at sub-Eddington luminosities, although
their detailed tracks can differ due to the additional contrib-
ution from the stellar surface and boundary layer (T. Mufioz-
-Darias et al. 2014). The high-rms amplitudes therefore
independently support the conclusion that EP J1749 remained
in a faint hard state throughout the outburst.

The progressive spectral softening observed as the source
faded is consistent with the behavior reported in several BH
LMXBs (e.g., S. Corbel et al. 2006; M. Armas Padilla et al.
2013; J. Homan et al. 2013; R. M. Plotkin et al. 2013;
R. M. Plotkin et al. 2017; A. W. Shaw et al. 2021). This
phenomenon is often discussed in the context of accretion
flows at very low mass accretion rates, where the geome-
trically thin, optically thick accretion disk is expected to recede
from the compact object, while the inner flow becomes hot,
geometrically thick, and optically thin. Such a configuration is
commonly described in terms of a radiatively inefficient or
advection-dominated accretion flow (see reviews by C. Done
et al. 2007; J. Poutanen & A. Veledina 2014; F. Yuan &
R. Narayan 2014; see also A. A. Esin et al. 1997; E. Gardner &
C. Done 2013; Q.-X. Yang et al. 2015). As the accretion rate
declines, the disk cools, and its characteristic emission shifts to
lower energies (from soft X-rays toward the extreme-UV, UV,
or optical bands), reducing the flux of seed photons available
for Comptonization. At the same time, the decreasing optical
depth of the hot flow reduces the average number of
scatterings. Together, these effects reduce the efficiency in
the production of high-energy photons, weaken the hard X-ray
tail, and result in a progressively softer power-law spectrum.

Taken together, these spectral and timing constraints point
to a persistently truncated accretion geometry, in which a cool
outer disk coexists with a hot inner Comptonizing flow
throughout the outburst. The low seed-photon temperature, the
characteristic variability timescale, the high fractional rms, and
the gradual softening during the decay are all naturally
explained in the framework of accretion at very low rates
through a radiatively inefficient hard-state flow. Although
none of these diagnostics alone can unambiguously distinguish
between a BH and an NS accretor, their combination
strengthens the interpretation of EP J1749 as a BH-like VFXT
that never underwent a transition to a soft state.

4.2. Optical and UV Emission Properties
4.2.1. Quiescent Optical Counterpart

To assess the nature of the optical counterpart in quiescence,
we examined the available archival optical/NIR photometry
under the working assumption that the emission is dominated
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by the companion star. The broadband Gaia DR3 colors of the
identified counterpart, together with the J- and H-band
measurements reported in Section 3.1, are broadly consistent
with a mid-G main-sequence-like companion located at the
distance and reddening inferred above. As an additional check,
we compared the broadband photometry with a simple
reddened blackbody of the effective temperature
Topr = 5.7 X 10°K, adopting E(B — V) = 0.27 and the Milky
Way-average extinction curve of K. D. Gordon (2024) with
fixed Ry = 3.1 for the extinction correction (see Section 3.1).
We fixed the normalization of the model by matching the
dereddened H-band flux, using the reddest available band as a
practical anchor for the SED comparison. With this scaling,
the model reproduces the optical/NIR SED within ~
0.1-0.25 mag. These results show that the current sparse
photometry is broadly compatible with a companion-domi-
nated quiescent SED; they do not rule out a contribution from
residual accretion or a jet.

This comparison should nevertheless be regarded as
indicative only. The SED is sampled in only a few broad
bands, and the blackbody is used as an approximate
representation of the companion continuum. Residual accre-
tion, irradiation, and tidal distortion may affect the observed
colors and luminosity, and we therefore refrain from deriving
detailed stellar parameters such as metallicity or age. Time-
resolved optical spectroscopy in quiescence will be essential to
detect photospheric absorption features, quantify any veiling,
and robustly establish the nature of the companion star.

4.2.2. Origin of the Optical/UV Outburst Emission

During the outburst, the optical emission displays a prominent
blue continuum. To investigate its origin, we examined the
correlation between optical and X-ray emission. We first
extracted daily averages in the ATLAS o band and corrected
them for interstellar extinction by adopting E(B — V) = 0.27
(Section 3.1) together with a standard Milky Way extinction
curve from K. D. Gordon (2024) with fixed Ry, = 3.1 (see also
K. D. Gordon et al. 2009; E. L. Fitzpatrick et al. 2019;
K. D. Gordon et al. 2021; M. Decleir et al. 2022). We focused
on the o band because it offers the densest photometric coverage
and also does not encompass the wavelength range of the broad
Balmer absorption features, providing a cleaner tracer of the
continuum. We then derived the monochromatic luminosity as
Lop: = And® UF » where v is the central frequency of the ATLAS
o band, and F, is the extinction-corrected flux density at that
frequency. We subtracted a constant companion contribution
using the quiescent Gaia G-band photometry. Adopting E
(B —V)=0.27 gives Ag =~ 0.64 and a dereddened G ~ 19.06,
corresponding t0 Ly o = 1.6 X 10¥erg s~! in the ATLAS o
band (this should be regarded as an upper limit because any
residual nonstellar quiescent light would reduce the stellar term).
We matched each companion-subtracted optical luminosity with
an X-ray luminosity measurement within a temporal window of
+ 0.3day (we adopted the 2-10keV band for the X-ray
luminosity to enable direct comparison with the study by
D. M. Russell et al. 2006). This procedure yielded a total of
10 paired data points. Over this sample, Ly op S 9%—34%Loypy
(median ~ 12%).

To account for both measurement uncertainties and intrinsic
scatter, we performed a Bayesian linear regression (B. C. Kelly
2007), sampling the posterior distributions of the slope (5),
intercept (o), and intrinsic random scatter around the best-fit
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Figure 9. Correlation between ATLAS o-band or Swift/UVOT uvm2-band
luminosities and quasi-simultaneous X-ray luminosities. The optical lumin-
osities are corrected for a companion contribution estimated from the
quiescent Gaia G-band flux (see Section 4.2.2). In some cases, error bars
are smaller than the symbol size. The solid lines show the median posterior
linear relations from the Bayesian regression; shaded regions indicate the 68%
credible intervals.

model (oi,) for the relation log,(Lop/erg sh=a+p3
log,o(Ly/erg s™!). We ran the MCMC for at least 5000
iterations and, when needed, extended it up to 10,000 iterations,
checking convergence every 100 steps with the Gelman—Rubin
diagnostic (A. Gelman & D. B. Rubin 1992) and requiring
values below 1.1 for all monitored parameters. The resulting
median values and 68% credible intervals of the posterior
distributions are By, = 0.32997, Qiopy = 23.17%1  and
Oint,opt = 0.101903 dex (see Figure 9). Our measured slope is
significantly lower than theoretical predictions for jet-dominated
emission (B, > 0.7 for BH systems) and for X-ray reprocessing
in the outer accretion disk (Gop = 0.5), and slightly steeper than
the nominal expectations for a viscously heated disk in a BH
system (Bop = 0.15-0.25; D. M. Russell et al. 2006; and refs.
therein; see also M. Coriat et al. 2009). This disfavors a jet-
dominated origin and instead points to predominantly disk
emission during the outburst, with viscous heating likely playing
a major role and irradiation possibly providing an additional
contribution.

We conducted a similar analysis for the UV emission,
employing data from the Swift/UVOT uvm2 filter. After
applying extinction corrections and computing monochromatic
luminosities consistent with the optical analysis, we paired
each uvm?2 measurement with the strictly simultaneous Swift/
XRT-derived X-ray luminosities. The Bayesian regression
yielded posterior medians and 68% credible intervals of
Buy = 044750 ayy = 19 £ 2, and gy v = 0.0773% dex
(see Figure 9).

Our analysis shows that the correlation slope is slightly
steeper in the UV than in the optical, implying that shorter-
wavelength emission responds more strongly to changes in M.
This trend is broadly consistent with an optically thick,
viscously heated disk, for which T'(R) oc M'/*R=3/4, so that
progressively shorter wavelengths are preferentially emitted at
smaller radii and higher temperatures. Since different bands
trace different disk radii, different L,,—M scalings are therefore
expected; in this framework, the larger Gyy indicates that the
uvm?2 emission is more tightly coupled to the hotter inner disk
than the optical o band. At the same time, the relatively large
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Buv could also indicate a contribution from irradiation, which
is expected to be comparatively stronger in the UV band.

An additional clue to the origin of the optical outburst
emission comes from the broad Balmer absorption troughs
detected in the SALT spectra. Similar features have been
reported in a number of LMXBs (e.g., P. J. Callanan et al.
1995; N. Masetti et al. 1997; R. Soria et al. 2000; P. Elebert
et al. 2009; F. Jiménez-Ibarra et al. 2019; A. J. Goodwin et al.
2020; Y. Yao et al. 2021; I. A. Mereminskiy et al. 2022;
L. Asquini et al. 2024; J. M. Corral-Santana et al. 2025). A
recent population study by D. Mata Sanchez et al. (2026)
shows that such broad absorptions are common in LMXB
outbursts, are stronger at shorter wavelengths, and exhibit
nearly constant EW ratios across the population. In particular,
our measured H3/H~ absorption-EW ratios are fully consis-
tent, within uncertainties, with the reported population value of
EWas(HB)/EWas(Hy) = 1.05 £ 0.05. Together, these
properties point to an origin in a stable, optically thick layer
of the accretion disk beneath a hotter, chromosphere-like
region. In this scenario, the absorption strength is further
modulated by line filling and veiling from the X-ray
reprocessed continuum. Within this framework, the blue
continuum and Balmer absorption spectrum of EP J1749 are
consistent with a disk-dominated origin of the optical emission
during the outburst. A detailed investigation of the line-
formation geometry is beyond the scope of this work.

The short-timescale optical variability inferred from
the SVOM/VT light curves is also consistent with BH LMXB
phenomenology. On the native 100 s cadence, the measured
VTR fractional rms variability amplitude of F,,, =
2.2% =+ 0.1% is comparable to the few-percent optical values
reported in BH systems from minute-cadence optical light
curves (e.g., M. C. Baglio et al. 2025; P. Saikia et al. 2026),
placing it well within the range typically seen in BH LMXBs.
This modest fractional rms variability amplitude likely reflects
low-amplitude intrinsic variability superposed on a dominant,
steady disk continuum.

4.3. Implications from Radio Nondetections

In X-ray binaries, radio emission serves as a key diagnostic
of jet activity and offers crucial insights into the coupling
between accretion inflow and outflows. Over the past two
decades, empirical correlations have been established between
the radio luminosity of compact jets (L,) and the X-ray
luminosity of the accretion flow (Lx) in both BH and NS
systems, although with notably different normalizations and
slopes (e.g., D. C. Hannikainen et al. 1998; S. Corbel et al.
2003, 2013; E. Gallo et al. 2003, 2014, 2018; S. Migliari &
R. P. Fender 2006; V. Tudor et al. 2017; J. van den Eijnden
et al. 2021). In particular, BH transients in the hard X-ray state
typically follow a well-known nonlinear relation of the form
L, x L}‘? , with a canonical slope of 3 ~ 0.6, often referred to
as the “standard” or “radio-loud” track.

Our campaign provides a rare opportunity to place a newly
discovered BH VFXT within this framework. Figure 10 shows
the upper limits on the radio luminosity of EPJ1749,
computed assuming a flat radio spectrum, against quasi-
simultaneous X-ray luminosities spanning ~ 1.4 orders of
magnitude. For comparison, we include BH and NS LMXBs
from the literature (for a compilation, see A. Bahramian &
A. Rushton 2022). The radio nondetections place EP J1749
below the standard BH track, suggesting that compact jet
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Figure 10. Radio versus X-ray luminosity for BH (black circles) and NS (cyan diamonds) LMXBs during the hard state. EP J1749 is overplotted using orange
squares (see Section 4.3 for details), while Swift J1727.8—1613 is highlighted with green triangles for comparison. Detections are shown with error bars, while upper
limits on the radio luminosity are indicated with downward-pointing caps. The inset displays only the measurements for EP J1749. The orange diagonal bars
represent the luminosity ranges accounting for the uncertainty on the distance. The gray-dashed line and shaded region indicate the best-fit relation and
corresponding 68% credible interval for BH LMXBs (see E. Gallo et al. 2018).

emission is either intrinsically weak or strongly suppressed
even at accretion luminosities where BH systems often show
steady jets. An instructive comparison is provided by
Swift J1727.8—1613: during its 2023-2024 outburst, this
system followed a stee 6per relation (6 2 1) at higher
luminosities (Ly > 10°°erg s~ '), then transmoned to a
shallower one (3 < 0.3) at lower X-ray luminosities, well
below the standard BH track, before eventually rejoining the
standard track (A. K. Hughes et al. 2025; see Figure 10).
Although EP J1749 is constrained only by radio upper limits
rather than detections, this case shows that large departures
from the canonical BH L,—Lx relation do not by themselves
rule out a BH accretor, but instead point to a broader diversity
in jet—accretion coupling among hard-state BH LMXBs.

We emphasize that the location of EPJ1749 in Figure 10
remains the main source of tension with a BH interpretation, as
the radio upper limits overlap the locus of some NS systems
and fall below the standard BH L,—Ly relation, even when
accounting for distance uncertainties. If the accretor were an
NS, the low radio luminosity would be more naturally
accommodated given the lower normalization of the NS
correlation. At the same time, the behavior of SwiftJ1727.8
—1613 discussed above shows that even confirmed BH
systems can undergo large excursions below the canonical
BH track, plausibly reflecting changes in jet production
efficiency or jet—accretion coupling rather than a different
accretor type. The present radio data alone therefore cannot
discriminate between a radio-faint BH, a transiently
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suppressed or highly variable jet, and an NS accretor, and
primarily indicate the absence of a bright quasi-steady jet
during the sampled epochs. In contrast, several independent
X-ray diagnostics favor a BH accretor: EP J1749 lies on the
BH I'-Ly track, shows strong aperiodic variability character-
istic of hard-state BHs, and exhibits no evidence for coherent
pulsations or thermonuclear bursts. Taken together, these
considerations suggest that EPJ1749 is more plausibly an
unusually radio-faint BH at these luminosities than an NS
system.

4.4. Multiepisodic Outburst Behavior

Based on the classification scheme proposed by G. B. Zhang
et al. (2019), EPJ1749 appears to have undergone two full
outbursts and one rebrightening during our observing
campaign.

Several LMXBs have been observed to exhibit multi-
episodic outbursts (e.g., V. A. Cuneo et al. 2020; X. Dai et al.
2023; S. K. Nath et al. 2024; A. Manca et al. 2025), in which
the light curve departs from a single smooth peak and instead
displays reflares, minioutbursts, or consecutive activity
episodes (see also B. E. Tetarenko et al. 2016). Multiple
mechanisms have been proposed to account for this behavior.
Within the DIM, cooling fronts near the end of an outburst
may stall or reverse, enabling renewed heating-front propaga-
tion and triggering secondary outbursts (e.g., J. M. Hameury
2020). Irradiation and changes in the inner disk structure, such
as truncation and refilling, can further shape this evolution.
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Alternatively, enhanced mass transfer from the companion—
potentially driven by irradiation—can resupply the disk and
reignite accretion. Mass loss through winds or outflows may
additionally modulate the decay and produce rebrightenings.

The recurrence timescale of EP J1749 is broadly consistent
with the viscous timescale at large radii in the accretion flow,
i.e., the timescale on which matter or accretion-rate perturba-
tions drift inward through the disk. For accretion flows around
stellar-mass BHs, this timescale typically ranges from about a
week to a couple of months for plausible values of viscosity
(o = 0.1), mass inflow scale height (H/R = 0.1-0.3), and
outer disk radius (R =~ 10"' cm). Moreover, the optical /UV-X-
ray luminosity correlations of EPJ1749 suggest that the
variability is more consistent with disk-internal accretion-rate
fluctuations than with a strongly irradiation-dominated optical
response (see Section 4.2.2). Overall, these findings are
consistent with DIM-like “reflares,” in which accretion is
reignited on a viscous timescale as parts of the disk remain
warm and ionized following the first detected event.

5. Conclusions

We presented the discovery and multiwavelength character-
ization of the Galactic transient EPJ1749, detected by EP
during a faint X-ray outburst in 2025 March. Follow-up
observations with multiple facilities revealed two major
outbursts and a brief rebrightening over a ~ 7 month period,
during which the X-ray luminosity varied by more than 3
orders of magnitude. The temporal and spectral behavior of
EPJ1749 identifies it as a VFXT that remained in a low-
luminosity, sub-Eddington state throughout its activity. Our
main findings can be summarized as follows:

(1) The X-ray spectrum remained consistently hard
(I' >~ 1-2) throughout the outburst, was well described by
thermal Comptonization of soft seed photons, and lacked any
detectable thermal component. As the source faded, the
spectrum slightly softened, matching the X-ray luminosity
versus spectral evolution seen in BH LMXBs accreting at very
low rates, and thus supporting a BH accretor. The X-ray
emission exhibited strong aperiodic variability (rms =~ 30%).
The PDS displayed a break at a frequency of ~ 0.04 Hz.
Assuming this feature traces the viscous timescale in the inner
flow, it would be consistent with a truncated accretion disk,
with the inferred inner disk edge located at a few tens of
gravitational radii (assuming a ~ 10 M, BH).

(2) The optical and UV counterparts brightened in tandem
with the X-rays and exhibited a blue continuum with broad
Balmer absorption features. Together with the optical /UV-X-
ray correlations, this supports a disk-dominated origin of the
optical /UV outburst emission, with viscous heating likely
playing a major role and irradiation possibly contributing,
especially in the UV.

(3) No radio counterpart was detected during our extensive
monitoring campaign, placing stringent upper limits on jet
activity during this outburst and in the largely unexplored
luminosity regime of VFXTs.

Collectively, the observed properties support the classifica-
tion of EP J1749 as a new VEXT BH candidate, although the
current data do not yet allow for a definitive determination of
the accretor type. Continued monitoring during future out-
bursts and in quiescence, particularly through deeper radio
searches to probe jet activity and time-resolved optical
spectroscopy to dynamically constrain the accretor mass, will

15

Coti Zelati et al.

be crucial to firmly establish its nature. If validated as a BH
system, EPJ1749 would add to the still small but rapidly
growing population of BH VFXTs, offering a valuable probe
of accretion and outflow physics at extremely low mass-
transfer rates. Overall, this study underscores the ability of EP
to uncover and characterize the faintest accreting compact
objects in the Galaxy, opening new avenues for exploring mass
accretion mechanisms at the lowest luminosities.
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Appendix A
Log of Multiband Observations

This Appendix provides a log of the multiwavelength
observational campaign conducted on EPJ1749, along with
archival X-ray observations of the field. Table Al lists all
pointed X-ray observations performed with NICER, Swift/
XRT, NuSTAR, and EP/FXT, along with the corresponding
exposure times, count rates, photon indices, and both observed
and unabsorbed fluxes. Tables A2 and A3 present the results
from Swift/UVOT and SVOM/VT photometry, respectively.
Table A4 summarizes the MeerKAT radio observations.
Table AS reports the archival X-ray observations of the field
performed with ROSAT, XMM-Newton, and eROSITA.
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Table Al
Log of Pointed X-Ray Observations of EP J1749 Along with Spectral Fitting Results
X-Ray Instrument® ObsID Start (UTC) Stop (UTC) Exp. (ks) Count Rate” r Observation/Unabs. Flux® C-stat (dof)
(UTC) (UTC) (ks) (dof)
NICER/X-ray Timing Instrument (XTI) 8205360101 2025-03-26 13:22:40  2025-03-26 21:48:20 12 13.4 + 0.1 1.26 + 0.01 6.7 £ 0.1/7.72:0%3 365.81 (112)
Swift/XRT 00019649001  2025-03-30 15:48:23  2025-03-30 15:48:54 0.03 0.4 + 0.1 1.8+ 06 271/2.659% 5.30 (9)
NuSTAR/FPMA+FPMB 91101307002  2025-03-30 22:06:32  2025-03-31 08:36:23 215 1.243 +£ 0.008  1.75 + 0.01 2.88%092/4.23 4+ 0.07
SVOM/MXT 1426068190 2025-03-30 22:41:06  2025-03-31 06:29:50 8.4 0.18 + 0.01 < 68/<88 178.12 (170)
EP/EXT 11900161664 2025-04-01 06:29:57  2025-04-01 06:55:16 L5 231 4 0.04 170 + 0.03 3.0 £ 0.1 /3.50 + 0.09 69.14 (68)
Swift/XRT 00019649002  2025-04-02 16:46:40  2025-04-02 23:12:11 1. 0.26 + 0.02 1.8+ 0.1 23791 /2.8 £ 0.2 158.82 (178)
EP/FXT 11900166528 2025-04-04 08:11:46  2025-04-04 09:41:51 2.6 1.94 + 0.03 1.75 + 0.03 2.540.1/2.92 + 0.06 110.15 (96)
Swift/XRT 00019649003 2025-04-06 06:38:53  2025-04-06 06:51:53 0.8 0.34 4+ 0.02 1.6 £+ 0.1 24791 /2.8 £ 0.2 144.27 (181)
NICER /XTI 8205360109 2025-04-08 08:06:00  2025-04-08 22:13:16 0.9 8.1 0.1 1.46 £ 0.02 3.337992/3.7479% 132.23 (104)
NICER /XTI 8205360110 2025-04-11 04:33:20  2025-04-11 11:02:20 0.4 524 0.1 1.6273:5% 1.9470:98 /2237947 81.15 (88)
Swift/XRT 00019649004  2025-04-13 09:03:17  2025-04-13 09:18:53 0.9 0.20 + 0.01 1.6402 1.4502/1.7 £ 0.1 108.42 (137)
NICER/XTI 8205360111 2025-04-17 06:06:00  2025-04-17 06:22:20 0.5 2.0 £0.1 1.2976:04 1.09%045/1.035053 46.33 (52)
Swift/XRT 00019649005  2025-04-20 04:59:18  2025-04-20 05:13:53 0.9 0.037 =+ 0.007 2.7+ 04 0.1350:03/0.2050:0% 16.48 (26)
Swift/XRT 00019649006 2025-04-27 02:18:58  2025-04-27 02:31:53 0.8 < 0.02 < 0.06/< 0.09
Swift/XRT 00019649007  2025-05-04 13:51:30  2025-05-04 14:05:53 0.9 < 0.009 < 0.03/< 0.04
Swift/XRT 00019649008 2025-05-11 22:04:47  2025-05-11 22:21:52 1.0 0.012 + 0.004 2.6 + 0.6 0.04934/0.07 + 0.02 8.97 (9)
Swift/XRT 00019649009  2025-05-18 12:57:43  2025-05-18 13:14:55 0.9 < 0.02 < 0.06/< 0.09
EP/FXT 11900236160 2025-05-20 07:36:41  2025-05-20 09:37:33 35 < 0.0l < 0.01/< 0.021
EP/FXT 11900239873 2025-05-23 09:24:49  2025-05-23 10:57:21 2.8 < 0.01 < 0.009/< 0.015
Swift/XRT 00019649010 2025-05-25 02:26:48  2025-05-25 02:41:53 0.9 < 0.009 — < 0.03/< 0.04
EP/FXT 11900246528  2025-05-27 02:46:39  2025-05-27 03:26:13 2.4 0.027 + 0.004 26 +05 0.024+0:997 /0.042-9339 0.07 (2)
EP/FXT 11900251136 2025-05-30 03:07:08  2025-05-30 04:35:57 2.7 0.202 + 0.009 2.0 £ 0.1 0.20 + 0.02/0.24 + 0.02 22.90 (22)
Swift/XRT 00019649011  2025-06-01 21:39:51  2025-06-01 22:05:43 L5 0.052 + 0.006 1.8 402 0.45%093/0.52 + 0.06 44.60 (69)
EP/FXT 11900259712 2025-06-05 01:18:06  2025-06-05 01:51:35 2.0 0.71 + 0.02 1.8 + 0.1 0.817997/1.03 + 0.04 42.67 (30)
Swift/XRT 00019649012 2025-06-08 14:27:14  2025-06-08 22:28:44 1.8 0.17 £ 0.01 154 0.1 2.6703/2.9 + 0.2 160.47 (207)
Swift/XRT 00019649013 2025-06-15 00:45:55  2025-06-15 00:53:44 0.5 0.36 £ 0.03 1.8 £0.1 3.0104/3.6 £ 0.3 122.44 (118)
Swift/XRT 00019649014 2025-06-18 09:31:59  2025-06-18 09:40:21 0.5 0.42 4+ 0.03 1.5+ 0.1 3.5793/3.9 £ 0.3 133.33 (159)
EP/FXT 11900280576 2025-06-22 17:27:31  2025-06-22 20:59:09 3.6 2.52 + 0.03 1.63 + 0.03 3.505094/4.05 + 0.06 158.17 (157)
Swift/XRT 00019649016 2025-06-26 23:27:40  2025-06-26 23:34:47 0.4 0.15 + 0.02 19+ 02 2.7408/33 + 0.4 39.97 (53)
EP/FXT 11900289792 2025-06-29 12:35:17  2025-06-29 16:06:45 3.8 1.94 + 0.02 1.63 + 0.03 2.6510%/3.07 + 0.05 143.93 (132)
Swift/XRT 00019649017 2025-07-01 04:29:19  2025-07-01 18:53:46 12 0.32 + 0.02 1.7+ 0.1 2.4 +02/2.9%07 208.37 (224)
Swift/XRT 00019649018 2025-07-03 00:20:06  2025-07-03 17:37:44 12 0.25 + 0.01 154 0.1 2.3 4 0.2/2.6%02 149.30 (197)
EP/FXT 11900298240  2025-07-06 02:41:04  2025-07-06 09:16:24 14 1.42 + 0.03 1.74 + 0.07 1.8 4 0.1/2.2 + 0.1 45.10 (43)
Swift/XRT 00019649019 2025-07-11 19:59:02  2025-07-11 21:43:44 15 0.23 + 0.01 1.8+ 0.1 1.477°0% /1.8 £ 0.1 149.01 (207)
EP/FXT 11900307584  2025-07-13 02:56:58  2025-07-13 06:25:19 2.6 0.94 4 0.02 1.82 + 0.07 1.10 £ 0.07/1.324397 42.70 (48)
Swift/XRT 00019649020  2025-07-17 06:52:05  2025-07-17 11:48:45 1.6 0.17 4 0.01 1.6 + 0.1 1.3192/1.4 £ 0.1 165.33 (188)
Swift/XRT 00019649021  2025-07-22 12:51:13  2025-07-22 13:12:44 1.3 0.19 + 0.01 1.7+ 0.1 1.03 + 0.08/1.2 + 0.08 132.82 (169)
Swift/XRT 00019649022 2025-07-27 01:58:47  2025-07-28 02:57:43 1.3 0.11 + 0.01 1.7 £ 0.1 0.75044/0.8175 02 118.22 (119)
Swift/XRT 00019649023 2025-08-03 08:12:50  2025-08-03 11:25:44 0.9 0.029 + 0.006 14404 0.24 + 0.07/0.2653:%¢ 25.10 (24)
Swift/XRT 00019649024  2025-08-10 02:00:30  2025-08-10 14:41:52 1.7 < 0.01 < 0.03/< 0.05
Swift/XRT 00019649025 2025-08-17 19:29:09  2025-08-17 19:42:54 0.8 0.041 = 0.007 1.9 £ 04 0.247992 /0.3079:%8 37.44 (30)
Swift/XRT 00019649026 2025-08-24 16:18:04  2025-08-24 16:26:53 0.5 0.026 = 0.007 13406 0.24+0:% /0.26+0:38 15.87 (11)
Swift/XRT? 00019649028 2025-08-30 01:09:48  2025-08-30 21:52:53 1.7 0.004 + 0.002 15407 0.03 4 0.01/0.0479% 10.60 (13)

1 aunf 970z ‘(dd9g) +2z:€001 “TVNINO[ TVOISAHIOYISY TH]J,

Te 19 NPz 10D
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Table Al
(Continued)
X-Ray Instrument® ObsID Start (UTC) Stop (UTC) Exp. (ks) Count Rate® r Observation/Unabs. Flux® C-stat (dof)
(UTC) (UTC) (ks) (dof)
SWift/XRTd 00019649029 2025-09-07 00:42:06 2025-09-07 19:36:52 2.0 0.003 + 0.001 1.5 £0.7 0.03 + 0.01/0.041“8:8% 10.60 (13)
Swift/XRT® 00019649030 2025-09-16 08:24:09 2025-09-16 22:35:53 2.1 < 0.009 < 0.03/< 0.04
Swift/XRT® 00019649031 2025-09-21 05:18:39 2025-09-21 05:22:02 0.2 < 0.009 < 0.03/< 0.04

Notes. Observation ID (ObsID).

% All Swift XRT observations were performed in PC mode; all EP observations were performed with both FXT detectors in FF mode.
® The count rate is in the 0.5-10 keV energy range, except for NuSTAR (3—40 keV). Upper limits are quoted at 3o confidence level.
€ The flux is in the 0.5-10 keV energy range. Upper limits are computed assuming an absorbed power-law model with Ny = 3.0 x 10*' cm 2 and I' = 2.5, and are quoted at the 30 c.l.

4 These spectra were fitted together.
¢ The datasets of these observations were coadded to improve sensitivity.

1 aunf 970z ‘(dd9g) +2z:€001 “TVNINO[ TVOISAHIOYISY TH]J,

Te 19 NPz 10D
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Table A2

Log of Swift/UVOT Observations and Photometry Results
ObsID Start (UTC) Stop (UTC) Filter Magnitude®
00019649001 2025-03-30 15:48:23 2025-03-30 15:48:54 uvm?2 > 174
00019649002 2025-04-02 16:46:44 2025-04-02 16:49:55 uvm?2 17.3 £ 0.1
00019649002 2025-04-02 22:59:12 2025-04-02 23:12:14 uvm?2 17.61 £ 0.08
00019649003 2025-04-06 06:38:53 2025-04-06 06:51:53 uvwl 17.38 £ 0.07
00019649004 2025-04-13 09:03:17 2025-04-13 09:18:53 uvm?2 18.2 £ 0.1
00019649005 2025-04-20 04:59:18 2025-04-20 05:13:53 uvw2 193 £ 0.2
00019649006 2025-04-27 02:18:58 2025-04-27 02:31:53 u > 20.0
00019649007 2025-05-04 13:51:30 2025-05-04 14:05:53 uvwl > 19.8
00019649008 2025-05-11 22:04:47 2025-05-11 22:21:52 uvm?2 192 £ 0.2
00019649009 2025-05-18 12:57:43 2025-05-18 13:14:55 uvw2 > 19.9
00019649010 2025-05-25 02:26:48 2025-05-25 02:41:53 u 18.7 £ 0.1
00019649011 2025-06-01 21:39:51 2025-06-01 22:05:43 uvm?2 18.09 £ 0.09
00019649012 2025-06-08 14:27:14 2025-06-08 22:28:44 uvm?2 17.58 £ 0.06
00019649013 2025-06-15 00:45:55 2025-06-15 00:53:44 uvm?2 17.5 £ 0.1
00019649014 2025-06-18 09:31:59 2025-06-18 09:40:21 uvm?2 17.5 £ 0.1
00019649016 2025-06-26 23:27:40 2025-06-26 23:34:47 uvm?2 17.65 £ 0.11
00019649017 2025-07-01 04:29:19 2025-07-01 18:53:46 uvm?2 17.77 £ 0.08
00019649018 2025-07-03 00:20:06 2025-07-03 17:37:44 uvm?2 17.80 £ 0.08
00019649019 2025-07-11 19:59:02 2025-07-11 21:43:44 uvm?2 18.0 £ 0.1
00019649020 2025-07-17 06:52:05 2025-07-17 11:48:45 uvm?2 17.89 £ 0.08
00019649021 2025-07-22 12:51:13 2025-07-22 13:12:44 uvm?2 18.01 £ 0.09
00019649022 2025-07-27 01:58:47 2025-07-28 02:57:43 uvm?2 18.2 £ 0.1
00019649023 2025-08-03 08:12:50 2025-08-03 11:25:44 uvm?2 19.0 £ 0.2
00019649024 2025-08-10 02:00:30 2025-08-10 14:41:52 uvm?2 > 199
00019649025 2025-08-17 19:29:09 2025-08-17 19:42:54 uvm?2 189 £ 0.2
00019649026 2025-08-24 16:18:04 2025-08-24 16:26:53 uvm?2 19.3 £ 0.3
00019649028"" 2025-08-30 01:09:48 2025-08-30 21:52:53 uvm?2 > 20.4
00019649029 2025-09-07 00:42:06 2025-09-07 19:36:52 uvm?2 > 204
00019649030°> 2025-09-16 08:24:09 2025-09-16 22:35:53 uvm?2 > 20.1
00019649031 2025-09-21 05:18:39 2025-09-21 05:22:02 uvm?2 > 20.1
Notes.

# All magnitudes are in the Vega system. Reported values are either detections with 1o uncertainties (combining statistical and systematic errors in quadrature) or 3¢

upper limits.

b Images from these datasets were coadded to improve sensitivity.
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Table A3
Log of SVOM/VT Observations and Photometry Results

Coti Zelati et al.

Start (UTC)

Stop (UTC)

Band

Magnitude (AB)

2025-03-30 22:44:11
2025-03-30 22:45:51
2025-03-30 22:47:31
2025-03-30 23:51:14
2025-03-30 23:52:54
2025-03-30 23:54:34
2025-03-30 23:56:14
2025-03-30 23:57:54
2025-03-30 23:59:34
2025-03-31 00:01:14
2025-03-31 00:02:54
2025-03-31 00:04:34
2025-03-31 00:06:14
2025-03-31 00:07:54
2025-03-31 00:09:34
2025-03-31 00:11:14
2025-03-31 00:12:54
2025-03-31 00:14:34
2025-03-31 00:16:14
2025-03-31 00:17:54
2025-03-31 00:19:34
2025-03-31 00:21:14
2025-03-31 00:22:54
2025-03-31 00:24:34
2025-03-31 01:26:39
2025-03-31 01:28:19
2025-03-31 01:29:59
2025-03-31 01:31:39
2025-03-31 01:33:19
2025-03-31 01:34:59
2025-03-31 01:36:39
2025-03-31 01:38:19
2025-03-31 01:39:59
2025-03-31 01:41:39
2025-03-31 01:43:19
2025-03-31 01:44:59
2025-03-31 01:46:39
2025-03-31 01:48:19
2025-03-31 01:49:59
2025-03-31 01:51:39
2025-03-31 01:54:59
2025-03-31 01:56:39
2025-03-31 01:58:19
2025-03-31 01:59:59
2025-03-31 02:01:39
2025-03-31 03:05:23
2025-03-31 03:07:03
2025-03-31 03:08:43
2025-03-31 03:10:23
2025-03-31 03:12:03
2025-03-31 03:34:34
2025-03-31 03:36:14
2025-03-31 03:37:54
2025-03-31 03:39:34
2025-03-31 04:40:48
2025-03-31 04:42:28
2025-03-31 04:44:08
2025-03-31 04:45:48
2025-03-31 04:47:28
2025-03-31 04:49:08
2025-03-31 04:50:48
2025-03-31 06:17:53
2025-03-31 06:19:33
2025-03-31 06:21:13

2025-03-30 22:45:51
2025-03-30 22:47:31
2025-03-30 22:49:11
2025-03-30 23:52:54
2025-03-30 23:54:34
2025-03-30 23:56:14
2025-03-30 23:57:54
2025-03-30 23:59:34
2025-03-31 00:01:14
2025-03-31 00:02:54
2025-03-31 00:04:34
2025-03-31 00:06:14
2025-03-31 00:07:54
2025-03-31 00:09:34
2025-03-31 00:11:14
2025-03-31 00:12:54
2025-03-31 00:14:34
2025-03-31 00:16:14
2025-03-31 00:17:54
2025-03-31 00:19:34
2025-03-31 00:21:14
2025-03-31 00:22:54
2025-03-31 00:24:34
2025-03-31 00:26:14
2025-03-31 01:28:19
2025-03-31 01:29:59
2025-03-31 01:31:39
2025-03-31 01:33:19
2025-03-31 01:34:59
2025-03-31 01:36:39
2025-03-31 01:38:19
2025-03-31 01:39:59
2025-03-31 01:41:39
2025-03-31 01:43:19
2025-03-31 01:44:59
2025-03-31 01:46:39
2025-03-31 01:48:19
2025-03-31 01:49:59
2025-03-31 01:51:39
2025-03-31 01:53:19
2025-03-31 01:56:39
2025-03-31 01:58:19
2025-03-31 01:59:59
2025-03-31 02:01:39
2025-03-31 02:03:19
2025-03-31 03:07:03
2025-03-31 03:08:43
2025-03-31 03:10:23
2025-03-31 03:12:03
2025-03-31 03:13:43
2025-03-31 03:36:14
2025-03-31 03:37:54
2025-03-31 03:39:34
2025-03-31 03:41:14
2025-03-31 04:42:28
2025-03-31 04:44:08
2025-03-31 04:45:48
2025-03-31 04:47:28
2025-03-31 04:49:08
2025-03-31 04:50:48
2025-03-31 04:52:28
2025-03-31 06:19:33
2025-03-31 06:21:13
2025-03-31 06:22:53

20

VTs, VTx
VTg, VTr
VTs, VIR
VTg, VIx
VTs, VTR
VTg, VTR
VT, VTk
VTg, VTr
VTs, VTx
VTg, VTx
VTg, VTx
VTg, VTr
VT, VTx
VTg, VTx
VTg, VTx
VTg, VTR
VTg, VTr
VTg, VTr
VTg, VTr
VTg, VTR
VTg, VTx
VTg, VTR
VTg, VTr
VTg, VTR
VTg, VTR
VTg, VTR
VTg, VTx
VTg, VTR
VTg, VTr
VTg, VTR
VTg, VTx
VTg, VTx
VTg, VTr
VTs, VIR
VTg, VTx
VTg, VTr
Vg, VTx
VTg, VTx
VTg, VTx
VTs, VIR
VTg, VTx
VTg, VTx
VTg, VIx
VTs, VIR
VTg, VTx
VTg, VTr
Vg, VTx
VT, VTk
VTg, VTx
VTs, VTx
VT's
VTs, VTR
VTg, VTx
VTs, VTx
VTg, VTx
VTg, VTr
VTg, VTR
VTs, VTR
VTg, VTr
VTg, VTr
VTg, VTR
VTg, VTx
VTg, VTr
VT, VTx

17.19 £ 0.02, 17.09 &+ 0.02
17.21 £ 0.02, 17.07 = 0.02
17.19 £ 0.02, 17.04 & 0.02
17.21 £ 0.02, 17.11 £+ 0.02
17.20 £ 0.02, 17.05 &+ 0.02
17.20 £ 0.02, 17.12 £+ 0.02
17.21 £ 0.02, 17.05 &+ 0.02
17.22 £ 0.02, 17.10 &= 0.02
17.23 £ 0.02, 17.06 & 0.02
17.20 £ 0.02, 17.10 & 0.02
17.23 £ 0.02, 17.07 &+ 0.02
17.23 £ 0.02, 17.06 = 0.02
17.20 £ 0.02, 17.08 & 0.02
17.22 £ 0.02, 17.06 & 0.02
17.23 £ 0.02, 17.13 £+ 0.02
17.22 £ 0.02, 17.08 & 0.02
17.20 £ 0.02, 17.05 + 0.02
17.23 £ 0.02, 17.08 &+ 0.02
17.22 £ 0.02, 17.07 &+ 0.02
17.22 £ 0.02, 17.07 £ 0.01
17.21 £ 0.02, 17.07 &+ 0.02
17.23 £ 0.02, 17.09 &+ 0.02
17.23 £ 0.02, 17.06 & 0.02
17.23 £ 0.02, 17.10 &= 0.02
17.21 £ 0.02, 17.10 & 0.02
17.22 £ 0.02, 17.14 &+ 0.02
17.23 £ 0.02, 17.16 + 0.02
17.22 £ 0.02, 17.15 &+ 0.02
17.22 £ 0.02, 17.11 £ 0.02
17.22 £ 0.02, 17.14 £ 0.03
17.21 £ 0.02, 17.13 £+ 0.02
17.24 £ 0.02, 17.13 &+ 0.02
17.25 £ 0.02, 17.17 £ 0.03
17.23 £0.02, 17.11 & 0.02
17.24 £ 0.02, 17.11 &+ 0.02
17.23 £ 0.02, 17.07 &+ 0.02
17.20 £ 0.02, 17.11 £ 0.02
17.21 £ 0.02, 17.11 £ 0.02
17.22 £ 0.02, 17.08 = 0.01
17.23 £0.02, 17.13 + 0.02
17.20 £ 0.02, 17.08 & 0.02
17.22 £ 0.02, 17.14 £+ 0.02
17.21 £ 0.02, 17.07 = 0.02
17.21 £ 0.02, 17.07 & 0.02
17.21 £ 0.02, 17.10 & 0.02
17.22 £ 0.02, 17.06 &+ 0.02
17.19 £ 0.02, 17.05 £+ 0.01
17.22 £ 0.02, 17.11 &+ 0.02
17.24 £ 0.02, 17.10 & 0.02
17.22 £ 0.02, 17.07 & 0.02
17.23 £ 0.02
17.24 £ 0.02, 17.12 + 0.02
17.20 £ 0.02, 17.05 £ 0.02
17.22 £ 0.02, 17.10 & 0.02
17.23 £ 0.02, 17.11 £+ 0.02
17.23 £ 0.02, 17.11 £+ 0.02
17.21 £ 0.02, 17.14 = 0.02
17.20 £ 0.02, 17.06 + 0.02
17.24 £ 0.02, 17.10 &= 0.02
17.24 £ 0.02, 17.09 &+ 0.02
17.25 £ 0.02, 17.10 & 0.02
17.24 £ 0.03, 17.15 + 0.02
17.21 £ 0.02, 17.06 &+ 0.02
17.20 £ 0.02, 17.06 & 0.02
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Table A3
(Continued)

Coti Zelati et al.

Start (UTC) Stop (UTC) Band Magnitude (AB)

2025-03-31 06:22:53 2025-03-31 06:24:33 VTg, VIr 17.21 £ 0.02, 17.08 + 0.02

2025-03-31 06:24:33 2025-03-31 06:26:13 VTg, VTr 17.23 + 0.02, 17.08 + 0.02

2025-03-31 06:26:13 2025-03-31 06:27:53 VTg, VIR 17.23 £ 0.02, 17.12 + 0.02

2025-03-31 06:27:53 2025-03-31 06:29:33 VTg, VIr 17.24 £ 0.02, 17.07 £ 0.02

2025-03-31 06:29:33 2025-03-31 06:31:13 VTg, VIx 17.24 £ 0.02, 17.12 + 0.02
Table A4

Log of MeerKAT Observations and 3¢ Upper Limits on the Flux Density in the L Band

Epoch ObsID Observation Start Date Flux Density Flux Density [Stacked]
YYYY-MM-DD hh:mm:ss
(UTC) (udy) (udy)
1 1743901392 2025-04-06 01:04:42 <579 < 62.0
2 1744418777 2025-04-12 00:47:47 < 66.4
3 1745184398 2025-04-20 21:28:06 < 68.4
4 1745797469 2025-04-27 23:45:57 <716 < 36.3
5 1746313275 2025-05-03 23:02:43 <778
6 1746915367 2025-05-10 22:17:34 <73.0
7 1747597679 2025-05-18 19:49:39 <794
8 1747944679 2025-05-22 20:11:52 <75.6
9 1748721677 2025-05-31 20:02:46 < 67.8
10 1749501064 2025-06-09 20:31:37 < 69.6
11 1750009695 2025-06-15 19:43:51 <737 < 483
12 1750612578 2025-06-22 17:17:46 < 64.8
13 1751216713 2025-06-29 17:06:42 < 674
14 1751822175 2025-07-06 17:17:43 <713 < 189
15 1752252335 2025-07-11 16:47:03 < 589
16 1752852856 2025-07-18 15:37:09 < 633
17 1753636519 2025-07-27 17:16:47 <579
Note. All observations lasted 15 minutes. Observation ID (ObsID).
Table AS
Archival Observations of EP J1749 in the Soft X-Ray Band
Observation Observation/Unabs.
Mission Date Exp. Count Rate” Flux"
YYYY-
MM-DD
(s) (counts s~ 1) (10’]2 erg cm 2 s7h
ROSAT 1990-08-30 219 < 0.06 <13/<19
XMM- 2006-09-20 30 < 0.25 < 0.6/< 0.8
Newton
2015-09-28 7 < 1.07 <23/<35
2018-09-07 7 < 1.26 <28/< 4.1
eROSITA 2020-03-30 105 < 0.14 <02/<03
Notes.

% Count rates refer to the 0.2-2 keV band for ROSAT and the 0.2-12 keV band for XMM-Newton and eROSITA.
® Flux upper limits are quoted at the 30 cl., and are computed over the 0.5-10keV energy range assuming an absorbed power-law model with

Ny = 30 x 10" ecm 2 and T = 2.5.
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Appendix B
Gaia Counterpart Identification

Within the Swift error circle, we identify two stars listed in
Gaia DR3 (Gaia Collaboration 2023). The closest, Gaia DR3
4036709435120357888, has a magnitude of G ~ 19.7mag, a
color index of BP-RP=1.06 mag, and lies 0'47 from the
nominal Swift position. The second, Gaia DR3 40367094351
20359168, has a magnitude of G ~ 20.2 mag (with no available
color information) and is located 154 away.

We quantified the probability of association using the
likelihood-ratio (LR) method described by W. Sutherland &
W. Saunders (1992), which compares the probability that a
given source is the true counterpart against the probability that
it is an unrelated field object. Specifically, we define

_ qmf ()

n(m)

LR (BD)

where g(m) is the expected distribution of the optical counter-
parts as a function of magnitude, f(r) is the 2D Gaussian
probability density of the positional offset r between the X-ray
and optical positions, and n(m) is the local surface density of
Gaia sources of the magnitude m. We estimate n(m) using an
annular region between 5’ and 15’ from the X-ray position—
broad enough to avoid contamination from any local overdensity
of unrelated sources, yet close enough to sample the same stellar
population and extinction as the target field. The reliability of
the candidate i being the correct counterpart is then given by

LR;

Ri= ,
ZjLR,Jr (1 -0

(B2)
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where the sum runs over the two identified candidates for
EP J1749, and Q is the probability that the optical counterpart of
the X-ray source is brighter than the Gaia magnitude limit
(G < 20.7 mag™). Assuming Q = 0.9, we find LR = 2.26 and
R = 0.81 for the nearest Gaia source, and LR =0.42 and
R = 0.15 for the other Gaia source. Varying Q between 0.5 and
1.0 changes the nearest-source reliability from 0.63 to 0.84.
These findings point to Gaia DR3 4036709435120357888 as the
optical counterpart of EP J1749.

Appendix C
Archival Radio Imaging

We searched for a radio counterpart to EP J1749 in the
Rapid ASKAP Continuum Survey (RACS; central fre-
quency of 887.5MHz; D. McConnell et al. 2020;
C. L. Hale et al. 2021) and the Karl G. Jansky Very Large
Array Sky Survey (VLASS; 3 GHz; M. Lacy et al. 2020).
We retrieved 1’ radius Stokes-I image cutouts centered on
the source position from the RACS-DRI1 data via the
CSIRO ASKAP Science Data Archive,** and from VLASS
via the Canadian Astronomy Data Centre.** In particular, the
position of EP J1749 was covered using the Very Large Array
on 2019 July 5, 2022 February 14, and 2024 September 21. No
emission was detected at the position of EPJ1749 in either
RACS or VLASS images (see Figure C1). We estimated the
local rms background noise using an annular region with inner
and outer radii of 30” and 50", respectively. We then computed
30 upper limits on the brightness of any radio emission at the
source position as 3xrms noise, obtaining ~ 0.8 mJy beam '
at 887.5 MHz and ~ 0.4 mJy beam ' at 3 GHz.

3 See https: //www.cosmos.esa.int/web/gaia/science-performance.
3 hitps: //research.csiro.au/casda/
35 https:/ /www.cadc-ccda.hia-iha.nrc-cnre.gc.ca/en/vlass/
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Figure C1. Top left: 1’ x 1/ radio Stokes-I intensity maps from the RACS survey, shown in units of mJy beam™" (central frequency of 887.5 MHz). The blue cross
marks the target position. The dashed and solid black circles denote the inner and outer boundaries of the annular region (30”-50") centered on the source position
used for noise estimation. The beam size is shown as a black ellipse in the bottom left. Top right: histogram of pixel values within the annulus. Vertical dashed lines
mark +10 and 43¢ from the median. Bottom: same layout as above, but using a cutout from the VLASS survey (central frequency of 3 GHz).

Appendix D
X-Ray Timing and Burst Search Methodology

We searched for periodic X-ray signals using the NICER
and NuSTAR datasets, given their superior time resolution and
count statistics.

We first applied the method developed by G. L. Israel &
L. Stella (1996), which is optimized for detecting periodic signals
in the presence of red noise in the power spectrum. In short, we
computed the Leahy-normalized PDS from the event files and
applied an ad hoc smoothing algorithm to estimate the local
continuum around each frequency bin. The raw PDS was then
divided by the smoothed continuum to produce a whitened
spectrum. No statistically significant peaks were detected in this
spectrum above a 3.5¢0 threshold, accounting for the number of
independent frequency trials. The most stringent upper limit on the
pulsed fraction was obtained from the NuSTAR data: < 6% over
the 1-1000 Hz frequency range (30; assuming a sinusoidal signal).

We conducted complementary searches using only the
NuSTAR data. First, we employed a Fourier-domain accel-
eration search algorithm to account for potential Doppler
smearing of a putative pulsar signal caused by binary orbital

23

motion. We applied a Fourier transform to the photon arrival
times and subtracted red noise to flatten the low-frequency
baseline. We then performed an acceleration search on 2 ks
long time segments using the accelsearch routine from the
PRESTO software package (S. M. Ransom et al. 2002;
S. M. Ransom 2011). We allowed the highest harmonic of
any signal to drift by up to 200 Fourier bins, corresponding to
a maximum LoS acceleration of ap,x ~ 15P,s ms 2, where
P, is the pulsar spin period in ms. Power from the first four
harmonics was coherently summed to increase sensitivity to
narrow pulses. No pulsations were detected. The most
constraining upper limit on the pulsed fraction was < 26%
(99% c.l.), based on the maximum Fourier power consistent
with a nondetection across the full range of trial frequencies
and accelerations. Second, we performed a phase-modulation
search on the whole NuSTAR observation using the
search_Dbin routine in PRESTO. This technique is designed
to detect pulsar signals in compact binaries whose Fourier
power is distributed over multiple orbital sidebands (for
details, see S. M. Ransom et al. 2003). All candidates were
subsequently folded with prepfold. Upon visual inspection,
no promising signals were found.
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We also performed a systematic search for X-ray bursts in the
NICER, NuSTAR, and EP/FXT data. We extracted time series
using bin sizes of 1, 2, and 5s to probe bursts over a range of
timescales. For each bin, we computed the Poisson probability of
detecting the observed number of counts relative to the mean count
rate, and converted this to a Gaussian-equivalent significance. Bins
exceeding a 50 threshold were flagged as candidate bursts and
subsequently cross-checked against background variations to rule
out spurious events. Time intervals at the edges of good time
intervals (GTIs) were excluded, as abrupt changes in exposure at
GTI boundaries can mimic short bursts. No statistically significant
bursts were identified in any of the datasets.

Appendix E
Periodicity Search in ATLAS Data

We searched for periodic variability in the combined
ATLAS o- and c-band light curves collected between 2017
May 6 and 2024 October 22 using an LS periodogram analysis
(N. R. Lomb 1976; J. D. Scargle 1982). We computed the LS
periodogram over the range 0.1-200 days using a frequency
grid tailored to the time baseline of the observations. To assess
the impact of irregular sampling, we also computed the
normalized spectral window function from the timestamps.

Figure El1 shows the LS periodogram, along with the
corresponding spectral window function. To mitigate the risk of
spurious detections arising from the temporal sampling pattern
(see T. J. Deeming 1975; J. T. VanderPlas 2018), we rejected LS
peaks whose frequencies were consistent with prominent features
in the window function. We then estimated false-alarm
probability thresholds using a bootstrap resampling approach.
No periodicity was detected above the 3¢ significance level.

*  Best peak
Window peaks

LS Power (psd)

10

0 m.l.l.‘l‘.l.l.l.l |

T
10 10°

10

Window Power

T
1

10

Period (days)
Figure E1. Top: LS periodogram of the combined ATLAS o- and c-band light
curve, computed over the range 0.1-200 days. Vertical dashed lines mark the
locations of prominent features in the spectral window function. The strongest

nonalias peak is marked with a star. Bottom: normalized spectral window power,
highlighting the alias structure introduced by the uneven sampling of the data.

Appendix F
Cross-correlation Analysis of Optical and X-Ray Light
Curves

To search for correlated optical and X-ray variability, we
computed the Z-transformed discrete correlation function
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Figure F1. ZDCFs between the NuSTAR X-ray light curve and the SVOM/
VT optical light curves in the VT (top) and VT (bottom) bands, computed
over a lag range of + 2000 s. The solid lines represent the ZDCF values, while
the shaded regions indicate the corresponding 1o uncertainties. No statistically
significant correlation peaks are detected.

(ZDCF; T. Alexander 1997, 2013) between the NuSTAR light
curve and the light curves in the VTg and VT bands from
SVOM/VT, after converting VTg- and VTg-band magnitudes
into fluxes.

Figure F1 shows the resulting ZDCFs, computed over a lag
range of 4= 2000 s. No statistically significant correlation peaks
are found within the probed interval. We note that, due to the
~100s sampling of the VT optical light curves, potential
correlations on shorter timescales remain inaccessible.
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