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ABSTRACT

Dynamical mass measurements of compact stars in X-ray transients demand the detection of optical/near-infrared counterparts in
quiescence. Out of the 73 black hole candidates in X-ray transients, optical and near-infrared quiescent counterparts have only been
identified for 34 objects. We present ULTRACAM photometric observations of nine candidate black hole X-ray transients with no
reported counterparts in quiescence, complemented with data from the public surveys, DECaPS and Pan-STARRS. In addition, we
analyze photometry of three sources (SWIFT J1539.2-6227, XTE J1817-330, and XTE J1818-245) obtained during their discovery
outburst. The data provide the first optical identifications and precise astrometry of four targets (MAXI J1348-630, SWIFT J1539.2-
6227, XTE J1726-476, and XTE J1817-330) plus 30 lower limits to the quiescent optical magnitudes for an additional five (MAXI
J0637-430, 4U 1755-338, MAXI J1803-298, XTE J1818-245, and MAXI J1828-249). Of these five, 4U 1755-338 was found to
be active during our ULTRACAM observations, and we used our images to derive refined astrometric coordinates. We used the
photometric magnitudes and colors to place preliminary constraints on the orbital periods and spectral types of the companion stars.
Finding charts of all the targets are also provided to facilitate future follow-up studies. Finally, we present updated astrometry for

XTE J1650-500 using archival FORS2 images.
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1. Introduction

Galactic stellar-mass black holes (BHs) have been mainly iden-
tified in X-ray transients (XRTs), a subclass of X-ray binaries
that exhibit dramatic X-ray outbursts with typical timescales of
decades to centuries (McClintock & Remillard 2006). To date,
73 XRTs hosting BH candidates have been unveiled over the
past ~60 years (see Corral-Santana et al. 2016), and yet only 20
have been dynamically confirmed through radial velocity stud-
ies. This disparity arises largely from the challenges associated
with measuring the spectra of companion stars at very faint qui-
escent magnitudes, which are essential for precise mass deter-
minations (Casares & Jonker 2014). This limitation is due to
their location in the Galactic plane, where interstellar extinction
is greater. Consequently, our understanding of the fundamental
parameters of these systems and, thus, of the broader picture of
BH formation in XRTs, is limited by small number statistics and
selection biases (e.g., Jonker et al. 2021). In this work, we aim
to expand the known sample of quiescent BH XRT detections by
conducting a systematic photometric search for candidate sys-
tems among historic and newly discovered XRTs. This effort
represents a stepping stone toward more comprehensive demo-
graphic studies, allowing us to identify and prioritize promising
targets for future dynamical mass measurements of BHs.

* Corresponding author: idaira.yanes@gmail.com
** Deceased.

2. Sample selection

The online version of the BlackCAT catalog! contains 73 BH
transients detected until 2025. Out of these, confident optical
or near-infrared (NIR) counterparts exist for 56 sources in out-
burst and only 34 in quiescence. Five have bright interlopers at
<larcsec (XTE J2012+381, XTE J1652-453, MAXIJ1836-194,
SWIFT J1658-4242 and MAXI J1631-479). Moreover, ten are
heavily reddened and do not posses good astrometric positions
due to the lack of a known counterpart, even in outburst (Cen X-
2, GRS 1730-312, XTE J1755-324, GRS 1737-31, XTE J1748-
288, EXO 1846-031, GS 1734-275, SAX J1711.6-3808, MAXI
J1810-222, and MAXI J1728-360, with the former four also hav-
ing large X-ray errors of >1arcmin). Among the 34 sources
with a known quiescent counterpart, 20 have already been con-
firmed as dynamical BHs, with another six showing indirect evi-
dence based on He scaling relations (Mata Sanchez et al. 2015;
Torres et al. 2021; Casares et al. 2023; Yanes-Rizo et al. 2024,
2025; Corral-Santana et al. 2025).

For the 28 candidates with accurate astrometry but no qui-
escent counterparts, we estimated quiescent 7-band magnitudes
either from the typical outburst amplitude of 6 mag (i.e., the
peak in the observed distribution; Shahbaz & Kuulkers 1998;
Lopez et al. 2019) or from preexisting NIR quiescent magni-
tudes, all obtained from BlackCAT. In the latter case, we have

1 https://www.astro.puc.cl/BlackCAT/transients.php
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adopted the colors of a commonly observed K5 donor star
(Casares et al. 2025) and E(B — V) reddening information, also
from the BlackCAT catalog.

According to Shahbaz & Kuulkers (1998), the outburst
amplitude appears to be anticorrelated with the orbital period
for periods <1d (i.e., for systems with companion stars close
to the main sequence), with values ranging between ~4—8 mag.
For the case of evolved stars in longer period systems, such as
XTE J1550-560 and V404 Cyg, the amplitudes range between
4—6 mags. Thus, we estimate that using this relation to infer the
magnitude of the quiescent counterpart once the orbital period
is known would result in errors of up to =2 mag. On the other
hand, disregarding the reddening error (which varies with each
system), the uncertainty caused by adopting K5 V colors is more
modest, at +0.5 mags for spectral types KO-MO. Following this
procedure, we selected nine targets with predicted r-band qui-
escent magnitudes in the range ~21-24 and astrometric accu-
racies <1 arcsec, amenable for identification with deep optical
imaging. These are listed in Table 1 with their coordinates and
associated positional uncertainties as reported in the literature.
Furthermore, we provide a refined astrometric position for the
dynamically confirmed BH XTE J1650-500 based on archival
images (see Sect. 5.4).

3. Optical observations and data reduction
3.1. NTT time-resolved photometry

Time-resolved photometry was carried out using the triple
arm ULTRACAM camera (Dhillon et al. 2007) mounted on
the 3.5-m New Technology Telescope (NTT) at the La
Silla observatory in Chile. The ULTRACAM design features
three 1024 x 1024 pixel frame-transfer CCDs (Charged-Coupled
Devices) that together cover a 5x 5 arcmin field of view, with
a plate scale of 0.3 arcsec per pixel. Only for the observations
of MAXI J1348 on the night of 15 March 2021, we applied a
binning of 2x 2 due to bad seeing conditions. This configura-
tion permits the simultaneous acquisition of images in the super
SDSS filters uy, g5, and r; bands (Dhillon et al. 2021), which is
especially advantageous for monitoring rapid variability across
multiple wavelengths. Our strategy was to obtain deep images
(r ~ 25-26 in one hour integration) from a series of short 20s,
sky-limited exposures, with only 24 msec dead-time, taken under
relatively good seeing conditions of up to 1.2 arcsec. Since the
ULTRACAM detectors have low read-out noise, deep images
can be built up without a significant signal-to-noise ratio (S/N)
penalty compared to a single long-exposure image, while also
capturing variability information on the target.

Observations were conducted during two separate cam-
paigns, 15-16 March 2021 and 23-24 March 2023, where the
seeing was highly variable, ranging between 0.8—2.8 arcsec. A
log of the observations, including exposure times and observ-
ing conditions, is provided in Table A.1. Standard data reduc-
tion procedures were applied to the raw images. Bias subtraction
and flat field correction were performed using the HIPERCAM?
pipeline. This was also employed to perform aperture photom-
etry of isolated stars that were fluxed calibrated with the Dark
Energy Camera Plane Survey 2 (DECaPS2; Saydjari et al. 2023)
or the Pan-STARRS Data Release 2 catalog (Chambers et al.
2016). The field of MAXI J0637-430 was not covered by these
surveys. In this case, the photometry was calibrated with photo-
metric zero points established from individual images of MAXI

2 https://github.com/HiPERCAM/hipercam
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J1348-630 taken on 23 March 2023 under the same transparency
and seeing conditions. Due to the extreme weakness of all the
targets in the u; band, we performed the analysis only for the g,
and ry-band images.

3.2. VLT and Magellan imaging

We also analyzed optical images of XTE J1650-500, SWIFT
J1539.2-6227, and XTE J1817-330 taken at different phases of
their discovery outbursts. This allowed us to derive improved
coordinates and/or outburst apparent magnitudes.

The optical counterpart to XTE J1650-500 is clearly detected
in a 55 Rgpeciai-band image obtained on 10 June 2002 with
the FOcal Reducer and low-dispersion Spectrograph 2 (FORS2;
Appenzeller et al. 1998) mounted on the 8.2-m Unit 1 Very
Large Telescope at the Paranal observatory in Chile. The
image was taken for the acquisition of the near-quiescence
spectroscopy presented in Sanchez-Fernandez et al. (2002) and
Orosz et al. (2004). The XRT was recorded under 0.7 arcsec
seeing and sampled with a 0.252 arcsec per pixel plate scale.
XTE J1817-330 was targeted on the night of 10 January 2006,
at the start of its discovery outburst, with the Low Dispersion
Survey Spectrograph (LDSS3) attached to the 6.5-m Magellan
Clay telescope at the Las Campanas observatory in Chile. A
series of 5-10s g-band images were taken under 1.2 arcsec see-
ing sampled with a 0.188 arcsec pixel ! scale. SWIFT J1539.2-
6227 was observed on 10 February 2009, ~2.5 months after
the outburst onset, with the Inamori-Magellan Areal Cam-
era and Spectrograph (IMACS; Dressler et al. 2011) mounted
on the 6.5-m Magellan Baade telescope. Five 10s g-band
images were obtained under 1.1 arcsec seeing sampled with a
0.199 arcsec pixel~! plate scale.

The LDSS3 and IMACS g-band images were bias-corrected
and flat-fielded using standard routines running within PYRAF.
Aperture photometry of the targets and field stars (flux calibrated
in DECaPS2) was performed with the HIPERCAM pipeline and
differential photometry was used to obtain the target apparent
magnitude. Note here that the field stars selected for the flux cal-
ibrations have negligible error contribution to the apparent mag-
nitudes of the optical counterparts identified in this paper.

3.3. Image selection by seeing

To identify faint optical counterparts in the ULTRACAM data, it
is crucial to obtain a combined image with the highest S/N pos-
sible. To achieve this, we implemented a filtering criterion based
on the atmospheric seeing conditions during our observations.
Clearly the maximum S/N and depth that can be reached by co-
adding images under variable seeing will be a trade off between
seeing cutoff and the number of images selected. This filtering
process was implemented as follows: we first measured the full
width at half maximum (FWHM) of several point-like sources in
each image using the HIPERCAM pipeline to provide a robust
estimate of the seeing in each exposure. We then produced co-
added images for a set of cutoff seeing values between 0.9 arcsec
and 2 arcsec in steps of 0.05 arcsec and performed photometry on
each image across the entire field of view. The limiting magni-
tude was subsequently obtained by determining the magnitudes
of objects with signals three times above the background noise.
Following this procedure, we identified the optimal seeing cut-
off that produces the deepest image, and these are the images
that were used in our subsequent photometric analysis.

3 https://github.com/iraf-community/pyraf
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Fig. 1. Limiting magnitudes as a function of the seeing cutoff for the
XRT SWIFT J1539.2-6227. The red and green dots represent the values
obtained for the r and g band, respectively. The red and green num-
bers indicate the number of combined frames. The deepest magnitude
is obtained by selecting images with a seeing up to 1.25 arcsec.

Figure 1 shows an example of how the limiting magnitudes
vary as a function of the cutoff seeing for the XRT SWIFT
J1539.2-6227. In this instance, restricting the data to images with
seeing up to 1.25 arcsec yielded the deepest limiting magnitude,
thereby maximizing our chance to detect the faint counterpart.
For information, in Table A.1 we provide the cutoff seeing and
the effective exposure time achieved for each individual object.

In addition, we searched for detections of the quiescent opti-
cal counterparts in the DECaPS2 and Pan-STARRS multiband
catalogs and images. When suitable, we performed photometry
on the individual images to derive the magnitudes of the optical
counterparts or a 30~ lower limit when these are not detected.

3.4. Astrometry

To accurately pinpoint the positions of faint optical counterparts
(especially those located in crowded stellar fields), we conducted
an astrometric calibration using the Gaia* image tool. This cross
references our images with stars from the Gaia Data Release
2 catalog (Gaia Collaboration 2018), fitting the celestial posi-
tions with a least squares minimization procedure. This cali-
bration yielded astrometric solutions with rms residuals ranging
from 0.02 to 0.08 arcsec. Such accuracy is crucial not only for
the confident identification of faint optical counterparts but also
for facilitating reliable cross matching with multi wavelength
datasets in follow up studies.

3.5. PSF photometry

The presence of interloper stars in crowded fields, for example
in the cases of XTE J1817-330 and XTE J1818-245, can signif-
icantly complicate the identification of the optical counterparts.
To mitigate this issue, we employed point spread function (PSF)
photometry using the DAOPHOT package (Stetson 1987) imple-
mented in PYRAF, which is well-suited for crowded field analy-
sis. In our approach, we modeled the PSF of stars using a Moffat

4 https://github.com/Starlink/starlink/tree/master/
applications/gaia

distribution. This model was applied specifically to a selection
of stars that were both isolated and unsaturated, ensuring that
the derived PSF was reliable. We then fitted the resulting Moftat
PSF model to the stars in the vicinity of each target. For each
individual field and filter, we adjusted the fitting and PSF radii to
optimize the match between the model and the observed stellar
profiles, thereby minimizing residuals. This fine-tuning process
was essential to accurately subtract the light from contaminating
interloper stars and to reveal the underlying faint optical coun-
terparts. When recovered in the residual images, the counterparts
were included in the photometry and the PSF fit was repeated to
derive their magnitudes.

4. Methodology

In this section we present the methods used in Sect. 5 to constrain
the orbital period (i.e., the most fundamental binary parameter)
and the spectral type of the companion star. In Sect. 6 we will
detail the systematics that can affect our calculations.

For the cases in which the optical counterpart is detected, we
first corrected the observed magnitudes for interstellar extinc-
tion by applying the extinction relationships established by
Schlafly & Finkbeiner (2011): Ay = 3.1EB - V); A, =
2285E(B-V);A; =3.303E(B-V); A; = 1.698 E(B - V); and
A, = 1.263 E(B — V). These relations allowed us to transform
E(B - V) into absolute extinction values (Ay) in the correspond-
ing photometric bands. By subtracting these extinction values
from the observed magnitudes, we obtained the intrinsic colors
of the sources. For objects for which the hydrogen column den-
sity (Ng) has been measured from X-ray fitting, we employed the
relation of Giiver & Ozel (2009), Ny (cm™2) = (2.21 + 0.09) X
10>'Ay. Otherwise, color excess E(B — V) values were taken
from the extinction maps of Schlafly & Finkbeiner (2011). They
correspond to the total reddening along the line of sight to the
object. Once these parameters were determined, we constrained
the spectral type of the companion star by comparing the de-
reddened color to standard color indices (Table 3 in Covey et al.
2007). This constraint is an upper limit to the spectral type
because E(B-V) may contain background extinction, Ny can
have a contribution local to the XRT (Jonker & Nelemans 2004),
and/or the light from the companion star will likely be diluted
by a (blue) flux contribution from the residual accretion disk.
Previous work has shown that the intrinsic color obtained from
simultaneous or contiguous photometry provides a reasonable
estimate of the spectral type of the companion or robust upper
limit in cases where there is significant disk contamination
(Casares et al. 2023; Yanes-Rizo et al. 2024).

As already introduced in Sect. 2, the V-band amplitude
(AV) of an outburst in XRTs is thought to be correlated
with the orbital period (Poyp) through the expression AV =
14.36—-7.63 log(Pon(h)) (Shahbaz & Kuulkers 1998). However,
it is important to note that this relation is based on a limited sam-
ple of objects and outbursts (~8; see Lopez et al. 2019). In addi-
tion, the orbital inclination angle can significantly influence the
observed outburst amplitude, as reported by Miller-Jones et al.
(2011). Keeping in mind these considerations, we used the
AV—Py, relation to obtain rough estimates for the orbital period
by assuming that the Sloan g-band magnitude can be equated
to Johnson V. In many cases, the outburst amplitudes are lower
limits because the peak magnitude was missed, the source is not
detected in quiescence, or both.

The mean stellar density p for a Roche-lobe-filling star
can be obtained from P,y through p ~ 110 X P;rzb ar cm™3
(Frank et al. 2002). Thus, from the constraint on P, we bound
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MAX-J06372430

Fig. 2. Deepest r-band images for the sample of the nine BH candidates. The location of the objects are indicated by red ellipses, taking into
account the positional errors reported in the literature (see Table 1). For the sake of visibility, we mark the position of J1803 and J1828 with red
tick marks instead of ellipses, as the positional errors are too small to be resolved. The field of view is 20 x 20 arcsec each.

the spectral type of the companion star by comparing its p with
that of main-sequence stars. Conversely, the p— P, relation was
used to set limits on Py from the constraints on the spectral
type. For this, we computed the density values using the stellar
mass and radius reported online by Pecaut & Mamajek (2013).
We stress that, in our range of interest Py < 1d, adopting a
main-sequence model is a reasonable and rather conservative
assumption (see Sect. 6).

5. Results

Figure 2 displays zoomed-in finding charts derived from the
deepest r-band images generated as described in Sect. 3.3 for
the fields of the nine BH candidates listed in Table 1. These find-
ing charts not only highlight the precise positions of the can-
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didates but also include reference stars to facilitate subsequent
follow up observations. The astrometric positions of the optical
counterparts are given in Table 1. Table 2 summarizes our photo-
metric results while the implied binary constraints are provided
in Tables 3 and 4.

5.1. MAXI J0637-430

MAXIT J0637-30 (hereafter JO637) was discovered by the Mon-
itor of All-sky X-ray Image (MAXI) Gas Slit Camera (GSC)
on November 2019 (Negoro et al. 2019). The optical outburst
peaked at g = 16.23 + 0.01 (Baglioetal. 2020; see also
Hambsch et al. 2019). The global X-ray spectral and timing
properties are consistent with an accreting BH (Russell et al.
2019b; Tomsick et al. 2019). Tetarenko et al. (2021) set limits



Table 1. Astrometric positions of the observed objects.
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Object Coordinates from literature Coordinates from this work  Ref. to astrometry
RA (J2000) Dec (J2000) RA (J2000) Dec (J2000)
MAXT J0637-430 06:36:23.7 —42:52:04.1 - - [1]
(£0.2") (£0.7")
MAXT J1348-630 13:48:12.79 —63:16:28.48 - - 2]
(+£0.03") (+£0.04")
SWIFT J1539.2-6227 15:39:11.96 —62:28:02.30 15:39:11.92 —62:28:02.37 3]
(£0.5") (£0.5") (+£0.07”) (+£0.077)
XTE J1650-500 16:50:00.92 —49:57:44.1 16:50:00.95 —49:57:44.25 [4]
(£0.317) (£0.317) (+£0.05") (+£0.05")
XTE J1726-476 17:26:49.30 —47:38:25.5 17:26:49.31 —47:38:25.63 [5]
(0.17") (0.17") (+£0.05") (+£0.05")
4U 1755-338 17:58:39.84% —33:48:27.64¢ 17:58:40.01 —33:48:28.80 [6]
(£2.8") (£2.8") (+£0.04) (+£0.04")
MAXT J1803-298 18:03:02.79178 —29:49:49.41220 - - [7]
(+£0.00003") (+£0.00007")
XTE J1817-330 18:17:43.53 -33:01:07.57 18:17:43.51 -33:01:07.68 [8]
(£0.2") (£0.2") (+£0.04) (£0.04")
XTE J1818-245 18:18:24.43 —24:32:17.96 18:18:24.43  —24:32:18.08 [9]
(£0.2") (x0.4") (+£0.08") (+0.08")
MAXTI J1828-249 18:28:58.0748 -25:01:45.7276 - - [10]
(£0.0004"") (+0.0006")

Notes. “ At the time of submission, an updated position has been provided in the on-line catalogue by Fortin et al. (2024) but we note that this
corresponds to a star located ~2 arcsec north of the true counterpart identified by Wachter & Smale (1998) and, therefore, these coordinates are
not provided here. [1] Russell et al. (2019b), [2] Russell et al. (2019a), [3] Krimm et al. (2011), [4] Gallo et al. (2008), [5] Steeghs et al. (2005a),
[6] Waddell et al. (2026), [7] Wood et al. (2023), [8] Rupen et al. (2006), [9] Rupen et al. (2005), [10] Gaia Collaboration (2021).

for the orbital period of 1.5 and 4 h from the detection of hydro-
gen emission lines (Strader et al. 2019) and the fitting of the
spectral energy distribution, respectively. Further studies, based
on the properties of the X-ray and optical outburst spectra, pro-
posed a tentative 2.2 h orbital period (Soria et al. 2022).

JO637 was observed on all four nights of our NTT cam-
paigns. Fig. 2 displays the deepest image obtained following
the procedure described in Sect. 3.3. Based on the noise char-
acteristics of the final image, we derive 30~ quiescent limiting
magnitudes of g > 25.8 and r > 25.3 for J0637. Despite reach-
ing a significant depth in our observations, no counterpart was
detected at the expected location. This non-detection implies that
the optical emission from the source is very faint, as the line of
sight experiences minimal interstellar extinction given its favor-
able location in the Galaxy (b = —20.67 deg).

We estimate an outburst amplitude: AV =~ Ag > 8.8,
which results in Py, < 4.5h employing the Shahbaz & Kuulkers
(1998) relation. Using the p— Py, relation, our constraint on the
orbital period results in a mean density for the companion star
>5.4 grcm™3. For a main-sequence star, this limit corresponds to
a spectral type later than M1 V.

5.2. MAXI J1348-630

MAXI J1348-630 (hereafter J1348) was discovered in Jan-
uary 2019 by MAXI (Yatabe et al. 2019). X-ray spectral anal-
ysis and timing properties support the BH nature of J1348
(Sanna et al. 2019; Zhang et al. 2020). Optical monitoring con-
ducted by Baglioetal. (2019) reported g = 16.09 + 0.04
in the outburst peak. The decay to quiescence was followed
by Al Yazeedi et al. (2019) who provided a tentative quiescent
magnitude of i = 20.3 + 0.4, obtained between two bright-

ening episodes; the quiescent state of J1348 could not be
confirmed.

Distance estimates for J1348 were obtained through line-of-
sight HI absorption measurements with ASKAP and MeerKAT,
with a most probable value of 2.2kpc and an upper limit of
5.3kpc (Chauhan et al. 2021) and, subsequently, through dust
scattering ring observations that led to an estimated distance of
3.39+0.34 kpc (Lamer et al. 2021). Observations of its quiescent
X-ray luminosity suggest that the system may have an orbital
period of less than 10-20 h (Carotenuto et al. 2022).

We collected a total of 10 hours of ULTRACAM data dur-
ing our NTT campaigns. The deepest image, displayed in Fig. 2,
reveals a blend of two stars separated by 1.1 arcsec, with the
radio position of J1348 coincident with the fainter northern
object. Figure 3 shows the residual image in the r-band after sub-
traction of the bright interloper using PSF photometry. We derive
quiescent magnitudes of g = 23.6 + 0.1 and r = 21.18 + 0.03.
In addition, we examined DECaPS2 images of the field, where
J1348 and the interloper are well resolved (see Fig. 4). We per-
formed aperture photometry on the 24 March 2016 images and
obtain g = 23402, r = 21.3+0.1,i = 20.5 £ 0.1 and
z = 19.41 £ 0.07. These magnitudes are consistent with our
ULTRACAM photometry. Additional DECaPS2 observations in
the g and r bands were taken in 2017 with both magnitudes
remaining stable between these two epochs.

Using our quiescent g band and the peak outburst magni-
tude, we derive an outburst amplitude of 7.5 + 0.1 mag which
leads to Py, < 7.9h. Additionally, based on the mean stel-
lar density of a Roche-lobe-filling main-sequence star for that
period (>1.7 grcm™?), we constrain the spectral type of the com-
panion star to be later than G8 V. On the other hand, given
Ny = 8.6 x 10?! cm™? (Tominaga et al. 2020; Zhang et al. 2022;

A298, page 5 of 13



Yanes-Rizo, I. V., et al.: A&A, 708, A298 (2026)

Liu et al. 2022; Dai et al. 2023, see also Sect. 6), we estimate
E(B—-V) = 126 £ 0.06 and derive (g — r)g = 1.2 £ 0.2,
(r—1i) =0.7+0.2 and (i — z) = 0.6 + 0.3, which correspond to
spectral types of K2, K4, and K7 V, respectively. We adopted K2
V since our ULTRACAM photometry (which provides g- and
r-band photometry) are based on simultaneous observations.

Since the distance to MAXI J1348-630 is constrained to a
mean value of ~2.8 kpc, we can use the empirical relation M, =
(4.64 £ 0.10)—(3.69 + 0.16)log ;[ Porv(d)] (Casares 2018) and
our r-band detection to derive an independent constraint on the
orbital period. Therefore, by bringing » = 21.18 + 0.03 to the
distance modulus equation, together with d ~ 2.8kpc and A, =~
2.9, we find M, > 6.0, which leads to Py < 10.1h.

5.3. SWIFT J1539.2-6227

SWIFT J1539.2-6227 (hereafter J1539) was discovered by the
Swift Burst Alert Telescope (Barthelmy et al. 2005) on Novem-
ber 2008 (Krimm et al. 2008) as a new Galactic transient.
Observations made with the Swift UltraViolet/Optical Telescope
revealed a bright source (uvvw2 = 18.07 £ 0.03 and uvm2 =
17.96 + 0.04) with precise coordinates that are listed in Table 1
(Krimm et al. 2009). The X-ray spectral evolution and timing
features (Krimm et al. 2011) support that J1539 is a BH can-
didate in a low-mass X-ray binary. Lépez et al. (2019) set limits
on the quiescent magnitudes of g > 19.6 and r > 20.1.

We performed astrometry and differential photometry on
the outburst g-band images obtained in February 2009 with
IMACS at the Magellan-Baade Telescope and pre-analyzed in
Torres et al. (2009). We determine the position of J1539 to be
RAJ2000) = 15:39:11.92 and Dec(J2000) = —62:28:02.37, with
an uncertainty of 0.07 arcsec. This position is an improvement
over the one reported by Krimm et al. (2011). Additionally, we
measured a magnitude of g = 18.25 + 0.01.

We observed J1539 in quiescence with ULTRACAM on the
night of 16 March 2021. The deepest images result in limiting
magnitudes g > 24.7 and r > 24.1 (at the 30 level). Due to
the crowded nature of the field, we employed PSF photometry.
The resulting residual image is presented in Fig. 3, where signal
above the background level at the expected position of J1539
is detected. By including this source in the PSF fit we obtain
quiescent magnitudes of g = 22.40 + 0.06 and r = 21.19 + 0.06.

J1539 was also observed by the DECaPS2 survey in the g
and r bands in 2018. Although these observations had a see-
ing of >1.3 arcsec, PSF photometry on the best seeing frames
yields g = 22.45 + 0.08 and r = 21.6 + 0.2, consistent with our
ULTRACAM quiescent magnitudes. The source was reobserved
in May 2019 in the i and z filters under better seeing conditions
(<0.7 arcsec, see Fig. 4), with photometry yielding i = 21.3+0.1
and z = 20.2 + 0.07.

Krimm et al. (2011) estimated a Ny value of 0.35x 1022 cm™2
(with not reported uncertainties) by fitting joint RXTE/Swift
spectra. From this, we estimate E(B—V) = 0.51+0.02 and derive
an intrinsic color (g —r)g = 0.70 +£0.12, suggesting a companion
star later than KO V (Covey et al. 2007). Note that this color is
strictly simultaneous and, thus, representative of the true intrin-
sic color of the source in quiescence (i.e. free from orbital and
secular variability). Our photometry indicates an outburst ampli-
tude of Ag > 4.20+0.08. This is a lower limit since the peak out-
burst magnitude was missed. Therefore, we constrain the orbital
period to Py < 21.5h by using the empirical Py, — AV corre-
lation. This results in a mean density for the companion star of
>0.24 grcm~3. For a main-sequence companion, this limit yields
a spectral type later than AO V. Conversely, color information
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constrained the spectral type to be later than KO V, leading to a
tighter upper limit on the orbital period of Py < 6.7 h, assuming
that the companion is a Roche-lobe-filling main-sequence star.

5.4. XTE J1650-500

XTE J1650-500 (hereafter J1650) was discovered by the RXTE
ASM in September 2001 (Remillard 2001) and evolved through
the canonical X-ray spectral states typical of BH XRTs (e.g.,
Corbel et al. 2004). Its outburst optical counterpart was iden-
tified with a ~17 mag object with a wide blue-band filter by
Castro-Tirado et al. (2001), fading to V.~ 24, R ~ 22 in
2002 August when the source was found to be in quiescence
(Garcia & Wilkes 2002). Recently, Casares et al. (2025) have
improved on these estimates by measuring a quiescent magni-
tude of r = 22.10 % 0.12 from the PSF photometry of DECAPS2
images (see their Appendix A). The BH nature of the compact
object was dynamically confirmed by Orosz et al. (2004) through
acombined analysis of time-resolved FORS2 spectroscopy, taken
on 10 June 2002 when J1650 was 1.4 mag brighter than in quies-
cence, and photometry obtained in true quiescence.

The most accurate coordinates for J1650 are from Chan-
dra X-ray observatory observations with a positional uncer-
tainty of 0.31 arcsec (Gallo et al. 2008). We improved the loca-
tion of J1650 by measuring the astrometric position of the
R = 20.67 + 0.04 near-quiescent optical counterpart in the
FORS?2 acquisition image obtaining: RA(J2000) = 16:50:00.95
and Dec(J2000) = —49:57:44.25, with an rms uncertainty of
0.05 arcsec.

5.5. XTE J1726-476 (=IGR J17269-4737)

XTE J1726-476 (hereafter J1726) is an XRT discovered in Octo-
ber 2005 by the RXTE ASM and INTEGRAL (Levine et al.
2005a; Turler et al. 2005). Subsequent outburst observations
facilitated the identification of a NIR (K = 18.05; Steeghs et al.
2005a) and optical counterpart (i = 16.97 + 0.11; Maitra et al.
2005). Lopez et al. (2019) reported a potential quiescent coun-
terpart near the outburst optical position with J = 21.0+ 0.3 and
a limiting magnitude K > 17.9, both in the AB system. Revision
of the NIR images presented in Lépez et al. (2019) shows that
the NIR source is fully consistent with the more accurate posi-
tion reported in Steeghs et al. (2005a) and thereby is the actual
quiescent NIR counterpart.

We conducted observations of J1726 over one night in
2021 and two nights in 2023. The optical quiescent counter-
part is detected in our deepest images (see Fig. 2) at coordinates
RAJ2000) = 17:26:49.31 and Dec(J2000) = —47:38:25.63, with
an rms uncertainty of 0.05 arcsec. We performed aperture pho-
tometry on this object, obtaining magnitudes of g = 24.2 + 0.3
and r = 23.7 + 0.3. For completeness, we also examined g- and
r-band images of J1726 in DECaPS2 but could not detect the
object. By selecting the best seeing images, taken in 2017, we
derive magnitude limits g > 23.6 and r > 22.9. These lower lim-
its are consistent with our ULTRACAM detection. In contrast,
the source is detected at longer wavelengths in May 2017 with
DECaPS2 withi =22.3 £ 0.1 and z = 21.7 = 0.2 (see Fig. 4), as
well as in April 2019 with identical brightness.

The interstellar extinction along the line of sight to
J1726 1is characterized by an E(B — V) value of 0.428
(Schlafly & Finkbeiner 2011). Applying the extinction correc-
tion to the observed magnitudes, we calculate the intrinsic col-
ors (g — r)p = 0.07 and (i — 7)o = 0.42. These values are
consistent with main-sequence spectral types later than FO and
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MO, respectively (Covey et al. 2007). However, given the large
photometric errors we decided not to give constraints on the
spectral type and orbital period based on the colors. On the
other hand in the absence of an outburst g-band measurement,
we can use the outburst i-band magnitude as a limiting fac-
tor given that optical colors in XRTs during outburst are typi-
cally blue, with (g — i)o < O (Russell et al. 2011; Buxton et al.
2012; Saikia et al. 2022). Using E(B — V) = 0.428, this implies
(g — i) < 0.68, that combined with the observed outburst mag-
nitude i = 16.97 + 0.11 yields g < 17.66 in outburst. By
comparing this with our ULTRACAM quiescent detection, we
derive a lower limit on the outburst amplitude of Ag > 6.54,
which in turn implies an orbital period of Py, < 10.6 h. Further-
more, we can constrain the mean density of a main-sequence star
(>0.98 grcm™?), which suggests a companion spectral type later
than F8 V.

5.6. 4U 1755-338 (= V4134 Sgr)

V4134 Sgr is the optical counterpart to the X-ray binary
4U 1755-338, first identified as an X-ray source in 1972
(Giacconi et al. 1972). This system is classified as quasi-
persistent, having exhibited a prolonged outburst that lasted
25 years until 1996 (Roberts et al. 1996), with a subsequent
reactivation reported in 2020 (Mereminskiy et al. 2020). Dur-
ing its first active state, 4U 1755-338 reached an outburst
magnitude of V = 18.5 (Mason et al. 1985), whereas in qui-
escence it faded beyond detection, with limits indicating V >
21.96 (Wachter & Smale 1998). White et al. (1984) suggested
an orbital period of 4.4h and a high inclination system based
on the presence of periodic X-ray dips. The X-ray source dis-
plays a soft spectrum (White et al. 1984) and large-scale fossil
jets (Angelini & White 2003; Kaaret et al. 2006) suggesting a
BH candidate.

We observed 4U 1755-338 on the night of 16 March
2023 and found that the system was still active. Given the
clear detection of the source in our images, we took the
opportunity of refining the existing astrometric coordinates.
Astrometric measurements yield RA(J2000)=17:58:40.01
and Dec(J2000) = —33:48:28.8, with an rms uncertainty of
0.04 arcsec. These values are consistent but more precise than
the latest reported position, based on observations with the
e-ROSITA instrument on board the Spectrum Roentgen Gamma
satellite (Waddell et al. 2026). We performed differential aper-
ture photometry on the individual exposures, and the resulting
g- and r-band light curves did not show clear variability with the
limited orbital coverage of our observations. We measure mean
magnitudes g = 18.91 + 0.04 and r = 18.26 + 0.03, where the
quoted uncertainties represent the rms variability.

4U 1755-338 was observed by DECaPS2 during quiescence
in 2017, 2018 and 2019, but the source was not detected in any
band or epoch. The best-seeing images, obtained in April 2017
(see Fig. 4), yield limiting magnitudes of g > 22.1, r > 21.1,
i > 20.6, and z > 20.2. Considering the reported outburst g
magnitude and the proposed orbital period of 4.4 h, the expected
quiescent magnitude is g ~ 28, well bellow our detection limits.
On the other hand, the 4.4 h period implies a mean stellar density
~5.7 grcm™ that leads to an M1 V donor star.

5.7. MAXI J1803-298

MAXT J1803-298 (hereafter J1803) was first detected by the
MAXI/GSC on May 2021 (Serino et al. 2021). A likely out-
burst peak g-band magnitude of 16.06 + 0.01 was measured by

Mata Sanchez et al. (2022) (see also Saikia et al. 2021). Precise
astrometric coordinates were subsequently provided by VLBA
observations (Wood et al. 2023). The system exhibited periodic
absorption dips in its X-ray light curve, indicative of an orbital
period of 7.02 + 0.18 h (Jana et al. 2022). Based on Ha scal-
ing relations from spectra obtained when the system was close
to quiescence, Mata Sdnchez et al. (2022) constrained the radial
velocity semi-amplitude of the companion star to be between
460 and 570 km s~!. This constraint along with the orbital period
implies a >3 My compact object confirming its BH nature. On
the other hand, the 7.02 h orbital period implies a mean density
~2.2 grem™ and thus a Roche-lobe-filling main-sequence donor
with spectral type KO V.

J1803 was only observed on the night of 23 March 2023
under poor seeing conditions. The deepest images were obtained
after co-adding all the individual data (see Fig. 2), which result
in magnitude limits of g > 20.9 and r > 20.2. The field
around the position of J1803 appears very crowded with sig-
nificant source confusion. In an attempt to identify the object,
we performed a PSF analysis on combined DECaPS2 images
under ~0.9 arcsec with limiting magnitudes g > 21.2, r > 20.5,
i > 20.3 and z > 20.1 (Fig. 4). After subtracting the PSF
model we identify residual emission at RA(J2000) = 18:03:02.80
and Dec(J2000) = —29:49:49.64, with an rms uncertainty of
0.04 arcsec. The astrometric coordinates are offset with respect
to the exquisite VLBA position by 50 in declination. This
implies that the potential optical source, for which we were
unable to obtain its brightness using PSF photometry, must be
an interloper if not an artifact from the PSF model subtraction.

For a 7.0 h period the AV—P,, relation predicts a quiescent
magnitude g = 24.2, which is fainter than our limiting magni-
tudes. New deeper observations under very good seeing condi-
tions will be required to solve the optical counterpart.

5.8. XTE J1817-330

XTE J1817-330 (hereafter J1817) was discovered in Jan-
uary 2006 by ASM on the RTXE (Remillard et al. 2006). The
ASM observations suggested a very soft X-ray source, mak-
ing J1817 a BH candidate. We performed astrometry on the
g-band outburst LDSS-3 images taken in January 2006 and pre-
sented in Torres et al. (2006) to obtain the position of J1817:
RAJ2000) = 18:17:43.51 and Dec(J2000) = —33:01:07.68, with
an rms uncertainty of 0.04 arcsec. These coordinates improved
the radio position reported by Rupen et al. (2006). We also con-
firm the g = 14.93 + 0.05 outburst magnitude reported in
Torres et al. (2006) by calibrating the field with DECaPS2.

J1817 ULTRACAM photometry was taken on the night of
March 16, 2021. The deepest r-band image is shown in Fig. 2
for which we obtain 30 limiting magnitudes of g > 22.2 and
r > 21.5. Given the high level of crowding, we proceeded to
perform PSF photometry. The resulting residual r-band image
is displayed in Fig. 3, where an underlying residual emission
is detected at the position of J1817. However, we were unable
to obtain the brightness of the potential source with PSF pho-
tometry. We also examined DECaPS2 images of the field taken
in May 2018 (see Fig. 4). In this case, J1817 was detected
and identified with the source with ID = 4809228675506884372
with fluxes which correspond to magnitudes g = 22.33 + 0.09,
r=2124+0.07,i =20.81 £ 0.05 and z = 20.59 + 0.05. These
magnitudes are consistent with our own PSF photometry of the
DECaPS2 images.

Sala et al. (2007) estimated Ny = (1.52 + 0.05) x 10>! cm™2
based on XMM-Newton and INTEGRAL observations. We used
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Fig. 3. PSF residual r-band images. Object locations are indicated by red ellipses, except for J1828, which is marked with red tick marks due to

its small positional error. The field of view is 10 X 10 arcsec.

Table 2. Photometric results.

Object Outburst magnitudes Quiescent magnitudes

g r i Z
MAXI J0637-430 g =16.23 £0.01 >25.8 >25.3 - -
MAXI J1348-630 g =16.09 £ 0.04 23.6+0.1 21.18+0.03 20.5+0.1 19.41 £ 0.07
SWIFT J1539.2-627 g < 18.25+£0.01 2240+£0.06 21.19+0.06 21.3+0.1 20.2 +0.07
XTE J1726-476 g < 17.66 242+0.3 23.7+0.3 22.3+0.1 21.7+0.2
4U 1755-338 g < 18.91 £ 0.04 >22.1 >21.1 >20.6 >20.2
MAXT J1803-298 g =16.06 £ 0.01 >21.2 >20.5 >20.3 >20.1
XTE J1817-330 g < 14.93 £ 0.05 2233 £0.09 21.24+0.07 20.81+£0.05 20.59 +0.05
XTE J1818-245 V <17.42 £ 0.01 >21.7 >21.3 >21.1 >20.7
MAXT J1828-249 g=172+0.1 >22.3 >21.7 >21.7 >20.6

this to obtain the E(B — V) = 0.22 + 0.02 and derive the intrinsic
colors (g—r)y = 0.86 £0.14 and (r —i)g = 0.30+0.11, with both
mean values suggesting a K3 V companion star. On the other
hand, from the quiescent DECaPS2 g-band detection, we derive
an outburst amplitude Ag > 7.4 which, combined with the empir-
ical Py, —AV correlation, imply an orbital period of Py, < 8.2 h.
The mean stellar density for that period (>1.6 grcm™) leads to a
>G6 main-sequence star, which is not very restrictive. Given the
consistency in the spectral type derived from the two DECaPS2
colors we adopt a K3 V companion star for this object. Assum-
ing a Roche-lobe-filling main-sequence star this spectral type
implies an orbital period of 6.6 h.

5.9. XTE J1818-245

XRT XTE J1818-245 (hereafter J1818) was initially detected
on August 2005 by the ASM on RTXE (Levine et al. 2005b)
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showing a soft X-ray spectrum typical of BH XRTs. The opti-
cal counterpart was identified with V = 17.42 + 0.01 a few
days after the X-ray discovery (Steeghs et al. 2005b). A NIR
counterpart was also detected with an apparent magnitude of
K; = 16.18 £ 0.02 during outburst and K; = 19.99 + 0.22
in quiescence (Lopez et al. 2019), both in the AB system. We
derived the position of J1818 from the astrometrically cali-
brated NIR outburst image presented in Loépez et al. (2019):
RAJ2000) = 18:18:24.43 and Dec(J2000) = —24:32:18.08, with
an rms uncertainty of 0.08 arcsec. These coordinates improved
the radio position reported by Rupen et al. (2005).

J1818 was observed on the night of 16 March 2021. The
deepest images reached limiting magnitudes g > 21.7 and r >
20.8. Since the source is located in a crowded field, PSF pho-
tometry was performed in both g and r bands. The resulting r-
band residual, displayed in Fig. 3, shows no detectable signal at
the position of J1818. Likewise, our search using Pan-STARRS
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images and PSF photometry on the frames with best seeing
yielded no detections, with limiting magnitudes of g > 21.7,
r>21.3,i>21.1and z > 20.7.

By applying our deepest quiescent limit along with the out-
burst magnitude reported by Steeghs et al. (2005a), we find Ag >
4.3, which implies Py < 20.8 h. This limit on the orbital period
corresponds to a mean stellar density >0.25 grcm™3, suggesting
that the companion star is later than AQ V.

5.10. MAXI J1828-249

MAXI J1828-249 (hereafter J1828) was discovered in October
2013 by the MAXI telescope showing a soft X-ray spectrum
reminiscent of a BH XRT (Nakahira et al. 2013). The optical
counterpart was detected during outburst with g = 17.2 = 0.1
(Rau et al. 2013). We adopted this as the peak magnitude since
other contemporaneous observations show no major decrease in
flux in the early phase of the outburst (D’Avanzo et al. 2013;
Grebenev et al. 2016). A precise astrometric position of the
source was given by Kennea et al. (2013). Lépez et al. (2019)
reported a quiescent NIR magnitude of Kg = 20.82 + 0.09
in the AB system. Subsequent outbursts in 2015 and 2016
were detected at mid-infrared and optical wavelengths (e.g.,
Mowlavi et al. 2021; John et al. 2024) and Gaia observations
provided a refined astrometric position for the transient (see
Table 1).

J1828 was observed during the night of 23 March 2023.
The deepest images yield limiting magnitudes g > 22.3 and
r > 21.7. Given the bright star separated by 1.6 arcsec from the
expected position of J1828 (see Fig. 2), we performed PSF pho-
tometry and studied the residual after subtracting this source.
The residual r-band image is displayed in Fig. 3, but no star is
detected at the position of J1828. On the other hand, we exam-
ined the individual Pan-STARRS images but found no detection.
The best-seeing frames deliver limiting magnitudes of g > 21.7,
r > 21.6,i > 21.7 and z > 20.6. From the outburst amplitude,
and using the Py, — AV correlation, we find Py, < 15.4 h. This
limit implies a mean stellar density for the companion star of
>0.5 grcm™>, which suggests a spectral type later than A6 V for
the unseen companion.

6. Discussion

The constraints on binary physical parameters derived in this
paper should be treated with caution as they are subject to several
caveats. To start with, the intrinsic color of the quiescent coun-
terparts can sometimes be dominated by systematic errors intro-
duced by the chosen extinction law and the determination of the
color excess (see Hynes 2005, for thorough review). We adopted
the average extinction for the Galaxy Ay/E(B — V) = 3.1, and
therefore we are prone to errors due to the uncertain extinction
curve in the direction of the targets.

For the determination of the color excess from the Ny
derived from X-ray absorption, we adopted an average Ny /Ay
ratio of (2.21 + 0.09) x 10%! for the galaxy that is obtained
assuming interstellar solar abundances (Giiver & Ozel 2009).
However, we note that the Ny/Ay ratio can be ~20 percent
larger when using subsolar abundances (Zhu et al. 2017). This,
together with the possibility of having absorption local to the
source, implies that we could be overestimating the value of
E(B — V), thus obtaining an upper limit to the color excess.

When available, we used Ny measurements from the litera-
ture, assuming the formal errors from X-ray fitting models. For
example, in the case of XTE J1817-330 the formal Ny error

(1.52 + 0.05 x 10?') translates into a very small uncertainty of
+0.05 mags in the quiescent color. Consequently, the spectral
classification could be dominated by systematic uncertainties
rather than by the photometric errors of the quiescent magni-
tudes.

In the case of MAXI J1348-630, however, different authors
have reported a wide range of Ny values depending on the X-
ray state and the fitted model. As noted by Zhang et al. (2022)
these values most likely reflect a degeneracy in the fitted param-
eters rather than real physical changes. In this particular case, we
adopted 8.6 x 10! as the most stable value near the peak of the
outburst, as favored by independent analyses of Tominaga et al.
(2020), Zhang et al. (2022), Liu et al. (2022), Dai et al. (2023).
Allowing for a conservative uncertainty of +2.5x 10%! to accom-
modate the range of Ny values measured in all the observations
performed during the hard or soft intermediate state and soft
state (Zhang et al. 2022), this would translate into a systematic
error of 1.4 mag in the quiescent color. Therefore, in this par-
ticular case the spectral type implied by the quiescent color is
essentially unrestricted, although it is ultimately constrained by
the upper limit in orbital period derived from the amplitude of
the outburst.

We adopted an upper limit of E(B — V) (thereby an upper
bound to the spectral type) only for XTE J1726-476 from the
integrated color excess over the galactic sight line. Here, the
angular resolution of the dust map is a potential source of
systematic uncertainties due to the inability to trace the dust
distribution of the local gas in the direction to the source. Addi-
tionally, as noted in Sect. 4, any spectral type constraint based on
quiescent colors should be regarded as a mere upper limit since
the potential contribution of an accretion disc was neglected.

Regarding the orbital period constraints, it is important to
acknowledge that the exploited AV—P,y, relation was obtained
from just eight systems covering orbital periods in the range
~5-24h (Shahbaz & Kuulkers 1998). Corral-Santana et al.
(2018) have noted that the correlation breaks down at short
orbital periods <5h. Also, this relation is expected to overesti-
mate the outburst amplitude for high inclination systems because
of projection effects (Miller-Jones et al. 2011; Kuulkers et al.
2013). Consequently, the orbital periods derived in this work
should also be treated as merely indicative rather than precise
measurements, as they were obtained in a best effort given the
information available. These orbital period constraints, together
with the apparent magnitudes, should serve to design new obser-
vations aimed at establishing (or better constraint) the XRT
orbital period and companion spectral type.

In four out of five targets (4U 1755-338, MAXI J1803-298,
XTE J1818-245, and MAXI J1828-249) the non-detection is
mostly driven by poor observing conditions, sometimes also
coupled with large interstellar extinction. Only in the case of
MAXT J0637-430 the deep magnitude limit at r > 25.3 is caused
by the intrinsic faintness of the object (as implied by the large
outburst amplitude) and perhaps a large distance. On the other
hand, given our predicted magnitude of g ~ 28 for its quiescent
counterpart, we did not expected to detect 4U 1755-338, even
under ideal observing conditions. Follow-up observations with
new generation survey telescopes such as LSST are expected to
provide first detections on these five targets or more stringent
limits, from which further physical constraints will be estab-
lished.

Up to this point, we adopted the conservative approach of
deriving binary constraints assuming that the companion stars
in our nine XRTs are Roche-lobe-filling main-sequence stars.
We note, however, that for Py, > 15h the main-sequence
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XTE J1726#476
2-band r
05/05/2017

Fig. 4. Best identifications from DECaPS2 images, with each field of view measuring 20 X 20 arcsec. The positions of the objects are marked with
red ellipses, accounting for the positional uncertainties reported in the literature (see Table 1), except for 4U 1755-338, where we plot our refined
coordinates based on the outburst counterpart detected in the NTT images. For the sake of visibility, we mark the radio position of J1803 with red
tick marks.

Table 3. Binary constraints assuming main-sequence companions.

Object Orbital period (h) from Spectral type from
Outburst amplitude  Quiescent colors Py, in column #2  Quiescent colors
MAXI J0637-430 <4.5 - >M1V -
MAXI J1348-630 <7.9 <10.1 >G8V >K2V
SWIFT J1539.2-627 <21.5 <6.7 >A0V >K0OV
XTE J1726-476 <10.6 - >F8V -
4U 1755-338 4.49 ~M1 V?
MAXI J1803-298 7.02 £0.18° ~KO0 V¢
XTE J1817-330 <8.2 ~6.6 >G6V ~K3V
XTE J1818-245 <20.8 - >A0V -
MAXI J1828-249 <154 - >A6V -

Notes. “ Wachter & Smale (1998); » Spectral type for a Roche lobe filling main sequence with Py, = 4.4 h; © Measured from X-ray dips (Jana et al.
2022); ¢ Spectral type for a Roche lobe filling main sequence with Py, = 7.02 + 0.18 h.

companions would be intermediate-mass stars with M, > and/or short orbital periods, a strong indication that the compan-
1.5 M, and spectral types earlier than ~F1. Only three BH XRTs ions are low-mass stars.

with intermediate-mass donors are known (V4641 Sgr, GRO Recently, Casares et al. (2025) derived an empirical cor-
J1655-40, and 4U 1543-475), and they all have Por, > 1d relation between Ty and orbital period from a sample of

and small outburst amplitudes of <4 mag®. Conversely, the nine |7 BH XRTs with low-mass donors. Sixteen systems  trace
XRTs studied in this work have either large outburst amplitudes . S
a very narrow track in the Pyy, — Teg plane, an indication

that they all follow the same evolutionary path. Only XTE

3 Only V4641 Sgr has shown an outburst amplitude of 5.3 mag dur-
ing a brief super-Eddington X-ray flare in 1999 (Kato et al. 1999). The
amplitude of the other eight recorded outbursts of V4641 Sgr has always
been <4 mag.
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J1118+480 appears S00 K hotter than expected, suggesting that
its donor has descended from an intermediate-mass star that was
significantly evolved before the onset of mass transfer, and this
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Table 4. Final spectral types based on the P, —7.q relation.

Object Spectral type from P, based on
Outburst amplitude Quiescent colors

MAXI J0637-430 >M3V —

MAXI J1348-630 >K4'V >K4'V

SWIFT J1539.2-6227 >K4'V >K6V

XTE J1726-476 >K4'V -

4U 1755-338 ~M3V

MAXI J1803-298 ~K5V

XTE J1817-330 >K4'V ~K5V

XTE J1818-245 >K3V -

MAXI J1828-249 >K3V -

has been confirmed through evidence of processed CNO material
(Haswell et al. 2002). Under the hypothesis that the companions
in our nine XRTs are low-mass stars we applied the empirical
B2 equation from Casares et al. (2025) to our P, constraints,
together with the Tg-spectral type scale of Pecaut & Mamajek
(2013), and derived new spectral type constraints that we think
are more reliable than those provided in Table 3. Our final sys-
tem constraints are summarized in Table 4. In any case, we warn
that even these are tentative, since one cannot rule out the possi-
bility that the donor star in a particular system has evolved from
an intermediate-mass star, in which case the spectral type con-
straint would be biased low.

7. Conclusions

In this work, we presented an optical photometric campaign
of nine BH XRTs that currently have nonestablished quies-
cent optical counterparts. Our observations successfully identi-
fied counterparts for four targets, while for the remaining five
sources, we obtained 30 lower limits for their magnitudes in
quiescence. Additionally, one system (4U 1755-338) was found
in outburst. Complementary photometry, obtained during out-
burst, was also collected and reviewed. Based on the outburst
amplitudes and quiescent colors, we derived constraints on the
orbital periods and spectral types of the companion stars, assum-
ing a Roche-lobe-filling main-sequence star scenario (Table 3).
Finally, by adopting the empirical Po,—Teg relation from equa-
tion B2 of Casares et al. (2025) for low-mass companions in BH
XRTs we obtained more realistic spectral type constraints that
are summarized in Table 4.

Objects detected with » < 22 magnitudes are prime candi-
dates for future dynamical studies through time-resolved opti-
cal spectroscopy, which will lead to confirmed orbital periods
and BH mass determinations. Dynamical constraints on fainter
counterparts will require the use of future >30 m class telescopes
or Ha scaling relations (e.g., Casares 2015, 2016; Casares et al.
2022).

Data availability

The NTT images presented in this work are available in the ESO
phase 3 data archive. The Magellan images reported in this paper
will be made available upon reasonable request to Manuel Torres
(mapt@iac.es).
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Table A.1. Log of the NTT observations.

Total Seeing  Seeing cutoff Effective

Object BlackCAT ID Date exposure (h)  (arcsec) (arcsec) exposure (h)
MAXI J0637-430 68 15/03/2021 1.71 14-2.6 1.00 2.1

16/03/2021 1.70 09-15

23/03/2023 1.01 0.8-1.2

24/03/2023 0.36 1.7-2.8
MAXI J1348-630 67 15/03/2021 2.87 1.6-2.3 1.20 4.4

16/03/2021 2.74 1.0-2.1

23/03/2023 4.09 09-15
SWIFT J1539.2-6227 46 16/03/2021 4.18 1.1-1.7 1.25 0.5
XTE J1726-476 41 16/03/2021 1.05 1.1-1.5 1.30 1.3

23/03/2023 0.72 1.0-1.6

24/03/2023 2.92 1.2-23
4U 1755-338 4 23/03/2023 0.71 09-1.3 - -
MAXI J1803-298 70 23/03/2023 0.89 1.2-24 —— -
XTE J1817-330 42 16/03/2021 1.04 1.1-1.7 1.25 0.15
XTE J1818-245 40 16/03/2021 1.40 1.1-1.5 1.25 0.6
MAXI J1828-249 57 23/03/2023 1.00 1.1-14 1.20 0.7
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