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Abstract

We study the spectral properties of the galactic X-ray transient source SWIFT J151857.0-
572147 using two NuSTAR observations from March 2024. The spectral analysis was per-
formed using data from two onboard instruments, FPMA and FPMB of NuSTAR, in the
broad energy range of 3-50 keV. To achieve the best fit, the spectral fitting required a com-

bination of models:
sian emission/absorption.
7.94x 10?2 cm ™2

and photon indices ranged from 1.74 to 4.08,

constant, power-law, multicolor disk—-blackbody continuum, and Gaus-
Results show a hydrogen column density varying from 2.50 to
. The inner disk temperature of the source varied from 0.99 keV to 1.04 keV,

indicating a transition from a low/hard to a

high/soft state typical of black hole X-ray binaries.
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1 Introduction

Black hole X-ray binaries (BHXRBs) are systems
that consist of a stellar-mass black hole accreting
matter from its companion star. Black hole bi-
naries emit X-rays during their accretion by effec-
tively converting gravitational potential energy into
outward radiation. Studying such sources is im-
portant to understand the characteristic properties
like spin, mass, and accretion properties of the bi-
nary system [1]. Intense X-rays are produced dur-
ing black hole outburst events. These outbursts
can occur when the accretion flow from the donor
star is not sufficient to support the flow of mat-

ter toward the black hole. As a result, the mate-
rial accumulates in the outer disk until it reaches
a critical density. Once this critical surface density
is achieved, the disk becomes unstable and rapidly
collapses onto the black hole, resulting in a pow-
erful flare of X-ray radiation, including intense X-
rays [1-3]. These types of outbursts can recur for
several months to several decades [4, 5].

BHXRBs can emit X-rays in different forms, mainly
categorized into two major stages based on the type
of photon emission. Typical BHXRBs transit from
the low/hard state (LHS) when the photon index
is comparatively lower to the high /soft state (HSS)
when the photon index reaches higher values [1,6].
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Higher photon index are identified by steeper re-
gions in the X-ray spectrum, while softer photon
index has a flattened spectrum. A lower photon
index indicates the emission of a larger number of
photons.

During LHS, the power law component has a
smaller value of photon index (I' < 2) compared
to the soft power law, which means the low photon
index has a spectrum with relatively high-energy
photons. The thermal component from the accre-
tion disk is either weak or absent in this state [7].
On the other hand, the high/soft state in X-ray
binaries can be explained by thermal Comptoniza-
tion, where low-energy photons gain energy by scat-
tering off the hot electrons in plasma, originating
from an optically thick, geometrically thin accre-
tion disk [8]. The transition between the low hard
state and the high soft state is called the hard and
soft intermediate state, and it typically occurs at
an accretion rate of a few percent of the Edding-
ton limit [9]. During this transition, I" will increase
significantly from 1.4-1.8 to approximately 2.5 and
above [9,10]. These states are also often associ-
ated with the launching and quenching of relativis-
tic jets [11].

Swift J151857.0-572147 (hereafter Swift J151857)
is the new Galactic transient which was first de-
tected by Swift/XRT as a GRB 202403034 [12],
in Swift Trigger 1218452 (GCN 35849). However,
the repeated observations of the source indicated
that it remained persistently bright, with no signs
of fading, which confirmed its nature as a Galactic
Transient [13]. The Right Ascension (RA) and Dec-
lination of the source were found to be RA(J2000)
= 15h 18m 57.00s and Dec(J2000) = -57d 21’ 47.9"
[13]. Later, follow-up observations with the Aus-
tralia Telescope Compact Array (ATCA) at central
frequencies of 5.5 GHz and 9 GHz revealed bright
radio flares [14], which are typically obtained for
BHXRB transients undergoing transition from hard
spectral state to soft spectral state.

Follow-up observation by Del Santo et al. [15]
showed that the X-ray spectrum was significantly
softer than in the previous XRT observation [12],
described by an absorbed disk black-body plus a
power-law model with a reduced x? = 1.07 (618
degree of freedom), with the equivalent hydrogen
column of (4.4 4+ 0.3) x 10> cm~2, a photon index
of 2.2(—0.4,40.3) and an inner disk temperature of
0.81+0.06 keV. The parameters found by [15] were
consistent with those of typical Galactic black hole
X-ray binaries in a soft or soft/intermediate state.

Our work focuses on spectral analysis using specific
NuSTAR observations to investigate the source’s

spectral properties, such as the power-law index and
disk temperature during its 2024 outburst. We fit
the X-ray spectra in a broadband energy range 3—
50 keV, using different combinations of models in
XSPEC. Finally, we obtain best-fit parameters and
extract important properties of the source to con-
clude our work.

The paper is organized as follows: in Section 2, we
discuss the observation and data reduction proce-
dure. In Sections 3, we discuss the results of the
spectral data analysis, and finally, draw our con-
clusions in Section 4.

2 Observation and data reduction

Swift J151857 was observed by NuSTAR, on March
17 and 18, 2024, with exposures of 13885 s and
9195 s, respectively. The corresponding observa-
tion IDs and their details are shown in Table 1.
We include NuSTAR observations 91001311002 and
91001311004 in our analysis and write each obser-
vation ID as data Group 1-4 for 910013110024,
91001311002B, 91001311004A, and 910013110048,
respectively. The data were reduced with the HEA-
SOFT V6.34/NuSTAR Data Analysis Software
(NUSTARDAS) pipeline, version 2.1.4, and CALDB ver-
sion 20241216. The source region was extracted as
a circle of 60 arcsec radius, centered at the peak
brightness, and a background was determined from
a circle of 60 arcsec radius with the lowest ap-
parent source contamination, using ds9 [16]. We
used XSPEC [17] version 12.14.1, a visualization soft-
ware for spectral analysis and further fitting. The
X2 statistic is used to test the goodness of the fit
throughout the analysis.

During the outburst, the NuSTAR observations
showed that the source Swift J151857 stayed in
a Low hard state (LHS) before 10th March 2024
and gradually transitioned into the soft state after
10th March 2024 [12,13,18]. The Low hard state
is characterized by hard X-ray emission produced
by Comptonized emission from the corona, and soft
X-rays and minimal variability characterize the soft
state.

Table 1: NuStar observations of the source
Swift J151857 for each instrument FPMA/FPMB
during the 2024 outburst

ObsID Date Expos- counts
observed  ure(s)
91001311002A  2024-03-17 13880 157.0
91001311002B  2024-03-07 14300 146.8
91001311004A  2024-03-18 9195 140.1
91001311004B  2024-03-07 9449 131.3
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3 Results and discussion

The NuSTAR observations contained spectra in the
range 3-79 keV, but we restricted the spectra to
the 3-50 keV range, as below 3 keV and above
50 keV, the count rate drops steeply to near the
background level, accompanied by large statistical
uncertainties. The NuSTAR observations of the
source with observation ID 91001311002 for both
FPMA and FPMB contained 157.0, and 146.8 net
counts with exposure time of 13880 s and 14300 s

respectively, and that for 91001311004 contained
140.1, and 131.3 net counts with exposure time
of 9195 s and 9449 s respectively. We fit each of
the FPMA /FPMB observations to the model using
the XSPEC spectral fitting package. Our combina-
tion includes a couple of multiplicative and addi-
tive models. Each of the models was multiplied by
const, a scaling factor to ensure normalization, and
the absorption component tbabs. The obtained re-
sults and parameters for each model are discussed
in the following sections.
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Figure 1: Spectra and models for the fit with constant*tbabs* (bbody+cutoffpl) for the source. The
black, red, green, and blue lines in the top panel represent each spectrum (FPMA /B) listed from top to
bottom in Table 1. The bottom panel shows the residuals in terms of sigmas; the colors are the same as

in the top panel.

3.1 bbody + cutoffpl

Initially, we start with the simple model with a sin-
gle disk blackbody component to model the emis-
sion as arising from a single-temperature region.
The spectra from all observations were fitted to the
single-temperature disk blackbody model bbody,

added with a super-exponential cutoff absorption
model cutoffpl. The final model is read as
constant*tbabs (bbody + cutoffpl) in XSPEC.
For this model, the best-fit hydrogen column den-
sity was obtained to be higher for all observa-
tions than the average value along the line of sight,
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5.31 x 10*%cm~2 [19], possibly due to the relatively
few low-energy bins in the observations’ spectra.
The model is also best fit to photon index (I") with

Table 2: Best-fit parameters for model constant
Data groups correspond to observation IDs.

the value in the range 1.895+0.067 to 2.0844+0.042,
which is less than 2.6, that which was obtained by
Peng et al [20].

*tbabs* (bbody + cutoffpl) for all observations.

Component Parameter Unit Group 1 Group 2 Group 3 Group 4

tbabs Ny 1022 0.968 £0.113  0.889+£0.115  0.859 £0.127  0.949 +0.135
bbody kT keV  0.847£0.004  0.8454+0.004 0.827+0.004  0.820 £ 0.005
cutoffpl r — 2.084 £ 0.042 2.057 £0.043 1.895 £ 0.067 2.029 £+ 0.068
cutoffpl HighECut keV  31.349 +2.147 29.009 +1.897 20.001 +1.462 23.251 4+ 2.007

Reduced x?2 (dof) = 1.153.

In Figure 1, the top panel shows the unfolded spec-
tra of the four FPMA /B observations with colors
black, red, green, and blue representing observa-
tion IDs listed from top to bottom in Table 1, to-
gether with the best-fit model shown by solid lines
and its two additive components, a soft bbody com-
ponent and a harder cutoffpl component, shown
by the dotted lines. The blackbody component ap-
pears as a soft excess visually peaking around 1-
2 keV and an absorption component dominating at
higher energies. The spectral fit parameters pre-
sented in Table 2 provide insights into the phys-
ical properties of the observed source fitted with
this model. The high-energy cutoft (20-31 keV) re-
flects the coronal temperature, with lower cutoffs in
Group 3 suggesting a cooler corona during that ob-
servation. The blackbody temperature (kT ~ 0.82—
0.84 keV) is consistent with a warm accretion disk,
but the single-temperature assumption may over-
simplify the disk’s radial temperature profile. The
acceptable y? indicates a good fit, but residuals sug-
gest the need for a more complex thermal compo-
nent.

3.2 diskbb + cutoffpl

The bbody model was insufficient to capture the
complexity of the thermal emission in accreting
systems, because it was a single-temperature com-
ponent model and it lacked the property to ac-
count for a radial temperature gradient. To ad-
dress this limitation, we adopted the diskbb, a
multi-temperature disk blackbody component that
accounts for the radial temperature gradient in-
herent in a geometrically thin, optically thick ac-
cretion disk [21]. The diskbb model represents
the disk as a sum of blackbody spectra emit-
ted from concentric annuli, each with a different
temperature decreasing outward from the center.
The spectra were reasonably fitted to the multi-
temperature disk blackbody model diskbb, to ac-

count for an accretion disk consisting of multi-
ple blackbody components, added with a super-
exponential cutoff absorption model cutoffpl, to
account for curvature at higher energies. The fi-
nal model is read as constant*tbabs(diskbb +
cutoffpl) in XSPEC.

The transition to this enabled a more physically mo-
tivated and accurate characterization of the thermal
component in our spectral fits, with an improved
value of x? (1.101) with 4696 degrees of freedom
(dof). Table 3 presents the best-fit parameters de-
rived from fitting a model to observational data
across four distinct groups, corresponding to differ-
ent observation IDs. The best-fit hydrogen column
density was obtained to be higher for all observa-
tions than the average value along the line of sight,
5.31 x 10"%cm—2. This might be possible due to the
relatively few low-energy bins in the observations’
spectra, which are simply leading to a poor con-
straint on the column density. The model is also
best fit to photon index (T") with the value ranging
from 1.74 (Group 3) to 4.08 (Group 1). As ob-
served, the value of I' for Group 1 is significantly
higher than that for other observations due to the
intrinsic spectral state changes in the source, po-
tentially associated with variations in the accretion
disk-corona system. Alternatively, the higher value
of photon index may indicate transient changes,
such as the onset of a soft excess component or a
transition towards a more disk-dominated spectral
state [1]. The inner disk temperature (7j,) shows
an anomalously high value for Group 1 (8.38 keV),
which is unphysical and could result from model
degeneracy or fitting artifacts. Typical T, val-
ues (0.998-1.041 keV) for Groups 2-4 align with
BHXRBs in the soft state. The high-energy cutoff
range 17.470 keV (Group 3) to 25.629 keV (Group
2) reflects coronal dynamics, with lower cutoffs in-
dicating a cooler corona. However, the value for
Group 1, 106.742, is marginally higher, indicating
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poor constraint of the parameter with the current
model.

The spectral fit and residuals are plotted in Figure
2. The top panel shows the unfolded spectra of the
four FPMA /B observations with colors black, red,
green, and blue representing observation IDs listed
from top to bottom in Table 1. The best-fit model
is shown by solid lines, and dotted lines represent its
two additive components: a soft diskbb component
and a harder cutoffpl component.
show a prominent thermal peak around a few keV,

consistent with the diskbb component and charac-
teristic of a multi-temperature accretion disk. A
high-energy tail extending beyond 10 keV is seen,
which is well described by the cutoffpl component
and typically attributed to Comptonized emission
from a hot corona. The bottom panel shows the
fit residuals, which are randomly scattered around
zero across the full energy range with no system-
atic structure, indicating that this two-component
model provides a statistically acceptable descrip-

The spectra tion of the data, with an obtained value of x?/dof

as 1.101.
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Figure 2: Spectra and models for the fit with constant*tbabs*(diskbb+cutoffpl) for the source. The
black, red, green, and blue lines in the top panel represent each spectrum (FPMA /B) listed from top to
bottom in Table 1. The bottom panel shows the residuals in terms of sigmas; the colors are the same as

in the top panel.
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Table 3: Best-fit parameters for model constant*tbabs*(diskbb + cutoffpl) for all observations.

Data groups correspond to observation IDs.

Component Parameter Unit Group 1 Group 2 Group 3 Group 4
tbabs Ny 10%2 7.936 £ 0.162 2.505+£0.096  2.836 +0.106  2.865 4 0.112
diskbb T keV 8.384 4+ 0.082 1.041 £0.007  1.008 £0.007  0.998 + 0.007
cutoffpl r 4.082 +0.092 1.961 +£0.048  1.7434+0.075  1.889 + 0.076
cutoffpl HighECut keV  106.742 4+ 182.451 25.629 +1.603 17.470 4+ 1.212 20.128 + 1.627
Reduced x2 (dof) = 1.101.
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Figure 3: Spectra and models for the fit with constant*tbabs*(diskbb+nthcomp) for the source. The
black, red, green, and blue lines in the top panel represent each spectrum (FPMA /B) listed from top to
bottom in Table 1. The bottom panel shows the residuals in terms of sigmas; the colors are the same as

in the top panel.

3.3 diskbb + nthcomp

We tried to check for a Gaussian signature by
adding a gaussian component in our model
constant*tbabs*(diskbb+cutoffpl), which was
found insignificant, as there were no significant
residuals around 5-7 keV, which suggests that there

is no Fe-Ka emission line. To verify the result
we obtained, we replaced the cutoffpl component
with nthcomp, a thermally Comptonized continuum
model of [22]; as later extended by [23], which offers
a sharper high-energy cut-off and a more accurate
low-energy rollover with similar parameters. The
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redshift (z) and seed photon temperature (kTyp)
were frozen and fixed to 0.06 and 0.7 keV. The 2
was calculated to be 1.384 with 4696 degrees of free-
dom (dof), a poorer fit than our previous model.
The best-fit hydrogen column density (Ny) was ob-
tained to be in the range from 3.09-3.19x10%?cm =2,

which is higher for all observations than the average
value along the line of sight, 5.31 x 10*°cm~2. How-
ever, the value is much less than 4-5 x 10%?2cm™2,
obtained by Mondal et al. [24]. The photon index
(T") is poorly constrained compared to other models,

with the value in the range from 2.16 to 2.80.

Table 4: Best-fit parameters for model constant*tbabs* (diskbb + nthcomp) for all observations. Data

groups correspond to observation IDs.

Component Parameter Unit Group 1 Group 2 Group 3 Group 4

tbabs Ny 1022 3.087+0.125 3.087+0.125 3.176+0.124 3.187+0.128
diskbb Tin keV  6.698 +£0.041 1.023 £0.007 1.001 +0.006 0.992 + 0.006
nthcomp r —  2.8044+0.026 2.235+0.017 2.165+0.025 2.222 + 0.026
nthcomp kT, keV  1.624 +£0.024 11.831£0.477 8.772+0.342 9.622 £ 0.455

Note. Reduced x?2 (dof) = 1.384.

Table 4 presents the best-fit parameters for this
model. The Ny values 3.087-3.187 x 10?2 cm~2 are
lower than those in the diskbb+cutoffpl model
but still exceed the Galactic average, suggesting in-
trinsic absorption. The photon index range 2.16 to
2.80 indicates a softer spectrum than the cutoffpl
models, consistent with a soft/intermediate state.
The inner disk temperature (7},) for Group 1
(6.698 keV) is unusually high, potentially due to
fitting issues or model limitations. Other Ti, val-
ues (0.992-1.023 keV) are typical for BHXRBs. The
coronal temperature (k7,) and seed photon temper-
ature (kT,p) in nthcomp provide insights into the
Comptonization process, but their identical values
across observations (e.g., 6.698 keV for Group 1)
suggest parameter degeneracy. The higher x? indi-
cates that nthcomp is less suitable for this dataset,
possibly due to its sharper high-energy cutoff.

Figure 3 shows the fitted model with spectra.
The top panel shows the unfolded spectra of the
four FPMA /B observations with colors black, red,
green, and blue representing observation IDs listed
from top to bottom in Table 1. The best-fit model
is shown by solid lines, while dotted lines represent
its two additive components: diskbb and nthcomp.
The bottom panel shows the fit residuals, which
seem to be more distorted than in the previous
model, and hence no significant conclusions can
be drawn with the addition of the Comptonization
model.

4 Conclusion

Our spectral analysis of Swift J151857 using NuS-
TAR observations during its 2024 outburst further
supports its classification as a galactic X-ray tran-
sient, likely a BHXRB in the soft or intermediate

state. The constant*tbabs*(diskbb+cutoffpl)
model best fits the 3-50 keV spectra (x? = 1.101,
4696 dof), revealing a multi-temperature accre-
tion disk (T3, ~ 0.99-1.04 keV) and a Comp-
tonized corona (I' ~ 1.7—4.0, high-energy cutoff
17.4-106.7 keV). The high hydrogen column den-
sity (Ng =~ 2.50-7.94 x 10*2cm~?2) suggests intrin-
sic absorption, while the absence of Fe-Ka emission
indicates minimal reflection.

The source’s high luminosity (6.10-7.30 x
10%%erg s=1) and spectral softening align with a
high accretion rate, potentially near the Eddington
limit. Comparisons with Del Santo et al. [15] and
Peng et al. [20] show consistency in disk temper-
ature and photon index, reinforcing the BHXRBSs’
interpretation. However, discrepancies in Ny and
the anomalous Ti, for Group 1 highlight the need
for further soft X-ray and multi-wavelength data.
Further analysis with joint observations can be done
to remove the discrepancy and constrain more in-
sightful conclusions from the model.
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