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A B S T R A C T 

We present a spectral variability study of the ultraluminous X-ray source NGC 4490 ULX-8 based on 14 Chandra , 6 XMM–
Newton , and 19 Swift -XRT observations obtained between 2000 and 2024. The X-ray spectra are modelled using absorbed 
power-law and absorbed multicolour disc blackbody models. The best-fitting photon indices span � � 0 . 9 –2.7, while the 
inferred inner disc temperatures lie in the range kTin � 1 . 0 –1.6 keV. We detect pronounced long-term variability in the 
unabsorbed X-ray luminosity on multiyear time-scales, while variability within individual observations is comparatively 
modest. A hardness–intensity Diagram of the source shows no clear transition between hard and soft states; however, 
two recent observations taken on 2022 December 1 and 2024 May 4 show a sharp increase in brightness. The spectra 
across all observations are dominated by smooth, single-component curvature in the 0.3–10 keV band, consistent with 

the broadened-disc regime of ultraluminous X-ray sources. A correlation analysis reveals a weak positive LX –� trend that 
remains statistically supported after controlling for absorption-related degeneracies, indicating that it is not driven solely 
by fitting covariance. The LX –Tin relation is only weakly constrained, but remains compatible, within uncertainties, with 

both thin-disc and slim-disc scalings. Using disc parameters derived from higher quality XMM–Newton spectra, we obtain 

model-dependent estimates of the characteristic inner disc radius and compact-object mass as functions of inclination and 
spin. The reported results are consistent with a stellar-mass black hole accretor operating at or near the Eddington limit. 

Key words: accretion, accretion discs –methods: observational –X-rays: individual: NGC 4490 ULX-8. 
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 INTRODUCTION  

ltraluminous X-ray sources (ULXs) are point-like, non-nuclear 
xtragalactic compact objects with isotropic luminosities ( LX ) ex- 
eeding 1039 erg s−1 (P. Kaaret, H. Feng & T. P. Roberts 2017 ; 
. King, J.-P. Lasota & M. Middleton 2023 ), roughly the Ed-
ington limit for a 10 M� black hole (BH). ULXs consist of a
ompact object, either a BH or a neutron star (NS) accreting 
rom a companion star. They were initially hypothesized to host 
ntermediate-mass black holes (IMBHs; 102 –105 M�) accreting 
t sub-Eddington rates (E. J. M. Colbert & R. F. Mushotzky 1999 ;
. M. Miller, A. C. Fabian & M. C. Miller 2004 ), an interpreta-
ion invoked to explain ULXs in general and, in particular, the
ore extreme hyperluminous X-ray sources (HLXs) with lumi- 
osities exceeding 1041 erg s−1 (e.g. N. A. Webb et al. 2010 , A. D.
. MacKenzie, T. P. Roberts & D. J. Walton 2023 ). While HLXs
re still widely regarded as strong IMBH candidates, growing 
vidence favours the interpretation that most ULXs are stellar- 
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ass BHs or NSs accreting at near- to super-Eddington rates, 
acilitated by optically thick outflows or geometrical beaming (S. 
abrika et al. 2015 ). This has been supported by dynamical mass
stimates, detection of ULXs hosting stellar-mass BHs (C. Motch 
t al. 2014 ; S. Fabrika et al. 2015 ; R. F. Shen et al. 2015 ) and the
iscovery of more than 10 pulsating ULXs (pULXs), definitively 
ndicating NS accretors, such as M82 X-2 (M. Bachetti et al. 2014 ),
GC 7793 P13 (F. Fürst et al. 2016 ; G. L. Israel et al. 2017b ), NGC
907 ULX1 (G. L. Israel et al. 2017a ), NGC 300 ULX1 (S. Carpano
t al. 2018 ), and NGC 1313 X-2 (R. Sathyaprakash et al. 2019 ). 
NGC 4490 is a late-type spiral galaxy currently interacting with 

he irregular galaxy NGC 4485. A distance of 7.8 Mpc, based
n the Tully–Fisher (TF) relation (R. B. Tully 1988 ), has been
idely adopted in the literature for the system. More recent tip of 
he red giant branch (TRGB) measurements using Hubble Space 
elescope ( HST ) data place NGC 4490 at 6.5 Mpc and NGC 4485
t 8.8 Mpc (E. Sabbi et al. 2018 ). These distances imply a three-
imensional separation of ∼ 2.3 Mpc between the galaxies, which 
s difficult to reconcile with evidence for an ongoing strong tidal
nteraction (e.g. S. Pearson et al. 2018 ; Y. Liu et al. 2023 ). Ow-
ng to this inconsistency, several studies have instead adopted 
This is an Open Access article distributed under the terms of the
/by/4.0/), which permits unrestricted reuse, distribution, and
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M

Table 1. Summary of observations for NGC 4490 ULX-8. Exposure times (in ks), after flare removal, 
are listed for EPIC-pn/MOS1/MOS2 detectors for XMM–Newton , ACIS-S for Chandra , and the X-ray 
Telescope (XRT) for Swift . 

Mission Epoch ID Obs. ID Date Exposure (ks) 

Chandra C1 1579 03/11/2000 19.52 
C2 4725 29/07/2004 38.47 
C3 4726 20/11/2004 38.74 
C4 20999 06/11/2018 14.79 
C5 23482 27/11/2020 28.68 
C6 23483 27/12/2020 29.47 
C7 23484 24/01/2021 29.37 
C8 23485 21/02/2021 29.87 
C9 23486 19/03/2021 29.66 
C10 23487 18/04/2021 29.57 
C11 23488 15/05/2021 29.47 
C12 23489 12/06/2021 29.59 
C13 23490 08/07/2021 29.38 
C14 23491 06/08/2021 29.56 

XMM–Newton XM1 0112280201 27/05/2002 10.21/15.37/15.38 
XM2 0556300101 19/05/2008 15.25/18.64/18.64 
XM3 0556300201 22/06/2008 23.66/28.72/28.73 
XM4 0762240201 12/06/2015 7.59/10.04/10.04 
XM5 0824450201 29/12/2018 36.49/55.15/55.23 
XM6 0891020301 30/05/2022 22.71/28.14/17.67 

Swift - XRT S1 00031155001 04/03/2008 4.93 
S2 00031155002 07/03/2008 4.23 
S3 00031155004 12/03/2008 3.13 
S4 00031155006 18/03/2008 4.28 
S5 00031155010 21/03/2008 2.04 
S6 00031155016 07/04/2008 2.21 
S7 00031155017 11/04/2008 1.88 
S8 00031155019 17/04/2008 2.60 
S9 00031155020 18/04/2008 2.36 
S10 00031155021 22/04/2008 5.85 
S11 00031155022 25/04/2008 4.17 
S12 00031155023 26/04/2008 4.35 
S13 00037784001 22/11/2008 13.20 
S14 00085424002 30/11/2014 2.48 
S15 00085424013 31/05/2015 2.44 
S16 00085424014 12/08/2015 3.84 
S17 00089252002 14/06/2022 1.49 
S18 00015121005 01/12/2022 1.52 
S19 00015121012 04/05/2024 1.66 
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 pair-averaged distance of 7.14 Mpc (G. Theureau et al. 2007 ).
urthermore, a recent reanalysis of the colour–magnitude dia-
rams by I. D. Karachentsev & P. Kroupa ( 2024 ) indicates that the
RGB location has been determined unreliably for NGC 4490/85.
ence, in this work, we adopt a distance of 7.8 Mpc for NGC 4490
ased on the TF relation when computing luminosities in order
o maintain direct consistency with previous X-ray studies (T. P.
oberts et al. 2002 ; J. K. Fridriksson et al. 2008 ; J. C. Gladstone &
. P. Roberts 2009 ; T. Yoshida et al. 2010 ; S. Avdan et al. 2019 ) of 
LXs in this system. 
This ongoing interaction of NGC 4490/85 is known to trigger
ctive star formation, at a constant rate of ∼4 . 7 M� yr−1 (M. S.
lemens, P. Alexander & D. A. Green 1999 ; M. S. Clemens &
. Alexander 2002 ), making this system an ideal laboratory for
tudying ULX populations. This interaction-driven star forma-
ion is likely responsible for the development of an extensive
eutral hydrogen (H i ) envelope encompassing the galaxy. NGC
490 has been observed multiple times in X-rays, beginning with
OSAT (A. M. Read, T. J. Ponman & D. K. Strickland 1997 ; T. P.
NRAS 549, 1–16 (2026)
oberts & R. S. Warwick 2000 ). T. P. Roberts et al. ( 2002 ) studied
he C1 Chandra observation (see Table 1 ) to resolve X-ray sources
n the galaxy, identifying 6 ULXs and a total of 36 X-ray sources.
. J. Richings et al. ( 2010 ) examined the diffuse hot interstellar
edium of NGC 4490 and catalogued the discrete X-ray source
opulation using the first three Chandra observations (C1–C3).
his diffuse soft X-ray emission is also visible in the merged
mages presented in Fig. 1 . We adopt the ULX nomenclature of 
. K. Fridriksson et al. ( 2008 ), who catalogued 8 ULXs (ULX-1
hrough ULX-8) and 38 discrete X-ray sources based on C1–C3
nd ROSAT . 
Among NGC 4490’s known ULXs, ULX-8 (CXOU
123043.1 + 413818; J. K. Fridriksson et al. 2008 ) is a particularly
ntriguing candidate for investigating long-term timing and
pectral variability. ULX-8 stands out as one of the brightest,
long with ULX-3, ULX-4 and ULX-6. Notably, the position of 
LX-6 is consistent with the nucleus of NGC 4490, as identified
n recent optical and infrared studies by A. Lawrence et al.
 2020 ). ULX-1, 3, and 4 lie in close proximity, complicating
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Figure 1. False-colour X-ray images of NGC 4490/85 created from smoothed and merged observations. Representative source and background regions 
are marked in magenta and yellow colours, respectively. Red corresponds to emission in the 0.3–0.65 keV energy band, green to the 0.65–1.5 keV band, 
and blue to the 1.5–6.0 keV band. The colour scales are shown below each image. Left : Image created from Chandra observations. Right : Image created 
from EPIC-pn and MOS1/2 observations with XMM–Newton . 

t
E
t
a
i
l
q
P
J  

(
o  

o
u
X
t
X
a  

(  

m
4

8  

X
B
s
a  

a
a

s

p

a

2

I  

1  

B  

t
(  

o
C
t  

d  

s  

X
a  

S  

s
i  

t

2

W  

a
u  

a
0  

s  

0  

b  

T
s

1 https://www.cosmos.esa.int/web/XMM-Newton 
2 https://www.cosmos.esa.int/web/xmm-newton/sas-thread-epic- 
filterbackground 

D
ow

nloaded from
 https://academ

ic.oup.com
/m

nras/article/549/3/stag976/8691580 by Indian Institute of Astrophysics user on 15 July 2026
heir analysis using XMM–Newton due to source contamination. 
xtraction regions for these sources would need to be smaller 
han 9 arcsec to avoid overlap, limiting the available counts 
nd affecting spectral fidelity. In contrast, ULX-8 is relatively 
solated, allowing source extraction from circular regions as 
arge as 19 arcsec in XMM–Newton , thereby ensuring high- 
uality data suitable for long-term spectral and timing analysis. 
revious studies of ULX-8 were based on limited data sets: 
. C. Gladstone & T. P. Roberts ( 2009 ) and T. Yoshida et al.
 2010 ) analysed the Chandra C1–3 and XMM–Newton XM1 
bservations (see Table 1 ). S. Avdan et al. ( 2019 ) identified the
ptical counterparts of ULXs in the NGC 4490/4485 system 

sing archival HST imaging, combined with Chandra C1–3 and 
MM–Newton XM1–4 observations, and examined their long- 
erm X-ray variability. Using astrometry, they determined the 
-ray position for the source, with coordinates RA = 12:30:43.180 
nd Dec = + 41:38:18.72. More recently, H. P. Earnshaw et al.
 2025 ) presented results from a Chandra Large Programme that
onitored 36 ULXs across three nearby galaxies, including NGC 

490, to study long-term variability behaviours. 
We present the most extensive investigation of NGC 4490 ULX- 

 to date, drawing on the full suite of archival Chandra and
MM–Newton observations together with 19 Swift -XRT data sets. 
y unifying both analysed epochs (XM1–4, C1–3, C5–14) and 
everal unexplored observations (XM5, XM6, C4, S1–S19), we 
re able to track the temporal and spectral evolution of ULX-8
cross short (intra-observation), intermediate (weeks–months), 
nd long (years) time-scales. Our analysis aims to: 

(i) Track variability in the unabsorbed X-ray luminosity of the 
ource across two decades. 
(ii) Examine potential correlations among key spectral fitting 
arameters using statistical tools. 
(iii) Assess the physical implications of our findings for the 
ccretion regime and the nature of the compact object. 
 OBSERVATIONS  AND  DATA  REDUCTION  

n this work, we study six XMM–Newton (F. Jansen et al. 2001 ),
4 Chandra (M. C. Weisskopf 1999 ), and 19 Swift - XRT (D. N.
urrows et al. 2005 ) archival observations of NGC 4490 ULX-8. In
his paper, we label observations as XM1-6, C1–C14, and S1–S19 
Table 1 ). We have used all available Chandra and XMM–Newton
bservations, except for XMM–Newton Obs. ID 0891 020 501 and 
handra Obs. ID 28115, due to their low post-reduction exposure 
imes. For Swift - XRT observations, we have filtered the archival
ata set for a detection significance above 3 σ , leading to 19 ob-
ervations (Table 1 ) for further analysis. The corresponding Swift -
RT spectral products had sufficient counts, based on count rates 
nd exposure times (see Table 3 ), to justify the use of C-statistics.
ome of these Swift - XRT observations, as well as the Chandra ob-
ervation C4, were originally targeted at SN2008ax, a supernova 
n NGC 4490. However, ULX-8 is detected in these fields and is
herefore included in our analysis. 

.1 XMM–Newton 

e used Scientific Analysis Software 1 ( sas ) v. 21.0.0 to process
ll the observations. Standard emproc and epproc tasks were 
sed to reprocess the Observation Data Files (ODFs) for the MOS
nd pn detectors, respectively. A filtering constraint of FLAG == 

 was used for the EPIC cameras. Data were reduced by selecting
ingle to quadruple events ( PATTERN ≤12 ) and energies within
.2–12 keV for the MOS detector and by selecting single and dou-
le events ( PATTERN ≤4 ) and energies within 0.2–15 keV for pn.
o identify intervals of flaring particle background, we generated 
ingle-event ( PATTERN == 0 ), high-energy light curves 2 using 
MNRAS 549, 1–16 (2026)

https://www.cosmos.esa.int/web/XMM-Newton
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Figure 2. Background subtracted light curve with 500s bin-time from the 
XMM–Newton EPIC-pn module during the XM1 observation. The dashed 
line marks the mean count rate, while the shaded region indicates its 
uncertainty. 

c  

a  

o  

s  

f  

n  

e  

1  

r  

a  

a  

c

3

3

T  

s  

u  

w  

s  

e  

d  

a  

X  

r  

c
 

w  

s  

s  

B  

A  

o

3

H  

t  

D
ow

nloaded from
 https://academ

ic.oup.com
/m

nras/article/549/3/stag976/8691580 by Indian Institute of Astrophysics user on 15 July 2026
he evselect task, choosing energies above 10 keV for MOS and
etween 10–12 keV for pn detectors. Subsequently, we created a
ood Time Interval file, which was used to filter the event files
sing the same task. While the filtering reduced the effective
xposure times for most observations by some margins, it does not
mpact the reliability of our spectral and timing analyses. We ex-
racted source products from circular regions of radius 19 arcsec
entred at ULX-8. The background region was chosen from a cir-
le of radius 38 arcsec on the same charge-coupled device (CCD)
s the source region (Fig. 1 , right panel). A barycentric correction
or timing analysis was performed using the barycen task with
he known coordinates of the source. We used evselect to cre-
te source and background products. The epiclccorr task was
sed to generate background-subtracted light curves, applying
arious absolute and relative corrections. The redistribution ma-
rix file (RMF) and ancillary response file (ARF) were generated
sing the rmfgen and arfgen tasks, respectively. These were
hen grouped with the source and background spectra using the
pecgroup task with a minimum of 20 counts per energy bin to
nsure adequate statistics for spectral fitting. 

.2 Chandra 
he Chandra data were analysed using ciao 3 v. 4.15, employ-
ng the calibration files ( caldb 4 v. 4.10.4). All the observations
ere performed with the Advanced CCD Imaging Spectrometer
ACIS) with the aim point placed on the S3 chip of the ACIS-S
rray. The raw event 1 files were reprocessed and vfaint mode
as used for observations C2–C4. We restricted the data to the
nergy range 0.3–10 keV and checked for flares, which did not
ffect any of the observations. We also confirmed that the ACIS
ata had source counts below the temperature limit of 164.15 K,
n accordance with the ‘Removing Warm ACIS Data’ thread. 5 
LX-8 is located off-axis in most Chandra pointings, where the
roader point spread function (PSF) required the use of elliptical
xtraction regions for source products. These were centred on the
ource coordinates, with semimajor and semiminor axes of 6 and
.5 pixels, respectively. Background spectra were extracted from
earby source-free circular regions with 20-pixel diameter. In
ontrast, observations C1, C4, C13, and C14 captured the source
loser to the optical axis. For these, a circular region of 5 pixels in
iameter was used to extract source counts, encircling more than
0 per cent of the PSF, while background events were obtained
rom an annulus with inner and outer diameter of 8 and 16 pixels,
espectively (represented in Fig. 1 , left panel). For timing analy-
is, the ciao tool axbary was used for barycentric correction.
he dmextract and specextract tools were used to extract
he1 source light curves and spectra, respectively. The extracted
pectra were grouped to a minimum of 20 counts per bin. 

.3 Swift - XRT 

he Swift - XRT observations were performed in photon counting
PC) mode. We analysed all available Swift - XRT (D. N. Burrows
t al. 2005 ) data using the standard online processing tools pro-
ided by the UK Swift Science Data Centre (P. A. Evans et al.
007 , 2009 ). Source positions were determined using the simple
NRAS 549, 1–16 (2026)

 https://cxc.cfa.harvard.edu/ciao/ 
 https://cxc.cfa.harvard.edu/caldb/ 
 https://cxc.cfa.harvard.edu/ciao/threads/acisfptemp/ 

(  

6
7

entroid method with the simbad coordinates of ULX-8 as input,
dopting a 1 arcsec positional uncertainty. We selected only those
bservations with a detection significance more than 3 σ , en-
uring reliable source detection while minimizing contamination
rom background noise. We also investigated possible contami-
ation from the nearby supernova SN2008ax. Using ximage we
xamined the region around the SN’s simbad position (RA =
87.6700◦, Dec = 41.6378◦) but did not detect any significant X-
ay emission at the SN location in the Swift-XRT images. The
ngular separation between the ULX and the SN position is ∼ 28
rcsec , above the Swift-XRT half-power diameter of ∼ 18 arcsec ,
onfirming that the ULX extraction is unaffected by the SN. 

 ANALYSIS  

.1 Timing analysis 

o probe the time series, we generated light curves of all ob-
ervations. Data from the pn module of XMM–Newton has been
sed for this analysis. We quantify the short-term variability
ithin individual observations using the fractional root-mean-
quare (rms) variability amplitude, Fvar , as defined by S. Vaughan
t al. ( 2003 ). No statistically significant short-term variability is
etected in the majority of the light curves. However, mild vari-
bility was observed in some observations, for example XM1 and
M4, with Fvar of 11.71 ± 5.76 per cent and 11.74 ± 7.16 per cent
espectively, for 500 s binned light curves. A representative light
urve for XM1 is plotted in Fig. 2 . 
To search for possible periodicities in the source light curves,
e used the ftools task powspec 6 v1.0 to generate the power
pectra. No significant periodic signal was detected in any ob-
ervation. To confirm this, we employed hendrics 7 v8.0.2 (M.
achetti 2018 ), a set of stingray -based command-line scripts.
nalysis with the henaccelsearch and henzsearch tasks
f hendrics also revealed no pulsations in the light curves. 

.2 Hardness–intensity diagrams 

ardness–intensity diagrams (HIDs) have long been employed to
rack spectral state transitions in both ULXs and X-ray binaries
XRBs). In Galactic XRBs, HIDs plotting X-ray hardness versus
 https://heasarc.gsfc.nasa.gov/lheasoft/help/powspec.html 
 https://hendrics.stingray.science/en/latest/ 

https://cxc.cfa.harvard.edu/ciao/
https://cxc.cfa.harvard.edu/caldb/
https://cxc.cfa.harvard.edu/ciao/threads/acisfptemp/
https://heasarc.gsfc.nasa.gov/lheasoft/help/powspec.html
https://hendrics.stingray.science/en/latest/
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Figure 3. The hardness–intensity diagram: total 0.3–10 keV count rate 
versus HR, using observations from multiple instruments. Data points 
from Swift –XR T are shown in green, Chandra data in blue and XMM–
Newton data in red. 
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ntensity reveal characteristic q-shaped tracks that correspond to 
ransitions among canonical states such as low/hard, high/soft 
nd intermediate, as shown by GX 339–4’s 2002/2003 outburst 
T. M. Belloni 2010 ). In ULXs, evolving patterns on the HID
lane have been increasingly recognized: for instance, A. Gúrpide 
t al. ( 2021b ) demonstrated recurrent spectral cycles between 
ard-ultraluminous and soft-ultraluminous regimes in sources 
ike Holmberg II X-1 and NGC 5204 X-1 via HID tracking. 
In Fig. 3 , we present the HID of NGC 4490 ULX-8, where

he hardness ratio (HR) is plotted as a function of the total 0.3–
0 keV count rate converted to the Swift - XRT reference band. HR
s computed as the ratio of the count rates in the 1.5–10 keV band
o that in the 0.3–1.5 keV band. We find the HR of NGC 4490
LX-8 to be in the range of 0.84–3.04 with typical measurement
ncertainties ranging from ∼0.15 to 1.45. To account for instru- 
ent differences, we have used the standard online WebPIMMS 8 
K. Mukai 1993 ) tool to convert from Chandra and XMM–Newton 
ount rates to XRT assuming a redshift of z = 0 . 0018 (M. A.
trauss et al. 1992 ). 
We find that the most recent observations in our data set, S18
nd S19, taken on 2022 December 1 and 2024 May 4 respec-
ively exhibit significantly higher count rates compared to earlier 
pochs. However, no distinct hard or soft spectral states could 
e identified from the HID.The observed increase in count rate 
ay therefore reflect changes in the accretion rate rather than a 
anonical state transition (S. Mondal et al. 2021 ). 

.3 Spectral analysis 

e have used the X-ray spectral fitting package xspec 9 version 
2.13.0c (K. A. Arnaud 1996 ) for spectral analysis. All spectra are
t in the energy range of 0.3–10 keV. For XMM–Newton , MOS1,
OS2, and pn spectra are fit simultaneously. In a joint spectral fit-
ing, the multiplicative normalization constant for the pn detector 
as fixed to unity, while the constants for the MOS detectors were
llowed to vary to account for cross-calibration differences. In 
bservation XM2, ULX-8 lies on the pn chip gap, leading to a flux
rop; hence, for fitting purposes, the MOS1 detector’s constant 
alue is set to unity for flux estimation. 
We model the spectra using absorbed single-component mod- 
ls, namely an absorbed power-law ( tbabs ∗tbabs ∗powerlaw ;
 https://heasarc.gsfc.nasa.gov/cgi-bin/Tools/w3pimms/w3pimms.pl 
 https://heasarc.gsfc.nasa.gov/xanadu/xspec/ 

0  

fi  

a

L) and an absorbed multicolour disc blackbody 
 tbabs ∗tbabs ∗diskbb ; DISKBB; K. Mitsuda et al. 1984 ).
pectral fitting is performed in xspec , with absorption described 
y two tbabs components adopting abundances from J. Wilms, 
. Allen & R. McCray ( 2000 ) and photoionization cross sections
rom D. A. Verner et al. ( 1996 ). The first absorption component
s fixed to the Galactic hydrogen column density along the 
ine of sight to NGC 4490, NH , Gal = 1 . 81 × 1020 cm−2 (P. M. W.
alberla et al. 2005 ; V. Doroshenko 2024 ). The second component
epresents intrinsic absorption, NH , int , associated with material 
ithin the host galaxy and/or the immediate environment of 
he source. Unless stated otherwise, NH , int is treated as a free 
arameter in the fits. The resulting best-fitting parameters for 
he XMM–Newton and Chandra observations are summarized in 
able 2 . 
For the Swift - XRT observations, only the PL model parameters
ould be constrained for our data set (Table 3 ); consequently,
ISKBB fits are not reported for these observations. In some fits
C5, C6, C10, C11, with DISKBB and S15, S17 with PL), the best-
tting value of NH , int is consistent with zero. In these cases, we
eport the upper uncertainty on NH , int to reflect the allowed range 
f intrinsic absorption. 
A subset of the Swift - XRT observations (S7, S8, S9, and S14)

ies at the lower end of the available counts and degrees of free-
om, limiting the ability of the spectra to independently constrain 
bsorption. Allowing NH , int to vary yields formally bounded val- 
es; however, in all four cases, the propagated uncertainties on 
he unabsorbed luminosity exceed 100 per cent of the best-fitting 
alue. This behaviour indicating that luminosity estimates be- 
ome dominated by absorption uncertainties in low-count spec- 
ra, rendering the resulting luminosity estimates physically unin- 
ormative. 
Since the primary goal of our analysis is to track luminosity
volution, we therefore adopt a uniform approach and fix NH , int 
or these four observations to the mean value derived from the
emaining Swift - XRT spectra, where absorption is better con- 
trained. This procedure ensures stable estimates of the unab- 
orbed luminosity while retaining sensitivity to genuine spectral 
ariability through the remaining free parameters. 
We find that both the PL and DISKBB models provide statis-

ically acceptable fits to the XMM–Newton and Chandra spectra. 
or previously analysed epochs of NGC 4490 ULX-8, the derived 
arameters are consistent with earlier studies and the adequacy 
f both models is in agreement with results reported for NGC
490 ULX-8 as well as for other ULXs such as NGC 253 X-9 and
GC 1313 ULX-2 (J. J. E. Kajava & J. Poutanen 2009 ). All best-
tting spectra are presented in Appendix A . 
In addition to the PL and DISKBB models, we explored alterna-

ive spectral models like tbabs ∗tbabs ∗diskpbb (DISKPBB) 
nd tbabs ∗tbabs ∗cutoffpl (CUTOFFPL). The DISKPBB 

odel represents a generalized multicolour disc where the local 
isc temperature scales with radius as T (r) ∝ r−p , with p as a
ree parameter (S. Mineshige et al. 1994 ; A. Kubota et al. 2005 ).
he standard thin disc (DISKBB) is recovered for p = 0 . 75 , while
p = 0 . 5 corresponds to the slim-disc regime (M. A. Abramowicz
t al. 1988 ). Our fits using DISKPBB yielded unconstrained p
alues across all the observations except for XM5 (the epoch with
he highest post-reduction exposure), where we obtained p = 

 . 71+0 . 22 
−0 . 10 . Fixing p = 0 . 5 to mimic a slim-disc scenario produced

ts that were worse or unchanged in 18 out of 20 (all except XM6
nd C8) Chandra and XMM–Newton observations compared to 
p = 0 . 75 , favouring a standard thin-disc interpretation. 
MNRAS 549, 1–16 (2026)

https://heasarc.gsfc.nasa.gov/cgi-bin/Tools/w3pimms/w3pimms.pl
https://heasarc.gsfc.nasa.gov/xanadu/xspec/


6 T. Vashisht et al.

MNRAS 549, 1–16 (2026)

Ta
bl
e 
2.
 
Be
st
-fi
tti
ng

 
sp
ec
tr
al
 
pa
ra
m
et
er
s 
fo
r 
N
G
C
 
44
90

 
U
LX

-8
 
ac
ro
ss
 
di
ffe
re
nt

 
Ch
an
dr
a 
an
d 
XM

M
–N
ew
to
n 
ob
se
rv
at
io
ns
, o
bt
ai
ne
d 
us
in
g 
th
e 
t
b
a
b
s
 ∗t
b
a
b
s
 ∗p
o
w
e
r
l
a
w
 
an
d 
t
b
a
b
s
 ∗t
b
a
b
s
 ∗d
i
s
k
b
b
 

m
od
el
s. 

Ep
oc
h 

M
od
el
 

N
H
 , in
t a
 

�
b 

T i
n c
 

D
is
c 
N
or
m

 
( N

 ) d
 

U
na
bs
or
be
d 
L X

 

e 
A
bs
or
be
d 
L X

 

e 
χ
2 /
d.
o.
f. f
 

Si
m
fte
st
 
p -
va
lu
e g
 

(1
02
2 
cm

 −2
 

) 
(k
eV
) 

( 1
0−

2 )
 

( 1
03
9 
er
g 
s−

1 )
 

( 1
03
9 
er
g 
s−

1 )
 

C
1 

PL
 

1.
18

+0
 . 2
0 

−0
 . 1
8 

2.
16

+0
 . 2
1 

−0
 . 2
0 

–
–

6.
73

+1
 . 0
1 

−0
 . 7
6 

3.
53

+0
 . 2
9 

−0
 . 2
8 

47
.5
8/
41

 
0.
03

 

D
IS
K
BB

 
0.
73

+0
 . 1
3 

−0
 . 1
2 

–
1.
22

+0
 . 1
4 

−0
 . 1
2 

1.
40

+0
 . 7
6 

−0
 . 5
0 

4.
39

+0
 . 3
3 

−0
 . 3
2 

3.
21

+0
 . 2
6 

−0
 . 2
5 

39
.5
8/
41

 
0.
77

 

C
2 

PL
 

1.
26

+0
 . 1
7 

−0
 . 1
5 

2.
67

+0
 . 1
9 

−0
 . 1
8 

–
–

5.
76

+1
 . 0
2 

−0
 . 7
7 

2.
11

+0
 . 1
4 

−0
 . 1
3 

73
.6
3/
55

 
4 

×
10

−3
 

h 

D
IS
K
BB

 
0.
67

 
±
0.
10

 
–

0.
97

+0
 . 0
8 

−0
 . 0
7 

2.
43

+0
 . 9
7 

−0
 . 6
9 

2.
90

+0
 . 2
0 

−0
 . 1
9 

1.
98

 
±
0.
12

 
58
.6
7/
55

 
0.
56

 

C
3 

PL
 

1.
00

+0
 . 1
5 

−0
 . 1
3 

2.
06

+0
 . 1
5 

−0
 . 1
4 

–
–

5.
78

+0
 . 5
6 

−0
 . 4
7 

3.
34

+0
 . 1
9 

−0
 . 1
8 

85
.9
2/
73

 
0.
05

 

D
IS
K
BB

 
0.
52

+0
 . 1
0 

−0
 . 0
9 

–
1.
37

+0
 . 1
3 

−0
 . 1
1 

0.
79

+0
 . 3
2 

−0
 . 2
3 

3.
93

 
±
0.
21

 
3.
13

 
±
0.
18

 
84
.7
2/
73

 
0.
05

 

C
4 

PL
 

1.
13

+0
 . 6
9 

−0
 . 6
0 

2.
36

+0
 . 5
1 

−0
 . 4
7 

–
–

4.
85

+2
 . 8
4 

−1
 . 3
3 

2.
28

+0
 . 3
4 

−0
 . 3
1 

20
.4
6/
15

 
0.
12

 

D
IS
K
BB

 
0.
42

+0
 . 4
7 

−0
 . 4
1 

–
1.
14

+0
 . 3
1 

−0
 . 2
1 

1.
14

+1
 . 7
4 

−0
 . 7
2 

2.
66

+0
 . 4
7 

−0
 . 3
8 

2.
09

+0
 . 3
4 

−0
 . 2
7 

17
.9
5/
15

 
0.
54

 

C
5 

PL
 

0.
61

+0
 . 5
1 

−0
 . 4
5 

1.
92

+0
 . 3
7 

−0
 . 3
4 

–
–

2.
90

+0
 . 8
3 

−0
 . 5
0 

1.
98

+0
 . 2
6 

−0
 . 2
2 

12
.0
6/
21

 
0.
51

 

D
IS
K
BB

 
<
 0 .
 29

 
–

1 .
 59

+0
 . 2
6 

−0
 . 2
0 

0 .
 23

+0
 . 1
4 

−0
 . 0
9 

1.
99

 
±
0.
18

 
1.
97

 
±
0.
18

 
13
.3
6/
21

 
0.
24

 

C
6 

PL
 

0 .
 33

+0
 . 4
6 

−0
 . 3
3 

1 .
 74

+0
 . 3
7 

−0
 . 3
3 

–
–

2 .
 52

+0
 . 5
5 

−0
 . 3
5 

2 .
 02

+0
 . 3
5 

−0
 . 2
5 

18
.8
0/
21

 
0.
45

 

D
IS
K
BB

 
<
 0 .
 15

 
–

1.
62

+0
 . 3
1 

−0
 . 2
3 

0.
20

+0
 . 1
6 

−0
 . 0
9 

1.
92

 
±
0.
18

 
1.
90

 
±
0.
18

 
24
.2
7/
21

 
0.
05

 

C
7 

PL
 

1.
24

+0
 . 4
5 

−0
 . 4
0 

2.
49

+0
 . 3
3 

−0
 . 3
0 

–
–

5.
29

+1
 . 9
5 

−1
 . 1
7 

2.
21

+0
 . 2
0 

−0
 . 1
9 

15
.5
1/
28

 
0.
75

 

D
IS
K
BB

 
0.
34

+0
 . 2
9 

−0
 . 2
6 

–
1.
19

+0
 . 1
9 

−0
 . 1
6 

0.
91

+0
 . 7
9 

−0
 . 4
3 

2.
60

+0
 . 2
8 

−0
 . 2
5 

2.
14

+0
 . 2
1 

−0
 . 1
9 

18
.9
8/
28

 
0.
17

 

C
8 

PL
 

0.
87

+0
 . 2
9 

−0
 . 2
7 

2.
28

+0
 . 2
4 

−0
 . 2
3 

–
–

6.
12

+1
 . 3
0 

−0
 . 9
1 

3.
26

+0
 . 2
5 

−0
 . 2
4 

39
.5
0/
40

 
0.
81

 

D
IS
K
BB

 
0.
15

+0
 . 2
0 

−0
 . 1
5 

–
1.
30

+0
 . 1
9 

−0
 . 1
5 

0.
88

+0
 . 6
1 

−0
 . 3
7 

3.
51

+0
 . 2
7 

−0
 . 2
6 

3.
17

+0
 . 2
9 

−0
 . 2
6 

51
.7
3/
40

 
4 

×
10

−3
 
h 

C
9 

PL
 

1.
19

+0
 . 2
9 

−0
 . 2
6 

2.
49

+0
 . 2
2 

−0
 . 2
1 

–
–

9.
00

+2
 . 0
4 

−1
 . 4
3 

3.
83

 
±
0.
24

 
42
.2
7/
50

 
0.
10

 

D
IS
K
BB

 
0.
42

+0
 . 1
8 

−0
 . 1
6 

–
1.
15

+0
 . 1
1 

−0
 . 1
0 

1.
92

+0
 . 9
8 

−0
 . 6
5 

4.
64

+0
 . 3
5 

−0
 . 3
2 

3.
66

+0
 . 2
4 

−0
 . 2
3 

37
.8
8/
50

 
0.
62

 

C
10

 
PL

 
0.
49

+0
 . 3
7 

−0
 . 3
3 

2.
11

+0
 . 2
8 

−0
 . 2
6 

–
–

3.
70

+0
 . 8
8 

−0
 . 5
9 

2.
47

+0
 . 2
8 

−0
 . 2
3 

28
.1
5/
30

 
0.
22

 

D
IS
K
BB

 
<
 0 .
 13

 
–

1.
31

+0
 . 1
4 

−0
 . 1
2 

0.
58

+0
 . 2
6 

−0
 . 1
9 

2.
45

 
±
0.
17

 
2.
42

 
±
0.
17

 
28
.6
0/
30

 
0.
19

 

C
11

 
PL

 
0.
68

+0
 . 4
4 

−0
 . 3
9 

2.
25

+0
 . 3
3 

−0
 . 3
0 

–
–

4.
15

+1
 . 2
8 

−0
 . 7
9 

2.
41

+0
 . 2
8 

−0
 . 2
3 

20
.4
4/
28

 
0.
36

 

D
IS
K
BB

 
<
 0 .
 82

 
–

1.
26

+0
 . 1
4 

−0
 . 1
2 

0.
68

+0
 . 3
1 

−0
 . 2
2 

2.
45

+0
 . 1
8 

−0
 . 1
7 

2.
41

+0
 . 1
9 

−0
 . 1
6 

19
.6
7/
28

 
0.
51

 

C
12

 
PL

 
1.
36

+0
 . 3
4 

−0
 . 3
 

2.
53

+0
 . 2
2 

−0
 . 2
1 

–
–

9.
39

+2
 . 3
6 

−1
 . 6
5 

3.
70

+0
 . 2
3 

−0
 . 2
2 

49
.5
3/
50

 
4 

×
10

−3
 
h 

D
IS
K
BB

 
0.
43

+0
 . 2
2 

−0
 . 1
9 

–
1.
21

+0
 . 1
2 

−0
 . 1
1 

1.
55

+0
 . 7
9 

−0
 . 5
3 

4.
60

+0
 . 3
7 

−0
 . 3
4 

3.
65

 
±
0.
23

 
35
.9
8/
50

 
0.
91

 

D
ow

nloaded from
 https://academ

ic.oup.com
/m

nras/article/549/3/stag976/8691580 by Indian Institute of Astrophysics user on 15 July 2026



Spectral variability in NGC 4490 ULX-8 7

MNRAS 549, 1–16 (2026)

Ta
bl
e 
2 
–
co
nt
in
ue
d 

Ep
oc
h 

M
od
el
 

N
H
 , in
t a
 

�
b 

T i
n c
 

D
is
c 
N
or
m

 
( N

 ) d
 

U
na
bs
or
be
d 
L X

 

e 
A
bs
or
be
d 
L X

 

e 
χ
2 /
d.
o.
f. f
 

Si
m
fte
st
 
p -
va
lu
e g
 

(1
02
2 
cm

 −2
 

) 
(k
eV
) 

( 1
0−

2 )
 

( 1
03
9 
er
g 
s−

1 )
 

( 1
03
9 
er
g 
s−

1 )
 

C
13

 
PL

 
1.
27

+0
 . 5
8 

−0
 . 5
0 

2.
38

+0
 . 3
6 

−0
 . 3
3 

–
–

5.
78

+2
 . 4
5 

−1
 . 3
7 

2.
59

+0
 . 2
4 

−0
 . 2
3 

25
.4
8/
37

 
0.
02

 

D
IS
K
BB

 
0.
41

+0
 . 3
8 

−0
 . 3
3 

–
1.
23

+0
 . 2
1 

−0
 . 1
7 

0.
96

+0
 . 8
9 

−0
 . 4
7 

3.
09

+0
 . 3
8 

−0
 . 3
5 

2.
48

+0
 . 2
6 

−0
 . 2
3 

18
.8
4/
37

 
0.
27

 

C
14

 
PL

 
1.
35

+0
 . 4
7 

−0
 . 4
1 

2.
65

+0
 . 3
 

−0
 . 2
7 

–
–

6.
75

+2
 . 6
1 

−1
 . 5
9 

2.
44

+0
 . 1
9 

−0
 . 1
8 

41
.1
3/
34

 
6 

×
10

−3
 
h 

D
IS
K
BB

 
0.
34

+0
 . 2
9 

−0
 . 2
6 

–
1.
14

+0
 . 1
5 

−0
 . 1
3 

1.
26

+0
 . 9
1 

−0
 . 5
2 

3.
01

+0
 . 3
4 

−0
 . 3
0 

2.
45

+0
 . 2
2 

−0
 . 2
0 

30
.4
5/
34

 
0.
35

 

XM
1 

PL
 

0.
93

+0
 . 1
5 

−0
 . 1
3 

2.
56

+0
 . 1
9 

−0
 . 1
7 

–
–

5.
66

+0
 . 9
7 

−0
 . 7
6 

2.
50

 
±
0.
21

 
69
.0
7/
66

 
0.
02

 

D
IS
K
BB

 
0.
41

+0
 . 0
9 

−0
 . 0
8 

–
0.
99

+0
 . 0
9 

−0
 . 0
8 

2.
28

+1
 . 0
1 

−0
 . 6
9 

3.
04

+0
 . 2
7 

−0
 . 2
6 

2.
31

 
±
0.
19

 
61
.4
4/
66

 
0.
26

 

XM
2 

PL
 

0.
71

+0
 . 1
7 

−0
 . 1
4 

2.
22

+0
 . 1
8 

−0
 . 1
7 

–
–

3.
83

+0
 . 6
3 

−0
 . 5
1 

2.
22

+0
 . 2
1 

−0
 . 2
0 

96
.8
1/
62

 
0.
00

 h 

D
IS
K
BB

 
0.
28

+0
 . 1
0 

−0
 . 0
8 

–
1.
21

+0
 . 1
1 

−0
 . 1
0 

0.
86

+0
 . 3
8 

−0
 . 2
6 

2.
60

+0
 . 2
6 

−0
 . 2
5 

2.
20

 
±
0.
20

 
68
.2
1/
62

 
0.
34

 

XM
3 

PL
 

0.
77

+0
 . 1
0 

−0
 . 0
9 

2.
18

 ±0
.1
3 

–
–

5.
05

+0
 . 4
6 

−0
 . 4
0 

2.
94

+0
 . 1
9 

−0
 . 2
0 

22
5.
36
/2
13

 
0.
00

 h 

D
IS
K
BB

 
0.
39

 
±
0.
06

 
–

1.
16

+0
 . 0
9 

−0
 . 0
8 

1.
33

+0
 . 4
4 

−0
 . 3
3 

3.
38

 
±
0.
21

 
2.
71

+0
 . 1
9 

−0
 . 1
8 

19
1.
03
/2
13

 
0.
50

 

XM
4 

PL
 

0.
91

+0
 . 1
8 

−0
 . 1
6 

2.
37

+0
 . 2
1 

−0
 . 1
9 

–
–

4.
91

+0
 . 8
9 

−0
 . 6
8 

2.
45

+0
 . 2
3 

−0
 . 2
2 

60
.2
9/
49

 
0.
02

 

D
IS
K
BB

 
0.
43

+0
 . 1
0 

−0
 . 0
9 

–
1.
12

+0
 . 1
1 

−0
 . 1
0 

1.
32

+0
 . 6
6 

−0
 . 4
3 

2.
94

+0
 . 2
8 

−0
 . 2
7 

2.
30

+0
 . 2
1 

−0
 . 2
0 

51
.9
5/
49

 
0.
68

 

XM
5 

PL
 

0.
87

 
±
0.
07

 
2.
55

+0
 . 0
9 

−0
 . 0
8 

–
–

3.
83

+0
 . 3
2 

−0
 . 2
8 

1.
75

 
±
0.
07

 
25
1.
87
/1
66

 
0.
00

 h 

D
IS
K
BB

 
0.
37

 
±
0.
04

 
–

1.
06

 
±
0.
04

 
1.
27

+0
 . 2
4 

−0
 . 2
0 

2.
19

+0
 . 1
0 

−0
 . 0
9 

1.
73

 
±
0.
07

 
15
4.
28
/1
66

 
0.
84

 

XM
6 

PL
 

0.
74

+0
 . 0
8 

−0
 . 0
7 

2.
20

 ±0
.1
0 

–
–

4.
17

+0
 . 3
1 

−0
 . 2
8 

2.
41

 
±
0.
12

 
11
2.
49
/1
23

 
3 

×
10

−3
 

D
IS
K
BB

 
0.
35

 
±
0.
04

 
–

1.
24

 
±
0.
07

 
0.
84

+0
 . 2
2 

−0
 . 1
7 

2.
82

 
±
0.
14

 
2.
32

 
±
0.
12

 
11
9.
34
/1
23

 
1 

×
10

−3
 

h 

N
ot
e. 
Pa
ra
m
et
er

 
un
ce
rt
ai
nt
ie
s a
re
 
qu
ot
ed

 
at
 
th
e 
90

 
pe
r c
en
t c
on
fid
en
ce

 
le
ve
l. 

a I
nt
rin

si
c 
hy
dr
og
en

 
co
lu
m
n 
de
ns
ity
. 

b P
ho
to
n 
in
de
x.
 

c I
nn
er

 
di
sc

 
te
m
pe
ra
tu
re
 
of
 
th
e 
D
IS
K
BB

 
co
m
po
ne
nt
. 

d D
IS
K
BB

 
no
rm

al
iz
at
io
n 
va
lu
es
. 

e L
um

in
os
ity

 
ca
lc
ul
at
ed

 
in

 
th
e 
0.
5–
8 k
eV

 
ba
nd
. 

f χ
2 
an
d 
de
gr
ee
s o
f f
re
ed
om

; t
he

 
lo
w
er

 
re
du
ce
d 

χ
2 
pe
r o
bs
er
va
tio
n 
is
 
hi
gh
lig
ht
ed
. 

g F
-te
st
 
st
at
is
tic

 
an
d 
co
rr
es
po
nd
in
g 
pr
ob
ab
ili
ty
 
w
ith

 
re
sp
ec
t t
o
t
b
a
b
s
 
∗t

b
a
b
s
 
(p
o
w
e
r
l
a
w
 
+ 
d
i
s
k
b
b
 
) . 

h P
ro
ba
bi
lit
y 
va
lu
e 

<
 
0.
01
. 

D
ow

nloaded from
 https://academ

ic.oup.com
/m

nras/article/549/3/stag976/8691580 by Indian Institute of Astrophysics user on 15 July 2026



8 T. Vashisht et al.

M

Table 3. Best-fitting spectral parameters for NGC 4490 ULX-8 from different Swift - XRT observations, obtained using the tbabs ∗tbabs ∗powerlaw 
model. 

Epoch Count rate a Exposure time NH , int b �c Unabsorbed LX d Absorbed LX d C-stat /d . o . f. e 
(10−2 cts s−1 ) (ks) (1022 cm−2 ) ( 1039 erg s−1 ) ( 1039 erg s−1 ) 

S1 1.475 ± 0.176 4.93 0.32+0 . 18 
−0 . 14 2.08+0 . 38 

−0 . 34 6.16+1 . 31 
−0 . 96 4.53+0 . 81 

−0 . 69 63.43/60 

S2 1.270 ± 0.178 4.23 0.49+0 . 30 
−0 . 23 1.84+0 . 44 

−0 . 40 6.67+1 . 70 
−1 . 14 4.89+1 . 04 

−0 . 86 48.71/48 

S3 1.220 ± 0.203 3.13 0.25+0 . 24 
−0 . 18 1.45+0 . 43 

−0 . 40 5.88+1 . 25 
−1 . 05 5.14+1 . 28 

−1 . 04 38.24/35 

S4 1.069 ± 0.162 4.28 0.51+0 . 60 
−0 . 40 1.35+1 . 07 

−0 . 91 7.94+4 . 93 
−1 . 99 6.59+5 . 81 

−2 . 75 31.82/35 

S5 0.736 ± 0.196 2.04 0.25+0 . 40 
−0 . 25 1.83+1 . 12 

−0 . 95 3.74+1 . 92 
−1 . 12 3.06+2 . 43 

−1 . 18 10.25/13 

S6 1.013 ± 0.226 2.21 0.75+0 . 59 
−0 . 41 2.34+0 . 81 

−0 . 69 6.82+6 . 02 
−2 . 14 3.67+1 . 26 

−0 . 93 27.69/21 

S7 0.837 ± 0.219 1.88 0.47 (fixed) 1.50 ± 0.48 4.65+1 . 58 
−1 . 20 3.77+1 . 61 

−1 . 15 15.79/14 

S8 0.989 ± 0.200 2.60 0.47 (fixed) 2.10 ± 0.43 5.78+1 . 32 
−1 . 07 3.87+1 . 38 

−0 . 98 20.48/22 

S9 1.009 ± 0.212 2.36 0.47 (fixed) 2.00 ± 0.41 5.45+1 . 29 
−1 . 08 3.81+1 . 29 

−0 . 99 14.88/22 

S10 0.896 ± 0.127 5.85 0.44+0 . 40 
−0 . 30 1.46+0 . 51 

−0 . 47 5.12+1 . 07 
−0 . 87 4.22+1 . 10 

−0 . 86 31.48/50 

S11 0.839 ± 0.146 4.17 0.11+0 . 26 
−0 . 11 0.92+0 . 50 

−0 . 46 5.39+1 . 65 
−1 . 21 5.19+1 . 78 

−1 . 32 29.14/32 

S12 0.646 ± 0.126 4.35 0.28+0 . 32 
−0 . 22 1.99+0 . 70 

−0 . 61 3.07+1 . 16 
−0 . 70 2.38+0 . 87 

−0 . 61 23.93/22 

S13 0.852 ± 0.082 13.20 0.32+0 . 14 
−0 . 12 1.74+0 . 27 

−0 . 26 4.24+0 . 54 
−0 . 48 3.42+0 . 50 

−0 . 43 95.74/94 

S14 1.091 ± 0.217 2.48 0.47 (fixed) 1.42 ± 0.34 6.17+1 . 44 
−1 . 20 5.09+1 . 43 

−1 . 15 29.18/24 

S15 0.818 ± 0.193 2.44 < 0 . 25 0 . 97+0 . 60 
−0 . 39 5.13+2 . 30 

−1 . 57 5.10+2 . 30 
−1 . 57 21.08/18 

S16 0.917 ± 0.161 3.84 0.81+0 . 48 
−0 . 40 2.65+0 . 73 

−0 . 65 6.85+5 . 99 
−2 . 35 3.00+0 . 83 

−0 . 64 46.46/31 

S17 1.048 ± 0.278 1.49 < 0 . 20 0.99+0 . 58 
−0 . 43 5.81+3 . 27 

−2 . 04 5.77+3 . 27 
−2 . 04 15.59/14 

S18 2.435 ± 0.405 1.52 0.68+0 . 49 
−0 . 37 2.28+0 . 75 

−0 . 66 14.90+10 . 23 
−3 . 92 8.51+2 . 73 

−1 . 95 23.75/33 

S19 2.818 ± 0.417 1.66 0.85+0 . 42 
−0 . 32 2.68+0 . 62 

−0 . 55 20.75+14 . 82 
−6 . 22 8.74+2 . 00 

−1 . 59 39.2/40 

Note. Parameter uncertainties are quoted at the 1 σ confidence level. 
a Total count rate in the 0.3–10 keV band. 
b Intrinsic hydrogen column density. 
c Photon index. 
d Luminosity in the 0.5–8 keV band. 
e C-statistic and degrees of freedom. 
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Similarly, the CUTOFFPL model, which introduces an expo-
ential high-energy cutoff to the power-law, returned uncon-
trained cutoff energies across all 20 observations. However, spec-
ral turnovers at ∼ 5–8 keV have been reported (e.g. T. P. Roberts
t al. 2010 , A. M. Stobbart, T. P. Roberts & J. Wilms 2006 ). We
est it by freezing the cutoff at 7.1 keV (D. J. Walton et al. 2020 ),
hich allowed the model to fit the spectra adequately, suggest-
ng a possible high-energy cutoff but it remains unmeasurable
or NGC 4490 ULX-8 given the current statistical quality of the
ata. 
With these results, we adopt the simpler DISKBB and PL mod-
ls, which provide stable and well-constrained fits across all ob-
ervations and are consistent with previous studies of the same
LX. 
The convolution model cflux in xspec is used to esti-
ate fluxes ( FX ) in the 0.5–8 keV band (to maintain con-
istency with previous studies). For power-law models, X-
ay luminosities are computed assuming isotropic emission
s LX = 4 πd2 FX , where d is the source distance. For disc
odels (e.g. diskbb ), the luminosity is computed as LX =
 πd2 FX / cos θ . In the absence of inclination constraints, we
dopt θ = 60◦. 
Uncertainties are quoted at the 90 per cent confidence level for
ne interesting parameter for the XMM–Newton and Chandra ob-
ervations (Table 2 ) and at the 1 σ level for the XRT observations
Table 3 ). 
NRAS 549, 1–16 (2026)
.3.1 F-test 

e tested two-component models such as PL + DISKBB, but
hey generally did not yield constrained parameters or a statisti-
ally significant improvement. To quantify this, we used xspec ’s
imftest 10 (R. Protassov et al. 2002 ) with 1000 simulations
or each comparison (PL versus PL + DISKBB and DISKBB
ersus PL + DISKBB). The resulting p -values, reported in Ta-
le 2 , show that the majority of cases have p > 0 . 01 , while some
ith p < 0 . 01 involve unphysical or unconstrained parameters
see K. C. Dage et al. 2019 ), limiting the physical interpretability
f those fits. We therefore adopt single-component models (PL
r DISKBB) as sufficient to describe the available data for this
ource. 

 RESULTS  

.1 Long-term spectral variability 

e examine the long-term spectral variability of NGC
490 ULX-8 across the full observational baseline (Fig. 4 )

https://heasarc.gsfc.nasa.gov/docs/software/xspec/manual/node126.html
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Figure 4. Unabsorbed luminosity versus time graphs for NGC 4490 ULX-8 with the best-fitting horizontal line and its RMS error denoted by the shaded 
region. The oldest observation (C1 with MJD = 51851) is taken as the reference epoch. The Y-axis is logarithmically scaled for better visualization. 
Upper : XMM–Newton and Chandra DISKBB luminosity values. Lower : XMM–Newton , Chandra and Swift - XRT PL luminosity values along with the two 
zoom in plots for the S1–S12 and C5–C14 observation samples. 
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sing unabsorbed luminosities derived from both spectral 
ISKBB and PL fits. We fit a constant luminosity model to
he data using scipy.optimize.curve_fit 11 , shown as 
 dashed horizontal line in the figure. The root mean square
RMS) error, representing the deviation of the data points 
rom the best-fitting line, is indicated by the shaded region. 
o assess the overall goodness of fit, we compute the reduced 
hi-squared ( χ2 ) statistic. With DISKBB, the mean unabsorbed 
uminosity is LX = 2 . 73 × 1039 erg s−1 with an RMS scatter of 
 . 84 × 1039 erg s−1 , yielding a poor fit under the assumption
1 https://docs.scipy.org/doc/scipy/reference/generated/scipy.optimize. 
urve_fit.html 

a
t
m

f constant luminosity ( χ2 
ν = 10 . 36 ). For the absorbed power-

aw model, the mean is LX = 4 . 46 × 1039 erg s−1 with an RMS
f 3 . 55 × 1039 erg s−1 , still inconsistent with strict constancy 
 χ2 

ν = 1 . 68 ) but markedly better than DISKBB. 
We next examine luminosity changes on intermediate (weeks–
onths) time-scales by focusing on two regularly sampled sub- 
ets: the Chandra C5–C14 observations and the Swift - XRT S1–
12 monitoring. (Fig. 4 , lower panels). The inferred variability 
actors are 3 . 73 ± 1 . 04 for the Chandra sample and 2 . 59 ± 1 . 37
or the Swift - XRT sample. 
These measurements demonstrate statistically significant vari- 
bility on both multiyear and week–month time-scales, with 
he inferred amplitude depending on the adopted spectral 
odel. 
MNRAS 549, 1–16 (2026)

https://docs.scipy.org/doc/scipy/reference/generated/scipy.optimize.curve_fit.html
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Table 4. Results of Pearson’s linear correlation test and Spearman’s rank correlation test applied for � versus NH , 
LX versus � (free NH ). Reported are the correlation coefficients ( r) and the associated two-sided p-values. 

� versus NH 
LX versus �
(free NH ) 

Pearson linear test r -value 0.76 0.58 
p -value 9 . 11 × 10−5 6 . 93 × 10−3 

Spearman rank test r -value 0.71 0.50 
p -value 4 . 68 × 10−4 2 . 41 × 10−2 

Table 5. LINMIX regression results for � versus NH , LX versus � (free NH ) and LX versus � (fixed NH ). Reported 
statistic are the best-fitting slope β and the 1 σ confidence interval (CI) on β, posterior probability that the slope is 
positive [ P(β > 0) ] and the equivalent Gaussian significance ( zeq ). 

Statistic � versus NH 
LX versus � (free 

NH ) 
LX versus � (fixed 

NH ) 

β 1.13 0.46 0.41 
1 σ CI on β [0.13, 1.49] [0.01, 0.79] [ −0.03, 0.84] 
P(β > 0) 0.87 0.85 0.82 
zeq 1.15 σ 1.01 σ 0.91 σ
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.2 Powerlaw parameter correlation analysis 

e examine correlations between spectral parameters derived
rom absorbed power-law (PL) fits by considering three cases: (i)
he relation between the photon index � and intrinsic absorption
H ; (ii) the relation between unabsorbed X-ray luminosity LX and
with NH free across epochs; and (iii) the relation between LX 
nd � with NH tied across epochs. Throughout this section, the
-ray luminosity is expressed as log LX ≡ log 10 (LX / 1039 erg s−1 ) . 
Correlations are first quantified using Pearson’s linear cor-

elation and Spearman’s rank correlation tests, which measure
inear and monotonic trends, respectively, without accounting
or measurement uncertainties. The resulting correlation coef-
cients and associated two-sided p-values are listed in Table 4 .
 strong positive correlation is found between � and NH , with
oth tests yielding statistically significant results. For the LX –�
elation with NH free, the Pearson and Spearman tests indicate
 moderate but statistically significant positive correlation. In
he case where NH is tied across epochs, Pearson and Spearman
ests yield statistically insignificant results, motivating the use of 
dvanced regression methods. 
To incorporate measurement uncertainties in both variables,
e apply the hierarchical Bayesian regression method linmix
B. C. Kelly 2007 ). Since linmix does not accommodate asym-
etric uncertainties, we approximate asymmetric uncertainties
y the mean of the upper and lower error estimates for each pa-
ameter. The resulting regression slopes and associated statistical
easures are summarized in Table 5 and shown in Fig. 5 . 
For all three relations examined, the inferred slopes β are
ositive but not tightly constrained at the 1 σ level (Table 5 ).
e therefore characterize the strength of each trend using
he posterior probability that the slope is positive, P (β > 0)
nd the corresponding equivalent one-sided Gaussian signifi-
ance, zeq . Values of P (β > 0) � 0 . 5 (or zeq � 0 ) indicate no
reference for a positive or negative trend, while progres-
ively larger values reflect increasing evidence for a positive
orrelation. 
In the tied- NH analysis, three observations (XM5, C1 and C3;
hown in grey in Fig. 5 ) lie well outside the main locus defined
y the majority of the data and exert strong leverage on the in-
NRAS 549, 1–16 (2026)
erred regression slope. Notably, these same observations align
ell with the �–NH correlation and also follow the LX –� relation
n the case where NH is allowed to vary freely, indicating that for
hese epochs the inferred relation is largely driven by absorption-
elated effects. 
Excluding these three observations reveals that the remaining
7 out of 20 epochs define a coherent locus in the LX –� plane,
ith a weak but systematic positive trend. The corresponding
inmix regression yields a positive slope with P (β > 0) = 0 . 82 ,
lthough the slope remains only marginally constrained. This
emonstrates that the observed LX –� trend is characteristic of the
ajority of the data set but is not representative of all epochs. 
Overall, the results indicate a strong �–NH correlation and

 weak, population-dominated LX –� trend. For most observa-
ions, the LX –� relation is consistent with reflecting intrinsic
pectral behaviour once absorption-related effects are controlled.
he physical implications of these correlations are discussed in
ection 5.2 . 

.3 Disc properties and compact-object constraints 

sing parameters from the DISKBB fits, we examine the relation
etween inner disc temperature ( Tin ) and unabsorbed luminosity
 LX ), and obtain model-dependent estimates of the characteristic
isc radius and compact-object mass. 
A linmix regression applied to the logarithmic LX –Tin mea-
urements yields a posterior median slope of β = 2 . 44 , with
 (β > 0) = 0 . 90 and zeq � 1 . 28 σ . The slope is positive but weakly
onstrained, with a 68 per cent confidence interval of [0.51,4.48].
In performing the regression analysis, we restrict the sample

o observations for which the spectral parameters are reliably
onstrained. A small subset of observations yields intrinsic ab-
orption values whose best-fitting values are driven to the lower
ound ( NH , int = 0 , Section 3.3 ). In such cases, degeneracies be-
ween absorption, continuum shape and disc normalization lead
o poorly constrained parameters and increased model depen-
ence. To avoid biasing the regression by these effects, we exclude
hese observations from the LX –Tin analysis (Fig. 6 ), where reli-
ble disc parameters cannot be recovered. 
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Figure 5. linmix regression results of spectral parameters obtained from PL fits to XMM–Newton and Chandra observations. Left : � versus NH . 
Middle : LX versus �with NH allowed to vary freely across observations. Right : LX versus �with NH tied across observations; three discrepant observations 
(XM5, C1, C3; shown in grey) are excluded from the regression to assess the behaviour of the remaining epochs (see Section 4.2 ). In all panels, the black 
line shows the posterior median regression, while the grey shaded region indicates the 1 σ credible interval derived from the linmix MCMC samples. 

Figure 6. Log–log plot of disc luminosity versus inner disc temperature 
for ULX-8. The black line shows the posterior median regression, while 
the grey shaded region indicates the 1 σ credible interval derived from the 
linmix MCMC samples. Grey data points correspond to observations 
excluded from the fit due to poorly constrained disc parameters. 
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Although the DISKBB model is a phenomenological descrip- 
ion, its normalization parameter ( N ) can be mapped to a char-
cteristic inner disc radius ( Rin ) and an associated compact- 
bject mass ( MBH under standard geometric and spectral 
ssumptions). 
We use the highest quality XMM–Newton spectral fits, which 
ave the highest signal-to-noise ratios and degrees of freedom, to 
erive an average DISKBB normalization. XMM’s larger effective 
rea in the soft X-ray band provides the strongest constraints on
he thermal disc component, minimizing cross-instrument sys- 
ematics in the inferred disc parameters. The relation between Rin 
nd N is given by: 

in = ξκ2 N1 / 2 (cos θ )−1 / 2 d10 kpc km , (1) 

here θ is the inclination angle of the disc, d10 kpc is the source
istance from us in 10 kpc units. ξ , κ are the two correction factors
here ξ is the geometric factor and κ is the hardening factor for
bserved colour temperature. In the case of a standard accretion 
isc, ξ ≈ 0 . 412 (A. Kubota et al. 1998 ) and κ ≈ 1 . 7 (T. Shimura &
. Takahara 1995 ). Using the Rin values, MBH can be determined 
rom this equation: 

BH = Rin c2 / (6 Gα) , (2) 

here c is the speed of light and G is the gravitational constant.
depends on the spin parameter ( a∗) such that α ≈ 0 . 21 for a
apidly rotating (Kerr) BH and α = 1 for a non-rotating BH. We
nd Rin ∼ 107 × (cos θ )−1 / 2 km and consequently MBH ∼ 12 ×
cos θ )−1 / 2 /α. Fig. 7 shows the dependence of the inferred mass 
n inclination and spin across the full physically allowed range. 
In the absence of independent constraints on the disc inclina- 

ion, we adopt a representative value of θ = 60◦, commonly used
n ULX studies (e.g. D. J. Walton et al. 2020 ) and explained in R.
rquhart & R. Soria ( 2016 ). Under this assumption, we obtain
in ∼ 151 km and MBH ∼ 81 M� for a Kerr BH and ∼ 17 M� for
 non-rotating BH. 

 DISCUSSIONS  

.1 Variability, spectral states, and accretion regime 

e interpret the observed long- and short-time-scale variability 
f NGC 4490 ULX-8 within the framework of ULX spectral states
MNRAS 549, 1–16 (2026)



12 T. Vashisht et al.

M

a  

o  

f  

s  

a  

t  

p  

s
 

U  

t  

c  

s  

c  

a  

p  

l  

e  

c  

a  

t  

t
 

m  

d  

t  

s  

t  

d  

s  

c  

m  

t  

a
 

t  

r  

m  

t  

t  

A  

t  

v  

o  

u  

a  

e  

h

5  

o

C  

p  

d  

a  

2
 

e  

s  

a

s  

p  

t  

t  

t
 

b  

v
e  

i  

e  

w  

n  

i
 

b  

w  

w  

h  

v  

n  

c  

s
 

l  

1  

5  

U  

l  

U
 

o  

W  

o  

U  

a  

s  

e  

(  

P  

c

6

W  

i  

X  

b

 

e  

p  

u  

l  

p
 

a  

c
m
1  

X  

m  

D
ow

nloaded from
 https://academ

ic.oup.com
/m

nras/article/549/3/stag976/8691580 by Indian Institute of Astrophysics user on 15 July 2026
nd accretion regimes, noting that steady emission is disfavoured
n multiyear time-scales under both spectral models. The in-
erred variability amplitude depends on the adopted spectral de-
cription, with the power-law model yielding higher luminosities
nd larger scatter than DISKBB. This difference may arise from
he model-dependent high-energy extrapolation inherent to the
ower-law description, as well as from differences in the fitted
pectral parameters across epochs. 
A. D. Sutton, T. P. Roberts & M. J. Middleton ( 2013 ) classified
LXs into three spectral regimes: hard ultraluminous, soft ul-
raluminous and broadened disc, based on spectral morphology,
urvature and variability properties. Across all epochs, the X-ray
pectra of NGC 4490 ULX-8 are dominated by a smooth, single
urved continuum in the 0.3–10 keV band, with a spectral peak
t ∼1–2 keV and a monotonic decline toward higher energies. No
ersistent hard excess above ∼5–6 keV or distinct soft excess at
ow energies is observed. Although both PL and DISKBB mod-
ls provide statistically acceptable fits in individual epochs, two-
omponent models are not required by formal model comparison
nd remain unconstrained by the available data, indicating in-
rinsically single-component spectral curvature rather than mul-
iple physically distinct emission components. 
These properties, together with disc-dominated fits yielding lu-
inosities of a few ×1039 erg s−1 , place ULX-8 in the broadened-
isc regime. The LX –Tin relation provides a consistency check on
he accretion flow; however, the inferred slopes are weakly con-
trained and remain compatible, within uncertainties, with both
hin-disc ( LX ∝ T4 

in ; N. I. Shakura & R. A. Sunyaev 1973 ) and slim-
isc ( LX ∝ T2 

in ; K.-y. Watarai, T. Mizuno & S. Mineshige 2001 )
calings, and therefore do not uniquely distinguish between ac-
retion regimes. Considered together with the persistent spectral
orphology, luminosity range, and absence of state transitions,
he results are consistent with the source remaining in a single
ccretion regime, with accretion near the Eddington limit. 
The observed spectral variability is therefore most naturally at-

ributed to changes in the curvature of the dominant continuum
ather than transitions between distinct accretion states. Several
echanisms could contribute to such variability on multiyear
ime-scales, including modulation of the mass transfer rate from
he donor star, potentially driven by stellar activity cycles (J. H.
pplegate 1992 ; M. M. Kotze & P. A. Charles 2012 ), or changes in
he accretion geometry at near- or super-Eddington rates, such as
ariations in wind strength, funnel opening angle, or line-of-sight
bscuration (M. J. Middleton et al. 2015 ; A. Gúrpide et al. 2021a ).
On shorter (week–month) time-scales, luminosity variations of 
p to a factor of ∼4 remain consistent with persistent to moder-
tely variable behaviour reported in other ULXs (H. P. Earnshaw
t al. 2025 ), such as M51 ULX-8 and NGC 4490 ULX-4 and in
igh-mass X-ray binaries. 

.2 Spectral correlations and implications for the compact
bject 

orrelations between spectral parameters derived from absorbed
ower-law fits have been widely reported in ULXs and used as
iagnostics of spectral variability, though these are potentially
ffected by model degeneracies (e.g. J. J. E. Kajava & J. Poutanen
009 ). 
When intrinsic absorption is allowed to vary freely across
pochs in NGC 4490 ULX-8, a positive LX –� correlation is ob-
erved, accompanied by a strong �–NH correlation. This covari-
nce is expected in absorbed power-law models: increases in NH 
NRAS 549, 1–16 (2026)
uppress soft photons and are naturally compensated by steeper
hoton indices. Because unabsorbed luminosity depends sensi-
ively on both parameters, this coupling can artificially enhance
he apparent LX –� correlation when absorption is removed using
he fitted values. 
When intrinsic absorption is instead tied across epochs, the
ehaviour changes markedly. A small subset of observations de-
iates from the main LX –� locus, but the remaining majority of 
pochs define a weak, statistically significant positive trend. This
ndicates that while absorption-related effects dominate a few
pochs, most observations retain a consistent spectral response
hen absorption-driven variability is controlled. The modest sig-
ificance implies any intrinsic correlation is weak and should be
nterpreted cautiously. 
If this weak trend reflects genuine spectral evolution, it can
e interpreted within near- or super-Eddington accretion frame-
orks. Increasing mass accretion rates drive radiatively launched
inds that modify the effective photosphere of the flow. En-
anced reprocessing in the wind or funnel increases spectral cur-
ature, producing progressively softer observed spectra as lumi-
osity rises. In this picture, variations in fitted � primarily trace
hanges in continuum curvature rather than a simple power-law
lope. 
The observed positive LX –� trend of softer spectra at higher

uminosities has been reported for several ULXs including NGC
313 ULX-1, Holmberg IX ULX-1, Holmberg II ULX-1, and NGC
204 ULX-1, while others such as NGC 253 X-2 and NGC 1313
LX-2 exhibit anticorrelations. This diversity demonstrates that
uminosity–spectral-index relations are not universal across the
LX population. 
NGC 4490 ULX-8 lies closer to the parameter space typically
ccupied by BH ULXs than to that associated with NS ULXs.
ith HRs HR ≈ 0 . 8- 3 and photon indices � ≈ 0 . 9- 2 . 7 , it falls
utside the harder spectral region preferentially occupied by NS
LXs, where magnetically channelled accretion produces char-
cteristically hard continua (A. Gúrpide et al. 2021a ). Instead, the
pectral properties of ULX-8 are consistent with disc-dominated
mission expected from super-critical disc and wind geometries
J. C. Gladstone & T. P. Roberts 2009 ; A. D. Sutton et al. 2013 ;
. Kaaret et al. 2017 ), favouring an interpretation in which the
ompact object is a stellar-mass BH. 

 CONCLUSIONS  

e have presented a comprehensive X-ray spectral and variabil-
ty study of the ULXs NGC 4490 ULX-8 using 14 Chandra , 6
MM–Newton , and 19 selected Swift - XRT observations obtained
etween 2000 and 2024. Our main conclusions are as follows: 

(i) Spectral properties and luminosity range: Across all
pochs, the source spectra are adequately described by absorbed
ower-law and multicolour disc blackbody models. The inferred
nabsorbed luminosities span ∼(3 –20) × 1039 erg s−1 for power-
aw fits and ∼(2 –5) × 1039 erg s−1 for disc-dominated fits, firmly
lacing ULX-8 in the ultraluminous regime. 
(ii) Variability behaviour: ULX-8 exhibits significant vari-
bility over the ∼24-yr observational baseline, while remaining
omparatively stable within individual observations. On week–
onth time-scales, variability factors of 3 . 73 ± 1 . 04 and 2 . 59 ±
 . 37 are measured from regularly sampled Chandra and Swift -
RT data, respectively, placing the source among persistent to
oderately variable ULXs. No robust short-term periodicities are
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etected, although mild fractional variability is present in a small 
ubset of observations. 
(iii) Spectral state and accretion regime: The X-ray spectra 
cross all epochs are characterized by a smooth, single curved 
ontinuum peaking at ∼1–2 keV, with no persistent hard excess 
r distinct soft component. Combined with the observed lumi- 
osity range and moderate variability, these properties are consis- 
ent with the broadened-disc ultraluminous regime. No evidence 
s found for transitions between canonical hard and soft spectral 
tates. 
(iv) Spectral correlations: A positive LX –� correlation is ob- 
erved across all epochs when NH is allowed to vary freely, ac- 
ompanied by a strong �–NH correlation. When NH is tied across 
pochs, a weak but statistically significant positive LX –� trend 
ersists for the majority of epochs, indicating that absorption- 
elated effects influence but do not fully account for the observed 
pectral variability. 
(v) Disc temperature and compact-object constraints: 
he LX –Tin relation yields a positive but weakly constrained slope 
ue to substantial temperature uncertainties, remaining compat- 
ble with both thin-disc and slim-disc scalings. Disc-based mass 
stimates derived from the highest quality XMM–Newton spec- 
ra are inherently model-dependent, but yield illustrative values 
panning ∼17–81 M�, depending on the assumed BH spin. 
(vi) Nature of the compact object: The spectral hardness 
nd photon index of ULX-8 place it outside the parameter space 
ypically occupied by NS ULXs. Combined with the mass esti- 
ates and the observed spectral shape, the source is consistent 
ith a stellar-mass BH accretor operating in the broadened-disc 
ltraluminous regime operating at or near the Eddington limit. 
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PPENDIX  A:  BEST-FITTING  SPECTRA  

he best-fitting spectra for the 14 Chandra observations are
hown in Fig. A1 and those for the 7 XMM–Newton observations
re shown in Fig. A2 . 
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Figure A1. Best-fitting spectra of all Chandra observations of NGC 4490 ULX-8 obtained with the ACIS instrument. Each panel shows the observed 
spectrum (data points with error bars) fitted with best fit of either a multicolour disc blackbody (DISKBB) or a power-law (PL) model, along with the 
corresponding residuals in the lower sub-panel. 
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Figure A2. Best-fitting spectra of NGC 4490 ULX-8 from XMM–Newton observations. Data from the EPIC-pn, MOS1, and MOS2 detectors are shown 
in black, red, and green, respectively. Each panel shows the observed spectrum (data points with error bars) fitted with best fit of either a multicolour 
disc blackbody (DISKBB) or a power-law (PL) model, along with the corresponding residuals in the lower sub-panel. 
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