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A B S T R A C T 

We present a detailed X-ray spectral and variability study of the full 2018 outburst of MAXI J1727–203 using NICER observations. 
The outburst lasted approximately four months. Spectral modelling in the 0.3–10 keV band shows the presence of both a soft 
thermal and a hard Comptonised component. The analysis of these components shows that MAXI J1727–203 evolved through 

the soft, intermediate, and hard spectral states during the outburst. We find that the soft (disc) component was detected throughout 
almost the entire outburst, with temperatures ranging from ∼0.4 keV, at the moment of maximum luminosity, to ∼0.1 keV near 
the end of the outburst. The power spectrum in the hard and intermediate states shows broad-band noise up to 20 Hz, with no 

evidence of quasi-periodic oscillations. We also study the rms spectra of the broad-band noise at 0.3 −10 keV of this source. We 
find that the fractional rms increases with energy in most of the outburst except during the hard state, where the fractional rms 
remains approximately constant with energy. We also find that, below 3 keV, the fractional rms follows the same trend generally 

observed at energies > 3 keV, a behaviour known from previous studies of black holes and neutron stars. The spectral and timing 

evolution of MAXI J1727–203, as parametrised by the hardness–intensity, hardness–rms, and rms–intensity diagrams, suggest 
that the system hosts a black hole, although we could not rule out a neutron star. 

Key words: Accretion, accretion discs – black hole physics – X-rays: binaries – X-rays: individual: MAXI J1727–203. 
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 I N T RO D U C T I O N  

ow-mass X-ray binary (LMXB) systems are binaries that contain
 compact object, either a black hole (BH) or a neutron star (NS)
nd an evolved low-mass companion star. LMXB systems for which
he compact object is a BH candidate are known as BH LMXBs.
he energy spectra of BH LMXBs are characterised by two main
omponents: a soft thermal component and a hard power law like
omponent (e.g. Remillard & McClintock 2006 ; Belloni 2010 ).
he thermal component is generally described by a multicolour
isc blackbody model (Mitsuda et al. 1984 ) peaking at 1–2 keV
see re vie w by Done, Gierli ́nski & Kubota 2007 and references
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herein) and thought to be produced by a geometrically thin and
ptically thick accretion disc (Shakura & Sunyaev 1973 ). The hard
omponent is thought to be produced by a region of hot plasma,
round the compact object and the accretion disc (the so-called
corona’; Sunyaev & Truemper 1979 ; Sunyaev & Titarchuk 1980 ).
 thermal Comptonisation model, in which high-energy photons are

mitted by inverse Compton scattering (Sunyaev & Titarchuk 1980 ),
as been proposed to explain the hard component of the BH LMXBs
nergy spectra (e.g. Titarchuk 1994 ; Zdziarski & Gierli ́nski 2004 ;
one et al. 2007 ; Burke, Gilfanov & Sunyaev 2017 ). 
BH LMXBs show a variety of spectral and timing properties during

n outburst (see e.g. van der Klis 1989 , 2000; M ́endez & van der
lis 1997 ; Homan & Belloni 2005 ; Remillard & McClintock 2006 ;
elloni 2010 ; Belloni, Motta & Mu ̃ noz-Darias 2011 ; Plant et al.
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014 ; Motta 2016 ). Two main spectral states can be defined (see
.g. Tanaka 1989 ; van der Klis 1994 ): the low/hard state (LHS),
hen the thermal Comptonised component dominates the energy 

pectrum and the high/soft state (HSS), when the thermal component 
ominates the spectrum. In the LHS, ho we ver, a multicolour disc
lackbody component can be detected (e.g. Capitanio et al. 2009 ; 
ang-Ji et al. 2018 ). In this state, the power-density spectrum (PDS)

s characterised by a strong broad-band noise component with a 
ractional rms amplitude of 30–50 per cent (e.g. M ́endez & van der
lis 1997 ; Belloni et al. 2005 ; Remillard & McClintock 2006 ;
u ̃ noz-Darias, Motta & Belloni 2011 ; Motta 2016 ). In addition,

uasi-periodic oscillations (QPOs) of type-C can be detected (e.g. 
asella et al. 2004 ; Belloni et al. 2005 ). These oscillations have a
entroid frequency ranging from 0.01 to 30 Hz. In the HSS, a weak
ower-law component is sometimes detected in the energy spectrum 

e.g. Capitanio et al. 2009 ). The broad-band fractional rms of BHs
n this state is generally less than 5 per cent (M ́endez & van der
lis 1997 ) and QPOs are sometimes detected too (e.g. Remillard &
cClintock 2006 ; Mu ̃ noz-Darias et al. 2011 ; Motta 2016 ). 
Between the LHS and HSS, two intermediate states can be 

istinguished in terms of variability: the hard intermediate state 
HIMS) and the soft intermediate state (SIMS) (see, e.g. Homan & 

elloni 2005 ; Belloni 2010 ). The HIMS shows less broad-band 
ractional rms than the hard state (10–30 per cent; e.g. Mu ̃ noz-Darias
t al. 2011 ; Motta et al. 2012 ) and type-C QPOs can be present (e.g.
asella et al. 2004 ; Belloni et al. 2005 ; Belloni & Stella 2014 ). The
IMS is characterised by a weak power-law noise component that 
eplaces the broad-band noise component present in the HIMS and 
ype-A or type-B QPOs (e.g. Wijnands, Homan & van der Klis 1999 ;
oman et al. 2001 ; Casella et al. 2004 ; Belloni et al. 2005 ; Belloni &
tella 2014 ). Type-B QPOs have centroid frequencies in the 1–7 Hz
requency range (Gao et al. 2017 ) and a quality factor, Q > 6. Type-A
POs have centroid frequencies in the 6.5–8 Hz frequency range and 

re broader than type-B and type-C QPOs, with a quality factor of
 = 1–3 (Wijnands et al. 1999 ; Casella et al. 2004 ; Belloni & Stella
014 ). 
The evolution of a BH LMXB through an outburst can be well

llustrated using the hardness–intensity diagram (HID; e.g. Homan 
t al. 2001 ; Belloni et al. 2006 ; Remillard & McClintock 2006 ).
t the beginning of the outburst, the source is in the LHS and its

ntensity increases at approximately constant hardness ratio, drawing 
 vertical line in the right part of the HID. At some point in the
utb urst ev olution, the source starts a transition to the HSS, moving
o the left in the diagram at an approximately constant luminosity. 
his transition corresponds to the top horizontal branch in the HID 

HIMS and SIMS), reaching the HSS at the top left-hand part of
he HID. During the HSS, the source starts to decrease its intensity,

oving down in the diagram. Eventually, the source returns to the 
IMS and SIMS, drawing a horizontal branch in the HID, but in the
pposite direction, from left- to right-hand side. Before the end of
he outburst, the source reaches the hard state again to finally return
o quiescence. This very particular pattern in the HID of BH LMXBs
s known as the q-track and it is often discussed in terms of hysteresis
e.g. Miyamoto et al. 1995 ). Multiple outbursts of different sources
ollow this q-track: e.g. XTE 1550–564, GX 339–4, H1743–322, 
nd GRO J1655–40 (Homan et al. 2001 ; Belloni et al. 2005 ; Fender,
oman & Belloni 2009 ; Dunn et al. 2010 ; Uttley & Klein-Wolt
015 ). 
The outburst evolution can also be analysed using the hardness–

ms diagram (HRD, Belloni et al. 2005 ) and the rms–intensity
iagram (RID, Mu ̃ noz-Darias et al. 2011 ). The different spectral 
tates show different fractional rms-hardness ratio correlations. 
bservations in the LHS are located on the top right-hand side
f the HRD. When the source enters the HIMS and the SIMS, it
o v es to the bottom left-hand side of the HRD diagonally until the

ource reaches the HSS. Finally, the evolution reverses, returning 
o the HIMS and the SIMS following the same track as before,
ntil it reaches the hard state again at the top right-hand side of the
RD. The evolution in the RID is counterclockwise, similar to the
ne observed in the HID. In the LHS, the source evolves along a
iagonal line from the bottom left-hand to the top right-hand side of
he diagram. This line is called the ‘Hard Line’ (HL, Mu ̃ noz-Darias
t al. 2011 ). When it makes the transition to the HIMS and SIMS,
he source mo v es horizontally to the left-hand side of the RID. Then,
he source reaches the HSS and starts to mo v e down along a diagonal
ine following the 1 per cent rms line. Finally, the source returns to
he HIMS and SIMS moving horizontally to the right-hand side of
he diagram. At some point, the source reaches again the 30 per cent
ms line and goes down diagonally following the so-called ‘Adjacent 
ard Line’ (AHL), which is coincident to the Hard Line. 
LMXB systems in which the compact object is an NS are known as

S LMXBs. The energy spectra of NS LMXBs are characterised by
hree components: a disc blackbody component and a Comptonised 
omponent as for BH LMXBs, and a blackbody component from 

he emission of the surface of the NS and its boundary layer (e.g.
itsuda et al. 1984 ; Di Salvo et al. 2000 ; Gierli ́nski & Done 2002 ;

in, Remillard & Homan 2007 ). NS LMXBs show different X-ray
pectral states (for a re vie w, see v an der Klis 2006 ). At high accretion
ates, NS LMXBs follow Z-tracks in the HID and the colour–colour
iagrams. These sources are known as Z sources. At low accretion
ates, NS LMXBs are known as atoll sources due to the tracks they
ollow in colour–colour diagrams (Hasinger & van der Klis 1989 ).
toll sources show three X-ray spectral states that are comparable 

o the X-ray spectral states of BH LMXBs (e.g. van der Klis 2006 ;
u ̃ noz-Darias et al. 2014 ). Besides, the hysteresis observed in BH

MXBs has also been observed in NS LMXBs (Mu ̃ noz-Darias et al.
014 ), sometimes even the q-track (K ̈ording et al. 2008 ). 
Some differences between BH and NS LMXBs have been observed 

n the X-ray spectral and timing properties. The hard state of NS
ystems is softer than that of BH systems (e.g. Done & Gierli ́nski
003 ). In terms of timing properties, the most important difference
etween the two types of LMXBs is the presence of kilo-hertz QPOs
kHz QPOs) at frequencies between 300 Hz and 1.2 kHz for NS (van
er Klis 2006 ; van Doesburgh, van der Klis & Morsink 2018 ). In
erms of the broad-band noise component and low-frequency QPOs 
LFQPOs), NSs and BHs systems can be very similar (e.g. Klein-

olt & van der Klis 2008 ), but while BH LMXBs usually show
road-band noise up to 500 Hz, NS systems can show broad-band
oise at higher frequencies (Sunyaev & Revnivtsev 2000 ). 
MAXI J1727–203 was disco v ered on 2018 June 5 with MAXI /GSC

Yoneyama et al. 2018 ). Ludlam et al. ( 2018b ) and Kennea,
ahramian & Beardmore ( 2018 ) reported observations performed 

he same day with the Neutron star Interior Composition Explorer 
 NICER ; Gendreau, Arzoumanian & Okajima 2012 ) and with the
eil Gehrels Swift Observatory ( Swift ; Gehrels et al. 2004 ), respec-

ively. A hard-to-soft state transition and the disc properties of the
ystem in the soft state, led to the possible identification of the source
s a BH transient (Negoro et al. 2018 ). In mid-July of 2018, a soft-to-
ard transition was observed with Swift /XRT (Tomsick et al. 2018 ). 
NICER (Gendreau et al. 2012 ) is an X-ray instrument aboard the

nternational Space Station ( ISS ) launched in 2017. It consists of 52
unctioning detectors. Photons in the 0.2 −12 keV energy band can be
etected to a time resolution of 300 ns. In this paper, we present the
rst study of the spectral and timing evolution of the 4-months long
MNRAS 497, 3896–3910 (2020) 
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utburst of MAXI J1727–203 as observed with NICER . In Section 2 ,
e describe the observations and data analysis. In Section 3, we
resent the results of the spectral and timing study. In Section 3.1, we
escribe the outburst evolution. In Sections 3.2 and 3.3 , we describe
he timing and spectral properties, respectively . Finally , in Section 4 ,
e discuss the nature of the compact object of the source and the

dentification of its spectral states. 

 OBSERVATION  A N D  DATA  ANALYSIS  

ICER observed MAXI J1727–203 86 times between 2018 June 5
nd October 7 (ObsID 1200220101 −1200220186). The data were
nalysed using the software HEASOFT version 6.26 and NICERDAS

ersion 6.0. The latest CALDB version 20190516 was used. We
pplied standard filtering and cleaning criteria, including the data
here the pointing offset was < 54 arcsec, the dark Earth limb angle
as > 15 ◦, the bright Earth limb angle was > 30 ◦, and the ISS was
utside the South Atlantic Anomaly (SAA). We remo v ed data from
etectors 14 and 34 which occasionally show episodes of increased
lectronic noise, so all our results are based on using NICER ’s 50
ther active detectors. Also, we excluded time intervals showing
trong background flare-ups, that is, time intervals with an averaged
ount rate in the 13–15 keV energy band higher than 1 counts s –1 .
he good time intervals (GTIs) of each observation were separated

nto several data segments (1 −9) based on the orbit of the ISS . The
ackground was calculated using the ‘3C 50 RGv5’ model provided
y the NICER team. 
To create the long-term light curve and the HID of the outburst,

e first produced 1-s binned light curves in the 0.5 −12, 2 −3.5,
nd 6 −12 keV energy bands for each data segments using XSELECT .
e then applied the background correction for each light curve and

alculated averages per data segment. We defined intensity as the
verage count rate in the 0.5 −12 keV energy range and the hardness
atio as the ratio between the 6 −12 keV and the 2 −3.5 keV band
ount rates (both background subtracted). 

We extracted a background-subtracted energy spectra for each
ata segment using the ‘3C 50 RGv5’ model mentioned abo v e. We
tted the energy spectra of MAXI J1727–203 in the energy band
.3 −10 keV using XSPEC (V. 12.10.1; Arnaud 1996 ). We rebinned
he spectra by a factor of 3 to correct for energy o v ersampling and then
o have at least 25 counts per bin. In addition, we added a systematic
rror of 1 per cent in the energy range 2 −10 keV (suggested by the
ICER team). We found strong instrumental residuals below 2 keV.
hese residuals are typical for X-ray missions and Si-based detectors

e.g. Miller et al. 2018 ; Ludlam et al. 2018a ). We therefore added
 5 per cent systematic error in the 0.3 −2 keV energy band (also
uggested by the NICER team). We fitted the energy spectra with an
bsorbed ( TBABS in XSPEC ; Wilms, Allen & McCray 2000 ) power-
aw model, TB ABS ×PO WERLAW , an absorbed disc blackbody (Mit-
uda et al. 1984 ), TBABS ×DISKBB , and an absorbed combination of a
hermally Comptonisation model (Zdziarski, Johnson & Magdziarz
996 ; Życki, Done & Smith 1999 ) and a multicolour disc blackbody
BABS ×(NTHCOMP + DISKBB) . Fitting the spectra with the models
B ABS ×PO WERLAW and TB ABS ×DISKBB did not give satisfactory
ts in terms of χ2 /dof and expected spectral parameters. Therefore,

n this paper, we only report the results of using the model TBABS ×
NTHCOMP + DISKBB) . In order to obtain the fluxes of the different
omponents, we added two CFLUX components to the models. The
olar abundances were set according to Wilms et al. ( 2000 ) and the
ydrogen column density ( N H ) of the TBABS was left free. The cross-
ection was set according to Verner et al. ( 1996 ). The 1 σ errors of
NRAS 497, 3896–3910 (2020) 
he parameters were calculated from a Markov chain Monte Carlo of
ength 10 000 with a 2000-step burn-in phase. 

For the Fourier timing analysis, we constructed Leahy-normalised
ower spectra (Leahy et al. 1983 ) using data segments of 131 seconds
nd a time resolution of 125 μs. The minimum frequency was
.007 Hz and the Nyquist frequency was 4096 Hz. Then, we averaged
he power spectra per observation and subtracted the Poisson noise
ased on the average power in the 3 −4 kHz frequency range. Finally,
e converted the power spectra to squared fractional rms (van der
lis 1995 ). We obtained the integrated fractional rms amplitude

rom 0.01 to 64 Hz. To obtain the rms spectrum (i.e. fractional
ms amplitude versus energy), we repeated the previous procedure
or the following energy bands: 0.3 −0.8, 0.8 −2.0, 2.0 −5.0, and
.0 −12 keV. We obtained the 0.01 −64 Hz fractional rms amplitude
or all these bands and plotted the fractional rms amplitude versus
nergy to study the evolution of the energy dependence of the
ractional rms amplitude. 

To fit the power spectra, we used a multiLorentzian function:
he sum of several Lorentzians. We give the frequency of the
orentzians in terms of the characteristic frequency, which is the

requency where the component contributes most of its variance per
ogarithmic interval of frequency (Belloni, Psaltis & van der Klis
002 ): νmax = 

√ 

ν0 + (FWHM / 2) 2 = ν0 

√ 

1 + 1 / 4 Q 

2 . The quality
actor Q is defined as Q = ν0 /FWHM, where FWHM is the full width
t half-maximum and ν0 the centroid frequency of the Lorentzian. 

 RESULTS  

.1 Outburst evolution 

e show the NICER light curve of the 2018 outburst of MAXI J1727–
03, which co v ers a period of ∼123 d, in the 0.5 −12 keV energy band
n the top panel of Fig. 1 . Based on our spectral and variability studies,
hich are described below, we define four phases of the outburst in
ig. 1 : phase A (from MJD 58274 to 58278; shown with orange
iamonds), phase B (from MJD 58278 to 58296; shown with blue
riangles), phase C (from MJD 58296 to 58322; shown with black
ircles), and phase D (from MJD 58322 to the end of the outburst;
hown with red filled crosses). 

The first NICER detection of the source was on MJD 58274,
t a count rate of ∼1400 counts s –1 , indicating that the NICER
bservations caught the outburst already at a high flux. The intensity
ncreased very quickly until MJD 58279 in phase A when the
ource reached a maximum intensity of ∼5960 counts s –1 . After the
aximum, the flux decreased monotonically, although the decay can

e divided into 3 parts. As the source entered phase B of the outburst,
ts intensity decreased smoothly from ∼5960 to ∼3400 counts s –1 

 v er the next 18 d of observation. During phase C of the outburst,
he intensity decreased faster than in phase B, from ∼2500 to

300 counts s –1 o v er 26 d. Finally, in phase D the intensity decreased
rom ∼90 to ∼4 counts s –1 o v er the last 75 d of X-ray monitoring.
fter that, the apparent position of the source was located behind the
un from the point of view of NICER in its Earth orbit on-board the
SS . After the MAXI J1727–203 occultation by the Sun, NICER did
ot perform further observations of this source. 
We also show the 2 −10 keV MAXI 1 (Matsuoka et al. 2009 )

nd the 15 −50 keV Swift /BAT 

2 (Krimm et al. 2013 ) light curves
f MAXI J1727–203 in the second and third panels of Fig. 1 ,

http://maxi.riken.jp/pubdata/v6m/J1728-203/index.html
https://swift.gsfc.nasa.gov/results/transients/weak/MAXIJ1727-203.lc.txt


MAXI J1727–203 as seen by NICER 3899 

Figure 1. Top panel: NICER light curve of the 2018 outburst of MAXI J1727–203 in the 0.5 −12 keV energy band. Second panel: MAXI light curve of the 
2018 outburst of MAXI J1727–203 in the 2 −10 keV energy band. Third panel: Swift /BAT light curve in the 15 −50 keV energy band. Fourth panel: Temporal 
evolution of the hardness ratio (6 −12 keV)/(2 −3.5 keV). Bottom panel: Temporal evolution of the 0.01 −64 Hz fractional rms amplitude in the 0.5 −12 keV 

energy band. Colours and symbols in the NICER light curve, hardness ratio and fractional rms amplitude represent different phases of the outburst. Orange 
diamonds: phase A, blue triangles: phase B, black circles: phase C, red filled crosses: phase D. The dotted −dashed lines divide the four phases (see Section 4 
for a physical interpretation of these intervals). 
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Figure 2. Top panel: HID of MAXI J1727–203 during the 2018 out- 
burst. The hardness ratio is defined as the count ratio in the bands 
(6 −12 keV)/(2.0 −3.5 keV). The count rate is obtained in the 0.5 −12 keV 

energy band. Bottom panel: HRD of MAXI J1727–203 during the 2018 out- 
burst. The fractional rms amplitude is obtained in the 0.01–64 Hz frequency 
range and 0.5 −12 keV energy band. The colours are the same as in Fig. 1 . 
The green star marks the first observation. Black arrows indicate the direction 
of the temporal evolution through the diagram. ‘PDS1’, ‘PDS2’, and ‘PDS3’ 
mark the location in the plots of the data used to create the representative 
po wer spectra sho wn in Fig. 4 . Colours and symbols are the same as described 
in Fig. 1 . 
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espectively. The rise of the outburst was detected by MAXI , showing
hat the intensity increased by a factor of ∼50 in 4 d. In phase B,
he MAXI intensity decayed faster than the NICER intensity. The
nalysis of the 2 −10 keV NICER light curve shows the same trend
s the 0.5 −12 keV light curve, probably indicating that the difference
etween NICER and MAXI is due to differences in their respective
f fecti ve areas. In phases C and D of the outburst, the evolution of
oth NICER and MAXI light curves were similar. The Swift /BAT
ight curve did not sample the rise of the outburst, ho we ver, it gi ves
dditional information during phases B and C, where the 15 −50 keV
ntensity showed a bump. In phases C and D, the Swift /BAT intensity
ecayed until the end of the outburst. 

In the fourth panel in Fig. 1 , we show the temporal evolution
f the hardness ratio (as estimated from NICER data) during the
hole outburst. The different phases of the outburst show a different
ehaviour of the hardness ratio. In phase A of the outburst, the
ardness ratio drops from ∼0.05 to ∼0.02. In phase B, the hardness
atio remained constant with values around ∼0.004. In phase C, the
ardness ratio increased from ∼0.03 to ∼0.09. In phase D, the source
howed an approximately constant hardness ratio with an average
alue of ∼0.09. Due to the data-gaps between phases B and C, and
hases C and D, we arbitrarily chose the limits between phases in
he middle of the gap. 

In the top panel of Fig. 2 , we show the HID. The first point is
arked with a green star in the phase A of the outburst (orange

iamonds). During this phase, the source evolved in the top part of
he HID from the right-hand to the left-hand side. In the phase B of
he outburst (blue triangles), the source reduced its intensity at an
pproximately constant hardness ratio. Then the source entered the
hase C of the outburst (black circles) and evolved from the top left-
and to the right-hand side of the diagram. Finally, during the phase
 of the outburst (red crosses), the source evolved to the bottom

ight-hand side of the diagram. Although we are missing the rise of
he outburst, a q-track shape is clear in Fig. 2 . 

.2 T iming pr operties 

s expected from LMXBs in outburst, the X-ray variability of
AXI J1727–203 also evolved through the 2018 outburst. The

ottom panel in Fig. 1 shows the temporal evolution of the aver-
ged fractional rms amplitude. During the first observation (MJD
8274), MAXI J1727–203 showed a fractional rms amplitude of
12 per cent. Then, the fractional rms decreased down to ∼3 per cent

n phase A of the outburst. In phase B, the fractional rms amplitude
anged from ∼2 to ∼0.5 per cent, in phase C, it increased from ∼7
o ∼27 per cent, and in phase D, it remained approximately constant
t ∼30 per cent. 

In the bottom panel of Fig. 2 , we show the HRD. The first
bservation is marked with a green star and it showed a hardness
atio of ∼0.05 and a fractional rms amplitude of ∼12 per cent. Then,
he source evolved to the bottom left-hand part of the diagram
eaching values of the fractional rms amplitude < 1 per cent. Finally,
he e volution re v ersed and the source mo v ed to the top right-hand
ide of the diagram, increasing its hardness ratio and the fractional
ms amplitude. 

Fig. 3 shows how MAXI J1727–203 evolves in the absolute rms–
ntensity diagram. The source described the anticlockwise pattern
hat has been observed for other BHs (e.g. MAXI J1348–630, Zhang
t al., in preparation; GX 339–4, Mu ̃ noz-Darias et al. 2011 ). The first
oint of the outburst in the RID is denoted with a green star. As the
ource evolved, it crossed the 10 per cent fractional rms amplitude
ine increasing its intensity. Two days later, on MJD 58276, the
NRAS 497, 3896–3910 (2020) 
ource crossed the 5 per cent line and after that it mo v ed horizontally
o the left-hand side of the diagram. From MJD 58278 to 58294,

AXI J1727–203 stayed close to the 1 per cent rms line while the
ntensity decreased. This corresponds to the softest part of the HID
nd the bottom left-hand part of the HRD (shown with blue triangles
n the bottom panel of Figs 1 and 2 ). After MJD 58298, the source
volved in the opposite way going back to the right-hand side of the
ID. On MJD 58302, MAXI J1727–203 crossed the 10 per cent rms

ine and on MJD 58310, it crossed the 20 per cent rms line. Seventeen
ays later, on MJD 58327, the source evolved around the 30 per cent
ms line, identifying this as the AHL. This is shown with red filled
rosses in Figs 1 and 2 . 

Fig. 4 shows three representative examples of the NICER PDS
t three different stages of the outburst (marked in the HID and
he RID as ‘PDS1’, ‘PDS2’, and ‘PDS3’, respectively). The PDS
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Figure 3. RID of MAXI J1727–203 during the 2018 outburst. The total 
absolute rms is obtained in the 0.01 −64 Hz frequency range and 0.5 −12 keV 

energy band. The count rate is obtained in the 0.5 −12 keV energy band. The 
dashed lines represent the lines of constant fractional rms amplitude. Colours 
and symbols are the same as in Fig. 1 . The green star marks the first NICER 

observation. 
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0.5 −12 keV energy band. Colours and symbols correspond to the phases 
of the outburst as described in Fig. 1 . 
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f the observations before MJD 58278 (phase A of the outburst)
howed a significant broad-band noise component up to ∼20 Hz and 
o significant QPOs (e.g. panel (ii) in Fig. 4 ). In phase B, the PDS of
ll the observations revealed little to no significant variability (e.g. 
anel (i) in Fig. 4 ). This corresponds to the interval plotted with blue
riangles of the bottom panel of Fig. 1 and the HID and RID. Then,
rom MJD 58298 to the end of the outburst (phases C and D), a broad-
and noise component was present with similar power-spectral shape 
s that in panel (ii) and panel (iii) in Fig. 4 . In this period, there was
ignificant broad-band noise extending up to a frequency of ∼20 Hz 
n MJD 58298; after this date, the maximum frequency of this broad-
and noise component decreased down to hundredths of Hz as the 
ource e volved to wards the end of the outburst. Fig. 5 shows the
igure 4. Three representative power spectra of the 2018 outburst of MAXI J172
hows the power spectra of ObsID 1200220120. Panel (iii) shows the power spect
nd D, respectively, of the outburst evolution. Dashed and dotted lines represent the
volution of the characteristic frequency of the broad-band noise 
omponent with intensity. We found that they are correlated. 

We searched for QPOs in the PDS of MAXI J1727–203 in the
.5 −12 keV and the 2 −12 keV energy bands per observation, per
rbit and per region of the HID. We found evidence for QPOs in four
ases: at 0.2 Hz (10.0 ± 1.6 per cent rms, ObsID 1200220134), 0.5 Hz
7.3 ± 0.7 per cent rms, ObsID 1200220127), 3 Hz (6.1 ± 0.9 per cent
ms, ObsID 1200220131), and 6 Hz (1.9 ± 0.2 per cent rms, ObsID
200220102). These QPOs are all between 3 and 3.5 σ significant 
ingle trial. When considering the number of trials, these QPOs are
 1 σ significant; ho we ver, the fractional rms amplitude we measured

erve as an indication of our sensitivity to detect QPOs. 
Fig. 6 shows the 0.01 −64 Hz fractional rms spectrum of represen-

ati ve observ ations through the whole outburst in the 0.3 −12 keV
nergy band. The panels are chronologically ordered. The rms 
pectrum of panel (f) was made combining all the observations from

JD 58327 to 58346 for the same reason. From panel (a) to (e),
MNRAS 497, 3896–3910 (2020) 

7–203. Panel (i) shows the power spectra of ObsID 1200220105. Panel (ii) 
ra of ObsID 1200220141. These observations occurred during phases B, C 

 best fit Lorentzians. 

uest on 20 M
arch 2024
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Figure 6. Evolution of the 0.01 −64 Hz fractional rms spectrum of MAXI J1727–203. Plots are chronologically ordered. Colours and symbols correspond to 
the phases of the outburst as described in Fig. 1 . Arrows represent the 95 per cent confidence upper limits of the fractional rms amplitude. 
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he fractional rms amplitude increased with energy. On panel (f),
he fractional rms amplitude remained approximately constant with
nergy. During phase B of the outburst, the X-ray variability is very
ow, of the order of ∼1 per cent fractional rms. We do not show the
ata of this phase in Fig. 6 as we only obtain upper limits in the
ifferent energy bands. 

.3 Spectral properties 

e fitted the energy spectra using the model TBABS ×
NTHCOMP + DISKBB) . First, we fitted all the energy spectra separately
inking the kT seed parameter of NTHCOMP and kT in of DISKBB , and we
ound that the electron temperature, kT e , in NTHCOMP was always
bo v e the maximum energy of the instrument. Therefore, we fixed
T e at 1000 keV. Besides, we noted that the value of N H in all the fitted
nergy spectra was consistent within errors. Therefore, we decided
o link this parameter among all the spectra and to repeat the fitting.

e obtained an average N H of (0.437 ± 0.001) × 10 22 cm 

−2 and a
elatively good fit with a χ2 /dof of 1.16, for 11 107 dof (for a total of
0 spectra). The excess in χ2 is given by the fit to some spectra, where
he 5 per cent of systematic errors below 2 keV were not sufficient to

itigate the effect of instrumental residuals below 2 keV. 
Fig. 7 shows four representative spectra of each phase of the

utburst. The best-fitting parameters are given in Table A1, the
volution of the parameters is shown in Fig. 8 . In the upper panel
f Fig. 8 , we show the temporal evolution of the total observed flux.
NRAS 497, 3896–3910 (2020) 
aturally, we observed the same trend as in the upper panel of Fig. 1 .
n the second panel of Fig. 8, we show the temporal evolution of the
omptonised component unabsorbed flux in the 0.3 −10 keV energy
and. The third panel shows the contribution of the Comptonised
omponent to the unabsorbed flux in per cent. Finally, in the last two
anels, we show the temporal evolution of the photon index, �, of
he Comptonised component and the inner disc temperature, kT in , of
he disc component. 

The phases identified in Fig. 1 sho w dif ferent spectral be-
aviour as well, as it is shown in Fig. 8 . In phase A, the con-
ribution of the Comptonised component was ∼20 per cent. The
hoton index ranged from ∼2.5 to ∼2.7 and the disc tempera-
ure was close to ∼0.4 keV. The flux of the Comptonised com-
onent was ∼30.0 × 10 −10 erg cm 

−2 s −1 . The flux of the disc
omponent, on the other hand, ranged from ∼95 × 10 −10 to
135 × 10 −10 erg cm 

−2 s −1 . This phase corresponds to the regions
ith orange diamonds in Figs 2 and 3 . In phase B, the Comp-

onised flux dropped to ∼8 × 10 −10 erg cm 

−2 s −1 and decreased
ntil ∼4 × 10 −10 erg cm 

−2 s −1 on MJD 58294 and, as a conse-
uence, the contribution of the Comptonised component decreased
o ∼4 per cent. The photon index varied from ∼2.7 to ∼3.1 and
he disc temperature decreased from ∼0.45 to ∼0.3 keV. This phase
orresponds to the region plotted with blue triangles in the HID and
he interval with lower fractional rms amplitude in the bottom panel
f Figs 1 and 3 (also plotted with blue triangles on the RID). In phase
, the contribution of the Comptonised component was higher than
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Figure 7. Upper panel: Representative energy spectra corresponding to the 
different phases of the outburst. Colours and symbols represent the different 
phases as described in Fig. 1 . Dashed lines represent the best fit model in each 
case. Panel A, B, C, and D: residuals of the energy spectra corresponding to 
observations of phase A, phase B, phase C, and phase D of the outburst, 
respectively. 
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n the previous phase. At the beginning of the phase, the contribution
f the Comptonised component was ∼25 per cent and increased up to
40 per cent. The photon index and the disc temperature decreased 

rom ∼2.5 to ∼2.0 and from ∼0.3 to ∼0.15 keV, respectively. This
egion corresponds to the black circles in the HID and the RID, where
he hardness ratio and the fractional rms amplitude increased again. 
inally, in phase D, the contribution of the Comptonised component 

o the total unabsorbed flux was higher than 80 per cent, with the disc
omponent becoming insignificant (i.e. not statistically required) af- 
er MJD 58342. The photon index and the disc temperature remained 
pproximately constant around ∼1.8 and ∼0.1 keV, respectively. 
his phase corresponds to the red filled crosses of the HID and

he RID. In these phases, the hardness ratio and the fractional rms
mplitude remained constant at their highest values. 

Our spectral modelling did not require the addition of a line- 
omponent in the 6 −7 keV region. The addition of a Gaussian in this
nergy range led to non-physical results (the Gaussian component 
ecame too broad and the NTHCOMP component changed). If the 
igma parameter of the line was fixed to the arbitrary value of 0.3,
e found that in some cases there was a significant line. In phases
 and C, we could find emission lines at ∼6.5 keV at a significance
f no more than 4 σ and an equi v alent width of ∼0.09 keV. After
veraging all data of phase D in the period MJD 58327–58340, we
ere able to find a ∼3 σ emission line at ∼6.5 keV and an equi v alent
idth of ∼0.05 keV (in this case, the sigma parameter was also fixed

o 0.3). These results suggest the potential presence of an emission
ine; ho we ver, our results are not conclusi ve. 

In Fig. 9, we plot the fractional rms amplitude versus the flux of the
isc component (left-hand panel) and the fractional rms amplitude 
ersus the flux of the Comptonised component (right-hand panel). 
n the left-hand panel of Fig. 9 , as the disc flux increases, the
ractional rms amplitude initially remains constant, phase D, and 
hen decreases as the disc flux increases further, C, A, and B. While
uring phase B the rms amplitude is consistent with being constant,
hose measurements are consistent with the o v erall trend of the rms
mplitude with disc flux, and extend the anticorrelation shown by 
he measurements in phases C and A. On the contrary, when we plot
he rms amplitude versus the Comptonised flux (right-hand panel of 
ig. 9 ), the relation is not continuous since in those cases phase B is

n between phase D and C (see Fig. 8 ). 

 DI SCUSSI ON  

n this paper, we present a detailed spectral and timing study of
he 2018 outburst of MAXI J1727–203. We found that the system
ho wed three dif ferent spectral states during this outburst. Fitting the
nergy spectra of the source with a combination of a soft thermal
omponent and a hard Comptonised component, we found that the 
hoton index ranges between ∼1.75 and ∼3.1 and the temperature 
t the inner disc radius ranged between 0.1 and 0.45 keV. From
JD 58342 until the end of the outburst, the disc component

s not detected. The power spectra of MAXI J1727–203 showed 
road-band noise up to ∼20 Hz, without any significant QPOs. The
.01 −64 Hz averaged fractional rms amplitude (0.5 −12 keV) ranged
rom < 1 to ∼30 per cent. In addition, we found that the fractional
ms amplitude increased with energy during most of the outburst, 
xcept at the end of the outburst when it remained approximately
onstant with energy. All these properties allow us to discuss the
ature of the compact object of MAXI J1727–203 and to determine
he spectral states that characterise the source during the outburst. 

Before comparing our results with previous works, it is important 
o note that NICER observations are sensitive in the 0.5 −12 keV
ange, whereas most of our understanding of LMXBs in the last two
ecades comes from observations done with the Principal Counter 
rray (PCA) in Rossi X-ray Timing Explorer ( RXTE ; Bradt, Roth-

child & Swank 1993 ), which was more sensitive in the 3 −25 keV
ange. NICER observations therefore will be more affected by the 
nterstellar absorption (which affects mainly the spectrum < 3 keV) 
han those of RXTE , affecting not only the energy spectra but also
he colours/hardness estimated from them. Especially important is as 
ell the role of the disc component of the spectra on the amplitude
f the variability we detect (Uttley et al. 2011 ). This is especially
mportant for QPOs, but can also affect the broad-band noise. So,
or example, the integrated rms amplitudes we report in the previous
ection are likely underestimated as compared to those we would 
ave measured in the usual RXTE 3 −25 keV energy band-pass. For
his work, the difference in energy range probably had an impact on
he q-shape loops in the HIDs and RID, as well as the correlations
een in the HRD. In the comparisons below, we at first neglect the
MNRAS 497, 3896–3910 (2020) 
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Figure 8. Evolution of the spectral parameters of MAXI J1727–203 in the 0.3 −10 keV energy band. We fit NICER X-ray spectra using a TBABS ×
(NTHCOMP + DISKBB) model. From top to bottom, we plot the total observed flux, the unabsorbed Comptonised flux ( F Compt ), the contribution of the Comptonised 
component to the total unabsorbed flux [ F Compt (per cent)], the photon index of NTHCOMP , and the temperature at the inner disc radius of DISKBB . After MJD 

58342, the DISKBB component is not statistically required. The values of F Compt (per cent) after MJD 58342 are not 100 per cent as those take into account the 
contribution to the flux of a disc (at 95 per cent upper limits). The red arrows on the third panel represent the lower limits of the F Compt (per cent) in observations 
where the disc was not significantly detected. The different colours represent the different phases of the outburst as defined in the previous figures. The dashed 
line points separate the different phases. 
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Figure 9. Plot of the 0.01 −64 Hz fractional rms amplitude (0.5 −12 keV) versus the flux of the disc component for MAXI J1727–203. Colours and symbols 
represent the different phases of the outburst as in the previous plots. Red arrows represent the 95 per cent upper limits of the disc flux. 
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nergy range difference as we compare our results with those based 
n RXTE data but then compare it with recent results based on NICER
bservations. Our conclusions are not affected by the difference in 
he energy range used. 

.1 Nature of the compact object in MAXI J1727–203 

he nature of the compact object in MAXI J1727–203 is still under
ebate. Negoro et al. ( 2018 ) suggested that the source is a BH LMXB.
o we ver, the dynamical mass of the system has not been estimated
et and the lack of very clear NS signatures (i.e. X-ray pulsations
nd thermonuclear X-ray bursts) does not allow to determine with 
bsolute certainty the nature of the compact object. Below, we use the
volution of the spectral and timing properties to investigate whether 
he compact object is a BH or an NS. 

The track traced by MAXI J1727–203 in the HID appears to 
race part of the q-track, although we missed the rising part of the
utburst. This hysteresis loop is typical of BH LMXBs (e.g. Homan &
elloni 2005 ; Remillard & McClintock 2006 ; Fender et al. 2009 ,
nd references therein). Ho we ver, hysteresis loops have also been 
bserved in NS LMXBs (K ̈ording et al. 2008 ; Mu ̃ noz-Darias et al.
014 ). 
An evolution in the HRD, similar to that of MAXI J1727–

03, has been observed in other LMXBs. The track we found for
AXI J1727–203 is similar to the one showed by GX 339–4 (Belloni

t al. 2005 ) and MAXI J1348–630 (Zhang et al., in preparation), both
H LMXBs. Nevertheless, similar tracks were observed in two NS 

MXBs (Aql X–1 and 4U 1705–44; Mu ̃ noz-Darias et al. 2014 ). 
The track that MAXI J1727–203 traced in the RID is similar to

he track traced by the data of the BH candidate GX 339–4 (based on
XTE ; Mu ̃ noz-Darias et al. 2011 ) and MAXI J1348–630 (based on
ICER data; Zhang et al., in preparation). The difference between 
AXI J1727–203 and GX 339–4 is that the AHL of the latter was

ocated between 30 and 40 per cent fractional rms amplitude, whereas 
n the case of MAXI J1727–203, the AHL line was located between
0 and 30 per cent fractional rms. Mu ̃ noz-Darias et al. ( 2014 ) found
hat NS LMXBs also show hysteresis in the RID. In particular, these
uthors found that low accretion rate NS LMXBs traced similar tracks 
n the RID as those traced by BH LMXBs. The main difference
etween these low accretion rate NS systems and BH systems is
hat the track followed during the state transitions is diagonal in
S, while state transitions in BH are usually horizontal, at least for

ow-inclination systems (Mu ̃ noz-Darias et al. 2013 ). This makes low
ccretion rate NS brighter during the soft than during the hard or
ntermediate states in the 3 −15 keV energy band, as opposed to low-
nclination BH LMXBs (Mu ̃ noz-Darias et al. 2013 ). In Figs 2 and 3 ,
t is observed that, unlike the transitions found by Mu ̃ noz-Darias et al.
 2014 ), the transition from the right-hand to the left-hand part of the
iagrams are horizontal, suggesting a BH nature for MAXI J1727–
03. 
The X-ray timing properties of MAXI J1727–203 do not allow us

o determine the nature of the compact object in the system due to the
ack of specific BH and NS signatures. The presence of kHz QPOs
r X-ray pulsations and type-A, B, and C QPOs would have allowed
s to identify the compact object as an NS or a BH, respectively.
nfortunately, no kHz QPOs or X-ray pulsations are observed in the
DS of MAXI J1727–203. We found some marginally significant 
POs in the PDS at low frequencies (from 0.2 to 6 Hz); however

he data are not sufficient to identify them with the NS or BH
PO counterparts. We can focus on the maximum frequency of 

he variability of the broad-band noise component. MAXI J1727–
03 showed broad-band noise component that extends up to 20 Hz.
ased on the results of Sunyaev & Re vni vtse v ( 2000 ), this behaviour

s more typical of BHs, since the power spectra of BH LMXBs
isplay a strong decline at frequencies higher than 10 −50 Hz, with no
ignificant variability abo v e 100 −200 Hz (e.g. GX 339–4, GS 1354–
44, XTE J1748–288, and 4U 1630–47). NS LMXBs, on the other
and, can show significant variability in the power spectra up to 500–
000 Hz (e.g. 4U1608–522, SAX J1808.4–3658, and 4U0614 + 091). 
he fact that MAXI J1727–203 showed variability only up to 
MNRAS 497, 3896–3910 (2020) 
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0 Hz suggests that the compact object in MAXI J1727–203 is
 BH. 

The evolution of the energy dependence of the fractional rms am-
litude of the broad-band noise component at energies 0.3 −12 keV
s consistent with what has been seen in other BH LMXBs in
nergies abo v e 2 −3 keV (e.g. XTE J1550–564 and XTE J1650–
0; Gierli ́nski & Zdziarski 2005 ). We found that during most of
he outburst, the fractional rms amplitude increased with energy.
he only exception is shown in the panel (f) of Fig. 6 where

he rms remained approximately constant with energy. This panel
orresponds to the spectrally hardest observations in Figs 2 and 3
red crosses of the diagrams). Gierli ́nski & Zdziarski ( 2005 ) found
hat in the hard state of XTE J1550–564 and XTE J1650–50 the rms-
pectra remained constant or slightly decreased with energy, while
n the intermediate and the soft state the rms spectra increased with
nergy. Some NS show a similar behaviour (e.g. XTE J1701-462;
u et al. 2015 ). The rms spectra of broad-band noise components of
S increase with energy in some cases (Bu et al. 2015 ; Bult 2017 ,

tudying XTE J1701–462 and MAXI J0911–655, respectively), as
AXI J1727–203 did during most of the outburst. Unfortunately,

either of those works present the evolution of the rms spectra during
 whole outburst, so at the moment we cannot compare the evolution
f these sources and that of MAXI J1727–203. 
The evolution of the spectral parameters of MAXI J1727–203 is

imilar to what has been observed in other BH LMXBs and NS
MXBs. The photon index of MAXI J1727–203 ranged from ∼1.75

o ∼3.1. This evolution is similar to two of the most studied BH
MXBs, Cyg X–1 (photon index from ∼1.5 to ∼2.7; Titarchuk
994 ) and GX 339–4 (photon index from ∼1.5 to ∼2.9; Plant et al.
014 ). We also compared the photon index of MAXI J1727–203 with
he photon index of two NS LMXBs: 4U 1636–53 and MXB 1658–
98 during its 2015–2017 outburst. In the case of 4U 1636–53,
he photon index ranged from 1.3 to 2.5 (Zhang et al. 2017 ). This
ange is similar to the photon index range of MAXI J1727–203. In
he case of MXB 1658–298, the photon index ranged from ∼1.7 to

2.4 (Sharma et al. 2018 ). Although the photon index in NS LMXBs
ight sho w lo wer v alues than for BH LMXBs (something that would

ave to be tested studying a much larger sample), this potential
ifference would argue that MAXI J1727–203 is a BH candidate.
n terms of the inner disc temperature, MAXI J1727–203 showed
 lower temperature than other BH LMXBs. The disc temperature
f GX 339–4 ranged from ∼0.6 to ∼0.9 keV (Plant et al. 2014 )
nd the temperature of Cyg X–1 ranged between 0.5 and 0.6 keV
Shaposhnikov & Titarchuk 2006 ). The temperature of 4U 1636–
3 ranged from ∼0.3 to ∼0.8 keV in the best-fitting results (Zhang
t al. 2017 ) and the disc temperature of MXB 1658–298 ranged from
0.6 to ∼0.9 keV (Sharma et al. 2018 ). The disc temperature of
AXI J1727–203 was lower than these four systems. 
A potential explanation for a lower temperature in MAXI J1727–

03 than in other sources could be related to the mass of the compact
bject. Assuming that the accretion disc is at the innermost stable
ircular orbit (ISCO), the temperature at the inner disc radius is
roportional to 

(
Ṁ /M 

2 
)1 / 4 

, where Ṁ is the mass accretion rate and
 is the mass of the compact object (Frank, King & Raine 2002 ).
ccording to Mu ̃ noz-Darias, Casares & Mart ́ınez-Pais ( 2008 ), M <

 M � for GX 339–4. We take the temperature of GX 339–4 in the
oft state (0.79 keV) from Plant et al. ( 2014 ) and we also take the disc
emperature of the softest observation in the HID of MAXI J1727–
03 (0.45 keV). From that, if we assume that Ṁ is the same for
wo sources in the same spectral state, we estimate a lower limit
or the mass of MAXI J1727–203 of ∼19 M �. Therefore, the high
ass of the compact object can explain the low temperature of the
NRAS 497, 3896–3910 (2020) 
nner disc. Alternatively, as suggested by Gou et al. ( 2011 ), the
ow temperature at the inner disc radius can be a consequence of
 low inclination of the accretion disc with respect to the line of
ight. 

We can repeat this analysis to estimate the mass of MAXI J1727–
03 with the NS Aql X–1. For this, we took the temperature of
ql X–1 in the soft state of its 2007 outburst ( ∼0.66 keV, Raichur,
isra & Dewangan 2011 ). Considering a mass of ∼1.4 M � for the
S in Aql X–1, we obtained a mass of ∼2 M � for the compact object

n MAXI J1727–203. If we consider a higher mass for Aql X–1, the
ass of MAXI J1727–203 also increases. Considering the latter, this
ass estimates suggest that the compact object in MAXI J1727–203

s massive NS or a low-mass BH. 
Based on all the abo v e comparisons, although we cannot unam-

iguously identify the nature of the compact object in MAXI J1727–
03, the evolution in the HID, RID, and RHD, and the temperature at
he inner radius of the accretion disc during the softest observations
uggest that it is a BH. 

.2 Anticorrelation between the fractional rms amplitude and 

he flux of the disc component 

ig. 9 shows that the relation between the fractional rms amplitude
nd the disc flux is continuous and that both quantities are anticor-
elated during phases A and C (orange diamonds and black circles)
f the outburst. While in phases B and D (blue triangles and red
rosses), the rms amplitude is consistent with being independent of
he disc flux, those measurements extend the relation seen in phases
 and C to low (phase D) and high (phase B) values of the disc
ux. 
The simplest interpretation of this behaviour is that the variability

s produced by the Comptonised component, the disc emission is
ot variable, and as the relative contribution of the disc to the total
mission increases, the variability decreases. If this is the case, the
ntrinsic variability would be produced by the corona (e.g. for QPOs;
ee & Miller 1998 ; Lee, Misra & Taam 2001 ; Kumar & Misra
014 ). Karpouzas et al. ( 2020 ) explain this for the kHz QPOs in
eutron-star LMXBs, and Zhang et al. ( 2020 ) for the type C QPOs
n the BH candidate GRS 1915 + 105, but the same mechanism could
pply for the broad-band component that we discuss here. A similar
rgument was discussed by M ́endez, van der Klis & Ford ( 2001 )
or the dependence of the rms amplitude of the khz QPOs in the
eutron-star LMXBs 4U 1728–34, 4U 1608–52, and Aql X–1. 

.3 Spectral states of MAXI J1727–203 

ssuming that the source is a BH LMXB, we can identify its spectral
tates from its spectral and timing properties. Here, we describe the
ifferent spectral states found for MAXI J1727–203: 

(i) Low/hard state (LHS): From MJD 58327 to 58397. This period
orresponds to phase D of the outburst marked with red filled crosses
n Figs 1 , 2 , 3 , 8 , and 9 . In the HID, the source was in the right
ertical branch with hardness values close to ∼0.1. The fractional rms
mplitude in the LHS state was close to ∼30 per cent and followed the
HL in the RID, supporting the LHS classification state based on the

esults of Mu ̃ noz-Darias et al. ( 2011 ). The fractional rms amplitude
as also approximately constant with energy (panel with red filled

rosses in Fig. 6 ). The PDS was dominated by a broad-band noise
omponent [panel (iii) in Fig. 4 ]. In terms of spectral properties, the
ontribution of the Comptonised component was > 80 per cent in this
tate. At the end of the outburst, the disc component is not significant.
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he fractional rms amplitude is not correlated with the flux of
he Comptonised component. This is because the fractional rms 
emains approximately constant with energy. The photon index of 
he Comptonised component and the inner disc temperature remained 
pproximately constant at ∼1.8 and ∼0.1 keV, respectively. 

(ii) Intermediate states (IS): From MJD 58274 to 58278 and from 

JD 58298 to 58327. These periods correspond to phases A and C of
he outburst, respectively, which are marked with orange diamonds 
phase A) and black circles (phase C) in Figs 1 , 2 , 3 , 8 , and 9 . In
he HID, these correspond to the horizontal branches with hardness 
alues from ∼0.02 to ∼0.1. In these periods, the fractional rms
mplitude ranged from ∼5 to ∼30 per cent and the source evolved
o the top left-hand part of the RID in the first epoch (MJD 58274–
8278) and to the AHL in the second epoch (MJD 58298–58327), as
an be seen in Fig. 3 . The fractional rms amplitude increased with
nergy (panels with black circles and orange diamonds in Fig. 6 )
nd the PDS was dominated by a broad-band noise component 
panel (ii) in Fig. 4 ]. No significant QPOs are detected during this
hase. The characteristic frequency also increases with the intensity. 
he contribution of the Comptonised component ranged from ∼20 

o 50 per cent. The fractional rms amplitude and the flux of the
omptonised flux are anticorrelated, suggesting that the change of 
 ariability is dri ven by changes in the flux of the Comptonised
omponent. The photon index of the Comptonised component in 
his state ranged from ∼2.0 to ∼2.7 and the inner disc temperature
ecreased from ∼0.4 to ∼0.15 keV. 
(iii) High/soft state (HSS): From MJD 58278 to 58298. This 

eriod corresponds to phase B of the outburst, plotted with blue 
riangles in Figs 1 , 2 , 3 , 8 , and 9 . In the HID, the hardness ratio
as approximately constant close to ∼0.005. The fractional rms 

mplitude was ∼1 per cent, which can be observed in the top left-
and part of the RID, where the source evolved around the 1 per cent
ractional rms line. The maximum frequency also increases with 
nergy. The rms spectrum increases with energy (blue triangles in 
ig. 6 ). The contribution of the Comptonised component was less

han 5 per cent, the photon index of the Comptonised component 
anged from ∼2.5 to ∼3.0 and the temperature of the inner disc
ecreased from ∼0.45 to ∼0.3 keV. The rms–flux correlation was 
at with some scatter (Fig. 9 ). 
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