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A B S T R A C T 

Tracking the correlation between radio and X-ray luminosities during black hole X-ray binary outbursts is a key diagnostic of the 
coupling between accretion inflows (traced by X-rays) and relativistic jet outflows (traced by radio). We present the radio–X-ray 

correlation of the black hole low-mass X-ray binary Swift J1727.8 −1613 during its 2023–2024 outburst. Our observations 
span a broad dynamic range, covering ∼4 orders of magnitude in radio luminosity and ∼6.5 in X-ray luminosity. This source 
follows an unusually radio-quiet track, exhibiting significantly lower radio luminosities at a given X-ray luminosity than both 

the standard (radio-loud) track and most previously known radio-quiet systems. Across most of the considered distance range 
( D ∼ 1 . 5–4.3 kpc), Swift J1727.8 −1613 appears to be the most radio-quiet black hole binary identified to date. For distances 
≥ 4 kpc, while Swift J1727 becomes comparable to one other extremely radio-quiet system, its peak X-ray luminosity (� 5×1038 

erg s−1 ) exceeds that of any previously reported hard-state black hole low-mass X-ray binary, emphasizing the extremity of this 
outburst. Additionally, for the first time in a radio-quiet system, we identify the onset of X-ray spectral softening to coincide 
with a change in trajectory through the radio–X-ray plane. We assess several proposed explanations for radio-quiet behaviour 
in black hole systems in light of this data set. As with other such sources, however, no single mechanism fully accounts for the 
observed properties, highlighting the importance of regular monitoring and the value of comprehensive (quasi-)simultaneous 
data-sets. 

Key words: accretion, accretion discs – black hole physics – stars: individual: Swift J1727.8-1613 – ISM: jets and outflows –
radio continuum: stars – X-rays: binaries. 
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 I N T RO D U C T I O N  

 black hole (BH) low-mass X-ray binary (LMXB) is an accreting 
inary system in which a stellar-mass BH (typically ∼7 M�; Corral- 
antana et al. 2016 ) accretes material from a low-mass donor star
� 1 M�). As in other accretion-powered systems (Livio 2002 ), the 
ccretion process in BH LMXBs gives rise to highly collimated, 
elativistic outflows, referred to as jets . In these systems, the ac-
retion flow is primarily traced by X-ray emission and the jets are
ost commonly observed at radio frequencies. Although a robust 

mpirical connection has been established between accretion states 
nd jet activity, the physical mechanisms governing the accretion–
jection coupling remain poorly understood. 
 E-mail: hughesakh@gmail.com 
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BH LMXBs spend the majority of their lifetimes in quiescence at
n undetected or low X-ray luminosity ( LX < 1034 erg s−1 ; Plotkin, 
allo & Jonker 2013 ). As a result, these systems are primarily
iscovered during their bright active states (‘outbursts’) during which 
heir X-ray luminosities can reach values ≥ 1038 erg s−1 . In outburst, 
he system evolves through ‘accretion states’, which are defined by 
he X-ray spectral and timing properties; the two canonical accretion 
tates being the hard and soft state (see e.g. McClintock & Remillard
006 ; Kalemci, Kara & Tomsick 2022 ; De Marco, Motta & Belloni
022 , for reviews). 
In the hard state, the X-ray spectrum is dominated by X-ray

hotons that have been Compton up-scattered in a coronal flow 

Thorne & Price 1975 ; Shapiro, Lightman & Eardley 1976 ), with sub-
ominant contributions from an accretion disc (Done, Gierliński & 

ubota 2007 ). In contrast, the soft state exhibits an inversion of
he dominant X-ray component, with the thermalized (multicolour) 
ccretion disc becoming dominant. An outburst typically begins in 
is is an Open Access article distributed under the terms of the Creative
h permits unrestricted reuse, distribution, and reproduction in any medium,
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he hard state, with rising X-ray luminosity, transitions to the soft
tate near peak brightness, and returns to the hard state during the
ecay phase. During transitions, BH LMXBs exhibit intermediate
-ray properties: the hard-intermediate and soft-intermediate states

Belloni & Motta 2016 ). While a hard → soft → hard evolution is con-
idered typical, some outbursts display repeated transitions through
he intermediate state before reaching the soft state, or only remain in
 hard state (Brocksopp et al. 2001 ; Tetarenko et al. 2016 ; Alabarta
t al. 2021 ). 

Jets from BH LMXBs are broadly classified as either continuously
ccelerated, steady ‘compact jets’ or transient ‘jet ejecta’ (see e.g.
ender, Belloni & Gallo 2004 ; Fender 2006 , for reviews). The type
f jet produced and the observed radio properties correlate with
he accretion state. Compact jets are associated with the hard (and
erhaps, hard-intermediate) states. Their emission is consistent with
 partially self-absorbed synchrotron spectrum, often exhibiting a
at or mildly inverted spectral index ( α � 0; where the flux density,
R,ν , scales with the observing frequency, ν, as FR,ν ∝ να). 
In the soft state, the compact jet emission is quenched (e.g.

ananbaum et al. 1972 ; Fender et al. 1999b ; Coriat et al. 2011 ;
ussell et al. 2011 , 2019 ; Maccarone et al. 2020 ). However, one or
ore transient jets may be launched during the hard → soft transition

e.g. Mirabel & Rodrı́guez 1994 ; Fender et al. 1999a ; Brocksopp
t al. 2002 ; Russell et al. 2019 ; Bright et al. 2020 ; Carotenuto et al.
021a ; Wood et al. 2021 ). Transient jets are discrete, optically thin
 α � − 0 . 6) knots of synchrotron-emitting plasma launched from
he system at mildly to highly relativistic speeds, decoupled from the
ccretion flow. 

The radio luminosity of compact jets ( LR ) exhibits a positive, non-
inear correlation with the X-ray luminosity ( LX ), providing evidence
or a coupling between accretion and jet production. This LR –LX 

elation extends across several orders of magnitude in luminosity
e.g. Hannikainen et al. 1998 ; Corbel et al. 2003 ; Gallo, Fender &
ooley 2003 ; Gallo et al. 2004 ; Corbel et al. 2013a ), and was initially

hought to follow a single power-law relation, LX ∝ L
β
R , with β ∼ 0 . 6

the so-called ‘standard track’ (Gallo et al. 2003 ). With the inclusion
f a mass dependence, this relation could be extrapolated to accreting
upermassive BHs [i.e. active galactic nuclei (AGNs)], suggesting
 universal scaling (e.g. ‘the fundamental plane of BH activity’;
erloni, Heinz & di Matteo 2003 ). 
However, it was later discovered that some BH LMXBs display

ignificantly lower radio luminosities at a given LX (e.g. H1743 −32;
onker et al. 2010 ; Coriat et al. 2011 ; Williams et al. 2020 ). A
roken power law better describes these ‘outlier’ sources – referred
o as the ‘hybrid track’ – featuring a steep branch ( β � 1) at high
-ray luminosities ( LX,tran � 1036 erg s−1 ), which transitions to a

hallow branch ( β � 0 . 3) that rejoins the standard track ( β ∼ 0 . 6)
t lower luminosities. The X-ray luminosity at which outliers
econnect with the standard track is typically around ∼ 1035 erg s−1 

nd a radio luminosity of ∼ 1029 erg s−1 (e.g. Coriat et al. 2011 ;
lotkin et al. 2017b ), although some sources rejoin the standard

rack at significantly lower (e.g. Carotenuto et al. 2021b ) or higher
uminosities (e.g. Islam & Zdziarski 2018 ; Koljonen & Russell
019 ). Notably, although termed ‘outliers’, more systems have been
bserved to follow the hybrid track than the standard track (e.g.
allo, Degenaar & van den Eijnden 2018 ). 
The outliers led to the introduction of ‘radio-loud’ (i.e. standard-

rack) and ‘radio-quiet’ nomenclature, implicitly treating the
tandard-track and outlier sources as two distinct populations. It
hould be noted that ‘radio-quiet’ does not comment on the physical
rigin of the different populations; it simply means that some sources
ave lower radio luminosities at a given X-ray luminosity. The
NRAS 542, 1803–1816 (2025)
eason for the difference may, as some authors have proposed, be
ue to enhanced X-ray emission from the accretion flow (‘X-ray-
right’) rather than suppressed radio emission from the jet (e.g.
ie & Yuan 2012 ; Meyer-Hofmeister & Meyer 2014 ; Xie & Yuan
016 ). Moreover, the apparent dichotomy may not reflect two distinct
ubpopulations (Gallo et al. 2014 ; Gallo et al. 2018 ); instead, the
llowable LR –LX tracks may span the full luminosity range, from
he standard track (or above) to extremely radio-quiet behaviour,
epending on source properties. The physical mechanisms respon-
ible for the radio-loud and radio-quiet sources – whether arising
rom variations in the jet, the accretion flow, or both (e.g. Coriat
t al. 2011 ; Espinasse & Fender 2018 ) – remain poorly understood.
t is also unclear whether individual sources are intrinsically tied
o one track or can transition between radio-loud and radio-quiet
ehaviour across different outbursts or spectral states, highlighting
he need for continued monitoring to disentangle the nature of these
populations’. 

.1 The black hole low-mass X-ray binary Swift J1727.8 −1613 

wift J1727.8 −1613 (hereafter Swift J1727) is a BH LMXB that
as discovered in August 2023 during its first recorded outburst.
he event lasted approximately 1 yr and was the subject of intensive
bservational campaigns, particularly at radio and X-ray frequencies
e.g. Bollemeijer et al. 2023a , b ; Miller-Jones et al. 2023a , b ; Ingram
t al. 2024 ; Liu et al. 2024 ; Peng et al. 2024 ; Wood et al. 2025 ),
aking it an excellent candidate to augment our current LR –LX 

atalogues. Swift J1727 swiftly became one of the brightest X-ray
ources in the sky (e.g. Kennea & Swift Team 2023 ; Page et al. 2023 ),
hough it remains unclear whether this brightness is intrinsic or due
o its proximity. 

Mata Sánchez et al. ( 2024 , 2025 ) presented optical observations
f Swift J1727, measuring its radial velocity and dynamically
onfirming the presence of a BH ( MBH > 3 M�). Furthermore, these
uthors estimated a distance of 3 . 7 ± 0 . 3 kpc using an empirical
elation between binary period ( Porb of 10.8 h) and absolute r-
and magnitude, together with pre-outburst photometry and optical
xtinction estimates. Burridge et al. ( 2025 ) reanalysed these data
nd supplemented them with near-UV spectra, reporting an updated
istance of 5 . 5+ 1 . 5 

−1 . 1 kpc. However, most recently, Burridge et al.
private communication) have revised this estimate to 2 . 6+ 1 . 7 

−1 . 1 kpc,
ncorporating updated properties of the companion star. Our analysis
dopts the most recent inferred distance range of 1.5–4.3 kpc,
orresponding to the 68 per cent equal-tailed interval. The estimate
eported by Mata Sánchez et al. ( 2025 ) lies well within this range.

e note that distances outside this interval would only make the
ource appear more extreme, and therefore do not contradict our
onclusions. 

In this paper, we utilise the comprehensive radio light curves
resented in Hughes et al. ( 2025 ), alongside quasi-simultaneous X-
ay observations, to investigate the LR –LX evolution of Swift J1727
nd the connection between its accretion flow and compact jets.
n Section 2 , we describe the radio and X-ray data selection and
nalysis. Section 3 presents the LR –LX track, and in Section 4 , we
iscuss the physical interpretations. 

 OBSERVATI ONS  A N D  M E T H O D S  

his section summarizes the observations and analysis used to
roduce the final data products, all of which – including raw and
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rocessed data and analysis scripts – are available on GitHub. 1 While 
wift J1727 underwent multiple state transitions near the outburst 
eak (e.g. Yu 2023 ), we focus only on the hard states immediately
ollowing the outburst rise (henceforth ‘the rise hard state’) and 
uring the decay (‘the decay hard state’) due to the complex radio
ehaviour and jet ejecta contributions during intermediate phases 
see Fig. A1 ). 

.1 Radio observations 

wift J1727 was the focus of multiple extensive radio campaigns, 
hich were compiled and presented in Hughes et al. ( 2025 ). In this
ork, we use a subset of those data, obtained with MeerKAT, the
arl G. Jansky Very Large Array (VLA), and the Australia Telescope 
ompact Array (ATCA), as these instruments captured both the rise 
nd decay hard states. 

The LR –LX relation pertains specifically to compact jet emission 
uring the hard state. Accordingly, during the rising hard state, we 
nclude only those observations taken before the onset of radio 
aring (which began on 2023 September 19; MJD 60206), after 
hich observations with the Very Long Baseline Array revealed 

hat the flares coincided with transient jet ejections (Wood et al. 
025 ). Hughes et al. ( 2025 ) presented the entire radio light curve of
wift J1727, providing the integrated flux densities, which – during 
ost of the decay hard state – included both unresolved emission 

rom the compact jet (reappearing at the ‘core’ position) and spatially 
esolved jet ejecta (see Fig. A2 ). The angular extent of (detectable)
mission regions from the compact jet is ∼ 0 . 040 arcsec (Wood et al. 
024 ), rendering it unresolved at the angular resolution of Meerkat, 
he VLA, and ATCA (� 1 arcsec); we measure the compact jet’s flux
ensity by fitting only the core emission. 
However, throughout the soft state, steep-spectrum (and fading) 

adio emission was detected at the core position. Since compact jet 
mission is quenched by � 3 orders of magnitude in the soft state (as
iscussed in Section 1 ) and, when detected in the hard state, exhibits
 flat radio spectrum, this steep-spectrum component most likely 
riginates from long-lived transient jet(s) that remain unresolved 
rom the radio core (similar to those seen in MAXI J1535 −571;
ussell et al. 2019 ). As a result, following the re-brightening of

he compact jet during the decay hard state, the core emission is
 superposition of compact jet and ejecta emission. To account for
jecta contributions, we modelled the fading steep-spectrum compo- 
ent with an exponential decay. 2 Extrapolating this decay to the hard 
tate epochs–and accounting for spectral indices – we subtracted the 
odelled value from the observed core flux density, adopting the 

esulting value as the true compact jet flux density (see Appendix B
or details). Depending on the epoch, the subtracted component 
onstituted 25–40 per cent, 5–12 per cent, and 10–37 per cent of the
otal for MeerKAT, ATCA, and the VLA, respectively. 

We included a systematic error equal to 10 per cent of the 
easured flux density (added in quadrature) as fractional errors 

re often recommended to account for the secular evolution of 
he calibrator(s) (e.g. 3 per cent for ATCA; Massardi et al. 2011 ; 

cConnell et al. 2012 ). While 10 per cent is overly conservative 
hen considering calibration systematics alone, it should implicitly 

ccount for additional systematics from interpolation errors or 
mperfect subtraction of the decay. 
 https://github.com/AKHughes1994/SwJ1727 2023 Outburst
 A power-law model was also fit to the decay; however, given the magnitude 
f the measurement errors, its fit was indistinguishable from the exponential. 

t
a  

3

t

.2 X-ray observations 

wift J1727 was monitored with the X-ray Telescope onboard the 
eil Gehrels Swift Observatory ( Swift -XRT; Burrows et al. 2005 ).
e include 20 observations from the rise hard state (2023 August

8–September 20; MJD 60184-60207, target ID: 1186959 3 ), and 
2 from the decay hard state (2024 February 03–Junuary 03; MJD
0343-60464, target IDs: 16584, 89766). Spectra were extracted 
sing the SWIFTTOOLS pipeline (Evans et al. 2007 , 2009 ) and
nalysed in XSPEC (Arnaud 1996 ). 

Pile-up becomes significant for � 150 counts s−1 , and the pipeline 
ncludes standard corrections that are generally effective. However, 
ue to its extreme brightness (� 5000 counts s−1 ), the rise hard state 
ata lie in a poorly calibrated regime (P. Evans, private communica-
ion). Consequently, we applied a 10 per cent systematic flux error, 
dded in quadrature with statistical uncertainties; we conservatively 
pply this to all X-ray epochs, even those unaffected by pile-up. 

For spectra with ≥ 500 counts, we binned into 25-count intervals 
≥ 20 bins) and fit using χ2 statistics with an absorbed power law plus
isc blackbody model: tbabs ∗ ( pegpwrlw + diskbb ), captur- 
ng both coronal and disc emission. Absorption was modelled with 
babs , adopting Wilms, Allen & McCray ( 2000 ) abundances. After
tting, we measured unabsorbed 1–10 keV flux with the convolution 
odel cflux (i.e. tbabs ∗ cflux ∗ ( pegpwrlw + diskbb )).
e initially let NH 

vary, obtaining a variance-weighted average 
f (2 . 68 ± 0 . 02)×1021 cm−2 consistent with past measurements (e.g. 
raghis et al. 2023 ; O’Connor et al. 2023 ; Peng et al. 2024 ; Stiele &
ong 2024 ), and then fixed NH 

≡ 2 . 68 × 1021 cm−2 for final fits. For
pectra with fewer than 500 counts, we used cstat fitting (Cash
979 ) with single-count binning. In cases where cstat was applied,
r when χ2 -binned epochs included fewer than 50 bins, we adopted
 simplified power law model: tbabs ∗pegpwrlw , with fixed NH 

.
Given the quasi-simultaneity of X-ray and radio data (typically 
 3 d apart), we apply a logarithmic interpolation to map the X-ray
uxes onto the radio epochs. Although approximate, this approach 
aptures the evolution of Swift J1727 (see Figs A3 and A4 ). 

.3 Luminosity conversion 

s is standard in LR –LX analyses (e.g. Bahramian & Rushton 2022 ),
e calculate the 1–10 keV X-ray luminosities ( LX ) and 5 GHz radio

uminosities ( LR ) from the unabsorbed X-ray flux ( FX ) and radio
ux density ( FR,ν), using LX = 4 πD2 FX and LR = 4 πD2 ν0 FR,ν0 ,
here ν0 = 5 GHz. Since our observations span 0.3–15 GHz, we

cale the flux density measured at the observing frequency ν using 
he spectral index α: Fν0 = Fν( ν0 /ν)α . These luminosities form the
asis of the radio–X-ray correlation shown in Fig. 1 . 
For epochs with simultaneous multifrequency coverage, we se- 

ected the flux density measurement closest to 5 GHz. To account for
pectral evolution, we calculate interband spectral indices from the 
ultifrequency data. However, most observations during the decay 

hase were single-frequency. To avoid systematic biases associated 
ith intraband spectral indices – such as the artificial spectral 

flattening’ seen in < 30 σ VLA detections (e.g. Heywood et al. 2016 )
we interpolate the 1.28 GHz MeerKAT data to match the ATCA

nd VLA observation times. This approach allows us to estimate 
nterband spectral indices from the interpolated flux densities. For 
he ATCA observations, which were recorded simultaneously at 5.5 
nd 9 GHz, we verified the accuracy of the interpolated spectral index
MNRAS 542, 1803–1816 (2025)

 Labelled as GRB 230824A in the Swift -XRT archive due to initial misiden- 
ification as a gamma-ray burst. 

https://github.com/AKHughes1994/SwJ1727_2023_Outburst
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M

Figure 1. The LR –LX evolution of Swift J1727 (triangles) is shown alongside archival BH LMXBs (grey circles; Bahramian & Rushton 2022 ), with H1743 −322 
(purple squares) and MAXI J1348 −630 (green diamonds) highlighted for comparison. The inset shows a broken power-law fit ( D= 2 . 6 kpc): red for all data, 
blue for the decay hard state. The grey shaded region marks the (approximate) 1 σ range of the transitional luminosity ( LX tran ). The Swift J1727 observations 
in the upper right-hand corner correspond to the rising hard states. Swift J1727’s hybrid track is either an unusually faint decay or an unusually bright peak 
luminosity in the hard state, depending on the distance. 
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y comparing it with the ATCA-only interband spectral index and
ound good agreement (see Fig. 2 , second panel, star markers). We
hen used the ensemble of interband spectral indices to scale all radio
ux densities to 5 GHz, adopting the spectral index measurement
losest in time to each corresponding flux density. We include the
nal LR –LX values in Table C1 . 

 RESU LTS  

n Fig. 1 , we present the LR –LX evolution of Swift J1727. Due to
ncertainties in its distance, we plot three sets of points assuming
istances of 1.5, 2.6, and 4.3 kpc. For context, we include an archival
ample (grey circles; Bahramian & Rushton 2022 ), highlighting the
rchetypal radio-quiet source H1743 −32 (purple squares; Coriat
t al. 2011 ), as well as MAXI J1348 −638, which underwent the most
adio-quiet evolution of all archival sources to date (green diamonds;
arotenuto et al. 2021b ; Carotenuto, Corbel & Tzioumis 2022 ). 
The LR –LX evolution reveals that its radio–X-ray correlation

annot be adequately described by a single power law of the
orm LR ∝ L

β

X , as is typical for radio-quiet systems. Following the
ethodology applied to other radio-quiet sources (e.g. Coriat et al.

011 ; Carotenuto et al. 2021b ), we therefore model the evolution
ith a broken power law in logarithmic space: 

R ∝
{

( LX /LX,tran )βshallow , if LX < LX,tran 

( LX /LX,tran )βsteep , if LX ≥ LX,tran 
. (1) 
NRAS 542, 1803–1816 (2025)
e account for uncertainties in both LR and LX using orthogonal
istance regression, implemented via the odr function from the
YTHON package SCIPY . 

As our monitoring spans both the rise and decay hard states, we
t the LR –LX data under two scenarios (adopting D = 2 . 6 kpc):
i) using both outburst phases and (ii) using only the decay data,
hich captures both the steep and shallow tracks (see inset of
ig. 1 ). In both cases, the shallow track is robustly constrained
nd in strong agreement yielding βshallow = 0 . 30 ± 0 . 02 for (i) and
 . 32 ± 0 . 03 for (ii), which is unsurprising, given that shallow track
ccurs only during the decaying hard state. The transition lumi-
osities are similarly consistent within uncertainties, with LX,tran =
7 . 1 ± 0 . 9) × 1035 erg s−1 for (i), and (5 . 4 ± 1 . 1)×1035 erg s−1 for
ii). The power law indices are independent of the assumed source
istance, whereas the luminosities–both at the transition to the shal-
ow track ( LX,tran ) and when rejoining the standard track ( LX,rejoin )

scale with distance as LX,tran ≈ 6×1035 ( D/ 2 . 6 kpc )2 erg s−1 and
X,rejoin ≈ 1032 ( D/ 2 . 6 kpc )2 erg s−1 , respectively. 
As expected, a modest discrepancy (� 2 . 7 σ ) emerges between the

teep-track indices, driven by the rising hard state being clustered
t luminosities � 4 orders of magnitude higher than those observed
uring the decay. Specifically, we measure βsteep = 1 . 02 ± 0 . 01 for
he full data set and βsteep = 1 . 42 ± 0 . 15 when fitting the decay phase
lone. While this difference is < 3 σ , it may hint at mild evolution
n the LR –LX relation, consistent with prior studies showing limited
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Figure 2. Spectral and photometric evolution of Swift J1727 during the 
decaying hard state. Panels show: (a) the 1–10 keV X-ray flux; (b) the X- 
ray photon index 	 (the red star indicates the variance-weighted average of 
the final three measurements, which had high uncertainties); (c) the radio 
flux density (marker colour indicates observing frequency; shape indicates 
facility); and (d) the radio spectral index α (grey stars denote ATCA-only 
measurements). The vertical dotted line in the top two panels marks the 
epoch of minimum 	. The grey band highlights the times corresponding to 
the transitional luminosity, as estimated from the decay-only fit, indicating 
the shift between the steep and shallow tracks. Notable spectral evolution 
includes the radio spectral index becoming optically thin as the flux density 
declines, and the source reaching its minimum 	 in temporal coincidence 
with the transitional luminosity. 
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ariability in slope over narrow luminosity ranges (Corbel et al. 
013a ). The tendency for BH LMXBs to appear fainter in radio
uring the rising hard state may also contribute to the shallower slope
hen rise data are included (Corbel et al. 2013a ; Islam & Zdziarski
018 ). Nevertheless, the two fits remain statistically consistent within 
 σ , and the derived indices are comparable to those seen in other
adio-quiet systems (e.g. Coriat et al. 2011 ; Carotenuto et al. 2021b ).

.1 Distance ambiguity and the extreme nature of 
wift J1727.8 −1613 

egardless of the assumed distance, Swift J1727 exhibits an ex- 
eptionally radio-faint LR –LX evolution. Initially, Swift J1727 
ollows the steeper track seen in other radio-quiet sources (e.g. 
1743 −32), before diverging at lower X-ray luminosities and 
ecoming markedly more radio-faint. Near the maximum plot- 
ed distance (∼ 4 kpc), the source rejoins the standard track at 
X � 1033 erg s−1 ( LR ∼ 3×1027 erg s−1 ), ∼two orders of magnitude 
elow typical rejoin values for radio-quiet systems. At this distance, 
wift J1727’s LR –LX behaviour mirrors that of MAXI J1348 −630 
nd, potentially, MAXI J1631 −472 if we adopt its minimum distance
f 2 kpc (Monageng et al. 2021 ). At smaller distances – including
he nominal estimate – Swift J1727 becomes the most radio-faint 
ystem in the LR –LX plane. For instance, at D ∼ 1 . 5 kpc, rejoining
ccurs at LX ∼ 1031 erg s−1 ( LR ∼ 3×1026 erg s−1 ), nearly two orders 
f magnitude lower in X-rays than even MAXI J1348 −630. 
The low rejoining luminosity at the nearer distance estimates, 

ogether with the apparent consistency with MAXI J1348 −630 
t larger distances, could be interpreted as supporting a farther 
istance, i.e. D > 4 kpc. However, if the source lies beyond 4 kpc,
ts peak X-ray luminosity would be the highest reported for a
ard state: LX,max ≈ 5×1038 ( D/ 4 . 3 kpc )2 erg s−1 , surpassing even 
he exceptionally bright GRS 1915 + 105 (Rushton et al. 2010 ),
lthough Swift J1727 remains markedly fainter in the radio. Applying 
 bolometric correction factor of τbol ≈ 2−5 (Migliari & Fender 2006 ;
nastasopoulou et al. 2022 ) to convert from the 1–10 keV band to

he total accretion luminosity, the peak hard state X-ray luminosity 
s consistent with a ∼7 M� BH exceeding its Eddington luminosity: 4 

edd = 1 . 26×1038 ( MBH / M�) erg s−1 . 
The (bolometric) luminosity at which a state transition occurs is 

ommonly expressed as a fraction of the Eddington luminosity, fedd . 
opulation studies of BH LMXB outbursts have found the hard → soft

ransitions most commonly occur at fedd ∼ 0 . 1 (Dunn et al. 2010 ;
etarenko et al. 2016 ). This again suggests that an extreme hard-
tate luminosity, as implied by a large distance, may be disfavoured.
ssuming a typical BH mass, a closer distance would yield lower
-ray luminosities and a more typical fedd . However, hard → soft

ransition luminosities span a broad distribution, and it is plausible 
or a system like Swift J1727 to reach Eddington-level luminosities 
rior to transitioning to the soft state (e.g. a lognormal distribution
ith μ≈ − 0 . 9, σ ≈ 0 . 4; Tetarenko et al. 2016 ). 
Conversely, the inverse soft → hard transition tends to occur more

arrowly around fedd ∼ 0 . 01−0 . 04 (Maccarone 2003 ; Vahdat Mot-
agh, Kalemci & Maccarone 2019 ). For Swift J1727, the X-ray lumi-
osity at the time of this transition is ≈ 2×1036 ( D/ 2 . 6 kpc )2 erg s−1 ,
mplying fedd ≈ 0 . 007( D/ 2 . 6 kpc )2 (adopting MBH = 7 M� and
bol = 3). While the nominal distance yields an Eddington fraction 
onsistent with population studies (e.g. the lognormal distribution 
ith μ ≈−1 . 8 and σ ≈ 0 . 3 from Vahdat Motlagh et al. 2019 ), smaller
istances quickly push the transition luminosity below the observed 
ange for BH LMXBs. This discrepancy is more significant than 
hat introduced by the aforementioned bright hard state, thereby 
avouring distances at or above the nominal estimate (though we note
he existence of outliers with extremely low transitional luminosities, 
.g. Tomsick et al. 2014 ; Chauhan et al. 2019 ). 

In summary, while the distance to Swift J1727 remains uncertain, 
t is evident that across the range of distances, Swift J1727 stands out
s an exceptional system in terms of its LR –LX evolution and state
ransition behaviour. 

.2 Radio and X-ray spectral evolution 

o our knowledge, Swift J1727 is also the radio-quiet system with
he best-constrained X-ray spectral evolution during its LR –LX 

volution. Like other BH LMXBs (both radio-quiet and radio-loud), 
he X-ray spectrum hardens to 	 ∼ 1 . 5−1 . 6 during the initial decay,
efore softening as the source fades into quiescence (top two panels
f Fig. 2 ). Archival BH LMXBs exhibit a plateau at 	 ∼ 2 . 1 as
MNRAS 542, 1803–1816 (2025)
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hey approach and enter quiescence (e.g. Tomsick, Corbel & Kaaret
001 ; Kong et al. 2002 ; Tomsick, Kalemci & Kaaret 2004 ; Corbel,
omsick & Kaaret 2006 ; Plotkin et al. 2013 ; Reynolds et al. 2014 ).
iven that our final epoch with spectral constraints yielded 	 ∼ 1 . 8,
e expect that Swift J1727 continued to soften after it became too

aint for reliable spectral fitting. This places a lower limit of � 16 d on
he X-ray softening time-scale (measured from the point of minimum
), consistent with other BH LMXBs. However, we note that the

ew systems with comparable constraints exhibit a broad range of
oftening time-scales (3–90 d; Tomsick et al. 2001 ; Kalemci et al.
005 ; Armas Padilla et al. 2013 ; Plotkin et al. 2017a ; Beri et al. 2019 ;
haw et al. 2021 ). 
In contrast, a novel result from the Swift J1727 outburst is the

emporal coincidence between the minimum 	 and the onset of the
hallow LR –LX track. This alignment is illustrated in Fig. 2 (a):
etween 2024 April 3–23 (MJD 60403–60423; 20 d), the X-ray
ux declined by a factor of ∼2 as the spectrum evolved toward its
inimum 	. Immediately thereafter, over the following ∼20 d (2024
pril 23–May 14; MJD 60423–60444), the X-ray flux dropped by
early three orders of magnitude, marking the transition on to the
hallow track. To highlight this further, we use the interpolated X-ray
uxes to estimate the time range corresponding to the transitional

uminosity ( LX,trans ), based on the decay-only fit; this range is
ndicated by the vertical grey region in Fig. 2 (a). A clear temporal
lignment is seen between LX,trans and the epoch of minimum
 (vertical dotted line), reinforcing the link between the spectral
inimum and the onset of the shallow track. This suggests that,

n the case of Swift J1727, the steep-to-shallow transition marks a
enuine physical change in the accretion flow, consistent with multi-
utburst analyses of H1743 −32 (Cao, Wu & Dong 2014 ), but here
bserved within a single outburst. Other sources exhibiting spectral
volution during outburst decay have not shown such transitions.
or instance, MAXI J1820 + 070 remained on the standard track

hroughout its evolution (Shaw et al. 2021 ). 
Accompanying the X-ray spectral evolution during the decay, the

adio spectral index evolved from α ∼ 0 (self-absorbed) to ∼−0 . 7
optically thin; bottom two panels of Fig. 2 ). This change may reflect
ntrinsic variations in the compact jet (e.g. Corbel et al. 2013b ;
lotkin et al. 2019 ; Russell et al. 2020 ). Alternatively, the compact

et may have faded, and we are now sampling residual (unsubtracted)
jecta emission. The latter scenario implies an even more radio-faint
et; however, our data do not allow us to distinguish between these
ossibilities. 

 DISCUSSION  

e have presented the LR –LX evolution of Swift J1727 during its
023–2024 outburst. Our coverage spans ∼6.5 orders of magnitude
n X-ray luminosity and ∼4 in radio luminosity, revealing either an
xceptionally X-ray bright rising hard state or the most radio-quiet
ecays observed, depending on the distance. 
While the outlier track is considered standard LR –LX behaviour

or radio-quiet sources, to date, there are only three (four with
he inclusion of Swift J1727) BH LMXBs with monitoring that
aptured both the steep and shallow branches (H1743 −32, Swift
1735.5 −0127, and MAXI J1348 −630; Coriat et al. 2011 ; Plotkin
t al. 2017b ; Carotenuto et al. 2021b ). There is no consensus on the
echanisms that cause the radio-quiet and radio-loud evolutions, or
hether they arise from differences in the properties of the jets or

he accretion flows (or a combination of multiple factors). Here, we
riefly discuss some of the explanations reported in the literature,
onsidering their feasibility in light of the results presented here. 
NRAS 542, 1803–1816 (2025)
.1 Jet-based origins 

everal mechanisms have been proposed to explain the observed
adio-quiet and radio-loud populations. Some attribute these differ-
nces to variations in the jet properties, which may be influenced
y both intrinsic factors and observational biases. Espinasse &
ender ( 2018 ) investigated the correlation between a system’s radio
pectral index and its classification as radio-loud or radio-quiet.
he authors found statistically significant differences between the

wo populations: radio-quiet sources tended to have steeper spectral
ndices on average ( αavg ∼−0 . 3) compared to the radio-loud popu-
ation ( αavg ∼ 0 . 2). Applying this interpretation to Swift J1727 is not
traightforward, as its spectral index varied significantly during the
ecay ( −1 � α � 0 . 3), reaching optically thin values at later epochs.
s discussed in Section 3.2 , we cannot rule out the possibility that

he late-time optically thin spectral index resulted from unsubtracted
jecta emission. However, given that Swift J1727 exhibited a flat
pectral index during the early stages of the decay, if the steepening
s indeed due to ejecta, this may imply that the compact jet remained
elf-absorbed (and spectrally flat) throughout, making Swift J1727
n outlier with respect to the findings of (Espinasse & Fender 2018 ).

Alternatively, Motta, Casella & Fender ( 2018 ) proposed that the
tandard and hybrid LR –LX tracks could result from differences in
iewing angle, rather than intrinsic differences between individual
H LMXBs. Their analysis revealed that radio-loud systems tend

o have lower inclination angles than their radio-quiet counterparts,
nhancing radio luminosity due to relativistic beaming. In the case
f Swift J1727, modelling of its X-ray spectra (e.g. Peng et al. 2024 ;
voboda et al. 2024 ; Liu et al. 2024 ) suggests a moderate inclination
30−50◦ – comparable to estimates for most radio-loud sources

e.g. Motta et al. 2018 ). However, inclinations derived from X-ray
pectral modelling are highly model-dependent. A more robust, albeit
ess constraining, upper limit of < 74◦ was inferred from the absence
f optical variability due to gravitationally driven warping of the com-
anion star (i.e. ellipsoidal modulation; Mata Sánchez et al. 2025 ). 
In extreme systems, outbursts of low-inclination, highly beamed

H LMXBs have shown enhanced radio luminosities relative to the
tandard LR –LX track, particularly at higher X-ray luminosities. This
eviation is typically attributed to an increasing jet speed – and thus
ncreased beaming – with rising accretion rates (e.g. Russell et al.
015 ; Zhang et al. 2025 ). However, even for distances corresponding
o extreme X-ray luminosities, no radio enhancement was observed
or Swift J1727; its rise hard state remains consistent with, or even
elow, the standard track. Assuming that relativistic beaming should
ffect the hard-state radio luminosities (i.e. its inclination is not near

70◦), this could imply that Swift J1727’s compact jet is either
ntrinsically less relativistic than those of other low-to-moderate
nclination systems, or that other factors more strongly modulate
he observed radio emission (e.g. the stratified absorption scenario
roposed by Motta et al. 2018 ). Given the totality of evidence,
nclination alone does not appear to account for the radio-quiet nature
f Swift J1727. 
Magnetic fields are another property that could account for radio-

uiet behaviour. Casella & Pe’er ( 2009 ) and Pe’er & Casella ( 2009 )
roposed that strong internal magnetic fields within compact jets
ould suppress the observable radio emission. Unfortunately, we
annot assess the viability of this scenario from the LR –LX evolution
lone. A more comprehensive investigation of the entire outburst –
articularly the polarimetric evolution, which directly probes the
agnetic field – may be essential to test this hypothesis. Strong
agnetic fields remain a plausible explanation for the observed

radio-quietness’ of Swift J1727 and potentially other BH LMXBs. 
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.2 Accretion-based origins 

t is also possible that the apparent ‘radio-quietness’ arises not 
rom a suppression of jet power, but rather from an enhancement 
n accretion luminosity. Radiatively efficient flows, such as luminous 
ot accretion flows (LHAFs; Yuan 2001 ), convert a larger fraction of
he rest mass energy into radiation than radiatively inefficient flows, 
hich predominantly advect energy across the event horizon or expel 

t via outflows [e.g. advection-dominated accretion flows (ADAFs); 
arayan & Yi 1994 ). The radiative efficiency can be parametrized by
where LX = ηṀ c2 , and Ṁ is the mass accretion rate. In LHAFs, 

he radiative efficiency η can exceed that of ADAFs by an order of
agnitude (Xie & Yuan 2012 , 2016 ). These more efficient accretion
ows have also been proposed to explain the distinct radio–X-ray 
orrelations observed in AGN (Dong, Wu & Cao 2014 ; Panessa 
t al. 2015 ). However, caution is warranted when comparing BH
MXBs to AGN, as the latter – depending on their subclass – may 
xhibit significantly different accretion geometries and therefore may 
ot serve as direct analogues to hard-state BH LMXBs (e.g. LHAFs
ersus thin disks). 

Within this efficiency framework, there exists a critical mass 
ccretion rate (ṀC ) at which a system undergoes a transition to 
igher radiative efficiency (Narayan, Mahadevan & Quataert 1998 ; 
uan 2001 ; Xie & Yuan 2012 , 2016 ): ṀC ≈ 5 α2 

v θ
3 / 2 
e Ṁedd , where

v ∼ 0 . 1−1 (e.g. Tetarenko et al. 2018 ) characterizes the efficiency of
ngular momentum transport, θe ≡ kB Te /me c

2 is the dimensionless 
lectron temperature (e.g. kTe ∼ 10−1000 keV; Koljonen & Russell 
019 ; Yan, Xie & Zhang 2020 ), and Ṁedd = 10 Ledd /c

2 is the
ddington mass accretion rate. 
As Ṁ → ṀC , the radiative efficiency increases rapidly (e.g. 
 1 per cent to ∼ 8 per cent ; Xie & Yuan 2012 ). Once Ṁ > ṀC , 

he flow becomes radiatively efficient, steepening the radio/X-ray 
orrelation, LR ∝ L∼1 . 3 

X (see Coriat et al. 2011 , and references 
herein). In this picture, the shallow track represents an intermediate 
egime, where the system transitions between the standard (radia- 
ively inefficient) and steep (radiatively efficient) tracks. During this 
hase, LX increases more rapidly than LR for a given rise in Ṁ 

Xie & Yuan 2016 ). Systems with larger αv or θe values exhibit higher
ritical accretion rate thresholds, ṀC , and may remain in a radiatively 
nefficient state for most – or even all – of an outburst, thereby 
ppearing radio-loud. Recent broad-band X-ray analyses have found 
vidence for a steeper LR –LX track at high X-ray luminosities 
� 5×1037 erg s−1 ) in the canonical radio-loud source GX 339 −4, 
upporting the interpretation that radio-loud evolutions can result 
rom systems with significantly larger ṀC values (Islam & Zdziarski 
018 ; Koljonen & Russell 2019 ). 

.2.1 Did Swift J1727.8 −1613 contain a radiatively efficient flow? 

ntriguingly, the minimum observed 	 coincides with the inflection 
oint in LR –LX where the correlation transitions from βsteep to 
shallow . For the first time in a radio-quiet system, we find evidence
or the shallow LR –LX track coinciding with the onset of X-ray 
pectral softening. While such softening could arise from either 
nefficient accretion or jet-related processes (see e.g. Corbel et al. 
006 ; Sobolewska et al. 2011 ; Plotkin et al. 2013 ), the alignment
f the spectral transition and the ‘track switch’ strongly favours 
n accretion-driven origin. In particular, a jet-based explanation –
uch as the onset of synchrotron cooling at high energies – would 
redict a steeper correlation slope of β > 1 in LR –LX (Yuan & Cui
005 ), contrary to what is observed. Thus, in Swift J1727, the X-
ay softening appears consistent with the accretion flow evolution 
riving the shallow LR –LX track – possibly linked to the radiative 
fficiency transition discussed above. 

Recognizing that the efficiency transition occurs during the 
hallow branch (i.e. when LX � LX,tran ), we can use the relation 
X = ηṀ c2 and the definition of ṀC to derive the following 

xpression: 

BH � 10−4 η−1 α−2 
v θ−3 / 2 

e 

(
D 

2 . 6 kpc 

)2 

M�. (2) 

lthough MBH , αv , θe , and D are not currently known for Swift J1727
nor is any potential temporal evolution of these properties –

ndependent measurements of any subset can help constrain the 
thers. For example, adopting αv � 0 . 6 and kTe � 60 keV at a lower-
ound distance of D � 1 . 5 kpc predicts MBH � 1 M� (assuming 
= 0 . 01), which is inconsistent with even the lowest plausible
ass for a stellar-mass BH. Other combinations yield more realistic 

imits; for instance, αv ∼ 0 . 3 and kTe ∼ 50 keV at D � 2 . 6 kpc predict
BH � 20 M�. Multiwavelength constraints on key parameters –

articularly distance – are therefore essential to determine the nature 
f this system. More broadly, such constraints across a larger sample
re critical for understanding the physical origins of the dramatic 
ange in transitional luminosities (i.e. spanning more than six orders 
f magnitude; Islam & Zdziarski 2018 ; Koljonen & Russell 2019 ;
arotenuto et al. 2021b ). 
At all considered distances, the inferred (1–10 keV) transitional 

uminosity exceeds 5×1035 erg s−1 , corresponding to fedd > 0 . 008 
assuming τbol = 3 and MBH = 7 M�). At these accretion rates,
umerical simulations show that radiatively inefficient flows become 
nsustainable, indicating that Swift J1727 likely hosts a radiatively 
fficient accretion mode (at some point) during the outburst. How- 
ver, this raises a deeper question: how do some systems remain
n the standard (radio-loud) track well into the hard state, even
t luminosities far exceeding this threshold (e.g. for fedd > 0 . 1)?
ndeed, current models struggle to reproduce the behaviour of X-ray 
inaries in this regime (see S

↪ 
adowski et al. 2017 , and references

herein). 
It should be noted that our discussion is not intended as an

xhaustive summary of the jet- or accretion-based mechanisms 
apable of producing the variation in LR –LX tracks, and the 
cenarios considered here – and those in the broader literature 
e.g. Meyer-Hofmeister & Meyer 2014 ) – should not be viewed 
s mutually exclusive. Given the complexities of BH LMXBs, it 
s likely that multiple processes act in concert to enforce con-
istency with, or drive deviations from, the ‘standard’ LR –LX 

rack, and their relative influence may vary throughout the outburst. 
hile the precise mechanism(s) responsible for the behaviour of 

wift J1727 remain uncertain, comprehensive data sets tracking 
nomalous behaviours such as this provide vital opportunities for 
esting our models and advancing our understanding of jet-accretion 
oupling. 

 C O N C L U S I O N  

e have presented the radio–X-ray evolution of the BH LMXB Swift
1727.8 −1613 during its 2023–2024 outburst. Our analysis, based on 
n extensive set of quasi-simultaneous radio and X-ray observations, 
llowed us to track the jet–accretion coupling over ∼6.5 orders of
agnitude in X-ray luminosity and ∼4 in radio luminosity. 

(i) The source exhibited a broken power-law evolution with well- 
onstrained steep and shallow branches, characteristic of a hybrid 
radio-quiet) track. 
MNRAS 542, 1803–1816 (2025)
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(ii) For the first time in a radio-quiet system, we found the
ransition to the shallow track coincided with the onset of X-ray
pectral softening, suggesting a link to changes in the accretion flow.

(iii) The radio-X-ray track of Swift J1727.8 −1613 is highly
ensitive to the assumed distance. At D ∼ 1 . 5–4.0 kpc, the source
e-joins the standard track at extremely low luminosities ( LX ∼ 1031 –
032 erg s−1 ), making it the most radio-quiet (BH LMXB) evolution
dentified to date. However, at the upper end of the credible distance
ange ( D � 4 . 0 kpc), its radio luminosity becomes broadly consistent
ith sources like MAXI J1348 −630, placing Swift J1727 near the

aint edge of the archival radio-quiet population. 
(iv) If Swift J1727.8 −1613 lies near at or beyond the upper end

f the distance range ( D � 4 kpc), its peak 1–10 keV X-ray lumi-
osity reaches LX � 5×1038 erg s−1 . Applying a typical bolometric
orrection factor ( τbol ∼ 2–5), this implies a bolometric luminosity
xceeding the Eddington luminosity of a ∼ 7 M� BH. In this scenario,
wift J1727 would represent the most X-ray luminous hard-state BH
MXB observed to date in the LR –LX plane. 

While multiple jet- and accretion-based mechanisms have been
roposed to explain radio-quiet behaviour, it remains unclear
hich (or what combination of) mechanisms can fully account for
wift J1727’s properties. The coincidence of X-ray softening with the

ransition to the shallow LR –LX track favours, in part, an accretion-
riven evolution – possibly tied to a change in radiative efficiency –
ver purely jet-based explanations. Future constraints on the distance,
ultiwavelength spectral modelling, and polarimetric monitoring
ill be key to clarifying the physical drivers behind the diversity in

et–accretion coupling observed across BH LMXBs. 
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ft portal . We host machine-readable data files and analysis scripts
t https://github.com/AKHughes1994/SwJ1727 2023 Outburst. 

EFERENCES  

labarta K. et al., 2021, MNRAS , 507, 5507 
nastasopoulou K. , Zezas A., Steiner J. F., Reig P., 2022, MNRAS , 513,

1400 
rmas Padilla M. , Degenaar N., Russell D. M., Wijnands R., 2013, MNRAS ,

428, 3083 
rnaud K. A. , 1996, in Jacoby G. H., Barnes J., eds, ASP Conf. Ser. Vol. 101,

Astronomical Data Analysis Software and Systems V. Astron. Soc. Pac.,
San Francisco, p. 17 

ahramian A. , Rushton A., 2022, bersavosh/XRB-LrLx pub: update
20220908 . Zenodo. Available at: https://doi.org/10.5281/zenodo.70593
13 

elloni T. M. , Motta S. E., 2016, in Bambi C., ed., Astrophysics and Space
Science Library, Vol 440, Transient Black Hole Binaries. Astrophysics of
Black Holes. Springer, Berlin, Heidelberg, New York, p. 61 

eri A. et al., 2019, MNRAS , 485, 3064 
ollemeijer N. et al., 2023a, Astron. Telegram, 16247, 1 
ollemeijer N. et al., 2023b, Astron. Telegram, 16273, 1 
right J. S. et al., 2020, Nature Astron. , 4, 697 
rocksopp C. , Jonker P. G., Fender R. P., Groot P. J., van der Klis M., Tingay

S. J., 2001, MNRAS , 323, 517 
rocksopp C. et al., 2002, MNRAS , 331, 765 
urridge B. J. et al., 2025, preprint ( arXiv:2502.06448 ) 
urrows D. N. et al., 2005, Space Sci. Rev. , 120, 165 
ao X.-F. , Wu Q., Dong A.-J., 2014, ApJ , 788, 52 
arotenuto F. et al., 2021a, MNRAS , 504, 444 
arotenuto F. et al., 2021b, MNRASL , 505, L58 
arotenuto F. , Corbel S., Tzioumis A., 2022, MNRAS , 517, L21 
asella P. , Pe’er A., 2009, ApJ , 703, L63 
ash W. , 1979, ApJ , 228, 939 
hauhan J. et al., 2019, MNRAS , 488, L129 
orbel S. , Nowak M. A., Fender R. P., Tzioumis A. K., Markoff S., 2003,

A&A , 400, 1007 
orbel S. , Tomsick J. A., Kaaret P., 2006, ApJ , 636, 971 
orbel S. , Coriat M., Brocksopp C., Tzioumis A. K., Fender R. P., Tomsick

J. A., Buxton M. M., Bailyn C. D., 2013a, MNRAS , 428, 2500 
orbel S. et al., 2013b, MNRAS , 431, L107 
oriat M. et al., 2011, MNRAS , 414, 677 
orral-Santana J. M. , Casares J., Mu˜ noz-Darias T., Bauer F. E., Martı́nez-Pais

I. G., Russell D. M., 2016, A&A , 587, A61 

https://data.nrao.edu/portal/
https://archive.sarao.ac.za/
https://atoa.atnf.csiro.au
https://www.swift.ac.uk/swift_portal
https://github.com/AKHughes1994/SwJ1727_2023_Outburst
http://dx.doi.org/10.1093/mnras/stab2241
http://dx.doi.org/10.1093/mnras/stac940
http://dx.doi.org/10.1093/mnras/sts255
http://dx.doi.org/10.5281/zenodo.7059313
https://doi.org/10.5281/zenodo.7059313
http://dx.doi.org/10.1093/mnras/stz616
http://dx.doi.org/10.1038/s41550-020-1023-5
http://dx.doi.org/10.1046/j.1365-8711.2001.04193.x
http://dx.doi.org/10.1046/j.1365-8711.2002.05230.x
http://arxiv.org/abs/2502.06448
http://dx.doi.org/10.1007/s11214-005-5097-2
http://dx.doi.org/10.1088/0004-637X/788/1/52
http://dx.doi.org/10.1093/mnras/stab864
http://dx.doi.org/10.1093/mnrasl/slab049
http://dx.doi.org/10.1093/mnrasl/slac087
http://dx.doi.org/10.1088/0004-637X/703/1/L63
http://dx.doi.org/10.1086/156922
http://dx.doi.org/10.1093/mnrasl/slz113
http://dx.doi.org/10.1051/0004-6361:20030090
http://dx.doi.org/10.1086/498230
http://dx.doi.org/10.1093/mnras/sts215
http://dx.doi.org/10.1093/mnrasl/slt018
http://dx.doi.org/10.1111/j.1365-2966.2011.18433.x
http://dx.doi.org/10.1051/0004-6361/201527130


Swift J1727.8−1613 in the hard state 1811

D  

D
D
D
D  

E
E
E
F  

F  

F
F
G
G  

G
G
H  

H
H
I
I
J
K  

K  

K
K
K  

L
L
M
M  

M  

M  

M  

M
M  

M  

M
M
M
M
M  

M  

M
M  

M
N

N  

 

O  

P  

 

P
P
P
P
P
P
P  

P
R  

R
R  

R
R
R
R  

S
S
S  

S  

S
S
T  

T  

T  

T
T
T
T  

V  

W
W
W
W
W
X
X
Y
Y
Y
Y
Z

A
I

F
o  

t  

C  

2  

D
ow

nloaded from
 https://academ

ic.oup.com
/m

nras/article/542/3/1803/8238078 by U
niversity of Southam

pton user on 17 N
ovem

ber 2025
e Marco B. , Motta S. E., Belloni T. M., 2022, in Bambi C., Sangangelo
A., eds, Handbook of X-ray and Gamma-ray Astrophysics . Springer, 
Singapore, p. 58 
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PPENDI X  A :  L I G H T  CURV ES  A N D  

NTERPOLATI ON  

ig. A1 presents a multiwavelength photometric and spectral view 

f the 2023–2024 outburst of Swift J1727. From top to bottom: (i)
he 2–20 keV flux from the Monitor of All sky X-ray Image Gas Slit
amera (MAXI/GSC, top panel; Matsuoka et al. 2009 ; Mihara et al.
011 ); (ii) the X-ray hardness ratio, defined as the ratio of flux from
MNRAS 542, 1803–1816 (2025)

http://dx.doi.org/10.1007/978-981-16-4544-0_129-1
http://dx.doi.org/10.1007/s00159-007-0006-1
http://dx.doi.org/10.1088/2041-8205/787/2/L20
http://dx.doi.org/10.1111/j.1365-2966.2010.16114.x
http://dx.doi.org/10.1093/mnras/stx2467
http://dx.doi.org/10.1051/0004-6361:20077530
http://dx.doi.org/10.1111/j.1365-2966.2009.14913.x
http://dx.doi.org/10.2277/0521826594
http://dx.doi.org/10.1046/j.1365-8711.1999.02364.x
http://dx.doi.org/10.1086/312128
http://dx.doi.org/10.1111/j.1365-2966.2004.08384.x
http://dx.doi.org/10.1046/j.1365-8711.2003.06791.x
http://dx.doi.org/10.1111/j.1365-2966.2004.07435.x
http://dx.doi.org/10.1093/mnras/stu1599
http://dx.doi.org/10.1093/mnrasl/sly083
http://dx.doi.org/10.48550/arXiv.astro-ph/9805332
http://dx.doi.org/10.1093/mnras/stw1250
http://dx.doi.org/10.3847/1538-4357/ade2e6
http://dx.doi.org/ 10.3847/1538-4357/ad3faf
http://dx.doi.org/10.1093/mnras/sty2597
http://dx.doi.org/10.1111/j.1365-2966.2009.15717.x
http://dx.doi.org/10.1086/427818
http://dx.doi.org/10.1007/978-981-16-4544-0_100-1
http://dx.doi.org/10.3847/1538-4357/aaf38f
http://dx.doi.org/10.1086/339501
http://arxiv.org/abs/2406.03834
http://dx.doi.org/10.1038/417125a
http://dx.doi.org/10.1051/0004-6361:20031146
http://dx.doi.org/10.1093/mnrasl/slaa120
http://dx.doi.org/10.1111/j.1365-2966.2011.18802.x
http://dx.doi.org/10.1051/0004-6361/202348754
http://dx.doi.org/10.1051/0004-6361/202451960
http://dx.doi.org/10.1093/pasj/61.5.999
http://dx.doi.org/10.1111/j.1365-2966.2012.20726.x
http://dx.doi.org/10.1046/j.1365-2966.2003.07017.x
http://dx.doi.org/10.1051/0004-6361/201322423
http://dx.doi.org/10.1111/j.1365-2966.2005.09777.x
http://dx.doi.org/10.1093/pasj/63.sp3.S623
http://dx.doi.org/10.1038/371046a0
http://dx.doi.org/10.1093/mnras/stab043
http://dx.doi.org/10.1093/mnras/sty1440
http://dx.doi.org/10.1086/187381
http://dx.doi.org/10.1093/mnras/stu2455
http://dx.doi.org/10.1088/0004-637X/699/2/1919
http://dx.doi.org/10.3847/2041-8213/ad17ca
http://dx.doi.org/10.1088/0004-637X/773/1/59
http://dx.doi.org/10.3847/1538-4357/834/2/104
http://dx.doi.org/10.3847/1538-4357/aa8d6d
http://dx.doi.org/10.3847/1538-4357/ab01cc
http://dx.doi.org/10.1093/mnras/stu832
http://dx.doi.org/10.1051/0004-6361/201014929
http://dx.doi.org/10.1088/2041-8205/739/1/L19
http://dx.doi.org/10.1093/mnras/stv723
http://dx.doi.org/10.3847/1538-4357/ab3d36
http://dx.doi.org/10.1093/mnras/staa2650
http://dx.doi.org/10.1086/154162
http://dx.doi.org/10.3847/1538-4357/abd1de
http://dx.doi.org/10.1093/mnras/stw3116
http://dx.doi.org/10.1111/j.1365-2966.2011.19209.x
http://dx.doi.org/10.1051/0004-6361/202450657
http://dx.doi.org/10.3847/2041-8213/ad402e
http://dx.doi.org/10.1086/180968
http://dx.doi.org/10.3847/0067-0049/222/2/15
http://dx.doi.org/10.1038/nature25159
http://dx.doi.org/10.1086/181720
http://dx.doi.org/10.1086/323689
http://dx.doi.org/10.1086/380484
http://dx.doi.org/10.1088/0004-637X/791/1/70
http://dx.doi.org/10.1093/mnras/stz569
http://dx.doi.org/10.1093/mnrasl/slz152
http://dx.doi.org/10.1086/317016
http://dx.doi.org/10.1093/mnras/stab1479
http://dx.doi.org/10.3847/2041-8213/ad6572
http://dx.doi.org/10.3847/2041-8213/adc9b3
http://dx.doi.org/10.1111/j.1365-2966.2012.22030.x
http://dx.doi.org/10.1093/mnras/stv2956
http://dx.doi.org/10.3847/2041-8213/ab665e
http://dx.doi.org/10.1046/j.1365-8711.2001.04258.x
http://dx.doi.org/10.1086/431453
http://dx.doi.org/10.1093/mnrasl/slaf008


1812 A. K. Hughes et al.

M

Figure A1. Radio and X-ray light curves covering the entirety of the 2023–2024 outburst of Swift J1727: MAXI/GSC 2–20 keV X-ray flux ( top panel ); X-ray 
hardness ratio calculated from the 2–6 and 6–20 keV sub-bands ( second panel ); MeerKAT, VLA, and ATCA light (multifrequency) light curves ( third panel ); 
interband radio spectral indicies ( bottom panel) . The dash–dotted and dashed lines correspond to the hard → soft and soft → hard transitions reported in the 
literature (Bollemeijer et al. 2023a , b ; Podgorny, Svoboda & Dovciak 2024 ; Russell et al. 2024 ). The grey shaded regions highlight the times used for the rising 
and decaying hard states presented in this work. We truncated the rise hard state before the reported state transition due to the onset of flaring and transient jet 
ejections (Wood et al. 2025 ). 
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he 2–6 keV and 6–20 keV MAXI/GSC fluxes ( second panel) ; (iii)
he Meerkat, VLA, and ATCA light curves; and (iv) the interband
adio spectral indices from simultaneous multifrequency VLA and
TCA observations ( bottom panel ). 
NRAS 542, 1803–1816 (2025)
Shaded grey indicates the rise and decay hard states. The vertical
ot-dashed and dashed lines mark the reported hard → soft and
oft → hard transitions, respectively (Bollemeijer et al. 2023a , b ;
odgorny et al. 2024 ; Russell et al. 2024 ). As discussed in the main
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Figure A2. Sample radio images of Swift J1727 from: 2024 March 4 (MJD 

60373) while the source was in the soft state ( top panel ); and 2024 April 28 
(MJD 60428) after the soft → hard transition (i.e. the decay hard state, bottom 

panel ). The red star indicates the radio position of the core, as measured by 
the VLA and reported in Miller-Jones et al. ( 2023a ). Even while Swift J1727 
was in the soft state, during which compact jet emission is quenched, there is 
still bright core emission from unresolved jet ejecta. Additionally, there is a 
resolved transient jet south of the core position. This resolved jet dominates 
the integrated flux density at the end of the outburst. 

Figure A3. Light curves showing the ( Swift -XRT) 1–10 keV X-ray flux ( top 
panel ) and core radio flux densities ( bottom panel ) during the rise hard state 
of Swift J1727. Solid lines in the top panel trace X-ray fluxes interpolated 
onto the radio observation epochs (with data points marked by vertices), 
while black circles indicate the (unabsorbed) X-ray fluxes as measured by 
Swift -XRT. Interpolation was performed in log-space. For clarity, error bars 
on the interpolated X-ray fluxes are omitted, but those on the measurements 
are representative of the adopted uncertainties. 

Figure A4. Same as Fig. A3 but for the decay hard state. The vertical dashed 
line market the soft → hard state transition (Podgorny et al. 2024 ; Russell et al. 
2024 ). 
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ext, we truncate the rise hard state earlier than the reported transition
o avoid contamination from flaring activity that launches multiple 
et ejecta (Wood et al. 2025 ). These ejections, unresolved at the
ngular resolution of our instruments, would be spatially coincident 
ith the compact jet. Their presence is reflected in the radio spectral

ndex evolution ( bottom panel ), which displays significant variability 
etween the rise hard state grey region and the reported transition,
ndicative of a rapidly evolving population of jet components. 

The radio light curves shown in Hughes et al. ( 2025 ) represent the
otal integrated flux densities. Consequently, for epochs with multiple 
patial components (e.g. the compact jet and discrete ejecta), the 
uxes in Fig. A1 reflect the sum of multiple components. While the
included) rising hard state only includes compact jet emission, the 
ecay hard state features bright, resolved southern-moving ejecta 
Fig. A2 ), which become the dominant radio source at late times.
his leads to the plateau seen in the radio decay phase of Fig. A1 .
or a clearer view of the compact core evolution, we present core-
nly light curves in Figs A3 and A4 . Furthermore, we show both
he measured and interpolated X-ray flux values, confirming that our 
inear interpolation method neither introduces nor smooths over real 
-ray variability. 

PPENDI X  B:  E X P O N E N T I A L  FIT  A N D  D E C AY  

UBTRAC TI ON  

he image morphology (Fig. A2 ) and radio light curves (Fig. A4 )
ndicate the presence of core emission during the soft state. Since
ompact jets are expected to be quenched in this state, and the
bserved core emission is spectrally steep ( α ∼ − 1, third panel 
f Fig. A1 ), we interpret the soft state core emission as arising
rom unresolved jet ejecta. After compact jet reformation, the core 
mission becomes a superposition of components. However, only the 
ompact jet contribution is relevant for the LR –LX plane. 
MNRAS 542, 1803–1816 (2025)
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Figure B1. The decaying hard state: measured radio flux densities ( top 
panel ); radio flux densities after subtraction of the exponentially decaying 
soft state component ( bottom panel ). The solid black line and shaded blue 
area correspond to the exponential fit (to the 1.28 GHz observations) and the 
68 per cent confidence interval, respectively. The vertical dashed line marks 
the soft → hard state transition (Podgorny et al. 2024 ; Russell et al. 2024 ). 
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To isolate the compact jet emission, we modelled the fading ejecta
s an exponential decay, 

R,ν0 = Ae− t 
τ , (B1) 

here ν0 = 1 . 28 GHz corresponds to the MeerKAT observing fre-
uency. We fit this model using the final five Meerkat epochs
nd subtracted the resulting flux from each observation to esti-
ate the compact jet contribution. We find a decay time-scale of
= 20 . 5 ± 0 . 8 d, similar to previous measurements of BH LMXB

jecta decays (e.g. τ = 21 . 0 ± 0 . 9 d; see extended data fig. 3 of
right et al. 2020 ). Because our radio observations span a wide

ange of frequencies ( ν ∼ 1−10 GHz), we scaled the model flux to
he appropriate observing frequency using a power law spectrum:
R,ν = FR,ν0 ( ν/ν0 )αej . We adopt αej = −1, consistent with the inter-
and ATCA spectral indices measured at the end of the soft state (the
hird panel of Fig. A1 ). 

Fig. B1 displays the exponential fit and the resulting residuals
nterpreted as compact jet emission. We address the potential for
ncomplete subtraction and its implications in the main text. 

PPENDI X  C :  DATA  TA B LE  

able C1 summarizes the final radio and X-ray measurements
resented in Fig. 1 , assuming a distance of D= 2 . 6 kpc. The X-
ay luminosities are interpolated to match the epochs of the radio
bservations. The table also includes the corresponding spectral
ndices and observing frequencies used to scale the radio luminosities
o 5 GHz. 
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Table C1. Summary of radio and X-ray properties presented in Fig. 1 (assuming D= 2 . 6 kpc). Columns list the observation date (UTC), Modified Julian 
Date (MJD), X-ray luminosity in the 1–10 keV band ( LX ), interpolated onto the radio observing epochs, radio luminosity at 5 GHz ( LR ), radio spectral index 
( α), and the observing radio frequency ( νobs ). X-ray luminosities are based on Swift -XRT data, and radio values are extrapolated to 5 GHz assuming the listed 
spectral indices. The top section corresponds to the rise hard state; the bottom, the decay hard state. Uncertainties represent 1 σ errors. 

Date (UTC) Date (MJD) LX [1–10 keV] (erg s−1 ) LR [5 GHz] (erg s−1 ) α νobs (GHz) 

2023-08-29T23:49:29 60185.993 (2 . 08+ 0 . 15 
−0 . 16 )×1038 (4 . 8 ± 0 . 5)×1030 −0 . 042 ± 0 . 001 5.20 

2023-09-03T03:59:36 60190.166 (2 . 05+ 0 . 16 
−0 . 17 )×1038 (4 . 3 ± 0 . 4)×1030 + 0 . 046 ± 0 . 001 4.75 

2023-09-04T15:55:43 60191.664 (1 . 86+ 0 . 15 
−0 . 15 )×1038 (3 . 9 ± 0 . 4)×1030 + 0 . 046 ± 0 . 001 1.28 

2023-09-06T15:14:06 60193.635 (1 . 92+ 0 . 15 
−0 . 15 )×1038 (4 . 1 ± 0 . 4)×1030 + 0 . 042 ± 0 . 001 1.28 

2023-09-08T15:05:28 60195.629 (1 . 79+ 0 . 14 
−0 . 14 )×1038 (3 . 7 ± 0 . 4)×1030 + 0 . 042 ± 0 . 001 1.28 

2023-09-09T03:29:39 60196.146 (1 . 71+ 0 . 16 
−0 . 16 )×1038 (3 . 8 ± 0 . 4)×1030 + 0 . 042 ± 0 . 001 4.75 

2023-09-09T07:06:31 60196.296 (1 . 67+ 0 . 12 
−0 . 13 )×1038 (4 . 0 ± 0 . 4)×1030 −0 . 018 ± 0 . 014 5.50 

2023-09-14T02:59:42 60201.125 (1 . 58+ 0 . 15 
−0 . 15 )×1038 (3 . 8 ± 0 . 4)×1030 + 0 . 075 ± 0 . 001 4.75 

2023-09-15T23:47:11 60202.991 (1 . 66+ 0 . 13 
−0 . 13 )×1038 (3 . 9 ± 0 . 4)×1030 + 0 . 062 ± 0 . 072 5.20 

2023-09-16T15:30:40 60203.646 (1 . 68+ 0 . 16 
−0 . 16 )×1038 (4 . 0 ± 0 . 4)×1030 + 0 . 108 ± 0 . 001 1.28 

2023-09-17T02:29:36 60204.104 (1 . 61+ 0 . 12 
−0 . 12 )×1038 (3 . 9 ± 0 . 4)×1030 + 0 . 108 ± 0 . 001 5.75 

2024-03-21T21:45:25 60390.907 (2 . 22+ 0 . 15 
−0 . 16 )×1036 (4 . 2 ± 0 . 5)×1028 + 0 . 2 ± 0 . 3 5.50 

2024-03-24T00:52:42 60393.037 (2 . 01+ 0 . 14 
−0 . 15 )×1036 (4 . 7 ± 0 . 7)×1028 + 0 . 12 ± 0 . 07 5.50 

2024-03-24T21:54:30 60393.913 (1 . 95+ 0 . 14 
−0 . 14 )×1036 (4 . 5 ± 0 . 5)×1028 + 0 . 12 ± 0 . 07 1.28 

2024-03-27T00:45:35 60396.032 (1 . 80+ 0 . 13 
−0 . 14 )×1036 (4 . 6 ± 0 . 9)×1028 + 0 . 02 ± 0 . 08 5.50 

2024-03-30T23:48:29 60399.992 (1 . 55+ 0 . 13 
−0 . 13 )×1036 (4 . 4 ± 0 . 6)×1028 + 0 . 04 ± 0 . 07 6.22 

2024-03-31T17:09:30 60400.715 (1 . 51+ 0 . 13 
−0 . 13 )×1036 (4 . 4 ± 0 . 4)×1028 + 0 . 04 ± 0 . 07 1.28 

2024-04-06T12:01:02 60406.501 (1 . 14+ 0 . 09 
−0 . 09 )×1036 (2 . 0 ± 0 . 2)×1028 −0 . 17 ± 0 . 09 1.28 

2024-04-07T22:16:08 60407.928 (1 . 05+ 0 . 10 
−0 . 10 )×1036 (1 . 8 ± 0 . 3)×1028 −0 . 17 ± 0 . 09 6.22 

2024-04-12T23:27:14 60412.977 (8 . 6+ 0 . 7 
−0 . 8 )×1035 (1 . 5 ± 0 . 3)×1028 −0 . 17 ± 0 . 1 6.22 

2024-04-13T12:54:07 60413.538 (8 . 4+ 0 . 8 
−0 . 8 )×1035 (1 . 44 ± 0 . 15)×1028 −0 . 17 ± 0 . 1 1.28 

2024-04-20T07:56:32 60420.331 (5 . 9+ 0 . 6 
−0 . 6 )×1035 (1 . 04 ± 0 . 12)×1028 −0 . 28 ± 0 . 09 1.28 

2024-04-21T22:31:32 60421.939 (5 . 5+ 0 . 4 
−0 . 4 )×1035 (9 . 99 ± 0 . 18)×1027 −0 . 28 ± 0 . 09 1.28 

2024-04-28T23:41:07 60428.987 (1 . 10+ 0 . 10 
−0 . 10 )×1035 (6 . 89 ± 0 . 13)×1027 −0 . 28 ± 0 . 09 6.22 

2024-05-05T21:26:16 60435.893 (6 . 2+ 0 . 7 
−0 . 7 )×1033 (2 . 6 ± 0 . 8)×1027 −0 . 60 ± 0 . 17 1.28 

2024-05-08T07:00:37 60438.292 (2 . 1+ 0 . 3 
−0 . 3 )×1033 (2 . 0 ± 0 . 4)×1027 −0 . 60 ± 0 . 17 3.06 

2024-05-11T21:47:40 60441.908 (7+ 5 
−3 )×1032 (8 . 0 ± 0 . 4)×1026 −1 . 0 ± 0 . 3 6.22 

2024-05-13T21:32:47 60443.898 (6+ 4 
−3 )×1032 (9 . 8 ± 0 . 3)×1026 −1 . 0 ± 0 . 3 1.28 

2024-05-14T09:44:32 60444.406 (6+ 3 
−2 )×1032 (7 . 7 ± 0 . 3)×1026 −1 . 0 ± 0 . 3 6.22 

2024-05-18T22:20:57 60448.931 (5+ 1 . 6 
−1 . 3 )×1032 (1 . 5 ± 0 . 5)×1027 −0 . 6 ± 0 . 2 1.28 

2024-05-23T05:51:22 60453.244 (3 . 0+ 1 . 1 
−0 . 8 )×1032 (1 . 2 ± 0 . 3)×1027 −0 . 6 ± 0 . 2 6.22 

2024-05-25T22:10:15 60455.924 (1 . 5+ 1 . 6 
−0 . 7 )×1032 (1 . 1 ± 0 . 4)×1027 −0 . 6 ± 0 . 2 1.28 

2024-05-29T10:54:34 60459.455 (9 . 0+ 8 
−4 )×1031 (3 ± 2)×1026 −0 . 6 ± 0 . 2 6.00 
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