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A B S T R A C T 

We present ultraviolet (UV) spectroscopic observations covering three distinct accretion states of the low-mass X-ray binary 

(LMXB) MAXI J1820 + 070: the luminous hard state, a hard-intermediate state, and the soft state. Our observations were 
obtained during the 2018 outburst of MAXI J1820 + 070 with the Hubble Space Telescope ( HST ) and AstroSat observatory. The 
extinction towards the source turns out to be low – EB−V = 0 . 20 ± 0 . 05 – making it one of the best UV accretion laboratories 
among LMXBs. Remarkably, we observe only moderate differences between all three states, with all spectra displaying similar 
continuum shapes and emission lines. Moreover, the continua are not well-described by physically plausible irradiated disc 
models. All of this challenges the standard reprocessing picture for UV emission from erupting LMXBs. The UV emission 

lines are double-peaked, with high-ionization lines displaying higher peak-to-peak velocities. None of the lines displays obvious 
outflow signatures, even though blue-shifted absorption features have been seen in optical and near-infrared lines during the 
hard state. The emission line ratios are consistent with normal abundances, suggesting that the initial donor mass was low 

enough to avoid CNO processing ( M2 ,i � 1 . 0–1 . 5 M�). Finally, we study the evolution of UV variability in our time-resolved 

HST observations (hard and hard-intermediate states). All UV power spectra can be modelled with a broken power law, superposed 

on which we tentatively detect the � 18 s quasi-periodic oscillation that has been seen in other spectral bands. 

Key words: accretion, accretion discs – stars: black holes – stars: individual: MAXI J1820 + 070 – X-rays: binaries. 
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 I N T RO D U C T I O N  

AXI J1820 + 070 ( = ASASSN-18ey) is one of the closest, brightest
nd least-reddened Galactic black hole X-ray transients (BHXTs). It 
as discovered after its outburst onset on 2018 March (M. A. Tucker

t al. 2018 ; T. Kawamuro et al. 2018 ). Since it is an excellent target
or studying black hole (BH) accretion, unprecedented monitoring 
as been carried out across the entire electromagnetic spectrum, 
overing the main outburst of the source and the subsequent reflaring 
pisodes (e.g. M. C. Baglio, D. M. Russell & F. Lewis 2018 ; P. Atri
t al. 2020 ; H. Stiele & A. K. H. Kong 2020 ; A. J. Tetarenko et al.
021b ; M. Özbey Arabacı et al. 2022 ; T. Yoshitake et al. 2022 ; S.
anerjee et al. 2024 ). 
During canonical outbursts, BHXTs typically follow the same 

volutionary track and cycle between two distinctive X-ray states, 
he hard and the soft state. The outburst evolution is hysteretic: 
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n the hardness–intensity diagram (HID; e.g. see R. P. Fender, T.
. Belloni & E. Gallo 2004 , for more information), where the

pectral hardness of the accretion flow is plotted against the X-ray
uminosity, erupting BHXTs trace a ‘ q -shaped’ path. The geometry of
he accretion flow, the X-ray spectrum and the variability properties 
re all strongly state-dependent (e.g. A. A. Esin, J. E. McClintock &
. Narayan 1997 ; J. Homan et al. 2001 ; A. A. Zdziarski & M.
ierliński 2004 ; J. Homan & T. Belloni 2005 ; R. A. Remillard &
cClintock 2006 ; C. Done, M. Gierliński & A. Kubota 2007 ; T. M.
elloni 2010 ; M. Gilfanov 2010 ; T. M. Belloni & S. E. Motta 2016
nd references therein). 

At the beginning and end of an outburst, the system is in the
ard state. In this state, the inner edge of the geometrically thin
ccretion disc is located far from the BH. The broad-band spectral
nergy distribution (SED) is then dominated by a hard (power law,
 < 2, high-energy cut-off around 100 keV) component, which is

he result of low-energy photons being upscattered by relativistic 
lectrons in a hot ‘corona’. A weak thermal component associated 
ith the accretion disc may also be apparent in lower energies (J. E.
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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rove et al. 1998 ). Timing observations tend to show strong X-ray
ariability – of the order of 20–50 per cent (e.g. T. Belloni et al. 2005 ;
. Mu˜ noz-Darias, S. Motta & T. M. Belloni 2011 ; T. M. Belloni &
. Stella 2014 ; S. E. Motta 2016 ) – while the power density spectra

PDS) are characterized by red noise, low-frequency breaks, and
ften, quasi-periodic oscillations (QPOs). The latter are mostly seen
n the low-frequency regime (0.01–30 Hz) and commonly associated
ith either geometrical effects such as the Lense–Thirring precession
f the hot accretion flow in the vicinity of the BH (L. Stella &
. Vietri 1998 ; L. Stella, M. Vietri & S. M. Morsink 1999 ; J. D.

chnittman, J. Homan & J. M. Miller 2006 ; A. Ingram, C. Done &
. C. Fragile 2009 ; A. R. Ingram & S. E. Motta 2019 ), instabilities
uch as the accretion/jet instability (M. Tagger & R. Pellat 1999 ; P.
arnière, J. Rodriguez & M. Tagger 2002 ; P. Varnière, M. Tagger &
. Rodriguez 2012 ; J. Ferreira et al. 2022 ), or coronae oscillations (L.
itarchuk & R. Fiorito 2004 ; C. Cabanac et al. 2010 ). At radio and

nfrared wavelengths, collimated, relativistic jets are also commonly
bserved in this state (e.g. S. Markoff, H. Falcke & R. Fender 2001 ; S.
orbel et al. 2003 ; R. P. Fender et al. 2004 ; R. P. Fender, J. Homan &
. M. Belloni 2009 ; R. Fender & E. Gallo 2014 ). 
As the source brightens and the edge of the inner disc moves

owards the innermost stable circular orbit (ISCO) of the BH,
he system proceeds to the soft state. Notable changes occur in
he X-ray spectrum. The hard component becomes softer ( � > 2)
ut characteristically extends in a coronal tail exceeding 500 keV
ssociated with the faint Comptonization region (e.g. T. M. Belloni &
. E. Motta 2016 ) while the SED is dominated by the soft thermal
omponent associated with the geometrically thin, optically thick
ccretion disc (N. Shakura & R. Sunyaev 1973 ). Variability during
he soft state is limited to amplitudes of a few per cent (commonly
etween 1 per cent and 5 per cent; e.g. P. Casella et al. 2004 ; T. Belloni
t al. 2005 ; T. Mu˜ noz-Darias et al. 2011 ; T. M. Belloni & L. Stella
014 ; S. E. Motta 2016 ), while the PDS are described by a weaker,
roken power-law component. QPOs are also sometimes present,
ut they are broader and weaker than the ones found in the hard
tate. They are plausibly associated with the accretion/jet instability
P. Varnière et al. 2002 , 2012 ) or the launch of the relativistic jet
way from the system (R. P. Fender et al. 2009 ). Radio emission is
uenched in the soft state (e.g. R. Fender et al. 1999 , 2004 , 2009 ;
. Corbel et al. 2001 ; J. M. Miller et al. 2008 ; D. M. Russell et al.
011 ), but blue-shifted X-ray absorption lines associated with highly
onized disc winds often emerge (e.g. J. M. Miller et al. 2006b ,
008 ; J. Neilsen & J. C. Lee 2009 ; G. Ponti, T. Mu˜ noz-Darias &
. P. Fender 2014 ; M. Dı́az Trigo & L. Boirin 2016 ; G. Ponti et al.
016 ; N. Higginbottom et al. 2018 ), preferentially seen in high-
nclination (G. Ponti et al. 2012 ) and sub-Eddington luminosity (N.
igginbottom et al. 2019 , 2020 ) systems. The transitions between
ard and soft states proceed via intermediate states, which can arise
t different luminosities due to the hysteretic nature of the eruptions.
owever, these transitional states are more difficult to study and can
resent complex signatures during their brief window of occurrence.

.1 The ultraviolet window into accretion 

 significant challenge for the study of BHXTs is that interstellar
xtinction usually prevents us from exploring the ultraviolet (UV)
esponse to changes in X-ray luminosity and state transitions. This
s unfortunate, as the UV band is a critical link between the inner
ccretion flow (the corona and the hot, viscously dominated disc)
nd the outer one (the cool, irradiation-dominated disc). To date,
nly six BHXTs have been observed in the far-UV part of the
pectrum near outburst peak in the soft state (R. I. Hynes 2005 ).
NRAS 545, 1–19 (2026)
ncreasing the size of this sample is important for understanding
ow the disc evolves and responds to the changing X-ray irradiation
uring eruptions, what drives the presence of disc wind signatures
n specific wavelengths during different states (e.g. T. Mu˜ noz-Darias
t al. 2016 , 2019 ; T. Mu˜ noz-Darias, M. A. P. Torres & M. R. Garcia
018 ; J. Sánchez-Sierras & T. Mu˜ noz-Darias 2020 ; N. Castro Segura
t al. 2022 ; S. Fijma et al. 2023 ), and to shed light on the periodic
nd aperiodic variability produced at intermediate disc radii. MAXI
1820 + 070 provides us with a rare opportunity to make progress in
his area. Here, we present the first multi-epoch UV characterization
f a BHXT across both outburst states, which allows us to shed light
n some of these issues. 
The outbursts of BHXTs are typically interpreted in the context of

he disc instability model (DIM; e.g. J. Lasota 2001 ; J. M. Hameury
020 for a recent review), according to which the accretion discs in
hese systems are subject to a thermal-viscous instability related to
he ionization of hydrogen. To what extent X-ray irradiation plays a
ignificant role in controlling the behaviour of the discs in BHXTs is
till a matter of debate (e.g. J. van Paradijs & J. E. McClintock 1994 ;
. van Paradijs 1996 ; A. R. King & H. Ritter 1998 ; G. Dubus et al.
999 ; G. Dubus, J. M. Hameury & J. P. Lasota 2001 ; B. E. Tetarenko
t al. 2018a ). Strongly irradiated accretion discs are needed, though,
o explain the longer and brighter eruptions of these systems and their
ight curve phenomenology. The outer disc is heated by radiation
mitted in the inner regions, which keeps it ionized and prevents an
arly return to quiescence. It also means that the outer disc produces
ost of the UV/optical, and sometimes infrared, flux. This picture

an be tested by modelling the UV SED with irradiated disc models.
The spectral lines seen in the UV also provide important diagnos-

ics. For example, the He II λ1640 recombination line is an effective
olometer for the (usually unobservable) extreme UV (EUV) band
bove 54 eV. Moreover, UV line ratios can be used to shed light
n the evolutionary history of the binary, since they strongly depend
n the degree of CNO processing the accreting material has been
ubjected to (e.g. C. W. Mauche, Y. P. Lee & T. R. Kallman 1997 ;
. A. Haswell et al. 2002 ; B. T. Gänsicke et al. 2003 ; C. S. Froning
t al. 2011 , 2014 ; N. Castro Segura et al. 2024 , for both the cases of
ataclysmic variables, CVs, and LMXBs). Perhaps most importantly,
owever, the strong UV resonance lines (N V λ1240, Si IV λ1400, C IV

1550) are highly sensitive outflow tracers. 
The observable wind signatures presented by spectral lines take

he form of blue-shifted absorption or P-Cygni profiles. In low-mass
-ray binaries (LMXBs), such signatures have been found in both

he corona- and disc-dominated states. However, clear X-ray wind
ignatures have so far only been seen in the soft state (e.g. J. M. Miller
t al. 2006a ; G. Ponti et al. 2012 , 2014 ; M. Dı́az Trigo & L. Boirin
016 , and references therein), even though hard state outflows have
een identified both in optical/near-infrared (e.g. T. Mu˜ noz-Darias
t al. 2016 , 2018 , 2019 ; F. Jiménez-Ibarra et al. 2019 ) and UV spectra
N. Castro Segura et al. 2022 ; S. Fijma et al. 2023 ). This raises several
mportant questions (e.g. T. Mu˜ noz-Darias et al. 2019 ; J. Sánchez-
ierras & T. Mu˜ noz-Darias 2020 ; T. Mu˜ noz-Darias & G. Ponti 2022 ).
s the same wind present throughout the eruption, perhaps in different
onization states? And is this wind multiphase (e.g. clumpy) and/or
patially stratified? Or are we seeing completely distinct types of
utflows in different bands (e.g. cool, magnetically driven winds
n the UV, optical and near-infrared bands versus hot, thermally
riven winds in X-ray bands)? Resolving these issues will require
anchromatic spectroscopic observations across different spectral
tates. In this context, this study provides the first data set allowing
 search for UV wind signatures in different stages of a single
utburst. 
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Figure 1. Left panel : Swift /BAT (hard X-rays) and NICER (soft X-rays) light curves of the outburst of MAXI J1820 + 070 in 2018. Right panel : NICER HID of the 
source, averaged by day. In both cases, we have superimposed the timing of our UV observations for comparison. The times of our HST and AstroSat observations 
are noted, signifying the respective accretion state of the system. The transition between the two X-ray states is evident in both panels. 
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Finally, time variability in the form of stochastic flickering and 
POs is ubiquitous among X-ray binaries (and, in fact, among all 

ccreting systems). The standard interpretation of this variability is 
hat each annulus of the disc is susceptible to fluctuations on its own
iscous time-scale. These fluctuations then propagate inwards, so 
hat the correlated variability we see in different wavelengths is the 
umulative product of variations across a wide range of disc radii. 
rradiation and reprocessing can introduce additional correlations 
etween different wavebands on time-scales corresponding to the 
ight travel time from the centre of the disc to the relevant emitting
egion. MAXI J1820 + 070 is already known to display correlated 
ariability between X-rays and optical at the peak of its outburst
e.g. H. Stiele & A. K. H. Kong 2020 ; J. A. Paice et al. 2021 ; J. K.
homas et al. 2022 ). Our UV data allow us to test whether/to what
xtent the same behaviour is present in this intermediate waveband. 

MAXI J1820 + 070 reached peak optical brightness around March 
8, but remained in the hard state until (early) July. The system
hen started its transition to the soft state, characterized by a rapid
oftening of the X-ray spectrum (J. Homan et al. 2018a , b , 2020 ) and
 decrease of radio and infrared flux, thereby indicating quenching 
f the compact jet (A. J. Tetarenko et al. 2018b ; P. Casella et al.
018 ). In this work, we focus on three distinct snapshots of MAXI
1820 + 070 obtained during this outburst with the Hubble Space 
elescope ( HST ) and AstroSat observatories. The timing of our 
bservations is shown in Fig. 1 , where we relate them to the overall X-
ay behaviour of the system. For this purpose we have combined data
rom both the Neil Gehrels Swift Observatory ( Swift /BAT; N. Gehrels
t al. 2004 ; H. A. Krimm et al. 2013 ) and Neutron star Interior
omposition Explorer ( NICER ; K. C. Gendreau et al. 2016 ) to
onstruct both the overall X-ray light curve and the HID of the system. 

 OBSERVATIONS  A N D  DATA  R E D U C T I O N  

.1 Hubble Space Telescope 

AXI J1820 + 070 was observed on 2018 March 31 and June 29
Proposal ID: 15454, PI: Knigge) by the Space Telescope Imaging 
pectrograph (STIS; R. A. Kimble et al. 1998 ; B. E. Woodgate et al.
998 ) onboard HST . Each epoch consisted of a five-orbit HST visit,
ith three orbits dedicated to the far-UV and the remaining two to

he near-UV part of the spectrum. The two visits occurred at quite
ifferent stages of the outburst evolution. The first visit took place
n the hard state right after the outburst peak. However, the second
isit took place 3 months later, during the hard-intermediate state 
HIMS), just before the start of the hard-to-soft state transition. 

The MAMA (Multi-Anode Microchannel Array) detectors were 
mployed to obtain the observations in time-tag mode in order to
rovide information on the fast (dynamical time-scale) variability of 
he system. The initial observation, denoted as HST:HS, captured the 
ystem in a luminous hard state on MJD = 5808.5, just a few days
fter the outburst peak. The 0.2 arcsec × 0.2 arcsec detector slit and
he echelle E140M/1425, E230M/1978, E230M/2707 gratings were 
tilized, providing us with a spectral resolution of R = λ/ �λ = 45
00 and 30 000 in the far- and near-UV regions, respectively. The
ubsequent observation, designated as HST:HIMS, took place on 

JD = 58298.5, just days before the state transition. In this epoch,
e used the 52 arcsec × 0.2 arcsec slit coupled with the first-order
140L/1425 and G230L/2376 gratings. Here, the spectral resolution 

s not constant but wavelength-dependent on both sides of the 
pectrum. In particular, it ranges between 960 and 1440 in the far-UV
nd between 500 and 1010 in the near-UV wavelengths, respectively. 
 summary of the instrumental set-ups and their characteristics can 
e found in Table 1 . 
All the data were reduced using the CALSTIS pipeline to extract

ne-dimensional spectra for each visit. For our first epoch, blaze 
orrection of the individual orders of the echelle spectra and trimming 
f their overlapping regions were applied so that we could combine
hem into a single spectrum. On the other hand, the construction of the
IMS first-order spectrum suffered from two challenges. First, there 
as a flux inconsistency between the far- and near-UV exposures –

n particular, the near-UV (G230L) ods802050 exposure appeared 
o be 27 per cent brighter than the corresponding far-UV (G140L) 
ne in the overlap regions between the two. We suspect that this
ismatch is an instrumental artefact, possibly associated with the 

light offset in the wavelength calibration discussed below (which 
an affect the flux level via the wavelength-dependent sensitivity 
MNRAS 545, 1–19 (2026)
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M

Table 1. Log of observations discussed in this work. The last column represents the notation that we are going to use throughout this paper. 

Observatory ObsID Set-up Onset (MJD) Exposure (ks) X-ray state Notation 

HST ods801010 STIS/E140M/1425 Å 58208.52 2.151 
ods801020 ” 58208.57 2.730 
ods801030 ” 58208.64 2.730 Hard HST:HS 
ods801040 STIS/E230M/1978 Å 58208.71 2.730 
ods801050 STIS/E230M/2707 Å 58208.77 2.730 

HST ods802010 STIS/G140L/1425 Å 58298.50 2.105 
ods802020 ” 58298.56 2.730 
ods802030 ” 58298.63 2.730 Hard-intermediate HST:HIMS 
ods802040 STIS/G230L/2376 Å 58298.70 2.730 
ods802050 ” 58298.76 2.670 

AstroSat T02 038T01 900001994 UVIT/FUV-G1 58207.50 11.39 Hard AstroSat:HS 

AstroSat T02 066T01 900002324 UVIT/FUV-G1 58355.47 2.845 Soft AstroSat:SS 
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urve). While we cannot completely rule out that this offset is real
i.e. produced by intrinsic variability), we adjusted the near-UV time-
eighted average to match its far-UV counterpart. This adjustment

nvolved determining a scaling factor based on the median value
f continuum windows on both sides of the spectrum. The purpose
f this choice was to facilitate our subsequent analysis by creating
 single HIMS spectrum. Second, we observed a slight mismatch
etween the far- and near-UV line centres. As the set-up in this epoch
s constrained by the lack of spectral resolution and low signal-to-
oise ratio, we used the Echelle spectrum and the location of several
nterstellar lines as our guide to account for these wavelength shifts.
n the end, we shifted the far-UV wavelengths by 1 Å and the near-UV
avelengths by 2.5 Å to correct for these offsets. 

.2 AstroSat 

he AstroSat satellite observed our source on March 31 (hard state)
nd August 25 (soft state), utilizing its Ultraviolet Imaging Telescope
UVIT; S. Tandon et al. 2017 , 2020 ). Here, these epochs are denoted
s AstroSat:HS and AstroSat:SS, respectively. 

The UVIT instrument features three channels sensitive to three
ifferent bands: far-UV (1200–1800 Å), near-UV (2000–3000 Å),
nd visible (3200–5500 Å). While the far- and near-UV are used for
cientific observations, the visible channel primarily aids in pointing
rift correction. Both the UV channels are equipped with broad-band
lters for imaging, providing a point spread function (PSF) of 1.0–1.5
rcsec, and include slit-less gratings for low-resolution spectroscopy.
he far-UV channel contains two orthogonally arranged slit-less
ratings (FUV-G1 and FUV-G2) to minimize contamination along
he dispersion direction from nearby sources. Both channels operate
n the photon counting mode. Further details on grating performance
nd calibration can be found in G. C. Dewangan ( 2021 ). 

Level-1 data on MAXI J1820 + 070 were sourced from the
stroSat archive and processed with the CCDLAB pipeline (J. E.
ostma & D. Leahy 2017 ). Drift-corrected, dispersed images were
enerated orbit-wise and then aligned to produce a single image per
bservation. Spectral extraction was performed using the UVITTOOLS

ackage, 1 following G. C. Dewangan ( 2021 ) and S. Kumar et al.
 2023 ). The source’s zeroth-order image position in grating images
as located, and one-dimensional count spectra for the far-UV grat-

ngs in the –2 order were extracted using a 50-pixel cross-dispersion
NRAS 545, 1–19 (2026)

 Details about the package’s requirements and documentation can be found 
t https://github.com/gulabd/UVITTools.jl . 

r  

a  

H  

m  
idth (see S. Banerjee et al. 2024 for more details). Background
ount spectra were also extracted similarly from source-free regions
nd used to correct the source spectra. The grating responses were
pdated to match the simultaneous hard state HST spectrum of the
ource and these files are produced as explained in G. C. Dewangan
 2021 ). 

 SPECTROSCOPIC  ANALYSI S  

.1 Reddening and H I column density 

ost BH binaries are located at kiloparsec (kpc) distances in the
alactic plane. As a result, they tend to suffer from strong extinction

nd reddening, making them difficult to observe especially at UV
avelengths. In fact, only 8 out of 68 BH binary systems are char-

cterized by reddening values EB−V ≤ 0 . 30 (J. M. Corral-Santana
t al. 2016 ). In addition to MAXI J1820 + 070 (whose extinction
roperties we discuss below), these low-reddening systems are GRS
009-45 (M. della Valle et al. 1997 ), XTE J1118 + 480 (M. Garcia
t al. 2000 ), Swift J1357.2–0933, XTE J1817–330 (E. F. Schlafly &
. P. Finkbeiner 2011 ), MAXI J1305–704 (D. Mata Sánchez et al.
021 ), and MAXI J0637–430 (B. E. Tetarenko et al. 2021a ). Thanks
o their relatively low and well-constrained extinction values, the
ntrinsic luminosities of these systems can be inferred with some
onfidence. 

In order to determine the line-of-sight extinction and reddening
owards MAXI J1820 + 070, we use two different methods. First,
e fit a series of parametrized extinction curves to the UV SED.
hese extinction curves are characterized by the parameters Av 

nd Rv , where EB−V = Av /Rv . Here, we set Rv = 3.1, the
tandard value for Galactic sources. Using Fitzpatrick’s reddening-
aw (E. L. Fitzpatrick 1999 ) to match the λ2175 interstellar dip of
ur ‘featureless’/continuum HST:HIMS spectrum, we estimate an
xtinction value of EB−V = 0 . 20 ± 0 . 05. The quoted uncertainty
ere is a qualitative, but conservative estimate of the systematic
ncertainty associated with this procedure. Fig. 2 illustrates how the
trength of the near-UV bump changes for different extinction values.
owever, we will revisit how the wavelength-dependent extinction

urve affects the brightness and shape of the UV SED in Section 4.2 .
In addition, we exploit the well-established correlation between

eddening and the neutral atomic hydrogen column density ( NH ) at
ny line of sight (e.g. R. C. Bohlin, B. D. Savage & J. F. Drake 1978 ;
. Liszt 2014 ). In our case, we determine the H I column density by
odelling the damped Lyman- α (Ly α) absorption profile, evident in

https://github.com/gulabd/UVITTools.jl
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10−13

10−12

10−11

F
λ
/

er
g

s−
1

cm
−2

Å
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ur HST:HS spectrum. We follow R. C. Bohlin ( 1975 ) and model

his profile by an Ce−τ factor, where C is the continuum level, and
he optical depth, τ , is given by 

( λ) = 4 . 26 × 10−20 NH / (6 . 04 × 10−10 + ( λ − λ0 )
2 ) . (1) 

Here, λ0 = 1215 . 67 Å, the rest wavelength of the Ly α line. We then
stimate NH by trial and error within a range of values centred on the
otal line-of-sight column density. Examples of these fits are shown in 
ig. 3 , where the best-fitting model corresponds to a column density
alue of NH = 1021 cm 

−2 . The corresponding reddening value then is 
etermined via two standard NH /EB−V relations from the literature: 
H /EB−V = 5 . 8 × 1021 cm 

−2 mag −1 (R. C. Bohlin et al. 1978 ) and
H /EB−V = 8 . 3 × 1021 cm 

−2 mag −1 for | b| < 30◦ (H. Liszt 2014 ).
he resulting estimates for EB−V towards MAXI J1820 + 070 are 0.17
nd 0.12, respectively. These values are slightly lower, but remain 
onsistent with the one inferred from the UV SED. 

Similar reddening results are obtained when employing slightly 
ifferent NH values derived from other observational studies. For 
xample, high-resolution 21-cm radio observations (HI4PI Collabo- 
ation 2016 ) and fitting of the absorbed X-ray spectrum (K. I. I. Koljo-
en et al. 2023 ) yield a column density of NH = 1 . 3 × 1021 cm 

−2 . On
he other hand, modelling of diffuse interstellar bands — such as the
5780 line in spectra obtained with the X-Shooter instrument on 

he Very Large Telescope (VLT) — results in a column estimate 
f NH = (1 . 4 ± 0 . 4) × 1021 cm 

−2 (also in K. I. I. Koljonen et al.
023 ). These estimates are consistent with predictions based on the
alactic dust distribution (see K. I. I. Koljonen et al. 2023 and

eferences therein). Throughout this work, we adopt EB−V = 0 . 20
s the reddening value. 

.2 Overview: spectroscopic evolution through the outburst 

ur first objective is to shed light on the UV spectral evolution of
AXI J1820 + 070 as it passes from the hard to the soft state during

ts 2018 outburst. The luminous hard state near the outburst peak was
overed by (quasi-)simultaneous HST and AstroSat observations. The 
ard-intermediate state just before the state transition was caught by 
ur second HST visit, while the soft state was captured only by
ow-resolution AstroSat spectroscopy. The evolution of the source’s 
pectrum among these three stages is shown in Fig. 4 . 

Overall, the HST spectra are characterized by blue continua and 
road emission lines. Despite the significant flux decrease (by a 
actor of 3) and the system’s transition from the hard to the soft state,
MNRAS 545, 1–19 (2026)
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Å
−1

CIV

Figure 4. The dereddened time-averaged UV spectra of MAXI J1820 + 070 as the system evolves across three stages of its outburst, accompanied by line 
identifications of the most prominent species. Our work covers three distinct X-ray states of the source’s outburst: (a) a luminous hard state, combining 
(quasi-)simultaneous HST / AstroSat observations, (b) HST observations of a hard-intermediate state before the state transition, and (c) AstroSat observations of 
the soft state. The HST spectra cover the far- and near-UV regions (1150–3000 Å) whereas the AstroSat observations cover only the 1200–1800 Å regime. As a 
reference, the slope indices of both a standard Shakura–Sunyaev accretion disc ( Fλ,visc ∝ λ−7 / 3 ) and an irradiated disc ( Fλ,irr ∝ λ−1 ) are illustrated. For clarity, 
we cut the interstellar lines by 70 per cent of their flux, compared to the original lines. The inset zooms in on the C IV λ1550 profile, emphasizing the absence 
of evidence for the presence of an outflow. 

i  

d  

t  

w  

t  

β  

c  

v  

W  

t  

s  

w
 

e  

t  

a  

λ  

L  

m  

t  

a

d
o  

i  

s  

t  

t  

u  

A  

H  

1200 1300 1400 1500 1600 1700

λ / Å
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mmediately after the second HST epoch, no major characteristic
ifferences are observed between these two observations. The con-
inuum shape remains consistent across our spectra and is reasonably
ell-approximated by a power law with an index close to the charac-

eristic value for a viscously dominated accretion disc ( Fλ,visc ∝ λ−β ,
= 7 / 3). This is surprising, since the disc regions producing the UV

ontinuum may be expected to be heated by irradiation, rather than
iscous dissipation. At wavelengths sufficiently far away from the
ien and Rayleigh–Jeans tails, an irradiation-dominated disc would

end to produce a power-law continuum with β = 1, significantly
hallower than observed (J. Frank, A. King & D. Raine 2002 ). We
ill return to this issue in Section 4 . 
Both epochs display the same set of strong, double-peaked

mission lines, representing both low- and high-ionization atomic
ransitions. At shorter wavelengths, we see strong emission features
ssociated with UV resonance (N V λ1240, Si IV λ1400, and C IV

1550) and recombination lines (He II λ1640). Moreover, the damped
y α absorption line produced by absorption in the interstellar
edium (ISM) contaminates the far-UV end of the spectrum. At

he very opposite end, the prominent Mg II λ2800 line in emission is
pparent. 

The AstroSat spectra also capture the far-UV wavelengths, but–
ue to the lower resolution and signal to noise of these data sets –
nly the strongest lines are detected. As AstroSat constitutes our sole
nsight into the system’s soft state, we exploit our simultaneous hard
tate observations to calibrate and facilitate comparisons between
he HST and AstroSat spectra. For these comparisons, we degrade
he HST spectra to the same resolution as the AstroSat observations
sing a simple Gaussian filter. The result is illustrated in Fig. 5 .
 good agreement is achieved between the (quasi-)simultaneous
ST / AstroSat hard state observations, whereas there is a hint of
NRAS 545, 1–19 (2026)

p

ine strengthening in the soft state, especially for the Si IV and C IV

rofiles. 
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−2000 −1000 0 1000 2000

Velocity / km s−1

−0.4

−0.3

−0.2

−0.1

0.0

0.1

MgII λ2800Å
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.3 Emission line shapes and fluxes 

ll of the observed lines appeared to be double-peaked or consistent 
ith being double-peaked (within the limit of the diverse spectral 

esolutions of our instrumental set-ups). Assuming that the observed 
mission lines are produced at the atmosphere of the accretion disc, 
heir shapes can help us specify the physical conditions in the line-
orming region(s) and define their evolution during the time between 
he observations. 

Broadened, double-peaked emission profiles are characteristic of 
eometrically thin Keplerian accretion discs, where the two peaks 
orrespond to regions of the disc rotating towards (blue-shifted 
omponent) or away from the observer (red-shifted component), 
espectively. In this context, we carry out a qualitative analysis of
he most prominent observed resonance lines from our dereddened 
ontinuum-subtracted spectra. Specifically, we measure properties 
uch as their amplitude ratios and the corresponding velocities of 
ach of the two components. Then, the fitted emission profile is
umerically integrated to extract key parameters (like their line 
uxes, Fλ, and their equivalent widths, EWs). 
In our fits, all relevant atomic transitions are assumed to produce 

wo kinematically distinct (blue and red) Gaussian emission lines. 
he two components are constrained to share the same full width 
t half-maximum (FWHM), but they are allowed to have different 
ormalizations and shifts relative to the relevant rest wavelengths. 
his is not unexpected, as transient components such as hot spots
r interactions at the stream-impact bulge can disrupt the disc’s 
odel symmetry. The He II line is adequately described by two such
s

omponents associated with a single atomic transition. However, 
ost of the lines we consider (specifically N V , Si IV , C IV, and Mg II )

re resonance doublets, i.e. they consist of two well-separated atomic 
ransitions. We therefore have to explicitly account for both doublet 
omponents in our fits to these lines. Each of these lines is thus
escribed by a total of four Gaussian emission profiles: an atomic
oublet representing the blue kinematic component and an atomic 
oublet representing the red kinematic component. The wavelength 
eparations between the atomic doublet components are always kept 
xed at their known values. The intensity ratio between the doublet
omponents is expected to range between 2:1 (in favour of the
lue doublet component) and 1:1, depending on whether the line 
s optically thin or optically thick. However, we do not enforce this. 

Our high-resolution Echelle spectra obtained in epoch HST:HS 

the luminous hard state) exhibit clear evidence for narrow absorption 
eatures close to the rest wavelengths of the Si IV , C IV, and Mg II
oublets. These absorption features might be intrinsic to the source, 
ut are more likely associated with the ionized phase of the ISM
long the line-of-sight. We therefore include narrow (unresolved) 
oublet absorption features in our models for these lines. The 
bsorption profiles are modelled as e−τ , where, here, τ corresponds 
o the superposition of the two absorption profiles. The profiles 
lso share the same FWHM and their intensity ratio is specified
o range between 2:1 (optically thin) and 1:1 (optically thick) cases.
n particular, the only line considered to be formed in an optically
hick region ( τ >> 1) of the accretion disc is the Mg II line, as
an be seen by its profile structure in Fig. 6 . The same figure also
hows the rest of the continuum-subtracted line profiles during our 
MNRAS 545, 1–19 (2026)
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M

Table 2. Attributes of the most prominent resonance line profiles in the UV region for all of our epochs. Specifically, we take a closer look at the usual 
suspects: the N V λ1240, Si IV λ1400, C IV λ1550, He II λ1640, and Mg II λ2800 lines. The table below summarizes various line properties, derived from 

Gaussian fitting of the dereddened continuum-subtracted spectra. Key properties include the integrated fluxes (in 10−12 erg s−1 cm−2 ) and EWs along with 
their associated errors. Additional parameters of the fitting such as the FWHM, the individual component velocity, the peak-to-peak separation (all in km s −1 ), 
the doublet amplitude ratio as well as the ratio between their red/blue component are also shown. The quoted errors correspond to 1 σ (68 per cent) confidence 
intervals. 

Line Fλ Fλ,downgraded 
a EW FWHM σ vpp Doublet Red-to-blue 

(cgs) (cgs) (Å) (km s −1 ) (km s −1 ) (km s −1 ) amplitude ratio amplitude ratio 

HST:HS 
N V 32.62 ± 0.92 – 16.03 ± 0.80 1818 365 923 1.14 0.88 
Si IV 6.50 ± 0.22 6.35 ± 0.33 4.00 ± 0.16 −b 332 867 1.02 0.98 
C IV 8.71 ± 0.26 6.41 ± 0.15 7.53 ± 0.28 1773 446 869 1.27 0.43 
He II 5.43 ± 0.18 5.37 ± 0.08 5.11 ± 0.19 1515 335 784 0.94 –
Mg II 1.44 ± 0.04 – 3.59 ± 0.12 1359 273 687 2.24 1.0 

HST:HIMS 
N V 13.08 ± 0.47 – 21.21 ± 1.33 2354 651 1366 3.48 1.07 
Si IV 2.14 ± 0.04 – 3.98 ± 0.08 – 466 1018 1.29 0.94 
C IV 2.62 ± 0.03 – 6.78 ± 0.09 2231 460 983 0.52 0.46 
He II 1.92 ± 0.04 – 5.66 ± 0.14 1482 390 998 0.48 –
Mg II 0.43 ± 0.01 – 2.95 ± 0.07 1390 273 882 0.33 1.0 

AstroSat:HS 
Si IV 7.23 ± 0.72 – 4.66 ± 0.48 – – – – –
C IV 6.00 ± 0.43 – 4.98 ± 0.41 – – – – –
He II 4.84 ± 0.39 – 4.5 ± 0.39 – – – – –

AstroSat:SS 
Si IV 3.57 ± 0.41 – 6.28 ± 0.76 – – – – –
C IV 3.59 ± 0.39 – 8.65 ± 1.01 – – – – –
He II 3.17 ± 0.74 – 9.13 ± 2.32 – – – – –

X-shooter:HS 
H α 0.247 ± 0.003 – 7.03 ± 0.08 649 248 732 2.14 –

a Line flux measurements from the downgraded dereddened continuum-subtracted spectra for an immediate comparison to the AstroSat:SS estimates. This 
comparison is imminently seen in Fig. 13 where we follow the line flux evolution of the source throughout the three epochs of the outburst. The respective 
uncertainties are estimated through Monte Carlo simulations. 
b The big separation ( ≈9 Å) between the components of the Si IV λ1400 line results in doubling the apparent width and hence the FWHM of its integrated 
profile. 
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rst HST epoch alongside the H α Balmer profile, taken by VLT /X-
hooter, days before our considered HST:HS date. 2 The H α profile
isplays broad emission wings, reaching velocities of almost 1800
m s −1 (T. Mu˜ noz-Darias et al. 2019 ). 
In the second HST epoch, described by lower resolution first-

rder spectra, the absorption profiles are not as strikingly evident
s in HST:HS and therefore, in our modelling, we fix their proper-
ies (amplitude, location, and FWHM) to their already-determined
alues. It is noted that, for the Mg II line, in order to facilitate the
odelling process, we also fix the intensity ratio and the (common)
WHM of the four-component Gaussian emission profile to the ones
f the first HST epoch. In all cases, the model constructed of each of
he lines is smoothed to the instrumental resolution of the employed
etting and then, it is rebinned to 0.5 Å. 

Finally, we implement the same method to extract line properties in
stroSat ’s dereddened spectra. However, in this case, we focus only
n the strongest lines (Si IV λ1400, C IV λ1550, He II λ1640) observed
n our spectra. Due to the AstroSat ’s lower resolution, the line profiles
f these species are satisfactorily fitted by two Gaussian components,
NRAS 545, 1–19 (2026)

 The VLT /X-shooter (J. Vernet et al. 2011 ) observation was acquired on 2018 
arch 22 (MJD = 58199.32), as part of the 0100.D-0292 programme. We 

rocessed the data using the X-shooter pipeline version 3.6.1 (W. Freudling 
t al. 2013 ). 

 

i  

P  

s  

s  

t

xcept for the case of the He II line, which is well-modelled as just
 single Gaussian. We avoid measuring the properties of the N V

rofile, as it lies too close to the blue edge of the detector to yield
eliable measurements. 

The line flux and EW uncertainties associated with our fits are
stimated through Monte Carlo simulations. First, we estimate the
tandard deviation (rms), σres , between the data and the fitted model.
hen, for each line, we generate mock data sets, where the model flux
t each wavelength is perturbed by a Gaussian distribution centred
n the actual flux with standard deviation, σres . The line flux and EW
or each of these mock sets are then calculated by fitting the new line
rofile and numerically integrating across it. This iterative process is
epeated 1000 times, allowing us to estimate the 1 σ errors. 

The results of our fitting process are presented in Table 2 . The peak-
o-peak velocities, vpp , also shown in Fig. 12 , are consistent with the
tandard picture of an accretion disc where higher ionization species
re formed closer to the central source and are therefore associated
ith higher velocities. We will discuss the physical implications of

he inferred fit parameters more in Section 6.1.1 . 
Our HST spectra show no indication of wind-formed UV features

n the hard state, either in the form of blue-shifted absorption or
-Cygni profiles, as can be seen in Fig. 6 . There is also no hint of
uch features in the AstroSat soft state observations, but the lower
ignal to noise and resolution of those observations would prevent
he detection of all but the strongest such features. 
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 IRR A D IATED  DISC  MODELLING  

-ray irradiation is a crucial, but poorly understood, aspect of the 
HXT eruptions. The reprocessing of X-ray photons can dominate 
ver viscous heating in the outer disc, thereby generating the UV 

nd optical light emitted in these regions (e.g. J. van Paradijs & J. E.
cClintock 1994 ; J. van Paradijs 1996 ; A. R. King & H. Ritter 1998 ;
. Dubus et al. 2001 , 1999 ; B. E. Tetarenko et al. 2018a ). However,
any aspects of this picture remain unclear, such as the dependence 

f the reprocessing efficiency on the irradiating SED. 
As noted above (see Section 3.2 and Fig. 4 ), the UV continuum

hape of MAXI J1820 + 070 seems to pose a challenge in this
ontext. Given the high X-ray luminosity in each of our three 
pochs, irradiation might be expected to dominate over viscous 
nergy release in the UV-producing disc regions. Yet the observed 
ontinuum shape is better approximated by that associated with a 
iscously dominated disc ( Fλ, visc ∝ λ−7 / 3 ) than that associated with 
n irradiation-dominated disc ( Fλ, irr ∝ λ−1 ). Similar behaviour has 
lso been observed in other BHXTs, specifically Nova Muscae 1991 
F. H. Cheng et al. 1992 ), XTE J1859 + 226 (R. I. Hynes et al. 2002 ),
nd A 0620–00 (R. I. Hynes 2005 ). To investigate this further, we
ave tried to model the UV continuum more quantitatively with a 
odel that includes both viscous and irradiation-driven heating. 
Below, we first introduce our model and the irradiation contribu- 

ion to the energy balance in the disc (Section 4.1 ). We then use
he HST:HIMS spectrum as a test bed to examine whether a simple
rradiated disc model can replicate the flux level and spectral shape 
f the observed UV SED (Section 4.2 ). 

.1 Description of the model 

ur model describes the disc as a collection of concentric circular 
nnuli, each of which is characterized by an effective temperature 
eff ( R). The disc extends from ISCO, R = RISCO , to an outer radius,
 = Rdisc . The effective temperature is set by the requirement that

he rate at which an annulus radiates energy away, σT4 
eff , must balance

he rate at which energy is deposited into it by viscous dissipation
nd irradiation. 

The viscous heating rate can be written as 

T4 
visc =

3GMBH Ṁacc 

8 πR3 

[ 

1 −
(

RISCO 

R 

)1 / 2 
] 

, (2) 

here MBH is the mass of the BH, and Ṁacc is the accretion rate. The
eating rate due to irradiation can be modelled as 

T4 
irr =

(
Lirr 

4 πR2 

)(
H 

R 

)
γ ( 1 − A) , (3) 

here Lirr is the irradiating luminosity (assumed to originate from 

 central point source), and A is the albedo (so that 1 − A is the
raction of the light incident on the annulus that is absorbed). The
uantity H /R is the aspect ratio of the disc, which can be shown (J.
rank et al. 2002 ) to scale as 

H 

R 

=
(

H 

R 

)
Rdisc 

(
R 

Rdisc 

)γ

. (4) 

Here, the power-law index is usually taken to be γ = 1 / 8 in
he absence of irradiation, and γ = 2 / 7 if irradiation dominates
he heating rate (c.f. J. Frank et al. 2002 ). Strictly speaking, γ is
herefore a function of radius, but we neglect this here and simply
et γ = 2 / 7 everywhere. This approximation means that we will
lightly overestimate the influence of irradiation, but only in disc 
egions where irradiation is relatively unimportant anyway. 
Putting all of this together, the effective temperature of the disc
an be calculated by requiring that total heating should be matched
y radiative cooling, i.e. 

T 4 
eff = σT 4 

visc + σT 4 
irr . (5) 

In order to calculate the spectrum of the disc, we assume that each
nnulus radiates as a modified blackbody, 

ν,mod ( f , Teff ) = 2 hν3 

f 4 c2 
[ 
e

hν
f kTeff − 1

] . (6) 

ere, f is the so-called spectral hardening factor (T. Shimura &
. Takahara 1995 ), which approximately corrects for the effects of
ompton scattering in the disc atmosphere. This factor is not actually
 constant, but rather is a function of temperature, surface density
nd radius (and, for BHs, spin parameter). In our SED model, we
arametrize f using the analytical fitting function provided by S. W.
avis & S. El-Abd ( 2019 ). In calculating the required surface density,
e take into account the relevant relativistic correction factors (I. D.
ovikov & K. S. Thorne 1973 ; S. W. Davis & S. El-Abd 2019 ). In
ur specific application of the model to UV observations here, the
ffects of spectral hardening are negligible. 

.2 Disc SED modelling 

ur primary focus is to assess if irradiation significantly impacts 
he outer accretion disc regions and can reproduce the shape and
ux level of the far- and near-UV SED. To achieve this, we opt

o model the spectrum prior to the state transition (HST:HIMS) as
t provides us a unique opportunity for a direct comparison of our
odel, which is close in time and luminosity, with the one employed

y K. I. I. Koljonen et al. ( 2023 ), henceforth referred to as the
reference model’. We note that in our performed modelling, we 
x Lx = 1 . 35 × 1038 erg s −1 (K. I. I. Koljonen et al. 2023 ). 
We first try to find the optimal model that describes our dereddened

V SED. We allow the mass accretion rate (Ṁacc ), outer disc radius
 Rout ), and albedo ( Aout ) to vary, taking into account both irradiation
eating and viscous dissipation. It is important to mention that we
annot avoid the mathematical degeneracy between albedo and scale 
eight, so we opt to fix the latter for simplicity. We assume a
chwarzschild (non-spinning) BH (J. Guan et al. 2021 ; X. Zhao et al.
021 ), scale height H /R = 0.10 while the orbital characteristics (d,

BH , i, q) of the system are already determined (P. Atri et al. 2020 ;
. A. P. Torres et al. 2020 ). In particular, we adopt MBH = 8 . 5 M�

nd i = 65◦ in our modelling, while all the distances are measured
ith respect to the gravitational radius, RG = GMBH / c2 . 
The best-fitting model SED is shown in Fig. 7 (upper panel).

s already noted above, the observed spectral shape of the UV
ontinuum is close to that of a standard accretion disc without any
rradiation. In line with this, the UV emitting regions in our best-
tting model are viscously dominated , with very little, contribution 
rom irradiation. However, the parameters of our optimal model –

ȧcc = 10−7 M� yr −1 � 0 . 5 ˙MEdd , Rout = 106 RG , Aout = 0 . 93 – are
hysically implausible. In particular, the radius of the outer disc is
uch greater than the radius of the tidal disc of the BH accretor,

s Rout ≈ 4 × Rtidal . For reference, the tidal radius is estimated as
tidal = 105 . 4 RG . 
Can a physically more plausible irradiated disc model still repro- 

uce the SED acceptably? Naively, for any reasonable values of the
isc parameters (Ṁacc , Rout , Aout ), irradiation should play a crucial 
ole. To address this question more directly, we construct a small
rid of models that allows us to understand how changes in these
MNRAS 545, 1–19 (2026)
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Figure 7. Modelling of the UV SED of MAXI J1820 + 070 during the epoch 
preceding the hard-to-soft state transition (HST:HIMS). Upper panel : The 
best-fitting model for our SED is very close to a pure viscous-dominated 
disc. This model results in a set of unrealistic values for parameters such 
as Macc , Aout , Rout , making it unsuitable for describing the system. Lower 
panel : Parameter sensitivity analysis in our modelling to evaluate the 
dependency and impact of the considered disc factors on the final output. 
Each panel corresponds to one of these factors, where we explore a plausible 
range of their parameter space (dash–dotted lines), overlaid on the observed 
HST:HIMS UV spectrum (grey colour) of MAXI J1820 + 070. The reference 
disc UV SED, as modelled by K. I. I. Koljonen et al. ( 2023 ), is included in 
dark grey across all panels for context. 

p  

s  

m  

fi  

d  

p  

A  

a  

c
 

m  

t  

a  

t  

c  

c  

t  

T  

e  

1  

c  

a  

r  

i

5

I  

U  

p  

T  

f  

P  

f

T  

A  

R  

M  

H  

r  

i
 

H  

b  

a  

v  

c  

a  

n  

o  

t  

o  

U
 

V  

p  

F

I

e  

K  

3 The original code is available at https://github.com/justincely/lightcurve , but 
we have adapted the code to suit our requirements. 
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arameters affect the overall SED (and the irradiation contribution,
pecifically). Our grid is roughly centered on the ‘reference’ disc SED
odel of K. I. I. Koljonen et al. ( 2023 ). This model is derived by
tting the X-ray-optical SED of MAXI J1820 + 070 at the soft state,
ays after the hard/soft state transition. The corresponding reference
NRAS 545, 1–19 (2026)
arameters are Ṁacc = 2 . 37 × 10−8 M� yr −1 , Rout = 105 . 3 RG , and
out = 0.9. The attempted comparison is justified, as the two epochs
re close enough in time that we do not expect the values of the
onsidered parameters to change significantly. 

Fig. 7 (lower triplet of panels) shows the reference and test
odels that make up our small grid overlaid on the UV SED of

he hard-intermediate state. The reference model is clearly too red
nd underestimates the far-UV flux level. Moreover, even though our
est models confirm that reasonable changes to the model parameters
an certainly modify the UV continuum, they also suggest that such
hanges cannot simultaneously match the brightness and shape of
he observed SED. Could extinction effects resolve this discrepancy?
o test this, we examined two parametrizations of the Fitzpatrick’s
xtinction law: one varying the RV parameter (E. L. Fitzpatrick
999 ) and another probing the far-UV non-linear rise (through the
4 parameter; E. L. Fitzpatrick & D. Massa 1990 ). Neither RV (across
 reasonable range) nor c4 (within physically plausible values) could
econcile the SED with the reference model. We will discuss the
mplications of this result in Section 6.3 . 

 TI MI NG  ANALYSI S  

n this section, we search for and analyse the variability in our
V data set. This is particularly interesting because the emission
roduced in the outer accretion disc is likely to peak in this waveband.
o this end, we first construct wavelength-integrated light curves
rom our time-resolved observations, and then the corresponding
DS, where the variability amplitude (power) is expressed as a
unction of frequency. 

The light curves are generated using the LIGHTCURVE package. 3 

hey are both background-subtracted and corrected for buffer dumps.
n overview of the light curves for all epochs can be seen in Fig. 8 .
apid, aperiodic variability is apparent throughout the observations.
ore specifically, the far-UV light curves obtained during the
ST:HS observations clearly exhibit flaring activity with a fractional

ms amplitude of � 10 per cent . The corresponding flaring amplitude
n the near-UV is � 7 per cent . 

Rather suspiciously, all of the light curves obtained from the
ST:HIMS visit in Fig. 8 exhibit a slow rise in count rate at the
eginning of each orbit. Following discussions with the STScI office
nd a detailed inspection of the cross-dispersion profiles during this
isit, we tentatively attribute these variations to instrumental focus
hanges. We therefore opt to filter out these slow variations by fitting
 second-order polynomial to the respective light curves and then
ormalizing them to this fit. The polynomial fits are shown overlaid
n the raw HST:HIMS light curves in Fig. 8 . We then measure
he fractional rms amplitudes of the short-term variability in each
rbit, which is � 4 per cent and � 3 per cent in the far- and near-
V, respectively. 
Next, we construct the PDS following the methodology by S.

aughan ( 2005 ). We define the periodogram for a light curve with K
oints and �T sampling rate as the modulus-squared of the discrete
ourier transform (DFT), X( fj ) , 

 ( fj ) = 2 �T 

< x >2 N 

| Xj |2 , (7) 

valuated at the Fourier frequencies fj = j/K�T with j = 1,2,. . . ,
 /2. Its normalization is in (rms / mean)2 Hz−1 , expressing the power

https://github.com/justincely/lightcurve
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Figure 8. Far- and near-UV light curves of MAXI J1820 + 070, extracted at one-second resolution, for both the hard state and hard-intermediate state 
observations, taken by HST . As noted, the left column showcases light curves of the first luminous hard state (HST:HS) while the right column features the 
corresponding light curves of the hard-intermediate state (HST:HIMS). For our HST:HIMS observations, we overlaid our polynomial fit, correcting for the 
presented turnover. The two colours are utilized to distinguish between the far- (teal) and near-UV observations (dusty pink). For completion, we have also 
noted the obsID of the considered observations at each of the panels. 
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n fractional units (M. van der Klis 1989 , 1997 ; S. Vaughan et al.
003 ; S. Vaughan 2005 ). 
One of our aims here is to examine our data sets for the presence

f any significant sharp features, e.g. low-frequency quasi-periodic
scillations (LF-QPOs), as seen in X-ray and optical studies (e.g.
. P. Mudambi et al. 2020 ; H. Stiele & A. K. H. Kong 2020 ; J. A.
aice et al. 2021 ; D.-M. Mao et al. 2022 ; J. K. Thomas et al. 2022 ).
verall, our UV PDS exhibit a pattern consistent with that seen in
ther sources and at other wavelengths. The ‘continuum’, i.e. broad-
and noise, can be aptly described by a single-bend power law with
wo distinct power indices, delineated by the break frequency. At
he highest frequencies, the power spectra are governed by Poisson
oise. Finally, especially during our HST:HS observations, we do
bserve a weak yet discernible signature of a QPO close to the break
requency, within the frequency range dominated by red noise, and
t a frequency that is similar to QPOs detected in other bands. 

We decided to take a closer look at the power spectra in which we
entatively detect a peak. Specifically, we use the method outlined
y S. Vaughan ( 2005 ) to determine the statistical significance of
hese detections. This involves first fitting each observed PDS with
wo models, one with and one without a QPO component. In these
ts, the intrinsic red-noise ‘continuum’ is described as a broken (or
ending) power law, while the QPO is approximated as a Lorentzian
f a centroid frequency, vc , and FWHM width, Wq . A likelihood
atio test is then used to assess whether the model including the
PO fits the data significantly better. Both the centroid frequency

nd the width of the QPO are treated as free parameters in the fits
ncluding this component. The method also automatically accounts
or the number of trials (i.e. the number of frequencies for which the
ower spectrum is calculated). 
The full PDS model that includes the QPO is given by D. P.

ummons et al. ( 2007 ) 

 ( ν) = ABPL ν
αL 

1 + ( ν
νB 

)αL −αH 
+ BQPO Q νc 

ν2 
c + 4 Q2 ( νc − ν)2 

+ CPS . (8) 

ere, the first term describes the broken power law (BPL) continuum
ith νB the break frequency, and αL , αH , the low- and high-frequency

ndices. The second term accounts for the presence of the QPO with
he parameter Q, known as the quality factor (measure of coherence),
ptly connected to the centroid frequency as vc /Wq . The third term,
PS , describes the variability associated with Poisson noise. The
arameters ABPL and BQPO serve as normalization constants for the
ndividual components. In the model without a QPO, the second term
s simply set to zero. 

Following S. Vaughan ( 2005 ), we use the maximum likelihood
stimation (MLE) method and the S-statistic to determine the optimal
t parameters. All model parameters are allowed to vary. We then
ssess the goodness of fit in both cases using the Kolmogorov–
mirnov (KS) test, comparing the data/model residual ratio with

he theoretical χ2 distribution of two degrees of freedom, χ2 
2 , for

nbinned periodograms. Further details 4 can be found in S. Vaughan
 2005 ) and references therein. The uncertainties in our best-fitting
arameters are estimated by Monte Carlo simulations. For each
ata set, we generate 1000 mock exponentially distributed PDS
nd fit them in the same manner as described earlier. This iterative
rocess provides us with the best-fitting parameters and S-statistic
or each mock data set, allowing us to estimate 1 σ errors from the
NRAS 545, 1–19 (2026)

 We compare the data/model residual ratio to a theoretical χ2 
2 distribution 

s the real and imaginary terms of a DFT are normally distributed and their 
uperposition follows a χ2 

2 variable. 

t  

e  

s  

s  

s  
6 per cent and 84 per cent quantiles. The best-fitting parameters
nd their uncertainties, as well as details of our fitting results, are
ummarized in Table 3 . 

Fig. 9 presents the different PDS for both the far- and near-UV
egions, where we have also superimposed both the QPO and non-
PO models. In Fig. 10 , we additionally illustrate the contributions
f the different components. In both cases, we indicate the estimated
entroid frequencies in both the X-ray (H. Stiele & A. K. H. Kong
020 ; D.-M. Mao et al. 2022 ) and optical (D.-M. Mao et al. 2022 )
avelengths, with respect to the time of our UV observations. Taken

eparately, both models provide statistically acceptable fits to the
ata. 
In order to test if the QPOs are significantly detected, we once again

ollow S. Vaughan ( 2005 ) in estimating their statistical significance.
pecifically, we use the likelihood ratio test (LRT) to check if the
dditional freedom associated with the QPO model is warranted by
he data. The test statistic here is 

 S = S1 − S2 = −2ln[ L1 / L2 ] , (9) 

here indices 1 and 2 represent the likelihoods and S-statistics for the
impler and complex models, respectively. If the models are nested,
nd the simpler model is correct, the variable � S is χ2 

ν −distributed,
here ν is the number of additional free parameters. In our case,
 S therefore follows a χ2 

3 distribution under the null hypothesis
hat the no-QPO model is correct (since the QPO term requires
hree additional parameters). The p -values associated with this null
ypothesis turn out to be 0.044, 0.014, 0.044 for the far-UV and
.0067, 0.069 for the near-UV range. These values correspond to
 σ–3 σ detections of the QPOs – suggestive, but not definitive. A
tacking analysis – i.e. splitting each light curve into segments and
tacking the resulting PDS – might help to confirm or reject this, but
mplementing this is beyond the scope of this paper. For now, given
hat the locations of the putative UV QPOs are consistent with those
een in other bands, we tend to think that they are likely real and
orthy of consideration. 
We also constructed a PDS from both the raw and corrected

ight curves of our HST:HIMS observations. Notably, all the raw
DS exhibit an unusual excess at low frequencies, in line with our
uspicion that the slow variations in these data sets are instrumental
rtefacts. This low-frequency excess disappears once the polynomial
t is used to ‘correct’ the light curves. An illustrative example of this
rocess is presented in Fig. 11 . There are no hints of QPO feature in
ST:HIMS, in any of the visits associated with this epoch. Given this,

nd also the inevitable uncertainty associated with our polynomial
orrection, we choose not to perform detailed PDS modelling for this
poch. 

 DI SCUSSI ON  

.1 The spectral evolution through the accretion states 

.1.1 Probing the accretion states 

ccretion states in BHXTs are usually defined in terms of their X-ray
roperties. Do their UV properties reflect the same phenomenologi-
al picture? 

MAXI J1820 + 070 provide us with a rare opportunity to inves-
igate, for the first time in the UV band, the long-term spectral
volution of a BH binary as it transitioned from the hard to the
oft state. Interestingly, we find that the UV behaviour remains
urprisingly consistent across both states: there are no distinct
ignatures that would signal the state transition or the different
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hases of the hard-state decay. This phenomenon may come as a
urprise if we consider the case of the BHXT XTE J1859 + 226 (R. I.
ynes et al. 2002 ), where we do observe evolution of the spectrum
uring different stages of its outburst decay. The UV spectra exhibit
he same Doppler-broadened, double-peaked line profiles, which 
re most likely emitted by an optically thin layer of the disc’s 
tmosphere. 

Given the velocities determined from our modelling of the line 
rofiles, we can estimate the location of the corresponding line- 
orming regions by assuming that the peak-to-peak separation of a 
iven line corresponds to the Keplerian velocity near (the outer edge
f) the disc region in which the line is produced. This line formation
adius estimate is therefore given by 

 = ±GMBH sin2 i 

v2 
pp 

⇒ R = c2 sin2 i 

v2 
pp 

[ RG ] , (10) 

here the latter equation is expressed in terms of RG . This quantity
s shown for each line in each HST epoch in Fig. 12 , where
e also relate this to the ionization potential of the relevant

pecies. As expected, the higher ionization lines are generated at 
maller radii, where the temperatures are higher, while the lower 
onization lines originate in the cooler parts of the disc further
ut. 
Fig. 13 compares the fluxes of the key lines (i.e. N V λ1240, Si IV

1400, C IV λ1550 or He II λ1640, Mg II λ2800) between our three
ndependent epochs: the luminous hard state (HST:HS), the hard- 
ntermediate state just before the state transition (HST:HIMS) and 
he soft state (AstroSat:SS). Two key features are apparent. First, the
ine fluxes decline by approximately a factor of 3 between the hard
tate and the hard-intermediate state observations. This is similar to 
he drop in the UV continuum flux between these epochs, i.e. the
Ws of the lines remain almost unchanged. Second, line fluxes then

ncrease again – by roughly a factor of 2 – between HST:HIMS and
he soft state. 

The strengthening of the UV lines across the hard-to-soft state 
ransition may be expected, given the increase in EUV and soft
-ray luminosity across this transition (Fig. 1 ). The line strength

volution between the hard state and hard-intermediate state obser- 
ations seems less obvious. Although the soft X-ray luminosity in 
ST:HIMS is lower than that in HST:HS (Fig. 1 ), the difference

mounts to less than a factor of 2. Moreover, one might expect
he strong hard X-ray component in HST:HS to inhibit the for-

ation of the UV lines, by overionizing the material in the disc
tmosphere. 

However, it is important to remember that the radial locations of
he line-forming regions are not the same in HST:HS and HST:HIMS.
ig. 12 shows that all of the characteristic line-formation radii move

nward – by slightly less than a factor of 2 – between HST:HS
nd HST:HIMS. This is consistent with each line being formed 
referentially at a characteristic ionization parameter, U ∝ L/ ne R2 . 
f the density in the line-forming layers of the disc atmosphere is
oughly constant, we expect the characteristic line-forming radius 
or a given line to scale with luminosity as R ∝ L1 / 2 . The evolution
e see in line flux and velocity evolution between HST:HS and
ST:HIMS is therefore likely due to the combination of these 

actors. 

.1.2 Absence of evidence for UV winds 

he classic observational wind signatures are blue-shifted absorp- 
ion or P-Cygni line profiles, although these features are strongly 
nclination-dependent (e.g. G. Ponti et al. 2012 ; M. Dı́az Trigo et al.
MNRAS 545, 1–19 (2026)
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014 ; M. Dı́az Trigo & L. Boirin 2016 ). The response of these
ignatures to X-ray luminosity variations and state transitions is of
reat interest, but difficult to explore. 
In this study, only our hard state HST observation has the signal

o noise and resolution to allow a sensitive search for UV wind
ignatures in MAXI J1820 + 070. However, we find no evidence
or these in the usual UV resonance lines (see Fig. 6 for more
nformation). 

The absence of outflow signatures prompts the question: is the
ind truly absent or are we merely unable to detect it? Notably, winds

n the hard state have been detected both in optical (T. Mu˜ noz-Darias
t al. 2019 ) and near-infrared (J. Sánchez-Sierras & T. Mu˜ noz-Darias
020 ) spectra of this source. These detections mainly manifested as
-Cygni and blue emission line wing features in Balmer/Helium and
aschen lines, respectively. 
Among known LMXBs, clear UV wind signatures have so far only

een seen in Swift J1858.6–0814 (N. Castro Segura et al. 2022 ) and
W CrB (S. Fijma et al. 2023 ). However, there are very few systems
ith UV observations in which such signatures could have been

ound. Moreover, the signatures in Swift J1858.6–0814 are weak
nd transient, making them quite difficult to detect. The absence of
vidence for a ‘warm’ outflow can therefore not yet be interpreted
s evidence for its absence. More UV data – for multiple systems
nd across different accretion states – will be needed to address this
ssue. 
NRAS 545, 1–19 (2026)
.2 The evolutionary history of the binary 

he relative strengths of the UV resonance lines can serve as
ensitive indicators of the physical conditions in the line-emitting gas.
owever, they can also be used as a complementary tool to determine

he evolution of a system by estimating the initial mass of the donor
nd its evolutionary history. More specifically, the abundance and/or
epletion of elements, such as N v and C IV , have been linked to the
ife stage and status of the companion. The key physics here is that
he CNO cycle becomes the dominant nuclear process in stars with
n initial mass of M2 ≥ 1 . 4 M� (D. D. Clayton 1983 ). Hence the
bundance N v/C IV ratio emerges as a reliable signature to discern
hether the gas stream of the accreting material has undergone CNO-
rocessing (e.g. C. W. Mauche et al. 1997 ; C. A. Haswell et al. 2002 ;
. T. Gänsicke et al. 2003 ; C. S. Froning et al. 2011 , 2014 ; N. Castro
egura et al. 2024 ). 
The relevant line ratios of MAXI J1820 + 070 are plotted in Fig. 14

long with the corresponding ratios for other systems, ranging from
Vs to LMXBs. It appears that our source displays line ratios that
re characteristic of ‘normal’ CVs, suggesting that the accreting
aterial has not undergone CNO processing. For reference, Fig. 14

lso includes comparison systems with anomalous line ratios. In these
ystems, the donor star is usually thought to have had an initial mass
 2M�. Its envelope was then stripped during a thermal time-scale
ass-transfer phase, leading to present-day surface abundances that
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Å
−1

MgII

CIV

HeII

SiIV

NV

Fy
=

Fx

F
λ
, A

st
ro

S
at

:S
S
/

er
g

s−
1

cm
−2

Å
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eflect the earlier phase of CNO processing in the core (K. Schenker
t al. 2002 ). 

Given the well-determined distance ( d = 2 . 96 ± 0 . 33 kpc) of
AXI J1820 + 070 (P. Atri et al. 2020 ) and its low reddening

alue, there have already been efforts to determine its binary 
arameters. These suggest a BH primary with mass MBH = (5 . 95 ±
 . 22)sin−3 i M� and a K-type (sub-giant) companion (M. A. P. Torres
t al. 2020 ; J. Mikołajewska et al. 2022 ). Our results here imply that
his donor is not the descendant of an initially much more massive
tar. 
MNRAS 545, 1–19 (2026)
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M

Figure 14. Far-UV emission-line flux ratios for LMXBs: XTE J1118 + 480, XTE J1859 + 226 (C. A. Haswell et al. 2002 ), Swift J1858.6–0814 (N. Castro 
Segura et al. 2024 ). The region of the parameter space occupied by the ‘normal’ CVs presented in C. W. Mauche et al. ( 1997 ) and B. T. Gänsicke et al. ( 2003 ) 
is indicated with the shaded region, which encloses 2 . 5 σ of a two-dimensional (2D) Gaussian distribution. The lines are predicted line ratios as a function of 
the ionization parameter computed with CLOUDY for an optically thin parcel of gas irradiated with a simple accretion disc presented above in Section 4.1 . Solid, 
dash–dotted and dashed lines are models carried out with solar abundances, M ≈ 1 . 5 − 2 . 0 M� terminal main sequence (MS) and the equilibrium CNO-cycle 
core of a M ≈ 2 . 0 M� star, respectively. The latter is labelled as stripped, as we consider to have representative abundances of a stripped star with its convective 
CNO core exposed. The models include the O IV multiplet within range of the Si IV doublet. For reference, lines including the emission only from Si IV are 
shown with the same linestyle but higher transparency. The measurements of MAXI J1820 + 070 (filled black circle) at different epochs overlay in the plot but 
for clarity, a single measurement is shown. MAXI J1820 + 070 lies very close to the theoretical predictions for a terminal MS star. 
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.3 Is irradiation important? 

s shown in Section 4 , the UV continuum shape, shown in Fig. 7 ,
annot be adequately described by a simple irradiated disc model
ith physically plausible parameters. This is mainly because the

pectral shape is close to that of a viscously dominated, unirradiated
isc, similar to what happens in Nova Muscae 1991 (F. H. Cheng et al.
992 ) and A 0620–00 (R. I. Hynes 2005 ). For physically reasonable
arameters, the model is a poor match to the data, especially at
he shortest far-UV wavelengths. Yet, X-ray irradiation is certainly
xpected to heat up the outer parts of the disc. 

A related puzzle is that one might expect reprocessing to be
uite sensitive to both the luminosity and SED of the X-ray
adiation field. Yet the observed UV spectra are actually fairly
imilar across all three spectral states. The UV continuum lumi-
osity tracks the drop in X-ray luminosity between the hard and
ard-intermediate states, but then actually stays constant across
he hard-to-soft state transition. The emission line strengths also
rack the declining X-ray luminosity between the hard and hard-
ntermediate states, before partially recovering in the soft state.
owever, the headline result is that both the continuum spectral

hape and the dominant emission lines remain virtually unchanged,
ven as the system moves through three very different accretion
tates. 

We can gain some insight into the implications of these obser-
ational findings by examining the physics underlying our simple
rradiated disc model. In this model, X-rays are produced by point-
ike, isotropically emitting source at the centre of the disc. Some
f these X-ray photons impact on the disc surface and are absorbed
here. This heats up the irradiated parts of the disc, thus increas-
NRAS 545, 1–19 (2026)
ng the effective temperature and modifying the radial intensity
rofile. 
In reality, the details of this process are complex (e.g. G. Dubus

t al. 1999 ). The geometry and location of the X-ray emitting ‘corona’
re highly uncertain, but clearly important. Similarly, the shape and
cale height of the disc – H /R|R – are key factors in determining
hat fraction of X-ray photons are intercepted by the disc. However,

he relevant scale height here is not really the pressure scale height,
ut rather the height above the disc at which it presents an optical
epth of � 1 to the irradiating photons . Finally, the detailed physics
overning the reprocessing of X-rays in the disc atmosphere are
learly far more complex than what can be captured by a single
fficiency parameter (i.e. the albedo). 

It is easy to see that some or all of these processes are expected
o depend on the accretion state of the source. For example, the
pacity the disc atmosphere presents to incoming X-ray photons,
s well as the efficiency with which those photons are reprocessed,
re sensitive to whether these photons are soft or hard. And yet
he presumably reprocessing-dominated UV emission-line spectrum
emains qualitatively unchanged. 

Part of the explanation may be that the relevant parts of the disc
o not see the same X-ray SED that we do, and that the formation
f UV emission lines is mainly controlled by EUV photons. For
eference, by ‘EUV’, here we mean photons with energy between,
ay, 13.6 and 100 eV (check Fig. 12 , which includes the ionization
otentials of the relevant species). In fact, the He II recombination line
s generally thought to be a reliable bolometer for the EUV luminosity
bove 54 eV (or, in this case, the fraction of this luminosity that is
ntercepted by the disc). 
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As noted above, the He II emission line flux drops by � ×3
etween the luminous hard state (HST:HS) and hard-intermediate 
tate (HST:HIMS) before partially recovering in the soft state 
AstroSat:SS). On the one hand, these relatively modest variations are 
n line with the modest changes in the observed emission line spectra.
nd indeed, the soft X-ray flux also only varies by a comparable

mount (see Fig. 1 ). 
On the other hand, the He II line flux is clearly not proportional

o the soft X-ray flux: the latter is comparable in the hard and
ard-intermediate states, but a factor of � ×3 higher in the soft
tate. Moreover, the hard X-ray component completely dominates in 
ST:HS, is comparable to the soft X-ray component in HST:HIMS, 

nd is all but completely quenched in AstroSat:SS. So, somehow, the 
V line-forming regions must be shielded from the ionizing effects 
f the energetic X-ray photons produced in the hard state. 
Our main conclusion from all these considerations is that the 

hysics governing the reprocessing of X-rays in the outer disc 
egions is (a) complex and (b) poorly described by simple models. 

e therefore strongly encourage theoretical efforts to construct 
hysically realistic models of irradiated accretion disc atmospheres. 

.4 Evidence of a UV QPO signal? 

nly a handful of systems to date are known to display LF-QPOs
n multiple wave bands (mostly in the optical/infrared and in X- 
ays; check C. Motch, S. A. Ilovaisky & C. Chevalier 1982 ; C.

otch et al. 1983 ; R. I. Hynes et al. 2003 ; M. Durant et al. 2009 ;
. Gandhi et al. 2010 , for more information). The only system
nown to exhibit an analogous signal in the UV is the BHXT XTE
1118 + 480 (R. I. Hynes et al. 2003 ). The mentioned studies are based
n panchromatic, (quasi-)simultaneous observations of BHXTs and 
orrespond to periods when the systems are in the low hard state. It
s still unclear, though, whether the X-ray and longer wavelength 
ignals are physically associated and how the latter are actually 
roduced (e.g. S. Markoff et al. 2001 ; R. I. Hynes et al. 2003 ; A.
eledina, J. Poutanen & I. Vurm 2013 ; A. Veledina & J. Poutanen
015 ; P. Gandhi et al. 2017 ). 
In this work, our time-resolved observations allow us to search 

or UV QPO signatures only in the hard state. Nevertheless, MAXI 
1820 + 070 is already known to display simultaneous X-ray and 
ptical LF-QPOs in the hard state, as reported by D.-M. Mao et al.
 2022 ) and J. K. Thomas et al. ( 2022 ). In this state, the observed
-ray QPOs, the so-called type-C QPOs, may be associated with a 
recessing hot flow near the inner edge of the disc (e.g. L. Stella &
. Vietri 1998 ; A. Ingram et al. 2009 ; A. R. Ingram & S. E. Motta

019 ), instabilities in the disc (e.g. M. Tagger & R. Pellat 1999 ; P.
arnière et al. 2002 , 2012 ) or corona variability (e.g. L. Titarchuk &
. Fiorito 2004 ; C. Cabanac et al. 2010 ). On the other hand, in the
ptical band, detections of QPOs are limited, and the observed signals 
re usually attributed to precession (A. Veledina et al. 2013 ), thermal
eprocessing (A. Veledina & J. Poutanen 2015 ) or jet synchrotron 
mission variations (e.g. S. Markoff et al. 2001 ; R. I. Hynes et al.
003 ; P. Gandhi et al. 2017 ). 
Almost at the time of our observations, D.-M. Mao et al. ( 2022 ) and

. K. Thomas et al. ( 2022 ) find that both X-ray and optical signals
hare similar centroid QPO frequencies and evolve similarly over 
ime. However, optical variations are more coherent, i.e. QX −ray < 

opt (check table 1 in D.-M. Mao et al. 2022 ). This implies that disc
eprocessing is not the dominant mechanism, and X. Ma et al. ( 2021 )
uggest instead that the jet may precess at the QPO frequency. 

Our work provides provisional evidence for the existence of 
V LF-QPOs with centroid frequencies closely resembling those 
bserved in other bands. Our modelling suggests – albeit taking into 
ccount only the observations when we do detect a QPO – that the
oherence in the UV is lower than the equivalent one in optical and
-rays (for almost the same centroid frequencies). It seems unlikely 

hat synchrotron radiation could be responsible for QPOs in the UV
and. The current results suggest that the ‘same’ type-C QPOs in
ifferent bands can be produced in three distinct regions–the inner 
ccretion flow (producing X-ray QPOs), the jet (producing optical 
POs) and the outer disc (producing UV QPOs via reprocessing). In

he UV, reprocessing may constitute the primary mechanism, which 
s in line with the lower coherence we observe. 

 SUMMARY  

e have presented the first multi-epoch, time-resolved, and spec- 
rally resolved UV characterization of the transient X-ray binary 

AXI J1820 + 070. We obtained observations in three distinct stages
f the outburst: a luminous hard state after the eruption peak, a hard-
ntermediate state just before the state transition and finally the soft
tate. 

Our main conclusions are the following: 

(i) We have determined the interstellar reddening and extinction 
owards the source via the λ2175 absorption feature (near-UV bump) 
nd Ly α modelling. Our estimate of the reddening is quoted as
B−V = 0 . 20 ± 0 . 05. 
(ii) We track the spectral evolution of MAXI J1820 + 070 through-

ut its outburst. Surprisingly, we see no major differences in the
ppearance of the UV emission line spectrum across the three distinct
pectral states. The UV spectra are characterized by blue continua 
ith superposed broad, double-peaked emission lines, such as N V 

1240, Si IV λ1400, C IV λ1550, He II λ1640, Mg II λ2800. 
(iii) We do not find evidence of an outflow in the form of blue-

hifted absorption or P-Cygni profiles in any of the considered lines
hat are mentioned above. 

(iv) We use the relative strengths of the UV resonance lines to
onstrain the evolutionary history of the binary, showing that the 
onor had not undergone CNO processing in the past and presumably
ow lies at the end of the MS or at the sub-giant branch. 
(v) Simple irradiated disc models with physically plausible pa- 

ameters fail to adequately describe the observed UV continuum 

hape. This is mainly because the observed spectral slope is close to
hat for an unirradiated, viscously dominated accretion disc. 

(vi) There is marginal evidence for a UV LF-QPO signature 
n the data obtained during the luminous hard state (HST:HS). 
he frequencies of these candidate QPOs are comparable to those 
f QPOs detected almost at the same time in X-ray and optical
bservations of MAXI J1820 + 070. This provisional evidence is 
orthy of consideration and if confirmed, these signatures may be 
roduced through reprocessing at the outer disc regions. 
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