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ABSTRACT

During the June 2015 outburst of the black hole binary V404 Cyg, rapid changes in the X-ray brightness and spectra were common.
The INTEGRAL monitoring campaign detected spectacular Eddington-limited X-ray flares, but also rapid variations at much lower
flux levels. On 2015 June 21 at 20 h 50 min, the 3–10 keV JEM-X data as well as simultaneous optical data started to display a
gradual brightening from one of these low-flux states. This was followed 15 min later by an order-of-magnitude increase of flux
in the 20–40 keV IBIS/ISGRI light curve in just 15 s. The best-fitting model for both the pre- and post-transition spectra required
a Compton-thick partially covering absorber. The absorber parameters remained constant, but the spectral slope varied significantly
during the event, with the photon index decreasing from Γ ≈ 3.7 to Γ ≈ 2.3. We propose that the rapid 20–40 keV flux increase was
either caused by a spectral state transition that was hidden from our direct view, or that there was a sudden reduction in the amount of
Compton down-scattering of the primary X-ray emission in the disk outflow.
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1. Introduction

Black hole binaries (BHB) exhibit various X-ray spectral states
when they accrete gas during transient outburst episodes (for
review, see, e.g., Done et al. 2007; Belloni et al. 2016). The two
main spectral states are the hard and the soft state, historically
also called low-hard state (LHS) and high-soft states (HSS),
respectively (see, e.g., Tananbaum et al. 1972). In the LHS, the
X-ray spectra are described by a hard power law of Γ ∼ 1.7 with
a high-energy cutoff at about 30–100 keV that is attributed to
thermal Comptonization in a “corona” or a hot medium near the
BH (Sunyaev & Titarchuk 1980). In the HSS the X-ray spectrum
is instead dominated by a ∼1 keV thermal disk component, with
a weak high-energy tail that becomes significant above ∼20 keV.
Sometimes the spectra show emission line(s) from neutral and/or
ionized iron at 6.4–6.97 keV and a Compton reflection hump at
higher energies (see, e.g., Reynolds 2014), indicating that the
Comptonized emission is reflected off a cool accretion disk that
can be truncated at tens to hundreds of gravitational radii from
the BH. More recent spectro-timing state classifications have
introduced intermediate states between the two main ones: the
hard-intermediate and the soft-intermediate states (HIMS and
SIMS, respectively, Homan et al. 2001; Belloni et al. 2016).
In HIMS and SIMS the energy spectra show properties of both
the LHS and the HSS, observed to evolve smoothly during the
hard-to-soft (or soft-to-hard) transitions, while the most striking
changes are observed in the time domain (see, e.g., Nespoli et al.
2003).

During a transient X-ray outburst a source may go through all
of these states in a specific order, which leads to the well-known
spectral hysteresis behavior (Miyamoto et al. 1995; Homan et al.
2001; Maccarone & Coppi 2003). In addition to these com-
mon spectral states, some sources (such as GRO J1655–40,
GRS 1915+105, XTE J1550–564, GX 339–4, and V404 Cyg)
can visit the so-called very high state (VHS; also known as the
ultra-luminous state, steep power-law state, or the anomalous
state) at the highest luminosities, which is characterized by a soft
power-law spectrum, with a photon index of Γ ∼ 2.5−3.0 that
can extend to MeV energies with no signs of a spectral cutoff
(Tomsick et al. 1999; Zdziarski et al. 2001; Gierliński & Done
2003; Tamura et al. 2012; Sánchez-Fernández et al. 2017). More-
over, the BHBs Cyg X–3 (Szostek et al. 2008; Hjalmarsdotter
et al. 2009; Koljonen et al. 2010) and GRO J1655–40 (Uttley &
Klein-Wolt 2015) occasionally enter the ultra- or hypersoft states
(USS), where the power-law emission can reach photon indices
in the range of Γ ∼ 3−6.

In this paper we focus on V404 Cyg, whose X-ray out-
bursts behavior is highly anomalous compared to the rest of
the BH transients. Its X-ray outbursts in 1989 (Tanaka et al.
1989; Oosterbroek et al. 1996; Życki et al. 1999), in June 2015
(Rodriguez et al. 2015; Roques et al. 2015; Jenke et al. 2016)
and December 2015 (Muñoz-Darias et al. 2017; Kajava et al.
2018) lasted only a few weeks, and the light curves are littered
with bright flares that reach the Eddington limit and with brief
periods where the X-ray flux decreased down to 0.1% from the
Eddington value.
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X-ray spectral studies of V404 Cyg have shown that the
flares are generated by two processes: The overall flux levels
vary under the significant fluctuations of the mass accretion rate
on hourly timescales, but occasionally, the variations are caused
by the presence of Compton-thick absorbers, as inferred from
the X-ray spectral modeling (Oosterbroek et al. 1996; Życki
et al. 1999; Motta et al. 2017a,b; Sánchez-Fernández et al. 2017;
Kajava et al. 2018). During these epochs, the equivalent hydro-
gen column density can exceed NH ≈ 1.5 × 1024 cm−2, such that
the Thomson optical depth through the absorber is above unity.
This causes a large fraction of the light to either scatter away
from our line of sight or to become absorbed, thus reducing the
observed X-ray flux. This variable local absorption is due to an
accretion disk wind, which apparently chops up longer X-ray
flares into shorter ones as thick clouds or clumps pass in front of
the central X-ray engine. The disk winds also manifested them-
selves as P Cyg emission lines in X-ray data with high spec-
tral resolution (King et al. 2015) and in optical spectra (Muñoz-
Darias et al. 2016; Casares et al. 2019). The local absorption
causes the hardness-intensity diagram (HID) to be dissimilar to
other systems (Walton et al. 2017), which further complicates
comparisons to other BHBs.

The X-ray spectral analysis also shows that some epochs
have no local absorption, in some epochs absorbing clouds
change from Compton thick to Compton thin, and in some
other epochs the X-ray flux evolves rapidly together with X-ray
spectral hardness (Sánchez-Fernández et al. 2017; Motta et al.
2017b). In this paper we concentrate on one of these spectral
hardening events that occurred on 2015 June 21 (MJD 57194).
It coincided with an order-of-magnitude increase of the hard
X-ray flux from a relatively low level of F20−80 keV ∼ 2.5 ×
10−9 erg cm−2 s−1, which corresponds to roughly 0.2% of the
Eddington limit for V404 Cyg at an assumed distance of 2.39 kpc
(Miller-Jones et al. 2009) and to a black hole of 9 solar masses
(Khargharia et al. 2010).

2. Observations of V404 Cyg

Soon after the first indications of renewed activity of V404 Cyg
by the Neil Gehrels Swift observatory (Gehrels et al. 2004)
on 2015 June 15, the INTErnational Gamma-Ray Astrophysics
Laboratory (INTEGRAL; Winkler et al. 2003) initiated an
extensive Target of Opportunity (ToO) campaign (Kuulkers
2015a,b). V404 Cyg was monitored almost continuously for
almost four weeks, with only a few gaps in between due to
perigee passages and other ToO targets. In addition to the X-ray
coverage with JEM-X (Lund et al. 2003), soft gamma-ray cov-
erage with IBIS/ISGRI (Lebrun et al. 2003) and SPI (which
we do not use here), the Optical Monitoring Camera (OMC;
Mas-Hesse et al. 2003) provided simultaneous optical photo-
metric observations in the V band. The available OMC data are
complemented in this paper with public ground-based optical
observations from the American Association of Variable Star
Observers (AAVSO).

The JEM-X and ISGRI light curves and spectra were
extracted using OSA v.10.2 (Courvoisier et al. 2003) following
the standard reduction steps. Light curves were extracted using
5s time bins in the JEM-X 3–10 keV band and in the ISGRI
20–40, 40–80, and 80–200 keV bands to study the flare profiles
in detail and to accurately pinpoint the onset of the transition.
We used the times derived from the inspection of the light curves
to generate good time intervals (GTIs) that were used in the
JEM-X and ISGRI spectral extraction. The JEM-X and ISGRI
responses were logarithmically rebinned to obtain 23 and 28

channels, respectively. The OMC light curves were also extracted
with OSA v.10.2, as detailed in Alfonso-Garzón et al. (2018).

3. Results

The multiwavelength light curves that cover the transition are
shown in Fig. 1. The data show that the optical V-band and the
soft X-ray brightness first begins to rise at around 20 h 54 min,
while the hard X-ray flux remains constant (see Alfonso-Garzón
et al. 2018, for a more detailed cross-correlation analysis). The
V-band and soft X-ray brightness hit a local maximum at the
same time, which is then followed by a leveling of the JEM-X
count rate and an immediate and gradual decrease of the opti-
cal flux. At around 21 h 03 min, the ISGRI flux also begins to
rise. The initial flux increase is gradual, but is then amplified
at 21 h 04 min 30 s with an episode of rapid flux increase. Dur-
ing the fast transition, the optical brightness drops by 0.2 mag,
and the JEM-X count rates drop similarly rapidly from about 45
counts per second (cps) to 30 cps. The ISGRI flux jump from
75 cps to 230 cps occurs in 15 s (within the 3σ limits of the low
and high flux levels, see dotted lines in the inset), which can be
considered to be the transition timescale.

To better understand the nature of this transition, we
extracted three spectra from this event during the periods high-
lighted in Fig. 1. The low-state spectrum was averaged over time
before the optical flux rise had started. The pre-transition spec-
trum was extracted from the time of maximum optical flux (at the
constant JEM-X flux maximum) until the time when the ISGRI
flux started to rise. The post-transition spectrum was averaged
over the period after the ISGRI rise and before the secondary
optical increase, that is, during the time when the ISGRI flux
was rather stable. The three spectra are shown in Fig. 2. We also
extracted a spectrum from the interval between the low state and
the pre-transition periods. This spectrum showed intermediate
hardness and flux, but was naturally much noisier and was there-
fore not considered further in the paper.

The xspec model we used to describe the continuum is the
thermal Comptonization model nthcomp (Zdziarski et al. 1996;
Życki et al. 1999). The fitting parameters are the photon index, Γ,
the electron temperature Te, and a normalization factor. The seed
photon temperature was fixed to 0.1 keV, except for one case, as
outlined below. The local and interstellar absorption was taken
into account with the tbnew model (an updated version of the
Wilms et al. 2000 tbabs model). It was required to have at least
the interstellar value of NH, gal = 0.83×1022 cm−2. We also tested
if instrument cross-normalizations between JEM-X and ISGRI
were required, but they were found to be consistent with unity
in the best-fitting model and thus were not used in the results
reported below.

We first fit the low state, pre-transition, and post-transition
spectra with the simple one-absorber model tbnew × nth-
comp, allowing the absorption column to vary freely. The best-
fitting parameters are shown in Table 1. The one-absorber model
is clearly too simplistic. The electron temperature can be con-
strained only in the post-transition spectrum with the highest
signal-to-noise ratio, but to a very low value of Te ≈ 13 keV.
The model always fits the data poorly, with χ2/d.o.f. & 10 in the
worst case. We therefore added three more components to the
model: the disk model diskbb, the reflection model reflect,
and a Gaussian at 6.4 keV to mimic an iron line. The poor
spectral resolution of JEM-X does not warrant the use of more
sophisticated reflection models, such as the RELXILL model
(García et al. 2014) that was used by Walton et al. (2017) to
fit the NuSTAR data of V404 Cyg. We refer to this case as
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Fig. 1. Light curves of the transition. The cyan line shows the JEM-X count rate (3–10 keV; left y-axis), the purple line shows the ISGRI count rate
(20–40 keV; y-axis, count rate divided by 5 for better scaling), and the red diamonds show the optical V-filter light curve (right axis). The solid
and dashed lines show the low-state and the post-transition mean ISGRI count rate and the 2σ deviation from it, respectively. The inset shows
a zoom-in of the transition, with blue and yellow lines indicating the deviation from 2σ and 3σ deviation (dotted line) from the low-state and
post-transition mean count rates, respectively.

the “reflection model”. It fits the data much better and results
in a more reasonable electron temperature of Te ≈ 60 keV
for the post-transition spectrum (for comparison, see Sánchez-
Fernández et al. 2017). However, only in the pre-transition spec-
trum is the model statistically acceptable, but in the low-state
and the post-transition state, the reflection model can be rejected
with high confidence (χ2/d.o.f. & 2 and null hypothesis prob-
ability Pnull ∼ 10−4). In all cases the reflection fraction is very
high, effectively suggesting that we only see the reflection of the
source and not the source itself. The addition of the Gaussian line
improves the fit only in the low-state case, and the diskbbmodel
improves the fit only in the pre-transition case. The diskbb
model normalization, Kdbb, is strongly correlated with the
column density, which results in large uncertainties in both quan-
tities. Kdbb can still be used to obtain an order-of-magnitude esti-
mate of the inner disk radius, giving Rdbb = d10

√
Kdbb/ cos i ≈

12 km (where d10 = 0.239 is the distance in units of 10 kpc and
i = 67◦ is assumed). This is significantly smaller than the inner-
most stable circular orbit (ISCO) RISCO ≈ 80 km for a nonro-
tating 9 M� BH, but is consistent with a maximally spinning one
(see, e.g., Bardeen et al. 1972; Makishima et al. 2000). However,
as shown below, we note that the data are much better modeled
with a partially covering absorber without a disk component,
which casts doubt on this order-of-magnitude estimate. The local
absorption column in this model evolves across the transition:
from a nonabsorbed and moderately soft low-flux state spectrum
with Γ ≈ 2.5 into a modestly absorbed and softer, Γ ≈ 2.9,
pre-transition spectrum. The post-transition spectrum is charac-
terized by simultaneous disappearance of the disk component

and the local absorber, together with a significant hardening of
the spectrum to Γ ≈ 1.9.

In the dual-absorber spectral model we added a partially cov-
ering absorber with tbnew_pcf. This model is statistically pre-
ferred, yielding χ2

red ≈ 1.0 for all three spectra. Neither Gaussian
lines nor disk components are needed in this case. Interestingly,
the best-fitting parameters for the two absorbers do not change
significantly. In all three spectra the fully covering column is
NH ≈ 2 × 1023 cm−2, while the partially covering column is
Compton-thick with NH, pcf ≈ 5× 1024 cm−2 with a partial cover-
ing fraction of PCF ≈ 0.9 (see also Motta et al. 2017b). The only
parameter that evolves significantly is the photon index, which
changes from a value consistent with the hypersoft state Γ ≈ 3.7
(pre-transition) to Γ ≈ 2.3 (post-transition). We note that none of
these considered models is able to explain the apparent excess in
the post-transition spectrum near 200 keV, which could be from
the same source component as that which causes the gamma-ray
excess seen by INTEGRAL/SPI (Siegert et al. 2016; Jourdain
et al. 2017).

4. Discussion

Figure 2 clearly shows that the flux below 7 keV decreases sig-
nificantly in the transition. The optical emission is also tightly
correlated with the soft X-ray flux (and is anticorrelated with
the hard X-ray flux), which suggests that at least a fraction of
the optical emission could be produced either in the inner hot
corona through the synchrotron self-Compton mechanism (simi-
larly to Swift J1753.5–0127; Kajava et al. 2016), or that the rapid
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Table 1. Best-fitting parameters for the INTEGRAL low-state, pre-, and post-transition spectra with the one-absorber, reflection, and dual-absorber
models.

ID NH NH, pcf PCF Tdbb Kdbb Γ Te Refl. F20−80 χ2/d.o.f.

Low state
One absorber 6.2+1.4

−1.3 . . . . . . . . . . . . 1.93+0.03
−0.03 [13.3] . . . 2.04+0.07

−0.08 108.8/25
Reflection [0.83] . . . . . . . . . . . . 2.51+0.05

−0.05 [60] 13+4
−3 2.10+0.04

−0.15 57.0/24
Dual absorber 26+3

−3 590+60
−60 0.90+0.02

−0.02 . . . . . . 3.37+0.13
−0.13 [61] . . . 2.13+0.06

−0.09 23.1/23

Pre-transition
One absorber 3.1+1.4

−1.4 . . . . . . . . . . . . 2.40+0.05
−0.05 [13.3] . . . 2.21+0.13

−0.15 65.5/25
Reflection 10+5

−4 . . . . . . 1.08+0.15
−0.15 1000+2000

−500 2.91+0.11
−0.11 [60] −1 2.45+0.03

−0.7 27.7/23
Dual absorber 19+3

−3 680+140
−110 0.87+0.04

−0.05 . . . . . . 3.7+0.2
−0.2 [62] . . . 2.48+0.13

−0.2 24.6/23

Post-transition
One absorber 11+2

−2 . . . . . . . . . . . . 1.40+0.02
−0.02 13.3+0.3

−0.3 . . . 34.5+0.3
−0.5 395.8/34

Reflection [0.83] . . . . . . . . . . . . 1.87+0.03
−0.03 60+13

−9 25+7
−5 35.1+0.3

−0.4 73.4/34
Dual absorber 17+2

−2 490+40
−40 0.894+0.011

−0.012 . . . . . . 2.30+0.07
−0.06 62+30

−14 . . . 35.6+0.1
−1.0 34.0/32

Notes. The Galactic absorption column NH is given in units of 1022 cm−2 and is fixed to the interstellar value of 0.83 (values in square brackets),
unless letting it vary led to a statistically significant improvement of the fit. The partial covering absorber column density NH, pcf is also given in
units of 1022 cm−2. The seed photon temperature was fixed to 0.1 keV, except in the pre-transition reflection model, where it was tied to the diskbb
model temperature Tdbb. The Tdbb is given in units of keV. The diskbb model normalization is Kdbb = (Rdbb [km]/d10)2 cos i. Te is the electron
temperature in units of keV, which can be constrained only in post-transition spectrum. For other spectra, its values were fixed. The reflection is
computed as Refl = Ω/2π, where Ω is the solid angle occupied by the reflecting medium. The 20–80 keV band fluxes are not corrected for local
or interstellar absorption, and they are given in units of 10−9 erg cm−2 s−1.

Fig. 2. Rapid spectral changes seen during the transition.

spectral hardening reduces the amount of ionizing UV and soft
X-ray photons, thus leading to less significant optical repro-
cessing in the outer disk. These observational facts allow us to
exclude the possibility that the observed transition is related to
the uncovering of some previously obscured region of the accre-
tion flow because this scenario cannot explain the soft X-ray
and optical flux reduction in the transition. Therefore, we are
left with two possibilities: either the event is a classical spectral
state transition that occurred while the source was obscured by
the outflow, or something must have changed in the disk out-
flow itself. The interpretation, however, depends on the spectral
model used.

The reflection model fits the data significantly worse than
the dual absorber model. However, the high spectral resolu-
tion NuSTAR data taken on 2015 June 25 required two reflect-
ing media to explain the iron line profile (Walton et al. 2017).
Moreover, the high-resolution Chandra spectra showed that sev-

eral iron-line species contributed to the emission, and that they
occasionally showed P Cyg profiles (King et al. 2015), which
we obviously cannot detect in our low-resolution JEM-X data.
Thus, the poor fits in the low state and the post-transition could
be related to overly simplistic assumptions and therefore should
not be discarded.

In this reflection scenario, the pre-transion spectrum is well
modeled with a strong disk component, which then disappears
in the post-transition spectrum. It might therefore be tempting to
interpret the transition as an evaporation event or as a discrete
ejection of the inner accretion disk. In this case, the change in
photon index from Γ ≈ 2.9 to 1.9 would be analogous to the
HSS-LHS (or VHS-LHS) spectral transition seen in many other
BHBs (Done et al. 2007). However, in this scenario it is hard to
see how the primary coronal emission can be entirely hidden in
the pre-transition spectrum, such that we only see its reflection
component, while at the same time we see the cool, geometri-
cally thin disk that extends down to the ISCO.

The interpretation of the dual-absorber model fits is much
more straightforward because the parameters of the absorbers
do not vary at all. In all three spectra we have a fully covering
column with NH ≈ 2 × 1023 cm−2, and a partial covering column
with NH, pcf ≈ 5 × 1024 cm−2 and PCF ≈ 0.9. Here, the transition
is simply caused by a photon index variation from Γ ≈ 3.7 to 2.3.
The changes of these parameters correspond to a transition from
a USS, as seen in Cyg X–3 and GRO J1655–40 (Szostek et al.
2008; Hjalmarsdotter et al. 2009; Koljonen et al. 2010; Uttley &
Klein-Wolt 2015), to a more typical VHS spectrum.

There are a few examples of state transitions that can also
be significantly faster than the typical case of a few days (e.g.,
Krimm et al. 2011; Kalemci et al. 2013; Degenaar et al. 2014).
For example, Tomsick et al. (1999) found from RXTE and OSSE
data that the spectrum of GRO J1655–40 changed from a typi-
cal soft-state spectrum to a VHS spectrum within roughly two
hours. GRS 1915+105 is also known for its remarkably com-
plex variability and fast spectral transitions taking place on
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timescales of seconds (Belloni et al. 1997). It can also display
a soft Γ ≈ 3 power-law spectrum that shows no cutoff up to
600 keV (Zdziarski et al. 2001), much like V404 Cyg in several
epochs (Sánchez-Fernández et al. 2017). However, these vari-
ability patterns tend to be repetitive and/or cyclical on relatively
short timescales, while we here observe a rapid transition that
is sustained for a long period (see Fig. 13 of Alfonso-Garzón
et al. 2018, for one quasi-similar case). For this intrinsic spectral
transition scenario to work for V404 Cyg data, the mechanism
responsible for it must therefore be unique to it.

It is not certain, however, that we do see a bona fide spec-
tral transition in the traditional sense because the timescales
involved are so rapid. In the hot-flow paradigm, the thin disk
is believed to be truncated at a large radius from the ISCO of
the BH in the hard state (see Done et al. 2007; Poutanen &
Veledina 2014, for review) as well as in the very high state
(Kubota & Done 2004, 2016; Tamura et al. 2012; Hori et al.
2014). In both cases, the inner disk is thought to puff up to
a geometrically thick, but optically thin inner hot flow. In this
paradigm, the (V/L)HS-to-HSS transitions are considered to
originate from a condensation of this hot, puffed-up disk into a
geometrically thin one (Meyer-Hofmeister et al. 2009), while the
reverse HSS-to-LHS transition is instead attributed to an evapo-
ration of the geometrically thin disk back to a thick one (Meyer
et al. 2000). Depending on the fitting model, the V404 Cyg tran-
sition could either be analogous to a VHS-LHS transition (reflec-
tion case) or to an USS-VHS transition (two absorber case).
In the latter case, which fits the data much better, there would
need to be a disk evaporation event in 15 s. This timescale is
on the same order than the viscous timescale of the inner disk
around a 10 solar mass BH with a modest scale height (tvisc =
R3/2α−1(H/R)−2(GM)−1/2; see, e.g., Pringle 1981); that is, by
assuming α = 0.1, H/R = 0.1 and M = 9 M�, we find tvisc ∼ 4 s
at a radius of 256 km (which corresponds to 10 Schwarzschild
radii, where most of the X-ray emission is produced). However,
in the coronal models of Mayer & Pringle (2007), the disk evap-
oration or condensation occurs on a timescale of about one day,
and the fastest changes that could be related to the observations
here also take place in matter of hours, not seconds. Moreover, a
state transition from an HSS spectrum with a dominating disk
component and a power-law tail of Γ ∼ 2.2 to a power-law-
dominated Γ ∼ 1.7 spectrum is typically observed when a source
is near the Eddington limit (Maccarone 2003; Vahdat Motlagh
et al. 2019), whereas here the observed luminosity in this V404
Cyg transition is lower than 1% of the Eddington limit. In addi-
tion, soft to hard (or hard to soft) transitions in BH transients
typically take place on timescales anywhere between 4–10 days
in some cases (Kalemci et al. 2013) and up to ∼20 days in others
(Krimm et al. 2011; Degenaar et al. 2014). This range of state
transition timescales was theoretically predicted already in the
1970s (Ichimaru 1977).

Another source, V4641 Sgr (also known as SAX J1819.3–
2525), which is a microquasar that also seems to be embedded
in a thick envelope during its X-ray outbursts (Revnivtsev et al.
2002), is analogous to V404 Cyg in many respects. Just like in
V404 Cyg, the local absorption column of V4641 Sgr is highly
variable on timescales of a few tens of seconds (Revnivtsev et al.
2002; Maitra & Bailyn 2006), and it has similar disk-wind sig-
natures in the optical lines (Muñoz-Darias et al. 2018). More-
over, an analogous counterexample of rapid spectral variability
was observed in RXTE data on 1999 September 15. A typical
hard-state spectrum evolved to a soft power-law spectrum. The
flux was a factor of ten lower within a few minutes (see Fig. 7
of Revnivtsev et al. 2002). This similarity suggests an alternative

explanation for the observed in V404 Cyg transition: the changes
occur in the disk wind rather than in the intrinsic spectrum.
A possible mechanism for the observed spectral transition in
this scenario would be a density drop of the Compton-thick disk
wind that significantly reduces the amount of Compton down-
scattering in the wind (and simultaneously causes less reflection
away from our line of sight), much as has been discussed for Cyg
X–3 by Zdziarski et al. (2010)1.

In the down-scattering scenario the observed spectrum
would therefore only appear much softer in the low-flux state
than the incident one (see, e.g., Ghisellini et al. 1994; Murphy
& Yaqoob 2009, for analogous cases in AGN tori). Here too,
however, we run into difficulties with the fast 15 s timescales
involved. That the low-flux state before and the higher flux state
after the transition both seem rather steady for more than an
hour suggests that this is not simply some discrete disk-wind
clump that conveniently moves away from our line of sight
to reduce the wind density. Rather, the entire disk-wind struc-
ture should change, but this should occur on a timescale of
twind ≡ Rwind/vwind ∼ 100−10 000 s when we assume that the
wind is indeed launched either from a distance Rwind ∼ 1010 cm
(Muñoz-Darias et al. 2016) or from Rwind ∼ 1012 cm (where the
X-ray emission lines seem to be produced, King et al. 2015) with
the observed velocity of about vwind ∼ 1000 km s−1 (King et al.
2015; Muñoz-Darias et al. 2016). Even in the most favorable
case of vwind ≈ 3000 km s−1 and Rwind ≈ 1.5 × 1010 cm (Muñoz-
Darias et al. 2016), the timescale is still about twind ≈ 50 s, which
is a factor of a few longer than the observed spectral transition
timescale. To match the timescales, the outflowing material that
produces the Compton-thick down-scattering cloud is therefore
required to be closer to the BH than the inferred launching radius
of the thermal winds.

Other speculative possibilities are that (i) the transition could
be due to some dynamic or thermal timescale instability in the
disk itself (e.g., Jiang et al. 2013). Additionally, (ii) the rapid
transition could be related for example to the inner disk pre-
cession and discrete ejections, which is inferred from the radio
VLBI observations to change the inner disk (and hence jet) ori-
entation on timescales of minutes (Miller-Jones et al. 2019).
Even more speculatively, (iii) a drop in the disk scale height
from a geometrically thick (H/R ∼ 1) to a geometrically thinner
disk with H/R ∼ 0.1 could also result in the observed transi-
tion. Because the inclination of V404 Cyg with respect to our
line of sight is measured to be about 67◦ (Khargharia et al.
2010), in this hypothetical transition the thick disk itself would
no longer obscure the innermost part of the accretion flow, lead-
ing to the rapid flux jump and spectral hardening. But again, in
all of these speculative cases is not obvious how the disk height
could change this quickly over a large range of radii to accom-
modate such scenario.

In summary, the rapid spectral transition observed from
V404 Cyg poses an interesting case to study the dynamics of
the innermost accretion inflow and the disk winds or outflows. It
is not clear, however, which physical process is responsible for
the 15 s timescale transition. Classical spectral state transitions
typically occur on much longer timescales, as do other mecha-

1 The best-fitting parameters for the absorber are constant in the tran-
sition. The speculated wind density drop would then have to mean that
in the low state, the partially covering column would have to be much
higher than the best-fitting value, i.e., initially optical depth drops from
τ −→ ∞ to τ ∼ 1 in the transition, which would correspond to the post-
transition value of NH, pcf ≈ 5 × 1024 cm−2. This could well be the case
because our absorber model does not take into account the scattering of
the radiation away from our line of sight when τ & 1.
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nisms. The reduction of Compton down-scattering in the inner
disk seems like the simplest scenario that can accommodate the
rapid 15 s transition, but alternatives cannot be ruled out.
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