


emission from the disk dominates the observed emission. The
radio jets are believed to be quenched in this state, and out� ows
are typically seen in the form of winds from the accretion disk
instead(e.g., Miller et al.2006; Neilsen & Lee2009; Ponti
et al. 2012, though recent analyses suggest that jets and disk
winds may not necessarily be mutually exclusive, Rahoui
et al.2014; Reynolds et al.2015; Homan et al.2016). Then, as
the sources fade, they move back through the hard state, before
� nally returning to quiescence.

V404 Cyg instead shows much more complexity. Its major
1989 outburst, which� rst identi� ed the source as an X-ray
binary, was well covered by theGingaobservatory(Kitamoto
et al.1989; Terada et al.1994; Oosterbroek et al.1997; Zycki
et al. 1999a, 1999b). These observations revealed extreme
levels of variability across a wide range of timescales. In part,
this was driven by large variations in the line-of-sight
absorption column, which was often signi� cantly in excess of
that seen during quiescence. Such variations are not typically
seen in other black hole LMXBs. This strong and variable
absorption resulted in complex X-ray spectra, making the�
identi� cation of standard accretion states extremely challen-
ging. In addition, evidence for X-ray reprocessing from both
ionized and neutral material was observed at varying intervals,
further complicating spectral decomposition(e.g., Zycki
et al.1999a).

In the summer of 2015, V404 Cyg underwent its� rst major
outburst since 1989, triggering an enormous multi-wavelength
observing campaign(e.g., King et al. 2015; Natalucci
et al.2015; Rodriguez et al.2015; Roques et al.2015; Gandhi
et al.2016; Jenke et al.2016; Kimura et al.2016; Motta et al.
2016; Muñoz-Darias et al.2016, as well as many other works
in preparation). As part of this broadband follow-up effort, we
undertook a series of high-energy X-ray observations with the
Nuclear Spectroscopic Telescope Array(NuSTAR; Harrison
et al. 2013). Its unique combination of unprecedented high-
energy sensitivity and broad bandpass(3–79 keV) make
NuSTARextremely well suited for disentangling the contribu-
tions from re� ection and absorption(as demonstrated, for
example, by the recent broadband work on the active galaxy
NGC 1365; Risaliti et al.2013; Walton et al. 2014; Kara
et al.2015; Rivers et al.2015), and allows detailed, broadband
spectroscopy to be performed on timescales much shorter than

previously accessible. Critically for V404 Cyg,NuSTAR’s
triggered read-out means it is also well suited to observing
sources with extremely high count rates(e.g., Miller
et al. 2013; Fürst et al.2015; Parker et al.2016; Walton
et al. 2016), providing clean, high signal-to-noise measure-
ments of their spectra without suffering from instrumental
issues like photon pile-up, etc.

In this work, we present results from our 2015NuSTAR
campaign on V404 Cyg, focusing on observations made at the
height of the outburst activity. The paper is structured as
follows: Section2 describes theNuSTARobservations and our
data reduction procedure, Sections3 and4 present our analysis
of the temporal and spectral variability exhibited by V404 Cyg,
and Section5 presents a discussion of the results obtained.
Finally, we summarize our main conclusions in Section6.

2. Observations and Data Reduction

Triggered by the summer 2015 outburst, we undertook� ve
observations withNuSTAR. The timing of these observations is
shown in the context of the long-term variability seen by
INTEGRAL�in Figure 1; the � rst was undertaken during the
height of the activity from the source, and the remaining four
were spaced throughout the following few weeks(Walton
et al.2015a, 2015b), during which V404 Cyg declined back to
quiescence(Sivakoff et al.2015a, 2015b). In this work, we
focus on the� rst observation. Although this is split over two
OBSIDs (90102007002, 90102007003), in reality,�they com-
prise one continuous observation. The subsequentNuSTAR
observations will be presented in V. Rana et al.(2017, in
preparation).

The NuSTARdata were reduced, largely following standard
procedures. Un� ltered event� les were cleaned using NUPIPE-
LINE, part of theNuSTARData Analysis Software(v1.5.1; part
of the standard HEASOFT distribution), and instrumental
responses fromNuSTARCALDB v20150316 are used through-
out this work. Due to the high count rate and rapid variability, it
was necessary to turn off some of the� ltering for hot pixels
normally performed by NUPIPELINE, since source counts were
being removed from the peak� ares. We did this by setting
the “statusexpr” parameter to“b0000xx00xx0xx000,” which
controls the� ltering on the STATUS column. In this way,

Figure 1.Long-term 25–200 keV X-ray light�curve for the recent outburst from V404 Cyg observed withINTEGRAL�(see Kuulkers & Ferrigno2016for details). The
� rst four of our � ve NuSTARobservations are indicated with the shaded regions(N1–4; the � fth, N5, spanned MJD∼57226.35–57227.46); the � rst caught
V404 Cyg during the height of its activity, and is the subject of this work, while the following four observations probed various stages of its decline back to quiescence
(V. Rana et al. 2017, in preparation).
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we kept the source events that were incorrectly identi� ed as
hot/ � ickering. TheNuSTARcalibration database has a list of
hot/ � ickering pixels that have already been identi� ed, which
were still removed following standard procedures. Passages of
NuSTAR through the South Atlantic Anomaly were also
excluded from our analysis.

Source products were then extracted from the cleaned
events from a circular region centered on the source(radius
160� )́ using NUPRODUCTS for both focal plane modules
(FPMA and FPMB). V404 Cyg is easily detected across the
whole 3–79 keVNuSTARbandpass. Owing to its extreme
brightness, there were no regions of the detector on which
V404 Cyg was located that were free of source counts, so the
background was estimated from a blank region on the detector
furthest from the source position(each FPM contains four
detectors in a 2× 2 array) in order to minimize any
contribution from the source to our background estimation.
Although there are known to be variations in the background
between the detectors for each FPM, these differences are
typically only at the�10% level(in the background rate) at the
highest energies of theNuSTARbandpass(where the internal
detector background dominates; Wik et al.2014).
V404 Cyg is always a factor of> 10 above the estimated
background at all energies in the spectra extracted here, so
such effects are negligible. Finally, when necessary, data
from the two OBSIDs were combined using ADDASCAS-
PEC for each FPM(though,�we do not combine the FPMA
and FPMB data), and all spectra were grouped such that each
spectral bin contains at least 50 counts per energy bin, to
allow the use of 2c minimization during spectral� tting.

3. Temporal Variability

In Figure2 (top panel), we show the light curve observed by
NuSTAR. The count rate shown is the incident count rate
inferred rather than that directly recorded, i.e., the rate has been
corrected for the deadtime(see Harrison et al.2013; Bachetti
et al.2015). The most striking aspect is the strong� aring seen
throughout the majority of the observation, during which the
� ux observed from V404 Cyg can rapidly increase by at least
an order of magnitude. Many� ares comfortably exceed rates of
10,000ct s 1�� (unless stated otherwise, count rates are quoted
per FPM), with the most extreme even exceeding 20,000ct s 1�� .
For reference, the incident 3–79 keV count rate for the Crab
Nebula is∼500 ct s 1�� (Madsen et al.2015b). Strong X-ray
� aring from V404 Cyg has been reported by several authors
throughout this outburst(e.g., King et al.2015; Natalucci
et al. 2015; Rodriguez et al.2015; Roques et al.2015; Jenke
et al. 2016; Sanchez-Fernandez et al.2016). We stress again
that, even at these count rates, theNuSTARdata do not suffer
signi� cantly from pile-up; at similar count rates, Sco X-1 only
had a pile-up fraction of∼0.08% (see Appendix C in
Grefenstette et al.2016).

In addition to the extreme� ux variability, we also see strong
spectral variability throughout theNuSTAR observation.
Figure 2 (bottom panel) shows the evolution of a simple
broadband hardness ratio, computed as the ratio between the
count rates in the 3–10 and 10–79 keV energy bands, which
shows a remarkable transition between the fourth and� fth
NuSTARorbits. During the� rst four orbits, the hardness ratio is
relatively stable, but after this point it becomes strongly
variable. This transition is roughly coincident with the onset of

Figure 2. NuSTARlight�curve for the� rst observation of V404 Cyg(top panel, 10 s bins). Only the FPMA data are shown for clarity, and the count rates have been
corrected for the increasing deadtime that occurs at very high� uxes. For reference, the beginning of the observation corresponds to MJD 57197.935. After the� rst
four NuSTARorbits, extreme� aring is observed with incident count rates exceeding 10,000ct s 1�� on several occasions. The strongest six� ares, analyzed in
Section4.3, are highlighted(red numbers). We also show the evolution of a broadband hardness ratio, computed between 3–10 and 10–79 keV(bottom panel). Strong
spectral variability is observed throughout this latter� aring phase.
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the � aring portion of the observation. The data from the� rst
four orbits will be discussed in more detail in a dedicated paper
(D. J. Walton et al. 2017, in preparation); here we focus on the
strong � aring seen throughout the majority of theNuSTAR
observation.

In order to further characterize the observed variability, in
Figure3, we plot the 10–79/ 3–10 keV hardness ratio against
the full 3–79 keV count rate. The resulting“hardness ratio–
intensity” (HRI) diagram is rather chaotic, with no clear single
trend and a lot of complex structure. There are two distinct
“clouds” at moderate intensity with softer spectra(lower
hardness ratio,0.4), which primarily correspond to the data
from the� rst fourNuSTARorbits. The more complex behavior
seen in the rest of the data arises from the� aring period.
Noteably, though, the� ares themselves all appear to have
similar hardness ratios. Finally, at the very lowest� uxes
observed, there also appears to be a clear positive correlation
between � ux and hardness ratio, which breaks down
above∼100ct s 1�� .

4. Spectral Analysis

The majority of this work focuses on spectral analysis of data
extracted from the period of intense� aring observed by
NuSTAR. Our spectral analysis is performed with XSPEC
v12.6.0f(Arnaud1996), and parameter uncertainties are quoted
at 90% con� dence for one parameter of interest throughout this
work (i.e., 2.712c�% �� ). Residual cross-calibration� ux
uncertainties between the FPMA and FPMB detectors are
accounted for by allowing multiplicative constants to� oat
between them,� xing FPMA to unity; the FPMB constants are
always found to be within 5% of unity, as expected(Madsen
et al.2015a).

In Figure4, we show the average spectrum obtained from the
full NuSTARobservation. Given the strong spectral variability
discussed previously, a detailed analysis of this average

spectrum would not be particularly meaningful. However, a
visual inspection is still useful in terms of highlighting some of
the features of the observed data. In particular, there is clear
structure in the iron K bandpass. There is a strong absorption
edge above 7 keV, indicating that�there is absorption in excess
of the Galactic column(N 10H,Gal

22�_ cm−2; e.g., Bernardini
& Cackett 2014; Reynolds et al.2014a; Rana et al.2016)
throughout much of the observation. This is similar to the 1989
outburst(e.g., Oosterbroek et al.1997; Zycki et al.1999a). In
addition, as discussed by King et al.(2015) and Motta et al.
(2016), there is a clear, narrow emission line from neutral iron,
indicating a contribution from reprocessing by distant, neutral
material; evidence for such emission was also seen in the 1989
data(Zycki et al.1999a).

4.1. The Average Flare Spectrum

In Figure5 (top panel), we show the average spectrum for
the � ares, extracted by selecting only periods where the count
rate(per FPM) was> 4000ct s 1�� . The total good exposure in
the resulting spectrum is only∼110–120 s. In contrast to the
average spectrum, there is no visually apparent edge at∼7 keV,
indicating that�the line-of-sight absorption is much weaker
during these periods, and that we therefore have a cleaner view
of the intrinsic spectrum. The� are spectrum is very hard, and
there is still visible structure in the iron K band. In Figure5
(bottom panel), we show the data/ model residuals to a simple
model consisting of a power-law continuum with a high-energy
exponential cutoff, modi� ed by a neutral absorption column,
which is free to vary above a lower limit of 1022cm−2 (set by
prior constraints on the Galactic column; see above). We use
the TBABS absorption model, adopting the ISM abundances

Figure 3. Hardness ratio–intensity diagram constructed from the data shown in
Figure 2. The behavior seen during thisNuSTARobservation is extremely
complex. However, the strongest� ares all show similar hardness ratios. The
dashed blue line marks the count rate limit adopted in extracting the� are
spectra discussed in Sections4.1 and4.3.

Figure 4. Average X-ray spectrum from our� rst NuSTARobservation of
V404 Cyg. FPMA data are shown in black, and FPMB data are shown�in red;
both have been unfolded through a model that is constant with energy, and
have been further rebinned for visual purposes. While strong spectral
variability is observed throughout the observation, the average spectrum is
still useful for highlighting certain features, noteably a narrow iron emission
component, indicating the presence of reprocessing by distant material, and a
strong absorption edge at∼7 keV, indiciating the presence of absorption
signi� cantly in excess of the Galactic column throughout much of the
observation.
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because it�is followed by a relatively long, uninterrupted period
of low absorption (as determined by our analysis in
Section 4.2.1). As such, we should have a relatively clean
view of the� are and its subsequent decline. In order to track
the evolution of the spectrum, we split the data into bins with
40 s durations, and extracted spectra from each, again
following the method outlined in Section2. While signi� cant
variability obviously occurs on shorter timescales(e.g.,
P. Gandhi et al. 2017, in preparation), a�40 s duration was
found to offer a good balance between retaining good time
resolution and the need for reasonable S/ N in the individual
spectra. We start immediately prior to the� are, and continue
until the point that the observed count rate(as averaged over
40 s) starts to rise again after the decline of the� are, resulting
in 14 time-resolved spectra(per FPM) in total (hereafter
T1–14). These spectra are shown in Figure14.

There are too many data sets to undertake a joint analysis of
all the data, so we� t the data from each of the time bins
individually, using the same lamp-post-based model utilized in
our joint analysis of the major� ares observed(Section4.3).
Speci� cally, we use the model that includes the thermal disk

emission(Model 6). However, the average good exposure time
per FPM is only∼11 s per bin(being higher for lower� ux bins
and vice versa, owing to the instrumental deadtime; Harrison
et al. 2013), so the S/ N per time bin is relatively low. We
therefore limit ourselves to considering only a few key free
parameters when� tting each of these data sets. Because�there
is no evidence for ionized iron absorption during this� are
(only an upper limit is obtained on the column for this
component during� are 4, see Table5), we exclude the XSTAR
absorption component from our analysis in this section.
Furthermore, we� x all of�the remaining global parameters
(black hole spin, disk inclination, iron abundance, and disk
temperature) to the best-� t values presented for Model 6 in
Table 5. We also� x the ionization parameter to the value
obtained in our� ux-resolved analysis(see Table3), based on
the average count rate in that time bin, thus ensuring that the
ionization increases as the� ux increases. Finally, we are not
able to simultaneously constrain both the inner radius of the
disk and the height of the X-ray source, so we initially� x the
latter at the best� t obtained for this� are in our� are-resolved
analysis(h�= �2.5 rH). The free parameters allowed to vary for
each of the time-resolved data sets are therefore the(source
intrinsic) neutral absorption column, the photon index�and
high-energy cutoff of the power-law continuum, the inner
radius of the disk, and the normalizations of the various
emission components. As before, the re� ection fractionRdisk is
calculated self-consistently from the spin, source height, and
inner radius of the disk in the lamp-post geometry, which helps
us�to constrainr in in these� ts.

The results for a number of the key parameters, as well as a
zoom-in on the light�curve of this� are, are shown in Figure15,
which shows a characteristic fast rise, exponential decay
pro� le. Aside from the� rst time bin, the absorption stays
relatively low and stable throughout, as expected. Prior to the
� are, the observed spectrum is relatively soft(in comparison to
the spectra shown in Figures7 and 12). Then, as the source
� ares, the spectrum hardens signi� cantly (reaching

1.14 0.08
0.04�( �� ��

�� ), and during the decline it softens again before
gradually becoming harder as the source fades. We see a
signi� cant difference in the average cutoff energy before and
after the� are. Finally, we also see a signi� cant difference in the
inner radius of the disk, the key geometry parameter in this
analysis, across the evolution of the� are, being close to the
ISCO prior to and during the rise of the� are, before moving
out to ∼10rISCO during the subsequent decline. The data are
well modeled, with an average2c / DoF of 1.02(for an average
of 302 DoF). As a sanity check, assuming a disk structure of
h r 0.2D D �_ (wherehD is the scale height of the disk at a given
radiusr ;D see Section5.2), a standard viscosity parameter of

0.1a �_ , and that the dynamical timescale is set by the
Keplerian orbital timescale, we estimate that�the viscous
timescale for the disk should be∼0.01 s at a radius of 10rG
(for our best-� t spin, rISCO�∼�rG) for V404 Cyg. Signi� cant
evolution of the inner disk is therefore certainly possible over
the timescales probed here.

We also consider two additional iterations of this analysis.
First, as with our� ux-resolved analysis, we also consider the
case in whichh varies andr in stays constant,� xing the latter to
the ISCO throughout. Equivalent results are obtained, with the
only difference being thath increases as the� are evolves
instead ofr in, starting at∼2rH before jumping to∼20rH in the
decline of the� are. The� t statistics are very similar to the

Figure 13. Data/ model residuals for the lamp-post re� ection model with the
thermal disk emission included from our� are-resolved analysis(Model 6; see
Section4.3). Again, for each of the� ares, the FPMA data are shown in black
and the FPMB data in red, and the data have been further rebinned for visual
clarity.
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scenario in whichr in varies andh is constant. At least one ofh
or r in must therefore increase across the� are; in reality, the two
may evolve together. Second, we relax our assumption with
regards to the ionization of the disk. While this would be
expected to increase with increasing luminosity for a constant
density, with the inner regions of the disk evolving its density
may also vary. We therefore re-� t the data with the ionization
as a further free parameter. While this increases the
uncertainties on the other parameters, the same qualitative
evolution is still seen, with the main difference being that the
point at whichr in moves outward�occurs later in time. Broadly
speaking, the ionization of the disk does still appear to increase
with increasing� ux.

Finally, we note that V404 Cyg is known to exhibit a strong
dust halo, which can produce emission that can potentially
mimic an accretion disk component, particularly when the
source is faint(Beardmore et al.2016; Heinz et al.2016; Motta
et al. 2016; Vasilopoulos & Petropoulou2016). However,
during this work, we are largely focusing on periods when the
source was very bright. Furthermore, in the analysis presented
here, we� nd that the normalization of the DISKBB component
included in the model varies across Flare 4 along with the
overall � ux. This is too fast for the response from dusty
interstellar clouds, and so we cannot be mistaking a dust
contribution for the accretion disk in this work.

5. Discussion

We have undertaken an analysis of the� rst of a series of
NuSTARobservations of V404 Cyg taken across its recent
outburst in summer 2015. This observation was taken during
the period of extreme activity from the source(see Figure1).
Extreme� ux and spectral variability is present throughout(see

Figure 2), driven in part by strong and variable line-of-sight
absorption, similar to that seen in the last major outburst from
this source in 1989(e.g., Zycki et al.1999a). We also see a
period of intense� aring, similar to that reported by other high-
energy observatories(e.g., King et al. 2015; Natalucci
et al. 2015; Rodriguez et al.2015; Roques et al.2015; Jenke
et al. 2016), with the source reaching observed� uxes that
correspond to its Eddington luminosity in the 3–79 keV band in
the most extreme cases covered byNuSTAR. Given the strength
of these � ares, the ability ofNuSTARto cleanly observe
extreme count rates free of instrumental effects such as pile-up,
owing to its triggered read-out(Harrison et al.2013), has been
critical to this work.

Our analysis focuses primarily on this� aring period. While
the line-of-sight absorption is often strong during this
observation, as indicated by the strong edge seen at∼7 keV
in the average spectrum from the entire observation(see
Figure 4), the average spectrum extracted from the highest
� uxes (the � are peaks) seen during this period shows
comparatively little absorption, with no strong edge seen, and
thus offers us a relatively clean view of the intrinsic spectrum
from V404 Cyg. These data show clear evidence of relativistic
re� ection from an accretion disk(Figure 5), as well as
reprocessing from more distant material(see also King
et al. 2015; Motta et al. 2016). We undertake a series of
detailed analyses in order to determine the relative contribu-
tions of these components, and probe the geometry of the inner
accretion� ow during these� ares.

First, we use these� ares as a template to identify further
periods of low absorption throughout the rest of theNuSTAR
observation, and undertake a� ux-resolved analysis of these
data (Section4.2), averaging them into� ve � ux bins and
� tting these simultaneously withthe latest self-consistent
disk re� ection model, assuming a lamp-post geometry

Figure 14.Fourteen time-resolved X-ray spectra extracted across the evolution of� are 4(labeled T1–14). As before, the data have been unfolded through a constant
and rebinned for visual purposes, and the FPMA and FPMB data are shown in black and red, respectively. Signi� cant spectral changes are seen as the source� ares and
then decays.
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(RELXILLLP; García et al.2014). The relative contribution
of the disk re� ection decreases with decreasing� ux. The
evolution of the strength of the disk re� ection implies that, on
average, the solid angle subtended by the disk, as seen by the
illuminating X-ray source, decreases with decreasing� ux. In
turn, this requires an evolution in the geometry of the
innermost accretion� ow. To minimize parameter degenera-
cies, we tested two limiting scenarios based on an idealized
lamp-post approximation for the accretion geometry,� rst in
which the changing solid angleis explained with a truncating
disk and a static illuminating source, and second with a stable
disk and a changing source height(resulting in a varying
degree of gravitational light�bending). The latter scenario
could potentially represent either a physical motion or a
vertical expansion of the X-ray source. We note, however,
that it is possible(if not likely, as discussed below) that both
the inner radius of the disk and the height of the X-ray source
could be varying simultaneously. Both of the scenarios
considered suggest that during the peaks of the� ares, the
average position of the X-ray source is close to the black hole
(h 5 rG). In addition to the high-energy power-law

continuum and the reprocessed emission components that
dominate the majority of theNuSTARband, we also� nd
evidence for a weak contribution from thermal emission from
the disk in the highest� ux bin, seen at the lowest energies
probed(see Figure11). The lower� ux data do not show any
evidence for such emission in theNuSTARband.

Second, we undertake a joint analysis of the spectra
extracted from the peaks of the six strongest� ares observed
(highlighted in Figure1; Section4.3). We again� t the data
with our lamp-post disk re� ection model in order to build on
our previous analysis and probe the geometry during these
� ares individually. While these� ares all have broadly similar
spectra, there are also differences between them(Figure12), so
it is important to assess what effect the averaging of different
spectra inherent to our� ux-resolved analysis might have on the
results obtained. Our analysis of these data with our lamp-post
disk re� ection model� nds further support for the contribution
of thermal disk emission at the highest� uxes, and also
con� rms that the X-ray source is indeed close to the black hole
(within ∼10rG) during these� ares.

With the strong gravitational light bending associated with
this regime resulting in an increased fraction of the emitted� ux
being lost over the black hole horizon and/ or bent onto the
accretion disk, the intrinsic power emitted during these� ares
would be even larger than simply inferred from the observed
� uxes. For the high spin solutions, the work of Dauser et al.
(2014) suggests that only∼20% of the intrinsically emitted
� ux should be lost over the event horizon, so the re� ection
fraction—de� ned here to be the ratio of the� uxes seen by the
disk and by the observer—provides a reasonably good scaling
factor between the observed and intrinsic� uxes. At the� are
peaks, we would therefore infer the hard X-ray continuum to be
intrinsically ∼4 times brighter(on average) than observed
based on our� are-resolved analysis. However, we stress that
this correction is geometry dependent, and even within the
assumed geometry depends strongly on the source height;
increasingh within the formal statistical uncertainties quoted in
Table 5 can reduce this factor quite substantially(by up
to ∼40%).

Finally, we undertake a time-resolved analysis of the
evolution across one of these major� ares, focusing on� are 4
(Section 4.4). Spectra are extracted every 40 s, and� t
individually with our lamp-post disk re� ection model. Owing
to the short exposures, the S/ N in each spectrum is relatively
poor. We therefore again focus on the limiting scenarios
in which the inner radius of the disk varies while the height
of the X-ray source remains constant, and vice versa(though
we again stress that this is for pragmatic reasons regarding
parameter degeneracies, and that both quantities may in reality
vary together, as discussed below). In both cases, we� nd clear
differences before and after the peak of the� are, so at least one
of these quantities must evolve across the� are; either the disk
truncates, or the height of the source increases(Figure 15).
During the peak of the� are, the primary continuum is
extremely hard( 1.1�( �_ ), and we also see a clear evolution
in the high-energy cutoff, which is signi� cantly higher after the
peak of the� are than it was before.

5.1. Jet Activity

We suggest that the strong� ares observed byNuSTARmark
transient jet ejection events, with the jet becoming the source of
the X-rays illuminating the disk(hence our use of the lamp-post

Figure 15. Results for the key lamp-post model parameters obtained with our
time-resolved spectral analysis of Flare 4, in this case, allowing the inner radius
of the disk to vary while holding the height of the X-ray source constant(see
the text). The top panel shows the light�curve around� are 4(10 s bins), while
the lower panels show the evolution of the intrinsic neutral absorption column,
the photon index and high-energy cutoff of the power-law continuum, and the
inner disk radius, respectively(each 40 s bins). The high-energy continuum
hardens signi� cantly during the peak of the� are. In addition, both the high-
energy cutoff and the inner radius of the disk are signi� cantly larger after the
peak of the� are than before. The shaded regions indicate periods when the
count rate exceeds 4000ct s 1�� , which contribute to the Flare 4 spectrum shown
in Figure12.
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