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Abstract

We present spectral signatures of neutron stars (NSs) and white dwarfs (WDs) hosted in
accreting X-ray binaries that can be easily identified in X-ray observations. We perform
spectral and timing analysis of 4U 1636-53 and SS Cygni, as typical representatives of
such NS and WD binaries, based on their X-ray observations by RXTE, ASCA, Suzaku and
BeppoSAX. As a result, we formulate a criterion that makes it easy to distinguish NS from
WD in such binaries: NS X-rays exhibits quasi-stable behavior with the index I' — 2 and is
characterized by quasi periodic oscillations (QPOs) at vopo > 0.5 Hz, although WD X-rays
is stable with I' — 1.85 and is accompanied by QPOs at vpopo < 0.05 Hz during source
outbursts. In addition, we revealed that in 4U 1636—53 the mHz QPOs anti-correlate with
the temperature, T, of the corona around a NS. This allowed us to associate mHz-QPOs with
the corona dynamics during outburst cycle. The above index effect, now well established for
4U 163653 and SS Cygni using extensive observations, has previously been found in other
low-mass X-ray NS and WD binaries and agrees well with the criterion for distinguishing
NSs and WDs presented here.

Keywords: accretion, accretion disks, neutron star physics, radiation mechanisms, white
dwarf physics,

1. INTRODUCTION

Compact objects — black holes, neutron stars (NSs) and white dwarfs (WDs) represent a unique
opportunity to study stars at its late evolution stages and, thus, to study the properties of matter in
superdense states that are not found in terrestrial conditions. These objects have some differences,
both observational and theoretical. For example, NSs and WDs, in contrast to black holes, have
a hard surface. The NS and WD themselves differ in size and physical parameters. NSs and
WDs, which are hosted in low-mass X-ray binaries (LMXBs), sometimes accreting matter from
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Table 1: Basic parameters of 4U 1636—53 and SS Cygni binaries.

Parameter 4U 1636-53 SS Cygni

Class of primary NS, atoll WD

Mass of an X-ray star, Mg ~1.4[1] 1.19 £ 0.02 [2], 0.81+ 0.19 [3]
Spectral type of secondary K5/5

Mass of an optical star, My ~0.4 0.70 + 0.02 [2]

Orbital inclination, i, deg 7014, 5, 6] 37+5,45-56 [3]
Distance, pc (6.0+0.5)x10° [7] 166 = 12 [8]

Orbital period, hr 3.8 19, 10] 6.603 [11]

a companion star, causing X-ray outbursts. These episodes give their clear observational signatures
of NSs and WDs and thus help us to formulate similarities and differences in their observational
manifestations. In X-ray outbursts, they follow a similar evolution, demonstrating different spectral
states, probably associated with different accretion regimes. Of these spectral states, two of the
most important can be distinguished: the low-hard states (LHS) and the high-soft states (HSS). It is
believed that Compton scattering by hot electrons predominates in the hard state; and the soft state
is associated with thermal radiation, for an example from the accretion disk and a NS surface in the
NS case. An evolution of such sources during X-ray outbursts follows a g-shaped counterclockwise
motion trajectory in terms of a hardness-intensity diagram (HID). Outbursts can last from a few
weeks to many months before eventually returning to a low-luminosity dormant state. In addition
to HID, low-frequency quasi peridic oscillations (LF-QPOs) have proven to be a useful tool for
tracking spectral states and transitions between them. Recently, [12] introduced a “Minimum Time
Scale” (MTS), a timing property, to track spectral transitions with an intensity variability diagram
that plots the source count rate as a function of MTS as the source undergoes spectral changes during
an outburst. The MTS represents the time scale associated with the shortest time response in the
light curve, or equivalently, the highest frequency component of the signal above the Poisson noise
in the power spectra [13].

A task of searching/formulating distinctive features of NSs and WDs that are easily recognizable in
observations has become urgent. In this paper, we study observational differences in terms of X-ray
spectra using samples of two bright representatives of these classes, 4U 163653 and SS Cygni,
during their X-ray outbursts. The low mass X-ray binary (LMXB) 4U 1636-53 is a member of the
atoll class [14]. It contains a NS accreting matter from a companion star of mass ~0.4 M, (see
Table 1). This source has been extensively observed over the past five decades and is considered
as a persistent X-ray source [15]. Its optical counterpart (V801 Ara) revealed its 3.8 hr orbital
period (see, e.g. [9] and [10]) as photometric variations, but the period has also been detected
spectroscopically [5].

4U 1636-53 shows bursts of thermonuclear combustion on the surface of a star, which immediately
classifies it as a reliable NS source [16]. The distance to 4U 1636-536 was determined to be 6.0+0.5
kpc, assuming that its brightest outbursts with an expansion of the photospheric radius caused by
pure helium [17, 18], which is consistent with the measured value of 4.42t3i’%% kpc by Gaia [8].
Previous studies suggest this source has a high inclination, however a lack of dips in the X-ray light
curve limits the inclination ~ 70° [4, 5, 6]. X-ray observations with the All Sky Monitor (ASM)
onboard RXTE shown that light curve of 4U 1636—53 demonstrates two kinds of long-term segments

with different mean flux levels. Up to 2000, the ASM mean count-rate was significantly higher
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Figure 1: Evolution of ASM/RXTE count rate during 1996 — 2010 observations of 4U 1636-53.
Green and orange triangles show BeppoSAX and ASCA data, respectively, listed in
Table 2. Bright blue boxes are related to the RXTE data sets listed in Table 3.

Table 2: The list of BeppoSAX and ASCA observations of 4U 163653 used in our analysis.

Set Satellite  Obs. ID Start time (UT) End time (UT) MID interval

B1 BS 20168003 1998 Feb 28 22:40:24 1998 Mar 1 12:50:17  50873.0-50873.5[19]
B2 BS 20537002 1998 Feb 24 19:20:13 1998 Feb 24 15:07:18  50868.8—50869.6 [19]
B3 BS 20836001 2000 Feb 15 23:52:07 2000 Feb 17 01:11:09  51589.9-51591.1 [19]
Al ASCA 40026000 1993 Aug 9 10:31:22 1993 Aug 10 15:53:50 49208.4-49209.7
A2 ASCA 42004000 1994 Aug3106:43:44 1994 Sep 1 10:40:48 49595.2-49596.4
A3 ASCA 42004010 1994 Sep 9 04:34:17 1994 Sep 10 06:10:35 49604.2-49605.3
A4 ASCA 42004020 1994 Sep 5 12:44:18 1994 Sep 5 17:11:54 49600.5-49605.7
A5 ASCA 42004030 1994 Sep 13 01:05:00 1994 Sep 13 21:23:40 49608.0—49608.9
A6 ASCA 42004040 1994 Sep 7 17:32:44 1994 Sep 8 18:46:54 49602.7-49603.8
A7 ASCA 42004050 1994 Sep 6 11:41:54 1994 Sep 6 17:09:18 49601.5-49601.7
A8 ASCA 42004060 1995 Mar 20 06:32:58 1995 Mar 21 03:24:10 49796.3-49797.1
A9 ASCA 46011000 1998 Aug 19 09:23:04 1998 Aug 20 06:52:08 51044.3-51045.3 [20]

than that after 2001 (see Fig. 1). During 2001, the ASM recorded an obvious, gradual decline of the
X-ray flux. Within a year, it began to exhibit a substantial quasi-periodic, long-term variability of
30-40 days [21]. This variability is consistent with temporal and energy changes that occur between
two states of atoll sources: the island (hard) and banana (soft) states [14]. Furthermore, [21] also
reported that this variation was present in both X-ray soft (2—12 keV, RXTE/ASM) and hard (20—
100 keV, INTEGRAL/IBIS) energy bands, but that these ones were anti-correlated. Such a clear
energy-dependent pattern is explained by an accretion disc instability.

Belloni et al. (2007) revealed the dependence of timing pattern on the mean X-ray luminosity,
sampling effect and spectral hardness of 4U 1636-35 as well as provided further evidence regarding
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Table 3: The sets of RXTE observation of 4U 1636-53.

Set Dates, MID Obs. ID Dates UT

R1  50446-50503 10088 Dec 29, 1996 — Feb 24, 1997
R2 50869-51118 30053 [20], 40028, 40031 Feb 25, 1998 — June 15, 1999
R3  51852-52646 50030, 60032 Nov 4, 2000 — Jan 7, 2003
R4  53606-54371 91027 [23], 91152 [22], 93091 Aug 29, 2005 — Sep 28, 2007

R5 54523-55336 93091 [23], 93082, 94310 [23], 94437 Feb 27, 2008 — May 20, 2010

the nature of the long-term variability of this source [22]. Twenty years after the discovery of kHz
quasi-periodic oscillations (QPOs) in NS low-mass X-ray binaries [24, 25], a pretty convincing
explanation of the origin of this QPO phenomenon remains a challenge [26]. Millihertz quasi-
periodic oscillations (mHz QPOs) [27, 28, 29]and their harmonics [30] were found in 4U 1636—
53, which were immediately attributed to nuclear combustion processes on the surface of a NS.
However, Heger et al. (2007) showed that stable nuclear burning of helium on the surface of a
neutron star can lead to mHz-QPO only in the case of the Eddington accretion regime [31]. Such
a regime corresponds to an accretion rate an order of magnitude higher than the average accretion
rate determined from observations. To address this inconsistency, Heger et al. (2007) suggested
that the local accretion rate in the burning layer, where mHz QPOs originate, may be higher than
the global rate. Regarding variation in chemical composition as a reason for the formation of mHz-
QPOs, Keek et al. (2014) found that mHz-QPOs cannot be initiated at observed accretion rates by
changing only the chemical composition and nuclear reaction rate [32].

Altamirano et al. (2008) found that the frequency of mHz-QPOs in 4U 163653 systematically
decreased before the type I X-ray burst, and then the QPOs disappeared when the burst occurred [28].
Recently, the same behavior was found in another mHz QPO source, LMXB EXO 0748-676 [33].
The frequency drift behavior of QPOs in mHz indicates that QPOs in mHz are closely related
to nuclear burning on the surface of a neutron star. In addition, Linares et al. (2012) reported a
smooth evolution between their Hz QPOs and X-ray bursts in IGR J17480-2446: as the accretion
rate increased, the bursts gradually turned into mHz-QPOs, and vice versa [34]. Recently, other
properties of the mHz-QPO have been investigated. Lyu et al. (2015) found that the mHz-QPO
frequency does not have a significant correlation with the surface temperature of a NS in 4U 1636—
53, contrary to model predictions [29].

In addition, Stiele et al. (2016) studied the phase-resolved energy spectra of the mHz QPOs in
4U 163653 and concluded that the QPOs were not associated with modulations of the neutron star
surface temperature [35]. In contrast, Strohmayer et al. (2018) recently found that, in GS 1826238,
the mHz fluctuations are consistent with the change in the black-body temperature on the surface
of the neutron star [36]. To date, the question of the origin of the mHz QPO in NS remains open.
Therefore, in this paper, we investigated this problem within the framework of the transition layer
(TL) model in order to search for other possible interpretations.

It is commonly supposed that the X-ray spectrum of LMXBs is made of a soft thermal component
because of the NS/WD surface and the accretion disk while a hard component is formed due to the
Comptonization of soft thermal NS/WD and disk soft photons in a corona consisting of energetic
electrons [37, 38]. In cataclysmic variables (CVs) with matter transfer, accretion disks (ADs) are
usually too very cold (kT < 1 keV) to emit X-rays [39]. The main X-ray source has been associated
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Figure 2: Evolution of ASM/RXTE count rate during 1996 — 2010 observations of SS Cygni. Blue
vertical strips (on top of the panel) indicate to time for the RXTE observations. Green

triangles show Suzaku observations and orange triangles indicate 4SCA observations of
SS Cygni (see Table 4).

with the TL, the region between the spiraling AD and the surface of the slower rotating disk, where a
most part of the gravitational energy is emitted. The physical characteristics of the TL and described
in terms of the observed soft and hard X-ray spectral emission [40].

SS Cygni binary hosts a WD with a mass of 1.19+0.02 M, (see Table 1), a secondary star with a
mass of 0.704+0.002 Mg, [2], and a K5/5 spectral type [7]. This binary is distanced at 166+12 pc
[11] and is characterized by an inclination i of 37°+ 5° [7] and an orbital period oforbital rotation
6.603 hr [11]. This source is one of the well studied in terms of outburst states, as it shows outburst
in optical band every ~50 days [41, 39].

Lewin and van der Klis (2006) revealed a reflection component in the 4U 1636—53 spectrum during
both the quiescent and active states, with a larger contribution in the active phases [42, 39]. Mukai
et al. (2003) analyzed the Chandra spectrum in quiescence in frame of MKCFLOW model and
found that the plasma temperature 7, increases to 80 keV [43]. Okada et al (2008) also analyzed
the Chandra observations of SS Cygni and argued that in quiescence, the spectra are dominated by
the H-like iron K, -lines, whereas at outburst the He-like iron lines are as intense as the H-like irom
lines [44]. As a result, they formulated a scenario for the formation of radiation in SS Cygni: the
observed K ,-emission lines from O to Si originate in the transition region between the optically
thick AD and the optically thin TL region, where the Keplerian motion gradually transforms into
thermal motion due to hard friction. They constrained the temperature of the TL from 1.6 keV
(outburst) to 4.1 keV (quiescence) using the bremss model.

A maximum temperature of the plasma 7, ~ 20.4 keV in quiescence and 6 keV in outburst revealed
by [45] during a Suzaku observation of this source on the 2005 November in the quiescent and
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Table 4: The list of Suzaku and ASCA observations of SS Cyg used in our analysis.

Set  Satellite  Obs. ID Start time (UT) End time (UT) MID interval

S1 Suzaku 400006010 2005 Nov 2 01:12:32 2005 Nov 2 23:39:24  53676.0-53676.9 [45]
S2 Suzaku 400007010 2005 Nov 18 14:33:32 2005 Nov 19 20:45:08 53692.6-53692.8 [45]
S3 Suzaku 109015010 2014 Dec 19 06:23:57 2014 Dec 19 23:56:18 57010.2-57010.8
Asl  ASCA 30001000 1993 May 26 21:06:16 1993 May 27 18:22:46 49133.8-49134.6 [42]
As2  ASCA 30004000 1995 Nov 27 04:01:52 1995 Nov 27 17:50:21  50048.1-50048.5 [42]

Table 5: The groups of RXTE observation of SS Cyg.
Set  Dates, MJD Obs. ID Dates UT

Rsl 51337-51350 40012 [47] Jun 8 - 21, 1999

Rs2  51609-51697 50011 [47] March 6 — Jun 2, 2000

Rs3  51780-51926 50012 [47, 48] Aug 24,2000 —Jan 17, 2001
Rs4  53267-53395 90007 Sep 19, 2004 — Jan 25, 2005
Rs5 55312-55328 95421 [47] Apr 26 —May 12, 2010

outburst states using the CVMEKAL model. [46] also explored these data but obtained different
temperatures (10—42 keV) using the MEKAL and KCFLOW models in the quiescence. They also
found iron line with energy of 6.4 keV in SS Cygni with the equivalent width EWg 4 of 75+4
eV. Xu et al. (2016) analyzed Suzaku data of SS Cygni in 2005 using the CEVMKL model and
found a maximum plasma temperature 7, ~ 20.8 keV (in the quiescence state) and minimal plasma
temperature of 5.8+0.3 keV (in the outburst state) [49]. Finally, Maiolino et al. (2020) demonstrated
a presence of strong emission lines at energies of 1-1.5 keV and 6—7 keV against the Comptonization
continuum and a plasma temperature variation from 7, ~ 5 keV to 25 keV in the outburst and
the quiescence, respectively using the Chandra HETG/ACIS observation of SS Cygni using the
thermalO00U000 and 00000000 models [48].

Recently, Kimura et al. (2021) pointed to an unusual failure of SS Cygni outburst activity that
occurred in 2021 in the form of a long quiescent state with reduced luminosity [50]. A similar
phenomenon has already been observed earlier in Z Can-type DNes. They analyzed the source
spectra with the thabs *(reflect*cevmkl + Gaussian) model using NICER and NuStar observation.
They showed that during this standstill phase the observed gradual increase in optical and X-ray
emissions is due to contributions from the inner part (TL) of the accretion disk, even in such a
quiescent state.

Here we develop the comparative analysis for 4U 1636—53 and SS Cygni using the RXTE, ASCA,
BeppoSAX and Suzaku observations. In §2 we present the list of observations used in our data
analysis while in §3 we provide the details of X-ray spectral analysis. We analyze an evolution of
X-ray spectral and timing properties during the state transition in §4. In §5 we present a description
of the spectral models used for fitting these data. In §6 we discuss the main results of the paper. In
§7 we present our final conclusions.
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2. DATA SELECTION

BeppoSAX data. We used BeppoSAX (BS) data of 4U 1636-53, which were obtained on February
24-28, 1998 and February 15-17, 2000. In Table 2 (top part) we present the log of the BS observa-
tion analyzed in this paper. We analyzed the related BS spectral distributions obtained from three
BS Narrow Field Instruments (NFIs): the Low Energy Concentrator Spectrometer (LECS, [51]) for
0.3 — 4 keV, the Medium Energy Concentrator Spectrometer (MECS, [52]) for 1.8 — 10 keV and the
Phoswich Detection System (PDS, [53]) for 15 — 60 keV. The SAXDAS data analysis software was
employed in order to analyze this data set. We made this investigation where the response matrix is
definitely found. Both LECS and MECS spectra were accumulated in circular regions of 8’ radius.
We renormalized the LECS data using MECS as a base template. We treat normalizations as fit-free
parameters and 1 for NFIs and MECS, correspondingly. We checked after that this fitting procedure
and if normalizations were in a standard range for each instrument. We also re-binned the data in
order to increase their significance. For example, for the LECS data the binning factor changes
with energy using re-binnig template files in GRPPHA of XSPEC (see Cookbook for the BS-NFI
spectral analysis). We applied a linear binning factor 2 (for which resulting bin width is 1 keV for
the PDS spectra and with systematic errors 1%).

ASCA data. ASCA implemented observations of 4U 1636—53 on 1993—1995 and 1998, and also
SS Cygnion 1993 and 1995. In Tables 2 and 4 (bottom parts) we summarized the start time, end time,
and the MJD interval for 4U 163653 and SS Cygni, respectively, indicated by orange triangles in
top of Figs. 1 and 2. The ASCA instrumentation and data analysis was described in [54]. The 4SCA
data were screened using the ftool 0000000000 and the standard screening criteria. The spectrum
for both sources were extracted using spatial regions with a diameter of 4’ centered on the nominal
position of the source. The background was extracted using source-free regions. We implemented
the data re-binning in order to improve statistics (> 20 counts per spectral bin) and also applied the
x2-technique. The 0.6 — 10 keV and 0.8 — 10 keV ranges were used to fit the solid and gas imaging
spectrometer data, respectively. The background was extracted using source-free regions.

Suzaku data. Suzaku observed SS Cygni in the quiescence (November 2, 2005 and November 27,
2014) and at the outburst (November 18, 2005). Table 4 (top part) shows the start—end times, and
the MJD interval duration, indicated by green triangles in top of Fig. 2. Mitsuda et al. (2007) and
Koyama et al. (2007) present a description of the Suzaku instrumentation [55, 56]. We used obser-
vations of SS Cygni, performed by a focal X-ray CCD camera of the X-ray Imaging Spectrometer
[XIS, 0.3-12 keV energy range] and processed them with the Suzaku data processing 0000DOO0.
The 0000000 00000000 DOO00000 of version 6.25 and the Suzaku Data Reduction Guide! were
applied in order to make the data reduction. The source spectra were extracted using spatial regions
within the 3.51’-radius circle centered on the nominal position of SS Cygni [ = 2142425 .80,
0 = +43°35709”.8, J2000.0, while a background was extracted from source-free regions (the outer
4’—6" annulus) for each XIS module separately. The spectral data re-binning was implemented in
order to get at least 20 cnts per a spectral bin and to use the y?-statistic applying XSPEC v12.10.1
for our spectral fitting. Thus, we made the 0.3 — 10 keV spectral fits for the XISs. it is worth noting
that we did not use energies around 1.75 and 2.23 keV related to the XIS spectral problems around
Si and Au edges.

! http://heasarc.gsfc.nasa.gov/docs/suzaku/analysis/
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RXTE data. We analyzed the data of 4U 1636-53 (1996 — 2010) and SS Cygni (1999 — 2001,
2004 — 2005 and 2010) obtained with RXTE (see Bradt et al 1993). Observations made at different
luminosity states of these sources were selected to study the characteristics of their outbursts. In
summary, we analyzed the RXTE sample of 4U 163653 data collected over 14 years for five
intervals (marked with blue boxes in Fig. 1 and listed in Table 3). Similarly, the RXTE sample for
SS Cygni accumulated over 11 years with five intervals shown in blue boxes in Fig. 2 and listed
in Table 5) was analyzed. RXTE/PCA spectra have been extracted and analyzed, wherein PCA
Standard 2 mode data, collected in the 3 — 50 keV energy range, using the most recent release of
PCA response calibration (ftool pcarmfv11.1). The relevant deadtime corrections to energy spectra
have been applied. We used the data which are available through the GSFC public archive’. In
Table 3 we listed the groups of RXTE observations of 4U 1636—53, which cover the source evolution
from faint to bright phase events. Available RXTE data contains three bright phase set (R1—R3) and
two faint phase set (R4 — R5). In Table 5 we listed the groups of RXTE observations of SS Cygni,
which cover the source evolution from faint to bright (phase) events. Thus, available RXTE data
includes four faint phase set (Rs1 — Rs4) and one bright phase set (Rs5). The PCA energy spectra
were modeled using XSPEC astrophysical fitting software. Systematic error of 0.5% have been
applied to the analyzed spectra.

We have also used public 4U 1636-53 and SS Cygni data from the All-Sky Monitor (ASM) on-board
RXTE. The 4U 163653 light curve [ 1-12 keV ] shows long-term variability of mean soft flux during
two ~ six year intervals (Fig. 1). We use definitions of the fainter and brighter on luminosity phases
to relate these phases to the source luminosity and we demonstrate that during the bright/faint phase
transition of 4U 1636-53 the CompTB Normalization changes from 0.05 to 0.4 Lg%ﬁ / D21 where
Lg%ft is the soft photon luminosity in units of 103 erg/s and D1g in units of 10 kpc is distance to the
source. As mentioned above, the RXTE/ASM light curve of 4U 1636-53 demonstrates long-term
evolution of mean flux level: bright (~15 cts/s, 1997 — 2000) and faint (~6 cts/s, 2001 — 2010, see
Fig. 1). This variability is consistent with two states of aroll sources: the island (hard) and banana
(soft) states [14]. In turn, the light curve of SS Cygni [1-12 keV] exhibits high X-ray variability
at the level of 1-2 cnt/s with short-time bursts up to 7 cnt/s during 1996 — 2009. For comparison,
the object flared every ~50 days from 12" to 8" in the optical range [39, 41]. In 2010, the object
demonstrates an increase in the average level up to 3—4 cnt/s and a more prolonged burst with an
amplitude of 7-8 cnt/s (Fig. 2).

3. RESULTS

3.1 Color-Color Diagrams

Before performing spectral analysis, we studied the properties of 4U 1636-53 and SS Cygni in
terms of color diagrams to trace the spectral state of the source as a first approximation. Namely,
we investigate the light curves with 16s time binning of Standard-2 data for four energy channels
5-10, 11 — 24, 25 — 54 and 55 — 107. These channel ranges correspond to the 1.94 — 4.05 keV,
4.05-9.03 keV, 9.03 —20.3 keV and 20.3 — 39.99 keV energy ranges, respectively. We constructed
color-color diagrams (CCDs) of the sources using these energy-dependent light curves and defined
the soft color (SC) as the ratio of count rates in the 4.05 — 9.03 keV and 1.94 — 4.05 keV energy

2 http://heasarc.gsfc.nasa.gov
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Figure 3: CCDs (left panel) and HIDs (right panel) of 4U 1636-53 for RXTE observations
[ID=30053-02-01-001 (red), ID=60032-01-12-000 (blue), ID=60032-01-19-000 (bright
blue), ID=91027-01-01-000 (green), ID=93091-01-01-000 (black), ID=93091-01-02-000
(crimson), ID=10088-01-09-00 (yellow)] used in our analysis, with bin size 16 s. The
typical error bars for the colors and intensity are negligible. The arrow shows the direction
of development of the outburs from the hard state to the soft state.

Figure 4: CCDs (left panel) and HIDs (right panel) of SS Cyg for RXTE observations [ ID=95421-
01-01-05 (crimson), ID=95421-01-03-05 (red), ID=95421-01-01-01 (blue), ID=90007-
01-01-00 (black), ID=50011-01-98-00 (bright blue), and ID=90007-01-19-00 (green)]
used in our analysis, with bin size 16 s. The typical error bars for the colors and intensity
are negligible. The arrow shows the direction of development of the outburst from the
hard state to the soft state.
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