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ABSTRACT

Context. 4U 1705-44 is one of the most-studied type | X-ray bursterAtodl sources. This source represents a perfect candidadést difer-

ent models proposed to self-consistently track the phisttanges occurring betweenfidirent spectral states because it shows clear spectral
state transitions.

Aims. The broadband coverage, the sensitivity and energy résolot the BeppoSAX satellitefters the opportunity to disentangle the com-
ponents that form the total X-ray spectrum and to study ttleanges according to the spectral state.

Methods. Using two BeppoSAX observations carried out in August antb@&r 2000, respectively, for a totdfective exposure time of 100

ks, we study the spectral evolution of the source from a soffiaird state. Energy spectra are selected according to tineesposition in the
color-color diagram (CCD)

Results. We succeeded in modeling the spectra of the source usingsicahgelf-consistent scenario for both the island and mahaanches
(the double Comptonization scenario). The componentsrebdeare the soft Comptonization and hard Comptonizatios blackbody, and

a reflection component with a broad iron line. When the sounoges from the banana state to the island state, the pamsnoétthe two
Comptonization components change significantly and thekblady component becomes too weak to be detected.

Conclusions. We interpret the soft Comptonization component as emis§iom the hot plasma surrounding the neutron star, hard
Comptonization as emission from the disk region, and thekiblady component as emission from the inner accretion diBk. broad fea-
ture in the iron line region is compatible with reflectionrfrdhe inner accretion disk.

Key words. accretion, accretion disks — stars: individual: 4U 1705-4gtars: neutron — X-rays: stars — X-rays: binaries — X-raeneral

1. Introduction atoll sources within an outburst lasting a few months (Lin,
. . - . Remillard & Homan 2009). Also, the transient X-ray pulsar in
Hasinger & van der Klis (1989) divided low mass X-ray blna‘Terzan 5, IGR J17480-2446, showed atoll and Z-source char-

ries (LMXBs) in two groups, called Z a_md atoll sources afteécteristics during an outburst (Altarimano et al. 2010).
the patterns these sources trace out in the X-ray colot-colo

diagram (CCD). The CCD of the Z sources displays a Z-like The_ bright neutron stfir LMXB 4U 1705-44 was classified
track, whereas the CCD of atoll sources show a C-like trabX Hasinger & van der Klis 1989, as an atoll source. However,
(Méndez 1999) where two branches can be identified. Thd@Bg-term monitoring of this source showed a pattern sintda
are the island and banana states. The island branch is ehafd&@mplete Z track in the CCD (Gierlinski & Done 2002, Muno
terized by lower count rates, much less variability in thedgC €t al. 2002, Barret & Olive 2002).
and stronger band-limited noise than the banana state. 4U 1705-44 is an X-ray burster (Sztajno et al. 1985;
It has been shown, however, that when sampling the sout@ngmeier et al. 1987), whose bursting activity and fregyen
intensity states of the atoll sources for a long enough timédgpends on persistent emission. The source is charactéyze
the shape of their CCD tends to resemble those of Z soureesiability between low and high intensity states. Durihg t
(Gierlinski & Done 2002; Muno, Remillard & Chakrabartiow intensity state, when type | X—ray bursts are most freque
2002). The transient LMXB XTE J1701-462 was the firghe spectrum is hard (Langmeier et al. 1987). Barret & Olive
source to show transitions between all the branches of Z g2002), monitoring 4U 1705-44 with the Rossi X-Ray Timing
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Explorer, observed a spectral state transition soft-Isaftleor- 2. Observations

related with the intensity, from a 0.1-200 keV luminosity o .
6.9 to 31 10% erg s, of a distance to the source of 7.4 I(pé'wo BeppoSAX observations of 4U 1705-44 were performed

(Haberl & Titarchuk 1995). These authors interpreted the oﬁUQUSt.ZO_Zl 2000 (OBS1) and October 3-4 2000. (OBSZ)'
served spectral evolution within a scenario of a truncateds respectlvely,. for a total of 100 ks of on-source observinggti

tion disk of varying radius and an inner flow merging smoothly. We obtained spectra fro_m the four BeppoSAX Narrow
with the neutron star boundary layer (Barret et al. ZOOO,QOg'eld_ Instrumen_ts (NFls) In_energy bands selected to
2002). Barret & Olive (2002) successfully modeled the spee[w'Ole good signal to noise for this source: the Low
tra with a blackbody plus a dominating Comptonized emiwtrator Spectrometer (LECS; 0.1-4 keV,
sion (modeled in XSPEC witkompTT). An iron line whose Parmaretal. 1997), the Medium Energy Concentrqtor
energy was fixed at 6.4 keV was also detected. The soft coppectrometer (MECS; 2-10 keV, Boella etfal. 1997), the High

ponent (blackbody) was interpreted as originating frontisle Pressure Proportional Gas Scintillation Count_er (HPGSI_DC;
4-34 keV;[ Manzo et al. 1997), and the Phoswich Detection

at higher luminosity and from the neutron star surface aetow " q
i ; ; ; 15— V. 1 .
luminosity. The Comptonized component was associated stem (PDS; 15-200 ke Fr_ontgra etal 997) We extracte
e LECS and MECS data in circular regions centered on

the hot inner flow. Barret & Olive 2002 showed that the trur{-

cation radius is not just set by the instantanelysis observa- the source position using radii of 8 and 4’ respect!vely,
tions with the same bolometric luminosity have vergetient containing 95% of the source flux. We used the same circular

spectral and timing properties. regions in the_blank field data for backgrpund subtraction.
) ) As the source is centered along the Galactic bulge, we scaled
Di Salvo et al. (2005) observed 4U 1705-44 in the energje plank field background at the source position to the mean
range 0.3-10 keV with Chandra, during a soft state at a lunfie| of the background around the source using a factor 2.7
nosity of 33« 10* erg s*, and modeled the spectral continuungy; | ECS and 2.64 for MECS. Spectra accumulated from
with a soft Comptonization modelompTT (electron tempera- qark Earth data and duringfesource intervals were used for
ture kTe ~ 2.3 keV and optical depth ~ 18 for a spherical packground subtraction in the HPGSPC and PDS respectively.
geometry). The iron line Kat 6.5 keV was found to be in-  \ve repinned the LECS and MECS spectra to sample the
trinsically broad and compatible with a reflection from actolistryment resolution with the same number of channeld at al
gccretion disk with R ~ 15 km or with a Compton broadeningenergy, and we grouped the HPGSPC and PDS spectra using a
in the external parts of a2 keV corona. logarithmic grid. A normalization factor has been included
A Newton-XMM observation, performed when the sourcaccount for the mismatch in the BeppoSAX instruments abso-
was in a soft state, at 1.0x10°® erg s, showed that the reflec- lute flux calibration. The fit values of relative normalizatiare
tion scenario is the favored solution for explaining thedulo in good agreement with values typically observed (Fiord.et a
emission features (Di Salvo et al. 2009, D’ Ai et al. 20101999).
The broad line of 4U 1705-44, with others lines detected with
Newton-XMM, is also discussed in Ng et al. 2010 who point __ . )
out the potential role of the pileup in the broadening of the.l 3- Timing analysis

prever, recent developments qf the subject can be founq:i@_m shows the RXTE-All Sky Monitor (ASM) light curve
Di Salvo et al. 2015,_Ca_10kett& Miller 2013, Sanna et al. 201§@\,er six years) of 4U 1705-44, where the high long-term X-
Egron et al. 2013, Piraino et al. 2012, Cackett et al. 201@, afyy intensity variability is clearly visible. The data ofeth
Miller et al. 2010. BeppoSAX pointed observations are indicated with arrows.
We report a detailed spectral and timing analysis of tw@bservation OBS1 (MJB$17667) occurred at the beginning
BeppoSAX observations of the source performed on Auguta clear transition from a high to a low intensity state, lhi
and October 2000. The same data have already been partidlying OBS2 (MDJs518201) the source was in a low inten-
used by Fiocchi et al. 2007, Lin et al. 2010, Cackett et aity state.
2012, and Egron et al. 2013. In fact, our analysis alone ukes a BeppoSAX light curves obtained from OBS1 and OBS2 are
BeppoSAX NFls for both observations. Moreover, in our corshown, in diferent energy range of NFls, in FIg. 2. A bin size
tribution we model the X-ray broadband energy (0.3—-200 ke'dj 1024 s was used. During OBS1 the overall intensity of the
spectrum of 4U 1705-44 obtained for fouffégrent CCD posi- source changed up to a facte? in the range 4.5-30 keV. Six
tions (three in the banana state and one in the island skate)X—ray bursts occurred during the OBS2 observation and were
particular, we try to fit the both hard and soft spectra with thexcluded in the subsequent analysis.
same model components to highlight the evolution of the-spec Fig.[3 shows the power spectral density (PSD) of the OBS1
tral parameters along the CCD or hardness intensity diagraand OBS2 observations, computed using the MECS data, back-
This attempt is similar to the approach of Seifina et al. (3018round (Poisson counting noise level) subtracted, reliuse
based on BeppoSAX and RXTE spectra. We also present, iiog a logarithmic scale, and expressed in terms of fractiona
the first time, the BeppoSAX Fourier power density spectrurms amplitude. In the lower intensity OBS2, the source shows
of the source variability in the overall banana and islaatest strong band-limited noise and no very low frequency noise,
We present the observations, results of the timing, andispectherefore suggesting that the source was in the island. state
analysis in§ 2, 3, and 4, respectively, and discuss the resultsTine observed PSD is typical for these systems characterized
§ 5. by a Lorenzian shape with a break frequency around 0.2 Hz.
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Fig.1. Long-term (Jan 1996 — Dic 2002) RXTASM 2-
12 keV light curve (gray). The data were retrieved frong .|
HEASARC public data base. The time of BeppoSAX pointed
observations (MD3s517667 and 5182(1) are indicated with § gl
arrows. During two observation the source intensity changeE_ i
from ~ 300 mCrab to~ 30 mCrab. Overall the source inten-
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e ot e L o o The averaged spectrum of the source for OBS1, that is in the
Time (s fom Star i) Time (se from Start Tine) banana branch, was analyzed in Piraino et al. 2007. It is well

Fig.2. BeppoSAX NFIs light curves during OBS1 (left) anditt€d by a blackbodyKTy, ~ 0.56 keV), contributing-14% of

OBS?2 (right). The excess rate in the first tree panels of OB$3€ observed 0.1-200 keV flux, plus a Comptonized component
are from X-ray bursts. modeled withcompTT (seed photon temperature 1.1 keV,

electron temperature2.7 keV, and optical depth11). A hard
power-law component (photon inde®.9), contributing about
The PDS for OBS1 is featureless, indicating that the vditgbi 11% of the 0.1-200 keV source flux, was significantly detected
during this observation was low. A very broad K, line at 6.4—6.7 keV (see the above mentioned
Fig.[4 shows the CCD and the hard color versus intensipaper for details) was also reported. The 0.1-200 keV source
diagram (HID) of 4U 1705-44, where the hard color (HC) ituminosity is~ 10°® erg s* assuming a distance to the source
the ratio of the 7-10.5 keV to 4.5-7 keV MECS counts rated 7.4 kpc (Haberl & Titarchuk 1995).
and the soft color (SC) is the ratio of the 4.5-7 keV to 1- To investigate the spectral evolution of 4U 1705-44 on the
4.5 keV MECS counts rates. The intensity is the count rate @CD, we fit the broadband spectra extracted from four CCD re-
the 1-10.5 keV energy range. Each point corresponds to a tirgmns (see Fid.14) with the model described above. The model
averaged interval of 4096 s. From the CCD and HID diagranajequately fits the data of B1, B2, and B3. However, the spec-
we conclude that, during OBS1, the source resided in therlovisal continuum of the island state |, fitted with the above men
branch of the Z track reported by Gierlinski & Done (2002}joned model, shows marked residuals at higher energies (se
Muno et al. (2002), and Barret & Olive (2002). In OBS2, th€ig.[T).
source is confirmed in the island state, even if the colorsiare Unfortunately, none the two-component models proposed
usual, in that they are very similar to those of the very higtt p for the continuum of LMXB, including the western (White,
of the banana state. This peculiarity was also observedibaStella & Parmar 1988), eastern (Mitsuda et al. 1989),
on EXOSAT data of 4U 1705-44 (Berger & van der Klis 1998Birmingham (Church & Balucinska-Church 1995), or hybrid
In order to investigate the spectral evolution of 4U 1705-44in et al. 2007), can describe the broadband | spectruna; lea
along the CCD, we extracted the energy spectra of each Nk significant residuals in the highest band. We therefooe p
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We can successfully model the whole (0.3 —200 keV) spec-
trum (¢?/v = 1.03,v=484), obtaining a subtended solid angle
of Q/2r ~ 0.3 (See first column in Table 1).

Unfortunately,Modell cannot be applied to the B1, B2,
or B3 spectra because in the banana state the electron cloud
temperature is~3 keV (Piraino et al. 2007, Di Salvo et al.
2009, Egron et al. 2013), while the compPS component was
considered for electron cloud temperatures>I10 keV. We
also tried to fit the island state spectrum | using the altarea
model wabs* (diskline+compTT+compPS) (Model2), con-
taining a soft Comptonization componeabdfipTT) with spher-
ical geometry, plus a second hard Comptonization component
(compPS) with disk geometry. Irviodel2 the soft gecondary)
Comptonization is thought to originate in the inner regitose
to the neutron star, where k@&nd kT is equal to 0.8 and 6.7
keV andr ~ 8, while the hardifain) ComptonizatiorcompPS
comes from a higher temperature region above the disk, which
Fig.5. Upper panel: unfolded energy spectrum with Pirainds characterized by kE22 keV, kTi=0.11 keV andr=2.9. The
et al. 2007 model and single components in region |. Bottoreflection component subtends an anglegPr ~ 0.3 (see
panel: residuals. second column in Table 1).

Adding a blackbody componehb to Model2, to take the
direct emission from the disk into account, we obtain aykT
value of about 0.1 keV, which is very close to that found far th
£ input photon ofcompPS. The contribution of this component
3 to the total flux is about 10% of the total flux. However, since
] the addition of &b is not statistically significant folk odel2,

e no final conclusion can be obtained about the flux of the direct
4 blackbody emission originating from the disk.

1 Using Model2 on the average spectrum of the banana
states, we obtain a statistically good fit. In this spectrtim,
- S ——— s ——— — bb component comes out to be statistically significant and the

keV? (Photons cm=2 st keV)
1041030.01 0.1 1

X
-4-20 2 4

Energy (keV)

Counts sec™ keV!
104 1030.01 0.1 1

T e ] compPS component well describes the hard excess reported in
< o L ,twmwwwmmwww'eziig} N Piraino et al. 2007. However, as shown in the last three colum
o R of Table 1, theModel2 used in the three banana states pro-
YT N L T vides values of the best-fit parameters for the reflectioo-fra
1 10 100 tion, Q/27 > 1. As a reflection fraction of 1 corresponds an
Energy (keV) isotropic source above the disk plane, such high valuesesigg
Fig.6. Upper panel: folded spectra and absorbed power—la%&itst?;emOdeM odel2 is not an adequate physical model for

model. Botton panel: residuals. . L .
odel. Botton panel: residuals Since our aim is to model the two states with the same

model components, we tested double Comptonization mod-

pose a more complex model to take the origin of this bro@is with nonreflection to highlight the evolution of the pa-
residual pattern into account. rameters. The firstModel3, is obtained by turning fb the

To better highlight the structure of the spectrum in Eig. éeflection in thecompPS component ofModel2 and the sec-
we show the result of a fit with a simple absorbed power-lasnd, Model4 consists in a doubleompTB model. The best-
(they?/d.o.f was 480M91). In the residuals we can clearly obfit parameters of the two models are reported in Table 2.
serve a soft excess, an iron line, and a broad hump over 20F&llowing Titarchuk et al. 2014 in the framework of the ap-
keV. That may suggest reflection from a disk. Similar featurg@lied modelwabs* (compTB1+compTB2+diskline) the free
have been observed in black hole binaries (e.g. Di SalvoeDoparameters of the model ang,», kTicl/z, log(A1/2), related to
Zychi et al. 2001; Makishima et al. 2008). the Comptonized fraction§, >, andKT¢, ,, Nc12, Which are

To model the spectrum we firstly used the Poutandime normalizations of theb components of theompTB1 und
& Svensson (1966) Comptonization modekofipPS in compTB2. We fixed certain parameters of thempTB models,
XSPEC), which as a built-in function to allow part of they;,,= 3 (related to the index of the low energy part of the spec-
Compton-produced photons to be reflected by cold matum, namelyri/2 =y1,2—1=2) ands1» = 0, because we neglect
ter (disk). We thus fitted the | spectrum with the modehe bulk inflow dfect versus the thermal Comptonization for
wabs* (diskline+compPS) (Modell), assuming a sphericalneutron star accretion. The bulk inflow Comptonization sake
geometry for the Compton cloud. We activated the reflectigulace very close to neutron star surface. However, if thé rad
option, assuming a solar abundance for the cold disk mati@ion pressure in that vicinity is fliciently high then the bulk
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Model1l M odel2
wabs (compPS+diskline) wabs (bb+compTT+compPS+diskline)

CDI Region I I Bl B2 B3
Ny (x1072 cm?) 1.18+ 0.05 159+003 | 1.81+0.03 | 1.76+0.04 | 1.78+0.04
KTpp (keV) *x *x 0.57+0.03 | 0.58+0.02 | 0.58+ 0.02
Npp % 1073 *k *k 19+ 2 24+ 1 24+ 1
kT\fvTT (keV) 0.78+0.02 | 1.02+0.07 | 1.15+0.06 | 1.16+ 0.06
KTE™T (keV) 6.7+0.3 2.65+0.08 | 278+ 0.09 | 271+ 0.07
7oTT 79+0.3 117+06 | 104+07 | 113+0.7
NETT(x1072) 17+0.1 30+3 34+2 42+ 3
KT, (keV) 27+ 1 216+0.2 31+5 35’:?2 SZjZ
KT, (keV) 0.74+ 0.02 0.11+0.08 | 0.48+0.04 | 0.47+0.04 | 0.52+0.02
7oPs 28+01 2.94+0.03 0.7+01 0.6+02 O.6j8jg
Rel i 0.24+0.04 0.27+0.05 24+1 30+2 4+2
& (ergcms?) 393*}%‘7‘ 1470+ 600 | 3800 %ggo 26000 %ggg 2800 %ggg

cP +0.5 +0.9 +0.3
|:ccpss((izrln(f) 221.: io 307+5 10753 0.7753 0.5%3
Egijk"”e (keV) 6.44+ 0.09 6.47+0.08 | 6.43+0.07 | 6.48+0.08 | 6.42+0.05
Rin (M) 9+t 12+5 75 13+14 9.5+
Incl (deg) 40. fix 40. fix 40. fix 40. fix 40. fix
Ire (1073 ph e s71) 09+04 11+02 42+05 42+08 6.7+ 0.9
szed (d.o.f) 1.03 (485) 1.05(482) | 1.03(542) | 0.97(544) 1.08(412)

Nores —Model1 consists of a Comptonization componeabr{pPS) and a reflection with emission linel{skline). Model2 consists of a
blackbody modeli{b) and a double Comptonization componetdn{pTT andcompPS with reflection) and the emission line. The two asterisks
indicate that théob component is not required in the | state. When it is added ¢ontbdel withkTy,, fixed to 0.1 keV the value o,y is
(6+7)x 10°3; the values of the other parameters remain almost unchalgeertainties are at the 90% confidence level for a singlamater.

motion is suppressed. On the other hand, if mass accretion is

low then the &ect of the bulk motion is negligible. We also
fixed the value of theompTB1 parametetog(A;) to 8 when
the best-fit values ofog(A;) >> 1 because in any case of
log(A;) >> 1 a Comptonization fractiori = A/(1 + A) ap-
proaches unity and further variations Af >> 1 do not im-
prove fit quality any more (Titarchuk et al. 2014). Finallg, a
the values of the parameters in the banana spectra B1, B2 :
and B3 are very small, we fixed them to 0. We did not intro-g 10+ |

Photons cm2 st keV?)

%

01l
001 |

107 |

duce an extrdb component inVlodel4, which is required in i "
the banana spectra, because it is modeled insidedingTB2 AT

component. In Fid]7 and 8 we show best-fit components and 2r + + + } | M il | L ki + JF 1
residuals of theévlodel4 applied on | and the averaged B spec- = or | Vil \\M‘ “H‘;”“""\“ | T

tra, respectively. Usinfylodel3 andModel4, we investigated 2r H } ‘ ‘”‘ i ]
the spectral behavior versus the position on the CC diaggam u 4E e T R

1 10 100
Energy (keV)

ing the 0.1-100 keV flux to identify the four regions. As shown
in Fig.[d, the parameters of the two Comptonization comp
nents vary significantly with the position along the CC tr.aci%:g 7. Upper panel: unfolded energy spectrum with mode.l
We also studied the relation between the spectral indeaf o_de|4 and single components in region . Botion panel:
the firstcompTB and its normalizatioNq;. This is shown in residuals

Fig.[10.

photons can be reflected by cold matter (disk), successfully
described the spectrum of the island state, that is when a
spherical geometry of the Compton cloud is assumed together
with reflection from a cold disk with solar abundances. More
specifically, the model suggests that photons of temperatur
The Comptonization model of Poutanen & Svensson (19665, kT; ~ 0.7 keV are Comptonized in a region of electron
which takes into account that a fraction of Compton-producéemperaturekT, ~ 27 keV, which is characterized b=

5. Discussion

5.1. The island state
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Table 2. Best-fit parameters d¥l odel3 undModel4

Model3 Model4

wabs (bb+compTT+compPS+diskline) wabs (compTB+compTB+diskline)
CDI Region I Bl B2 B3 I Bl B2 B3
Ny (x1072 cm?) 166+0.04 | 1.67+0.04 | 1.67+0.04 | 1.68+0.04 || 1.59+0.04 | 1.54+0.05 | 1.55+0.06 | 1.56+ 0.05
KTpp (keV) 0.1fix 0.56+0.03 | 0.58+0.03 | 0.58+0.03
Npp x 1073 10+ 10 20+ 3 22+3 23+3
@c1 0.90+ 0.02 14+0.1 17+0.2 14+0.2
kTé1 (keV) 0.78+0.02 | 1.05+0.07 | 1.14+0.06 | 1.16+0.06 || 0.77+0.02 | 0.99+0.07 | 1.13+0.06 | 1.13+0.07
KT¢, (keV) 6.9+03 27+01 27+01 27+01 86+02 30+02 31+03 29+02
Tl 78+03 111+0.8 109+0.8 114+ 038
Nep x 1072 16+0.1 30+4 36+4 43+ 4 6.7+ 05 42+ 1 53+1 62+ 2
Qe 0.6+0.1 0. fix 0. fix 0. fix
kTé2 (keV) 0.1+0.001 | 048+0.01 | 0.48+0.01 | 0.47+0.01 0.13+0.1 | 0.52+0.02 | 0.54+0.02 | 0.54+0.02
KTS, (keV) 211+02 32+1 21+07 20+t 19+ 2 lng 1le ng
Te2 296+0.01| 09+003 | 1.46+0.04 | 1.49+0.04
N, x 10° 334+0.8 | 0.75+0.02 | 0.77+0.03 | 0.88+0.03
Ne, X 10°3 18+0.2 18f% 20+1 20+1
E,‘iijk"”e (keV) 6.49+ 0.08 | 6.46+0.08 65+0.1 6.45+0.09 || 6.48+0.05 | 6.5+0.1 ¢ 65+0.1 6.45+ 0.05
Rin (M) 9+5 6+7 6+9 1o+6 9+5 6+10 14+11 1o+4
lre (x1073 phcnm? s7Y) 14+0.2 47+0.8 57+09 7+1 13+0.2 48+ 0.2 49+ 0.7 75+10
szed (d.o.f) 1.09 (481) | 1.05(544) | 0.98 (546) | 1.07 (414) || 1.08 (481) | 1.05(546) | 0.98 (548) | 1.07 (416)

Nores —M odel3 consists of a blackbody model and a double Comptonizatiompoment ¢ompTT and compPS without reflection) and an
emission line M odel4 consist of twocompTB components and the emission line. Uncertainties are atQfie @®nfidence level for a single

parameter.
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Fig.8. Upper panel: unfolded averaged energy spectrum wi
model Model4 and single components in region B. Bottor}

panel: residuals.
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did not observe the seed photon component. Recently, Egron
et al. (2013), combining data from XMM-Newton, RXTE,
and BeppoSAX (with the exclusion of the PDS instrument),
obtained a similar spectral deconvolution using the model
phabs* (nthComp+highecut*rdblur*reflionx), which
contains a thermally Comptonized continuumtiComp;
Zdziarski et al. 1996, Zycky et al. 1999) plus a self-corsist
reflection model including both the reflection continuum and
the corresponding discrete features (Rossi & Fabian 2005).
The relativistically smeareddblur kernel (Fabian et al.,
1989) was also used. The best-fit parameters that we obtained
using the model above are consistent with those reported by
Egron et al. (2013). We therefore confirm that during the hard
state (observed in October 2000), a viable scenario is given
by an absorbed Comptonized component with evidence of
reflection from a colder accretion disk (Fabian et al. 1988g
resence of a broad iron emission line at about 6.4 keV and
Compton hump in the 20-40 keV energy range is expected
rom the reprocessing of the main Comptonization continuum
on the accretion disk. However, to find a scenario that could
be used in both the island and the banana state, we explored

11 km. This scenario is naturally interpreted in the conteff alternative description of the broadband energy spectru
of a truncated accretion disk scenario with the seed ingftthe lowhard state of the source: a dual Comptonization of
photons coming from the region between the neutron sfifotons in two distinct emission regions. We useshpTT
surface and inner part of the truncated accretion disk, er tAlUs compPS, or two compTB. The dominant emission resullts,
boundary layer. The addition of a blackbody component & the Comptonization, in a disk geometry of seed photons at

this model was not statistically significant, suggestiraf thie

~0.1 keV by a plasma with kiI~20 keV and optical deptk3.
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with kTe ~20 keV andr ~2.6, which is interpreted as emission
from accretion disk corona, plus Comptonization of hotter
+- 0.8 keV photons by a-6.8 keV plasma, which is interpreted
; as emission from the boundary layer. The parameters are
- . . ] therefore very similar to those reported here for 4U 1705-44
' ' ' Moreover, a dual Comptonization model was successfully
applied to the broadband spectra of the flosrd state of the
black hole candidate Cyg X-1 by Makishima et al. (2008)
with Suzaku data, by Di Salvo et al. 2001b and Frontera et al.
2001 with BeppoSAX data, and by Gierliski et al. 2007 and
] Ibragimov et al. 2005, who used simultaneous Ginga, RXTE
- ; and GRQOSSE data. Takahashi et al. 2008 modeled the
- , , ] spectra of GRO J1655-40 taken with Suzaku in a similar way.
' " . + + 1 Recently, the twocompTB model was applied to six neutron
] star LMXBs (see Seifina et al. 2015). This model describes
:+ : : a scenario in which the Keplerian disk is connected to the
neutron star by the transition layer (see Titarchuk et 288)9
. . . where the hot electrons scattef the soft photons from the
I ' - ’ ’ . neutron star photosphere of temperature &fd the soft disk
photons of temperature kTgiving rise to two Comptonized
. T - = - . , components. We stress that no reflection component is needed

Fuoiuoimy (10°9) erg s cms Frosss0m (1079 €1g 57 0 in the two scenarios described above.
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Fig. 9. Best-fit parameters of the Comptonization components

vs the absorbed flux in the range 0.1-100 keV obtained usig)2. Banana states and high energy tail

two different double Comptonization model. Left panel: val-

ues forM odel 3. Right panel:values favl odel 4. The absorbed Comptonized componentwith reflection does not
describe the sgtiigh state spectrum. In addition to a dominat-
ing Comptonized emission, the continuum broadband spactru

' ' ' ' ' 1  of the source during the soft state requires a blackbody cemp

nent at lower energies and a hard component to model the hard

tail or excess. The dual Comptonization scenario succissfu

describes the broadband spectra of the banana state irt that i

models the soft dominating emission and the hard tail well.

Contrary to the island state, the dominating Comptoniratio

emission is soft and is expected to originate in the hot ptasm

15

ocTeL
T
_+_
1

ol ] surrounding the neutron star. The parameters of this compo-
Tt . . . . . 1 nent change significantly when the source moves in the banana
20 40 60 branch and with respect to the island state. Its contributio
NT8%(102) the flux changes from 57% to 66% for the three banana states.
Fig. 10. Spectral index alpha versus normalization of the first 1he hard Comptonization shapes the hard excess emission
CompTB component. originating from the disk region and its contribution to thex

is ~17% of the 0.1-200 keV source flux and changes with the
CCD position. With respect to the island state flux, the flux of

This emission can be interpreted as arising in a region abdt€ soft Comptonization is increased by 400%. The flux of the
the accretion disk and contributes to the 70% of the total flUkard Comptonization is reduced by 25%. The low energy emis-
We call this component hard Comptonization. In addition, #0N is modeled by a blackbody that we interpret as origggti
secondary emission component, described by a spherical @ the accretion disk. The blackbody component conteisut
ometry, is due to seed photons-4.8 keV Comptonized by a ~22% of the observed 0.1-200 keV flux and changes with the
plasma with KT ~7 keV and optical deptk8 using acompTT POSition in the CCD.

model or with kT, ~9 keV using acompTB. This emission can We note that a dierent scenario was analyzed in Piraino
be interpreted as originating from a region closer to theénoau et al. (2007). In that case, we described the average banana
star around the boundary layer and contributes about 30%bo&nch spectrum by the sum of a blackbody, a Comptonized
the total flux. We call this component soft Comptonizatiomomponent, and a hard energy tail. The hard energy tail, de-
The persistent emission spectrum of the LMXB GS 1826-28¢ribed with a steep power-law with photon inde2-3 with-
observed jointly by Chandra and RXTE, has been describeddayt evidence of a high energy ctitocould be produced, as
Thompson et al. (2005) with a similar model. This model us@soposed for Z-sources, either in a hybrid theyimahthermal
dual Comptonization 0£0.3 keV soft photons by a plasmamodel (Poutanen & Coppi 1998) or in a bulk motion of mat-
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