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1. Introduction

4U 1705-44 is a low mass X-ray binary system (LMXB) contajremeutron star (NS) weakly
magnetized, located at 7.4 kpc toward the Galactic ridge(@) In such system the accretion
disk can arrive very close to the NS surface. This impliesndilair configuration with respect
to accreting stellar-mass black hole (BH), since the radiughe NS is close to the size of the
last stable orbit of material around BH. Similarities haweib observed between these systems,
suggesting common physical processes producing X-rays@nisnd so similar properties of the
accretion flow around the compact object.

A broad iron line is often detected in the X-ray spectra of LBb<ontaining either a BH or a
NS. However the reason of the large width of the line is stlbated (12),(2). It can be produced
by reflection in the accretion disk (16), (11), or it can beriasd to a Compton broadening in the
hot corona (1).

4U 1705-44 has been deeply studied with the particular tigeto understand the origin and
the nature of the iron line. A broad iron line was clearly degd withChandra(5), then confirmed
with BeppoSAX7), (13). In addition to this, a signature of Compton reftact a reflection hump
peaking at nearly 30 keV has been detected BppoSAXANdINTEGRAL(7). Due to their large
effective areas and good energy resolutiBozakuand XMM-Newtonobserved a skewed FeaK
emission line in 4U 1705-44 (14), (4). The spectrum obtawéth XMM-Newtonis consistent
with a disk-reflection scenario, in agreement with the bewéing of the iron line explained by
Doppler and relativistic fects in the inner parts of the accretion disk. Also the preserf several
emission lines at 2.62 keV, 3.31 keV and 3.90 keV identifiedasVI, Ar XVIIl and Ca XIX,
respectively, and an absorption edge at 8.5 keV are consisith the reflection scenario (4), (3).

Here we present the spectral analysis of the bright andsdalice 4U 170544 using the data
of XMM-NewtonBeppoSAXandRXTEwhen the source was in the hard state and in the soft state.
Using a same model in both states, we can follow the evolutfdhe spectral parameters and see
that the accretion disk is truncated further from the corhphfect in the hard state.

2. Observations

The light curve produced with the All-Sky Monitor on-boaRXTEallows to follow the evo-
lution of the source on about 16 years. The source shows speatral transitions, from the hard
(3 countgs) to the soft state (25 couys$. Four observations were performed witeppoSAXand
XMM-Newtonwhen the source was in the soft and hard state (Fig.1). Trarap&ransitions are
associated with variations in the X-ray flux. We selBXTEobservations, both in the hard and
soft state, as shown in Fig. 1. In this way, using thre®edent satellites, we cover a broad-band
energy from 0.1 to 200 keV.

3. Spectral analysis

3.1 Soft State

We re-analyzed separately the XMBEPIC-pn data of 4U 1705—-44 during the soft state in
order to assess whether the iron line is a relativistic live study carefully the pile-upfiects
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Figure 1: RXTE/ASM light curves of 4U 1705-44 from November 1999 to Octob@®P?, and from May
2005 to November 2010. Left panel: The two arrows show themasions performed bBeppoSAXn
August and October 2000. Right panel: The arrows mark thexii-Newtonobservations performed in
August 2006 and 2008. The black crosses and the blue trangpeesent thRXTEobservations selected
in the hard and soft state, respectively.

in this observation. Performing a comparison between thepgatra excluding 1, then 2, until 7
central columns of the CCD, we conclude that tlfie&s of pile-up are removed when we delete
2 central columns. Moreover, the iron line does not seem taffikeeted by pile-up. Details about
this analysis are given in Egron et al. (in prep). In the folloy analysis, we use the EP& data
where 2 central columns have been excluded.

Considering separately the data of each satellite, thenzamh of theXMM-NewtorandBep-
poSAXspectra is well fitted by a blackbody plus a thermal Comptathimodel (ompTT Or NTH-
comp) modified at low energy by the interstellar photoelectris@ption ¢uass). In both cases, the
fit is improved by adding a broad iron line, using a Gaussiaa tir even better a diskline at 6.7
keV. In the case of thkMM-Newtondata, other broad emission lines are detected at lowergnerg
at 2.60, 3.31 and 3.90 keV, associated to S XVI, Ar XVIIl andX@4, respectively. These lines are
well fitted by gaussians or disklines, which have the sameasnge parameters than the iron line
(the inclination, the emissivity index and the inner andeou&dii of the disk). In addition to this,
an iron edge is also present at about 8.5 keV. /irﬁggobtained withXMM-NewtonandBeppoSAX
data using disklines are 1.03 (409 dof) and 1.16 (503 dofeesely, which are better than using
a simple gaussian to fit the iron line (1.14 (408 dof) and 135 (dof) respectively). The F-test
associated to thBeppoSAXits gives a probability of chance improvement of about’10 he val-
ues of the parameters are similar to each other and they agréement with the previous results
reported by (4) and (13). The inclination of the system estéd with theXMM-Newtondata is
i = 39"2° and withBeppoSAXi = 28'8°. The inner radii of the accretion disk associatedRyre=
143 Ry andRj, = 8i‘2‘ Rg, respectively. Note that the uncertainties on the inneiusadnd on the
inclination are lower in the case 8MM-Newton This can be explained by the quality of the data
which is better in the case 6fMM-Newtondue to its higher energy resolution and largeetive
area.

Since the values of the parameters are very similar betwé#v-NewtorandBeppoSAXwe
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fitted these data simultaneously, adding alsoRxeTEdata. The dterent cross calibrations of
the diferent instruments were taken into acccount by includingnadizing factors in the model.
These factors were fixed to 1 for pn and kept free for the otiruments.

In order to include all the reflection features we use a satiststent reflection model, Reflionx
(15). However this model does not include Ar XVIII and Ca Xké&ither the edge at 8.5 keV, that
is why we add two gaussians and an edge to take into accowst tbatures. We multiply reflionx
with a high energy cut®, where the cuth energy is frozen to 0.1 keV and the fold energy is 2.7
times the temperature of the electrons. To take into acdhensmearing of the iron line induced
by Doppler and by the relativisticflects close to the compact object, we convolve the reflection
model, the two gaussians and the edge with the same rdblysarent (6).

We let some parameters free to vary from one instrument \epect to the others, such as
the column density, the parameters of nthComp (the photbexirthe temperature of the electrons,
of the seed photons, and the normalization) and the foldggnehich are slightly dferent from
BeppoSAXandXMM-Newton In the case oBeppoSAXny = 1.9x 10%%cnm?, T’ = 2.24, Te = 2.87
keV, Tpp = 1.11 keV, that we can compare to those giverddM-Newton ny = 2.03x 107%cnT?,
I'=255,Te=293keV, Ty, = 1.28 keV. As regard®XTE only the column density and the photon
index are free to varyng = 3.7 x 10%%cni? andT" = 2.43). They?/dof obtained is 1838573
(~ 1.17). The values of the parameters associated to this maeletported in Table 1.

3.2 Hard State

In this section we apply the same procedure used for the =t ®© 4U 1705-44 data when
the source was in the hard state using the three satetddi-Newton BeppoSAXANdRXTE

Regarding theXMM-Newtondata, we excluded a type-l X-ray burst before performing the
spectral analysis. The study of the burst is described by (3)

We use the same continuum model than in the soft state on thérdtne hard state in order
to see the evolution of the parameters. The temperatureedadldttrons is about 346 keV, the
temperature of the seed photons is-1L2 keV, the optical depth of the Comptonized component
is 5-6 and the blackbody is found at 0-58.58 keV. The addition of a gaussian improves con-
siderably the fit. A broad iron line is present in all the dataearly 6.4-6.6 keV. While for the
XMM-Newtordata, the/2/dof is 405419 (~ 0.97) using a gaussian, there are still some residuals at
higher energy in the case BeppoSAXandRXTE The associate)glrzed are 1.24 (484 dof) and 1.15
(65 dof) respectively. Using a diskline instead of a gaussia have to freeze the values of the
outer radius to 3508 and the inclination of the system to3@s in the soft state and in agreement
with (4). They?2,, are the same (0.97 (418 dof), 1.24 (483 dof) and 1.15 (65 doKfM-Newton
BeppoSAXandRXTErespectively).

We apply a self-consistent reflection model on the data (Refion order to compare the
values of the parameters in the hard state and in the sadt statuding normalizing factors to take
into account the diierent cross calibrations of thefidirent instruments. We convolve this model
with the rdblur component to include relativistifects present in the inner disk. Since we only
detect the iron line, we did not add any other emission linedge. We let some parameters free
to vary between the instruments, such as the column defttsityglackbody temperature which is
kTpp = 0.25 keV for all the instruments excepted dMM-NewtornwherekTy, = 0.57 keV. Also,
in the case oRXTE we had to let the photon index of the power-law and the eladiemperature
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free to obtain such a good fit. The photon index corresponir®yl0 whereas in the other cases
I' = 1.85, and the electron temperature is found higkde & 75+ 30 keV instead okTg = 23+ 2
keV for the other instruments).

The inclination angle is not well constrained so we freegevilue to 39, value obtained
for the soft state. Also the outer radius of the accretiotk disfrozen at 350(R;. This value
corresponds to the best estimate obtained by (4). We frémzéold energy of the high energy
cutdf to the electron temperature of the nthcomp component.

We obtain a good fit and interesting values of the parametais as the inner radius of the
accretion disk, which is truncated quite far from the neutstar surfaceR, = 26— 65 Ry with
Reflionx), the high temperature of the electrons (about 28 kand a low value of the ionization
parameterg ~ 200 erg cm s).
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Figure 2: Spectra of 4U 1705-44 obtained wi¥MM-Newton BeppoSAXand RXTEin the soft and
hard state. The bottom panels show the residuals (datafjrindenit of o when the reflionx model is
applied. The parameters associated to these spectra amtecein Table 1. Left panel: XMMEPIC-
pn (black), BeppoSAAECS (red), BeppoSAMECS (green), BeppoSAXKIPGSPC (blue), RXTEPCA
(cyan), XMM/RGS1 (magenta) data points in the range-@@3 keV, when 4U 170544 was in the soft
state. Right panel: BeppoSAXECS (black), BeppoSAMECS (red), BeppoSAYXIPGSPC (green), Bep-
poSAX/PDS (blue), XMMEPIC-pn (cyan), RXTEPCA (magenta), RXTHXTE (yellow) data points in
the range 0.4200 keV, corresponding to the hard state.

4. Discussion

We performed the spectral analysis of 4U 170544 fiMM-Newton BeppoSAXaNdRXTE
data, both in the hard state and in the soft state. We are alfiethese data from fierent in-
struments, which are not simultaneous, with self-consisteflection models. Due to the good
spectral coverage from the low (0.1 keV) to the high enerd@0 (ReV) we have good constraints
on the continuum emission and on the reflection featuresywaly to follow the evolution of the
spectral parameters from the hard state to the soft state.
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4.1 Theiron line

The origin of the iron line in neutron star LMXBs is still ddbd. Based on the analysis of
a sample of NS LMXBs observed byMM-Newton (12) conclude there is no evidence for an
asymmetric line in these systems. On the other hand, (2)uwdache iron line is relativistic using
XMM-Newtonand Suzakulata.

We studied carefully the pile-udtects in the XMMEPIC-pn spectrum of 4U 1705-44 during
the soft state. We demonstrated that the exclusion of thenatecolumns of the CCD in the
XMM-Newtordata of 4U 1705—-44 is enough to get rid of pile-dfeets. We also conclude that the
iron line is a broad and relativistic line, in agreement wWith and (3). Details about this analysis
are given in Egron et al. (in prep).

4.2 From theHard State to the Soft State

We apply self-consistent reflection models on 4U 1705-44 datained withKMM-Newton
BeppoSAXandRXTE on a broad-band range (from 0.1 to 200 keV). These modelsatcelated
for an optically-thick atmosphere (such as the surface of@metion disk) of constant density
illuminated by a power-law spectrum.

In all the models, the rdblur component was necessary toawnepthe fit. The relativistic
blurring was applied on the entire reflection spectrum, conifig the common origin of the reflec-
tion features in the inner part of the accretion disk, whereng relativistic &ects can broaden
emission and absorption features. This component gavefarsnations on the inclination of the
systemi = 39" and on the inner radius of the accretion diBl, = 11— 17 Ry in the soft state and
Rin = 23—-65Ry in the hard state. So we have here a clear indication thattretion disk is close
to the neutron star surface in the soft state and truncatdtefurom the compact object in the hard
state.

The spectral state transitions are also associated withtizars in the X-ray luminosity. We
calculated the accretion rate in both states using thedlyprlue of the accretionfiéeciencyn =
0.2 corresponding to a neutron stavls = 1.4 Mgo and Rys = 10 km) and to the bolometric
luminosities deduced by the reflection modélgq{~ 1.8 x 10°8 erg s* assuming a distance to the
source of 7.4 kpc anbiys ~ 2x 10%7d? , erg s*). In the soft stateMss= 1.6x 108 Mgo yr21, and
in the hard state, the accretion rate becomes lotgg = 2x 107 Mg yr~t. This diference in
the accretion rate is consistent with changes in the gegrflew and hence with a élierent inner
radius of the accretion disk in the two states.

If we compare the Comptonization parameters, during thiestafe the electron temperature
is Te = 3—4 keV, the seed photons temperatureljs = 1.0— 1.3 keV, the photon index for the
illuminating power-law spectrum iE = 2.2 - 2.8, and during the hard stat&e = 23 keV, Ty, =
0.7-0.8 keV andI' = 1.85. So we can clearly see the evolution of the spectral paeam&rom
the soft to the hard state. The electron temperature ineseabereas the optical depth and the
temperature of the seed photons decrease. The seed pha@@xpected to come from the neutron
star surface or from the boundary layer. This is in agreemdhtthe hypothesis that in the hard
state the hot corona is more important and the electron texiyse is higher than in the soft state.

Moreover, the Reflionx model gave us an indication of thezation state of the matter in the
inner part of the accretion diské:= 47Fx /ny, whereFy is the total illuminating flux (erg crfs™)
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andny is the hydrogen number density.= 2700 erg cm st in the soft state and = 210 erg cm
stin the hard state, indicating the matter is much more ioniaeble soft state. This is consistent
with the iron line found in the soft staté&r. = 6.6 — 6.7 keV and in the hard staté-e = 6.4-6.5
keV.

References

[1] Asai K., Dotani T., Nagase F. et al. 2000, ApJS, 131, 571
[2] Cackett E. M., Miller J. M., Ballantyne D. R. et al. 2010p& 720, 205
[3] D’'Ai A., Di Salvo T., Ballantyne D. et al. 2010, A&A, 516,63
[4] DiSalvo T., D’Ai A, laria R. et al. 2009, MNRAS, 398, 2022
[5] DiSalvo T., laria R., Mendez M. et al. 2005, ApJ, 623, L121
[6] Fabian A. C., Rees M. J., Stella L. et al. 1989, MNRAS, 2%
[7] Fiocchi M., Bazzano A., Ubertini P. et al. 2007, ApJ, 68438
[8] Forman W., Jones C., Cominsky L. et al. 1978, ApJS, 38, 357
[9] Galloway D. K., Muno M. P., Hartman J. M. et al. 2008, ApJ39, 360
[10] Garcia J., Kallman T. R. 2010, ApJ, 718, 695
[11] Matt G. 2006, AN, 327, 949
[12] Ng C., Diaz Trigo M., Cadolle Bel M., et al. 2010, A&A, 5296
[13] Piraino S., Santangelo A., Di Salvo T. et al. 2007, A&A14L17
[14] Reis R. C., Fabian A. C., Young A. J. 2009, MNRAS, 399, L1
[15] Ross R. R. & Fabian A. C. 2005, MNRAS, 358, 211

[16] Reynolds C. S., Nowak M. A. 2003, Physics Reports, 388, 3



Self-consistent study of the reflection component in 4U44D5 Elise Egron

Table 1: Comparison of the self-consistent, relativistically sneekreflection model reflionx applied on the
4U 1705-44 data cKMM-Newton BeppoSAXandRXTEin the soft state and in the hard state. The model
is phabs*rdblur*edge*(bbodynthcomp-gauss-gauss-highecut*reflionx).

Component Parameter Soft state Hard state
phabs Ny (x10%%cnm?) 2.06+0.01 19+0.1
rdblur Betor -21+0.1 -3 (frozen)
rdblur Rin (GM/c?) 13+3 40128
rdblur Rout (GM/c?) 3500 (frozen) 3500 (frozen)
rdblur i) 363 39 (frozen)
edge E (keV) &+01 -
edge Maxr (x1072) 41+06 -
bbody kTpp (keV) 057+0.01 025+0.02
bbody Norm &1072) 2.6+001 199+ 0.02
nthComp T 26+0.1 1857052
nthComp  kTe (keV) 30+0.1 23711
nthComp  kTpp (keV) 1.30+0.02 Q7+052
nthComp Norm 14+0.01 40+0.2
gauss E (keV) 307593 -
gauss Normx10-3) 1.4+0.2 -
gauss E (keV) 32+0.02 -
gauss Normx10-3) 1.4+0.2 -
highecut cutof =(keV) 0.1 (frozen) 0.1 (frozen)
highecut foldg(keV) 8.9 (= 3*kTe of nthComp) 23 £ kTe of nthComp)
reflionx FégSolar 21i822 1.1+03
reflionx r 2.6 (=T of nthComp) 1.85%£ T" of nthComp)
reflionx é 33703250 209+ 6
reflionx Norm (<10°%) 8*3 16737
Total y?red (d.o.f.) 1.17 (1573) 1.09 (980)




