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We present preliminary results of a 50 ks long XMM-Newtoneaation of the bright Z-source
GX 340+0. We study the temporal and spectral variability e source, performing a time
resolved analysis. In the energy spectra, a broad asynmestission line in the Fe & energy
band is always present. Its shape is compatible with a vedtitially smeared profile arising from
reflection on a hot accretion disk extending close to therakatcreting neutron star. Despite a
significant change in the continuum emission and lumingtigyline profile remains substantially
unchanged. The line is produced by recombination of higityzed iron (Fe XXV), the reflecting
disk has an inner radius close to 10 gravitational radii,levtiie fit requires a high value for the
outer disk radius. The inclination of the source is well doaised at 35 deg, while the emissivity
index is -2.33.
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1. Introduction

GX 340+0 is a Low-Mass X-ray Binary (LMXB) belonging to theask of the Z bright sources
[1], and its inferred luminosity is close to the Eddingtomili (2 x 10° erg/s for a 1.4 M, NS).

Temporal analysis studies have shown a complex phenonwnditked to the accretion state,
with characteristics typical of the Z-class [2]. The powpe&rum shows a low-frequency (tens
of Hz) quasi-periodic oscillation when the source resideste HB (called Horizontal Branch
Oscillation, HBO) while at higher frequencies the sourcevs) at the same time, twin kHz Quasi-
Periodic Oscillations (kHz QPOs), whose centroid fregieshare correlated with the HBO peak
frequency.

The spectral properties of the source have not been fulbsiiyated so far; [3] studied the 2—
12 keV spectrum using EXOSAT data; the spectrum could bedesitribed by a single component
due to thermal Comptonization of soft photons, emergingftbe NS surface, in a hot corona of
moderately optical thickness ¢ 5-6); [4] presented the first broadband (0.1-200 keV) spectr
of the source using BeppoSAX data. The spectrum could benggzsed into the sum of a soft
thermal component of temperature00.5 keV, an optically thick Comptonized component, and
an excess at energies above 20 keV that they fitted with a sipgaver law. A high resolution
spectrum of the source was studied by [5], using a Chandranaditon; Chandra data clearly
showed the presence of an emission line, fitted with a simples&an profile, at 6.57 keV with 40
eV equivalent width.

In this work, we focus on the shape and origin of the reflecteatures; thanks to the high
statistics and good spectral resolution of XMM-Newton, we able to very well constrain the
shape of a broad asymmetric line in the Fe lénergy region; we are thus able to determine
essential information on the physical configuration of teigecting medium and to study how the
overall X-ray variability influences it.

2. Datareduction and analysis

GX 340+0 was observed with XMM-Newton from 2007 SeptemberiBal8:00 to September
3at02:32:05 UTC, for a total observing time of 47640 s (b505950101). Data were collected
by the EPIC-PN instrument Timing Mode. The source regioe fithckground region) has been
selected using RAWX = 28-48 and RAWY = 0-200 (RAWX = 2-8 and RAW 0-200) columns.
No external flaring was present during the observation. Wt only events with PATTERN
<4 (singles and doubles) and FLAG = 0 and restricted our aisatgsthe energy range 2.2-12
keV. We discard PN data below 2.2 keV range and rely on the &effeGrating Spectrometers
(RGS1 and RGS2) data (0.4-2.0 keV range) for the soft enesgg,bbecause PN data present
strong systematic residuals in this part of the spectrum.d&fd have been rebinned in order not
to oversample the energy resolution of the instrument byentioan a factor of 3, RGS data are
rebinned in order to have at least 25 counts per energy channe

Source, background spectra and response matrices weeetextrusing the XMM-Newton
Science Analysis Software (SAS, ver. 7.1.0). Spectralysmalwas performed using Xspec ver.
12.4.0. Temporal analysis was performed using the FTOOLG5w. 1.
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Figure 1 Light curve of GX 340+0 from the EPIC-PN. Bin time 110Vertical lines and numbers
inside the boxes indicate the time selection for the comedjmg energy spectra.

In Fig.1 we show the light curve (source+background) in tfe-00 keV energy range of the
entire observation.

Besides the spectral analysis we also performed a studyedkethporal variability. We ex-
tracted power density spectra (PDS) from the EPIC-PN dataeifrequency range 1/16 Hz to 512
Hz. We obtained a single PDS after averaging every 128 PSS having a total of 20 PDS for the
entire observation. We fitted the averaged PDSs using twecartered Lorentzians, to account
for the broadband low frequency noise, a constant term todiwthite noise and a Lorentzian to
fit a broad quasi-periodic oscillation. We identify this 8doQPO as the HBO [2]; this feature, as
clearly shown by [2] is a good tracer of the overall tempogaiability, which in turn, can be used
to track the accretion state of the source in the X-ray CGloler Diagram. With the exception of
the first two PDS, when the source was at the highest countwatelearly detected the HBO in
all the remaining PDS (see Fig. 2 and Fig. 3). The HBO censpigh a range of frequencies from
17 to 37 Hz, and we noted this frequency is correlated withothegall X-ray luminosity and count
rate, i.e. the higher the QPO frequency, the higher is thay<iuminosity. We show in Fig.2 the
dependence of the HBO peak frequency versus the total scouce rate. This relation can be well
fitted with a second order polynomial, whose best-fit cunadss shown in the figure. In Fig.3 we
show four representative Lehay normalized power specttheir6—100 Hz frequency range. The
presence of the HBO is clerly detected in three of them.

We used these results to derive the good time intervals frémechwve extracted the corre-
sponding energy spectra. After some trials, we decidedde #le observation into five segments;
this choice allows us to trail the spectral evolution of therse, still obtaining a high statistics
spectrum to constrain all the spectral parameters. We ddrmh Spectrum 1 to Spectrum 5 the
PN and RGS energy spectra extracted in the time intervals wWie HBO frequency was in the
17-22 Hz, 22-27 Hz, 27-32 Hz, 32-37 Hz 37 Hz (or not detected) range, respectively (see the
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Figure 2 Relation between the centroid frequency of the HBOthe source count rate. The two
arrows indicate the average count rate of the time interwédsre no HBO is clearly detected.
Superimposed to the data, a simple quadratic best-fit ofateeid also shown.

time selected intervals shown in Figure'1).

We analyzed the time selected spectra independently, iadaptontinuum model consisting
of a soft multicoloured thermal disk emissiadi skbb component) and a thermal, harder, black-
body emission (componebt ackbody). We adopted for the interstellar absorption thEhabs
model with cross-sections of [6] and table abundances of\# find significant residuals at the
neutral iron edge (7.11 keV), leaving the iron abundancetfverary, we find a significant improve-
ment in thex? and in the residuals scattering; iron is under-abundarit mespect to the assumed
[7] interstellar abundance in this direction, as previguslted by [5].

Superimposed to the continuum emission, a few discreteresaare always present; a broad
emission feature in the Fedregion, a weaker but also broad emission line-a8.9 keV and
an absorption edge, whose energy threshold is in the 8.%e3/ange. The shape of the iron
emission line is consistent with a relativistically smehadisk-reflected profile (modelled using the
di skl i ne profile of [8]); all the line parameters could be well consteal, except the outer radius
for which we derived the largest uncertainties. We fixed pleisameter to a reference value of'10
Ry as any value above 1000 does not alter significantlythealue.

We assume that the 3.9 keV emission line, that we identify with the Ca XIX &iytransition
is also produced in the disk reflecting plasma, and we fit itgisinothedi skl i ne component,
with Rin 2, Rey, emissivity index and inclination bound to the Ferkli skl i ne component.
Best-fitting parameters and associated errors at 90% e.shewn in Table 1.

1For Spectrum 5, that corresponds to the first 5 ks of the oasim, and to the highest count rate, the spectrum has
been extracted using the procedure described in node6@ &AlS v8.0 online documentation, in order to avoid pileup
related issues.

2|nner and outer disk radii in thei skl i ne model are expressed in units of gravitational raBjj)( which for a
1.4 solar masses NS corresponds to 2.1 km.
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Figure 3 Four representative Lehay normalized power spewthich show the shift in the fre-
guency position of the HBO during this observation. HBO pialuencies are undetermined, 32
Hz, 25 Hz, 17 Hz for power spectra 2, 8, 16, 20 respectively.
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Figure 4 Upper panels: unfolded spectrum (inEex f (E) style), with contribution of the additive
components. Lower panels: residuals in units of sigma. pafiels: the 0.4-12 keV energy range,
red/green data are RGS1/2 data; black data are PN data. jRight the 5.5-7.5 keV region.
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Table 1. Spectral fitting results

Spectrum1l Spectrum?2 Spectrum3 Spectrum4  Spectrum5
HBO freq. (Hz) 17.20.2 25202  29.4£0.2  34.6:0.4 37-40
0.5-2.0 keV FluX 2.69 2.99 3.22 3.55 4.17
2.0-10.0 keV FluX 9.38 10.45 11.51 12.77 14.82
Ny © 9.42025  9.84+0.20 9.89:0.19 10.23:0.14 10.510.27
Iron Abundance 0.843% 0.75+0.11 0.64+0.07 0.72-0.08 0.68+0.13
KTaisk (KeV) 1.609%3  1.85709% 1.88:0.08  2.06095  2.07£0.3
Rogs{km) 9.713 7.8+0.6 7.6+0.4 8.0+0.4 10.5:0.4
KTop (keV) 255022 289023 2.0810.20 ~35 >35
Fe Bine (keV) 6.70:0.03 6.72:0.03 6.67:0.03  6.72:0.03  6.81:0.14
Rin (Ryg) 16720 13'3 1442 138 78
RextfRg) 104 104 104 104 104
Incli. (deg) 4010 3322 36.2703 357417 305,
Betor® 2387018 24608 252+0.07  2.4%0.07 26603
Fe Norm® 5.50° 5.1+1.0 5.7:0.5 4.0£0.6 5673,
Line Equivalent Width (eV) 60 43 43 33 33
Ca Bine (keV) 3.87£0.07  3.93%1) 3.94t0.05 3.94:0.06 3.92-0.07
Ca Norm® 0.5570.9¢ 0.6391 1.5+0.3 1.4%3 3.7°%]
Line Equivalent Width (eV) 4.2 2.2 3.0 4.1 6.0
Edge E (keV) 8.830.10 8.97-0.10 8.94t0.10  8.809%%  8.91752
Edget (x10°2) 441 3£1 3+1 30098 3.7+16
X2 (dof) 0.974(674) 1.083(771) 1.244(908) 1.186(866) 1.084 (663)

AQPO not resolved in the PSD, value inferred to be in this rdraye [2]. See also Fig.2

BUnabsorbed flux in units 13 ergs cm?2 s~ 1.

CIn units of 12 atoms cn?.

Plnner disk radius in km, as derived from the normalizatiorapzeteN of thedi skbb component:
Rpes = D+/N/cog8); for the calculation we assume a distanbg ¢f 11 kpc and an inclination angle

(6) of 36.7 deg.

EFrozen parameter during the fitting procedure.

Findex of the emissivity power law, that scales a&#ton.

GNormalization values of thei skl i ne component in units of 16 photons/cm?/s.

Note. — Best-fitting values and associated errors for spdes. Errors quoted dty? = 2.7.
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3. Discussion

During this XMM-Newton observation we can closely followetepectral and temporal evo-
lution of GX 340+0 in its HB. We used the HBO peak frequencyrasdr of the overall X-ray
variability. At the leftmost point of the HB, corresponding the lowest count rate and to a fre-
quency of the HBO ofv 17 Hz, we derive the lowest temperatures both for the digkl(keV)
and the hard emission (2.55 keV); as the source moves towlsdwrd apex, there is a continuum
rising of the temperatures and of the X-ray flux; assumingstadice of 113 kpc and an inclina-
tion of the disk as inferred from the diskline profile, we @era change in the source luminosity
from (1.67£0.1) x 10°8 erg/s (spectrum 1) to (2.390.2) x 10 erg/s (spectrum 5). The inner
disk radius as derived from thii skbb normalization (see Table 1) gives a value in the 7-11 km
range; considering that the inner disk radius can be unti@aed by a factor of two [9], we find
that these values are in agreement with the ones derivedtfredi skl i ne line profile. Despite
this remarkable continuum change, the profile of the broawl diskline does not sensibly change.
The rest frame energy of tti skl i ne component present in the iron region indicates that the
line is most probably produced by He-like iron ions at a shigstance from the compact source.
The equivalent width of the line decreases from spectrum 5@ eV) to spectrum 5+ 30 eV),
indicating that the line does not respond to the soft X-ray, fluhich, on the contrary increases, but
presumably to the hard X-ray emission, above 12 keV, whitth faut from the observed spectral
coverage of the EPIC/PN instrument. The inclination andlthe disk and the emissivity index
are very well constrained by our fits, with relative uncettigis of only a few percent. Contrary
to what found in galactic black holes, the emissivity indexdt very steep, indicating a more
extended illuminating corona above the disk [8].

The smooth change in the continuum parameters and the sirallaes obtained for the emis-
sivity index, inclination and inner radius of ttdi skl i ne led us to more closely inspect the
6.4—7.0 keV Fe i& region. In this energy range we found no complex continuumatures due
to the changing spectral states and a general consistetieg lifie shape. We summed, thereafter,
the spectra in order to increase the statistics and to baitestrain the line parameters under the
motivated assumption that its parameter variations aredibrthe statistical resolving power of
the EPIC/PN-data. We adopted the same continuum model e®wss described, finding, as
expected, that the best-fitting values of the continuum aveighted sum of the best-fitting values
shown in Table 1. We obtained for the averagéd k! i ne parameters: arest frame energy of the
line 6.71°0%, keV, inner radius R=12.8"2 Ry, outer radius Bq= 440073390 Ry, inclination angle
34.8"12 deg and emissivity index 2.3337.

Besides the broad emission iron line, we found evidence tirspectra of two other reflection
signatures: an emission lineat3.94 keV, whose equivalent width is some eV, and an absaorptio
edge in the 8.8-9.0 keV range. The former could be due to thenent transition of Ca XIX
(see also [10] for similarities), while the edge can be egldb Fe XXV absorption, which is also
expected from the presence of the emission line and thenatimin angle of the system.

Most theoretical models on the QPO generation in NS LMXB edceidentify the shortest
dynamical timescales, i.e. the highest frequency QPO #&tkHz, with the frequency of the Ke-
plerian motion of matter at the inner rim of an accretion diskom the HBO frequency and the
relation known to exist between this and the upper kHz QPQuieacy [2], we can infer the up-
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per kHz QPO to be in the 550-750 Hz frequency range. For adlpid M. NS this frequency
range corresponds to an inner disk radius of 12.1-9.8TRedi skl i ne inferred inner radii for
the time-selected spectra spectra are all fully consistéthin this range, and give support to the
identification of highest QPO frequency with the inner diséplerian frequency. Our fit results
also seem to indicate a decrease in the value of the inneraliliks as the source moves towards
higher luminosities. The errors associated to this paranaet, however, still too large to claim a
strict correlation and longer exposures are needed to phevsignificance of such a relation.
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