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ABSTRACT

Context. The gamma-ray microquasar LS 5039 has been observed with several X-ray instruments so far, presenting variability of
likely orbital origin in flux and photon index but no signatures of accretion disk. In addition, this system harbors an O-type star with
relatively strong mass loss. At present, a global picture toexplain the non-thermal emission, and the possible impact of the stellar
wind on the former, is still missing.
Aims. We study here the X-ray fluxes, spectra, and absorption properties of LS 5039 at apastron and periastron passages, and their
possible association with the stellar wind state, inferredfrom Hα line equivalent width (EW) data. The physical link between the
stellar wind and the multiwavelength non-thermal emissionis also explored.
Methods. New XMM-Newton observations have been performed around periastron and apastron passages in September 2005, during
an epoch of presumably enhanced O star wind. Also, 2005Chandra observations on LS 5039 are revisited. Moreover, a compilation
of the Hα EW andRXTE/ASM X-ray count rate obtained since the 1990s is carried out,being both quantities compared with each
other and also with historical radio data.
Results. XMM-Newton observations show higher and harder emission around apastron than around periastron. No signatures of
thermal emission or a reflection iron line indicating the presence of an accretion disk are found in the spectrum, and the hydrogen
column density (NH) is compatible with being the same in both observations and consistent with the interstellar value. The hardness
ratio (HR2−12/0.3−2 keV) and the count rate seem uncorrelated at periastron and may be correlated at apastron. We find that LS 5039 was
bright and hard in 2005Chandra observations. The ASM count rate shows changes by a∼ 80% on year timescales, and the Hα EW
shows yearly variations of a∼ 10%. Both quantities may be anticorrelated rather than correlated, unlike it was previously thought. At
radio frequencies, the emission varies by∼ 20%, presenting some similarities with the X-ray evolution. ASM, Hα EW and radio data
may hint to variability at orbital timescales.
Conclusions. 2005XMM-Newton andChandra observations seem to confirm 2003RXTE/PCA results, namely moderate flux and
spectral variability at orbital and shorter timescales. The low value and constancy of theNH could imply that the X-ray emitter is
located at>∼ 1012 cm from the compact object. We suggest that the multiwavelength non-thermal emission produced in LS 5039 is
related to the jet and the stellar wind in a rather complex wayand mostly produced outside the binary system. However, thepresent
data do not rule out the young pulsar scenario.

Key words. X-rays: binaries – stars: individual: LS 5039 – Radiation mechanisms: non-thermal

Send offprint requests to:
e-mail:vbosch@mpi-hd.mpg.de
⋆ The Hα results presented here are based on observations made

with ESO Telescopes at the La Silla or Paranal Observatoriesun-
der program IDs 67.D-0229(A), 69.D-0628(A) and 075.D-0591(A);
the Observatoire de Haute-Provence; the Observatório do Pico dos
Dias / LNA, Brazil; the G.D. Cassini telescope operated at the Loiano
Observatory by the Osservatorio Astronómico di Bologna; and the
Nordic Optical Telescope, operated on the island of La Palmajointly
by Denmark, Finland, Iceland, Norway, and Sweden, in the Spanish
Observatorio del Roque de los Muchachos of the Instituto de Astrofisica
de Canarias (those data were taken using ALFOSC, which is owned
by the Instituto de Astrofı́sica de Andalucı́a (IAA) and operated at

1. Introduction

LS 5039 is an X-ray binary (Motch et al. 1997) located at
2.5±0.5 kpc (Casares et al. 2005; C05 hereafter). The source
presents radio jets (Paredes et al. 2000, 2002), shows X-ray
variability on timescales similar to the orbital one (Bosch-
Ramon et al. 2005; BR05 hereafter), and has been detected at
very high-energy (VHE) gamma-rays (Aharonian et al. 2005),
which virtually confirms its association with aCGRO/EGRET
(EGRET from now on) source (Paredes et al. 2000). The or-
bital ephemeris of the system were obtained by C05 and are

the Nordic Optical Telescope under agreement between IAA and the
NBIfAFG of the Astronomical Observatory of Copenhagen).
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T0 =HJD 2451943.09, for the time of the periastron passage
(phase 0.0),Porb = 3.90603± 0.00017 days, for the orbital
period, ande = 0.35 ± 0.04, for the eccentricity of the sys-
tem; the inclination is constrained toi ∼ 15◦–60◦. Interestingly,
the TeV emission varies with the orbital period (Aharonian
et al. 2006). Recently, LS 5039 has been also detected by
INTEGRAL (Goldoni et al. 2006) up to 100 keV (De Rosa et al.
2006). In addition, LS 5039 is also the likely counterpart ofa
CGRO/COMPTEL (COMPTEL from now on) source (Strong
et al. 2001; Collmar 2003). The nature of the compact object is
still uncertain. C05 suggest that it may be a black hole, although
there is an on-going debate on this issue, and some authors have
proposed that LS 5039 is in fact a young non-accreting pulsar
(see, e.g., Martocchia et al. 2005; Dubus 2006; and Sect. 5).

Radio emission is non-thermal, slightly variable at month–
year timescales (∼ 20–30%) and extended -∼1 – 100 milliarc-
seconds (mas)- (Martı́ et al. 1998; Ribó et al. 1999; Paredes et al.
2000, 2002; for an exhaustive study, see Ribó 2002), the∼ 60–
80% being produced within a core of∼ mas. It is worth noting
that, in fact, if all the observed variability were originated in the
source core, the radio emission produced there could vary upto
a 50%.

All the X-ray observations performed by instruments with
imaging capabilities have not shown strong variations of flux
and photon index (for a compilation, see below). Data taken by
RXTE/PCA (RXTE from now on), which does not produce im-
ages but integrates all the detected photons in a∼ 1◦×1◦ field of
view, showed significantly softer spectra and larger fluxes than
the other observations, and evidence of the presence of an iron
Kα line (e.g. Ribó et al. 1999), although now we know that these
results are likely due to contamination by diffuse X-ray emis-
sion coming from the Galactic Ridge (BR05). Despite this, 2003
RXTE data showed variations of the flux (a factor of∼ 2) and
spectral index that are of likely orbital origin, with the emission
peaking and the spectrum hardening smoothly around phase 0.8
and more sharply at other phases (BR05). A possible relation-
ship between the mass-loss rate of the companion star and the
X-ray emission in LS 5039 was discussed in previous works and
a correlation suggested in the context of wind accretion pow-
ering the X-rays (e.g., Reig et al. 2003; McSwain et al. 2004),
although the amount of data was limited precluding conclusive
results.

At MeV-GeV energies, data are dim and do not allow for a
study of the time evolution. However, we note that the EGRET
source associated to LS 5039 may be variable (Torres et al.
2001).

At VHE, the flux and the photon index change periodi-
cally, by a factor of∼ 2.5 the former and between∼ 1.9–
3.1 the latter, with the spectrum hardening when flux increases
(Aharonian et al. 2006). The maximum of the emission takes
place around phase 0.8, similarly as it seems to happen at X-
rays. Also, sudden increases/hardening in the flux and spectrum
on hour timescales could have been detected at phase∼0.85 (de
Naurois et al. 2006). SimultaneousChandra observations, rean-
alyzed here, presented also a very hard and high X-ray emission
(Horns et al. 2006).

In this work, we present recentXMM-Newton observations
of LS 5039 carried out in September 2005 during periastron and
apastron passages, in an epoch of inferred high stellar mass-loss
rate.Chandra data, taken in the same year and during the or-
bital phase≈ 0.85, whenRXTE showed a smooth peak of the
X-ray emission, are reanalyzed. We analyze also the long-term
and orbital Hα EW evolution, linked to the evolution of the stel-
lar mass-loss rate, and compare it with 1996–2006RXTE/ASM

Table 1. Date, initial and final HJD times, observation identification
number (OBSID) of theXMM-Newton observations, and orbital phase
(ephemeris taken from C05).

Date HJDstart–HJDstop OBSID Orbital phase

2005-09-22 2453636.214–2453636.397 0202950201 0.49–0.53
2005-09-24 2453638.279–2453638.399 0202950301 0.02–0.05

(ASM from now on) data, since in the standard wind accre-
tion scenario an enhancement of the stellar mass-loss rate would
be expected to be linked to an increase in the X-ray emission.
Historical Green Bank Interferometer (GBI) data are also revis-
ited. These results at different wavelengths, accounting also for
VHE data, are put in context, and a physical scenario is pro-
posed.

2. X-ray observations

2.1. XMM-Newton observations

TheXMM-Newton observations presented here were performed
in two runs, the 22th and 24th of September 2005, with EPIC pn
on times of 15.8 ks and 10.4 ks (very similar to those of MOS1
and MOS2), respectively (see Table 1). The corresponding ob-
served phases are 0.49–0.53, around apastron, and 0.02–0.05,
right after periastron. These observations were triggeredin the
context of a target of opportunity (ToO) program linked to the
strength of the Hα line, which gives information on the state of
the stellar wind. The Hα EW was found in late August 2005 to
be above of−2.4Å, defined as the threshold set to trigger the
XMM-Newton observations and significantly larger than the val-
ues observed during the previous years. TheXMM-Newton ob-
servations presented here were carried out in September dueto
visibility constraints. The physical motivation of the ToOwas
that, if direct accretion of the stellar wind is taking placein the
system, the detection of X-ray accretion features like a multi-
color black-body or a reflection iron line seems more likely dur-
ing epochs of larger stellar mass loss and thereby higher accre-
tion rate. The convention for the Hα EW in this work is to take
this value as negative when in absorption, i.e. it increasesin the
same sense as the stellar mass-loss rate.

We focus here on the data obtained with the EPIC instru-
ment, since the X-ray spectrometer (RGS) data did not have
enough statistics due to the faintness of the source. The MOS
and pn cameras were in small and full window respectively, with
medium filters. The reduction and analysis of the data have been
performed following the standard procedure using the SAS 7.0.0
software package to filter data and create spectra and lightcurves,
and Xspec 12.3.0 for the spectral analysis. No large background
flare was present any of the two data sets. The 0.3–12 keV
count rates per camera around phases 0.5 and 0.0 were 0.46 and
0.29 cts s−1 for MOS1, 0.47 and 0.30 cts s−1 for MOS2, and 1.09
and 0.71 cts s−1 for pn, respectively.

The lightcurves and the HR2−12/0.3−2 keV evolution, adding
the data from pn, MOS1 and MOS2 cameras and taking time
bins of 500 s, are presented in Figs. 1 and 2 for apastron and
periastron passage, respectively. Around apastron, the emission
is variable on timescales of a few hours. A constant fit to the
data gives a reducedχ squared (χ2

red) of 6.8, and the maximum
count rate variation is≈ 25% during this run, with deviations of
≈ ±5σ from the mean value. At intra-hour scales, the count rate
varies by a≈ 20% (4σ) between time bins separated by∼1000 s
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(at 10000 s from the beginning of the run; see Fig. 1, bottom).
Around periastron, the lightcurve is still somewhat inconsistent
with being constant (χ2

red = 2.4), with a maximum count rate
variation of≈ 25% and deviations of≈ ±2σ from the mean
value. For both runs, the HR2−12/0.3−2 keV is compatible with be-
ing constant, although theχred is worse (1.4) for the apastron
than for the periastron run (1). Despite this, we looked for cor-
relations between the count rate and the HR2−12/0.3−2 keV, finding
some hints around apastron (linear correlation coefficient r of
0.5), but not around periastron (r = 0.2). It seems that the source
is more variable during the apastron, when the count rate andthe
HR2−12/0.3−2 keV are also higher and there might be correlation,
although these differences may be due to the worse statistics of
periastron data.

In order to search for pulsations, we applied the Z2
n

(Rayleigh) test (see, e.g., Zavlin et al. 2000) to the EPIC pndata
which were acquired in the PrimeSmallWindow mode with a
time resolution of 6 ms. In the frequency range of 0.01 to 83 Hz,
no significant period peaks are found, and the pulsed fraction
has been constrained to be less than 8% (apastron) and 11.3%
(periastron). Similar upper-limits are reported by Martocchia
et al. (2005) for 2003XMM-Newton data. We show in Fig. 3
the spectrum of the source around phase 0.5, altogether withthe
deviations inσ of the best fit model from the data. We have
added the data obtained from the pn, MOS1 and MOS2 cam-
eras. The spectrum around phase 0.0 is not shown though it
looks very similar to the one around phase 0.5. The spectrum
of the emission is well represented by an absorbed power-law
(χ2

red = 1.08 and 0.93 for phases 0.5 and 0.0, respectively).
The unabsorbed fluxes and photon indices (0.3–10 keV) are of
(1.18+0.03

0.07 )×10−11 erg cm−2 s−1 (8.8×1033 erg s−1) and 1.50±0.02
around phase 0.5, and (0.74 ± 0.07) × 10−11 erg cm−2 s−1

(5.6 × 1033 erg s−1) and 1.58±0.03 around phase 0.0. The flux
between periastron and apastron increases by a 60% at a levelof
4.4σ, and the photon index rises up marginally by 0.08 (2.2σ).
All the errors given here are 1σ. For the absorption model,
we usedphabs, which assumes updated photoelectric cross-
sections from Balucinska-Church & Mc Cammon (1992). The
NH values are compatible within errors between both runs, be-
ing (6.3± 0.1)× 1021 cm−2 around phase 0.5 and (6.2± 0.2)×
1021 cm−2 around phase 0.0. In fact, when computed with awabs
model, theNH value around apastron is similar to those found by
Martocchia et al. (2005) at similar orbital phases (see below).

A multi-color black-body (bbody) and a Gaussian line com-
ponent were added, separately, to the absorbed power-law model
for the two runs. Around apastron, we obtained a preferred tem-
perature for the black-body around 1 keV, and a 3σ flux upper-
limit of about a 10% the total one, derived from normalizing the
black-body to three times its error (χ2

red from 1.1 to 2.0). At the
same phase, we tried to fit a possible iron line with a Gaussian
model. We explored the energy region around 6.1–6.9 keV, fix-
ing the line energy at different values, looking for upper-limits of
the line flux. Using a line EW of 20 and 390 eV, the former be-
ing similar to the upper-limits found by Martocchia et al. (2005)
for 2003XMM-Newton data, and the latter being the value ob-
tained by Ribó et al. (1999) from 1998RXTE data, the derived
line fluxes were consistent with zero. Taking as the line normal-
ization its 3σ error, we obtained an upper-limit for the flux of
about a 2% the total one (χ2

red from 1.1 to 1.2). Similar results
concerning the presence of a black-body or an iron line compo-
nent were obtained for the run around periastron. The lack ofa
multi-color black-body and a line component in the data is con-
sistent with previous observations and provides further evidence
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Fig. 1. Evolution of the HR2−12/0.3−2 keV (top) and the count rate in the
range 0.3–12 keV (bottom) during the observation taken around apas-
tron passage. Data from the pn, MOS1 and MOS2 cameras have been
used. The time bins are 500 s. For comparison, in both plots the mean
value is given as long-dashed line.

1

1.2

1.4

1.6

H
R

 2−
12

 / 
0.

3−
2 

ke
V

 periastron

0 2000 4000 6000 8000
time [s]

0.9

1

1.1

1.2

ra
te

 [c
ts

/s
]

Fig. 2. The same as in Fig. 1 but around periastron passage.

that the line detected byRXTE was a background feature (see
also BR05).

To compare fluxes and spectra from other orbital phases, we
also analyzed recentChandra observations extracted from the
archive (e.g. Horns et al. 2006). We note that an accurate com-
parison is precluded by the several months of difference between
XMM-Newton andChandra observations.
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Fig. 3. Spectral data from pn (upper spectrum), MOS1 and MOS2
(lower spectra) cameras, and the best fit to the three of them:an ab-
sorbed power-law, around phase 0.5 (those around phase 0.0 look very
similar and are not shown here). The deviations inσ of the model from
the data are shown in the lower panel.

2.2. Chandra data

In April 2005, Chandra observed LS 5039
(HJDstart=2453473.616, HJDstop=2453473.674) in the ACIS-S
mode (time frame: 1.6 s) during 5 ks. It corresponds to the orbital
phase 0.86–0.87, at whichRXTE observed a smooth maximum
(BR05). The Chandra Interactive Analysis of Observations
software package (CIAO 3.3.0.1) has been used to extract the
spectrum and the lightcurve, following the standard procedure
given in theChandra analysis threads.Sherpa (CIAO 3.3) has
been used to analyze the spectrum. The ACIS count rate was
relatively high, 0.3 cts s−1 (0.3–10 keV).Chandra data is likely
moderately affected by pileup (seeThe Chandra Proposers’
Observatory Guide, Fig. 6.19). Therefore, we have used the
pileup model available in Sherpa to obtain our fits (Davis 2001).

The spectrum, presented in Fig. 4, can be well fitted by a
power-law model with absorption (xsphabs) and pileup. We per-
form the spectral fit fixing the event pileup fraction parame-
ter to 0.95 to avoid unreasonably high values for the flux (i.e.
∼ 10−10 erg cm−2 s−1). We obtained a relatively low grade mi-
gration parameter of 0.2 ± 0.1. The pileup fraction is∼ 11%.
Therefore, the effect of pileup on these observations seems to be
only moderate, as expected due to the relatively short time frame
(1.6 s), which allows for a more efficient photon counting. The
photon index is 1.1±0.2, andNH = (6±1)×1021 cm−2. To check
the photon index value, we have calculated the spectrum without
applying the pileup model after removing the central pixels(the
most affected by pileup), obtaining compatible spectral parame-
ter values. The 0.3–10 keV flux is (2± 1)× 10−11 erg cm−2 s−1

(1.5× 1034 erg s−1). No disk or line components are required to
fit the data. The lightcurve is quite noisy and (marginally) con-
sistent with being constant (for a time bin of 100 s:χ2

red = 1.3).
Despite theChandra fitting results are somewhat loose, the

source seems to be in an active and hard X-ray state. Although
taken at different epochs and possibly affected by variability at
longer timescales, the 2005XMM-Newton andChandra results
are compatible with the lightcurve shown by 2003RXTE data
(BR05), which spans one orbital period and shows a maximum
around phase 0.8. This favors the hypothesis that the X-ray vari-
ability of LS 5039 found in 2003RXTE is of orbital origin.

Fig. 4. At the top, the spectrum of theChandra observation presented
altogether with the fit using an absorbed power-law plus a pileup model.
At the bottom, the deviations inσ of the data from the model are shown.

For illustrative purposes, we show in Fig. 5 the 0.3–10 keV
unabsorbed fluxes, photon indices andNH (with wabs model)
values obtained by all the previous imaging X-ray instruments
that observed LS 5039.ROSAT andRXTE data are not included
due to a low energy coverage and lack of imaging capabil-
ities, respectively. These data are also presented in Table2.
Using the values provided in that table, we obtain the follow-
ing weighted mean values for the 0.3–10 keV flux, (1.05 ±
0.02) × 10−11 erg cm−2 s−1 (fit-to-constantχ2

red = 8.4), the
photon index, 1.54± 0.01 (fit-to-constantχ2

red = 2.7), andNH,
(6.8 ± 0.1) × 1021 cm−2 (fit-to-constantχ2

red = 0.7). Therefore,
the flux found by all the instruments with imaging capabilities
is clearly variable (even when excluding the 2005Chandra data
point), and the photon index seems to change as well. However,
the NH is clearly compatible with being constant. Finally, we
note that the fluxes and the photon indices seem to show some
degree of anti-correlation (r = 0.7)1.

2.3. RXTE/ASM data

To study the evolution at different timescales of LS 5039 at X-
rays, we have analyzed data obtained by the ASM instrument on-
board theRXTE satellite. The ASM data used here spans from
the year 1996 January to 2006 December, or MJD=50094.244–
54069.914. Each data point in the original lightcurve represents
the fitted source flux of a 90 s pointing or dwell on the source.
We note that ASM data are rather poor for faint sources like
LS 5039, making time behavior studies difficult due to the rel-
atively small statistics. Moreover, beside the faintness of the
source, different technical problems can affect the timing study
of the emission, rendering time feature extraction a quite com-
plicated issue. Ribó et al. (1999) and Ribó (2002) carriedout a
detailed study of LS 5039 ASM data and did not find signifi-

1 We make a note of caution on these results, accounting for thehet-
erogeneous origin of the data and their treatment.



V. Bosch-Ramon et al.: Exploring the connection between thestellar wind and the non-thermal emission in LS 5039 5

Table 2. Summary of the results for all the X-ray observations on LS 5039 performed by instruments with imaging capabilities. Theunabsorbed
fluxes in the energy range 0.3–10 keV, photon indices, andNH (with wabs model) values are given.BeppoSAX flux errors are the flux dispersion
accounting for the count rate changes by a factor of two during the observation and neglecting photon index variations.ASCA flux errors are
assumed to be a 10% of the flux. The given 2005XMM-Newton NH values are computed with thewabs model for comparison with 2003 values. For
more details, see Martocchia et al. (2005) (2003XMM-Newton data), Reig et al. (2003) (BeppoSAX data), and Yamaoka, K., private communication
(ASCA data).

Date MJD Mission Phase range Flux (0.3–10 keV) Photon indexNH (wabs)
YYYY-MM-DD ×10−11 erg cm−2 s−1 ×1021 cm−2

1999-10-04 51455.9 ASCA 0.38–0.47 0.80±0.08 1.6±0.1 7±1
2000-10-01 51818.5 BeppoSAX 0.97–0.21 0.5±0.2 1.8±0.2 10+3

−4
2002-09-10 52527.3 Chandra 0.71–0.73 0.8±0.3 1.1±0.2 6±2
2003-03-08 52706.3 XMM-Newton 0.54–0.57 1.03±0.07 1.56+0.02

−0.05 7.2+0.3
−0.5

2003-03-27 52725.8 XMM-Newton 0.55–0.58 0.97±0.07 1.49+0.05
−0.04 6.9+0.5

−0.3
2005-04-13 53473.1 Chandra 0.86–0.87 2±1 1.1±0.2 6±1
2005-09-22 53635.8 XMM-Newton 0.49–0.53 1.18+0.03

−0.07 1.51±0.02 6.7±0.2
2005-09-24 53637.8 XMM-Newton 0.02–0.05 0.74±0.07 1.59±0.03 6.6±0.2
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Fig. 5. All observations obtained by X-ray instruments with imaging
capabilities folded in orbital phase. At the top, middle andbottom, the
0.3–10 keV unabsorbed flux, the photon index and theNH (with wabs
model) are presented, respectively. The horizontal error bars represent
the duration of the observation.

cant periodicities. In this work, we constrain ourselves tolook
for possible general trends. The results of this search are pre-
sented in Sect. 4 altogether with information obtained at other
wavelengths.

3. Hα line observations

We list in Table 3 the journal of optical observations and the
corresponding Hα EW. Most of these optical spectroscopic ob-
servations of LS 5039 were carried out by us at regular inter-
vals of time between September 2000 and July 2002, with the
aim to construct an orbital solution and to monitor the variations
of the Hα EW, which would indicate changes in the mass-loss
rate of the primary star. A new observing campaign was initi-
ated in 2004 in order to determine the time at which the Hα EW

would go above−2.4 Å, the condition required to trigger the
2005XMM-Newton observations.

Various instruments were used in the course of this extended
campaign. At the Observatoire de Haute-Provence (OHP),
we observed most of the time with the ELODIE Echelle
Spectrometer that offers a resolution of 45,000 in the wavelength
range 3850–6800 Å. Some additional spectra were obtained with
the CARELEC spectrograph (Lemaitre et al. 1990) with a reso-
lution of 900.

At ESO, the majority of the data were acquired with the
FEROS Echelle Spectrometer (Kaufer et al. 1999) during the
Brazilian time allocation. FEROS offers a resolution of∼48,000
in the wavelength range 3500–9200 Å. FORS1 observed the
source on two occasions with grism GRIS600V (R=990). The
source was also monitored over an orbital cycle with the ESO-
NTT and EMMI during a dedicated program in July 2002. The
resolution of these spectra obtained with grating #6 in the red
arm is 5000. The NTT spectrum obtained in 2005 was acquired
through grism #5 with a resolution of 1100. Finally, the spectrum
obtained in 1992 is described in Motch et al. (1997).

The spectra obtained on 1999-08-18 and 2004-07-19 were
acquired at Osservatorio Astronomico di Bologna with the
1.52 m Loiano telescope and the BFOSC instrument. grism #7
(in 1999) and grism #8 (in 2004) provided a resolution of∼1600
and 2000 respectively. At the NOT we used the ALFOSC spec-
trograph with grism #16 and a resolution of∼3000.

At the Brazilian National Observatory of the Observatóriodo
Pico dos Dias, we used the ESPCASS Cassegrain grating spec-
trometer mounted on either the 0.6 m or the 1.6 m telescope.
The resolving power varies with the observing period from 730
to 3600.

The Hα line has an intrinsic FWHM of∼8 Å and is therefore
relatively well resolved in most of our observations. Due tothe
southern location of the object, observations from the OHP and
Canary Islands were always acquired at a high air mass, typi-
cally 1.9 at OHP. At these high air masses, several telluric ab-
sorption lines start to be noticeable and can substantiallychange
the value of the Hα EW, either by directly adding to the absorp-
tion profile or by changing the value of the reference continuum.
These lines are clearly seen in the high resolution ELODIE in-
dividual spectra. In theλλ range 6540–6580 Å, the most impor-
tant telluric lines are located atλλ 6543.89, 6546.61, 6552.62,
6557.16, 6564.19, 6572.06 and 6574.83 Å. Guided by the atmo-
spheric transmission lines atlas of Hinkle et al. (2003), wecould
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Table 3. Hα EW measurements obtained from 1992 to 2006∗.

Date MJD Orbital phase Observatory Instrument Resolution Hα EW Error
YYYY-MM-DD Å Å

1992-04-19 48731.250 0.85 ESO-2.20 EFOSC2 3,000−2.80 0.07
1993-06-19 49257.010 0.45 OHP-193 CARELEC 450∗ −2.50 0.10
1999-08-18 51408.842 0.35 OAB BFOSC 1,600−2.60 0.10
2000-09-08 51795.813 0.42 OHP-193 ELODIE 45,000−3.24 0.10
2000-09-10 51797.768 0.92 OHP-193 ELODIE 45,000−2.91 0.15
2000-09-12 51799.768 0.43 OHP-193 ELODIE 45,000−3.23 0.15
2000-10-18 51835.984 0.70 ESO-1.52 FEROS 48,000−2.64 0.05
2000-10-19 51836.983 0.96 ESO-1.52 FEROS 48,000−2.61 0.05
2000-10-20 51838.000 0.22 ESO-1.52 FEROS 48,000−2.71 0.05
2001-05-24 52053.424 0.37 ESO-VLT-U1 FORS1 990−2.69 0.07
2001-05-26 52055.417 0.88 ESO-VLT-U1 FORS1 990−2.69 0.07
2001-08-25 52146.858 0.29 OHP-193 ELODIE 45,000−2.95 0.10
2001-08-26 52147.857 0.55 OHP-193 ELODIE 45,000−2.98 0.10
2001-08-28 52149.848 0.06 OHP-193 ELODIE 45,000−2.91 0.20
2001-08-30 52151.822 0.56 OHP-193 ELODIE 45,000−2.92 0.20
2001-10-06 52188.978 0.08 ESO-1.52 FEROS 48,000−2.64 0.10
2001-10-07 52189.992 0.33 ESO-1.52 FEROS 48,000−2.79 0.10
2001-10-08 52191.050 0.60 ESO-1.52 FEROS 48,000−2.50 0.15
2001-10-09 52192.000 0.85 ESO-1.52 FEROS 48,000−2.53 0.10
2002-06-14 52439.340 0.17 ESO-NTT EMMI 5,000 −2.81 0.05
2002-07-08 52463.335 0.31 ESO-NTT EMMI 5,000 −2.78 0.05
2002-07-09 52464.141 0.52 ESO-NTT EMMI 5,000 −2.80 0.05
2002-07-10 52465.052 0.75 ESO-NTT EMMI 5,000 −2.72 0.10
2002-07-11 52466.214 0.06 ESO-NTT EMMI 5,000 −2.70 0.05
2004-07-13 53199.923 0.89 OHP-193 CARELEC 900∗ −2.60 0.10
2004-07-14 53200.937 0.15 OHP-193 CARELEC 900∗ −2.54 0.10
2004-07-16 53202.936 0.66 OHP-193 CARELEC 900∗ −2.44 0.10
2004-07-18 53204.906 0.17 OAB BFOSC 2,000−2.47 0.10
2004-09-02 53250.935 0.95 LNA-0.60 ESPCASS 1,460−2.60 0.10
2005-04-07 53467.299 0.34 LNA-1.60 ESPCASS 3,600−2.83 0.10
2005-04-07 53467.299 0.34 LNA-1.60 ESPCASS 3,600−2.77 0.10
2005-07-31 53583.748 0.16 ESO-NTT EMMI 1,100 −2.55 0.05
2005-08-20 53602.935 0.07 LNA-1.60 ESPCASS 2,500−2.39 0.05
2005-08-20 53602.963 0.08 LNA-1.60 ESPCASS 2,500−2.34 0.05
2005-08-21 53603.078 0.10 LNA-1.60 ESPCASS 2,500−2.43 0.05
2005-09-30 53643.005 0.33 LNA-1.60 ESPCASS 730−2.51 0.10
2006-05-07 53862.181 0.44 NOT ALFOSC 3,000−2.40 0.10

∗ Spectra with EW values corrected for the presence of blendedtelluric lines.

easily remove the sharp lines due to telluric absorption from the
high resolution ELODIE spectra and thus fully correct for at-
mospheric effects. Some of the FEROS spectra also exhibited
evidences of well resolved atmospheric lines at a much lower
level than at OHP and could be removed as well.

At a resolution of∼ 1000 or less, however, atmospheric lines
are heavily smeared and cannot be simply removed. They appear
as shoulders in the blue and red wings of the broad Hα absorp-
tion line of LS 5039 or as slight distortion in the central line
profile. We estimated the effect of these lines on the measured
equivalent widths by scaling the absorption spectrum of Hinkle
et al. (2003) so that they could match the equivalent widths of
the narrow lines observed in the mean OHP ELODIE spectrum
and applying it to a Gaussian Hα line profile fitting that of LS
5039. Because of the low altitude and relatively high humidity
level, the atmospheric effects at OHP are noticeably large. We
find that telluric absorptions can easily add 0.4 Å to the equiv-
alent width of a low resolution spectrum at airmass 1.9. Low
resolution spectra obtained at OHP were thus rectified using
continuum regions clear of known atmospheric lines and their

EW were then corrected by 0.4 Å. In the absence of clear mea-
surements or estimates of water vapor column we did not try to
correct the other measurements obtained at lower airmassesand
under much dryer conditions.

4. Evolution of the X-ray emission, the H α EW and
the radio fluxes

We focus now on the search for possible tendencies on both year
and orbital timescales in the evolution of the X-rays and the
state of the stellar wind, studying also the long term behavior
of the non-thermal radio emission. In addition, we are interested
in comparing the behavior of the mentioned source properties
(i.e. looking for possible correlations), since it could point out
possible physical links between them. For that purpose, we have
gathered all the optical data concerning the Hα EW shown in the
previous section, plus data presented in previous works (C05:
2003; McSwain et al. 2004: years 1998, 1999, 2000, 2003; Reig
et al. 2003: 1999, 2002). Moreover, we have also studied the time
evolution of the (total) count rate and hardness ratio (HRB+C/A;
3–12 keV: B+C band; 1.5–3 keV: A band) obtained from ASM
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Fig. 6. Top: yearly-averaged curve of the Hα EW. We note that the typ-
ical weighted rms bars are≤ 0.1. In some cases, there is only one indi-
vidual observation per year bin (e.g. 1992, 1993). At the botton of the
plot, a year reference is given Middle: yearly-averaged lightcurve for
the ASM count rate (black triangles) and the 2.2 GHz GBI flux densi-
ties (×10; red squares, errors within symbol). Bottom: yearly-averaged
ASM HRB+C/A curve (black diamonds). For comparison, in the three
plots the mean value is given (long-dashed line). Due to a lower statis-
tics in the ASM band A, the HRB+C/A error bars for years 2003 and 2004
are larger than for the rest.

data. Finally, we have revisited here the data taken on LS 5039
by GBI, during the GBI-NASA Monitoring Program in the years
1998–2000, searching for trends at radio frequencies that may be
related to those presented by the X-rays or the Hα EW. An ac-
curate analysis of the GBI data were performed by Ribó et al.
(1999) and Clark et al. (2001). They found intra-year timescale
variability at the level of∼ 20–30% and no periodicities in the
GBI data. To create the different curves presented here, we have
computed the weighted mean values and errors, using the prop-
agation error method, for the different quantities, averaging per
year and folding in orbital phase.

In Fig. 6, the long-term yearly-averaged Hα EW curve (top)
and the ASM count rates (middle), are shown. When fitting a
constant value to the yearly-averaged curves of both sets ofdata,
we getχ2

red =14.4 and 2.9 for the Hα EW and the ASM count
rate, respectively, thus showing variations, more clear inthe for-
mer than in the latter. The yearly-averaged Hα EW apparently
decreases between the years 1998 and 2000 and increases be-
tween the years 2003 and 2006 with a variation of about 10%,
which would imply variations in the mass-loss rate by a fac-
tor of ∼ 2 (see below). The Hα individual observations present
strong scattering even when comparing data taken within a year,
as can be seen in Table 3 (the typical weighted rms bars are
∼ 0.1 Å). The yearly-averaged ASM count rate shows variabil-
ity of a ∼ 80%. The ASM count rate increases between the
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Fig. 7. The same as in Fig. 6 but now the data are folded in orbital phase
with bins of 0.1. In the middle plot, the 2.2 GHz GBI mean valueis also
shown (red dashed line). Due to a lower statistics in the ASM Aband,
the error bars for phases 0.3–0.4 and 0.9–1.0 are larger thanfor the rest.

years 1997 and 2000, and decreases during the years 2004–2006.
Comparing the evolution of the ASM count rate and the Hα EW
during the years 1998–2006, when data for both is available,an
anti-correlation may be suggested, despite the linear correlation
coefficient is far from conclusive (r = 0.5). This anti-correlation,
if true, would be the opposite to that proposed by Reig et al.
(2003)2.

In Fig. 6 (middle), we show also the yearly-averaged
2.2 GHz fluxes, with a proper re-scaling, taken by GBI. At
8 GHz, the detections are strongly affected by noise, and that
is the reason why we show only data at 2.2 GHz, for which de-
tections are at the level of∼ 8σ on average (Clark et al. 2001).
There is an increase in the 2.2 GHz fluxes between the years
1998 and 2000 by a∼ 20% at a level of 5σ that seems to follow
that of the ASM count rate during the same epochs. The Hα EW
decreases during these years. We note that the hour angle of the
GBI observations changed from−2.3 in 1998–1999 to−0.3 h in
2000, which may affect to some extent the flux average for the
latter. It is worth mentioning that Martı́ et al. (1998) found 5 GHz
variability at a level of a 10% on monthly timescales, which is an
indication of shorter than year variability of the radio emission.

In Fig. 6 (bottom), the long-term evolution of HRB+C/A
is roughly consistent with a constant value (χ2

red = 1.2).
Nevertheless, the evolution of the HRB+C/A seems to show hard-
ening when the ASM count rate increases. This is suggested by
the trend of both magnitudes to be above/below the mean value

2 These authors used pointing X-ray observations, includingin their
comparison 1998RXTE data that are now known to be background con-
taminated. Moreover, the relatively small number of available X-ray
pointing observations was taken at different orbital phases and could be
affected by the additional orbital variability (see Table 2).
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at similar epochs, although a correlation cannot be stated from
the statistical point of view (r = 0.5).

In Fig. 7 (top), the (orbital) phase-folded Hα EW curve in
bins of 0.1 in phase is shown. We note that, for observations
taken during one orbital period, C05 found no clear trend nor
significant variability, and calculated an upper-limit of the stel-
lar mass-loss rate variation of a factor of 2, inferred from the
dispersion of the Hα EW value,∼ 10%. The phase-folded curve
presented here hints to orbital modulation of the stellar mass-
loss rate. A constant fit yields aχ2

red = 10.5, although data are
heterogeneous, introducing additional uncertainty.

In Fig. 7 (middle) the ASM phase-folded lightcurve is pre-
sented. A constant fit of the phase-folded ASM count rate gives
χ2

red = 3.4, suggesting that some kind of variability occurs on
these timescales. Although the orbital behavior found byRXTE,
i.e. X-rays peaking at phase∼ 0.8, is not clearly seen in the
phase-folded ASM lightcurve, the ASM data quality is relatively
low and spans 11 years of data, precluding a direct compari-
son. For completeness, we show also here the 2.2 GHz GBI
flux curve, with a proper re-scaling folded in phase. A fit to
the phase-folded GBI data to a constant rendersχ2

red = 4.2.
Although the data quality does not allow for an accurate com-
parison, and the (linear) correlation degree between the GBI and
ASM lightcurves is low (r = 0.4), a correlation cannot be dis-
carded. The Hα EW and the ASM count rate curves show more
correlation, although it is still unclear (r = 0.6), and the Hα EW
and GBI data show none (r = 0.2).

In Fig. 7 (bottom) we have phase-folded the ASM HRB+C/A .
If the ASM HRB+C/A and count rate are compared, both seem
to show a similar trend with respect to their mean values, which
may suggest some correlation between them, although it cannot
be statistically claimed (r = 0.5). Nevertheless, if real, such be-
havior would be the same as that found in 2003RXTE and 2005
XMM-Newton data (see also Fig. 5). When fitting the phase-
folded HRB+C/A to a constant value, we getχ2

red = 2.1.
In the context of the Hα and X-ray evolution, it is worth not-

ing that the fluxes measured byXMM-Newton in 2005 around
phase 0.5 are∼ 10% marginally larger (2σ) than those found by
the same instrument in 2003 (see Table 2). The Hα EW appears
also larger by∼ 10% (3.8σ) when comparing observational re-
sults from similar epochs to those of the X-ray ones. These par-
ticular results does not favor either a strong positive correlation
nor an anticorrelation between the Hα EW and the X-rays.

5. Discussion

5.1. The NH value and the location of the X-ray emitter

Photo-electric absorption in the dense wind of the primary in
LS 5039 should increase the observedNH to values above that
due to the interstellar medium (ISM) alone. This effect could be
detectable when comparing the values of theNH inferred from
X-ray and optical observations, respectively. However, the NH
values inferred fromXMM-Newton data (using eitherwabs or
phabs; see Sect. 2) are similar to, and somewhat smaller than,
the value of the ISMNH alone, which is (7.3± 0.2)× 1021 cm−2,
derived using theEB−V value from McSwain et al. (2004) and the
ISM NH-EB−V relationship given by Predehl & Schmitt (1995).
In addition, theXMM-Newton NH values around phases 0.5 and
0.0 are compatible with being constant, unlike what may be ex-
pected given the orbital eccentricity and inclination of the system
(see Sect. 1), which should introduce orbital variations intheNH
intrinsic to the wind. The 3σ-error of the difference ofNH be-
tween apastron and periastron is≈ 1021 cm−2, which we adopt

as an upper-limit to the intrinsicNH variation between these two
orbital phases. Taking into account the optical andXMM-Newton
NH error bars, we take the same value as a conservative upper-
limit for the intrinsicNH itself.

To quantify whether the stellar wind can indeed have a neg-
ligible impact on the X-ray emission for an emitter located well
inside the binary system, we have modeled the wind as spher-
ically symmetric, neglecting X-ray irradiation effects since the
modest X-ray luminosity of the source (<∼ 1034 erg s−1) is un-
likely to ionize a large fraction of the wind, which could re-
duce the intrinsicNH value. In fact, we estimate the distance at
which X-rays would strongly ionize the wind to be<∼ 1/10 the
orbital one (see, e.g., Blondin 1994). To characterize the den-
sity of the wind, we have neglected the rotational velocity of
the wind, since it is small enough. The radial wind velocity at
a distancer from the star has been assumed to follow the law:
Vw = V∞(1 − R∗/r)β, whereV∞ = 2440 km s−1 is the radial
velocity of the wind in the infinity,β = 0.8 is the wind profile
exponent,R∗ = 9.3 R⊙ is the stellar radius andr is the distance
to the star (McSwain et al. 2004; C05). The stellar mass-lossrate
is taken to be in the rangėMw ∼ 3.7–7.5× 10−7 M⊙ yr−1 (C05),
which allows us to compute the wind density (ρw) through the
formula:ρw = Ṁw/4πr2Vw. Integrating the wind density from
the compact object location along the observer line of sightup
to distances where the wind influence is negligible, we obtain an
intrinsic NH in the ranges∼ 8–29× 1021 and∼ 2–5× 1021 cm−2

around phases 0.0 an 0.5, respectively. To look for these mini-
mum and maximum values of the windNH, we have adopted the
most extreme values for the inclination andṀw. TheNH differ-
ence between the two orbital locations is expected to be in the
range∼ 3–27× 1021 cm−2, taking for this comparison the two
extremeṀw values, due to possible orbital variability, but the
samei (the one rendering either the smallest or the largestNH
difference).

The observedNH seems fairly too low to be composed by
an extrinsic ISM plus an intrinsic component as that computed
by us. At periastron passage, the intrinsic expectedNH value is
about one order of magnitude larger than the upper-limit stated
above. Even at apastron, the expected intrinsicNH value is sev-
eral times such upper-limit. Similar disparities are foundwhen
comparing the expected intrinsicNH variation between phases
0.5 and 0.0 and the adopted upper-limit. It is worth noting that
spherically symmetric wind models seem to work when ap-
plied, for instance, to the orbitalNH variation in 4U 1538−52
(Mukherjee et al. 2007), an X-ray binary system that presents
similar conditions for the absorption along the orbit to LS 5039.
Nevertheless, there are some cases in the literature about winds
in massive isolated stars that appear to be less dense than ex-
pected (e.g. Kramer et al. 2003; Cohen et al. 2006). In these
cases, wind clumping has been invoked to explain the low den-
sities of the hydrogen column density inferred from X-ray ob-
servations, although a very special wind structure up to∼ 10 R∗
would be required to prevent the observed constancy of theNH
for such different orbital phases in LS 5039 if the emitter is well
inside the compact object.

The most reasonable scenario seems to be one in which X-
rays are emitted at distances at which the stellar wind is already
diluted. To reduce the (minimum) differentialNH between its
two values around phases 0.5 and 0.0 down to the upper-limit
given above, it is necessary to locate the emitter away from the
compact object. As a typical example, for an emitter on the line
subtended by the compact object-observer direction, its location
should be at about two orbital radius from the compact object,
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i.e.∼3 and 7× 1012 cm for periastron and apastron, respectively.
A very similar constraint is found for the intrinsicNH value.

5.2. The nature of the X-ray emission and its origin

There are several arguments in favor of a pure non-thermal ori-
gin of the emission produced in LS 5039 from soft X-rays to soft
gamma-rays. The unabsorbed X-ray spectrum is well explained
by a pure power-law, and the data at higher energies obtainedby
INTEGRAL and COMPTEL (De Rosa et al. 2006; Strong et al.
2001; Collmar 2003) do not apparently show a cutoff as it would
be expected in a thermal comptonization scenario. We note, nev-
ertheless, that COMPTEL data may be contaminated by other
possible sources within the detection error box due to the low an-
gular resolution of the instrument. The probable location of the
X-ray source at>∼ 1012 cm from the compact object, as derived
from the absence ofNH variation with orbital phase supports the
non thermal nature of the high energy emission. An illustrative
zoom on the keV–MeV observed spectrum of LS 5039 is pre-
sented in Fig. 8. Plausible mechanisms that could produce the
keV–MeV spectrum could be synchrotron or inverse Compton
processes, although at present they are hard to distinguishwith-
out a comprehensive modeling of the multiwavelength radiation
produced in the system, being work in progress.

The lack of accretion features, and the apparently non-
thermal origin of the X-rays, has been the main argument against
the accretion as the powering source in LS 5039, and a young
non-accreting pulsar, powering the high energy emission via col-
lision of its wind with the stellar one, has been proposed as the
non thermal emitter (see, e.g., Martocchia et al. 2005; Dubus
2006). In such scenario, the extended radio emission would be
explained by non thermal particles convected away by the bulk
motion of the shocked material, and a compact radio emitting
core would be observed located in the system.

It is worth noting that the emission at TeV energies, as in
X-rays, does not seem to originate close to the compact ob-
ject since photon-photon absorption is probably not the domi-
nant effect modulating the TeV emission (Aharonian et al. 2006;
Khangulyan et al. 2007). It does not favor a hadronic origin for
the TeV radiation either, since the proton-proton interaction ef-
ficiency is likely small outside the binary system. In addition,
the optically thin nature of the radio emission at least downto
∼ 1 GHz (Martı́ et al. 1998), and the relatively small radio vari-
ability of the core (<∼ 50%), preclude a too compact emitter. If
the multiwavelength emitter is located roughly outside thebi-
nary system, the power should be transported efficiently there
through some kind of outflow regardless the radiative proper-
ties of the launching region. Extended radio emission has been
imaged in the range∼ 1–100 mas, showing an approximately
steady orientation of±15◦ at different epochs and spatial scales
as well as strong collimation (Paredes et al. 2000, 2002). Itap-
pears reasonable to associate such extended radio structure with
the multiwavelength emitter and the putative outflow. We note
that this outflow is likely to be supersonic, since otherwiseits
dynamics would be dominated by the stellar wind and would
hardly be steady and collimated.

In such a context, the particle accelerator could not be too
close to the compact object, since the short cooling radiative
timescales would prevent accelerated particles to reach the emit-
ting regions. This constraint makes the classical colliding wind
scenario less likely since, in that framework, the multiwave-
length emission would be mainly generated in the bow shock re-
gion, within the binary system (see Dubus 2006). In a jet, in con-
trast, particle acceleration could take place away from itslaunch-
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Fig. 8. Spectral energy distribution of LS 5039 from 0.3–3000 keV.
XMM-Newton data: this work, phase≈ 0.5; INTEGRAL data: De Rosa
et al. (2006); COMPTEL data: Collmar et al. (2003).

ing region, since enough kinetic energy could be transported by
such a supersonic outflow and converted to non-thermal radia-
tion even outside the binary system. Plausible mechanisms for
this conversion are discussed below. Concerning energetics, the
jet scenario could be feasible if the observed emission wereulti-
mately powered by accretion (C05), regardless whether the latter
shows observational signatures. In any case, the complex radio,
X-ray and TeV spectra and lightcurves require deeper modeling.
In particular, the lack of clear positive correlation between the
Hα EW and the X-ray flux does not favor the classical wind ac-
cretion scenario. Whether the jet in LS 5039 is powered by a
different accretion process, or it can be explained in the context
of a more general young non-accreting pulsar scenario, remains
an open question.

5.3. Possible jet-wind interactions

Different acceleration mechanisms could be operating at differ-
ent scales. We focus here on two of them. One possible mech-
anism could be internal shocks moving through the jet, as it is
assumed for blazars (e.g. Rees 1978). In this scenario, the ve-
locities and ejection times of different ejecta should be tuned
when modeling such that the shock region would be located
at the proper distance from the compact object. An alternative
could be interaction with the stellar wind. In this context,a su-
personic jet moving at mildly relativistic velocities can become
overpressed by the stellar wind. In such a case, strong recollima-
tion shocks (Sanders 1983) can accelerate particles. The location
of these recollimation shocks cannot be too close to the compact
object, since the jet lateral pressure is very large thereinand the
jet will expand freely roughly up to the point where lateral pres-
sure balance will be attained with the stellar wind. Assuming the
jet is cold and has typical expansion velocities<∼ 0.1Vjet, where
Vjet ∼ 0.2 c is the jet velocity (Paredes et al. 2002), and a rea-
sonable jet mass rate of∼ 10−10 M⊙ yr−1 (e.g. Paredes et al.
2006), lateral ram pressure balance between the jet and the wind
in LS 5039 would be attained at>∼ 1012 cm from the jet origin,
locating the accelerator at the binary system borders. One could
speculate that the X-ray photon index and flux variations along
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the orbit may be related to the changing conditions of the inter-
action region (e.g. changes in the wind ram pressure, magnetic
field, etc.; it may be hinted by the correlation degree between
the phase-folded ASM/Hα curves). We note that the dynamical
timescales for the wind-jet interaction would be shorter than the
orbital period. The details of the jet-wind interaction andthe ra-
diative outcomes at different energies are presently under study
and will be presented elsewhere.

The annual X-ray flux variations, and the hints of possi-
ble ASM/Hα anti-correlation, suggest a link between the X-
ray emission and the stellar mass-loss rate. This may also be
shared by the radio emission, although it cannot be stated from
the present data. In any case, if real, a relationship between the
yearly X-ray and Hα EW variability may be linked to the wind-
jet interaction, but the complexity of the coupling betweenthe
stellar wind and the jet pointed out here precludes presently a
straightforward interpretation. It is remarkable that thetime, spa-
tial and spectral behavior of the radiation would be much more
complex than in the classical disk-jet framework, if powered by
shocks propagating through the jet triggered by the wind interac-
tion. These shocks do not necessarily change the main jet prop-
erties if this is supersonic and powerful enough to be steady; they
could remain as quasi-stationary structures within the flow.

An efficient emitter at>∼ 1012 cm from the compact object
does not preclude that there is radiation of different wavelengths
and lower fluxes generated deep inside in the system, in the jet,
as well as in a putative accretion disk. For instance, highNH val-
ues close to the compact object could mask to some extent ther-
mal X-ray emission in this region. Actually, the main difference
between LS 5039 and other microquasars may be the impact of
the wind in the jet. This could also explain why the source does
not fit the phenomenological radio-X-ray correlation presented
by Gallo et al. (2003). It can be argued that other high-mass mi-
croquasars have strong winds, like Cygnus X-1, Cygnus X-3 or
SS 433. Nevertheless, the X-ray emission in LS 5039 is orders
of magnitude dimmer and/or the jet much less powerful, thereby
much more exposed to the wind effects.

6. Summary

The 2005XMM-Newton observations of LS 5039 presented here
show that the X-ray emission varies slightly in flux and spectral
slope between the apastron and periastron passages. However,
the hydrogen column density inferred from the X-ray data re-
mains constant within errors between both apastron and perias-
tron runs, and it is even somewhat smaller than the value inferred
from the ISM alone, showing that intrinsic absorption is very
small, if any. No signatures of a thermal component nor a re-
flection iron line indicating the presence on a standard accretion
disk are present in the data. Intra-hour variations are found when
studying the lightcurves, with hints of hardening when the count
rate rises. Taken altogether with 2003RXTE and 2005Chandra
data, 2005XMM-Newton observations give more grounds to a
scenario in which the X-ray flux and photon index vary at or-
bital (and also shorter) timescales.

We have found strong hints of variability in the yearly-
averaged curves of the ASM X-ray count rate and the Hα EW,
which may show some degree of anti-correlation in the sense
that low X-ray luminosities may appear at times of enhanced
stellar mass loss rate. The radio emission (GBI) at 2.2 GHz
shows hints of a similar behavior to that of X-rays for the years
1998–2000. The results presented here may suggest also harder
spectra at higher count rates for the ASM data, and correlations
between the X-rays and the stellar wind at orbital timescales, al-

though it cannot be presently claimed from a statistical point of
view.

The low intrinsic absorption inferred from the X-rays in
LS 5039, of likely non-thermal origin, can be reasonably ex-
plained by locating the X-ray emitter at distances>∼ 1012 cm
from the compact object, as could be also the case for the ra-
dio and the TeV radiation. These facts, taken altogether with a
possible physical association between the X-ray emission and
the stellar wind state, lead us to propose that the dominant mul-
tiwavelength non-thermal emission of the source may be pro-
duced in a jet interacting with the stellar wind at the borders of
the binary system, although deeper modeling is required andthe
presence of a young non-accreting pulsar in the binary system
cannot be at present discarded.
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Martocchia, A., Motch, C., & Negueruela, I. 2005, A&A, 430, 245
McSwain, M. V., Gies, D. R., Huang, W., et al. 2004, ApJ, 600, 927
Motch, C., Haberl, F., Dennerl, K., Pakull, M., & Janot-Pacheco, E. 1997, A&A,

323, 853
Mukherjee, U., Raichur, H., Paul, B., Naik, S., & Bhatt, N. 2007, [astro-

ph/0702142]
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