Astronomy & Astrophysicenanuscript no. vbls5039 © ESO 20071
March 19, 2007

Exploring the connection between the stellar wind and the
non-thermal emission in LS 5039 *

V. Bosch-Ramoh, C. Motcl?, M. Rib&®, R. Lopes de Oliveira*,
E. Janot-Pacheéopl. Neguerueld, J. M. Paredés and A. Martocchi&

1 Max Planck Institut fur Kernphysik, Saupfercheckweg lidétberg 69117, Germany; vbosch@mpi-hd.mpg.de

2 Observatoire Astronomique, rue de I'Universite 11, Stoash 67000, France; motch@astro.u-strasbg.fr

3 Departament d’Astronomia i Meteorologia, Universitat dar@lona, (Marti i Franqués 1, 08028 Barcelona, Catalonia, Spain;
mribo@am.ub.es, jmparedes@ub.edu

4 Universidade de Sao Paulo, Instituto de Astronomia, Gaal'e Ciéncias Atmosféricas - IAG, Departamento degkstmia, Rua
do Matao, 1226 - 05508-900 Sao Paulo, Brazil; rlopes@aaty.usp.br, janot@astro.iag.usp.br

5 Dpto. de Fisica, Ingenieria de Sistemas y Teoria de talS&hiversidad de Alicante, Apdo. 99, 03080 Alicante, iBpana-
cio@dfists.ua.es

6 Istituto Nazionale di Astrofisica, Via del Fosso del Cavali€00, 00133 Roma, Italy; andrea.martocchia@iasf-rovatii

Preprint online version: March 19, 2007
ABSTRACT

Context. The gamma-ray microquasar LS 5039 has been observed withas&+ray instruments so far, presenting variability of
likely orbital origin in flux and photon index but no signadgrof accretion disk. In addition, this system harbors agg@-star with
relatively strong mass loss. At present, a global picturexqglain the non-thermal emission, and the possible impiatiteostellar
wind on the former, is still missing.

Aims. We study here the X-ray fluxes, spectra, and absorption piep®f LS 5039 at apastron and periastron passages, and the
possible association with the stellar wind state, infefredh Ha line equivalent width (EW) data. The physical link betwebe t
stellar wind and the multiwavelength non-thermal emisssosiso explored.

Methods. New XMM-Newton observations have been performed around periastron astt@p@assages in September 2005, during
an epoch of presumably enhanced O star wind. Also, Zl@Hmdra observations on LS 5039 are revisited. Moreover, a conipilat
of the Hr EW andRXTE/ASM X-ray count rate obtained since the 1990s is carried lmeifjg both quantities compared with each
other and also with historical radio data.

Results. XMM-Newton observations show higher and harder emission around apatstan around periastron. No signatures of
thermal emission or a reflection iron line indicating thegemece of an accretion disk are found in the spectrum, andytth®dgen
column density Kly) is compatible with being the same in both observations andistent with the interstellar value. The hardness
ratio (HRx-12/03-2 kev) @nd the count rate seem uncorrelated at periastron and eneyrielated at apastron. We find that LS 5039 was
bright and hard in 200&handra observations. The ASM count rate shows changes by88% on year timescales, and the EW
shows yearly variations of a 10%. Both quantities may be anticorrelated rather tharetated, unlike it was previously thought. At
radio frequencies, the emission varies-b20%, presenting some similarities with the X-ray evolutid8M, Hoe EW and radio data
may hint to variability at orbital timescales.

Conclusions. 2005 XMM-Newton and Chandra observations seem to confirm 20BXTE/PCA results, namely moderate flux and
spectral variability at orbital and shorter timescalese Téw value and constancy of thd, could imply that the X- ray emitter is
located atz 10*? cm from the compact object. We suggest that the multiwaggfenon-thermal emission produced in LS 5039 is
related to the jet and the stellar wind in a rather complex a@y mostly produced outside the binary system. Howevempitbsent
data do not rule out the young pulsar scenario.

Key words. X-rays: binaries — stars: individual: LS 5039 — Radiatiorchrenisms: non-thermal

1. Introduction

Send Fl)ﬁl’o””t Leguﬁsggi 4 LS 5039 is an X-ray binary (Motch et al. 1997) located at
é-mail.vboschfmpi-hd.mpg. de +0.5 kpc (Casares et al. 2005; C05 hereafter). The source

* The Hx results presented here are based on observations m
with ESO Telescopes at the La Silla or Paranal Observatanes ﬁ sents radio jets (Paredes et al. 2000, 2002), shows X-ray

der program IDs 67.D-0229(A), 69.D-0628(A) and 075.D-0B91 variability on timescales similar to the orbital one (Bosch
the Observatoire de Haute-Provence; the Observatorioido dos Ramon et al. 2005; BROS hereafter), and has been detected at
Dias/ LNA, Brazil; the G.D. Cassini telescope operated at the hoia Very high-energy (VHE) gamma-rays (Aharonian et al. 2005),
Observatory by the Osservatorio Astronomico di Bolognad ¢he Wwhich virtually confirms its association with @GGRO/EGRET
Nordic Optical Telescope, operated on the island of La Patimily (EGRET from now on) source (Paredes et al. 2000). The or-
by Denmark, Finland, Iceland, Norway, and Sweden, in thenBpa bital ephemeris of the system were obtained by C05 and are
Observatorio del Roque de los Muchachos of the Institutosteofisica
de Canarias (those data were taken using ALFOSC, which idwrthe Nordic Optical Telescope under agreement between |Ad\tha
by the Instituto de Astrofisica de Andalucia (IAA) and ogied at NBIfAFG of the Astronomical Observatory of Copenhagen).
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To =HJD 2451943.09, for the time of the periastron passadeble 1. Date, initial and final HID times, observation identificatio
(phase 0.0)Pop = 3.90603+ 0.00017 days, for the orbital number (QBSID) of theMM-Newton observations, and orbital phase
period, ande = 0.35 + 0.04, for the eccentricity of the sys- (ephemeris taken from CO05).

tem; the inclination is constrained to- 15°—60C°. Interestingly,
the TeV emission varies with the orbital period (Aharonianpgie HIQuarHI Do OBSID Orbital phase

et al. 2006). Recently, LS 5039 has been also detected %

: 05-09-22 2453636.214-2453636.397 0202950201 0.49-0.5
INTEGRAL (Goldoni et al. 2006) up to 100 keV (De Rosa et al.5005 09.24 2453638.279-2453638.399 0202950301 0.02-0.0
2006). In addition, LS 5039 is also the likely counterpartof

CGRO/COMPTEL (COMPTEL from now on) source (Strong

et al. 2001; Collmar 2003). The nature of the compact obgect i

still uncertain. CO5 suggest that it may be a black holecaifh - (AsM from now on) data, since in the standard wind accre-

there is an on-going debate on this issue, and some autha@s kg scenario an enhancement of the stellar mass-loss catielw

proposed that LS 5039 is in fact a young non-accreting pulsg expected to be linked to an increase in the X-ray emission.

(see, e.g., Martocchia et al. 2005; Dubus 2006; and Sect. 5). Historical Green Bank Interferometer (GBI) data are alsdsre
Radio emission is non-thermal, slightly variable at monthied. These results atfiiérent wavelengths, accounting also for

year timescales~( 20-30%) and extended-1 — 100 milliarc- yHE data, are put in context, and a physical scenario is pro-
seconds (mas)- (Marti et al. 1998; Ribo et al. 1999; Paretlal. posed.

2000, 2002; for an exhaustive study, see Rib6 2002)-tl66—
80% being produced within a core efmas. It is worth noting
that, in fact, if all the observed variability were origiedtin the 2. X-ray observations
Zosuor(%z. core, the radio emission produced there could vaty UB, ;1 xMM-Newton observations

All the X-ray observations performed by instruments witffhe XMM-Newton observations presented here were performed
imaging capabilities have not shown strong variations of flun two runs, the 22th and 24th of September 2005, with EPIC pn
and photon index (for a compilation, see below). Data taken bn times of 15.8 ks and 10.4 ks (very similar to those of MOS1
RXTE/PCA (RXTE from now on), which does not produce im-and MOS2), respectively (see Table 1). The corresponding ob
ages but integrates all the detected photonsiiriax 1° field of served phases are 0.49-0.53, around apastron, and 0.62-0.0
view, showed significantly softer spectra and larger flukesit right after periastron. These observations were triggérdtie
the other observations, and evidence of the presence oban icontext of a target of opportunity (ToO) program linked te th
K, line (e.g. Ribb et al. 1999), although now we know that thestrength of the i line, which gives information on the state of
results are likely due to contamination byffdse X-ray emis- the stellar wind. The W EW was found in late August 2005 to
sion coming from the Galactic Ridge (BRO5). Despite thi)20 be above of-2.4A, defined as the threshold set to trigger the
RXTE data showed variations of the flux (a factor-of2) and XMM-Newton observations and significantly larger than the val-
spectral index that are of likely orbital origin, with the ission ues observed during the previous years. XMM-Newton ob-
peaking and the spectrum hardening smoothly around ph@sedbrvations presented here were carried out in Septembeodue
and more sharply at other phases (BR05). A possible relatiansibility constraints. The physical motivation of the Ta@as
ship between the mass-loss rate of the companion star andttg, if direct accretion of the stellar wind is taking pldnghe
X-ray emission in LS 5039 was discussed in previous works asgistem, the detection of X-ray accretion features like atimul
a correlation suggested in the context of wind accretion-powolor black-body or a reflection iron line seems more likaly-d
ering the X-rays (e.g., Reig et al. 2003; McSwain et al. 2004hg epochs of larger stellar mass loss and thereby highee-acc
although the amount of data was limited precluding coneusition rate. The convention for thedHEW in this work is to take
results. this value as negative when in absorption, i.e. it increasése

At MeV-GeV energies, data are dim and do not allow for game sense as the stellar mass-loss rate.
study of the time evolution. However, we note that the EGRET We focus here on the data obtained with the EPIC instru-
source associated to LS 5039 may be variable (Torres etraknt, since the X-ray spectrometer (RGS) data did not have
2001). enough statistics due to the faintness of the source. The MOS

At VHE, the flux and the photon index change periodiand pn cameras were in small and full window respectivelth wi
cally, by a factor of~ 2.5 the former and betweer 1.9— medium filters. The reduction and analysis of the data haga be
3.1 the latter, with the spectrum hardening when flux increaspsrformed following the standard procedure using the SRD7.
(Aharonian et al. 2006). The maximum of the emission takesftware package to filter data and create spectra andlighgs,
place around phase 0.8, similarly as it seems to happen ataxxd Xspec 12.3.0 for the spectral analysis. No large backgto
rays. Also, sudden increagkardening in the flux and spectrumflare was present any of the two data sets. The 0.3-12 keV
on hour timescales could have been detected at pHa8& (de count rates per camera around phases 0.5 and 0.0 were 0.46 anc
Naurois et al. 2006). SimultaneoG&andra observations, rean- 0.29 cts st for MOS1, 0.47 and 0.30 ctssfor MOS2, and 1.09
alyzed here, presented also a very hard and high X-ray emissand 0.71 cts$ for pn, respectively.
(Horns et al. 2006). The lightcurves and the HRy203-2 kev €volution, adding

In this work, we present recediMM-Newton observations the data from pn, MOS1 and MOS2 cameras and taking time
of LS 5039 carried out in September 2005 during periastrah ahins of 500 s, are presented in Figs. 1 and 2 for apastron and
apastron passages, in an epoch of inferred high stellar-losss periastron passage, respectively. Around apastron, tliesiem
rate. Chandra data, taken in the same year and during the dis variable on timescales of a few hours. A constant fit to the
bital phase~ 0.85, whenRXTE showed a smooth peak of thedata gives a reducegjsquared/(rzed) of 6.8, and the maximum
X-ray emission, are reanalyzed. We analyze also the lomg-tecount rate variation iss 25% during this run, with deviations of
and orbital Hr EW evolution, linked to the evolution of the stel-~ +5¢ from the mean value. At intra-hour scales, the count rate
lar mass-loss rate, and compare it with 1996—2BRBE/ASM  varies by a~v 20% (4r) between time bins separated %000 s
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(at 10000 s from the beginning of the run; see Fig. 1, bottom). apastron
Around periastron, the lightcurve is still somewhat indetest 18 } } ‘ ‘ ‘

with being constantA{fed = 2.4), with a maximum count rate
variation of » 25% and deviations of +20 from the mean 16
value. For both runs, the BRi203-2 kev IS cOmpatible with be-
ing constant, although thgeq is worse (1.4) for the apastron
than for the periastron run (1). Despite this, we looked faor ¢
relations between the count rate and the;HRo3-2 kev, finding
some hints around apastron (linear correlationfiecient r of
0.5), but not around periastron£ 0.2). It seems that the source
is more variable during the apastron, when the count raté¢fend ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
HR2_12/03-2 kev are also higher and there might be correlation, — %
although these @fierences may be due to the worse statistics of 19 | % % % {v }
1
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In order to search for pulsations, we applied thé z8 17 H
(Rayleigh) test (see, e.g., Zavlin et al. 2000) to the EPI0qta % — } ; }
which were acquired in the PrimeSmallWindow mode with a 15 L % ;
time resolution of 6 ms. In the frequency range of 0.01 to 83 Hz
no significant period peaks are found, and the pulsed fractio 3 ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
has been constrained to be less than 8% (apastron) and 11.3% " o 2500 5000 7500 10000 12500
(periastron). Similar upper-limits are reported by Maciia time [s]
et al. (2005) for 200XMM-Newton data. We show in Fig. 3
the spectrum of the source around phase 0.5, altogethetheith Fig. 1. Evolution of the HR 12032 kev (top) and the count rate in the
deviations ino of the best fit model from the data. We havéange 0.3-12 keV (bottom) during the observation takenrat@pas-
added the data obtained from the pn, MOS1 and MOS2 caif" passage. Data from the pn, MOS1 and MOS2 cameras hane bee
eras. The spectrum around phase 0.0 is not shown thougHSgd- The time bins are 500 s. For comparison, in both pletsnian
looks very similar to the one around phase 0.5. The spectrffiUe iS given as long-dashed line.
of the emission is well represented by an absorbed power-law
(x24 = 1.08 and 0.93 for phases 0.5 and 0.0, respectively). periastron
The unabsorbed fluxes and photon indices (0.3-10 keV) are of ‘ ‘ : : :
(1.1899)x10terg cnr? 571 (8.8x10% erg s*) and 1.5@-0.02 16 L i
around phase 0.5, and.{@ + 0.07) x 10! erg cnt? st
(5.6 x 10°*® erg s*) and 1.580.03 around phase 0.0. The flux _ i‘ |

between periastron and apastron increases by a 60% at afevel 1.4

4.40, and the photon index rises up marginally by 0.0843.2 S , * o k 1 } il
All the errors given here are &. For the absorption model, %, | } 1 % j{ } i
we usedphabs, which assumes updated photoelectric crosse }

sections from Balucinska-Church & Mc Cammon (1992). The& I }

Ny values are compatible within errors between both runs, be- 1 2 : ; : ; : ; : ;

ing (6.3 + 0.1) x 10?! cm2 around phase 0.5 and.+ 0.2) x I

10°* cm? around phase 0.0. In fact, when computed witvahs 1.2 } } } ]

Martocchia et al. (2005) at similar orbital phases (seevoelo

] i |
A multi-color black-body bbody) and a Gaussian line com- % N 7 ++Fj ?JTF i}}}}

model, theNy value around apastron is similar to those found by
3
5

ponent were added, separately, to the absorbed power-la&lmo 1L

for the two runs. Around apastron, we obtained a preferned te | } 7
perature for the black-body around 1 keV, anda fBux upper-

limit of about a 10% the total one, derived from normalizingt %9 =000 4000 000 8000
black-body to three times its errgp¥, from 1.1 to 2.0). At the time [s]

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

ing the line energy at flierent 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 alo(5)

for 2003 XMM-Newton data, and the latter being the value ob-

tained by Ribo et al. (1999) from 198XTE data, the derived .

line fluxes were consistent with zero. Taking as the line rayrm that the line detected bRXTE was a background feature (see
ization its 30 error, we obtained an upper-limit for the flux of2!S0 BROS).

about a 2% the total one&d from 1.1 to 1.2). Similar results ~ To compare fluxes and spectra from other orbital phases, we
concerning the presence of a black-body or an iron line cempaiso analyzed recer@handra observations extracted from the
nent were obtained for the run around periastron. The lagk o&rchive (e.g. Horns et al. 2006). We note that an accurate com
multi-color black-body and a line component in the data is-coparison is precluded by the several months &edence between
sistent with previous observations and provides furthetence XMM-Newton andChandra observations.



4 V. Bosch-Ramon et al.: Exploring the connection betweerstkllar wind and the non-thermal emission in LS 5039

—
|

0.1

0.01

Counts/sec/keV

normalized counts st keV-*

—
= Lol
o

AS x?
o

=~
—
e
=
1 1 |
)
T T T ‘ T T
4’7
4’7
—
-,
—
-
-

Sigma
o

Energy (keV)

Fig.3. Spectral data from pn (upper spectrum), MOS1 and MOS2
(lower spectra) cameras, and the best fit to the three of thanab-
sorbed power-law, around phase 0.5 (those around phasedk ®éry L | ‘
similar and are not shown here). The deviationsiof the model from 1

the data are shown in the lower panel. Energy (keV)

—
o

Fig. 4. At the top, the spectrum of théhandra observation presented
2.2 Chandra data altogether with the fit using an absorbed power-law pluseupimodel.

At the bottom, the deviations in of the data from the model are shown.
In  April 2005, Chandra observed LS 5039
(HIDstar=2453473.616, HIR,,=2453473.674) in the ACIS-S ) ) o
mode (time frame: 1.6 s) during 5 ks. It corresponds to th#airb ~ For illustrative purposes, we show in Fig. 5 the 0.3-10 keV
phase 0.86-0.87, at whidRXTE observed a smooth maximumunabsorbed fluxes, photon indices a¥gl (with wabs model)
(BRO5). The Chandra Interactive Analysis of Observationsvalues obtained by all the previous imaging X-ray instrutaen
software package (CIAO 3.3.0.1) has been used to extract tRat observed LS 503ROSAT andRXTE data are not included -
spectrum and the lightcurve, following the standard praced due to a low energy coverage and lack of imaging capabil-
given in theChandra analysis threadssherpa (CIAO 3.3) has ities, respectively. These data are also presented in Table
been used to analyze the spectrum. The ACIS count rate Wng the values provided in that table, we obtain the follow
relatively high, 0.3 cts 8 (0.3-10 keV) Chandra data is likely ing weighted mean values for the 0.3-10 keV flux,06L+
moderately iected by pileup (sedhe Chandra Proposers  0.02) x 107! erg cn? st (fit-to-constanty”, = 8.4), the
Observatory Guide, Fig. 6.19). Therefore, we have used thghoton index, 54 + 0.01 (fit—to-constanj;(fed = 2.7), andNy,
pileup model available in Sherpa to obtain our fits (Davis00 (6.8 + 0.1) x 107! cm2 (fit-to-constanty2 , = 0.7). Therefore,

The spectrum, presented in Fig. 4, can be well fitted byte flux found by all the instruments with imaging capalefti

power-law model with absorptioxgohabs) and pileup. We per- is clearly variable (even when excluding the 2@Handra data
form the spectral fit fixing the event pileup fraction paramepoint), and the photon index seems to change as well. However
ter to 0.95 to avoid unreasonably high values for the flux (i.ehe Ny is clearly compatible with being constant. Finally, we
~ 107 erg cnt? s™1). We obtained a relatively low grade mi-note that the fluxes and the photon indices seem to show some
gration parameter of.2 + 0.1. The pileup fraction is- 11%. degree of anti-correlatiom & 0.7)?.
Therefore, the @ect of pileup on these observations seems to be
only moderate, as expected due to the relatively short tiavad
(1.6 s), which allows for a moreficient photon counting. The 2-3- RXTE/ASM data

photon index s 1.40.2, andNy = (6+1)x 10** cm 2. To check 1q study the evolution at fferent timescales of LS 5039 at X-
the photon index value, we have calculated the spectrunouith rays we have analyzed data obtained by the ASM instrument on
applying the pileup model after removing the central piXéle oard theRXTE satellite. The ASM data used here spans from
most dfected by pileup), obtammg Compatlblflspectralzparlamﬁfe year 1996 January to 2006 December, or M30094.244—
ter values4. The ?-3—10 keV fluxis 1) x 10" erg cm“ s  54069.914. Each data point in the original lightcurve représ
(1.5x 10* erg s*). No disk or line components are required t@he fitted source flux of a 90 s pointing or dwell on the source.
fit the data. The lightcurve is quite noisy and (marginallgh€ \we note that ASM data are rather poor for faint sources like
sistent with being constant (for a time bin of 100§, = 1.3). | 5 5039, making time behavior studiesfiult due to the rel-
Despite theChandra fitting results are somewhat loose, thjvely small statistics. Moreover, beside the faintnekshe

source seems to be in an active and hard X-ray state. _AItho%rce, diterent technical problems caffect the timing study
taken at diferent epochs and possiblffected by variability at of the emission, rendering time feature extraction a quita-c
longer timescales, the 2008VIM-Newton andChandra results  pjicated issue. Rib6 et al. (1999) and Ribo (2002) cardeta

are compatible with the lightcurve shown by 20BRTE data getaijled study of LS 5039 ASM data and did not find signifi-
(BRO05), which spans one orbital period and shows a maximum

around phase 0.8. This favors the hypothesis that the Xagy v 1 We make a note of caution on these results, accounting fdrehe
ability of LS 5039 found in 200RXTE is of orbital origin. erogeneous origin of the data and their treatment.
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Table 2. Summary of the results for all the X-ray observations on L3%performed by instruments with imaging capabilities. Thabsorbed
fluxes in the energy range 0.3-10 keV, photon indices,Mn@with wabs model) values are giveeppoSAX flux errors are the flux dispersion
accounting for the count rate changes by a factor of two dutfire observation and neglecting photon index variati®®A flux errors are
assumed to be a 10% of the flux. The given 2B0EVI-Newton Ny values are computed with theabs model for comparison with 2003 values. For
more details, see Martocchia et al. (2005) (2808M-Newton data), Reig et al. (2003BeppoSAX data), and Yamaoka, K., private communication
(ASCA data).

Date MJD Mission Phase range  Flux (0.3-10 keV) Photon indé; (wabs)
YYYY-MM-DD x10 erg cnr? 57t x 10 cmr?
1999-10-04 51455.9 ASCA 0.38-0.47 0.880.08 1.6:0.1 7+1
2000-10-01 51818.5 BeppoSAX 0.97-0.21 0.80.2 1.80.2 10;31
2002-09-10 52527.3 Chandra 0.71-0.73 0.80.3 1.1+0.2 6+2
2003-03-08 52706.3 XMM-Newton 0.54-0.57 1.080.07 1.56_‘§:§§ 7.2j§:§
2003-03-27 52725.8 XMM-Newton 0.55-0.58  0.9%0.07 1.490% 6.9:03
2005-04-13 53473.1 Chandra 0.86-0.87 21 1.1+0.2 6+1
2005-09-22 53635.8 XMM-Newmton  0.49-0.53  1.18% 1.51+0.02  6.%02
2005-09-24 53637.8 XMM-Newton 0.02-0.05 0.740.07 1.59-0.03 6.6:0.2
N s L XMMOSBeppoS‘AXOO ASCASS XMMOS XMMOZ Chancra02  Chancra0s 1 would go above-2.4 A, the condition required to trigger the
T oLl 1 2005XMM-Newton observations.
H 5 L ] Various instruments were used in the course of this extended
R 1 campaign. At the Observatoire de Haute-Provence (OHP),
Pl - 1 we observed most of the time with the ELODIE Echelle
Y i : — % ] Spectrometer thatffers a resolution of 45,000 in the wavelength
‘ ; ‘ ; ‘ ; ‘ ; ‘ 1 range 3850-6800 A. Some additional spectra were obtairtéd wi
s | the CARELEC spectrograph (Lemaitre et al. 1990) with a reso-
. % lution of 900.
H < _%% o "% 1 At ESO, the majority of the data were acquired with the
§ 13l | FEROS Echelle Spectrometer (Kaufer et al. 1999) during the
s % % Brazilian time allocation. FEROSf&rs a resolution 0£48,000
| in the wavelength range 3500-9200 A. FORS1 observed the
08 * * ‘ * ‘ * ‘ source on two occasions with grism GR6BOV (R=990). The
12 b {1 source was also monitored over an orbital cycle with the ESO-
— NTT and EMMI during a dedicated program in July 2002. The
5 resolution of these spectra obtained with grating #6 in gt r
E 8 | - + - + 1 armis 5000. The NTT spectrum obtained in 2005 was acquired
= + 1 through grism #5 with a resolution of 1100. Finally, the dpem
4 {1 obtained in 1992 is described in Motch et al. (1997).
0 0.2 0.4 06 0.8 1 The spectra obtained on 1999-08-18 and 2004-07-19 were

orbital phase acquired at Osservatorio Astronomico di Bologna with the
1.52 m Loiano telescope and the BFOSC instrument. grism #7
Fig.5. All observations obtained by X-ray instruments with imagin (in 1999) and grism #8 (in 2004) provided a resolutior-@500
capabilities folded in orbital phase. At the top, middle &ttom, the and 2000 respectively. At the NOT we used the ALFOSC spec-
0.3-10 keV unabsorbed flux, the photon md_ex andNhgwith wabs trograph with grism #16 and a resolution-a3000.
tmhgdded?' ai:’g npé?fﬁemfgé Jﬁiﬁ%ﬁl’\’e'y‘ The horizontal eres kepresent _ Atthe Brazilian National Observatory of the Observataito
Pico dos Dias, we used the ESPCASS Cassegrain grating spec-
trometer mounted on either the 0.6 m or the 1.6 m telescope.
cant periodicities. In this work, we constrain ourselvesottk The resolving power varies with the observing period frord 73
for possible general trends. The results of this search e po 3600.
sented in Sect. 4 altogether with information obtained heot The Hu line has an intrinsic FWHM o8 A and is therefore
wavelengths. relatively well resolved in most of our observations. Duéhe
southern location of the object, observations from the OhidP a
Canary Islands were always acquired at a high air mass, typi-
cally 1.9 at OHP. At these high air masses, several telllric a
We list in Table 3 the journal of optical observations and thgorption lines start to be noticeable and can substantiaiynge
corresponding B EW. Most of these optical spectroscopic obthe value of the kit EW, either by directly adding to the absorp-
servations of LS 5039 were carried out by us at regular intgion profile or by changing the value of the reference contmu
vals of time between September 2000 and July 2002, with tlhbese lines are clearly seen in the high resolution ELODIE in
aim to construct an orbital solution and to monitor the viioias ~ dividual spectra. In the range 6540-6580 A, the most impor-
of the Hx EW, which would indicate changes in the mass-logant telluric lines are located atl 6543.89, 6546.61, 6552.62,
rate of the primary star. A new observing campaign was init6557.16, 6564.19, 6572.06 and 6574.83 A. Guided by the atmo-
ated in 2004 in order to determine the time at which tlkeB¥W spheric transmission lines atlas of Hinkle et al. (2003) caeld

3. Ha line observations
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Table 3. He EW measurements obtained from 1992 to 2006

Date MJD Orbital phase  Observatory Instrument  Resolutione EM/  Error
YYYY-MM-DD A A

1992-04-19 48731.250 0.85 ESO-2.20 EFOSC2 3,0002.80  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 48,0062.64  0.05
2000-10-19 51836.983 0.96 ESO-1.52 FEROS 48,0062.61  0.05
2000-10-20 51838.000 0.22 ESO-1.52 FEROS 48,0062.71  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 48,0062.64  0.10
2001-10-07 52189.992 0.33 ESO-1.52 FEROS 48,0062.79  0.10
2001-10-08 52191.050 0.60 ESO-1.52 FEROS 48,0062.50 0.15
2001-10-09 52192.000 0.85 ESO-1.52 FEROS 48,0062.53  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 bletelkdic lines.

easily remove the sharp lines due to telluric absorptiomftoe EW were then corrected by 0.4 A. In the absence of clear mea-
high resolution ELODIE spectra and thus fully correct for atsurements or estimates of water vapor column we did not try to
mospheric &ects. Some of the FEROS spectra also exhibit@drrect the other measurements obtained at lower airmasses
evidences of well resolved atmospheric lines at a much lowender much dryer conditions.
level than at OHP and could be removed as well.
. .. 4. Evolution of the X-ray emission,the H a EW and

At a resolution of~ 1000 or less, however, atmospheric lines the radio fluxes
are heavily smeared and cannot be simply removed. They appea
as shoulders in the blue and red wings of the broadalsorp- We focus now on the search for possible tendencies on both yea
tion line of LS 5039 or as slight distortion in the centraldin and orbital timescales in the evolution of the X-rays and the
profile. We estimated theffect of these lines on the measuredtate of the stellar wind, studying also the long term bedravi
equivalent widths by scaling the absorption spectrum okldin of the non-thermal radio emission. In addition, we are egted
et al. (2003) so that they could match the equivalent widths id comparing the behavior of the mentioned source progertie
the narrow lines observed in the mean OHP ELODIE spectryite. looking for possible correlations), since it couldrgaout
and applying it to a GaussianaHine profile fitting that of LS possible physical links between them. For that purpose,ave h
5039. Because of the low altitude and relatively high hutyidi gathered all the optical data concerning the W shown in the
level, the atmosphericfiects at OHP are noticeably large. Weprevious section, plus data presented in previous work§:(CO
find that telluric absorptions can easily add 0.4 A to the equi2003; McSwain et al. 2004: years 1998, 1999, 2000, 2003; Reig
alent width of a low resolution spectrum at airmass 1.9. Loet al. 2003: 1999, 2002). Moreover, we have also studiedrtiee t
resolution spectra obtained at OHP were thus rectified usiegolution of the (total) count rate and hardness ratio gktf;
continuum regions clear of known atmospheric lines and thé&-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 thexHEW. We note that the typ- \'/:\;i?ﬁ{t;ilgifgr?elg%g 'r:r:l% dﬁé’gltoqom;hzeggagrgé?ﬁii:qnv‘gg;ﬂ%’has

ical weighted rms bars are 0.1. In some cases, there is only one indi- ; oo
vidual observation per year bin (e.g. 1992, 1993). At thedsoof the shown (red dashed line). Due to a lower statistics in the AShbAd,

plot, a year reference is given Middle: yearly-averagetittigrve for the error bars for phases 0.3-0.4 and 0.9-1.0 are largefdh#re rest.
the ASM count rate (black triangles) and the 2.2 GHz GBI flurgie

ties (x10; red squares, errors within symbol). Bottom: yearlyraged ears 1997 and 2000, and decreases during the years 20@4—200

ASM HRg.c/a curve (black diamonds). For comparison, in the thr . .
plots the mean value is given (long-dashed line). Due to @itatis- —OMparing the evolution of the ASM count rate and thelEW

tics in the ASM band A, the HR.c;a error bars for years 2003 and 2004during the years 1998-2006, when data for both is availalle,
are larger than for the rest. anti-correlation may be suggested, despite the lineaeladion

codficient s far from conclusive (= 0.5). This anti-correlation,
if true, would be the opposite to that proposed by Reig et al.

data. Finally, we have revisited here the data taken on L9 502003f. _
by GBI, during the GBI-NASA Monitoring Programin the years 1N Fig. 6 (middle), we show also the yearly-averaged
1998-2000, searching for trends at radio frequencies tagtm 2.2 GHz fluxes, with a proper re-scaling, taken by GBI. At
related to those presented by the X-rays or taeEW. An ac- 8 GHz, the detections are stronglffected by noise, and that
curate analysis of the GBI data were performed by Ribo et &.the reason why we show only data at 2.2 GHz, for which de-
(1999) and Clark et al. (2001). They found intra-year tinadsc tections are at the level of 80 on average (Clark et al. 2001).
variability at the level of~ 20-30% and no periodicities in the There is an increase in the 2.2 GHz fluxes between the years
GBI data. To create the ffierent curves presented here, we havk998 and 2000 by a 20% at a level of & that seems to follow
computed the weighted mean values and errors, using the préit of the ASM count rate during the same epochs. Thé&M/
agation error method, for theftérent quantities, averaging perdecreases during these years. We note that the hour angje of t
year and f0|d|ng in orbital phase_ GBI obse_rvatlons Changed fron2.3in 1998-1999te-0.3 hin

In Fig. 6, the long-term yearly-averagedHEW curve (top) 2000, which may fiect to some extent the flux average for the
and the ASM count rates (middle), are shown. When fitting latter. Itis worth mentioning that Marti et al. (1998) falh GHz
constant value to the yearly-averaged curves of both selataf Variability at a level of a 10% on monthly timescales, whislan
we gety2, =14.4 and 2.9 for the W EW and the ASM count indication of shorter than year variability of the radio esion.
rate, respectively, thus showing variations, more cle#hérfor-  In Fig. 6 (bottom), the long-term evolution of HRc/a
mer than in the latter. The yearly-averaged BW apparently IS roughly consistent with a constant valugr( = 1.2).
decreases between the years 1998 and 2000 and increased!g¢ertheless, the evolution of the BR;a seems to show hard-

tween the years 2003 and 2006 with a variation of about 10841ing when the ASM count rate increases. This is suggested by
which would imply variations in the mass-loss rate by a fadhe trend of both magnitudes to be abedow the mean value

tor of ~ 2 (see below). The #individual observations present—, Th h d pointing X b ) incluifiribei
X hen comparing data taken withirag y ese authors used pointing X-ray observations, inclutfirtgeir

strong scattering even w paring . elzompanson 199&XTE data that are now known to be background con-

as can be seen in Table 3 (the typical weighted rms bars @fginated. Moreover, the relatively small number of aséax-ray

~ 0.1 A). The yearly-averaged ASM count rate shows variabipointing observations was taken affdrent orbital phases and could be

ity of a ~ 80%. The ASM count rate increases between thaected by the additional orbital variability (see Table 2).
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at similar epochs, although a correlation cannot be stated f as an upper-limit to the intrinsidy variation between these two
the statistical point of viewr(= 0.5). orbital phases. Taking into account the optical XivM-Newton

In Fig. 7 (top), the (orbital) phase-foldedaHEW curve in Ny error bars, we take the same value as a conservative upper-
bins of 0.1 in phase is shown. We note that, for observatiolmit for the intrinsic Ny itself.

taken during one orbital period, COS found no clear trend nor 14 qyantify whether the stellar wind can indeed have a neg-

significant variability, and calculated an upper-limit betstel- jisinie impact on the X-ray emission for an emitter locateeliw

lar mass-loss rate variation of a factor of 2, inferred frdma t ; ciqe the binary system, we have modeled the wind as spher-

dispersion of the H EW value ~ 10%. The phase-folded curvejc4)y symmetric, neglecting X-ray irradiatiorffects since the

presented here hints to orbital modulation of the stellassna ) qest X-ray luminosity of the source (10* erg s) is un-

loss rate. A constant fit yields ¢f,, = 105, although data are likely to ionize a large fraction of the wind, which could re-

heterogeneous, introducing additional uncertainty. . duce the intrinsid\y value. In fact, we estimate the distance at
In Fig. 7 (middle) the ASM phase-folded lightcurve is pregpich X rays would strongly ionize the wind to ke 1/10 the

sented. A constant fit of the phase-folded ASM count ratesgivg,pital one (see, e.g., Blondin 1994). To characterize e d

2 _ i i i il . . . .
Xreq = 3.4, suggesting that some kind of variability occurs ogjyy of the wind, we have neglected the rotational velocity o
these timescales. Although the orbital behavior founeRBYE, e \yind, since it is small enough. The radial wind velocity a

l.e. X-rays peaking_at phase 0.8, is not clearly_se_en in t_he a distance from the star has been assumed to follow the law:
phase-folded ASM lightcurve, the ASM data quality is relaly Vy = V(1 - R/r)%, whereV., = 2440 km s! is the radial
low and spans 11 years of data, precluding a direct compapocity of the wind in the infinitys = 0.8 is the wind profile
son. For completeness, we show also here the 2.2 GHz bonentR* = 9.3 R, is the stellar radius andis the distance
flux curve, with a proper re-scaling folded in phase. A fit i@, the star (McSwain et al, 2004; C05). The stellar massates
the phase-folded GBI data to a constant rendérs = 4.2. is taken to be in the rangdy ~ 3.7-7.5x 10~ M, yr-! (C05),
Although the data quality does not allow for an accurate compich allows us to compute the wind densigy) through the
parison, and the (linear) correlation degree between theeG formula: py = My/41r2V,,. Integrating the wind density from

ASM lightcurves is low ¢ = 0.4), a correlation cannot be dis-\he compact object location along the observer line of sight
carded. The it EW and the ASM count rate curves show morg, gistances where the wind influence is negligible, we otaai

correlation, although it is still unclear & 0.6), and the | EW  1rinsic Ny in the ranges- 8—29x 10?* and~ 2-5x 1071 cmr2

and GB.I data show none ¢ 0.2). around phases 0.0 an 0.5, respectively. To look for thesé min
InFig. 7 (bottom) we have phase-folded the ASM&HBA.  mum and maximum values of the witd;, we have adopted the

If the ASM HRe.c/a and count rate are compared, both seefst extreme values for the inclination aNft,. The Ny, differ-
to show a similar trend with respect to their mean valueselhi e petween the two orbital locations is expected to beein th
may suggest some correlation between them, although 'manfhnge~ 3-27x 1071 cm2, taking for this comparison the two

be statistically claimedr(= 0.5). Nevertheless, if real, such be-yiremem,, values, due to possible orbital variability, but the
havior would be the same as that found in 26B0FE and 2005 g5mej (the one rendering either the smallest or the larggst

XMM-Newton data (see also Fig. 5). When fitting the phas%ifference).
folded HRs.c/a tO a constant value, we ggied =21. .

In the context of the W and X-ray evolution, it is worth not-  1he observed\i; seems fairly too low to be composed by
ing that the fluxes measured ByVIM-Newton in 2005 around @n extrinsic ISM plus an intrinsic component as that compute
phase 0.5 are 10% marginally larger (@) than those found by bY US- At periastron passage, the intrinsic expedigdzalue is
the same instrument in 2003 (see Table 2). TheBV appears about one order of magnitude larger tha_m t_he_upper-l_lmiedta
also larger by~ 10% (380) when comparing observational re-200Ve. Even at apastron, the expected intrifgiovalue is sev-
sults from similar epochs to those of the X-ray ones. These p§al times such upper-limit. Similar disparities are fourtuen
ticular results does not favor either a strong positiveaation comMparing the expected intrinsh, variation between phases

nor an anticorrelation between theHEW and the X-rays. 0.5 ar_1d 0.0 and the _adopted upper-limit. It is worth notiraf th
spherically symmetric wind models seem to work when ap-

plied, for instance, to the orbitély, variation in 4U 153852

5. Discussion (Mukherjee et al. 2007), an X-ray binary system that present
) ) similar conditions for the absorption along the orbit to L(B8.
5.1. The Ny value and the location of the X-ray emitter Nevertheless, there are some cases in the literature alidg w

[n 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 id R,

values inferred fromXMM-Newton data (using eithewabs or Would be required to prevent the observed constancy oRthe

phabs; see Sect. 2) are similar to, and somewhat smaller tha{ﬂf_SUCh dﬁerentorbita_ll phases in LS 5039 if the emitter is well
the value of the ISM\y alone, which is (B +0.2)x 10t cm 2, inside the compact object.

derived using th&g_y value from McSwain et al. (2004) andthe  The most reasonable scenario seems to be one in which X-
ISM Ny-Eg_y relationship given by Predehl & Schmitt (1995)rays are emitted at distances at which the stellar wind esadly

In addition, thexXMM-Newton Ny values around phases 0.5 andliluted. To reduce the (minimum) fiiérential Ny between its

0.0 are compatible with being constant, unlike what may be etwo values around phases 0.5 and 0.0 down to the upper-limit
pected given the orbital eccentricity and inclination &f #ystem given above, it is necessary to locate the emitter away fiem t
(see Sect. 1), which should introduce orbital variatiortheéNy ~ compact object. As a typical example, for an emitter on the li
intrinsic to the wind. The 3-error of the diference ofNy be- subtended by the compact object-observer direction, étion
tween apastron and periastrorsisl0?* cm2, which we adopt should be at about two orbital radius from the compact object

Photo-electric absorption in the dense wind of the primary
LS 5039 should increase the obserigto values above that
due to the interstellar medium (ISM) alone. Thiteet could be
detectable when comparing the values of Myeinferred from
X-ray and optical observations, respectively. Howeveg, iy
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i.e.~3 and 7x 10*? cm for periastron and apastron, respectively. VN
A very similar constraint is found for the intrinsiy value. - Do Nanaren

35 CGRO/COMPTEL +

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

There are several arguments in favor of a pure non-thermal or
gin of the emission produced in LS 5039 from soft X-rays td sof™
gamma-rays. The unabsorbed X-ray spectrum is well expiainé:; ¥

by a pure power-law, and the data at higher energies obtained 2 34 e 1
INTEGRAL and COMPTEL (De Rosa et al. 2006; Strong et alg
2001; Collmar 2003) do not apparently show a ¢ids it would o
be expected in a thermal comptonization scenario. We nete, n —
ertheless, that COMPTEL data may be contaminated by other
possible sources within the detection error box due to tivalo-
gular resolution of the instrument. The probable locatibthe
X-ray source ak 10*? cm from the compact object, as derived
from the absence dfly variation with orbital phase supports the ‘ ‘ ‘ ‘
non thermal nature of the high energy emission. An illusteat 3 4 5 6
zoom on the keV-MeV observed spectrum of LS 5039 is pre- log (photon energy [eV])

sented in Fig. 8. Plausible mechanisms that could produee th

keV—MeV spectrum could be synchrotron or inverse Comptdiig. 8. Spectral energy distribution of LS 5039 from 0.3-3000 keV.
processes, although at present they are hard to distingitish XMM-Newton data: this work, phase 0.5; INTEGRAL data: De Rosa
out a comprehensive modeling of the multiwavelength raatiat €t al. (2006); COMPTEL data: Collmar et al. (2003).

produced in the system, being work in progress.

The lack of accretion features, and the apparently non- . . o
thermal origin of the X-rays, has been the main argumentisgailnd region, since enough kinetic energy could be transpdrye

the accretion as the powering source in LS 5039, and a youﬁ}{fh a supersonic outflow and converted to non-thermal+adia
non-accreting pulsar, powering the high energy emissiacei- 0N even outside the binary system. Plausible mechaniems f
lision of its wind with the stellar one, has been proposechas tthis conversion are discussed below. Concerning enesgétie
non thermal emitter (see, e.g., Martocchia et al. 2005; Bubi§t Scenario could be feasible if the observed emission witre
2006). In such scenario, the extended radio emission waaild'Hately powered by accretion (C05), regardless whetheattes |
explained by non thermal particles convected away by thie b@noWs observational signatures. In any case, the compleo, ra

motion of the shocked material, and a compact radio emittiﬁiﬁjray and TeV spectra and lightcurves require deeper mogleli
core would be observed located in the system. In particular, the lack of clear positive correlation betnethe

It is worth noting that the emission at TeV energies, as fi@ EW and the X-ray flux does not favor the classical wind ac-
X-rays, does not seem to originate close to the compact ¢€tion scenario. Whether the jet in LS 5039 is powered by a
ject since photon-photon absorption is probably not theidondifferent accretion process, or it can be explained in t_he_ contex
nant efect modulating the TeV emission (Aharonian et al. 2008f @ more general young non-accreting pulsar scenario,insma
Khangulyan et al. 2007). It does not favor a hadronic origin f &1 0Open question.
the TeV radiation either, since the proton-proton intécacef-
ficiency_ is Iikel_y small outside the_binar_y system. In adwiti 53 possiple jet-wind interactions
the optically thin nature of the radio emission at least déavn
~ 1 GHz (Marti et al. 1998), and the relatively small radioivar Different acceleration mechanisms could be operatingfatrdi
ability of the core € 50%), preclude a too compact emitter. Ient scales. We focus here on two of them. One possible mech-
the multiwavelength emitter is located roughly outside e anism could be internal shocks moving through the jet, as it i
nary system, the power should be transport@tiently there assumed for blazars (e.g. Rees 1978). In this scenario,ehe v
through some kind of outflow regardless the radiative propédecities and ejection times of fierent ejecta should be tuned
ties of the launching region. Extended radio emission has bevhen modeling such that the shock region would be located
imaged in the range 1-100 mas, showing an approximatelat the proper distance from the compact object. An altereati
steady orientation of15° at different epochs and spatial scalesould be interaction with the stellar wind. In this contextsu-
as well as strong collimation (Paredes et al. 2000, 20024t personic jet moving at mildly relativistic velocities caadmme
pears reasonable to associate such extended radio struitar overpressed by the stellar wind. In such a case, strondireesl
the multiwavelength emitter and the putative outflow. Weenotion shocks (Sanders 1983) can accelerate particles. Thada
that this outflow is likely to be supersonic, since otherwitse of these recollimation shocks cannot be too close to the esinp
dynamics would be dominated by the stellar wind and woufRbject, since the jet lateral pressure is very large theasththe
hardly be steady and collimated. jet will expand freely roughly up to the point where latereg -

In such a context, the particle accelerator could not be tégre balance will be attained with the stellar wind. Assigrie
close to the compact object, since the short cooling radiatijet is cold and has typical expansion velocitie®.1Vjet, where
timescales would prevent accelerated particles to reawértfit- Vet ~ 0.2 ¢ is the jet velocity (Paredes et al. 2002), and a rea-
ting regions. This constraint makes the classical coltjidiind sonable jet mass rate of 10°1° M, yr~! (e.g. Paredes et al.
scenario less likely since, in that framework, the multie-av 2006), lateral ram pressure balance between the jet andide w
length emission would be mainly generated in the bow shock ia LS 5039 would be attained at 102 cm from the jet origin,
gion, within the binary system (see Dubus 2006). In a jetpim-c locating the accelerator at the binary system borders. Oulelc
trast, particle acceleration could take place away frotaitach- speculate that the X-ray photon index and flux variationaglo

33 - b
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the orbit may be related to the changing conditions of therint though it cannot be presently claimed from a statisticahpof
action region (e.g. changes in the wind ram pressure, magne&iew.
field, etc.; it may be hinted by the correlation degree betwee The low intrinsic absorption inferred from the X-rays in
the phase-folded ASfa curves). We note that the dynamicalS 5039, of likely non-thermal origin, can be reasonably ex-
timescales for the wind-jet interaction would be shortantthe plained by locating the X-ray emitter at distancesl0'? cm
orbital period. The details of the jet-wind interaction ahd ra- from the compact object, as could be also the case for the ra-
diative outcomes at ffierent energies are presently under studyio and the TeV radiation. These facts, taken altogethdr wit
and will be presented elsewhere. possible physical association between the X-ray emissioh a
The annual X-ray flux variations, and the hints of possthe stellar wind state, lead us to propose that the dominaht m
ble ASM/Ha anti-correlation, suggest a link between the Xtiwavelength non-thermal emission of the source may be pro-
ray emission and the stellar mass-loss rate. This may alsoduged in a jet interacting with the stellar wind at the bosdafr
shared by the radio emission, although it cannot be stated frthe binary system, although deeper modeling is requiredtand
the present data. In any case, if real, a relationship betire® presence of a young non-accreting pulsar in the binary syste
yearly X-ray and k| EW variability may be linked to the wind- cannot be at present discarded.
jet interaction, but the complexity of the coupling betweka
stellar wind and the jet pointed out here precludes pregent| Acknowledgements. We are grateful to M. V. McSwain for providing us with
straightforward interpretation. It is remarkable thattiivee, spa- He EW information obtained during years 1998, 1999, 2000 ana32Gve
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