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We present here X-ray observations of the high mass X-ragribS | +61 303 carried out during
50 ks with the ACIS-I array aboard th@éhandraX-ray Observatory. The source count rate and
hardness ratio was found to be moderately variable on tiatles®f hours, confirming previous
results. No clear correlation between the hardness ratidtamtotal count rate is present in the
data, in contrast to previous results. We produced a singleteum of the source, which could be
properly fitted with an absorbed power-law model after cdesng pileup effects. The resulting
parameters arbly = (0.68+0.06) x 1072 cm~2 andl" = 1.2540.09. The flux of the source in
the 0.3—-10 keV range i¥.8+2.2) x 10712 erg cnt? s~1. Assuming a distance to the source of
2.0 kpc the intrinsic X-ray luminosity is found to tg (0.3-10 key = (3.7+£1.1) x 10¥ erg s™.
Hints of extended and hard X-ray emission forming a ring-l§tructure around LS | +61 303
are also found. If this extended X-ray emission is producgdymchrotron radiation, efficient
particle acceleration up to scalesofLl0* AU takes place in LS | +61 303.
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1. Introduction

LS | +61 303 is a High Mass X-ray Binary associated with the galactic plariabla radio
source GT 0236+61(][1]. Optical observations show that the systenbméyrmed by a rapidly
rotating early type BOV star, with a stable equatorial disk and mass loss, @nd@act object or-
biting it every 26.5 d[[2]. The periastron takes place at phase 0.23 ardteatricity is 0.72-0.15
[B]. There is yet uncertainty as to what kind of compact object, a blatk troa neutron star, is
part of the system(]3], although very recent results seem to suggeshehsystem is composed of
an energetic non-accreting pulsgr [4]. Spectral line observationgaéthio source give a distance
of 2.0+0.2 kpc [}].

One of the most unusual aspects of its radio emission is the fact that it exduibiss-periodic
nonthermal outbursts on average evBsy=26.4960-0.0028 d [b]7] and the orbital phase of the
maximum varies between phase 0.45 and 0.95 (assuipirdp 2,443,366.775). This periodicity
corresponds to the orbital period of the binary systfim [2] and has also betected itV BV RI
photometric observation§|[8], in the infrared domdin [9], in soft X-rgk@] [and in the Hr emis-
sion line [I1]. An extended jet-like and apparently precessing radio emittingtsre at angular
extensions of 0.01-0.05 arcsec has been repdrtéd L2, 13]. In $pite fact that jet-like struc-
tures are commonly associated to microquasars, VLBA images obtained dutitigrbital cycle
show a changing morphology of LS | +61 3(3 [4], which may be consistéhta model based on
the interaction between the relativistic wind of a non-accreting pulsar andititeof the stellar
companion[[14].

Recently, the MAGIC Cherenkov telecope has detected LS | +61 303yaligh (=100 GeV)
y-ray energies[[15]. LS | +61 303 and LS 5039][16] 17] share thdityuaf being the only
two known high-energy emitting X-ray binaries that are spatially coincidetit sources above
100 MeV listed in the Third EGRET catalofy ]18].

Here we report on a preliminary analysis of a 50 ks observation of L I368 performed by
the ChandraX-ray Observatory, the main aim of these observations being the detetpossible
extended X-ray structures around the source.

2. Previousresultsfrom X-ray observationsof LS| +61 303

ROSATand VLA observations carried out during a complete orbital cycle shaha&ithe X-
ray and the radio emission appear anticorrelated, with the former peakimig tiee latter[[119]. The
unabsorbed flux in the 0.07—2.48 keV band varied betweet0213 and 3x10 2 erg cm 2 s~ for
an assumed column densityNf = 0.84x 10?2 cm~2. ASCAobserved LS | +61 303 and measured
an unabsorbed flux of (481012 erg cnT? s~ in the energy range 0.5-10 keV, assumiig—=
0.6 x 10?2 cm~2 and a power-law photon index of 1.7-1[8][20]. The source has alsodieerved
twice with BeppoSAXand detected with fluxes in the range (5-149 12 erg cn? s71, using
Ny = 0.8 x 10?2 cm~2, and with spectra consistent with a power-law of photon index in the range
1.6-1.8. DetailedRXTEobservations confirmed the previously found anticorrelation between the
radio and the X-ray emission within the same orbital cycle, with a flux varying enréimge (6—
20)x10 12 erg cnm? s71 [P)]. In general, the flux presented by this source is about four to five
orders of magnitude lower than the Eddington limit for a neutron star.
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XMM-Newtonobservations of LS | +61 303 consist of 5 short pointings carried ound
2002, and a 50 ks run conducted in January 2005. The analysis ofg¢hB pointings has been
reported in [2R]: the spectra are properly fitted with an absorbed ptamewith no evidence
of spectral lines and the hydrogen column density obtained after avgraliithe data ifNy =
0.5 x 10?2 cm~2. The obtained 2—10 keV flux is found to be variable with the orbital phasénp
a minimum at periastron and becoming approximately three times higher at paugsrshan 0.5,
where the maximum of gamma-ray emission is locafedl [15]. The obtained phatex im also
variable and in the range 1.5-1.8.

The analysis of the 50 ks pointing has been reported in Sidoli ef dl. [28].fllix along the
observation takes values similar to those found BieppoSAXand the hydrogen column density
is compatible with the one discussed above. During this long observation, daatend phase 0.6,
the authors find evidence for a rapid change in flux and hardnessttaisource flux decreased by
a factor of~3, accompanied by a significant drop in hardness ratio, within about4.00lBis kind
of variability (the source is harder when is brighter) is also present wbemparing observations
performed in different epochs and even with different satellites. Istegly, this behavior is also
observed in LS 5039 TP4]. In summary, there is X-ray emission along hitadphases, although
significant flux and photon index changes take place on long and shosictifes.

3. Chandraobservations and analysis

We observed LS | +61 303 with théhandraX-ray Observatory using the standard ACIS-
| setup in VF mode during a total of 50 ks from 2006 April 7 22:09 UT to April3:34 UT
(MJD 53832.9229-53833.5236). Since we were interested on bothralpaed spatial informa-
tion, to minimize possible pileup effects we observed the source at the orbaak0.0, which
corresponds to a relatively faint state of the X-ray emission.

We show in Fig[JL theChandraimage of the field around LS | +61 303. The readout streak
has been removed from the original image, we have applied a factor ofibmmp and smoothed
the resulting image with a Gaussian function for a better display. In addition 1oH6% 303 and
several faint X-ray sources, two relatively bright objects were fladetected. These sources were
first detected in X-rays b¥insteinand ROSATand identified with the stars BD+60 536 (G2 V)
and HD 16429 (09.5 1), respectivelly [25] 26]. We focus here on 61 303.

3.1 X-ray lightcurves

The LS | +61 303 background subtracted lightcurves obtaine€ligndrain three differ-
ent energy ranges are shown in Hijj. 2. The soft (0.3—-1.7 keV) ardi (ha7—10 keV) energy
ranges have been chosen to divide the total energy range in two ederafls in logarithmic
scale. We have also computed the hardness ratio using the count ratesvio teieergy ranges.
The lightcurves show flux changes on timescales of a few hours, with togglitade variations
of about a factor of two. This kind of moderate variability was first obsdrwith ASCA which
detected source variations of about 50% on timescales of half an adlur Y&ire recently, the
analysis of archivaBeppoSAXbservations, carried in 1997, has shown also short-term variability
[P3]. Itis interesting to note that small amplitude radio flares with a recuergeciod of about 1.5
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Figure 1. Chandraimage of the field around LS | +61 303. The readout streak has bemoved. A
binning factor of 2 and a smoothing with a Gaussian functidgth & 3 pixel kernel have been used. Faint
emission around LS | +61 303 can be marginally seen. The Btard6429 and BD+60 536, detected in
earlier observations, have been labeled.

hours have also been detected in LS | +61 03 [27]. Finally, the hasdate is also variable be-
tween 1 and 4, but with no clear correlation with the total count rate, cgrtivarhat was observed
in the longXMM-Newtorpointing [23].

3.2 X-ray spectrum

The spectral analysis has been carried out using Sherpa (CIAO 3.3Mthough the count
rate shows a factor of two variability and the hardness ratio is also varthieléack of correlation
with the total count rate made us consider the whole data set together feliraipary spectral
analysis. We first tried to fit the data with an absorbed power-law model,hwgriavided a hy-
drogen column density dfiy = (0.494 0.04) x 10?2 cm~2, a photon indeX = 0.8340.04, and
an unabsorbed flux in the range 0.3—10 ke\Fpf= (3.70+ 0.05) x 10~*? erg cnm? s7* (reduced
X2 =1.14). We show in Fig[]3-left the data together with the spectral fit. Therelisaa deviation
from the power law above 7 keV. Since the expected pileup fraction fouece with~ 0.15 cts s1
is about a 15%, pileup effects on the observed spectrum can be sighifica
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Figure 2: LS | +61 303 lightcurves obtained witihandrain three different energy bands (soft, hard and
total, from top to bottom) after background subtraction himhing with 1024 s. The time origin corresponds
to 2006 April 7 at 22:09:00 UT (MJD 53832.9229), and the obstion length is 50 ks. Total count rate

variations of a factor of two on timescales of a few hours dearty seen.

We then used the pileup model implemented in Shergda [28]. We fixed the parametern-
ing the fraction of flux falling into the pileup region to 95%, and obtained forgtaele migration
parameterr = 0.314 0.10, and for the remaining parametéMg = (0.684 0.06) x 10?2 cm 2,
[ = 1.2540.09, pileup fraction 15%, anBy = (7.84+2.2) x 10712 erg cnm? s~ (reducedy? =
0.8). We show in Fig[]3-right the data together with the much better spectritéitred using the
pileup model. Assuming a distance to the source of 2.0 kpc the intrinsic X-ray dsityris found
to bely 03-10kev) = (3.7£1.1) x 1033 erg st

3.3 Imaging

We were mainly concerned with the presence of possible diffuse exteddad emission
around LS | +61 303. We have therefore created the instrument paadpunction (PSF) us-
ing ChaRT and MARX to simulate the most accurate PSF, taking into accountdpergsource
spectrum including the effect of pileup. We then obtained surface beghtradial profiles of the
source and the PSF in the energy range 0.3—-10 keV. We have fourttiehais a & excess in a
region at~ 8” from the source center. This is shown in Hifj. 4. Although it could be a stalistic
artifact, we note that the excess persists when we change the bins attoptedpute the surface
brightness. The total excess of counts over the PSF between 7 arfilbdBthe image center is
34+ 6, which is about a 0.5% of the total source counts. Although the low statistiostdallow
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Figure 3. Left: Spectrum of LS | +61 303 (open squares) fitted with an absoploagr-law model (solid
line). A significant excess is seen above 7 keV in the resgdstabwn belowRight: The same spectrum but
fitted taking into account pileup in the modeling. The exdes®t present in the residuals.
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Figure 4: Surface brightness distribution of LS | +61 303 (red fillecttds) compared to PSF one (dashed
line).
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Figure 5: Images and contours of LS | +61 303, the PSF and the residbtdined after subtracting the
PSF from the LS | +61 303 image.

us to obtain a good spectrum determination, the extended emission seems td.bé&/daemark
that these are preliminary results.

We show in Fig[B-left the central part of the source image, spanni x 8’. We have
overlaid on the image a contour plot, which displays a shape that seems to slighdyt from a
circular one. The PSF image is shown in Fig. 5-middle, both in greyscalesoatalurs, presenting
a nearly circular shape in contrast to the LS | +61 303 one. We finally shewesidual image,
after subtracting the PSF from the source, in fig. 5-right. There seengsan bxcess of counts at
a few pixels from the image core roughly along the horizontal direction.

4. Summary and discussion

We have presented here the results of a preliminary analysis of )l€bantdraobservations of
LS | +61 303 taken in April 2006. The X-ray emission shows moderate iitiain the flux and
hardness ratio on timescales of a few hours. No clear correlation betiveetiray flux and the
hardness ratio has been found. The spectrum seems to be non-thexmgiwell described with
an absorbed power law, after considering pileup effects. We note ikaphctrum is harder than
in previous observationg [PZ,]23]. The most intriguing result is the sthonigof excess at- 8’
from the center of the source. Excesses at smaller scales might batpeddeugh at this stage it
is unclear whether they are real or not. Clearly they deserve furthesiigation.

The hard spectrum of the extended component &' from the source center excludes the
possibility of it to be a dust-scattered halo, which would produce a sofeatspn [2p[3D]. The
detected extended emission is therefore intrinsic to the source. At a disthBdepc ~ 8" cor-
respond to 16 x 10* AU. Due to its typical timescales, X-ray synchrotron emission seems to be a
more suitable mechanism than inverse Compton to produce such extendrdrstralthough the
difficulties associated with extracting spectra of the extended emissiompigeise statements
regarding the origin of the emission. It is unclear whether the diffuseyXenaitting electrons far
away from the binary system are accelerated by a jet, favoring the mi@sagscenario, or by
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something else. Nevertheless, it appears that LS | +61 303 can pdie@rgfparticle acceleration
not only within the binary system on scales below 1 [15], but up to vemyelalistances of
~ 10* AU from it.

Acknowledgments

We thank Mike Nowak for very helpful discussions on the analysis ofGhandradata.
J.M.P, M.R., V.B-R. and J.M. acknowledge support by DGI of the Ministeed=ducacion y
Ciencia (Spain) under grants AYA2004-07171-C02-01 and AYA200471-C02-02 and FEDER
funds. M.R. acknowledges financial support from the Spanish Miistier Educacién y Ciencia
through aJuan de la Ciervdellowship. V.B-R. thanks the Max-Planck-Institut fir Kernphysik for
its support and kind hospitality. D.F.T. has been supported by Ministeriadded€ion y Ciencia
(Spain) under grant AYA-2006-00530, and the Guggenheim Fdigrdal.M. is also supported by
Plan Andaluz de Investigacion of Junta de Andalucia as research §QM322.

References

[1] Gregory, P.C. & Taylor A.R. 1978, Nature, 272, 704
[2] Hutchings, J.B., & Crampton, D. 1981, PASP, 93, 486
[3] Casares, J., Ribas, I., Paredes, J. M., et al., 2005, MBIR&0, 1105

[4] Dhawan, V., Mioduszewski, A., Rupen, M., 2006, In: BaliloT. (ed.) VI Microquasar Workshop -
Microquasars and beyond: from binaries to galaxies, Cotaty, 118-22 September 2006, in press.
Proceedings of Science (2006)

[5] Frail, D.A., & Hjellming, R.M. 1991, AJ, 101, 2126
[6] Taylor A.R., & Gregory P.C. 1982, ApJ, 255, 210
[7] Gregory P.C., & Neish, C. 2002, ApJ, 580, 1133
[8] Mendelson H., & Mazeh T. 1989, MNRAS, 239, 733
[9] Paredes J.M., Marziani P., Marti J., et al. 1994, A&A, 2889
[10] Paredes J.M., Marti J., Peracaula M., & Rib6é M. 1997, A&R0, L25
[11] Zamanov R.K., Marti J., Paredes J.M., et al. 1999, A&B1,3643
[12] Massi, M., Rib6, M., Paredes, J.M., Peracaula, M., &aledla, R. 2001, A&A, 376, 217
[13] Massi, M., Ribg, M., Paredes, J.M., et al. 2004, A&A, 414
[14] Dubus, G. 2006, A&A, 456, 801
[15] Albert, J., et al., 2006, Science, 312, 1771
[16] Aharonian, F., et al., 2005, Science, 309, 746
[17] Paredes, J.M., Marti, J., Ribé, M., Massi, M., 2000e8ck, 288, 2340
[18] Hartman, R.C., etal. 1999, ApJS, 123, 79
[19] Taylor, A.R., Young, G., Peracaula, M., Kenny, H. T., &@ory, P. C. 1996, A&A, 305, 817



Chandra observations of LS | +61 303 Josep M. Paredes

[20] Leahy, D.A., Harrison, F.A., Yoshida, A. 1997, ApJ, 4823

[21] Harrison, F.A., Ray, P.S., Leahy, D.A., Waltman, E.BP&oley, G.G. 2000, ApJ, 528, 454
[22] Chernyakova, M., Neronov, A., & Walter, R. 2006, MNRASB press, astro-ph/0606070
[23] Sidoli, L., et al. 2006, A&A, 459, 901

[24] Bosch-Ramon, V., Paredes, J.M., Rib6, M., et al., 2@Q&), 628, 388

[25] Bignami, G.F., Caraveo, P.A., Lamb, R.C., Markert, T.& Paul, J.A. 1981, ApJ, 247, L85
[26] Goldoni, P., & Mereghetti, S. 1995, A&A, 299, 751

[27] Peracaula M., Marti J., & Paredes J.M., 1997, A&A, 32832

[28] Davis, J.E., 2001, ApJ, 562, 575

[29] Predehl, P., & Schmitt, J. H. M. M. 1995, A&A, 293, 889

[30] Xiang, J., Nan Zhang, S., & Yao, Y 2005, ApJ, 628, 769

[31] Taylor A.R., & Gregory P.C. 1984, ApJ, 283, 273



