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Abstract: The TeV emitting high-mass X-ray binary system LSI+61303% whaserved with the Swift
satellite from early September 2006 to early January 200&hy\Wbf these observations were contempora-
neous with TeV observations. The data consist of obsengto 24 separate days with durations ranging
between 700s and 4700s, and partially cover 4.5 orbitabgsrof the binary system. We present here an
analysis of the 0.2 to 10keV X-ray data from the Swift-XRTtimsnent. Contemporaneous optical data
from UVOT are also available.

Introduction ray lightcurve is more easily explained as the res
of variable accretion onto a compact object.

LS | +61 303 is a high mass X-ray binary system At higher energies, LS | +61 303 was associa
at a distance o 2 kpc, composed of a BO Ve star  with the COS-B source 2CG 135+01 [7], and t
with a circumstellar disc and a compact object. The EGRET source 2EG J0241+6119 [8]. More t
observed radio through optical emission is modu- cently, LS | +61 303 has been discovered to b
lated with a period £ = 26.4960 + 0.0028 days) strong source (peak flux 10% of the steady flux
believed to be associated with the orbital period of from the Crab Nebula) of very high energy gamir
the binary system [1, 2]. Periastron takes place at rays (> 100 GeV)[9, 10]; one of only three knowr

phase 0.23 and the eccentriciy0is2 + 0.15 (al-  galactic sources of variable TeV emission. T
though see [3] for a recent re-evaluation of the or- particle acceleration and photon generation mec
bital elements). nisms which produce the TeV emission are not"

The detection of an extended and apparently pre- clear, and detailed contemporaneous multiva
cessing jet-like radio-emitting structure led to the length observations will likely be required to re
possible identification of LS | +61 303 as a micro- solve the situation.

quasar, with the emission generated through par- Previous X-ray observations of this source he
ticle acceleration in a relativistic accretion-driven peen made with ROSAT, ASCA, BeppoSA
jet [4]. More detailed AU-scale observations [5] RXTE, XMM, INTEGRAL and Chandra (see [11
strongly support a counter-model, where the radio for a summary), revealing complex behaviour wi
emission arises from particles shock-accelerated in significant variation of flux and photon spectral i
the interaction of a pulsar wind with the circum-  dex on both short{¢ 1000 s) and longer (monthly)
stellar material. The absence of any features in timescales. The detection of a TeV signal from |
the X-ray spectrum (e.g. thermal components due | +61 303 by the VERITAS telescope array in fe
to an accretion disc) also support the pulsar wind 2006 led us to propose target of opportunity ¢
model. However, Romero et al. [6] argue that servations with the Swift satellite. The resultir
the relative wind strengths are such that it is not dataset, combined with some earlier Swift obs
possible to produce the simple elongated shape ob-vations, provides the most well-sampled long-te
served in the VLBI images, and that the gamma- X-ray/optical/TeV monitoring which has been pe
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formed on this source. In this paper we focus vations. The XRT count rate to flux conve
on some initial results obtained with the Swift X- sion factor used, obtained using the mean sg
ray Telescope. A complementary paper discussestral fit parameters for these data, wasr x
the relationship between these observations and thel0~!terg cm =2 s=!/counts s~1. The systematic
TeV emission [12]. error associated with any spectral variations is |
included in the error bars. Figure 2 shows t
. ) lightcurve and hardness ratio as a function of
Observations and Data Analysis bital phase for these same observations, using

orbital elements from [2]. Points indicated by tt
The Swift satellite carries three instruments: the same Symbo| and colour Correspond to measi
Burst Alert Telescope (BAT) operates between 15- ments taken during the same orbital cycle. N
150 keV and is used primarily as a gamma-ray that the lines between points are drawn only
burst trigger; the X-ray Telescope (XRT) is an nelp illustrate this - the short timescale variab
imaging instrument operating from 0.2-10 keV ity is such that this simple interpolation can not
with a single photon point spread function of ysed to estimate the emission level between ob
18 arcsec (half-power diameter) and a spectral res- yations.
Olution of 1.40 eV at 5.9 kev (.at Iaunph); .UVOT’ The lightcurve shows clear variability in the flu
the UV/Optical telescope carries optical filters to of a factor of 4 - 5. While there are elevated sta
cover the range 170-650 nm. The primary mission around orbital ph;slses 0.6-08and 00 -01
of the s_atellite IS to investigate gamma-ray bursts is evident that the emission level does not follc
and their afterglows; however, between gamma-ray precisely the same pattern each orbital cycle. -
burst observations Swift is an excellent tool which variation in the hardness ratio is not statistica
can provide obsgrvations of other astrophysical X- significant: y2/d.0.f.=45/36 for a constant fit, col
ray sources, particularly when fast response and/orresponding to a chance probability of 13%.

frequent slews are required.
The XRT ob i de in phot ¢ The source spectrum for the complete datase
€ observations were made in photon count- o, i Figure 3. It is well fit by a simple

N9 mode on 24 separate days with EXposures power law plus photoelectric absorption moc
ranging between 700s and 4700s, covering a pe- (x*/d.0.f.=377/370), with no indication of spec
riod from early Septemb(_ar 2006 to late Decem- tral lines or a thermal black-body componel
ber 2006 and corresponding to a total exposure of The differential flux at 1 keV isl.334+0-019
56 ksecs. The period following the ToO trigger | "y " - "5 "4y ohoton index i{;gﬁ%ﬂ?’
(from November 21st to December 24th) is par- & ! 10003

ticularly well-sampled, with observations approxi- and the neutral Hydrogen column density
mately once every two days 0.576+9:912 x 1022cm 2. Further analysis will ex-

) amine spectral variations as a function of time &
The XRT data were processed using the most ré- phase  and explore the possibility of correlatic
cently available standard Swift tools: xrt software petween the spectral parameters.

version 2.0.1, ftools version 6.2, and XSPEC ver- e oo s no doubt that LS | +61 303 is
sion 12.3.1. The ancillary response files were gen- . . :

; . strongly variable X-ray source, previous eviden
erated with the xripipeline task xrtmkarf. The for a consistent orbital modulation of the X-re
spectral analysis presented in this paper used XRTqux is unconvincing. laraelv due to the s arsen:
data extracted from the 0.3-10 keV energy band, g, 1argely . P

R .. ' of the data. Our observations reaffirm that the s
thus avoiding instrument response uncertainties ; . ;

tem is a strongly variable X-ray source. Prelir

present below 0.3 keV. . : )

inary analysis reveals no clear evidence for ve

ability in the hardness ratio or correlation betwe
Results and Discussion the hardness ratio and flux.

Chernyakova et al. [11] have claimed evidence
Figure 1 shows the lightcurve and hardness ra- a systematic variation of the X-ray spectrum acrt
tio as a function of time for the XRT obser- the orbit, with higher X-ray flux producing a hard:
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Figure 1: Lightcurve for Swift observations of LS | +61 303hélleft panel shows the XRT count ra
(0.2-10 keV) as a function of modified Julian date, with anrage flux of1.4 x 10~ *erg cm~2 s~!. The
right panel shows the ratio of the 1-10 keV flux over the 0.2V iux.
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Figure 2: Lightcurve for Swift observations of LS | +61 303hd left panel shows the XRT count ra
(0.2-10keV) as a function of orbital phase, the right pamelves the ratio of the 1-10 keV flux over th
0.2-1 keV flux, also as a function of orbital phase

573



OBSERVATIONS OFLSI+61303wITH SWIFT

data and folded model

normalized counts s keV-*

L
05 1

2
Energy (keV)

Figure 3: The X-ray spectrum for Swift observations of LS 0+803. The fit is for a pure power-law wit|
photoelectric absorption.

spectrum, as well as for significant variation in the [5] V. Dhawan, A. Mioduszewski, M. Rupen, L.

column densityNy. They explain this variation as | +61 303 is a Be-Pulsar binary, not a Micrt
due to the erratic acceleration and cooling of elec- quasar, in: VI Microquasar Workshop: Mi
trons in the shocks formed between the pulsar wind croquasars and Beyond, 2006.

and an inhomogeneous “clumpy wind” from the [6] G. E. Romero, A. T. Okazaki, M. Orellant
Be star. Detailed, time resolved, spectral analysis S. P. Owocki, Accretion vs colliding winc
of our dataset will provide additional constraints to models for the gamma-ray binary LS | +€
this, and other, models for non-thermal emission 303: an assessment, ArXiv e-prints 706.
from LS 1 +61 303. [7] B. N. Swanenburg et al., Second COS B ¢

alog of high-energy gamma-ray sources, A
Lett 243 (1981) L69-L73.
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