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We report our first optical spectropolarimetric observations of the Be/X-ray binary
LSI4+61°303. The observations are performed with the 2.0m telescope of Bulgarian
National Astronomical Observatory Rozhen on March 18, 2015. We obtain degree of
linear polarization P;,: = 2.36 +0.19% and position angle ;,; = 17°.90 +9°.98 in the
wavelength range 6550-6576 A.
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1 Introduction

LSI+61°303 is a gamma-ray and radio emitting Be/X-ray binary star, located at a
distance of 2.3 kpc (Steele et al. 1998; Jaron et al. 2016). It consists of a BOVe star
with a mass of 12.5 Mg, radius 6.7 Ry (Grundstrom et al. 2007) and a compact
object — black hole or neutron star (Aragona et al. 2009). Nonradial pulsations and
rapid rotation form a circumstellar disc around the primary. When unpolarized light
undergoes scattering (Thomson scattering) in the circumstellar disc the scattered
light is linearly polarized and the electric vector vibrates in the scattering plane. The
degree of polarization depends on the orientation of the disc relative to the line of
sight. When the inclination angle of the disc to the line of sight is ¢ = 0 the linear
polarization is 0. The maximum degree of polarization is when the disc is visible
edge-on (e.g. Halonen 2013).

Here we report our first optical spectropolarimetric observations of the Be/X-ray
binary star LSI4+61°303.
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2 Observations

The spectropolarimetric observations of LSI4+61°303 and HD 43384 were secured with
the 2-Channel-Focal-Reducer Rozhen (FoReRo2) similar to that described by Jockers
et al. (2000), attached at the Cassegrian focus of the 2.0m RCC telescope of the
Bulgarian National Astronomical Observatory (NAO) Rozhen. The observations were
made on March 18, 2015 in a window of a few hours of clear weather (from UT 18:45
to UT 21:20). We obtained polarized spectra of LSI4+61°303 and the standard star
with a high degree of linear polarization HD 43384 (Hsu & Breger 1982) (see Fig. 1).
HD 43384 was observed with the same instrumental setup as LSI+61°303. The journal
of observations is given in Table 1.

Table 1 Journal of observations.

Object v Spec. Date Retarder angles Exp-time [s]
0° 180
22.5° 180
HD 43384 6.25 B3 Ib 2015-03-18 A5° 180
67.5° 180
0° 300
. 22.5° 300
LSI4-61°303 10.8 BO Ve 2015-03-18 A5° 300
67.5° 300

The profile of the H,, emission line of the LSI+61°303 shown in the upper panel
of Fig. 2 is obtained with Coudé spectrograph of the 2.0m telescope of NAO Rozhen
on July 07, 2015 (see Zamanov et al. 2013).
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Figure 1 Degree of linear polarization p% of HD 43384. Our results are compared with
those obtained by Chakraborty & Vasundhara (2003) and Hsu & Breger (1982). The solid
line represents Eq. (8).
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Figure 2 The upper panel represents H, emission line (intensity normalized to the local
continuum) obtained with Coudé spectrograph. The lower panel represents the degree of
polarization P;n:% of LSI+61°303 (corrected for the insterstellar polarization) as a function
of the wavelength, obtained with 2-Channel-Focal-Reducer Rozhen.

3 Data analysis

3.1 Beam swapping technique
Polarized spectra are obtained at 4 retarder angles 22.5 degrees apart. Beam swapping
technique is used for polarimetric data processing. The values of f(A)* and f(\)!l are

obtained at different retarder angles. The following formulas (Bagnulo et al. 2009)
are used to calculate the Stokes parameters:

QW) LT(FNI = SR (O = FO)
I 2 Km)l +f<A>L)Oe (f(A)I +f<A>L)45J @

U0 L[ FEY (F) - Ft
T "2 [(f@)l T f(A)l)gw (f(A)l T f<A>L>67_J @
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The degree of polarization is

PA)L =/P(Ng + PN, 3)

A U(A .. .

where P(\)g = 6}2(&)) and P(\)y = I(()\)) The position angle is

P(A
6(\) = 5 arctan PE A;Z + Oy, (4)
where O is
0° if Po>0and Py >0

Oy = 180° if Po>0and Py <0 (5)

90°  if Py <0
or

45° if Pp=0and Py >0
135° if Po=0and Py <0.

3.2 Interstellar polarization

The interstellar polarization is produced by dichroic absorption by magnetically
aligned aspherical dust grains existing between the object and the Earth. In the opti-
cal region the degree of interstellar polarization is a function of wavelength (Serkowski
et al. 1975):

)\ma:v
PISP(/\) = Pmaac exp(fK 1112 T), (7)

where Py, is the peak of the interstellar polarization at wavelength \,,qz.

4 Results

4.1 Spectropolarimetric observation of standard star HD 4338/

Hsu & Breger (1982) give for the standard star HD 43384 a degree of polarization
p% = 2.94 4+ 0.04% and polarization angle # = 169.8 & 0.7. They determine the
following values in Serkowski’s law: Az = 5310A, Pras = 3.10% and K=1.15.
Chakraborty & Vasundhara (2003) indicate that the degree of polarization is 0.49%
higher than the old values of Hsu & Breger (1982). Chakraborty & Vasundhara
(2003) give the following values in Serkowski’s law: A q. = 5498 A, Proe = 3.50%
and K = 1.15. Our observation of HD 43384 in the wavelength range between 6500 A
and 7500 A are closer to the values obtained by Chakraborty & Vasundhara (2003).
Our values are A\pae = 5420 A, P00 = 3.96% and K = 2.19,

42
Prsp()\) = 3.96 exp (2.191112 5A0) : (8)
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In Fig. 1 we plot the degree of linear polarization p% of HD 43384 compared with the
results obtained by Chakraborty & Vasundhara (2003) and Hsu & Breger (1982). We
used the observation of HD 43384 to determine the zero point of the position angle
(P.A.). We obtained § = 152°.984+1°.12 for the position angle toward HD 43384. The
difference between our value and the catalog gives the offset with which we correct
the position angle of LSI+61°303.

4.2 Spectropolarimetric observations of LSI+61°303

The first spectropolarimetric observations of LSI4+61°303 were made by Nagae et
al. (2006, 2009). To get the intrinsic polarization of the object we determine the
polarization of the interstellar medium using the Serkowski’s law (Serkowski et al.
1975). Components of interstellar polarization toward LSI461°303 are obtained by
Nagae et al. (2009). The coefficients in Eq. (7) are Ppeqr = 2.20 £ 0.18%, K =
0.92+0.1, § = 126.5 + 3.7 (Nagae et al. 2009). We calculated Stokes parameters @
and U of the interstellar polarization.

To calculate the Stokes parameter of the intrinsic polarization (g;n+ and w;ne) of
LSI+61°303, we derive the values from our observations and correct them for the
interstellar polarization using

Qobs(A) = qint(A) + Prgp cos20;sp, 9)

Uobs (A) = Uint(N) + Prsp sin20;gp, (10)

where ¢.ps and uyps are Stokes parameters of the observed polarization. Prgp and
01sp are the degree of the interstellar polarization and its position angle, respectively.
After it we calculated the degree of polarization Pj,:+% (Fig. 2, lower panel) and
position angle 0;,; (Fig. 3) of LSI+61°303 applying Eqgs (3) and (4).

For LSI4+61°303 we estimate gops = 0.0167 £ 0.0053 and ups = —0.0191 £ 0.0052,
which are the average values in the wavelength range 6550-6576 A. The derived in-
trinsic values are presented in Table 2. In this table the orbital phase is calculated
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Figure 3 Position angle 0;,: of LSI+61°303, corrected for the insterstellar polarization.
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Table 2 Polarimetric observations of LSI4+61°303 around orbital phase 0.33. The table
gives the Julian Day of observation, orbital phase, equivalent width (EW) of H, emission
line, degree of intrinsic polarization and position angle. P;,: and 0;,; are the average values
and standard deviation in interval between A\; = 6550 A and A2 = 6576 A.

JD phase EWg, [A] Pint Oint

2457099.4 0.33 10.8+0.4 2.36% £ 0.19% 17°.94+9°9

using P,y = 26.4960 £ 0.0028 days, based on Bayesian analysis of the radio obser-
vations (Gregory 2002). The zero of phase is by convention JDy = 2443366.775, the
date of the first radio detection of the star (Gregory & Taylor 1978).

5 Discussion

The polarized light coming from astronomical objects brings important information
about their geometry. The degree of intrinsic optical linear polarization of X-ray bi-
naries can be up to a few percents. For Cyg X-1 and LS 5039, Nagae et al. (2009)
measure optical linear polarization of Cyg X-1 and LS 5039, 4.82% and 5.53% re-
spectively. For 4U 2238460 (SAX J2239.3+6116), Reig et al. (2016) give optical
linear polarization ~4%. For LSI+61°303 Nagae et al. (2006, 2009) give p% ~ 1.3%
in continuum; position angle of the intrinsic polarization ~25°. Nagae et al. (20006)
obtained degree of polarization across H, Py, = 2.16 4+ 0.20%. It appears that the
optical linear polarization of LSI+61°303 is relatively lower in comparison with other
similar objects.

It is worth noting that LSI+61°303 probably shows variations of the intrinsic
polarization which correlate with the equivalent width of Ha emission line (Nagae
et al. 2009). The degree of polarization depends on factors such as the density of
circumstellar disc around mass donor star and its inclination to the line of sight.
On the other hand the dynamics of the processes occurring due to the interaction
between the different components of this object are such that we expect changes in
the measured Stokes parameters ) and U.

Conclusions

For the Be/X-ray binary star LSI4+61°303, we obtain degree of polarization Pj,; =
2.36% +0.19% and position angle 6;,; = 17°.949°.9 in the wavelength range between
A1 = 6550 A and Ao = 6576 A. For the standard star HD 43384 we obtain degree of
polarization Py,ap = 3.96% at Apas = 5420 A.
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