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ABSTRACT

We report spectropolarimetric observations of the recuimeva RS Oph obtained during four
nights between July 2017 and July 2018. In the wavelengther&émm 5000 A to 8000 A, we find
the maximum degree of linear polarizatign(obs) = (2.940.09)% at A ~ 5600 A and the position
angle® = 4722+ 0°9. We do not detect any variability of the degree of polarmaand the position
angle. At the time of our observations, there is no intripgtarization in RS Oph and the observed
values represent the interstellar polarization.
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1. Introduction

RS Ophiuchi (HD 162214) is a symbiotic binary system. Thenpry is a near
Chandrasekhar-mass white dwarf (Mikotajewska and Shat@)2fccreting mate-
rial from an M2 11l companion€.g, Hachisu and Kato 2001, Shenavrin, Taranova
and Nadzhip 2011). The orbital period of the binary is 453#nd the orbit in-
clination is 49 +~52 (Brandiet al. 2009). RS Oph undergoes novae eruptions
with amplitude of more than 6 may/{band) approximately every 20 yr (Schaefer
2010). The novae eruptions occur when hydrogen-rich natprovided by the
companion star ignites on the surface of the white dwarf.

In this paper we report spectropolarimetric observatidnR® Oph at quies-
cence.

2. Observations

Spectropolarimetric observations of RS Oph were securtdthe 2-Channel-
Focal-Reducer Rozhen (FoReR02) similar to that descripddtkerset al.(2000),

1Based on data obtained with the Rozhen telescope, Bulgaria
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attached to the Cassegrian focus of the 2.0-m RCC telesdofiee Bulgarian
Rozhen National Astronomical Observatory. A wave-platander is added to
FoReRo2. We utilized a Super-Achromatic (in the range 38000 A) True Zero-
Order Wave-plate Sretarder (APSAW-5) and used a beam swapping technique
(Bagnuloet al. 2009) to minimize instrumental polarization (Section 3).

The observations were made on July 21, 2017, February 7, 20di&h 2018
and July 7, 2018, hence covering 0.77 of the orbital perioc: dbtained polar-
ized spectra of RS Oph and standard stars with high (HD 20488HD 161056,
Schmidtet al. 1992) and zero degree of polarization (HD 212311 and HD 18489
Turnsheket al. 1990). Polarization standards were observed with the sastiut
mental setup as RS Oph on the same nights. The spectra wacedagsing IRAF
(Tody 1993) in the standard way including bias removal andelength calibra-
tion. Polarized spectra are obtained at eight retardeean@t, 22°5, 45°, 67¢5,
90°, 11225, 135 and 157.5. The journal of observations is given in Table 1. The
table contains the date (in format YYYYMMDD), UT of the migdbf the observa-
tion, retarder angles, the number of exposures for all detagingles, the exposure
time for each exposure and the last column lists observduarid zero polarization
standards.

For the spectrum obtained on July 21, 2017 we used slit withhwof 110um.

In this case we have resolving powr= 750 atA = 6562 A. The other spectra
were obtained using slit-less spectropolarimetry. In¢hise we have lower resolv-
ing power, that depends on the seeing. During our obsens#quivalent widths
(Wy) of a Hy emission line were—1016 < Wy < —1353 A. Typical errors of
equivalent width Y\ ) of a Hy emission line were 10%. The data were not cor-
rected for the telluric lines, because it is not necessarggectropolarimetric data
reduction.

Tablel

Journal of observations of RS Oph

Date uT Retarder angles | Exp-time [s] | Standards

2017-07-21 20:32:2¢ 9000:) ﬁig ‘i’f é?f:?%s 8x 10 EB zgggi;
2018-02-17 03:38:29 9000:] ﬁig ‘i’f ?},61055725 16x 90 EB 12411332
20180311 oz:3ig AT OTS | gxeo | PP B
2018-07-07 20:54:0( 9000:] ﬁi: ‘112032?;0'5;5 1660 :B igig:g

Note: 2 — high polarization standard®;- zero polarization standards

2http://astropribor.com/waveplates/
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3. DataAnalysis

A beam swapping technique is used for polarimetric datagssiog. The val-
ues of f(\)I and f(A\)*, where f(\)!l and f(A)* are the fluxes of the parallel
and perpendicular beam of the Wollaston prism respectieeby obtained for the
different retarder angles. The following formulae are usedalculate the Stokes
parameters (Bagnulket al. 2009):

° (1)
L f)I=f)t fI—F(N)*
2\ Tt ) T T, 135
VOO N W (O L (Y Sl W (LA {0V
= 1) 4 [( P!+ f(}‘)L>22.5o (f()\)| . f(}‘)L>67,5j )

+;[<f(x)l—f(w> _(f(x)l—f(w) ]
a [\ttt ) o T+ ) o
We correct the Stokes parame®s(A) and Ry (A) of RS Oph for the instru-

mental polarization using thEg(A) and Ry (A) of standard star with zero degree
of polarization. The degree of polarization is:

RL(A) = /PEAN) +PE(N) ®3)

and the position angle is:

1 ()
() = 3 arctanm + o (4)
where©y is
0° if Po>0andR, >0
©p =< 180 if Po>0and Ry <0 (5)

90°  if Pa<O
or

45° if Po=0andR;, >0
90—{ N (6)

135 if Po=0andR, <O0.
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4, Results

We observed RS Oph approximately ten years after its lastmeut nova out-
burst which occurred on February 12, 2006 (Naretal. 2006). Optical spectra
(Stokes 1) of RS Oph are shown in Fig. 1.
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Fig. 1. Optical spectra of RS Oph. The absorption featuresrat 7600 A onwards are due to the
atmosphere.

The observed degree of polarization and position anglesimtivelength range
from 5000 A to 8000 A are plotted in Fig. 2 and Fig. 3, respatjivThe maximum
of a degree of polarization iB_(obs = (2.9+0.09)% atA ~ 5600 A. The values
of the degree of polarization in the wavelength range fro®058 to 8000 A have a
characteristic corresponding to the polarization dueedrkerstellar medium. The
angle of polarization has a flat behavior with no visible wargth dependence and
it has value o =47°.2+0°.9.

The average value of the observational Stokes paranféi¢ohs) andR, (obs)
in the wavelength range from 5500 A to 7500 A are presentedbieT2, where
the orbital phase is calculated usifg, = 4536 d andTeon = 244504354+ 5
(the time of the inferior conjunction of the M giant, Braratial. 2009).

In Table 3 are presented the parameters of the Serkowski'fitléSerkowski
et al.1975).
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Fig. 2. Observed degree of polarization of RS Oph.
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Table?2

Observational average value of Stokes paraméigrand R,

Object JD Orbital phasgl ~ Pg(obg Ry (obs
2457956.3558 0.47 —0.002+0.003 | 0.027+0.004
RS Oph| 2458166.6517 0.93 —0.002+0.002 | 0.029+0.003
2458188.63472 0.98 —0.003+0.003 | 0.028+0.003
2458307.3708 0.24 —0.001+0.002 | 0.028+0.002
Table3

The parameters of the Serkowski’s law fit

Object  P(\)max(%) K Amax [A]
RSOph 29+0.09 175+028 5627:184

5. Discussion

The interstellar polarization is produced by dichronicaption by magneti-
cally aligned aspherical dust grains existing between tijeap and the Earth. In the
optical region, the degree of interstellar polarizatioa fanction of the wavelength
(Serkowskiet al. 1975):

A

wherePnay is the peak of the interstellar polarization at wavelengthy. Table 3
presents the parameters of the Serkowski's law fit.

The relationship between polarization and extinction hasnbquantified by
Fosalbeet al. (2002) as:

Pisp(A) = Pmax eXp(—K In? m> (7)

Praxism(oe) = 3-5E8° . (8)

For RS Oph we us&g_y = 0.69+0.07 (Zamano\et al. 2018) so thaPmaxism =
(2.6+0.2)%. Snijders (1987) determindgs_y = 0.73+0.10 on the basis of UV
spectra, and using this value we calculBigyism = (2.74+0.3)%. This estimation
of the interstellar polarization from the extinction is stsient with that directly
measured in our spectropolarimetry.

Cropper (1990) observed variable linear polarizationmyd985 outburst in-
dicating the presence of intrinsic polarization. He sejgarshe interstellar polar-
ization from the intrinsic polarization and found that thasgion angle is aligned
with the radio structure. Cropper (1990) determined thempasition angle of the
nine field stars and its value is %+ 4°5, which is close to that obtained on day
488 after the 1985 outburst for RS Oph (24: 1°4) and the degree of interstellar
polarizationPmax = 2.6% atAmax = 5900 A.
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Somero, Hakala and Wynn (2017) obtairfe@max) = (2.75+0.02)% atAmax=
5867944 37.41 A and average value of position an@le- 787 +5%1.

Our average value of position angle in the region from 500® A@00 A is
4722+ 0°9. This is very close to the value of position angle for inteltar po-
larization determined by Cropper (1990), and the degreeotdrization is also
consistent with that measurement.

It is worth noting that the optical and radio observatiorterahe outburst con-
firmed an asymmetric double-ring structure of the nova reth(@’'Brien et al.
2006, Bodeet al. 2007, Ruperet al. 2008). It is likely that the intrinsic polariza-
tion can be observed only during the outburst when the ajentderial scatters the
light.

6. Conclusions

We obtained spectropolarimetric observations of the recinova RS Oph on
July 21, 2017, February 7, 2018, March 2018 and July 7, 201.&d wavelength
range from 5000 A to 8000 A, we find a maximum degree of linedanmation
PL(0b9 = (2.940.09)% atA ~ 5600 A. The polarization generally decreases from
a peak at 5600 A and can be fitted by a Serkowski’s law. Theipasingle is
4724+ 029. There is no wavelength dependence of position angle. Weotlo
detect any variability of the degree of polarization and plesition angle. Our
results indicate that at the time of our observations, tfseme intrinsic polarization
in RS Oph and the derived values represent the interstallaripation. The data
reported here can be useful to investigate possible véitjadii polarization during
the next outburst.
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