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We have obtained spectropolarimetric observations of two Wolf-Rayet stars, WR 135 (WC8) and W R136 (WN®6), with
the 6-m Russian telescope in July 2009 and July 2010. We have studied the He 11 5412 A line region, which contains also
the C1v 5469 A line (for WR 135 only). Our goals were to investigate the rapid line-profile variability (LPV) in WR star
spectra and to search for magnetic fields. We find small amplitude emission peaks moving from the center of He 11 line to
its wings during the night in spectra of both stars. These emission peaks are likely a signature of accelerating clumps in
the stellar wind. We obtained upper limits of the magnetic field strength: ~200 G for WR 135 and ~50 G for WR 136.

1 Introduction

Massive OB stars are believed to be the progenitors of Wolf-
Rayet (WR) stars. The expanding atmospheres (winds) of
WR stars are supposed to be strongly clumped. Signatures
of wind clumping mainly come from indirect observational
evidence. These include the unusual ionization structure of
the wind (Antokhin et. al. 1988), the IR emission-line ra-
tios (Nugis & Niedzielski 1995), stochastic variations in the
polarized light (Robert & Moffat 1989), the continuum ex-
cess in the IR, and the radio free-free emission (Runacres &
Blomme 1996). Sometimes, more direct evidences are also
found (e.g. Lepine et al. 1999).

Many of the OB stars, the progenitors of WR stars, are
magnetic (Hubrig et al. 2006; Hubrig et al. 2011; Bychkov
et al. 2009). Neutron stars, which are the final product of the
WR-star evolution, have super-strong magnetic fields. Thus,
it is reasonable to assume that the WR stars are also mag-
netic. Nevertheless, up to date, for no WR star a magnetic
field has been detected.

A first attempt to find a magnetic field was made by Ev-
ersberg et al. (1999) for the brightest WR star 2 Velorum
(WR 11, HD 68273). The fluxes for all Stokes parameters
were measured in the wavelength interval 5200-6000 A. No
obvious circular line polarization features were seen across
any emission line above the 30 ~ 0.03% instrumental level.
An upper limit on the net effective magnetic field in the WR
wind was estimated as B < 280 G.

The next attempt to detect a magnetic field for 42 Velo-
rum was reported in 2002 by Chesneau & Moffat (2002).
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They used the échelle-spectropolarimeter CASPEC at the
ESO 3.6-m telescope. For all studied emission lines no sig-
nal in the Stokes parameter V' was detected.

St-Louis et al. (2008) have tried to detect the mag-
netic field for the single star WR 6. Spectra were obtained
in December 2005 at CFHT with the spectropolarimeter
Espadons (R ~ 68000) at the wavelength interval 3700-
10500 A. The authors have estimated an upper limit of
the Stokes parameter V' < 0.005 % from the analysis the
He 11 1 4686 A line, which gives the upper limit B < 25G.
These upper limits are based on estimating the contribution
of the conversion of the linear polarization into circular po-
larization and seems to be very uncertain.

In the present paper we outline the results of our obser-
vations of the two Wolf-Rayet stars WR 135 and WR 136.

2 Objects and observations

We selected two objects: WR 135 and WR 136, which are
the brightest northern-sky WR-stars. We observed these
stars with the 6-m telescopes of the Special Astrophysical
Observatory, (SAO) Russia. In Table 1 we list the parame-
ters of our targets.

The spectropolarimetric observations of both WR 135
and WR 136 were obtained during 3 nights in July 2009
and 2 nights in July 2010. All observations were done using
the long slit spectrograph MSS (Main Stellar Spectrograph)
located at the Nasmyth focus of the 6-m telescope, equip-
ped with the polarization analyzer (Chountonov 2004). For
the present observations we selected the wavelength interval
5220 A < X < 5586 A, that includes the strong emission
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Table 1  Parameters of the stars.

Parameter WR135 Ref. WR136  Ref.

my (mag) 8.11 a 7.48 a

Spect. Class. WC8 a WN6 a

d (kpc) 1.74 b 1.8 b

Terr (K) 6.3x10* ¢ 5.5x10*  d

R./Ro 2.6 c 6.4 d

log(L/Lo) 5.3 c 5.5 d

M. /Mg 9 e 10 f

log M. Mpyr™!)  —41 c -3.8 d

Voo (kms™) 1300 c 1700 d

2SIMBAD data base, Pvan der Hucht 2001,

°Koesterke & Hamann 1995, 9 Dessart et al. 2000,

®Hamann et al. 1993, fHamann et al. 1994

Table 2  Journal of observations.
WR 135 WR 136

Date N T Date N T

2009 Jul 3 9 440 2009 Jul 1 24 6:52

2009 Jul7 14 351 2010 ul25 22 5:28
2010 Jul 26 16 3:51

Total 23 831 Total 62 16:11

Notes: N is the number of observations per night, T is the to-
tal time interval covered (hr:min). Exposure time was 15 min for
WR 135 and 10/15 min for WR 136 in 2009 and 15 minutes for
WR 136 in 2010.

line He 11 A 5412 A, the marginal line Ov A5471 A, and al-
S0 some more weak lines.

A journal of the observations is given in Table 2. Flat-
fielding, bias subtraction and wavelength calibration with
ThAr lamp were done following the routine procedure using
the MIDAS packet. For the best reliability of the Stokes pa-
rameter V' we used two successive spectra of the same star
with two opposite positions of the polarization analyzer.

The lines in the spectra of both WR 135 and WR 136 are
very broad. Even small differences between the L and the R
continuum slope may result in a notable polarization in such
broad lines. For this reason we took a special care to have
the same continuum shape and normalization in the L and
R spectra.

3 Line profile microvariability and smTVS
spectra

Both WR 135 and WR 136 shows strong LPVs. The dynam-
ical spectra of the LPVs for WR 136 are presented in Figs. 1
and Figs. 2 (top panels).

The resulting dynamical spectra reveal spectral features
that systematically move from a region near the line center
toward the line edges. This pattern of line-profile variabil-
ity is quite typical for WR stars (e.g. Lepine et al. 1999).
The moving details in the dynamical LPV spectra are usu-
ally explained as being due the clumps moving outward in
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Fig.1 Top: dynamical LPV for the line He Il A 5412 in the spec-
tra of WR 136 taken at July 25/26. Middle: grey scale dynamical
plot of the smTVS spectrum as a function of the filter width S.
Bottom: Nightly mean He |1 A 5412 line profile.

the wind. The amount of moving spectral features (~ tens)
is much smaller than the estimated number of clumps in
the wind (~thousands, Antokhin et. al. 1988). This can
be explained if the emission subpeaks are the combined
signature of clusters of many clumps (Lepine et al. 1999;
Kudryashova & Kholtygin 2001).

To detect the LPV of a small amplitude (micro-LPV)
we use the smooth Time Variation Spectra (SmTVS) tech-
nique introduced by Kholtygin et al. (2006). The value of
smTVS(A, S) is described by

1
-1

N N
> a9~ TS /370 )
j=1 Jj=1

where N is number of spectra, F'(\,.S) is the flux in the
spectrum with number 4 at wavelength A smoothed with a
Gaussian filter (S is the filter width) and normalized to the
continuum, F;(A,.S) is the flux at wavelength A averaged
over all smoothed fluxes, g; is the relative weight of j-th
observation. For S = 0, the value of smTVS(A, S) corre-
sponds to the TVS(A, .S) value introduced by Fullerton et
al. (1996).

To ensure that the LPVs are real it is necessary to use
a small significance level o < 1 for the hypothesis that the
line profile variations are due to random variations of the
noise component of the profiles. In this case the smTVS
value obeys a x2/(N — 1) statistics with N — 1 degrees of
freedom. If the value of x?2 is specified, the probability be-
comes P (x?/(N — 1) > x2) = a. Consequently, the hy-
pothesis that the line profile is variable can be accepted if
the calculated smTVS()\) value exceeds x2.

smTVS(A, S) = I X @
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Fig.2 The same as in Fig. 1, but for the night of July 26/27.

It was shown empirically that the best results can ob-
tained for smoothing with a Gaussian filter width S = 0.7-
1.3A (it means usually 15-30 pixels). To illustrate our
method, the smTVS map for the line He 11 A 5412 A in spec-
tra of WR 136 is plotted in Figs. 1 and 2 (middle panels) for
the filter width S € (0.4A,2.5A).

As we can see in Figs. 1 and 2, the regions of the max-
imal amplitude on the smTVS map correspond to the mov-
ing bumps in the dynamical spectra of LPV. It means that
smTVS spectra can be used for detecting stochastic line pro-
file variations of small amplitudes.

4 Polarimetric line profile variability and the
magnetic field

In our observations, besides the integral line profile intensity
I()\) we obtained both polarization components of the line
profile: the L component ;' (\) and R component I;”())
for the “up” position of the polarization analyzer, and the
corresponding values Igown()), Igewn()) for the “down”
position. In the first case, at the “up” position of the ana-
lyzer, the L and R components of the line are located at the
top and the bottom of the CCD frame, respectively. At the
“down” positions the L and R components are interchanged.
To find the corrected values of the left Ir,(\) and the
right Ir (A) components of the line profile we use the rela-
tion
LA = [IL°(O) + I (V)]/2, )
In(\) = [IR"(N) + g™ (V)/2.
In this case we use the same regions of the CCD matrix to
find both I, (\) and Iz (A) components and eliminate the er-
rors connected with the inhomogeneous sensibility of CCD.
Applying Eq. (1) to the left polarized components Iy, (\)
of the line we obtain the smTVSy, spectra. On the other
hand, we obtain the smTVSg spectra in the case of using
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Fig.3  Top: grey scale dynamical plot of the smTVS, spectrum
of the line He 11 A 5412 for WR 136, obtained on 2009 July 1/2 as
a function of the filter width .S. Middle: the same as in top panel,
but for smTVSg spectrum. Bortom: nightly mean He 11 A 5412 line
profile.

the right polarized components I (). The density plot of
the smTVSy, and smTVSg for the line He 11 A 5412 in spec-
tra of WR 136, obtained during the night 2009 July 1/2 is
shown in Fig. 3.

Darker areas correspond to the higher amplitudes in the
smTVSy, and smTVSg spectra. As can be seen from Fig. 3,
the smTVSy, and smTVSg spectra for WR 136 look nearly
identical. Our calculatins show that in case of WR 135, the
smTVSy, spectrum also looks the same as the smTVSg one.

This finding means that the value of the global magnetic
field for both stars cannot be large. We have estimated the
Stokes parameter V' for WR 135 and WR 136 in all our spec-
tra. We obtain upper limits of the magnetic field strength as
~200G for WR 135 and ~50G for WR 136. The detailed
description of the magnetic field measurements will be pre-
sented in a forthcoming paper (Kholtygin et al., in prep.)

5 Conclusions

From our spectropolarimetric observations of WR 135 and
WR 136 we conclude that:

1. Our high accuracy polarimetric observations of WR 135
and WR 136 demonstrate the stochastic LPVs for both
stars. The pattern of LPVs is in an accordance with the
clumping stellar wind model.

2. On the smTVS map strong details connected with the
stochastic structure of the wind are clearly seen. On the
other hand, the difference between polarimetric maps
smTVSy, and smTVSg was not detected at all scales S.

3. The upper limits on the effective magnetic fields B,
both for WR 135 and WR 136 have been established.
For WR 135 B, < 200G, but for WR 136 B, < 50G.
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