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Abstract. We present the results of our polarimetric and spectropolarimetric monitoring of V838 Monocerotis, performed at the
Asiago and Crimean observatories during and after the multiple outbursts that occurred in January−March 2002. The polariza-
tion of the object is mainly due to interstellar polarization (P ∼ 2.48%). Intrinsic polarization up to∼0.7% at 5000 Å is present
during the second maximum of the object (February 2002). This intrinsic component increases toward shorter wavelengths but
our limited spectral coverage (5000−7500 Å) does not allow conclusive inferences about its origin. A strong depolarization
across the Hα profile is observed. The interstellar polarization gives a lower limit to the reddening ofE(B − V) > 0.28, with
E(B− V) ∼ 0.5 being the most probable value. A normal ratio of total to selective absorption (RV = 3.22± 0.17) was derived
from the wavelength of maximum interstellar polarization. This suggests a low (if any) contribution by circumstellar material
with a peculiar dust to gas ratio. A polarimetric map of a portion of the light echo shows a complex polarization distribution
reachingPmax = 45%.
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1. Introduction

V838 Monocerotis developed a spectacular multiple outburst
in January–March 2002, reachingV = 6.7. Its spectral char-
acteristics changed dramatically during its evolution. The pro-
genitor had the temperature of a F star, while during the out-
burst V838 Mon evolved from a cool K giant to a late M giant.
The profile of spectral lines also changed during the outburst,
and a strong Hα emission appeared during the second maxi-
mum, when the object reached its peak visual magnitude. A
prominent light echo was discovered by Henden et al. (2002).
The evolution of V838 Mon from January to April 2002 is de-
scribed by Munari et al. (2002a). Further photometric and spec-
troscopic observations were presented by Kimeswenger et al.
(2002), Goranskii et al. (2002), Kolev et al. (2002), Banerjee
& Ashok (2002), Wisniewski et al. (2003), and Crause et al.
(2003). The first spectra obtained after the emersion from so-
lar conjunction revealed a dramatic temperature decrease of
the object, whose spectrum became dominated by TiO and
VO molecular bands, suggesting a spectral type later than
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M10-III (Desidera & Munari 2002). A faint blue continuum
was found to dominate the spectrum blueward of 7000 Å, indi-
cating a likely binary nature for the object. The hot component
was classified as B3V by Munari et al. (2002b). Bond et al.
(2003) studied the light echo using the ACS onboard the HST.
They found a lower limit to the distance of 6 kpc, implying
that V838 Mon at its maximum brightness was temporarily the
brightest star in the Milky Way.

In spite of these observational efforts the nature of
V838 Mon remains largely unknown.

The study of the polarization can shed light on some phys-
ical properties. On the one hand the interstellar polarization
gives clues about the distance and the absorption towards the
object. On the other hand, the presence of intrinsic polar-
ization, its wavelength dependence, its variations during the
evolution of the object and the polarization across line pro-
files provide clues about the physics of the object. Wisniewski
et al. (2003) present 2-epoch spectropolarimetric observations
of V838 Mon. They reveal the presence of intrinsic polariza-
tion during the outburst, with variations across the profile of
emission lines.

Here we present the results of our more exten-
sive polarimetric and spectro-polarimetric monitoring of
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V838 Monocerotis, performed at the Asiago and Crimean ob-
servatories from January to November 2002. The results pre-
sented here supersede the premininary analysis of part of the
same dataset included in Munari et al. (2002a).

2. Observations

2.1. Asiago

Polarimetric and spectropolarimetric observations of V838
Monocerotis were performed using the polarimetric mode of
AFOSC at the 1.82m telescope at Asiago Observatory (Italy).
The AFOSC instrument is described by Desidera et al. (2002).
The polarimeter is presented in detail elsewhere (Pernechele
et al. 2003) and early results based on its use were presented
by Giro et al. (2003). Here we recall the main characteris-
tics of the instrument. The AFOSC polarimeter consists of a
double Wollaston prism which splits the incoming light into
four polarized beams (at 0◦, 90◦, −45◦ and 45◦) separated by
20 arcesc. These four beams are in principle sufficient to de-
termine the first three elements of the Stokes vector, i.e. the
intensityI and the two linear polarization parametersQ andU.
The Wollaston can be housed in the filter wheel or in the grism
wheel of AFOSC. In the first case, spectropolarimetry can be
performed by inserting a grism in the grism wheel, and in the
latter imaging or photo-polarimetry is obtained by inserting a
filter in the filter wheel.

For the spectropolarimetry, we used three different grisms:
Grism #4, (wavelength range 4500−7800 Å; resolution
4.3 Å/pixel), Grism #7, (4350−6550 Å; 2.2 Å/pixel), Grism #8,
(6250−8000 Å; 1.8 Å/pixel). In all cases a slit 2.5 arcsec wide
and 18 arcsec long was used.

Our observational procedure includes spectra taken at po-
sition angles of 0◦ and 90◦, to properly eliminate the spurious
effects introduced by the different behaviour of the grism for
the two polarimetric states. Flat fields were taken at both slit
position angles (0◦ and 90◦) to avoid spurious polarization ef-
fects due to screen reflections.

Observations were mostly performed in service mode as a
target of opportunity, and this explains some inhomogeneities
of the instrument set-up used and, in some cases, the lack of
observations of standard stars.

The first spectropolarimetric observations were performed
very early after the first maximum (January 10), and then we
continued our monitoring covering the relevant phases of the
evolution of this peculiar object for nearly 2 months. In par-
ticular, the maximum of visual magnitude (Feb. 2002) is well
covered by our observations.

When the object became too faint for spectropolarimetry,
we continued our monitoring in polarimetric imaging. Deep
images obtained inV band also allow a study of the polarization
of the light echo and of stars in the direction of V838 Mon.

Table 1 presents the journal of observations.

2.2. Crimea

Linear polarimetry of V838 Mon was carried out on
February 11, 15, 16, 18 and March 9, 2002 with the 125 cm

Table 1.Journal of observations. The grism is reported for spectropo-
larimetric observations (#4, #7, #8, see text for details) and filter for
polarimetric photometry. A and C refer to Asiago and Crimean obser-
vations respectively.

Target Date UT Grism/Filter Obs.

V838 Mon 10/01/2002 23 40 4 A
V838 Mon 11/01/2002 23 10 4 A
β Cas 11/01/2002 23 10 4 A

V838 Mon 04/02/2002 22 45 4,7,8 A
β Vir 05/02/2002 02 10 4,7,8 A

HD 93521 05/02/2002 03 40 4,7,8 A
V838 Mon 11/02/2002 18 40 U,B,V,R,I C
HD 42807 11/02/2002 19 30 8 A
V838 Mon 11/02/2002 21 10 8 A
V838 Mon 15/02/2002 21 00 U,B,V,R,I C
V838 Mon 16/02/2002 20 10 U,B,V,R,I C
V838 Mon 18/02/2002 21 30 U,B,V,R,I C
V838 Mon 18/02/2002 21 50 4 A
β Vir 18/02/2002 23 55 4 A

V838 Mon 04/03/2002 21 30 4 A
V838 Mon 09/03/2002 20 00 U,B,V,R,I C
V838 Mon 09/03/2002 21 00 8 A
HD 114710 09/03/2002 02 05 8 A
V838 Mon 20/03/2002 19 10 B,V,I A
HD 98421 20/03/2002 22 20 B,V,I A
HD 204847 29/10/2002 19 20 V A
HD 14069 30/10/2002 00 25 V A
V838 Mon 30/10/2002 04 20 V A
HD 42807 09/11/2002 01 55 V A
HD 43384 09/11/2002 02 20 V A
V838 Mon 09/11/2002 03 50 V A

reflector at the Crimean astrophysical observatory (Ukraine),
using the computer controlledUBVRIDouble Image Chopping
Photopolarimeter, developed at the Helsinki University obser-
vatory by V. Piirola (Piirola 1973, 1988).

The instrument has two operational modes: photometric
mode with elimination of the background close to the object,
and two polarimetric modes to measure linear and/or circular
polarization. In these modes the background is measured be-
fore and after each set of observations of the object. An impor-
tant advantage is that the sky polarization is directly eliminated
by using a plane parallel calcite plate as the polarizing beam
splitter.

The measurements in different colors are performed si-
multaneously using 5 photomultipliers and dichroic filters to
split the light into five spectral regions centered at 0.36, 0.44,
0.53, 0.69 and 0.83µm with FWHM equal to 0.04, 0.08,
0.08, 0.18 and 0.12µm respectively. The instrumental system
is quite similar to the JohnsonUBV and CousinsRC, IC. The
efficiency is high because there is practically no internal ab-
sorption in the dichroic beam splitters.

All observations have been carried out in the linear polar-
ization mode. In the course of polarimetric measurements the
instrument retarder plate rotated with 22.5◦ steps in front of
a polarizer. One complete measurement consists of eight inte-
grations in different orientations of the waveplate. The duration
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of one measurement with 10 s integration time for each beam
takes about 3 min. All observations were made with 10 arcsec
aperture, with the typical seeing of about 3 arcsec. However,
due to large zenith angles (>50◦) the photometric quality of the
nights was not good. The number of exposures was adapted ac-
cording to the sky conditions and the magnitude of the target.

3. Data analysis

3.1. Asiago

The reduction of spectropolarimetric data was performed in the
standard way using IRAF1. The analysis was performed using
our own IDL scripts and the POLMAP software package main-
tained by Starlink2.

A polarization measurement is based on two frames ac-
quired at slit position angles equal to 0◦ and 90◦. Each image
contains four spectra, relative to the four polarization directions
(0◦, 90◦, 45◦ and−45◦) produced by the Wollaston prism. If we
label these spectra asIθ1(λ), Iθ2(λ), Iθ3(λ), Iθ4(λ), with θ = 0◦,
90◦ the slit position angle, the two Stokes linear parameters can
be computed as:

Qθ =
Iθ1(λ) − Iθ2(λ)
Iθ1(λ) + Iθ2(λ)

Uθ =
Iθ3(λ) − Iθ4(λ)
Iθ3(λ) + Iθ4(λ)

Q =
Q0 − Q90

2
U =

U0 − U90

2
·

On Feb. 4, spectropolarimetric observations were obtained with
all the grisms used in the monitoring. As shown in Fig. 1, the re-
sults of the three grisms in the overlap region agree quite well.
We can therefore safely merge the results obtained with the dif-
ferent grisms on different nights.

For the polarimetric analysis we used IDL scripts devel-
oped by us for this purpose. After bias subtraction and flat field
division, aperture photometry is performed for the four polari-
metric channels, properly subtracting the sky contribution. The
resulting Stokes parameters are calculated as above, but using
only one of the adapter position angles (0◦).

In building the polarimetric map of the light echo
(Sect. 4.8) the calculation of the Stokes parameters was per-
formed pixel by pixel in the bidimensional image, after a fine
alignment of the four polarimetric channels. Sky subtraction
was performed using the POLPACK package.

On some nights zero polarimetric standards were not ac-
quired. However, the instrumental polarization resulting from
the analysis of the available standards (including additional ob-
servations on dates different from those of V838 Mon observa-
tions) is fairly constant and always below 0.3%. Continuous
observations of the same standard at different telescope posi-
tions and airmasses show a dispersion at a 0.2% level, mainly
due to the scattering of light at slit edges (Lorenzi 2003). The
analysis of standard stars with known high polarization indi-
cates that systematic errors in the position angle are below 2.0◦.

1 IRAF is distributed by the National Optical Observatory, which
is operated by the Association of Universities for Research in
Astronomy, Inc., under contract with the National Science Fundation.

2 www.starlink.rl.ac.uk

Fig. 1. Spectropolarimetry of V838 Mon on Feb. 4, 2002 using
Grism #4 (continuous line), Grism #7 (dashed line) and Grism #8 (dot-
ted line). In the region of overlap, the results for the three grisms agree
quite well. The peak intensity of Hα emission obviously correlates
with spectral resolution of different grisms. The feature in position
angle atλ ∼ 5300 Å is caused by a ghost.

3.2. Crimea

Before reduction all raw data are checked to eliminate bad
points from the observations. The data reduction was carried
out using the software package developed by Piirola, which
performs all the required corrections (background subtrac-
tion, correction for the instrumental polarization, transforma-
tion into the equatorial system, transformation from instru-
mental magnitudes to the standard system, calculation of the
weighted nightly means of the normalized Stokes parameters
of polarization).

Polarimetric observations are corrected for instrumental
polarization by applying the instrumental constants calculated
for a number of polarimetric standards. The data were reduced
with instrumental constants for the time interval of our observa-
tions (Feb.–Mar. 2002). Unfortunately, due to a problem during
the realuminization process of the main mirror, the instrumen-
tal polarization is large and wavelength dependent, decreasing
from 2.4% inU to 0.5% inI band. An inspection of the instru-
mental constant estimations obtained before and after the ob-
servations of V838 Mon (January–July 2002) has shown that
their scattering does not exceed 0.1% inU and is at the level
of 0.02% in the other bands.

4. Results

4.1. The polarization of V838 Mon

The results of our measurement of polarization of V838 Mon
are summarized in Table 2. To allow a comparison between the
spectro-polarimetric results and the polarimetric photometry,
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Fig. 2. Stability of position angle measurements with AFOSC po-
larimeter. Filled circles: difference between position angle of high-
polarization standard stars measured by us and literature values.
Empty circles: position angle measurement of V838 Mon taken with
the AFOSC polarimeter (with the weighted average 159.1◦ sub-
tracted). Interstellar polarization dominates at all epochs, so that po-
sition angle of V838 Mon is expected to be nearly constant. The time
coordinate is the same as Fig. 3. The results of standard stars leaves
little room for systematic errors in position angle measurement with
the AFOSC polarimeter exceeding 2◦.

the integratedV band polarization was measured on the spec-
tra. Quoted errors of Asiago observations are those due to pho-
ton noise. Errors of Crimean data include photon noise and the
error due to the scattering of the Stokes parameters between all
8 integrations of a complete single measurement. The Stokes
parameters are weighted by the largest of these errors. The er-
rors of the final data are calculated by the usual formula for
weighted error.

The V band polarization ranges between 2.35 and 3.09%.
The results of Asiago and Crimea observations agree fairly
well, with differences at the 0.1% level. The wavelength range
and effective wavelength of photometric bands depend on the
spectral type of the object and may be significantly different
from the standard ones for very red objects like V838 Mon.
This could explain some systematic differences (i.e. polariza-
tion in RC andIC bands lower than the spectropolarimetric data,
see Fig. 5). There is instead a position angle offset between
the two datasets larger than the quoted errors. The position an-
gle is about 159◦ and 153◦ for the Asiago and Crimea data,
respectively.

We investigated in some detail the absolute calibration
of position angle. Polarized standard stars were not observed
at Asiago in January−March 2002; however the analysis of
such standards taken at different epochs (including October
and November 2002) reproduce the known position angles
within 2◦ (Fig. 2). A similar analysis performed on the Crimean
polarimeter shows that typical systematic errors on position
angles do not exceed 1.◦5. The discrepancy in position angle
between Asiago and Crimea observations is larger than the
corresponding uncertainties. In spite of our best efforts, no
explanation has been obtained. However, this fact does not

Fig. 3. Evolution of V band polarization of V838 Monocerotis dur-
ing the outburst (upper panel). Filled and empty circles represent the
Asiago and Crimea data respectively. The shaded area shows our esti-
mate of interstellar polarization (2.48± 0.10% inV band). The lower
panel shows the photometric evolution of the object (from Munari
et al. 2002a). The time coordinate is that used by Munari et al. (2002a).
The intrinsic polarization appears correlated with the visual magni-
tude during the second and possibly the third maxima of the object.
Two further polarization measurements at later epochs are outside of
the plot limits.

significantly affect the main results of this study, since the ab-
solute values of polarization agreeverywell.

The dependence of the polarization on wavelength is
smooth and compatible with a Serkowski law (Serkowski et al.
1975) withλmax between 4928±21 Å (Feb. 4) and 5751±52 Å
(Feb. 18). Position angle is fairly constant in the observed
wavelength range for the Asiago spectropolarimetry while a
mild trend with wavelength is present in the Crimea data.

4.2. Time variability

The variations of the polarization during the outburst are small
but significant and they appear to have some connection with
the photometric behaviour of the object (Fig. 3). The maxi-
mum of polarization during the outburst (2.92% inV band)
was measured on Feb. 4, two days after the beginning of the
rapid rise of luminosity of the object and two days before the
visual maximum. One week later, the polarization was∼0.1%
lower while after a further week it stabilized at∼2.5%, with
a possible increase of∼0.1−0.2% during the third peak of the
V band light curve (March 2002). The polarization inV band



S. Desidera et al.: Polarimetric evolution of V838 Monocerotis 595

Table 2. Polarization of V838 Mon. The integratedV band polarization was computed from the spectra to allow the study of the polarimetric
evolution of the object. A and C refer to Asiago and Crimea observations respectively.

Date PU θU PB θB PV θV PR θR PI θI

10/01/02 A 2.74± 0.59 159.4± 7.0

11/01/02 A 2.61± 0.29 159.8± 2.9

04/02/02 A 2.92± 0.10 160.6± 0.8

11/02/02 A 2.80± 0.06 157.7± 0.7

11/02/02 C 2.30± 0.36 154.6± 4.5 2.68± 0.10 153.7± 1.1 2.66± 0.06 155.1± 0.7 2.56± 0.04 154.7± 0.5 2.39± 0.04 154.6± 0.5

15/02/02 C 2.12± 0.17 148.0± 2.3 2.41± 0.04 151.8± 0.5 2.36± 0.04 152.3± 0.5 2.28± 0.04 153.3± 0.4 2.09± 0.03 153.0± 0.5

16/02/02 C 2.29± 0.17 150.2± 2.2 2.50± 0.06 152.3± 0.7 2.47± 0.04 152.7± 0.5 2.33± 0.02 153.0± 0.3 2.09± 0.02 152.8± 0.2

18/02/02 A 2.49± 0.05 159.3± 0.7

18/02/02 C 2.43± 0.29 145.5± 3.4 2.30± 0.06 151.1± 0.7 2.43± 0.04 152.9± 0.4 2.31± 0.02 154.4± 0.3 2.11± 0.02 153.3± 0.2

04/03/02 A 2.58± 0.10 159.5± 1.2

09/03/02 A 2.54± 0.18 158.5± 2.2

09/03/02 C 2.32± 0.23 150.7± 2.8 2.53± 0.06 152.7± 0.7 2.52± 0.04 153.1± 0.4 2.30± 0.02 153.9± 0.3 2.14± 0.02 153.5± 0.3

20/03/02 A 2.40± 0.09 160.1± 1.6 2.35± 0.07 158.4± 1.2 2.07± 0.09 157.2± 2.1

28/10/02 A 3.09± 0.58 161.6± 6.4

12/11/02 A 3.05± 0.35 159.7± 3.9

in October−November 2002 (not shown in Fig. 3) possibly in-
creases back to higher values (∼3.1%) but the errors are larger
due to the much fainter magnitude of the object (V = 16.05,
Munari et al. 2002b) and therefore we do not speculate any fur-
ther about it. The polarization contamination due to the patchy
nature of the light echo is estimated to be smaller than the pho-
ton noise.

We note that theV band flux in October−November 2002
is dominated by the hot B3 component (Munari et al. 2002b),
with the cool component contributing∼10% of the light at
most.

4.3. The interstellar polarization

The small time variability of the polarization of V838 Mon dur-
ing and after the outburst, the constancy of the position angle,
the polarization in the core of Hα and the wavelength depen-
dence of the polarization, compatible with the Serkowski law,
indicate that most of the observed polarization is of interstellar
origin (Mc Lean & Clarke 1979).

To estimate the value of the interstellar polarization we con-
sider the following points:

– the polarization is fairly constant after Feb. 15, 2002, with
a possible marginal increase (0.1%) during the third peak
of the light curve;

– the fit of the Serkowski law as modified by Whittet et al.
(1992) to the Feb. 18 spectrum givesPmax = 2.50± 0.05,
θmax = 159.0◦ atλmax = 5751± 52 Å (Fig. 4). Such a value
of λmax is typical for the interstellar medium;

– the residual polarization in the core of Hα on 11th
Feb. spectrum is 2.35% withθ = 159◦. Using the Serkowski
law derived on Feb. 18 this givesPmax = 2.46± 0.06 at
5751 Å, fully compatible with the previous estimate.

From these fully consistent estimates we adopt as the inter-
stellar polarizationPmax = 2.48± 0.10 (including zero point

uncertainty) with the wavelength dependence obtained from
the Feb. 18 spectrum (λmax = 5751± 52 Å)3.

Considering the mentioned systematic discrepancy be-
tween Asiago and Crimea data, we adopt as position angle
θ = 156± 3◦. In the subtraction of the interstellar polarization
from Asiago spectra, we consider instead the position angle of
the Asiago dataset (θ = 159◦) for consistency.

The contribution of the circumstellar material not directly
associated with the outburst, whose presence was shown by the
light echo and the IRAS detection of the progenitor (Munari
et al. 2002a; Kimeswenger et al. 2002), could add to the frac-
tion of purely interstellar polarization. Hereafter we will refer
to interstellar polarization as also including such (possible) cir-
cumstellar effects.

4.4. Intrinsic polarization

To make more evident the wavelength dependence and the time
variability of the intrinsic polarization, we subtracted the inter-
stellar polarization derived in Sect. 4.3 from the observed one
(Fig. 6). The maximum ofintrinsic polarization is reached on
the Feb. 4 spectrum. The intrinsic polarization shows a marked
increase toward shorter wavelength, reaching 0.7% at 5000 Å,
with position angleθ = 170◦. Polarimetric data on 11 Feb. also
show the presence of intrinsic polarization, about 0.3%, with a
position angle 175± 6◦. The wavelength dependence of the in-
trinsic polarization indicates that further mechanism(s) beside
Thomson scattering are at work.

A trend of intrinsic polarization increasing toward shorter
wavelength in the range 4500−7500 Å has been observed in

3 The fit of the Serkowski law as modified by Whittet et al. (1992)
to the polarimetric data is fully consistent with that from spectropo-
larimetry concerning the value of polarization (Pmax = 2.49%) while
the λmax is bluer by about 500 Å. In spite of the wider wavelength
coverage, the wavelength dependence of the interstellar polarization
from photometric data is much more uncertain because of the limited
number of bands (one of which is affected by large internal errors) and
the uncertainty in the effective wavelengths for an object with such a
peculiar spectral energy distribution as V838 Mon.
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Fig. 4. Position angle, polarization and intensity on 18th Feb. 2002,
mainly showing interstellar polarization. The fit of the Serkowski law
as modified by Whittet et al. (1992) is overplotted.

several other objects. In the case of the Be starζ Tau a com-
plex pattern of polarization as a function of wavelength was
observed, with large discontinuities at the Balmer and Paschen
edges and a polarization increasing blueward in the Paschen
continuum (Wood et al. 1997). This can be explained in terms
of electron scattering modified by continuous hydrogen absorp-
tive opacity (Wood et al. 1996). However, our data do not reach
the Paschen and Balmer jumps, so that we cannot conclude
that the observed trend is due to this effect. A possible Paschen
jump is seen in the Wisniewski et al. (2003) data, but only at
the one-sigma level.

The observed trend could be ascribed also to a dust disk
formed in the stellar outflow (see e.g. Clayton et al. 1997).

In the case of the nova V4444 Sgr (Kawabata et al. 2000),
the variation of polarization with wavelength was instead inter-
preted as Mie scattering due to a preexisting circumstellar dust
cloud at fairly large distances from the object. This explana-
tion is probably not correct for V838 Mon since the intrinsic
polarization is variable on fairly short timescales.

4.5. Polarization across spectral lines

The resolution of the spectra obtained with Grism #8 enables
study of the polarization across spectral lines. For example,
V838 Mon developed a prominent Hα emission line during the
second maximum.

Fig. 5. Polarimetric photometry from Feb. 11 to Mar. 20, 2002. The
spectro-polarimetric data taken on Feb. 11, Feb. 18 and Mar. 9 are
overplotted on the corresponding panel. The fit of the Serkowski law
performed on the spectrum of Feb. 18 is overplotted on each panel.
The 11th Feb. data are clearly above the fit, indicating the presence of
intrinsic polarization, demonstrated also by the depolarization of the
Hα emission line (see below). The other data are in reasonable agree-
ment, indicating that after Feb. 15 the polarization is mainly interstel-
lar. Some discrepancy between broad band and low resolution spec-
troscopic polarimetry may be due to the very peculiar spectral energy
distribution of the object (B− V > 1.5 at the epochs of polarimetric
photometry).

Figure 7 shows the polarization around Hα at three epochs
(subtracting the interstellar polarization). A marked depolar-
ization, at∼0.4% level, is evident in the spectrum of Feb. 11,
5 days after the maximum of theV light curve. A change in the
position angle across the line profile is also clearly seen.

A marginal depolarization of Hα, possibly characterized by
a broader profile, may be present in the Feb. 4 spectrum (two
days before the peak of the light curve), when Hα was even
brighter but was characterized by a very different profile, with-
out the P-Cyg absorption and very broad wings. No depolar-
ization was detected on Mar. 9, when Hα emission was signif-
icantly fainter and the intrinsic polarization of the object was
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Fig. 6. Intrinsic polarization on Feb. 4, 2002. The insterstellar polar-
ization, taken from the Serkowski fit of Feb. 18, 2002 (see Fig. 4),
was subtracted. Note the increasing polarization toward shorter wave-
lengths and the possible partial depolarization of Hα.

small (∼0.1−0.2% at most). The result of Wisniewski et al.
(2003) indicate complete Hα depolarization on 8th Feb.

4.6. Comparison with Wisniewski et al. (2003)

Wisniewski et al. (2003) presented spectropolarimetry of
V838 Mon obtained in two epochs, Feb. 8 and Feb. 13. On
Feb. 8 theR-band polarization was 3.2%. The depolarization
across the Hα line at this date and the lower polarization of their
later spectrum (P = 2.67%) indicate the presence of intrinsic
polarization.

Our data on polarization of V838 Mon agree qualitatively
with these results. Our measurements do not reach polarization
as high as 3.2% during the outburst, but this may be due to in-
trinsic variability of the object and different observing dates.
We noted that the polarization seems to follow the photometric
evolution (Fig. 3), so that the maximum could have occurred
between our observations of Feb. 4 and 11, 2002. The polar-
ization measured by Wisniewski et al. (2003) on Feb. 13 is
intermediate between ours on Feb. 11 and 18. Their position
angle is 153◦, similar to that resulting from Crimea data (see
Sect. 4.1).

We note that our data on Feb. 11 reveal the presence of
intrinsic polarization at the∼0.3−0.4% level, so that the as-
sumption by Wisniewski et al. (2003) that the polarization on

13th Feb. was purely interstellar is questionable. Furthermore,
a visual inspection of their Fig. 4 reveals that the minimum of
polarization in the core of Hα is lower (by∼0.2%) than their fit
for the interstellar polarization and more compatible with our
estimate.

The trend of intrinsic polarization with wavelength of their
Feb. 8 spectrum is remarkably similar to our on Feb. 4 in
the overlap region. However, their position angle for the in-
trinsic polarization (θ = 127◦) is quite different from our
determination.

4.7. The polarization of stars in the field of V838 Mon

The study of the polarization of field stars is useful to con-
firm our estimate of interstellar polarization and it constrains
the distance and reddening estimates of the target.

Towards this aim, we measured the polarization of about
40 field stars in the direction of V838 Mon in our deep polari-
metricV images taken on October and November 2002. Stars
projected inside the light echo were not considered.

Errors are quite large due to the faintness of most of the
measured stars; however it appears that about half of the field
stars with polarization larger than 0.5% have position angles
similar to that of the estimated interstellar polarization of
V838 Mon. This is expected for field stars seen toward co-
herent portions of interstellar medium. Furthermore most of
the stars with such position angle have lower polarization than
V838 Mon. All these stars are within 5 arcmin from V838 Mon,
so that the spatial inhomogeneities of the interstellar medium
should likely play a marginal role. Therefore we can infer that
V838 Mon is at larger distance from us than most of the sur-
rounding field stars. However, the lack of distance estimates
for these stars does not allow us to quantify this result in terms
of a lower limit to the distance. Observational efforts aimed
at obtaining their distances using spectral classification are in
progress. Details will be presented elsewhere.

4.8. The polarization of the light echo

Our deep polarimetric imaging of the field of V838 Mon
(Nov. 9, 2002) covers the whole extension of the light echo
in the north−south direction and 18 arcsec east−west (Fig. 8).

The light echo shows a distributed polarization with a com-
plex pattern, reaching a 45% maximum and 88◦ position angle
at 11 arcsec south and 3 arcsec west of the central star. Typical
errors on polarization span from 1.5% in the brightest zones
to 5% in the faintest. Note that the position angle quoted by
Giro et al. (2002) is wrong by 90◦.

A large polarization of the light echo was also reported by
Bond et al. (2003). On their HST polarimetric images (not fully
calibrated), obtained two months earlier than ours (when the
light echo appearence was understandably different) they ob-
tained a peak polarization “of 50% at the inner rim of the cav-
ity, south east of the star”. Theverydifferent spatial resolution
between ground-based and HST observations also plays a role,
in addition to changing aspect of the light echo with time, in
accounting for the differences between our and the Bond et al.
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Fig. 7.Polarization across Hα for the spectra obtained with Grism #8 (from top to bottom) on Feb. 4, Feb. 11 and March 9, 2002. The interstellar
polarization, estimated as the polarization in the core of Hα on the 11th Feb. spectrum, was subtracted. Typical errorbars of polarization and
position angle are overplotted. The very noisy position angle on 9th March spectrum is the result of the very low intrinsic polarization.

location of peak polarization while maximum values however
fairly well agree. Bond et al. (2002) observations on May 20
also indicate that the polarization degree and the position of
the maximum evolves with time.

The general appearance is that of a dipole with its axis
roughly oriented in the east−west direction and a more visi-
ble southern lobe. Such a structure is different to that expected
from light scattered by a homogeneous circumstellar medium
(see, e.g. Sparks 1994). We also note that about 14 arcsec south
of the central object, the polarization degree of the lobe sud-
denly drops from∼40% down to∼17%. The northern lobe
might possess a quite similar structure as suggested by the
fainter features observed close to the star. Due to the limitation
of our field of view in the east−west direction, we are unable to
assess the geometrical structure of the polarization in the exter-
nal regions. However, the general constancy of the polarization
degree is quite evident.

5. Clues on reddening and distance

The distance to V838 Mon is very uncertain, with literature
estimates ranging from 650 pc (Kimeswenger et al. 2002) to
10 kpc (Munari et al. 2002b). Reddening is likely constrained
in the rangeE(B − V) ∼ 0.4−0.9. A further estimate of the

reddening can be derived using the limitE(B−V) > Pinterstellar/9
(Serkowski et al. 1975). This givesE(B− V) > 0.28. Adopting
the more typical valueE(B− V) ∼ Pinterstellar/5 we getE(B−
V) ∼ 0.50. This is similar to the valueE(B − V) = 0.50
adopted by Munari et al. (2002a) and toE(B− V) = 0.54 re-
cently found by Wagner & Starrfield (2002) from the equiva-
lent width of Na I D lines in the spectrum of the blue compo-
nent of the system. It is instead smaller thanE(B− V) = 0.80
quoted by Zwitter & Munari (2002) based on the intensity
of Na I and K I interstellar lines on outburst spectra,E(B −
V) = 0.7 derived by Kimeswenger et al. (2002) by photo-
metric and spectroscopic observations during of the outburst
andE(B − V) = 0.9 estimated by Munari et al. (2002b) from
spectral classification and photometry of the hot component.
The larger values of reddening, if confirmed, would indicate
a ratioPinterstellar/E(B− V) ∼ 3, that is still fairly normal (see
Serkowski et al. 1975).

The wavelength dependence of the interstellar polarization,
following a Serkowski law withλmax = 5751± 52 Å, implies a
normal ratio of total to selective absorption (RV = 3.22± 0.17
using the calibration by Whittet & van Breda 1978)4. This

4 This is also fully consistent with the dependence ofRV on galactic
latitude derived by Whittet (1977).
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Fig. 8. Polarization map of a portion of the light echo of V838
Monocerotis on Nov. 9, 2002. The central object is V838 Mon. Typical
errors on polarization span from 1.5% in the brightest zones to 5%.

leaves little room for the presence of a significant circumstel-
lar absorption characterized by peculiar dust–to–gas ratio or
grain composition and nature. The similar polarization angle
between V838 Mon and a large fraction of field stars also indi-
cates a minor contribution of the circumstellar material to the
observed reddening.

The polarization larger than most of the field stars and the
value of reddening likely in the range 0.50−0.80 point to a
fairly large distance, considering that on the reddening maps
by Nekel & Klare (1980) such values of reddening are reached
for distances larger than 3 kpc. This is in qualitative agreement
with the recent results by Bond et al. (2003).

6. Conclusion

We have monitored the polarization of V838 Mon from January
to November 2002 covering the relevant phases of the evolution
of this mysterious object. The main results of this study are:

– The observed polarization of V838 Mon varies between 2.4
and 3.1%.

– Interstellar (+ circumstellar) polarization is∼2.48% with
position angleθ = 156± 3◦. This represents the major con-
tribition to the observed value.

– The intrinsic polarization seems to follow the light curve
of V838 Mon, reaching a maximum of 0.7% at 5000 Å on
Feb. 4, and then quickly declining to zero in∼10 days. The
occurrence of intrinsic polarization could be explained by
departures from spherical geometry during the outburst.

– The intrinsic polarization of Feb. 4 shows a marked wave-
length dependence, increasing toward shorter wavelengths.
This trend is compatible with that expected in the case of
electron scattering modified by continuous hydrogen ab-
sorptive opacity (Wood et al. 1996), but our limited wave-
length coverage does not allow conclusive results to be
reached.

– The Hα emission line is depolarized in the spectrum of
Feb. 11.

– The analysis of the polarimetric map of the light echo indi-
cates a complex polarization pattern, reachingPmax = 45%.

– The interstellar polarization impliesE(B − V) > 0.28. A
higher reddeningE(B− V) ∼ 0.5, in better agreement with
independent estimates, is obtained adopting a more typical
value for the ratioPinterstellar/E(B− V).

– A normal ratio of total to selective absorption
(RV = 3.22± 0.17) is derived from the wavelength of
maximum interstellar polarization, suggesting a normal
interstellar medium toward V838 Mon.
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