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Brown dwarfs (BDs) are compact objects with masses between those of stars and planets. The
are not massive enough to sustainably burn hydrogen, and eventually cool down due to the lacl}(r
of an energy source. Cool BDs host low-temperature atmospheres, favouring molecules over
single atoms, and dust grains. Those dust grains may form clouds in their atmosphere, leading to
pol%rised light through scattering and flux variations if the cloud deck is heterogeneous.

Variations in the cloud cover of BDs have been measured through photometry monitoring and
polarisation observations. This project aims at detecting time dependence of the polarisation for
PMASS J00361617+1821104 fLa.S), LHS 102BC (L4.5), and 2MASS J15074769-1627386
(L5), which could be then explained by rotation and large-scale cloud coverage variations. Our
sample, located close enough (within 12 pc) that there is no polarisation from interstellar dust,
was previously observed in polarisation and showed convincing signs of polarisation variability.

Our goal is to extract new polarimetric information from our images and answer to these
questions: (1) Do we see any variations of the signal with time and can we relate this to the
rotation of the BD?, (2) Can we set constraints on the typical size of cloud holes?, and (3) How
do t}lle measurements compare with atmospheric models of BDs that predict polarimetric
signals?

Our data consists of unique observations obtained during October 2010 and March 2011, using
the FOcal Reducer and low dispersion Spectrograph (FORS2) [1][2], which is mounted on the
Cassegrain focus of the 8.2-m ANTU telescope at the ESO VLT in Chile.

When wused in the IPOL mode (Imaging
POLarimetry), FORS2 works as dual-beam
polarimeter (Fig. 1). This means that the incident
light beam ([) is split by a Wollaston prism (WP)
into two perpendicular beams: the ordinary (fo,7)
and extraordinary beams (fe,7). In this setup, a
rotating half-wave retarder plate (HWP) placed
before the WP, allows to measure the intensity of WP

both beams at different angles (¢%). For linear
polarization, a fixed set of 16 angles can be used, -
HWP
| Oywp = 0°
2
Figure 1 - FORS2 IPOL mode representation [3]
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at most. FORS2 has a FoV of 6.8' x 6.8' imaged
into two identical CCD detectors, with a pixel
size of 0.25 arcsec with the standard binning of
2x2. The targets were all placed at the same
location within one pixel, at the bottom of

Chip1, which has excellent cosmetics [3]. |
Table 1. Observing Log

Target Date Duration Nr. Obs SNRp)
For each target, we obtained 16 observations () SIS
2MASS J0036 25/10/2010 513 74 414

with a different retarder orientation (moved by

) 27/10/2010  2.24 5 479
22.5 degrees), in the I F)and. The 16-angle set SAGEGE  19% 5 -
allows to obtain the hlgh@St accuracy and to LHS 102BC 25/10/2010 1:31 3 378
minimise and understand the noise sources [4]. 27/10/2010  0.89 2 414
The total duration per target/night along with 20/10/2010  3.56 6 393

2MASS J1507 31/03/2011 2.59 7 499

(1) Each observation set consists of 16 measurements with different angles
(moved by 22.5°). All were acquired with the |-Bessel filter.
(2) Average of the signal-to-noise ratio (SNR)
of the ordinary and extraordinary beams.

the number of 16-angle observation sets and

SNR per each of them, are provided in Table 1.

The data reduction consists of the sequence of three types of tasks: (i) data calibration,
(ii) photometry measurement, (iii) polarimetry analysis. We applied the standard calibration
process using the associated flat and bias frames, for each night.

The photometry phase consists of measuring the flux for both the ordinary and extraordinary
beams using aperture photometry. For each target and each beam, we determine the centroid by
fitting a 2D quadratic polynomial to the data, define the circular aperture through visual
comparison of the target profiles using different radii, and subtract the local sky background by
computing the mean flux of the corresponding circular annulus. Our analysis shows that the
polarization results are not significantly dependent on the chosen aperture radius. Depending
on the observation conditions we selected 4 to 6 pixels (1" to 1".5).

Lastly, we conducted the polarimetry analysis by
executing the following steps and employing the e
formulae presented in [4]: (i) compute the 014+
normalised flux ratio, (ii) derive the Stokes
parameters % and U, (iii) compute the degree of
olarisation (P). These three steps are perfgormed
or each set of 16-angle observations.
Uncertainties are computed at every single step
within the process and are propagated
accordingly. Moreover we performed the fourier
analysis suggested in [4] to assess our error 0.02-
resu{,ts, which are often estimated with the signal -
included in the harmonics with 4= 3, 5-8. The R R R,
estimatec.l uncerta.inties were consistent with the Figure 2 - Example of Harmonics Power Spectrum
systematics obtained through the harmonics Target: LHS 102B — Night: 25/10 — Obs Set: 1
power spectrum (example in Fig. 2).

Harmonics power spectrum (t = 1)
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The whole data reduction steps were implemented through an original pipeline developed in
Python specifically for this research project, based on the astropy, photutils, and ccdproc packages.

We report our measurements in Figs. 3-5. 2MASS J0036 shows a variation on the polarisation
over the three nights (Fig. 3), reaching a significant degree of polarisation (DOP) of
(0.26 £0.08)% at the end of the first night. In the case of LHS 102BC (Fig. 4), our results also
show variations on the polarisation measurements but in this case the highest DOP were
obtained in the first two nights (0.18 £ 0.07; 0.15 £ 0.07)%. As to 2MASS J1507, the variation
in the polarisation shows a peak by the end of the night, measuring a DOP of (0.26 £ 0.05)%.
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Figure 3 - Polarimetry results for 2MASS J0036
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Figure 4 - Polarimetry results for LHS 102BC

Night 1: 31/03/11

Furthermore, we compared the results of 2MASS —
J0036 against other polarisation measurements. -
The amplitude of variations that we tentatively
detected matches with previous observations:
(0.199 £ 0.028)% in 12/2001 [5] vs. (0.077 %
0.029)% in 08/2005 [6].

In addition, for the same target we looked for
photometric variability in the literature, with the
intention of understand the relation between _
photometry and  polarisation  variations. I

Photometric variability has been reported in 7 0.26 Ofs o ‘;-3251) 0.32 0.34
band (Flg. 6).[7] as well ?S radio emission [8] but Figure 5 - Polarimetry results for 2MASS J1507
the ~3h period couldn’t be confirmed in our

polarimetry observations, as the polarisation peak
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3h before, partly due a lack of data. : 1:3‘21 o m,.i = |
We note that [9] determined the inclination of S S LR e &
2MASS J0036 and 2MASS J1507 at 51+9deg and 822 | A 20151%309/24. ]
23+2deg resp. A lower inclination, together with T g

a higher rotational velocity, increases the eftect of BJD - 2457000

the ﬂattening on the DOP. Figure 6 - Photometry of 2MASS 0036 [7]

We tentatively observed a variation of the polarisation degree in all three targets. Yet, we
detected significant polarization measurements in only = 15% of the data points obtained and
even then the polarisation significance is low.

Over the past decade, there has been a dramatic improvement in the sensitivity of photometric
monitoring of BDs and in the understanding of their cloud structure thanks to photometric
variability studies [10]. Polarimetric measurements of high quality like ours and others [11]
provide us with an additional set of constraints related specifically to the dust distribution.

Simultaneously, the degeneracies that affect the polarization signal can be partly lifted thanks to
those independent measurements [9], which paves the way for a more accurate interpretation of

polarimetric observations of brown dwarfs.

This research is based on observations collected T (@ @
at the European Organisation for Astronomical A2 2 .
Research in the Southern Hemisphere under ) ; # Astropy  photutils
ESO programme 086.C-0812(A/C/D/F), and q“w

has made use of the SIMBAD database and — P

VizieR catalogue access tool, both operated and Vizier, SAOImage

maintained at the CDS, Strasbourg, France. Simbad DS9
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