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Introduction

 Near infrared imaging polarimetry:
 -Rapidly rotating ultracool dwarfs 

 Summary

General overview:



  

 Ultracool dwarfs 

(Kirkpatrick 2005)

The low Teff's, high 
pressures and large 
rotational velocities of 
these objects favor the 
formation of condensates 
through refractary 
elements atomic collisions 
(i.e., Ti, V, Fe, Cr, Ca or Mg 
among others).



  

Ultracool dwarfs 

Observations show that 
ultracool dwarfs are quite 
fast rotators with projected 
rotational velocities > 10 
km/s.

Some vsini's are as large as 
30% of typical break-up 
speeds (~300 km/s; 
Konopacky et al. 2012) 
producing a departure from 
spherical symmetry.

(Konopacky et al. 2012; Mclean et al. 2012;
Zapatero Osorio et al. 2006; and references therein)



  

 Polarimetry 

Both the presence of 
atmospheric dust and 
the fast rotation induce 
linear polarization at 
optical and near 
infrared wavelengths. 

 
Models predict linear 
polarization degrees 
measurable with 
current 
instrumentation.

Sengupta & Marley  (2010)



  

Near infrared polarimetry: LIRIS

N

E

Telescope: 4.2-m WHT (Spain)

Field of view (pol. mode): 4' x 1'

Polarization optics: two Wollaston 
prisms that display four vectors 
angles of 0, 45, 90, and 135 deg 
simultaneously



  

 Object sample: rapidly rotating 
ultracool dwarfs

42 M7-T2 dwarfs 
with vsini>30 km/s 
available in the 
literature.

18 observed using 
J-band and LIRIS on 
the WHT.

This sample 
represents 43% of 
the total M7-T2 
dwarfs with vsini>30 
km/s.



  

 Results

-Typical uncertainty (J and Z): ±0.13%  (for S/N > 1000)

-Polarization criterion:   P/σ ≥ 3  (99% of confidence)

-Umbral detection: P=0.39%



  

-Instrumental polarization controlled by observing non-
polarized standard stars: P(inst) < 0.1 % (J-band)

-Possible offset in the polarization vibration angle, Θ, 
controlled by observing polarized standard stars:

Θo = +4.4 ± 1.3 deg 

 Results



  

Linear polarization degree P is always a positive quantity, small values of P and 
values of P affected by poor signal-to-noise-ratio data are statistically biased 
toward an overestimation of the true polarization, so the unbiased linear 
polarization degree, p*, is defined as (Wardle 1974):

 Results



  

Results: J-band

The unbiased 
degree of linear 

polarization  p*     
is found to be 

similar in all the    
   explored vsini.   

Miles-Páez et al. (2013, submitted)



  

 Results: J-band

vsini ≥ 60 km/s vsini = 30-60 km/s
Fraction (%) 50 ± 29 18 ± 13

<p*> (%) 0.43 ± 0.16 0.18 ± 0.24

Miles-Páez et al. (2013 submitted)



  

2.1.1 Results: p*-Spt

Polarized 
objects  show 

similar levels of 
linear 

polarization for 
spectral  types 

M7-L3.5

(Miles-Páez et al. 2013, submitted)



  

 Results: J-band

Miles-Páez et al. (2013 submitted)

There is an 
uncertainty in 

vsini. Solid 
results can be 

only considered 
when using the 
true rotational 

velocity



  

2.2 Scenery  4: Atmospheric 
condensates

(Sengupta & Marley  2010)

Comparison to models

V = 60 km/s



  

Comparison to models

de Kok et al. (2011)



  

Variability of Polarization 

- P and Θ measured 
on consecutive nights 

(after a few ten 
rotations) are 

constant within the 
uncertainties.

 - P and Θ measured 
with separations of 

several months (after 
> thousands of 

rotations) change 
dramatically. 2MASS J02411151-0326587

L0, J=15.8 mag
(Miles-Páez et al. 2013, in prep.)



  

Summary

➔ For the objects with positive detections,  linear polarization degrees are 
in the interval ~0.4-0.8%. Given their cool atmospheres (M7-L5), we 
interpret polarization is originated by the light scattering due to the 
presence of condensates. Models are in agreement with the 
observations.

➔  Measurements of polarized objects taken on consecutive days (after a 
few rotations) appear to be constant within the uncertainties:
  -Simultaneous linear polarimetric measurements in different filters 

can help to constrain grain size in these atmospheric structures.

➔ Observations taken months apart (after several thousands rotations) 
differ significantly, suggesting some weather patterns.

  



  

Thanks!



  

Magnetic fields

Leroy 1995:

Ap stars (B~1500 G)

Stokes parameters q 
and u < 0.1%

Maximum P = 0.14 % q
 (

10
^

- 2
 %

)

Ultracool dwarfs have neutral 
atmospheres.

Berger (2006),  Berger et al. 
(2008) measured magnetic 

fields of ~ 500 G  for ultracool 
dwarfs.

B<3000 G (O .Kuzmychov talk) u
 (

10
^

- 2
 %

)

Nº of rotation periods 
Magnetic fields cannot 

explain the measured linear 
polarization levels



  

Disks

There is no color excess at 4.6 micron that can suggest the existence of a warm first 
generation disk.

We do not know if there is any cold debris disk. However, this kind of disk tends to 
produce significant linear polarization in mm-wavelengths and longer since 
polarization increases when wavelength and particle size are comparable.

(Dupuy & Liu 2012)



  

 Interstellar dust

All targets in this sample 
have distance estimates 

at less than 30 pc.

 Moreover, there is no 
extinction detected for 

any of them.

Tamburini et al. (2002) found that at distances < 
70 pc no relevant contribution by interstellar dust 
is expected.

%

We conclude that 
interstellar dust is not the 

source of polarization.



  

 Results: Z-band

Too few measurements in the Z-band, but the available 
ones  support our findings in the J-band.

(Miles-Páez et al. 2013 submitted)



  

YBD
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