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Brown Dwarfs

Very cool dense objects
about the size of
Jupiter, with mass from
below 13 Jupiter masses
to 75 Jupiter masses.

Can't burn hydrogen but
can burn deuterium.



MOST OF THESE
HAVE NOT YET
BEEN FOUND

-

BROWN
DWARFS



Brown Dwarf Gliese 2298
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Palomar Observatory Hubble Space Telescope
Discovery Image Wide Field Planetary Camera 2
October 27, 1994 November 17, 1995

PRC95-48 - ST Scl OPO - November 29, 1995
T. Nakajima and S. Kulkarni (CalTech), S. Durrance and D. Golimowski (JHU), NASA
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Eirst Radio Brown Dwarf : LP 944-20
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Eirst Radio Brown Dwarf : LP 944-20
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Radio Pulses!
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The M9 dwarf TVLM 513-46546 - Hallinan et al. (2007)

Allows very accurate measurement of magnetic field strengths for ultracool dwarfs
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Two of our radio dwarfs are tight binaries.

Which one is pulsing? The faster rotator?
The higher mass dwarf?

Separation only 0.1 arcsecond.

We need Very Long Baseline
Interferometry (VLBI).

VLT/NACO
VLT/NACO 22 Mar. 2003

18 Feb 2003

Keck/NIRC

4 Dec. 2003
HST/ACS/HRC

21 Oct. 2002

HST/STIS
9 Jan 2004

GEMINI/Hokupa'a
7 Feb. 2002

HST/WFPC2

25 Apr. 2000 ESA/NASA and Herve Bouy

Dynamical mass measurement of 2MASS
J07464256+2000321 using HST/VLT/Keck/Gemini:
Bouy et al. A&A 2004
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owiis'siable eleciron acceleration maintained in
e magnetospheres of ultracool dwarfs?

Persistent electron c
of the dwarf.

NANCAY Jovian S- bursts
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* We use Arecibo to try and produce
dynamic spectra of the pulses.

» The first Arecibo observations
consisted of 3 successive nights on the

pulsing ultracool dwarf TVLM 513-46546
using the Wideband Arecibo Pulsar
Processor (WAPP).




Broadband Dynamic Spectra of Individual Pulses
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Broadband Dyhamic Spectra of Individual Pulses
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Ongoing Radio Observations

Stokes V dynamic spectrum of the the periodic pulse detected
from TVLM 513 using Arecibo in May 2008
Stokes V light curve of TVLM 513 using the VLA in May 2006
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Ultracool Dwarf Pulsars

Time (hours)

Exemplar Object - TVLM 513-46536

Unusual Behaviour at other wavebands...



Periodicity in T band photometric monitoring

VLA 8.4 GHz

*The same period is retrieved in optical observations - Lane et al 2007



Periodicity in H-alpha emission

Same periodic signal also present in H-alpha emission - Berger et al. 2008



Anti-correlation in g and i’ photometric monitoring

Littlefair et al. 2008: Anti-correlation in g’ and i’ photometry, rules out spots
as the sole cause of the variability. Consistent with dust.

*Change in variability amplitude greatly diminished.



Periodicity in JHK Spectrophotometry

TVLM 513
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Periodicity in JHK Spectrophotometry
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EARTH

Imai Lab.

Emission Jupiter

X rays (0.1-3 keV) —1-4 GW2
FUV® (80-180 nm) 2210 TW

Visible (385-1000 nm) ~10-100 GW
IR (H3) (34 pm) 4-8 TW

IR (hydrocarbons) (7-14 pm) ~40 TW
Radio (10 kHz to a few megahertz) ~10 GW*

Bhardwaj and Gladstone (2000)



Jupiter's auroras

Jupiter TVLM 513
Radio ~ 1010 W Radio ~ 1016 W
Balmer Line emissions ~ 1010 - 1011 W H-alpha ~ 107 W

Scaling factor of 109
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What about detecting magnetic f_ields on exoplanets?




e It's a direct detection
 Allows measurement of rotation rate

* Possible use as a detection method for
exoplanets

* The only method currently viable for
measurement of magnetic field strengths
for exoplanets...

a) Leads to constraints on scaling la
based on magnetic fields o ‘
system planets. May event
magnetic field estimation fc
with ecosystems - crucial for

b) Provides insight into interna
structure of planet.



Radiometric Bode's Law

Hot Jupiters 7 .
(scaling law 2) g~

Hot Jupiters ?
(scaling law 1)
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.4 | Uranus




hatthave'we learned from Brown Dwarfs...

Why has there bee




What have we learned from Brown Dwarfs...

Why has there

I 5 hour observation — ~5% chance of detection




*Tau Bodtis b: > 4 Jupiter masses.

- Semimajor axis ~0.05 AU - Only 1/7
the distance of the Mercury to the S
- torch orbit".

*Distance of 50 light years.

* Orbital period of 79.5 hour
» Observed for 40 hours witk
Metre-Wave Radio Telescot
India.

- Observations spaced to al
phase coverage.






Deepes’r lmage ever produced at 150 MHz - ‘rhanks to
.reductton ’rechmques of Sandeep Sirothia. - ° ?
6.6 squarfe degrees with RMS noise ~ 300 microJy for
much of the image. * :

“> 1100 sources Sl e .

No detection of Tau Bootes B — strongest indication to date
that magnetic field strengths < 50 Gauss
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-Blind search of exoplahets — there are ~130 stellar systems <
y)o pc within the 13 square degrees ofghe 2 fi€lds. ~15 have
planets, 1 or 2 of which are probably hot Jl_inters.

. R i |
-We are carrying out a blind survey in 1600 sq deg of GMRT

data that will cover 150 hot Jupiters.
=
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Deepes’r |mage ever produced at 150 MHz - Thanks o
.reductton ‘rechmques of Sandeep Sirothia. - ° ?
6.6 squarje degrees with RMS nc;ise ~ 300 microJy for

+ much of the image. * :

> 1100 sources . BET i

No detection of Tau Bootes B — strongest indication to date
that magnetic field strengths < 50 Gauss
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Questions?



