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Abstract. We detected periodic bursts of extremely bright, 100% [mdarradio emission
from two dwarfs at the stellgsubstellar boundary. These bursts are conclusively cohere
in nature and are produced at the magnetic polar regionsebgléttron cyclotron maser
instability, the same mechanism known to generate playnetdrerent radio emission in our
solar system. The resulting narrow beams of radiation pas$iree of sight as each dwarf
rotates, analogous to pulsars. These results point to ¢etreh cyclotron maser instability
as a ubiquitous source of coherent radio emission in a wiadgeraf astrophysical objects
ranging from planets through to brown dwarfs and low mass stéae unknown mechanism
responsible for pulsar radio emission may also be a relatdbility.

Key words. Radio continuum: stars — Stars: low mass, brown dwarfs -sSgativity —
Stars: magnetic fields — Stars: rotation — Radiation meshasii— non-thermal

1. Introduction 2006; Phan-Bao et al. 2007), suggesting some
. orm of magnetic activity in the atmospheres
Ultracool dwarfs are characterised by muc f these cooler objects. It has been postulated

lower surface temperatures than their highef,; s anomalous radio emission may be in-
mass stellar counterparts. This drop in tempef;

t ; ied b td oherent synchrotron radiation similar to that
ature Is accompanied by an apparent drop Hhecteq from earlier type stais_(Berger et al.

magnetic activity, as evidenced by the low X565 S gten of 4l 2006), or alternatively some
ray and Hr luminosities of ultracool dwarfs. form of coherent emission| (Hallinan etlal.

However, a number of ultracool dwarfs havr—zooﬁ)_ We have used the Very Large Array

been detected as relatively strong sources E\T/LA) to conduct high sensitivity observa-

radio emission [(Berger et al.__2001L;_Berger:
5002: [Burgasser & Puiman._2002; tions of two ultracool dwarfs, the M9 dwarf

Bergery| v 513-46546 (hereafter TVLM 513) and
Send offprint requests to: G. Hallinan the M8.5 dwarf LSR J18383259 (hereafter




2 Hallinan et al.: Pulsating Ultracool Dwarfs

LSR J1835) which firmly establish the exacthe dwarf, through | band photometric moni-
nature of this radio emission. toring observations of TVLM 513 (Figure 2).
Therefore, although the bright, polarized bursts
appear transient in nature, they are produced
by the strong beaming of persistent emission
together with the rapid rotation of the dwarf.
From the duration of these bursts, it is possi-
N P : ble to geometrically constrain the size of the
6 S _ emitting source regions to be 0.22 times the

. : 3 . radius of the dwarf. Using this value, we can
b \% L L ‘J;h establish the brightness teg;l)erature of the ra-
COTTET L PRI TR 4 A dio emission to be- 2.4 x 10* K, which, to-
Bl %gﬁ S%mgﬁm’ £ gether with the 100% circular polarization and

extremely narrow beaming, provides conclu-

2. Observations

4 Lcp : : M

Flux (mJy)
N
i)

2 7 P . T sive confirmation of its coherent nature.
2006 May 20 UT We observed the second ultracool dwarf,
*[Seoresv . LSR J1835, for 10.5 hours on September

1819 2006. Once again, periodic ép 2.84
hours) bursts of extremely bright, 100% cir-
cularly polarized emission were detected, con-
firming LSR J1835 to be an analog of TVLM
513. The characteristics of the periodic bursts
: detected from both dwarfs, which include
o 3 10 100% circular polarization, high brightness
2006 May 20UT temperature and very narrow beaming, are all
. ) ) _ . consistent with coherent emission generated
Fig. 1. Light curve of the 8.4 GHz radio emissiony;i5 the electron cyclotron maser instability. We
from TVLM 513. (A) The total intensity (Stokes ., 4,5 directly derive the required magnetic
I) and (B) the circularly polarized (Stokes V) radlofield strength in the source regions of the 8.4

emission received at 8.4 GHz from TVLM 513 with
a time resolution of 10 seconds, with right circularGHZ bursts detected from TVLM 513 and LSR

polarization represented by positive values and left1835 to be- _3 kilogauss. These values are in
circular polarization represented by negative valuedgreement with the recent direct measurements
Bursts of both 100% right circularly polarized emis-0f magnetic field strengths for ultracool dwarfs
sion (an example is highlighted as RCP) and 100 le(Reiners & Bastil 2007).

circularly polarized emission (an example is high-

lighted as LCP) are detected with a periodicity of

1.96 hours. 3. Discussion

Flux (mly)

The electron cyclotron maser emission is gen-
We observed TVLM 513 for 10 hours at erated in the polar regions of a large-scale
a frequency of 8.4 GHz on May 20 2006 ananagnetic field. Plasma can escape along open
for ~ 10 hours at a frequency of 4.9 GHz offield lines over the magnetic poles, resulting in
May 21 2006. The light curve of the 8.4 GHzZlow plasma density cavities where the electron
radio emission, shown in Figure 1, is characcyclotron frequency can greatly exceed the
terized by periodic § = 1.96 hours) short plasma frequency. Electrons, accelerated into
bursts of extremely bright, 100% circularly pothese density cavities by magnetic field aligned
larized emission. Similar periodic bursts arelectric fields, conserve magnetic momentum
also present in the 4.9 GHz light curve, conby evolving adiabatically to higher pitch an-
firming the broadband nature of the radio emiggles forming a shell distribution in velocity
sion. We have directly established that this pespace, providing the free energy to power the
riodicity corresponds to the rotational period o&lectron cyclotron maser. Although, the emis-
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4. Conclusion

100 @ We have shown that ultracool dwarfs can gen-
| erate persistent levels of broadband, coherent
electron cyclotron maser emission, which is
emitted in narrow beams from the poles of
a strong, large-scale ordered magnetic field.
These beams of radiation sweep Earth with ro-
tation of the dwarf to produce periodic bursts
< of 100% circularly polarized radio emission.
This result points to the electron cyclotron
I maser as a ubiquitous source of coherent radio
i emission from objects with large-scale mag-
ol | netic fields, including planets, brown dwarfs
[ and low mass stars. This mechanism may also
! be closely related to the unknown mechanism

0 1 2 3 4 5 6 responsible for pulsar radio emission.
Frequency (hr )

Power

Power

Power
N
o

Power
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