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Abstract cates the electron cyclotron maser instability (CMI)
as the source mechanism. The presence of sustained
A number of ultra-cool dwarfs emit circularly po- CMI—generated radio emiss_ions is strongly suggestiye
larised radio waves generated by the electron cyclotronOf the existence of quasi-steady auroral magnetic
maser instability. In the solar system such radio field-aligned currents.
is emitted from regions of strong auroral magnetic . . ) )
field-aligned currents. We thus apply ideas devel- Field-aligned currents arise from a divergence
oped for Jupiter's magnetosphere, being a well-studied " field-perpendicular currents, which are, through
rotationally-dominated analogue in our solar system, E = —v x B, driven by plasma velocities relative
to the case of fast-rotating UCDs. We explain the prop- {0 the neutrals in the condl_Jctlng_outer layer of the
erties of the radio emission from UCDs by showing atmosphere: Thus, strong _f|eld7al|gped currents flow
that it would arise from the electric currents result- When there is a sharp gradient in this departure from
ing from an angular velocity shear in the fast-rotating €orotation, giving rise to a strong divergence in the
magnetic field and plasma, i.e. by an extremely pow- fleld-perpendlcular_ currents. We may theref_ore |m_‘er
erful analogue of the process which causes Jupitersfrom the observation of CMI-generated radio emis-
auroras. Such a velocity gradient indicates that theseSions from UCDs that such angular velocity gradients
bodies interact significantly with their space environ- With auroral currents exists in the magnetospheres
ment, resulting in intense auroral emissions. These Of these objects. Here we have developed a simple
results strongly suggest that auroras occur on bodies®Xisymmetric model of the currents arising from
outside our solar system. departure from rigid corotation in the magnetospheres
of UCDs, based on that used previously to study
. Jupiter’s auroral oval (Cowley & Bunce, 2001; Cow-
1. Introduction ley et al., 2005) and to estimate the radio luminosity
) ) of fast-rotating Jupiter-like exoplanets (Nichols, 2011,
Ultra-cool dwarfs (UCDs) are objects with spectral 5415 e explain the properties of the radio emission
type later than M7, comprising the lowest mass stars from UCDs by showing that it would arise from the

and brown dwarfs. Twelve of the;;e (out 6f200 electric currents resulting from an angular velocity
observed) have been found to be intense sources ofynear i the fast-rotating magnetic field and plasma,
radio emissions with spectral luminosities typically

o - 8 i.e. by an extremely powerful analogue of the process
of order aMW Hz™" (Berger et aI.,. 2001; Hallinan — \yhich causes Jupiter's or Saturn’s auroras. Such a
et al., 2008; Antonova et al., 2007; Phan-Bao et al., \g|qcity gradient indicates that these bodies interact
2007; McLean et al., 2012; Route & Wolszczan,

) > significantly with their space environment, resulting
2012). The unpolarised component probably includes in intense auroral emissions.
synchrotron emission, but the radio emission from
a number of these, which have fastq h) rotation i
periods and strong~0.1 T) magnetic fields, has been 2 Flgureﬁ
shown to be highly circularly polarised and modulated We present here results of the model using appropriate
at the bodies’ rotation periods (e.g. Hallinan et al., spotvalues for the various model parameters. Figure 1
2006). The polarised nature of the emission impli- shows representative results, in which we employ



a uniform ionospheric field strength of 0.3 T and Acknowledgements
rotation period of 2 h, in conformity with typical
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tates, and transitions overl® at 15° co-latitude to a
quarter of rigid corotation at smaller co-latitudes. The
resulting equatorward azimuth-integrated ionospheric
field-perpendicular (Pedersen) current is shown in G

Figure 1b, increasing from small values near the T /
pole to a value of~58 GA, before falling rapidly i

due to the plasma angular velocity gradient shown in 60F
Figure 1a. The resulting field-aligned current is shown F
in Figure 1c, which is negative, i.e. downward, near
the pole and switches to a significant peak of positive,
i.e. upward, field-aligned current values, reaching
amplitude~0.7 mA m~2, centred orl5°. This is the
region of auroral field-aligned current that sustains
the unstable electron distributions responsible for
the CMI and thus the radio emissions. The required
field-aligned voltage is then shown in Figure 1d, peak-
ing at~11 MV, and the corresponding precipitating
electron energy flux is shown in Figure 1e, peaking :‘e’

at ~9 kW m~2. Integrating this energy flux and H /\
converting to spectral luminosity yields a radio power L

output of ~1.1 MW Hz~!, i.e. consistent with the 0 0° 15 20 »

typical observed radio luminosities of UCDs. We also

note that the bandwidth of the radio emission, equal

to the electron cyclotron frequency 0f8.4 GHz, Figure 1: Figure showing profiles of model M-I cou-
is perforce similar to that observed, since the iono- pling current system parameters, as discussed in the
spheric field used is determined from the measured text.

radio frequencies.
. References

Antonova, A., Doyle, J. G., Hallinan, G., Golden, A., &
Koen, C. 2007, Astronomy & Astrophysics, 472, 257
Berger, E., Ball, S., Becker, K., et al. 2001, Nature, 410, 338

@ / Quep)

Uy /64)
=ENwbBU
$0080

g

Jji / mAm”?

O 909000

O N B OO OONPROINONDNONB D O

r(d)

o/ MV

-

E; /| kWm™

=)
u

3. Summary and Conclusions Cowley, S. W. H., & Bunce, E. J. 2001, Planet. Space Sci.,
49, 1067
Cowley, S. W. H., Alexeev, I. I., Belenkaya, E. S., et al.

In this paper we have developed an axisymmetric 2005, J. Geophys. Res., 110, A11209

model of the M-I coupling currents arising from de- Hallinan, G., Antonova, A., Doyle, J. G., et al. 2006, Ap. J.,
parture from rigid corotation in the magnetospheres of 653, 690

UCDs, based on that used previously to study Jupiter’s — 2008, Ap. J., 684, 644

auroral oval. This simple model generates radio emis- McLean, M., Berger, E., & Reiners, A. 2012, Ap. J., 746, 23
sions whose power, bandwidth, modulation period and N'ngllS‘ZJ,'\AD' 2?\111' '\RAOX' Not. ';‘ Asgon'fzc’;"é?’ 2125
dL_Jty c_yclg are consistent with those obsgrved: The im- P_Han-Ba’o, En Ocs):én,. R.SZ?.nLirriCj.,eht/fértin,’ E. L. & Ho,
plication is that these_UCDs are cc_;upllng with the|r_ P.T.P. 2007, Ap. J., 658, 553

space environments via magnetic fields, and that thisgoyte M., & Wolszczan, A. 2012, Ap. J. Lett., 747, L22
coupling reduces the angular velocity of the high lat-

itude ionopsheric regions, thus generating intense au-

roral emissions including radio emissions.



