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We present the discovery of rapid photometric variability in three ultra-cool dwarfs from long-duration monitoring with the Spitzer Space Telescope. The T7, L3.5,

and L8 dwarfs have the shortest photometric periods known to date: 1.080*

h, 1.14333 h, and 1.23*531 h, respectively. We confirm the rapid rotation

through moderate-resolution infrared spectroscopy that reveals projected rotational velocities between 79 and 104 km s'1. We compare the near-infrared spectra
to photospheric models to determine the objects' fundamental parameters and radial velocities. We find that the equatorial rotational velocities for all three
objects are =100 km s'1. The three L and T dwarfs reported here are the most rapidly spinning and likely the most oblate field ultra-cool dwarfs known to date.
Correspondingly, all three are excellent candidates for seeking auroral radio emission and net optical/infrared polarization. As of this writing, 78 L-, T, and Y-dwarf
rotation periods have now been measured. The clustering of the shortest rotation periods near 1 h suggests that brown dwarfs are unlikely to spin much faster.
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Possibility for Auroral Emissions

The L3.5 dwarf 2MASS J0407+1546 is known to be chromospherically active based

on strong (60 A equivalent width) Ha emission [6]. Its rapid rotation and Ha
emission may indicate the presence of an aurora as rapid rotation is key to
powering auroral emissions via the electron synchrotron maser instability [7].

Brown dwarf Ha, radio luminosities, and radio aurorae are correlated [8; 9; 10]. It is
possible that all three of our rapidly rotating brown dwarfs have strong dipole fields

that power auroral emission [8]. In particular, the near equator-on view of the T7
dwarf 2MASS J0348-6022 makes it an excellent candidate for seeking pulses of
circularly polarized electron synchrotron maser emission.

Parameter

2MASS J0348-6022 2MASS J121943128 2MASS J040741546

Spectral Type T7 L8 L3.5
Prot (hr) 1.08070-904 1.1470:03 1.237001

—0.005 —0.01 —0.01
vsini (km Sfl) 103.5+7.4 79.0+3.4 82.6 +£0.2
Vequatorial (kms™!)

105718 107129
Mass (Mg) 0.04170:021 0.04719-022 0.06410:09%
Age (Gyr) 3.515%° 0.9+4%8 0.873%2
Inclination (°) 814:37 47t?7 57t;1
Oblateness 0.08 0.08 0.05
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The Most Oblate Field Ultra-Cool Dwarfs Known
The Darwin-Radau relationship (e.g., [11]) connects the oblateness (fractional

difference between polar and equatorial radii), mass, radius, rotation, and moment

of inertia for objects with smoothly varying interiors. Our fast rotators have
oblatenesses between 0.05 and 0.08. For comparison, Saturn, the most oblate

planet in the Solar System, has an oblateness of 0.1. Because of their significant
oblateness, the three rapid rotators are potentially good targets for searches for

polarized thermal emission (e.g.,[12], [13],[14]).
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