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- VLBI astrometric “fit” of a possible
brown dwarf around ABDor

- Quite an excitement at JPL!!

- Not a BD after all (90 Mjup), but...
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« Radio emission comes basically from
the presence of high energy electrons
and magnetic fields, but there are
MANY mechanisms...
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Berger+2001
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Giidel-Benz X-ray/radio relation (Benz et al. 2001)
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~10% of uItra cool dwarfs are active in'radio
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Skt Hallinan+2008 Errorbar = | _ v/radio relation (Benz et al. 2001)
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Spectral Type adapted from Cendes+2021
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Auroral emission (radio) .~ -

- - - Field-aligned currents

Turnpenney+2017



“Generator region” (co-rotation
~ breakdown, reconnection,
presence of exoplanets/
exomoons...).

"

-~ This generator'region could ‘
. @xtend from preferred magnetic
longitudes to the complete disk

T T

“Generator region”



Auroral emission

“Generator region” (co-rotation
' breakdown, reconnection,
presence of exoplanets/
exomoons.:.). -




Radio emiési_on': ECMI radiation pattern electrons
- (electron ciclotron |
maser instabilty):

- - Strong magnetic field -
- Low plasma density -
- Loss-cone (non-thermal)
electron distribution
- Acceleration mechanism

Mirror points

\ L

Hess+2017



Radio emiési_on':'ECMI | radiation pattern electrons
- (electron ciclotron
maser instabilty):

- Strong magnetic field

- Low plasma density
Loss-cone (non-thermal)
electron distribution
Acceleration mechanism
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Auroral radio emission —Jupiter

The case of Jupiter is well known but
different geometries
for UCD / brown dwarfs !!

Northern Hemisphere

Southern Hemisphere




| -...: s | AL, ‘ T 2 WISE J.112254.72+2550'22.2
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Sl oo Ut WISE J112254.72+255022.2
2 16 BD objeqt at only 15.9 pc
R ) .. = Rotation period ~2 hr
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The auroral emission originates in
circumpolar rings around the magnetic
poles —which may remind the main

- oval-in Jupiter =~ = e
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The auroral emission originates in
circumpolar rings around the magnetic
poles —which may remind the main
- oval-in Jupiter =~ = s

. L
LT

7 o oz o4 o6 o8 1
’ Phase
Table 3. Inferred geometric parameters of the auroral for WISE J1122

Parameter Posterior | StokesV

Spin axis inclination (2): 86.8° £ 0.6° -
Magnetic axis obliquity (3): 2.6: £ 0.5
Magnetic colatitude of the auroral ring (6p):  2.7° + 0.6°

Normalized Flux
Normalized Flux

Normalized Flux
Normalized Flux

Hollow cone half-opening angle («): 86.0° £ 0.7°
Hollow cone thickness (A«): 8.4° £+ 1.4°

Guirado+2025



Flares may be simulated With | |
- inhomogeneities in the emission pattéern
(Just like in Jupiter’s non-lo DAM). ¢
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Table 5. Astrometric parameters of WISE J1122 and its
wide companion LHS 302

VLBI Gaia

WISE J1122(®) LLHS 302(%)

to (masyr™') -1015.62 £ 0.14 -1010.9189 + 0.0734 | :
us (masyr~!)  -322.08 & 0.20 -323.1270 + 0.0684 EgE T R
Parallax (mas) 61.68 + 0.10 61.6520 + 0.0644 , bl
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Radiation belts (synchrotron)
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LSR J1835+3259 (EVN 5 GHz)

Observed durmg 6 hr=2 fuII
rotations
~* The maps show an average of the
- magnetosphere after 1. (or 2 )
rotations |

Climent et al., Sci 2023
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o VLBllightcurve - . -

| (natural)

Bursts (polarized, V (polarized) | B

rotationally modulate
ECMI, auroral emission)
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low polarization,
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| : LSR.J1835+325-9 (EVN, 5GHz) .‘
et | ' -3°gmih maps. (durihg aﬁrbra) ’
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LSR J1835

Jupiter

Intensidad senal radio

Tierra (10x)




'LSR J1835+3259 (EVN, 5GHz)

Snapshot maps show.-that double structure (belt) |s
only seen at the tlmes of the ‘auroral peaks.

: | (natural) :
@ V (polarized).
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A word about SPI

ux Density (u)y/beam)
50 100 150 200

Ing

BD’s check list

S)

Main oval?

Relative declination (ma

N .\
\
"
!
y
i /
" /’
|
/

Radiation T
belts? Ganymede
lo-like %

storms?




W
O (

20

—
D

~~
o
SN—r
>
=
Q
©
Q
O
-
o
)
O
=
&)
—
V-
=
O
O
O

(-
O

y /4 — 025 ~ 05
BD s ChECk I - = Orbital phase of 1o

>

Main oval?

Radiation
belts?

=

Jupiter’'s
lonosphere

magnetic
field

lo’s
lonosphere

lo-like
storms?

Jupiter

motional
electric field

X Ve

4] 148




N w
D | " b

—
D

Occurrence probability (%)

O

0.5
Orbital phase of 1o

Radiation

1.62 GHz

b e I ts ? Pérez-Torres et al. 2021 . Viladsen & Pineda 2023
[

Epoch 2

lo-like ‘
StO rms ? %SynOdiC Orbital period

Flux (mJy) + offset

Half-synodic

Day of April 2017




10% ultracool dwarf / brown dwarfs are radio emitters. Radio -
‘emission consists on “bursty” ECMI and (gyro)synchrotron. |

Both fast rotatlon and dlpolar magnetlc f|eld morphology are
essential gl -

A system of (Juplter-llke) auroral currents predlct the observed
radio auroras. “Main oval” em|ss|on seems to be present In some
brown dwarfs - '

. Radiation beIt in a Iow-mass object proofs- the presence of-
magnetic confinement.

“"Possible satellites/exoplanets are essential as plasma source



Siay tuned...

and see next talks!!!

» .. - . - :
- »
- o >
> - - -
» - >
-
- -
" .
(~. - »
/' ; -
. »
» e Y
- . » . »
- -

-,
.



