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Brown dwarfs are magnetized.

Route & Wolszczan 2012

2M 1047+21 (T6.5)
B ~ 1700 G

Radio emission studies:
Berger+ 2001, 2002, 2006, 

2010;
Hallinan+ 2006, 2007, 2008;

McLean+ 2011, 2012;
Burgasser+ 2005, 2013;
Antonova+ 2008, 2013;

etc.



The nature of UCD fields is unclear.

High diffusivity means fossil fields decay (Mohanty+ 2002)

Full convection means solar-type αΩ dynamo is not directly applicable

← Observations show a wide variety 
of properties (Morin+ 2010, etc.)

Simulations do not clarify (e.g. 
Durney+ 1993, Chabrier & Küker 
2006, Dobler+ 2006, Browning 2008)

Bimodal dynamo?? (Gastine+ 2013)



But the fields affect photometry …

PKGW+ in prep.; 
cf. McLean+ 2011

NLTT 33370 
(M7 blend)

Magnetic 
cool spots → 
different 
cloud 
chemistry?

2M 1707+64 (M9)

Rockenfeller+ 2006



… and spectroscopy …

Reiners & Basri 2007

Wing-Ford band of FeH is magnetically sensitive; also others, cf. next talk



… and internal structure & dynamics.

Browning 2008

Mullan & MacDonald 2001

Fields should inhibit convection, 
altering final radius (Gough & 
Tayler 1966, Chabrier+ 2007)

Maxwell stresses likewise may 
inhibit differential rotation



We infer magnetism with a variety of tracers.

Morin+ 2010

Chromospheric Hα, CaII H&K, etc.
(e.g. West+ 2004)

Transition region UV emission
(Smith & Redenbaugh 2010)

Coronal X-ray emission
(e.g. Stelzer+ 2006)

Variability (e.g. optical), tracing spots

FeH spectroscopy
(Reiners & Basri 2007, seen earlier)

Zeeman-Doppler imaging (ZDI)



But in Brown Dwarf Land, radio is king.

Berger+ 2010

Hα

X-ray

Hα and X-ray drop off strongly around ~M8

Spectroscopic methods are foiled by 
ubiquitous rapid rotation (cf. Scholz)

Declining Lbol values don’t help.

Radio Radio is also 
challenging, but is 
the least-daunting 
way to get detailed 

information.



In Sun-like stars, rotation and activity are linked.

Rossby number: Ro ~ P / τconvection
Wright+ 2013 ← Faster rotation

N.B.: Age is also a key parameter! But ignoring it in this talk.



UCDs appear to follow a different relationship.

PKGW+ in prep.

McLean+ 2012; cf. Slee & Stewart 1989

Large violation of Benz-Güdel relation.



Understanding rot./act. will illuminate B more generally.

Wright+ 2013

Centrifugal stripping of the 
corona? (Jardine & Unruh 1999)

Polar updraft? (Stȩpień+ 2001)

Suppression of the dynamo?

Combined trends suggest more 
efficient coupling between 
B+particles and radio with less 
efficient coupling to coronal 
plasma.



We are pursuing UCD magnetism
with the mighty, upgraded
Karl G. Jansky
Very Large Array.

(As well as Chandra,
MEarth, Gemini,
Swift, etc.)



We are looking at very cool objects …

Route &
Wolszczan

2012

2M 1047+21 (T6.5) — edging towards the planetary regime

PKGW+ 2013PKGW+ 2013

14 hr of 
VLA 

followup 
granted



… and (relatively) bright ones …
NLTT 33370, redux

PKGW+ 
in prep.

Extremely flat spectrum; bright enough that 
ECMI bursts can be analyzed much like 

solar ones.



… and (relatively) bright ones …
NLTT 33370

PKGW+ in prep.

10 hours 
simultaneous 

VLA, Chandra, 
MEarth, Swift.

 Also have two 
consecutive

10-hour 
simultaneous 
VLA/MEarth 

obs from 2012.



… and performing (modestly-sized) surveys.
Granted VLA time to 
pursue 18 L/T dwarfs with 
d < 13 pc (excited for new 
nearby candidates!)

Low-priority allocations 
for more wideband 
spectra, monitoring of 
Kepler L dwarf (cf. Gizis 
tomorrow)

Requesting an expansion 
of the Chandra sample



We can make great strides in the next few years!

Gracias. ¿Preguntas?

The large UCD samples being produced by current & upcoming 
surveys will yield a rich set of candidates for radio followup, 
leading to more “radio benchmark” systems like NLTT 33370.

As our understanding of UCDs becomes more 
detailed, the need to understand the role played 
by the dialectic magnetic field in structure, 
spectra, and variability becomes more pressing.

The upgraded VLA is an incredibly powerful tool, and has unique 
capabilities for probing UCD magnetism in detail.
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Güdel-Benz Relation

Benz & Güdel (1994),
Forbrich+ (2011)

LX ~ Lν,R



UCD Güdel-Benz Violation

Williams+ 2013 in prep.

What's different about 
UCD coronae?

Centrifugal stripping?

Polar updraft?

Neutrality?


