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Why the interest?

2

•Radio emissions = magnetosphere

•Magnetic field related to:

• Formation, evolution and interior structure (e.g. 
Chabrier et al., 2007; MacDonald & Mullan, 2009)

•Atmospheric dynamics, temperature and 
composition (e.g. Browning et al., 2008, Miller et al. 
2013)

• Interaction with primaries, satellites and space 
environment (e.g. Cuntz et al., 2000; Shkolnik et al., 
2003; Nichols 2012; Noyola et al., 2013)

•Detectability and photometry (e.g. Zarka et al., 
2007, McLean et al., 2011)

•Habitability (e.g. Lammer et al., 2009; Griessmeier 
et al., 2009)
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Relation to v sin i
Radio emission observational studies: 

Berger et al., 2001, 2002, 2006, 2010 
Hallinan et al., 2006, 2007, 2008

Phan-Bao et al., 2007
McLean et al., 2011, 2012

Burgasser et al., 2005, 2013 
Antonova et al., 2008, 2013

Ravi et al., 2011
Route & Wolszczan, 2012, 2013...

Theoretical studies:

Schrijver, 2009
Yu et al., 2011, 2012

Kuzetsnov et al., 2012
Nichols et al., 2012...

M
cLean et al. 2012
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Quiescent and pulsed emission 
~1 MW Hz -1 spectral 

luminosity

Quiescent: unpolarised, 
probably either synchrotron or 

depolarised maser emission

Spikes 75-100% circularly 
polarised, with <0.15 phase 

duty cycle, high ~108 K 
brightness temperature: maser 

emission

B~0.1 T (c.f. Jupiter ~1 mT)

H
allinan et al., 2008
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Stellar models: active regions

Yu et al. (2010) Kuznetsov et al. (2011)
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Jupiter : our own pulsar*

FWHM ~50o 
~0.14 duty cycle

Jupiter’s DAM radio emission
Z

arka et al., 1998

*OK a very weak pulsar

H
iggins et al. (1986)
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UV, visible, IR aurora

Magnetospheres as 
natural laboratories 

for study of 
plasmas,

planets, and ultra-
cool dwarfs 

CMI 
Radio
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UV, visible, IR aurora
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Treumann, 2006
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After Cowley and Bunce [2001]

Hill 1979, 2001; Pontius 1997; Cowley & Bunce 2001; Nichols & Cowley 2003, 
2004, 2005, Cowley et al. (2007), Ray et al. (2010), Tao et al. (2010)

Magnetosphere-ionosphere coupling at Jupiter (1)

9
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Magnetosphere-ionosphere coupling at Jupiter (1)

Momentum 
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Ṁ

✓
1� ⇤

⇥J

◆

I⇢ = 4⇡⌃⇤
P ⇢2

i (⌦UCD � !)Bi

jki = � 1
2⇡⇢2

i sin ✓i

dIp

d✓i

Equatorial radial current

Field-aligned current

Thursday, 17 October 13



Magnetosphere-ionosphere coupling at Jupiter (1)
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Magnetosphere-ionosphere coupling at Jupiter (1)
Total precipitating power

Spectral luminosity

Pe =
Z 90

0
2⇡R2

UCD sin ✓i Ef d ✓i

Lr =
Pe

100 �⌫

Jupiter : ~1011 W
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Magnetosphere-ionosphere coupling at Jupiter (2)

13
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Ultra-cool dwarfs
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Nichols et al. (2012)
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Comparison with observations

Solitary UCDs with 
confirmed CMI radio 
emissions and known 

rotation periods

Nichols et al. (2012)
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Causes for angular velocity shear
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~3% for 0.5 mho and 50 km/s
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TVLM 513: comparison with H-α
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Littlefair et al., this session
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Jupiter Sun

Exoplanets... radio observable?

18

N
ew

 Scientist
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Jupiter Sun
Z

arka et al. 2007

Exoplanets... radio observable?

19
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Ganymede-like

Two hot Jupiter mechanisms

20

Io-like

Z
arka et al., 2007
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Farrell et al. 1999, 2004; Z
arka et al. 2001, 2007; Lazio et al. 2004; 

G
rießm

eier et al. 2005, 2007; Jardine &
 C

am
eron 2008; Fares et al. 2010)

Hot 
Jupiters

‘Radiometric Bode’s Law’

21
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‘Radiometric Bode’s Law’
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Radio emission observational studies: 

Bastian et al. 2000
Ryabov et al. 2004

Winterhalter et al. 2005
George & Stevens 2007

Lazio & Farrell 2007
Smith et al. 2009

Lecavelier des Etangs et al. 2009, 2011, 
2013

Lazio et al. 2010a, 2010b...

Theoretical studies:

Zarka et al., 2001, 2007
Farrell et al.. 2004
Lazio et al, 2004

Greissmeier et al., 2005, 2007
Jardine & Cameron, 2008

Hess & Zarka, 2011
Nichols, 2011, 2012
Noyola et al., 2013...

Thursday, 17 October 13



‘Radiometric Bode’s Law’
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𝜏 Boo

Stroe et al., 2012

Radio emission observational studies: 

Bastian et al. 2000
Ryabov et al. 2004

Winterhalter et al. 2005
George & Stevens 2007

Lazio & Farrell 2007
Smith et al. 2009

Lecavelier des Etangs et al. 2009, 2011, 
2013

Lazio et al. 2010a, 2010b...

Theoretical studies:

Zarka et al., 2001, 2007
Farrell et al.. 2004
Lazio et al, 2004

Greissmeier et al., 2005, 2007
Jardine & Cameron, 2008

Hess & Zarka, 2011
Nichols, 2011, 2012
Noyola et al., 2013...
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‘Radiometric Bode’s Law’
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HAT-P-11b

Lecavelier des Etangs et al., 2013

Radio emission observational studies: 

Bastian et al. 2000
Ryabov et al. 2004

Winterhalter et al. 2005
George & Stevens 2007

Lazio & Farrell 2007
Smith et al. 2009

Lecavelier des Etangs et al. 2009, 2011, 
2013

Lazio et al. 2010a, 2010b...

Theoretical studies:

Zarka et al., 2001, 2007
Farrell et al.. 2004
Lazio et al, 2004

Greissmeier et al., 2005, 2007
Jardine & Cameron, 2008

Hess & Zarka, 2011
Nichols, 2011, 2012
Noyola et al., 2013...
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Momentum 
equation

From Nichols and Cowley [2003]

Inner region approximations:
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High conductance = near-rigid corotation

A third mechanism: rotation
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Computation of radio flux density
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Maximum 
observable 

distance in pc

Orbital radius in AU

Results over larger parameter space

27

Nichols (2011)
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Stellar XUV-induced 
conductivity only

Including auroral 
precipitation-induced 

conductivity

Mass 10 MJ, Angular velocity ΩJ

28

Nichols (2012)
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Results

40 stars within 25 pc, which have planets and measured 
or estimated values of Lx

29

Nichols (2012)
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Results

51 stars within 25 pc, which  have measured or estimated 
values of Lx > 100 x solar

30

Nichols (2012)
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Io-Jupiter-type interaction

31

Nichols (2012)

N
oyola et al., 2013
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LOFAR observations underway...

Ups Andromeda    
Eps Eridani    
Tau Bootes  
HAT-P-11 

HD 189733   
Corot-7

Watch this space... 

32
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NUV transits may also reveal B field

33

Fossati et al., 2010

WASP-12b

vs.

Llam
a et al., 2011

Bisikalo et al., 2013
Magnetosheath Outflow

This October: 20 HST/COS 
orbits scheduled to observe 4 
NUV transits of WASP-12b.

Again, watch this space...

Excited much discussion...

Lai et al., 2010
Vidotto et al., 2010, 2011

Llama et al., 2011
Haswell et al., 2012
Bisikalo et al., 2013
Turner et al. ,2013
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Summary
Ultra-cool dwarfs are magnetised, with myriad implications.

~10% exhibit radio emissions. Most quiescent (synchrotron or 
depolarised CMI emission), some bursty (CMI). Fast rotation is 
important.

Showed that a Jupiter-like M-I coupling current system is 
consistent with observations. Indicates interaction with ISM or 
satellite plasma source.

Close-orbiting, or fast rotating more distant orbiting exoplanets 
may exhibit detectable emissions. LOFAR search underway. 

Auroral emission or asymmetric transits may offer further clues.

34
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