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Why the interest?

® Radio emissions = magnetosphere

* Magnetic field related to:

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

e Atmospheric dynamics, temperature and

composition (e.g. Browning et al.,, 2008, Miller et al.
O ESY

* Interaction with primaries, satellites and space

environment (e.g. Cuntz et al.,, 2000; Shkolnik et al,,
2003; Nichols 2012; Noyola et al,, 201 3)

* Detectability and photometry (e.g. Zarka et al,,
e clican el al., 201 )

e Habrtability (e.g. Lammer et al,, 2009; Griessmeiler

et al, 2009) £X] University of
W Lelcester
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Radio emission observational studies:

Berger et al,, 2001, 2002, 2006, 2010
Hallinan et al.,, 2006, 2007, 2008
Phan-Bao et al., 200/
MclLean et al, 201 1,2012
Burgasser et al., 2005, 2013
Antonova et al,, 2008, 201 3
Ravi et al., 201 |
Route & Wolszczan, 2012, 201 3...

Theoretical studies:

Schrijver; 2009
YU et a2 OS2 e
Kuzetsnov et al., 2012
Nichols et al., 2012...
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Quiescent and pulsed emission
~| MW Hz ! spectral

luminosity R
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Stellar models: active regions

hitpet al. (201 0) Kuznetsov et al. (201 |

Zoom-in a hot active region

p . ) Low density plasmas
Micro-region for the radio emission : yp

Flux tube ¢
’ ?ﬁ Magnetic
spot
e

High density plasmas

Radio beam - .......

Rotational pole

Observer k

Hot active region
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Jup|ter our own pulsar®

*OK a very weak pulsar
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Magnetospheres .as
natural {aboratories .
 forstudy of
. plasmas, -
planets, and ultra-
cool awarfs
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Magnetospheres .as
natural {aboratories .
 forstudy of
. plasmas, -
planets, and ultra-
cool awarfs

UV, visible, IR aurora
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Magnetospheres .as
- natural {aboratories .

for study of
. -plasmas, - o
CM|

blanets, and ultra- Rt
cool dwarfs . ¢ 'O/
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Magnetosphere-ionosphere coupling at Jupiter (1)

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) University of

Leicester

9
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Magnetosphere-ionosphere coupling at Jupiter (1)
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Magnetosphere-ionosphere coupling at Juprter (1)
S — — Pedersen current
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Magnetosphere-ionosphere coupling at Jupiter (1)

L . R

0.8}
0.6}
0.4r

0.2r
0.0

(w / Q)

70

601
50r
40}
301
201
10f

1, / MA

0
0.40

0.35f
0.30f
0.25f
0.20f
0.15f
0.10f
0.05f
0.00

Jyji / pAm™?

30

25r
20f
15}
10f

E;, / mWm >

5
90 12 14
2

20

lotal preciprtating power
|

90 2
0 J
Spectral luminosity
| 3 &
L= :
100 Av
J

Jupiter: ~ 10" W

X1 University of

@ Leicester

Thursday, 17 October 13



Magnetosphere-ionosphere coupling at Jupiter (2)

sbell et al I ass)
(C‘J) g /’LOE;US’UJ
Qp = 1| s ,UOZ*p/Usw
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Ultra-cool dwartfs
lonospheric field 0.3 T  Rotation period 2 h
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Comparison with observations
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Causes for angular velocity shear
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Exoplanets... radio observable!?

1SNUSIDS MIN|
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Exoplanets... radio observable!?
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Iwo hot Jupiter mechanisms
/ Ganymede-like

lo-like

o Flux tube

Alfvén wing.
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‘Radiometric Bode's Law

Radio power (W)
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‘Radiometric

Radio emission observational studies:

Bastian et al. 2000
Ryabov et al. 2004
Winterhalter et al. 2005
George & Stevens 200/
Lazio & Farrell 2007
Smith et al. 2009
Lecavelier des Etangs et al. 2009, 201 1,
JO:
Lazio et al. 2010a, 201 0b...

Theoretical studies:

Zarka et al,, 2001, 2007
Farrell et al.. 2004
Lazio et al, 2004
Greissmeler et al., 2005, 2007
Jardine & Cameron, 2008
Hess & Zarka, 201 |
NiEgels 201, 20 |2
Noyola et al., 201 3...
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‘Radiometric Bode's Law’

Radio emission observational studies: . o —
By l ~ | '\]. \]
Bastian et al. 2000 WAl b A
Ryabov et al. 2004 i 3N N T B@.Q | "‘ 0 | N
Winterhalter et al. 2005 sl (A | , WY a W | Y
George & Stevens 2007 [ #” N ‘ | UWJHA
Lazio & Farrell 2007 Ul , 1AM, g
Smith et al. 2009 W T | N i
Lecavelier des Etangs et al. 2009, 2011, | . WY MY (LA IVl
2013 s [ (M EANM M
Lazio et al. 2010a, 201 0b.. I S\ 0
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Greissmeier et al., 2005, 2007/ ) ~"" '.o." ':',I (£ W ‘ . W |
Jardine & Cameron, 2008 R - o i 5
Hess & Zarka, 201 | | i
Nichols, 201 |,2012
Noyola et al, 201 3... X1 University of
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‘Radiometric Bode's Law’

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, 201 1,
JO:
Lazio et al. 2010a, 201 0b...

Theoretical studies:

Zarka et al,, 2001, 2007
Farrell et al.. 2004
Lazio et al, 2004
Greissmeler et al., 2005, 2007
Jardine & Cameron, 2008
Hess & Zarka, 201 |
NiEgels 201, 20 |2
Noyola et al., 201 3...
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A third mechanism: rotation

Momentum e . ( w ) 8 ( w ) _ 44D |B.| (1 3 &)\
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Computation of radio flux density

required for rigid corotation

How does conductance depend
on distance from the star?

Preciprtating electron energy
flux converted to beamed
radio power output with
bandwidth equal to the
electron cyclotron frequency

Limiting conductance
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Results over larger parameter space
Orbital radius in AU
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Mass |0 Mj, Angular velocity ()

Including auroral
preciprtation-induced

conductivity

1018
0'° -
alole 1 Stellar XUV-induced
] ] conductivity only
@) L
~ 10" -

10 100 100C

Nichols (2012) Log(R,,, / AU)
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Results

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

F / mly
B., Nichols (2011) B., Reiners et al. (2010), 10M;
Alias Sp. Type s/pc dec Log(Lx /W) Psw®d 100p4 w0 Psws 100p 0
R,/ = N,/ = 0,/ = 0,/ =
1 3 1 3 1 3 1 3
V* eps Eri K2V 3.2 -0.5 21.32 (R) 0.61 1821 049 11.63 3143 28287 5.10 45.93

HIP 85523 M2+V 4.5 -46.9 20.53 (R) 030 904 024 578 15.62 140.56  2.55 22.95
V* IL Aqgr M3.5V 4.7 -14.3 19.49 (R) 028 838 023 537 1449 13042 237 21.35
LHS 3685 M2/3V 4.9 -49.0 19.77 (R) 025 759 0.21 4.86 13.13 118.19 2.15 19.33

LHS 349 G5V 8.5 -18.3 19.87 (R) 0.08 255 0.07 1.64 4.42 3975 0.72 6.50
HR 7722 K3V 8.8 -27.0 20.23 (R) 008 239 0.06 1.53 4.13 37.15  0.67 6.07
LHS 311 G3/5V 9.2 -40.5 19.78 (R) 0.07 217 0.06 1.39 3.75 33.78 0.61 5.53
LHS 310 M3V 10.2  26.7 19.84 (R) 0.06 .77 0.05 1.13 3.06 27.56  0.50 4.51
LHS 3257 M1V 103 25.7 19.25 (S) 0.06 1.74  0.05 1.11 3.00 27.03 0.49 4.43
HD 13445 K1V 10.9  -50.8 20.61 (R) 0.05 157  0.04 1.00 2.71 2436 0.44 3.98

DR —

Nichols (2012)
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Results

51 stars within 25 pc, which have measured or estlma =
TN vallies ofuloc= [[0EDE o]k | B

F [ mly
B., Nichols (2011) B., Reiners et al. (2010), 10M,
Sp. Type s/pc  dec Log(Lx /W) Pows 100p 4w e Psws 100pswe
Q,/Q = Q,/Q = Q,/Qy = Q, /0y =
1 3 1 3 1 3 1 3

CPD-28 332 Fo-V 8.7 -28.2 22,66 (R) 019 331 007 171 464 4177 073 6.54
V* FF And MOVEP 8.6 -206 22.38 (R) 015 284 007 169 459 4134 073 6.56
V* AT Mic M1VE 9.9 -313 22.74 (R) 0.15 255 0.06 132 357 3214 0.56 5.03
V* AK Pic M4.0V 102 -324 22.55 (R) 013 225 005 123 334 3003 0.52 4.72
V* BY Dra MOVP 11.5 -438 22,60 (R) 010 1.78 0.04 097 264 23.72 041 3.73
V* V834 Tau GOV 128 47.7 22.70 (R) 009 155 003 080 217 1951 034 3.05
HIP 61941B FIV+F0O 118 -14 2242 (R) 0.08 1.51 0.04 0980 245 2205 039 3.50
V* OU Gem GOV 21.7 339 23.66 (R) 010 136 001 033 092 824 013 1.17
V* V775 Her K4Vke 135 209 22,57 (R) 007 129 003 071 192 1727 030 2.72
* tet Boo F8V 146 51.9 22,63 (R) 006 1.11 003 061 164 1480 026 2.33

Nichols (2012)
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uprter-type interaction

135 P B | (WA TN S SN LN PLALY SN ST VG Sk RN THELS MNP shoY PR S St
iz 10mly !
l.\\'.\ 1 P l'om”Y>
20 Detectable
o
g 135 LOFAR
- Detectable Z
a @)
Z10 [ ~
5 o O
= L N . 0.1mf >
-4 £ 0000 s lawe et | D
: -- —
=8
0 T o y— L — - 9
NO
0 | 2 3 4 5 )
Planctary Mass (M) —
[ W)
A4 A b A A A ALY Y |
Nichols (2012)
Umver51ty of

Lelcester

. W A A SRR B e e

&l

Thursday, 17 October 13



LOFAR observations underway...

Ups Andromeda
Eps Eridani
Tau Bootes
HAT-P-1 |
BI85 /53

Corot-/

Watch this space...
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NUV transits may also reveal B field

vvvvv

\/\/ASP IZb
5 1f ]
C b e ‘ <
| - ' T ‘ :
s \ h A <
:5 0.99 :— — "'-. U S— —j
E | :
8 098 ' i photometric transat |~
- ] O NUVA ]
- ——t O NUVB 1
1 4 NUVC 1
0.97 - x NUVATime-Tag | 7]
L NUVA norm line 4
+ .\:l:\:Bmml@nc ]
0.96 -« NUVC morm line n
[ — i L ¥ -3 4 b s g "8 ¢ (S OO 45

09 0.95 1 1.05 1.1
phase

010 "B 33 1ressod

Magnetosheath _ Outflow

¥Ry

| 1O "8 32 BUlE[]

£10C "[e 12 oeisig

Excited much discussion...

Lal et al,, 2010
Vidotto et al., 2010, 201 |
Llama. et al; Gk
Haswell et al., 2012
Bisikalo et al., 2013
Turner et al., 2013

This October 20 SN S
orbits scheduled to observe 4
NUV transits of WASP- 1| 2b.

Again, watch this space..
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Summary

Ultra-cool dwarfs are magnetised, with myriad implications.

~ 0% exhibrit radio emissions. Most quiescent (synchrotron or
depolarised CMI emission), some bursty (CMI). Fast rotation is
important.

Showed that a Juprter-like M-l coupling current system Is
consistent with observations. Indicates interaction with ISM or
satellite plasma source.

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

Auroral emission or asymmetric transits may offer further clues.
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