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All started in 1955 ... — decameter emission — cyclotron emission
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ABSTRACT

A source of variable 22.2.Me/sec radintion has been detected
with the large “Mills Cross” antenna of the Carnegie Institution
of Washington. The source is present on nine records out of a possible
31 obtained during the first quarter of 1955, The appearance of the
records of this source resembles that of terrestrial interference, but
it lasts no longer than the time necessary for a celestial object to
pass through the anteans pattern, The derived positioa in the sky

_._eoeresnonds to the nosition of Jupiter and exhibits the geccentric

— 3 B Jupiter,

[Burke and Franklin, 1955]
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"Radio" emissions = e.m. free-space modes O & X (or R & L)
polarized circularly near their cutoff

R A ceecsscscscssscsssssssns -

[ f=ke/2x

.......

Dispersion of e.m. electronic modes in a magnetized cold plasma with f,./f_=0.3

Characteristic frequencies :

fpe * Nel/z fce * B

fUH = (fpe2 * fcez)l/2 fLH = (fce fci)l/2

fR=O = fX = (-':pe2 * (fce/z)z)l/2 * fce/z fL=O = fZ - (fPe2 * (fce/2)2)1/2 - fce/z
+ equivalent ion frequencies



FREQUENCY, Hz

O & X modes can propagate to 'infinity'

FREE SPACE
L-O MCOE

FREE SPACE
R-X MODE

L
T

RADIAL DISTANCE, Re

Frequency range of the four cold plasma modes for a repre-
sentative electron density profile over the polar region.

[Gurnett et al., 1983]



A/D generally ~ 1 or >1 — no angular resolution

Radio eyes (optimistic)



Earth (TKR)
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Importance of N, T
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All magnetized planets produce radio emissions (Zarka, 1998]



2D « direction-finding » or Goniopolarimetry techniques




Observations of planetary radio emissions

Radiotelescope or Spacecraft Planet Measurement Capabilities
Ground-based radiotelescopes (> 1955) J [LQ U,V
(Boulder, Nangay, Florida, Kharkov...)

RAE (Radio Astronomy Explorers) 1-2 EJ [, 2D-DF

Geos 1—-2, Hawkeye, Imp 6—8, ISEE 1-2 E [, 1ID-DF

[SIS 1-2, Viking, AMPTE

DE (Dynamic Explorer) A E [, V, 1D-DF

[SEE 3 E [, Q, U, V, 2D-DF
Voyager 1—2 EJSUN LV

Ulysses J (8) [, Q, U, V, 2D-DF
Wind (Polar, Geotail) E J (S) [, Q, U, V, 2D-DF
Galileo (VE] |

Cassini (E J)S I,Q,U,V,2D-DF




Limits on propagation

Propagation is permitted only for f » f,./cos0
* Earth’s ionosphere > reflection below f,, , ,,~10 MHz
- SW - a few kHz

for outer planets (~100 kHz for Mercury)
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NB: in a metal, le-/(24)2 > N, ~ 102 m3-> f .~ 3x10% Hz, & ~ 100 nm (UV)



Planetary radio components

Radiosources in the magnhetospheres, depend on :
* B topology
- Plasma (N,) distribution

* Electrons energy (MS dynamics)

Radio component | Planet A (m) f (kHz) Radiation process
Radiation belts |J (E) ~10"" GHz Synchrotron (incoherent)
Auroral EJSUN 10'-10° |10's kHz - 10's MHz | Cyclotron Maser (coherent)
Satellite induced |J (1,G,C?), S?|10"-10° |> MHz Cyclotron Maser (" )
LFem. (NTC...) |[EJSUN ~10" <10's kHz Mode conversion e.5.2 e.m.
nKOM (lo torus) |J ~10° ~100 kHz Instabilities ~f ., f;; ?
Lightning EJ)SU(N) |10-10* |kHz - MHz Antenna radiation (current
(atmosphere) discharge)




/" Jovian radio components

J
J
!

It e
Jupiter l.l ]
- Auroral-DAM
- HOM "
- bKOM

* To-DAM (+6,C?)
* QP-bursts

- NTC

* nNKOM

- Synchrotron (DIM) Cassin-RPWS-HFR 20001203
10



Jovian radio components
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Flux density & 1 AU (Wm<Hz)

Emissions are intense : T, > 101520 K
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[Zarka, 1998, 2000]
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Broadband cyclotron emission : f ~ f.,, Af ~f

Ulysses @ Jupiter : HOM
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[Ladreiter et al., 1994]

Cassini @ Saturn: SKR
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[Cecconi et al., 2008]



Polarization : 100% circular/elliptical ...

Counts
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[Lamy et al., submitted, 2009]



Polarization :

1000

Froquency (kHz)

x

.. consistent with X mode

SKR normalized flux density

SKR

W m4

TR

DOY2004 1078 1079 1080 1081 1082 1083 1084 1085 1086 1087 1088 1089 1090

Froguency (kHz)

SKR circular polarization degree

05

00

| 05
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Asc (deg)

SKR raw cata
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23 375

297 489 528 517 489 as4 as 373 28 278

processed AH SKXA component

u\‘()vw 'W‘ Vi

Froguey (W)

[Lamy et al., 2008]
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Beaming : very anisotropic
= hollow conical sheet of 30°-90° 1/2 aperture
Q<<4g sr

Qerturg (deg)oo

Cone a
JAV)

Northern

sources

70 100 200 300 500 700 1000
Frequency (kHz)



ce!

Sources where B, f «f ,, keV e : generadlly high latitude

Earth : substorms

——
-
——

impulsive .
acceleration

[Hughes, 1995]



Sources where B, f «f ,, keV e : generally high latitude

Ce/

Jupiter : corotation breakdown

0 R e ey . [Cowley & Bunce, 2001]

colatitude (degree)



Sources where B, f «f ,, keV e

Solar wind

: generally high latitude

Saturn : Kelvin-Hekmholtz waves / FAC
at morningside magnetopause ?

dawn

B, P,

plasma

magnetosheath

Saturn

subcorotating

SKR source
region

sidereal
rotation

magnetopause

dusk

[Galopeau et al

., 1995; Cowley et al., 2004]



Sources where B, f «f, keV e : equatorial sources at

Uranus and Neptune

MERCURY EARTH JUPITER SATURN NEPTUNE

s

———

URANUS

D%

«~ - - b
35x10°km 6.5x 10 km 43 x105km




Freguency (MHz)

Cassini

Modulations by : planetary rotation

gnal Streng decide

June 7
Radio
Emission

=L OIS Xer

Radio
Source

Saturn
Rotation

Magnetic Field



Frequency {KHzZ)

Saturn Clock

T audio (sec)
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|

1000 —
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LOY 20035
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Modulations by : partly due to tilt M / Q

EARTH  JUPITER SATURN  URANUS  NEPTUNE
Q QM QM Q

M
9]
. | M

Dipole Tilt +10.8° -9.6° -0.0° -5¢° -47°



Rotation Period (sec)

(in excess of 9" 557)

Modulations : rotation of Jupiter

* Analysis of 24 years of ground-based radio observations
= P = 9h 55m 29,685s + 0,04s

2090 T T N T N
B 3%
29.85 |-

dyr
2yr
29.80 |- -

2975 it
System 11 (1965)

| 0,08 s
29.70 "New Period.. %’"“f B A EE -

29.65 - K ¢

¢
L
* 1

29.60 - -
I ‘?]

29.55T v
. L L

29.50 . T, | A L . e
1964 1966 1968 1970 1972 1974 1976 1978 1980 1982 1984

Middate (year)

[Higgins et al., 1997]



Modulations : rotation of Saturn

* Analysis of 267 days of Voyager 1 observations

= P = 10h 39m 245+ 75 (~2 x 104)

|

In spite of non-tilted B field !

[Desch & Kaiser, 1981]
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Modulations by : satellites

lo-controlled radio "sources

FIGURE 6. — The CML and lo-phase diagram
for the period of January 1978 to December 1979,
a) the observation tracks ; b) the emission
tracks.

@ to observer

[Bigg, 1964. Genova et al., 1989; Queinnec & Zarka, 1998]



AKR POWER FLUX (WATTS - M. H2') (NORMALIZED TO 7R,)

O
Y

Modulations by : Solar Wind

SOLAR WIND PRESSURE I
AT SATURN

SMOOTHED DALY AVERAGES FOR DAYS 160 -365% IN 1974 SAT {%*:c «“.‘Esi"’ e
LIS - ."‘
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[Gallagher and d'Angelo, 1981]

[Desch, 1981, 1982]



Frequency (kHz)

1000

100

10

01

Modulations by : Interplanetary Shocks, CMEs

Evénement énergétique

‘ Trapped Contimydiation

340 345

0

10~

m-2)

o

Integrated Power Flux (W

10-]0

Interplanetary Shocks

W
%ww

10*12

350 355

Galileo PWS, Dec. 3, Day 338 to Dec. 20, Day 355, 2001

Inside Magnetosphere i}

Outside Magnetosphere [}

[Gurnett et al., 2002]

Cassinix 10

320 330 340 350

Day of Y ear

14



Correlation with UV aurorae

Earth

(DE-1, 130 nm + radio)



Correlation with UV aurorae

Jupiter Aurora
Hubble Space Telescope * STIS « WFPC2

T T m

Jupiter
(HST, Nangay...)
[Prangé et al., 1993; Cowley and Bunce, 2001]



Correlation with UV aurorae

Saturn Aurora HST « STIS
PRCS8-05 « ST Scl OPO » January 7, 1998 « J. Trauger (JPL) and NASA

Saturn
(HST, Voyager)



Radiosource understood as an acceleration region
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Fine (t,f) structures

oL Eavth (TR

n) KHz

—

RN ,J 5 M Q‘u

g ‘ ﬂ i », ";_':?_“ 'I ¥ j‘
Earth Jupiter Saturn | Uranus Neptune
TKR (AKR) : bKOM SKR |UKR : B-smooth NKR : Smooth

mostly bursts ? | HOM Dayside-smooth Main-bursts
LF-bursts ITKR) |auroral-DAM B-bursts Anomalous-bursts
HOM, auroral- QP-bursts ? (JtIII) N-bursts HF-smooth (low-lat?)
roar Io-DAM, S-bursts N-smooth (low-lat)
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Radiosources = plasma cavities (small-scale)

«o |_CRPE - STMAUR | VIKING __Orbit : 0165 __86/03/23
400 Ladd ) ‘x AR
300 :
g
Gr / k o
.
‘é’ 100
9 ] [ ] | ' | | ' ] ' ] ] |
Ut 20h28 20h30 20h 32 205M
TIME (UT)
. am a3
van & 2
WG >

DENSITY,
Ok

-
=

DENSITY (emr?)
v o 8 8

| 1 |

N
D

GEOCENTRIC DISTANCE (Re)

nylem?)

[Calvert, 1981; de Féraudy et al., 1988; |
Bahnsen et GI., 1989; Hilger's, 1992] 625 ? w7 : 'y g on T em




Non-Maxwellian electron distributions : loss-cone, hole/shell

trapped electrons rie

dist func. (sym")

o »

v @ 7 w6 siid P 1Y ‘.". ’
=

= holelike
: / | @’ feature
O CONE - x ‘ l

-

-lels
\’
-
.

'/ [Mizera and Fennel, 1977]

ii_/

loss cone

-

|

L

6T 900
|

[Ergun et al., 1998]




Non-Maxwellian electron distributions : loss-cone, hole/shell
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Cyclotron-Maser Instability

* emission intensity = direct, coherent radiation

» in low § magnetized plasma (f,, < f.), X mode emission (+ weak O)
produced atf~f =f_ (1+e)=f_ e = (fo/fee)’

» gyrating electrons excite f_, at the expense of m_v 2/2
- relativistic resonance condition: w -k, v, -nw_/I'=0

» growth rate : Im(w) =y « [fv,® of/ov, 8(R.C.)dv, dv,

[Wu and Lee, 1979; Wu,

+ af/av, > O from keV electron distributions 1985; Galopeau et al., 2004;
Treumann, 2006]



Cyclotron-Maser Instability : Resonance & Gradients

Resonance : W =W, /l + k |\ [
Growth rate : Y= 8 / ‘d() with w > w,
0.14

V.I. 0.07

0.00 |
-0.14 0.00 0.14



Cyclotron-Maser Instability : a weakly relativistic theory

[Wu, 1985]



Cyclotron-Maser Instability : X & O modes growth rates

fundamental & harmonic

[Treumann, 2000]




FREQUENCY (kHz)

Narrow spectral structures : saturation by trapping ?

AURORAL KILOMETRIC

RADIATION
|35 b} P s o W s L3 E,
;')"h"‘ LR , e N
— 0: ". :' l p) | h ."."“ :
e AT
—41‘ '-‘?f“'-} . V. /8
I3O —j’ . :

125

ISEE |, DAY 58, FEBRUARY 27, 1978
START TIME, 1246:40UT

[Baumback and Calvert, 1981]




Modelled trapping-saturated SKR spectrum
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frequency (Hz)

[Galopeau et al., 1989]



f ~fy < f_ insources: deep cavities & hot plasma dispersion

8

CRPE - ST MAUR | VIKING __ Orbit : 0165 86/0323
g T e L .

8

Viking

g

g

[Bahnsen et al., 1989]
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Frequency (Hz)

SKR source crossings by Cassini

2008-10-17 (291) 06:00

2008-10-17(291) 11:00

103 - - e C - e
06:00 07:00 08:00 09:00 10:00 11:00
421 4.45 4,75 5,08 545 5,83
200,64 228,14 253,45 275,17 291,65 303,07
-39,03 -49,98 -59,25 -66,61 -71,76 -74,28
23,39 23,81 0,37 1,17 2,33 3,82
6,97 10,76 18,15 32,25 55,56 79,35

Orbit 89

dB Above Background (30%)




The AKR laminar source model

Auroral arc

=N O
ST
)

Electron density (cm's)

Y======= Electron energy (keV)
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- e’
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Ground-based observations of S-bursts
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S-bursts drift-rates

df/dt = df /ds x ds/dt f 3 =] ‘
/ AN _ Al
VB parallel AR SRR W A
S \eL L
(B model) velocity v .\ \ ~.\‘-_.\ NN VAN
\ . T %Y T N

Electrons adiabatic motion in the absence of // E-field :

W= V2 /f o= Ve i = €T

e V=V (1 - fce/fmirror)l/z
V2zv, 2+\2 = Cle
pitch angle ®=(v,B) : sinf®=v? /vé= f_ / f

mirror



drift rate (MHz/8)

number of meaurements (Iog,o)

40

-30

S-bursts drift-rates : comparison with observations

E=53:22keV, ¢, ~2.8°
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.............. ey
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[Zarka et al., 1996]

drift rate (MMz/5)

number of meaurements (log Io)

E=45211KkeV, ¢, ~2.7°
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[Hess et al., 2007a]



Electron acceleration by Alfvén waves
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Search for non-adiabatic discontinuities in df/dt:

— Study of 2 years of high resolution dynamic spectra (total ~1h30)
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Confirmation of electrons adiabatic motion for most (>80%)
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observed dynamic spectra
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Strong doubles-layers theoretically predicted
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Jovian LF « quasi-periodic » QP bursts

November 08, Day 313, 2000
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- Auroral Radio Emissions observations
* Theory of Auroral Radio Emissions

* New results on Jupiter
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* Radio emission from exoplanets ?



3D - goniopolarimetry (direction-finding)

" f=f.. iso-surface
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. 1: Projection

[Cecconi et al., 2008]

3D - goniopolarimetry (direction-finding)

008l



2D & 3D radiosources imaging with Cassini

Cassini field of view (45°) Magnetic polar projection

- Ephemeris: 2400 Data selection:
"Day :2006-268 O N L, N 5t (min) =5.0
T .-~ "=, Time :10:00 P Sl S S LN ) f.. (kHz) =100

| e (R)=7.16 f,.. (kHz) = 1000

; Tlsc = 05:29 diz (dB) =30
’ | B() = 20
r 8 -.
; 4 ] o of -200
- e e “ o
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-220 -220
-230 sl
-240 | ih
' ' ! : . -250 -
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[Lamy et al., 2009a]




Auroral radio oval (statistical) similar to UV one

Magnetic polar projection
Data:
HST-STIS 2004

: 13 days (34 images)
1000 1 filter

HST-ACS 2007
14 days (349 images)
3 fiters




Saturn's variable radio period
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[Gurnett et al., 2007]

+ magnetopause location ?
+ currents ?

+ energetic particles ?



Origin ?

- not a real change of Saturn's rotation rate !

<3




Variable plasma flow from Enceladus ?

Enceladus




Magnetic « cam » due to rotating currents system ?

Corotating

[Southwood & Kivelson, 2007]
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Source location jitter due to Solar Wind speed fluctuations ?
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Source location jitter due to Solar Wind speed fluctuations ?
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Standard Deviations
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Different rotational modulation in N & S hemispheres
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* Introduction

- Auroral Radio Emissions observations
* Theory of Auroral Radio Emissions

* New results on Jupiter

* New results on Saturn

* Radio emission from exoplanets ?



Star/planet proximity

Detectability at stellar distances ?

Intense non-thermal radio emissions :

— contrast « Plasma » processes
e — Contrast Sun/Jupiter ~1 |
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Radio detectability

* Galactic radio background: T ~ 1,15 x 108 / v3°> ~ 103-° K (10-100 MHz)

— statistical fluctuations o= 2kT/A(bt)"?
— N=s/o withs=CS5;/d°

S;~ 108 Wm2Hz! (108 Jy) a1UA

* Maximum distance for No detection of a source T x Jupiter :

dpax = (CS7A/2NKT)2(br)/4

e dmax (PC) = 5)(10'8 (Ae C)I/Z f5/4 (b‘c)l/4



Maximum distance of detectability

of Jupiter's radio emissions

bt=10° bt = 2x108 b 1 = 4x10™
(I1MHz, 1sec) | (3MHz 1min) | (10 MHz, 1 hour)
f=10 | f=100 |f=10| f=100 | f=10 | f=100
MH z MHz | MHz| MHz MH z MH z
,=10*m?> | 0003 | 005 | 0.01]| 0.2 0.04| 07
(~NDA)
A.=10°m?> | 0.01| 02 | 0.03| 06 0.1 2.2
(~UTR-2)
A.=10°m?> | 0.03| 05 0.1 2. 0.4 7.
(~LOFAR77)

(distances in parsecs)




Auroral radio emissions generation

* Electron acceleration

* Coherent cyclotron emission

]

Emission intensity not

predictable from first

principles




Energy sources : solar wind - magnetosphere interaction

« Kinetic energy flux on obstacle cross-section: P, ~ NmV?V nR .2
N=N,/d? Ny,=5 cm™® m~1.1xm,

e Poynting flux of By on obstacle cross-section: P = [, (ExB/u,).dS

E=-VxB — ExB = VB,? — P, =B,%/u, V

TERObSZ [Akasofu, 1981, 1982; Zarka et al., 2001, 2007]



Energy sources : unipolar interaction

 To-Jupiter : Alfvén waves & currents « Chromospheric hot spot on

HD179949 & v And ?

(( I A

(i) = Ex ZRobs = VXBJ_XZRObS
Py=¢€ VB, ?/u, tRyps* = € P,
My< e <1

[Shkolnik et al. 2003, 2004, 2005]

[Neubauer, 1980 ; Saur et al., 2004]



Energy sources : dipolar interaction

* Ganymede-Jupiter : reconnection

Downstream

Upstream
Pd: € KVBJ_Z/MOTERMPZZ € KPm

K = sin*(68/2) or cos*(6/2)=0/1
e~0.1-0.2

[McGrath et al., 2002; Kivelson et al., 1997, 2004]

» Interacting magnetized binaries
or star-planet systems ?




Radio emissions from flow-obstacle interactions §

Flow Weakly/Not Strongly magnetized
magnetized
(Jovian magnetosphere)
Obstacle (Solar wind)
Weakly/Not magnetized
No Intense Cyclotron Unipolar interaction = Io-
(Venus, Mars, 1o) Radio Emission induced Radio Emission,
Strongly magnetized Magnetospheric Dipolar interaction =
Interaction = Auroral Ganymede-induced Radio
(Earth, Jupiter, Saturn, Radio Emissions : Emission
Uranus, Neptune, E,J, S, U, N,
Ganymede)

Py=¢ VB, ?/u, nR
e ~0.2+0.1




« Radio-kinetic Bode's law » (auroral emissions)

PRadio ~ g X PC with g~ 10-°

" Orbite de la Terre
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[Desch and Kaiser, 1984 ; Zarka, 1992]



- Orbite de la Terre

Solar Wind expansion

v ~ C'I’e

N ~ d? (mass conservation)

By ~ d? (mag flux conservation)
Bp ~d! (By/Bp=V/Qd) > B ~d*!
(beyond Jupiter orbit, B ~Bg)

Radio power (W)

« Radio-magnetic Bode's law » (auroral emissions)

PRadio Mg X PB with N, ~ 2x10-3

Frrm
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=
T lllull]
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[Zarka et al., 2001]



Orbite de la Terre
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« Generalized radio-magnetic Bode's law »
(all emissions)

PRadio ~n X PB W|1'h n -~ 2-10 ><].O_3
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[Zarka et al., 2001, 2005]



Exoplanets

» 374 exoplanets (in >300 systems)

~110 with a<0.1 AU (30%)

~75 with a<0.05 AU=10Rs (20%)

— « hot Jupiters » with periastron @ ~5-10 Rg

[exoplanet.eu]
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Large-scale stellar magnetic fields

Magnetic field at Solar surface :
— large-scale ~1 6 (104 T)
— magnetic loops ~103 G,

over a few % of the surface

Magnetic stars : > 103 G

Spectropolarimeters : ESPaDONS@CFHT & NARVAL@TBL

TauBoo: 5-106
HD 76151: ~106
HD 189733 : >50 6
HD 171488 : 5006

[Catala et al., 2007; Donati et al., 2007, 2008]



Modelling a magnetized hot Jupiter orbiting a Solar type star

* Ne & B variations in Solar corona and interplanetary medium

= <
S

- - =

- - - o

- — c [

=

> z

o ¥

|& J

g s 5 B

- 3 ~

c &

[ &

& a

< =

- n

N 8 8

] 100y 1y e
Distance (R.) Distance (R.)

* Solar wind speed in the planet's frame

= s o
- ¥
L~ <

-
- 3 =
o Y
& 3
=
v
-

[Zarka et al., 2001, 2007]



Modelling a magnetized hot Jupiter orbiting a Solar type star

1000

* Magnetospheric compression S -
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[Zarka et al., 2001, 2007]



and applying the generalized radio-magnetic Bode's law

Incident kinetic power (W)

(0" 10" ' 10" | 10'° | 10'® | 107
101"1‘7 P
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(o)
®
107} IR o
.-
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oF
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N
[ L ; ] . L ] \ . ]
10" 10" 10" 10" 10"®

Incident magnetic power (W)

g Pradio—max - PRadio-J X 105
if no "saturation” nor planetary magnetic field decay

[Farrell et al., 1999, 2004 ; Zarka et al., 2001, 2007]



Planetary magnetic field decay ?

e Radio detection — f > 10 MHz — B,y curface 24 G
« Jupiter : 7= 4.2 G.R;3, B, oy surface = 14 6, frax = 40 MHz

* But Spin-orbit synchronisation (tidal forces) 2 o)
and WMo P -lca¢-3 — 7| (B decay) ?

UprpPER LiMiT OF MAGNETIC FIELDS IN HOT JUPITERS

M P, R M, B,

Planet (M;) (days) (R)) (G md) (G)

HD 179949b* ... ... 0.84 3.093 1.3 L 10 1.4

HD 209458b ........ 0.69 3.52 143 08 x 10 0.8
7:BO0DY sty 3.87 3:31 1.3 1.6 x 10% 2

OGLE-TR-56b ...... 0.9 1.2 1.3 D205 10 2.8

* Internal structure + convection models
— self-sustained dynamo ~ — 7 may remain > a few G.R;’

[Sanchez-Lavega, 2004]



Unipolar inductor in sub-Alfvénic regime

 Similarities with To-Jupiter case

« But radio emission possible only if f,./f, <« 1
- intense stellar B required (KB,,, with K=10-100)
- emission > 30-250 MHz from 1-2 R,
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Unipolar inductor in sub-Alfvénic regime

Incident kinetic power (W) L /
10" Ll L 10° 10" 10%
y o [Budding et al., 1998]
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Incident magnetic power (W)

 Extrapolation / Radio-magnetic Bode's law
Pradio-max = PJ’ x 10° x (Rexo—ionospher'e/Rmagne‘rosphere)zx(Bs‘rar/BSun)2

= up to PRadio-J x 10° [Zarka, 2007]



Maximum distance of detectability

of 10° a Jupiter's radio emissions

bt =10° bt = 2x108 b 1t = 4x10%°
(I1MHz, 1sec) | (3MHz 1min) | (10 MHz, 1 hour)
€=10° |f=10|f=100|f=10]f=100] f=10 | f=100
MH z MHz | MHz| MHz MH z MH z
A, = 10* m? 1 16 3 59 13 220
(~NDA)
A, = 10° m? 3 50 11 190 40 710
(~UTR-2)
A, = 10° m? 9 160 33 | 600 130 | 2200
(~LOFAR77)

(distances in parsecs)




Predictions for the whole exoplanet census

10°¢

@ [Jy=10"2Wm *Hz ']

[—
<
-]

fa Pl
L gl L aauul L1 L 1111l

1 MHz 10 MHz 100 MHz 1 GHz

f

[Lazio et al., 2004; Zarka, 2004; Griessmeier et al. 2007]



Other studies ...

* Possibilities for radio scintillations = burts P, x 10° [Farrell et al., 1999]

« Estimates of exoplanetary 7 (scaling laws - large planets better) > f_, & radio flux
[Farrell et al., 1999 ; Griessmeier et al., 2004]

d Fx as Wind STr‘eng‘I'h eSTimaTor' [Cuntz et al., 2000 ; Saar et al., 2004, Stevens,

2005]
* Stellar wind modelling (spectral type spectral, activity, stellar rotation)
[Preusse et al., 2005]
* Time evolution of stellar wind and planetary radius (young systems better)
[Griessmeier et al., 2004 ; Stevens, 2005]
* Different solar wind conditions, Role of (frequent) Coronal Mass Ejections
[Khodachenko et al., 2006; Griessmeier et al., 2007]

* Magnetosphere limits Atmospheric Erosion [Griessmeier et al., 2004]
* Application of unipolar inductor model to white dwarfs systems [Willes and Wy, 2004, 2005]

* Magnetic reconnection, E-field and runaway electrons at the magnetopause ?

TTardine & Collier-Cameron 20081
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Dynamic spectrum modeling for exoplanets

..............................................................................

i = 0° i=30°

[Hess & Zarka, in preparation]



Low-Frequency radio observations

* Limited angular resolution (\/D) : 1UA alpc=1"= noimagery
— (1) detect a signal, (2) star or planet ?
— discriminate via emission polarization (circular/elliptical)
+ periodicity (orbital)

— search for Jovian type bursts ?

. WINDAVAVES Observatiors 21160 RE

y e —
10 R - Y .

« Very bright galactic background (T, ~103-° K)

o E | Mo VedeBroadent
* RFT (natural & anthropic origin) ; | .bn.\[‘de%_m;dm
 Tonospheric cutoff ~ 10 MHz, and ; 10"} \ R
& F
perturbations <30-50 MHz = |
« IP/IS scintillations A e Y ’ ,
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* VLA

o f~74 MHz

e target Tau Bootes

e epochs 1999 - 2003
e imaging

e ~0.1 Jy sensitivity

1000 —
100 —
g 10,0 —|
g : i
2
w 1999 VLA measurement
§ S st / 73 MHz, 0.3 Jy sensitivity
: = 0
o 2002 VLA Measurement
o == 74 MHz, 0,12 Jy sensitivity
0o
0.001 —4a
28134848 20 15 00 4445 ) 15 00 4345 30 10 100 1000 10000
RIGHT ASCENSION (81850)
FREQUENCY (MHz)

[Bastian et al., 2000 ; Farrell et al., 2003, 2004; Lazio & Farrell, 2007]



* GMRT

o f~ 153, 244 & 614 MHz

e targets : Tauu Boo, Ups And, HD 189733
e epochs 2005-2007, 2008 (anti-transit of HD 189733)

e imaging + tied array beam
o <<1 mJy sensitivity
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e a few 10’s targets (hot Jupiters) d |
e epochs (1997-2000) & 2006-2008+ IR T Y
e Simultaneous ON/OFF (2 tied array beams)
e sensitivity ~1 Jy within (1 s x 5 MHz)

e t,f resolution (~ 10 msec x 5 kHz)

e RFI mitigation

[Zarka et al., 1997 ; Ryabov et al., 2004]
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* LOFAR

e 30-250 MHz

e Epoch 2009+

e Sensitivity < mJy

e Imaging + Tied array beams (=8)
e Built-in RFI mitigation & ionospheric calibration

=» Exoplanet search part of “Transients” Key Project

e Systematic search
+

e Targeted observations




Interest of low-frequency radio observations of exoplanets

— Direct detection

— Planetary rotation period = tidal locking ?

— Possible access to orbit inclination

— Measurement of B = contraints on scaling laws & internal structure models

— Comparative magnetospheric physics (star-planet interactions)

— Discovery tool (search for more planets) ?

[Zarka, 2007 ; and references therein]



