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Overview

» Exoplanet magnetic fields
» Radio observations of exoplanets

* Our LOFAR observing campaign
—Data pipeline (turner+2017)
—Preliminary results on 55 Cnc (tumer+ 2017)
— Jupiter observations
° Jupiter as ahn exoplanet (Turner+ 2017, in prep)

* Dynamic spectra from imaging observations
(Loh+ in prep)
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Exoplanet Magnetic Fields

Motivation

— Formation and evolution
— Interior structure Y
— Atmospheric evolution and escape

— Rotation period
— Star-planet Interactions

— Moons

— Solar System comparison
— Habitability

Lazio+ 2010, GrieBmeier+ 2005, Rauscher+
2010, Hess & Zarka 2011, GrieBmeier 2015,
Zarka+2015
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Radio Observations

 Electron cyclotron emission in radio
* Best method to study planetary magnetic fields (GrieBmeier 2015)

Solar System Radio Zarka 1998
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Radio Flux & Frequency Predictions

1 Zarka+ 2015 GrieRmeier+ 2011
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LOFAR Observations
¢ 16'73 MHZ r T "
 |QUV Polarization . .

e 10 msec & 3 kHz
O arcmin resolution
* 16 mJy sensitivity: 2
mins over full band
 Observational
Campaign:
* 4 exoplanets so far
« 3 Beams
e Qver full orbital
Turner+ zophase
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LOFAR Pipeline
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LOFAR Pipeline

Normalized+ RFI

a®

Raw

o

Egeq_genéy %AHZ\}
.

0
0 Arl?itrary
10 20 Time (sp0 40  Units
RFI
o At AR AP ALl ot i
10 20__. 30 40

Response of telescope

N K

70

Intensity (Arbitrary) Intensity (Arbitrary)

30 “Frequedty (MHzf’5J

__®g & |

I <70

MH

Teayency (4
o O O o

Fre

Sky
10 20 Time (S¥0 40 Units

T

10 ZOT].me (5)30 40

Intensity (Sky)

Intensity
(Sky)

70

w
o

“ Frequéncy (MH2)
Turner+ 2017

Jake Turner (University of Virginia)

Low Freq. IV: Dec 15, 2017



55 Cnc Planetary System

transiting ~3:1
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* One of best targets for radio observations due
small orbital distance, proximity (12.3 pc), and
multiplicity (GrieBmeier+ 2007).

* Emission from 55 Cnc e possible: tens of MHz

with flux densities up to hundreds of mJy
(GrieBmeier+ 2007, Jardine+ 2008).
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55 Cnc Preliminary Results:
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* No emission from 55 Cnc
 Variations are due to ionosphere
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Intensity (SEFD)
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Jupiter Observations

 Scale Jupiter radio emission from LOFAR as if it
was an exoplanet (reduce flux by 10-3 - 10).

* Produce a set of observables that can be used
as a guideline in the search exoplanetary radio
emission

* Find an upper limit of detectability

Intensity (SEFD)
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Extended Emission Observables

Time Series
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Intensity (Sigma)

Broadband Observables
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Detection Limit
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 Limit: ~2x10° x Jup bursts at 10pc
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* Beyond 20pc is not likely possiblgep)




Dynamic Spectra from Imagmg
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Conclusions

* |nitial analysis of 4 hours of LOFAR 55 Cnc e
data do no show an exoplanet signal
—3sigma upper limit 50x > theoretical
sensitivity due to large scale ionospheric
variations

* We observed Jupiter as if it was an exoplanet
and developed a set of observables as guides
—Detection limit is 2x10° x Jup bursts at 10pc
* Can now use dynamic spectra from imaging
observations with our pipeline

Jake Turner (University of Virginia) Low Freq. IV: Dec 15, 2017



Predicting Magnetic Field Strengths

Christensen 2009
1T e Table 1 Poposed scaling lws - Christensen 2010

# Rule Authos Remark
! ByR:, (PR ) ¢.2. Russell (1978) magnetic Bode Law
2 B* x p2® R?
3 B®  pSio Elsa ber rul
} ; oR g al e ey 1l
S B* x ,-'..'A'g K.(,: . Curtis and Ness (1986, modihed) mixmg length theory
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B? x pQ* R, Sano (1993)

B? x pf! ;.‘\'_; y....l . Starchenko and Jones (2002) MAC balance

B? ;-I\',; ‘u'_: 3 Chnstensen and Aubert (2006) encrgy Hux scaling

*Rotational dependent
vs. rotation-
independent approaches
*Observations will help

disentangle which
Amprieat flux scaling law should be
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Radio Flux Predictions: Exoplanets
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