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* Jupiter : source of strong polarized (V) radio bursts <40 MHz

Flux density at 1 A.U. (Wm-2Hz"1)
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[Zarka et al., JGR 2004]



* Theory : exoplanetary radio emissions up to 10°-7 X Jupiter's
at £~ 10-100 MHz ?
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[Zarka et al., ASS 2001 ; PSS 2007 ; ... A&A 2018 |

* Goal : exoplanetary B, comparative exo-magnetospheric physics ...

[Hess & Zarka , A&A 2011 ]

* No confirmed detection yet — /zarkaeral, K4 book 2015



* Imaging : steady emission 2
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e Beamformed observations : transients

 LOFAR-LBA beamformed data :
- poor sensitivity out of the 58 MHz peak
- heavy pollution (RFI, 1onosphere)
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 LOFAR-LBA beamformed data :
- processing pipeline : RFI mitigation, correction of t-f response,
smart otxof integration

RFI Mitigation

Raw Find frequency Find RFI using Save
response & -> PATROL, ZURFIM, ——> RFI
Data sllces
flatten data SUM, & PEX mask\
] ) ) ’ ) ]
|
| Tlme Frequency TeIescope Response |
R Apply Rebin by Fit 27 order save 2-d
Dz\':; —_— RFI | factor of 10 > polynomial vs. time surface made
mask in time at each frequency with fits
| - - - - - - - 1
. |
i Apply Corrections i [Turner et al., PRES 2017 ]
Raw Apply Flatten by 2-d Rebin in Save calibrated,
——>| RFI > time-frequency —>| timeand  |—>| RFImasked, &
Data .
mask surface frequency rebinned data
Raw Apply Flatten by 2-d De-disperse Save calibrated, RFI
Pulsar |__,|  RFI > time-frequency >/ and rebin in —>{ Masked, rebinned,
Data mask surface frequency K& de-dispersed

data



Time steps

 LOFAR-LBA beamformed data :
- processing pipeline : RFI mitigation, correction of t-f response,
smart otxof integration
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Time steps

 LOFAR-LBA beamformed data :
- processing pipeline : RFI mitigation, correction of t-f response,
smart otxof integration
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- post-processing pipeline : high-pass filtering
several observables (Q1-4 below)




* Quantify performance ?
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beam-formed observations: Jupiter as an exoplanet
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* Principle :
- Build "exoplanet" radio signal as : o % Jupiter + Sky

- Apply pipeline — Blind detection On/Off vs. Off1/Oft
- Stokes I & V + frequency transposition
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Jupiter: Stokes—|

* Quantify performance ?
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* Some math. for adding attenuated Jupiter signal to sky

background, in Stokes I & V, incl. frequency transposition &
correction of instrumental response
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* Observables QI : ot ~ minutes
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* Q2 : high-pass filtering, normalization (c),
& On vs. Off scatter plot
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* Elliptical correction

T=30

Q2 Scatter Plot
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* Q3/QQ4 :

a- N peaks > 1

b - X peak power for (a)

c - (N peaks > 1) - (N peaks <-1) [Asymmetry]
d - ¥ peak power for (¢)

¢ - N peaks On >t and >2xOff [Offset]

f - 2 peak power for (e)

* Q3 vs. tfor fixedt, Q4 vst forallt
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* Q3/QQ4 :

a- N peaks > 1

b - X peak power for (a)

c - (N peaks > 1) - (N peaks <-1) [Asymmetry]
d - ¥ peak power for (¢)
¢ - N peaks On >t and >2xOff [Offset]
f - 2 peak power for (e)

* Q3 vs. tfor fixedt, Q4 vst forallt
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 Results : Stokes I, omin = 3%10* for f=[50,60] MHz
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* Results : Stokes V' (V'
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» Results : 30 data points >2c
— Jupiter flux ~ 4x10% Jy
— detection threshold = 4x10* amin = 1.3 Jy
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 Summary of omin values

* Exoplanet detection limits with LOFAR

50% occ.

1% occ.

peak

Frequency Range (MHz) Stokes-I @ Stokes-V «a
Obs #2
50 - 60 107 10~
40 - 50 10~2 10~
30 - 40 10-2 10~
20 - 30 1072 1073

S j[ref] )(SAU)2

@ = ‘”(S,[obsl d

S s(ref) [Jy at 5 AU| Distance |pc]

Stokes-1 @;  Stokes-V «ay

4% 10% (a) 5 %107 Ix10°
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| 20 2% 103 x 107
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10 4x10° 4% 10°

20 2% 107 2% 106

6 x10° (¢) 5 6x10% T 6x10°
10 3x10° 3x10%
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 Final remarks
- emission ~10%> X Jupiter detectable
- confident detection down to 26
- confirm detection with signal periodicity

- application to dynamic spectra from LOFAR surveys'
phased-corrected visibilities

= beamformed data reconstructed from 1imaging data
(sensitivity > x 2)

— massive search

- NenuFAR, SKA-Low



