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LoTSS/DynSpecMS story

* 2017: we were discussing with
Philippe Zarka, and Alan Loh
exoplanets observations with LOFAR

* DDF-pipeline: DD-selfcal calls DDF
(imaging) / kMS (calibration)

* Why not phase up residual visibllities
towards sets of selected targets?
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Interferometry and imaging
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Interferometry and imaging

If we want to form the dynamic spectra
at location s
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Interferometry and imaging

If we want to form the dynamic spectra

at location s
There is the issue of the time
frequency dependent “rest of the sky”

sidelobe contamination
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Noise properties
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New processing

- Off positions are taken at
smarter places

- Some clipping is applied to
Jones matrices

- Jones matrices are applied
properly (not inverting them!) -
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Frequency [MHz]

[GaiaDR2 It30pc] L352758 10:23:52.117 +43:53:33.187.fits, R=9.974399
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Frequency [MHz]

Frequency [MHz]

160

[GaiaDR2 It30pc] L352758 10:23:52.117 +43:53:33.187.fits, R=9.974399
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Denoising (Convolve with some function)



[GaiaDR2 It30pc] L352758 10:23:52.117 +43:53:33.187.fits, R=9.974399
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Frequency [MHz]

Frequency [MHz]

[GaiaDR2 It30pc] L352758 10:23:52.117 +43:53:33.187.fits, R=9.974399
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distributions: modified-
Wasserstein metric
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CDF

Going Beyond bright detections
Statistical anglysis: 182018 Target spectra
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Going Beyond bright detections
Statistical analysis: 182018 Target spectra
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Going Beyond bright detections
Statistical analysis: 182018 Target spectra
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Going Beyond bright detections
Statistical analysis: 182018 Target spectra
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Frequency [MHz]

LOFAR’s exoplanetary radio burst

P263+?U / LBS??lD ! G) 68? [NASA Exoplanet Archive]

. ,', i i 17"36M24 6
160 + Stﬂkﬂﬁ:v = ----:L-----------—fu—----------Jlr------------:L-----------~ +68°19'53.2"
. 15.1 : 5 | = | |
150 {5~ lmex = 4n= 5 |
. Tt e & e S e
s | i | i —
130 L - . e s
i i | f-" |
i 1 1 I I
i i f f 1 i f T T
0 1 2 3 4 5 G Fi =5 0
Time since Opa [arcmin]

Planetary (Jupiter) radio bursts

18/04/2022 @ 00:13:04 [hours]

Right Handed Polarization

1991/01/06

‘Na hg‘éy"DécTﬁéte‘r Array

Frequency (MHz)

22:30

2315 0000 0045 0130 0245 0300 0345 430 0515
Time (UT)

Spec [arcmin]



LOFAR’s exoplanetary radio burst

P263+?U / E_85??1[] ! G) 68? [NASA Exop]anet Archive]
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Frequency [MHz]

How do we know if an emission is real?
Is it spacially coherent?
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LOFAR’s exoplanetary radio burst

P263+70 /1857710 /G] 687 [NASA Exoplanet Archive]
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LOFAR’s exoplanetary radio burst

GJ 687 (exoplancten - M3.5V star (red dwarf), in double system
d =4.5pc, Teorona = 34131x28 K, M = 0.41 Me, R =0.42 Re

2 planets (radial velocity technique):
®*GJ687b:a=0.16 AU, e=0.17 (P=38.1 days), Msin(i) = 0.054 M, }~ Neptune (conservative)
®*GJ687c:a=1.16 AU, e=0.4 (P=728 days), Msin(i) = 0.05 M, J(Re ~ 25000 km)

S=2mdy - Ts=SANd?/(kmR?=10"3"K
coherent radiation process : Cyclotron Maser Instability ?

— P=SQd?Af~9102 W
with Q = 0.16 sr for SPI, and Af ~ 150 MHz

P~910% W
— with Q = 1.6 sr for a full auroral oval
(but requires Br > 58 G)




LOFAR’s exoplanetary radio burst

GJ 687 star: Be = 1-5 kG, V = 50 - 100 km/s, N ~ 100 x Solar Wind

Innermost planet GJ 687b :
Rosstacie = Re (if ~unmagnetized) to 14 Re (magnetosphere with Br ~ 58 G)

— prediC’[ed Pragio = B V B2 11 Ropstacie? / Ho = 101013 (Robstacle/ RP)2 W

— ~ consistent with detected power even for an unmagnetized Neptune

® Stellar or SPI (Star/Planet Interaction) / planetary emission ?

® Definitive proof = (polarized) radio signal modulated by orbital period

— need for follow-up observations
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P236+53 / L470106 / Gaia DR3 1597668980175177344 [Gaia DR3]
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Solar Type 1l & 11l bursts

*Type Il = shock due to super-Alfvénic CME through solar
corona (V = 500-3000 km/s) — electron acceleration
*Type lll = electron beam through solar corona (V ~ 0.1-0.3¢ = 30000-100000 km/s)
in both cases — Langmuir waves at fpe — conversion to radio waves
at foe Or 2 fpe  (foe [kHZ] = 9 Ne'2 [cm™] )

Particles

X
"_/ =
o

Frequency (MHz)

Time (min)



LOFAR’s stellar burst

StKM 1-1262 (Gaia DR2) : MO star (red dwarf)
d = 41 pPC, age = 10.5 Gyr, Tcorona ~ 3800 K, M=0.6 M@, R=0.7 R@
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Corona in hydrostatic equilibrium (approximation): Ne=No exp(-z/H)
Sun: No~3108cm=3, H~ 108 m [Villadsen and Hallinan, 2019]

Red dwarf: No ~ x100, H ~ 0.5-1.2 108 m
f~foe (V/I~-1) =dfidt=-fV/2H = |V| = (2H/f) df/dt = 400 - 1300 km/s = Type Il !
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Conclusion

- The project is now mature and we have detected tens of strong individual signals
- There is also a strong statistical signal
-> We might conclude on SPI/magnetospheric emission vs stellar emission
- Each individual detection provide physical information on the source (cf above)
- Need for followup observation for orbital period / rotation period

- Method is powerful and cheap - could be used as a bi-product of SKA surveys
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