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Why ULF are able to reveal the sea of submerged CR?

a
=~
>
-
&
o)
—
>
=
>
=
7))
-
Q
")

108 10°
Frequency [Hz]

MHz (€] g 4




Why ULF are able to reveal the sea of submerged CR?

a
=~
>
-
&
o)
—
>
=
>
=
7))
-
Q
")

108 10°
Frequency [Hz]

MHz (€] g 4




Why ULF are able to reveal the sea of submerged CR?

a
=~
>
-
&
o)
—
>
=
>
=
7))
-
Q
")

108 10°
Frequency [Hz]

MHz GHz 9

0,00001 arcsec
o |

EHT 230 GHz




Why ULF are able to reveal the sea of submerged CR?

a
=~
>
-
&
o)
—
>
=
>
=
7))
-
Q
")

: A ' 0,001 arcsec
- S

VLBA 43 GHz

108 10°
Frequency [Hz]

MHz GHz 9

0,00001 arcsec
o |

EHT 230 GHz




Why ULF are able to reveal the sea of submerged CR?
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Why ULF are able to re’

10 arcsec
—

VLA 1.5 GHz

0,001 arcsec
P

VLBA 43 GHz

100 arcsec 0,00001 arcsec

—

EHT 230 GHz

LOFAR 50 MHz

— LOFAR image: F. de Gasperin — VLA image: F. Owen — VLBA image: C. Walker— EHT Image: EHT collaboration



Effective exposure: 1500.00 days
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Detection of cyclotron emission and therefore magnetic fields in gas-giant exoplanets
and even some super-earths

Direct detection of Type lll coronal gjections on a Sun-like star



The LOFAR LBA Sky Survey
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lofar-surveys.org / lolss-dr2-fields.htmli
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http://lofar-surveys.org

Status

1974 pointings processed (<2% failure rate)

Observing strategy:
e >3 hrs per pointing
3 beams + calibrator

2018.5 2019 2020.5

LOFAR Family Meeting - De Gasperin

2022

maximise uv-coverage & elevation
‘obust to bad ionosphere
nighly efficient (1h blocks)

2023.5

Fine HEALPiXx beam sum map — north polar view
(nside=128, threshold=0.4)

Oh

X Error (37)
Other / not done (5)

. A-team
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Sum of beam values
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LILF (library for low-frequency)

LBA OUTER: LBA SPARSE:
LOFAR_cal.py copy: 0.18 h copy: 0.18 h
timesplit: 0.11 h timesplit: 0.24 h
Sl e dd-serial: 19.61:h da-serial: 33.78 h
dd-parallel: 13.46 h dd-parallel: 30.10 h
quality: 0.19 h quality: 0.15 h

imaging

LOFAR_ddparallel.py

predict
LOFAR_ddserial.py Results
_— — g Solving

LOFAR LBA - LOFAR Family Meeting - De Gasperin




LILF (library for low-frequency) 2.0

-y

Results

LOFAR LBA - LOFAR Family Meeting - De Gasperin

Calibrator

Solutions

Timesplit

DDparallel

DDserial

PILL

¢ One pipeline, many
configurable steps

e -ach step can be run in
parallel or series

o \Vell defined input/output
of each step

¢ Beady for decametre and
VLB



Sensitivity
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Cumulative area (deg?)

2.0 2.5 3.0
rms noise (mJy beam™1)

e Median rms: 1.6 mJdy/b

0.00106 0.00111 0.00128 0.00198 0.00476 e Most common value: 1.55 m\.Jy/b

LOFAR Family Meeting - De Gasperin
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Completeness and false positives

e
o

False positives:
¢ <1% down to ~50 mdy
¢ <3% at the lowest fluxes
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B False positives
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Fraction detected at a given flux density
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Completeness:
* 50% complete at 3 mJy T T L T
* 90% complete at 11 mdy ‘ 0 400 s

Flux density (m]y)

LOFAR Family Meeting - De Gasperin

Fraction of false positives



@ 144 - 318 m)y
-@— 318 - 4845 m)y

Dyn range ~@— 86 - 144 m)y

* Dynamic range limitation
around bright sources

e < 300 mdy limited to 2 arcmin

N
-

 No sensible effect < 50 mdy

Rms noise (m)y/b)

! |

8
Distance (arcmin)

LOFAR Family Meeting - De Gasperin



LoLss Catalogue

e 594 574 sources

¢ 23.9% of the sources are
statistically resolved

® astrometry:.
mean = 0.035 =08
std = 1 455182

Source_Mame

0.87845

102
Signal-to-noise ratio

LOFAR Family Meeting - De Gasperin
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P267+35s (noise = 2.265 m)y/beam)

Products

e |-Stokes images high-
resolution images (15"

e Corrected vis + solutions
ready for extraction
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e |-Stokes low-resolution
images (60") + source
subtracted
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Flux density (mJy beam™1)

¢ \/-Stokes images
e 1-h |/V-Stokes Images
® les necessary for stacking

e Source/Gauss catalogues
oo™ 17h50m
LOFAR Family Meeting - De Gasperin Right Ascension (J2000)
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P267+35s - Ires (noise = 3.648 mJ)y/beam)

Products

e |-Stokes images high-
resolution images (15"

e Corrected vis + solutions
ready for extraction
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Flux density (mJy beam™1)

¢ \/-Stokes images
e 1-h |/V-Stokes Images
® les necessary for stacking

e Source/Gauss catalogues .
18h10™ oo™ 17h50m
LOFAR Family Meeting - De Gasperin Right Ascension (J2000)




What's next?

* Deepest fields with LOFAR
LBA (100 hrs) reached «1

mdJy/b

e With LOFAR 2.0 we should
reach that depth in 10 hrs

* A large deep survey of the
northern sky at 16-64 MRz
and 1" resolution

LOFAR Family Meeting - De Gasperin
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eeeeeeeeeeeeeeeeeee

LOFAR 1 - 100 hrs, 32 MHz (rms << 1 mJy/b)

No spoller!

see Jort's talk \WWednesday
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LOFAR 1 - 6 hrs, 32 MHz (rms: 3'mdJy/b)

eeeeeeeeeeeeeeeeeee

LOFAR 1 - 100 hrs, 32 MHz (rms << 1 mJy/b)

No spoiler!

see Jort's talk \WWednesday

LOFAR 2 - 6 hrs, 32 MHz (exp. rms: 1.5 mJy/b)

No spoiler!

see Henrik's talk tomorrow
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The LBA LOFAR Community Sky Survey (LLoCuSS)

RMS map mjy/b (3170 poiqtéggs) - FWHM: 5.5 deg RMS map mjy/b (3168 poirltéegs) - FWHM: 5.7 deg
- e LOFAR2

‘ 0.2 RMS (m]y/b)
Same color scale —/

LOFAR Fa 14



Conclusions

e Two of the main LOFAR 1 surveys
are complete: LoTSS and LoLSS

L oDeSS to come: see Christian
and Cristina's talks

e [he LOFAR 2 survey LLoCuSS will

boost the sensitivity of the ultra-

low frequency sky by a factor of 10

- and we know how to do It

LOFAR Family Meeting - De Gasperin
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