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LOFAR LBA
Frequency: 120-240 MHz 22 Frequency: 10-90 MHz
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10 arcsec
—

(3.000 ly)

VLA 1.5 GHz

0,001 arcsec
P

(0,3 ly)
VLBA 43 GHz

100 arcsec

0,00001 arcsec
|

(0,003 ly)
EHT 230 GHz

(30.000 ly)

LOFAR 0.1 GHz
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LOFAR Surveys

- resoution: | o LOFAR Two Metre Sky Survey
100.00~ 10" (LoTSS) 120 - 168 MHZ
2 o
= 10004 | N 838  LOFAR LBA Sky Survey
%* LoDeSS | :‘ 60" (LOLSS) 42 - 66 MHZz
S * LOFAR Decametre Sky Survey
;‘; (LoDeSS) 14 - 30 MHz
0.015 - slope: -0.8
107 108 10°

Frequency [Hz]




LOFAR Surveys

Abell 2256
Osinga+
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LOFAR Two Metre Si

Cross matching
http://lofargalaxyzoo.nl/

Polarisation cubes

0.15 Dynamic spectra
LoTSS-DRI (outlined in yellow) and LoTSS-DR2 (outlined in black) are fully public AN LAl by o .
It consists of 7.6 PB of data processed using ~9 million cpu hours sl ,.Mi’mv‘m‘.‘ *!L \; ') ;
LoTSS-DR2 is 26% of the Northern sky at sensitivity of 80 u}y/b and resolution of 6” A ST e o
The source catalogue contains 4,395,448 radio components T AN S e | I
www.LOFAR-=su rveys.org 05 5% 06T OJE 083 10 TI 123 TN 145 156 167 18 85 101 712 10 197 45 1% ToT 178 29

Example from Callingham+ 2021 ;


http://www.LOFAR-surveys.org
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Images at up to 0.3 arcsec resolution Images as sensitivity as ~12 u}y/b

Wide area survey depth (up to

Netherlands only LOFAR (up 1,000 sources per square deg)

to 6 arcsec resolution)

Full international LOFAR (up to
0.3 arcsec resolution)

Morabito, et al. 2021
Sweijen et al. 2022 Sabater et al. 2021 /
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2021: 2023: 12h Oh
LoLSS Pr. release LoLSS | release
eres.: 45” eres.: 15”
esens.: 5 m]y/b esens.: | mJy/b
Catalogue of 42,463 sources A%
Done e
e Done (first release) /-
x  Not done. Coverage: Dec > 24°

\ ol 99% complete



http://www.LOFAR-surveys.org
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; Concepts { ;; In preparation { - Instrument Development{ ; Operations
w . Design and production .

Windfarm monitor

Automation
|deas  lofars  CEP6/COBALT3
Astronomers L2 ey . Core network TMSS vl
Engineers DANTE phase3 = DANTE phase 2 |
Development programs | LIET DANTE phase 1 LMM
Stakeholders

AARTFAAC1.5

AARTFAAC2

Science Data Centre
Scientific pipelines
Archiving
Discovery and access
Managed Processing
Proposal Management

M H EH E E E OE W E W W O E W O E O W W N O EmTaTTaTTaEETTI-TI-—T— T e —

* Almost every bit of LOFAR will be upgraded in the next 2-3 years
* LOFAR2.0 upgrade period: June 2024 — End of 2025.
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LOFAR 2.0 requiremen
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* Leverage existing investments
- hardware (stations, networks, data centres)
- algorithms, software, pipelines

LOFAR

* Remain unique and scientifically impactful (in SKA era):
- lowest frequencies
- highest resolution

* Financially, technically feasible on a 3-10 year timescale

LOFAR 2.0Vs SKA-low (ph.I)

LOFAR 2.0:

* Reaches 2x lower frequencies
* |0Ox higher resolution

* not confusion limited

SKA-low (ph.l)
* Reaches 2x higher frequencies
* |Ox greater collecting area

SKA Low
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LOFAR 2.0 upgrades

24 MHz

LOFAR 2.0 station upgrade includes:

24 MHz

* Dual band (2x96 MHz): enabling simultaneous
observation capability for Low Band Antennas and
High Band Antennas

* Recelvers:

o LOFAR 2.0

Dutch Array 48 LBA or 48 HBA 96 LBA and 48 HBA

International 96 LBA or 96 HBA 96 LBA and 96 HBA

FS106MBA

RS208HBA

* Clock: distribution of a central clock to all NL
stations (VWVhite Rabbit) |

* Filters: exclude 180-190 MHz in HBA-LOW

» Hardware: redesigning and replacing of station |
electronics, including digital processing systems and

receiver units; LOFAR Mega Mode (Cobalt 2.0,
simultaneous observations for several science cases)

No White Rabbit /

With White Rabbit

Tene (hry)




LOFAR Family Meeting
. June 2022 in KdIn
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» rce due to density
thesolarwmd)ismlyusedtoobsemthe
wroughout the inner heliosphere. The combination
d remote sensing instrumentation available to
h observations is unprecedented over the next
1 must be taken full advantage of. Significant
the analysis of IPS measurements, playing to the
gths of LOFAR, have been made recently, paving
y a more fundamental understanding of the
solar wind turbulence, and how that may be
with the larger-scale density structure seen in
te light imagery. In addition, solar activity is

ywards an expected maximum in a few years time,

evolution of the global solar wind structure
o a"m of CMEs. Taken together. g‘;
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Sterile neutrinos : i primordial black hot
. f DI3CK hole

0 in this arena.




International LOFAR

16 '

Full wide area imaging:

Almost all LoTSS data contains the LOFAR Sweijen+ 2022

international stations
(up to 1600km)

134255.151+541432.752

LOFAR 2.0: complete
Lo TSS-IS survey grid
doubling the pointings
Aim: entire
extragalactic northern
sky at 0.3"
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24"
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12" 44'00" 48" 36" 43'2

: Selected source imagining: Morabito+ 2021
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LBA LOFAR Commu
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Frequency [Hz]

RMS map m)y/b (3170 pointings) - FWHM: 7.5 deg

RMS hist (3170 pointings) : 7.540 beam FWHM

0.141582 RMS 2.52331
e Band: 16 - 64 MHz Wide Survey (2004 hrs):
e Resolution: e Coverage: Dec > 0°

1” (upper half of the band) e Sensitivity: 500-800 nJy beam-1
15” (lower half of the band)

Deep-Wide Survey (5830 hrs):
e Coverage: Dec > 20°, |b| > 23°

e Sensitivity: 350 uJy beam-1

Ultra-deep Fields (100 hrs per field):
e Sensitivity: 130 uJy beam-1




Timeline

LOFAR 2.0 upgrade:
*2023: | LOFAR 2.0 station (L2TS) fully working
*2024-1q: 3 LOFAR 2.0 stations
*2024-2q; 2025-1q: roll out of all LOFAR stations
*2025-2q: data flow

Science programmes:
*2022: Eol for Large Programme
*2023: Proposal submission
*2024: Proposal evaluation

*2025 - commissioning
¢ 2026-2030 - observations
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150 | Large =
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1750 1800 1850 1900 1950 2000 D
I
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Virgo Cluster multi-Telescope Observations

in Radio of Interacting galaxies and AGN

Aim: Drastically improve the multi-frequency radio-coverage of the Virgo cluster
— Enable studies of the environmental effects in galaxies and AGN

1. LOFAR LBA: 54 MHz 6 hrs)
2. LOFAR HBA: 144 MHz 4 hrs)
3. MeerKAT: 1.3 GHz (125 hrs + 158 hrs)

2
10~ 3
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cROSITA 0.3-2 keV [McCall, Reiprich+ in prep.]



VICTORIA |

Virgo Cluster multi-Telescope Observations
in Radio of Interacting galaxies and AGN

Aim: Drastically improve the multi-frequency radio-coverage of the Virgo clus@
— Enable studies of the environmental effects in galaxies and AGN

LOFAR LBA: 54 MHz

LOFAR HBA: 144 MHz

MeerKAT: 1.3 GHz (including HI)

(+ expansion to twice the coverage)

® Expected detections (50)
Vrad < 3000 km/s

oLo FAM 4

12h48™mQ0s 36M00°
RA [h:m:s]
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Conclusions

22
e LOTSS e LOLSS
reference person: Tim Shimwell reference person: Francesco de Gasperin
- for deep fields: Philip Best - for deep fields:Wendy Williams
- for long baselines: Leah Morabito - data at www.lofar-surveys.org/lolss.html

- data at www.lofar-surveys.org/dr2.html

* LOFAR 2.0 upgrade is ongoing with very positive results from the . Interested in working with

test station. Data flow is expected from 2025. . LOFAR surveys / LOFAR 2.07
Postdoc positions openin

e Large Programmes will be selected in 2024, the community is Bologna, contact me!
very open: get involved! B y A e

* LLoCuSS (LOFAR 2.0 LBA survey)
reference persons: Francesco de Gasperin / Reinout van Weeren

* VICTORIA Project
reference persons: Francesco de Gasperin / Henrik Edler / Paolo Serra / Alessandro Boselli

N\



http://www.lofar-surveys.org/dr2.html
http://www.lofar-surveys.org/lolss.html
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Virgo Cluster multi-Telescope Observations
in Radio of Interacting galaxies and AGN TR

Aim: Drastically improve the multi-frequency radio-coverage of the Virgo cluster
— Enable studies of the environmental effects in galaxies and AGN

1. LOFAR LBA: 54 MHz
2. LOFAR HBA: 144 MHz
3. MeerKAT: 1.3 GHz

NGCA4B22 - . s s I ngessso’. -
syt - I g

e ' _ Feidals | 107 5 | @\oz.flf

NGC4254 (M99) . *

’G@ o%v N

2

cROSITA 0.3-2 keV [McCall, Reiprich+ in prep.]
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Radio-SFR relation

Normal vs. stripped galaxies

° L144 — NOSFRé’ o= 1.33 :Sample: Herschel Reference Survey
: , rps
* Most of RPS galaxies show radio-excess! | —— non-rps

| .Enhanced magnetic field due to
COMPressioN [Gavazzi+99)

2.Re-acceleration at shocks [vsik+94, Murphy+09]

L144 [W Hz™1]

* Flatter spectral index + enhanced surf.
brightness at location of shock

3.Rapld deCIine in SFR [lgnesti+22]

N\

SFRuq [Moyr™]

e Steeper spectral index




Spectral Progprﬁ_ s V

Spectral index-mass relation

Relation due to mass-dependent CR escape

Non-stripped sample: good agreement with
|itel‘atu '€ [Heesen+22]

For RPS galaxies - spectral indices steeper,
even though CR-escape likely more efficient

RPS galaxies host older cosmic ray-
populations!

= recent quenching of star-formation [eg Ignesti+22]

N\

Sample: Herschel Reference Survey

o
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_O 6 . & L eSS ® e o ®
. . .
N4.424 o NZGO? | %
. o O [
. . N4a654
o
~1.0 - . :
—1.24 ——- Heesen+22 :
e oOthers N4548
—1.4 - RPS-sample
' lllollo | llldll
Mt_ot_ _[M_o_ ]

1.4 GHz from Murphy+09, Chung+09, Vollmer+10, Boselli+15 é
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a 1284MHz
145MHz

Virgo Cluster multi-Telescope Observations -200  -175  -150  -125  -L00 073
in Radio of Interacting galaxies and AGN == -

L 1] Upperlimits’ e

Aim: Drastically improve the multi-frequency radio-coverage of the Virgo i
— Enable studies of the environmental effects in galaxies and AGN
1. LOFAR LBA: 54 MHz
2. LOFAR HBA: 144 MHz S

3. MeerKAT: 1.3 GHz

Declination (J2000)

M49: 100 kpc +100 kpc long radio
lobes from past AGN activity
co-spatial with X-ray cavities

12h30m30° 005 29m30s
E Right Ascension (J2000)

VA
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Central core

We can fit the free-free absorption model to find the emission ’_ '
measure L' near

in HIl regions — Curved
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Source counts B

\ sky sudvey
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Credits: W. Williams LoTSS source counts
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= + Corrected (compl) LoLSS not deep enough to see SF galaxy
?’n turnover: need deep fields
10! —O— Corrected (compl1)
‘ Corrected (compl+resc0r) High flux sources: steep (-0.8)

Low flux sources: flat (-0.6)
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