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LOFAR

Low Frequency Array

LOFAR is the largest and most sensitive radio telescope operating at low radio frequencies, between 10 and 240
MHz. It consists of antenna stations geographically distributed across Europe and driven in software by powerful
station-level computing to produce a highly flexible and agile observing system. With a sensitivity more than 2

mm
mem LOFAR
Deadline was: October 12th, 2023 at 12:00 UTC BERERIC



http://www.lofar.eu

LOFAR2.0 Large Programmes

Success Criteria

» Scientific impact
* Publications, citations, theses, prizes, grants
* Technical impact
* Techniques, software
« Community impact
* Partner countries & institutes, support ECRs,
develop SKA leadership roles
* Accessibility & legacy
* Data reuse, distilled data products
o Visibility
 Make LOFAR better known to other astronomers,
policy makers, the public B8 AR
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Timeline

2018 2020 2022 2024 2026 2028 2030 2032

LOFAR2.0

Scientific & technical
synergy

Square Kilometre Array
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Compared to SKA-Low Phase 1

International LOFAR Telescope (ILT)

\\ Dutch stations Norderstedt
\;.,,(;lll")OIton

B o J/ LOFAR Core (NL) Potsdam

T T e Reaches 2x lower frequency

®
@ Effelsberg
h TFautenburg

e

| Unterweilenbach

ASTQON >1 OX hlgher reSC)lUthn

Netherlands Institute for Radio Astronomy

SKA-Low Phase 1

Reaches to 2x higher frequencies

>10x higher collecting area

mmm LOFAR
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Observing capabllltles
10s of sq. deg FoV

" The Moon
(for comparison)

All-sky map that is unique for,th,e"next 20 yea_r’s. |

Provides a monumental legacy data set er the

astronomical community:.



Observing capabilities

(sub-)arcsecond angular resolution

6 arcsec

Morabito + Surveys KSP



Observing capabilities
(sub-)millisecond time resolution
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B © When do the first stars start to shine? What is
e 2 the history of star-formation over cosmic time?

LOFAR2.0

* How do supermassive black holes and
galaxy clusters shape the Universe?

Science
Goals

 What is the habitability around low-mass
stars and can we directly detect exoplanets?




Beyond astronomy

Data products with broader societal relevance & applications

Lightning

ghtning protection
Systems

lonosphere

High-precision GPS

Space weather

Protect satellites &
power grids

OFAR
RIC




Survey-enabled science




Exoplanets, stars, and
habitability

 Magnetically active stars
(M-dwarfs) irradiating
their nearby planets

* Directly detect
exoplanets (cf. lo-dupiter
interaction)

* Non-synchrotron
emission only visible at
very low frequencies

mmm LOFAR
BERrRIC




Galactic science in our
Milky Way

e Discover the 90%
‘missing” supernova
remnants

 Pulsar wind nebulae as
particle accelerators

 Probe interstellar
medium using RRLs

mmm LOFAR
BMERERIC




Nearby galaxies

* Look at the global
properties of galaxies in
a spatially resolved way

 See how the interstellar
gas absorbs energy

 Understand the cycles of
star-formation

OFAR
RIC




Active galactic nuclel

Feedback of energy that
regulates star formation
Study the radio jets that
probe the energetics
“Fossil” emission gives
the history of activity
level

mmm LOFAR
MERERIC




Galaxy clusters

o (Cluster mergers are
most energetic events
since the Big Bang

 Radio haloes and relics
trace energetics and
history of merger

* Understand structure
formation in Universe

ammLOFAR
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High-redshift Universe

* Discover high-redshift (z
> 2) radio galaxies

 Large sample to study
galaxy formation and
evolution

* Probe EOR with >100
high-redshift radio
galaxiesatz> 6

mmm LOFAR
BERrRIC




Transients

 Compare 2-epoch all-sky
coverage

 Coherent emitters
(compact objects)

* Gravitational wave
counterparts

OFAR
RIC




Pulsars

Ultra-steep spectrum
point sources In imaging
surveys

Find super-fast- or
super-slow-spinning
neutron stars

Constrain neutron star
equation of state

ammLOFAR
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Serendipity

e SKky never before probed
at such low frequencies,
with such high sensitivity
and angular resolution

e Other types of non-
synchrotron emitters

ammLOFAR
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Piggy-backing




Cosmic rays

* Most energetic particles
In the Universe, but their
origin is still unclear
What sources, and what
acceleration
mechanism(s)
 LOFAR can study the
transition from Galactic
to extragalactic sources
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Earth lightning

Buffer boards can also
capture lightning strikes
Lightning formation and
propagation still not well
understood

Much higher precision
iImaging of where
lightning is forming

ammLOFAR




Earth ionosphere

o (Calibration will give
Insight into the structure
and dynamics of the
lonosphere

Detect 2nd and 3rd order
effects

Model the scattering
conditions giving rise to
scintillation

mmmLOFAR

MERERIC




Sun & space weather

» Solar flares and coronal
mass ejections create
space weather

Early detection of these
bursts in radio

* This space weather can
disrupt artificial satellites
and the Earth’s
magnetosphere

ammLOFAR
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Impact of LOFAR2.0

Papers per Science Area Extragalactic
53%
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Pulsars & Transients 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024

Major new suite of science at a fraction of the original
investment in LOFAR



