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Dit is de allereerste foto van (de
schaduw van) een zwart gat
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High-Band Antennas (HBA): 120-200 MHz
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~tanTiles each contain 16 dipole pairs and an

~  analog beam former; tile signals combined
o form digital beam o













Dutch array
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¥ 38 NL stations, 9 international Q Effelsberg Pt
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¥ 3 new stations coming in Poland

Netherlangs institute for Radio Astromomy
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(LOW-FREQUENCY ARRAY)




12 Challenges

¥ Radio interference

¥ Demixing: removal of A-
team sources

¥ Timing of the stations
clocks

¥ lonosphere (to brst
order)

¥ Beam calibration
¥ Wide-beld mapmaking

¥ Huge data sets
¥ fast algorithms
¥ Grid enabling

¥ Source bnding

¥ Characterisation
morphologies

¥ 1d0ing
¥ Photometric redshifts

¥ Characterisation




The Challenge: the lonosphere

FEAME NUMBER: 3.000000e+00
15—Dec—-2013 308 frames
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AN \ |19 sq.deg

-~ g | 120 to 150 uJy/beam
L e RMS

4 ! 60 resolution

' ~6000 sources in the
. peld

' ~3300 within the
-, optical region

S S e B Months of work!

Williams et al. 2016




Zooming in on extra-galactic objects
observed by the LOFAR radio telescope







Mon. Not. R. astr. Soc. (1978) 185, 527-538

A dynamicél interpretation of the radio jet in 3C 31

R. D. Blandford and V. Icke w k. Kellogg Radiation Laboratory,
California Institute of Technology, Pasadena, California 91125, USA

Received 1978 May 3;in original form 1978 March 28







Declination (J2000)

3245

’
35 "Spuriouy
o émi Sion 2 b
30 r o
’ » -
25 y % S5
Spurious
/ emission
20 (- o -
15 — ¢ =
10 - —
By
05 [~ &
# ’
o0 | J6FS e
25 . D
2 Vs
01 08 00 30 15 000645 30 15

Right Ascension (J2000)

A v
.
LR
»
- -
.
. " .
.
Y
-‘ -
’ -
| N
»

w145 MHz (16"}’

—— Chandra X-ray "
— 145MHz (55")
- == Chandra FoV.,

NGC 379 - .

.
- ‘»ﬁr- -
- —




DWDD
21 February 2019

‘Q-

- FTLOFA




A 0w
-
/

' - p - ' | : | -
. . .. . l‘. \ ..- .. .’ ,\-/. . )
\ S ) - - ; ¢ 4
.- : . - » . - - /
- ‘Optical image: . 15% of visible mass. , & .
. ’ ¢ . » . o

49




» -4 Cluster gf galaxies
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can only be-done from space
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Simulation X-ray gas
of two colliding
clusters

At the shock: particle
acceleration

with a bit of magnetic Peld
this gives synchrotron
radiation

classipcation:
relic radio sources
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LOFAR @ 150 MRHz:the Sausage clus
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This is the most sensitive image of the Sausage field %—
observed with LOFAR High Band Antennas at 150 MHz.
The Sausage cluster shows two opposite giant relics (in
rainbow) which were created through galaxy cluster
mergers. The collisions also heat up the intra-cluster gas
to extreme hot plasma capable of emitting X-ray
radiations (Chandra data by Ogrean et al. 2014 in green).
These locations are where cosmic patrticles (e.g.
electrons) are accelerated to extremely high energy. The
other resolved sources are mostly radio galaxies hosting
an active massive black hole. In the cut-out Sausage
image, the optical background (Subaru & CFHT data by
Dawson et al. 2015) shows light from galaxies and stars.

Image credits: Duy Hoang (Leiden), Tim Shimwell
(Leiden), Andra Stroe (ESO), Reinout van Weeren . !
(Harvard) and Huub RSttgering (Leiden) for the LOFAR
survey team.
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Discovery of a radio galaxy at z =5.72
TGSS J1530+1049







