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Science working groups with chairs: 5. Physics of nearby AGN - Morganti

1. High redshift radio galaxies - Miley 6. Nearby galaxies - Conway/ Chyzy
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LOFAR
Survey team

Imaging Tigre team (ASTRON)

Heald, Dijkema, van der Tol,
Vilchez,Frohlich, Orru Toribito,
Rafferty (Bremen), Shimwell
(Leiden)

Facet Calibration

van Weeren,Williams, Shimwell, De
Gasperin, Sabater; Hardcastle,
Morabito et al.




Why LOFAR surveys!?

Enormous legacy value:
® 3 x |07/ radio sources

e 100,000 clusters, 1077 starbursting galaxies at z > | and virtually all radio-loud
AGN in the Universe

Hunting ground for rare sources

® 7>7 radio galaxies, luminous z>7 starbursts, massive protoclusters, giant radio
galaxies, double double radio

Cosmological studies

® baryonic oscillations, the integrated Sachs-Wolfe effect, clustering of matter on > |0
Mpc scales

Complete view of the Galaxy
® Supernova remnants and HIl regions
® strength and topology of the magnetic fields on the largest Galactic scales.

Beauty




Surveying the radio sky
|5-45, 45-65, 120-180 MHz

|. The highest redshift radio sources - George Miley: ~100 at z>6
2. Starforming galaxies - Lehnert/Barthel:
4.AGN at moderate redshifts - Philip Best

3. Clusters and cluster halo sources - Bruggen/Brunetti:

5. Gravitational lensing -
Neal Jackson
6. Detailed studies of low-redshift AGN - Raffaella Morganti
6. Nearby galaxies - John Conway/Krzysztof Chyzi
/ Cosmological studies - Matt Jarvis/David Bacon

8. Galactic radio sources — Marijke Haverkorn Glenn
White
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FACET CALIBRATION

e Subtract all sources from data
e Define facet centers

Self-calibration

* Add back central source(s)
defining facet

* Phase shift + average
* DDE self-calibration Cycle

* Add back all sources in facet
* Correct with solutions

* Image

* Subtract updated facet
model with solutions

loop over facet

(direction independent)

Calibrate TEC
Image and Stokes |
phase

Calibrate TEC
Image and Stokes |
phase

Phase shift
and average

Calibrate TEC
and Stokes |
phase +
slow gains

DDE calibration cycle
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Radio-power vs Redshift
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A HBA mosaic of 55 Cycle 2 and Cycle 3 pointings that covers
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approximately 600 square degrees. The resolution of the images is ~20"
and the rms noise level in regions away from bright sources is

200-500.Jy /beam.

Tim Shimwell
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Two example degree square regions from the mosaiced image.

® Cycle4-6:VWe aim to complete a 4200 deg? region (568

pointings) that overlaps with both the FIRST and SDSS
surveys (7.5 < RA < |7.5 hrs, 25 < Dec < 65 deg)
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MKSP/SKSP shared project: Tier1 HBA Polarimetry

Two example Faraday slices in Tier1 field #26:
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"Good" slice at Faraday depth +0.5 rad m: "Bad" slice at Faraday depth -2 rad m:
clear diffuse polarized structure dominated by instrumental polarization
in and around point sources

Haverkorn et al.
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What about LBA?

Francesco de Gasperin
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International baseline imaging: M82 at 150 MHz

Star forming galaxy, 3.6 Mpc. | (NAE'EESA.

STSCI/AURA).

Resolution 0.3", image noise 0=0.15 mJy/beam.

1'=1kpc

Some results

Detect 16 objects
. (7 new)

 Resolve SNR shells

Probe ISM structure
through low-freq
turnovers in SNR
spectra.
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Varenius et al. (2015), A&A.




Surveying the radio sky
|5-45, 45-65, 120-180 MHz

| . The highest redshift radio sources - George Miley:
2. Starforming galaxies - Lehnert/Barthel:

3. Clusters and cluster halo sources - Bruggen/Brunetti:

4. AGN at moderate redshifts - Philip Best

5. Gravitational lensing - Neal Jackson

6. Detailed studies of low-redshift AGN - Raffaella Morganti
/. Nearby galaxies - John Conway/Krzysztof Chyzi

8. Cosmological studies - Matt Jarvis/David Bacon

9. Galactic radio sources — Marijke Haverkorn Glenn White




This conference

LOFAR SURVEY OF SPATIALLY RESOLVED ULTRA STEEP SPECTRUM SOURCES
A DYING AND RESTARTED RADIO GALAXIES IN THE LOFAR SKY

CONSTRAINING MAGNETIC FIELDS AND PARTICLE ACCELERATION PROCESSES IN
GALAXY CLUSTERS: A JOINT VLA/LOFAR VIEW ON COMA AND SKA PERSPECTIVES

DIFFUSE CONTINUUM RADIO EMISSION IN CLUSTERS: OBSERVATIONAL EVIDENCES

FEEDING THE MONSTERS AT LOW FREQUENCIES: LOFAR & THE EVOLUTION OF RADIO-
LOUD AGN

MAGNETIC FIELDS ON A WIDE RANGE OF SCALES IN STAR-FORMING GALAXIES

B1834+620: A RESTARTED AGN SEEN BY LOFAR




Hunting for high-z radio AGN:

Do they they exist”
| Survey | TotalN
o § Y atz6
;llll\l\'llll\l\l\lll
: . s m : Large Area  16.750
:Ellllllllll\'l-!.ll\’.\\ 3

[ \~\..
 EEEEEEEEEEEE NN N -
| . o ; Deep
| Noise level, total area for 800 hrs 8bserving time |~
i — 100 pJy, 1000 sq. deg. .
- - 30 uJy, 90 sq. deg. RN
4 5 6 7

Redshift (z)

Modeled radio loud LF: high-z QSO LF scaled
to radio AGN LF at z=2 (Saxena, HR in prep)




Z = 6 1 2 Radlo I_OUd Simulated 21cm[i2i(;;%tlijor:featuresin radio|
QSO as seenin Bootes

Flux Density (mdy)
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Proto-clusters

Progenitors of nearby clusters at z>2

Large conglomerates of galaxies over tens of

arc minutes

LOFAR and Hersc
combination of de

nel surveys have the good
oth plus area

Use LOFAR and H

erschel fluxes combined

with radio-IR correlation to obtain radio-IR

phot-z (Rigby, HR,

in prep).




HIGH REDSHIFT PROTOCLUSTERS
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Clear over densities of high-z LOFAR + Herschel Sources

6+ candidate overdensities at Ken Duncan, Emma Rigby
2.3 <z <4 in Bodtes field alone Gaby Rivera




temperature + density (

Simulation X-ray gas of
two colliding clusters
van Weeren et al.

At the shock: particle
acceleration

with a bit of magnetic field
this gives synchrotron
radiation

classification:
relic radio sources

See talks by van Weeren,
Govoni,Venturi, Cuciti,
Bernardi, Gitti, Ruta Kale,
Cassano, Venturi
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Field image with CasA

5B180-189highres—image
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J2000 Right Ascension

CasA skymodel: 69MHz, 10”
(Reinout van Weeren)

Data resolution: 64ch, 1s
Time step: 4s

Freq. step: 16¢ch
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A2034 (z=0.11)
Tim Shimwell
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