The LOFAR-LOTTS extragalactic
survey: first data release and scientific
results

Cyril Tasse
Observatoire de Paris — GEPI/USN
Rhodes University

for the LOFAR Surveys KSP

With many slides from :
Tim Shimwell, Reinout van Weeren, Federica Savini, Amanda Wilber, Shane
O’Sullivan, Leah Morabito, Vijay Mahatma



LOFAR

International LOFAR Telescope (ILT)

. Dnsala

'-
# Norderstedl
.
Chillbalton o
- L J
e / LOFAR Core (NL) Derhidman
Hiilich
-
Effelsherg
b .
Fartilenubairg
Unterwellenbach
. L]
s Mancay
=™

XY LOFAR

L
faldy

Hiasrdvad e

tary

ASTRON

by By vy




van Weeren+ 2016 ’

B

/

\.

(o g

®
S

|

2 Huge survey potential
2.8degree FWHM at 150 MHz.




The LOFAR extragalactic surveys
Key Science Project

Pl: Rottgering

Core team: Best, Brlggen, Brunetti,
Chyzy, Conway, Haverkorn, Heald,
Jackson, Jarvis, Lehnert, McKean,
Miley, Morganti, Scaife, Tasse, White,
Wise

The 2018 « paper splash » :

More than 20 papers will be submitted
together
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The LOFAR Two-meter Sky Survey
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LOTSS : LOFAR Two-meter Sky
Survey

20% of the northern sky is observed.
50% of the observed data is partially processed.
Allocated 3750 hrs of observations to reach 50% completeness in 2 years
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lonosphere

Good ionosphere Bad ionosphere
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Wirtinger calibration

Tasse 14, Smirnov&Tasselb, Tasse+ 17




Wirtinger calibration

Tasse 14, Smirnov&Tasselb, Tasse+ 17




Wirtinger calibration

Tasse 14, Smirnov&Tassel5, Tasse+ 17
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LOTSS — First Data Release

A data release of 6" resolution images with a sensitivity of 71uJy/beam
that covers 424 square degrees in the HETDEX Spring Field region.

The catalogue contains 325,694 radio sources (Shimwell+ submitted),
225,457 optical identifications (Williams+ submitted) and 158,284
photometric redshift estimates (Duncan+ submitted)
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LOTSS — First Data Release
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LOTSS — First Data Release
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Some scientific results from the
paper splash
(LOTSS + Targetted fields)
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Radio faint AGN +
Star forming galaxies

+ 4+ 1+

Wilman et al. 2008

Large Sizes

Small Sizes

de Zotti et al. 2010
Williams et al. 2016
Franzen et al. 2016
Uncorrected

Correction Factor Applied
Correction Factor Applied

Hale et al. In prep




AGN In the local universe
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Fraction of radio-loud AGN

In the local universe, AGN In
massive galaxies are always on
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Elucidating the radio properties of Broad Absorption Line
Quasars using the LOFAR Two-metre Sky Survey

L.K. Morabito et al.

Broad Absorption Lines The radio detection
(BALs) are evidence for Only a few have ‘loud’ or fraction is correlated with
fast outflowing winds in bright radio emission the strength of the BALs
our line of sight to the when compared to the (measured by Balnicity
centres of active galaxies optical emission Index, BI)
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Although radio detections and BI are
correlated, there is no other
correlation between BI and radio
properties. This means that BI and
radio emission are linked to the same
underlying proccess - the quasar - but

are spatially separated -
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Relic AGN or restarted?

Jet dynamics /

Feedback and
duty cycle

Mahatma et al. In prep



Nearby galaxies

43'00.0" |

~ 41'00.0"
S :
[=]
&
E I 1
3 40'00.0
39'00.0" B
+55°38'00.0"

- | | | |
12m00.00s 45.00s

. . RA (J2000)
Miskolczi et al. In prep

- Cosmic rays emitting synchrotron in a
galactic Haloe

- Constrains on CR Energy, magnetic field
and galactic winds speed
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Nearby galaxies

Hybrid (FUV + MIR) SFRD Ratio: (LOFAR S_FRDIHH}'hrid 5FRD)
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Nearby galaxy groups

Nikiel-Wroczynski et al. In
prep

Using

- SDSS
- NVSS
- FIRST

- 17/107 show signs of
intergalactic structure

- Study of the magnetic field
of the IGM




LSS Filaments

- Relativistic
electrons don’t do
RM

- How large? 3.4
Mpc

- Lobes expanding in
an empty region

- Large-scale
structure filaments ?

from SDSS by
Chen+15, 16

Excess of 3
filaments for North
lobe

O’Sullivan et al.

In prep
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Cool-core clusters: MH+USSH

RXJ1720.1+2638 PSZ1G139.61+24.20

(

cool core gas N ‘
dark matter
gravitational /

potential well

Savini et al. In
prep



Galaxy clusters

See Chiara Ferarri talk
Abell 1914 Abell 1132

"X=rays (Chandra satellite)

Mandal+ (2018, in prep) Wilber+ (2017)




ABELL 2256

.LOFAR 120-180 MHz

Radio (LOFAR)
X-rays (XMM)

. ® Merging cluster

*z=0.05

Van Weeren et al. In prep
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Tasse et al. in prep
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Tier-2 deep fields

80 hours

Tasse et al. in prep
Mandal et al. In prep




Conclusion ;

" - LOTSS is 1-2 orders of magnitude deeper than any comparable
surveys (major contribution from Paris Observatory)
- Value added Is released together with the radio maps and
catalogs :
- multiwavelength cross matches
- Photo-z
- Host classification
- We also produce polarisation products
- Dynamic spectra (@AlanLoh)
Y - Lot of new science to be done
" - AGN & star formation history
| - AGN Feedback and duty cycle
- Magnetism (galactic and extragalactic)
- Galaxy cluster & large scale structure
- Cosmology
- Transiant universe



LoTSS: Data Release |

- .
= -’\"_I _____"zl—l- -
-

* value added catalog:

» 73 % of radio sources has optical
counterpart

» Automatic matching

+ LOFAR Galaxy Zoo for complex
sources

PanSTARRS PanSTARRS WISE

LOFAR contours radio source components LOFAR contours

radio source components

* 318,542 radio sources

+ 424 deg?

+ positional accuracy: 0

radio source components

.2 arcsec

Shimwell+ (201 8); Williams+ (2018); Duncan+ (2018)
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