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The WEAVE-LOFAR Survey

 The WEAVE instrument

* LOFAR Surveys KSP

* Highlights from the WEAVE-LOFAR Survey science case
« The WEAVE-LOFAR Survey

« Summary
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What is WEAVE?

* A multi-object spectrograph, with:
« 1,000 x 1.3” fibres
« 2 deg diameter field of view
« R=5,000 with coverage from 370nm to 1uym
« R=20,000 with reduced coverage
« mlFU and LIFU modes
« See Dalton et al. (2012) for details

* Firstlight in 2017, then five years of survey
operations. One of the primary surveys that it will
do is follow-up of LOFAR targets

* www.ing.iac.es/weave/
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LOFAR: the Low Frequency Array

Steve Rawlings Array, Chilbolton

Tier-1, the “Wide”, will cover whole northern
hemisphere, multi-frequency, 0.1 mJy RMS at
120 MHz; SFR sensitivity > Herschel

Tier-2, the “Deep”, will cover 100s of deg? to
faint flux limits (25 pJy RMS @ 120 MHZz)

Tier-3, the “Ultra-Deep”, will cover 10s of
deg? to sensitivities > the deepest existing
imaging (6 pJy @ 150 MHz)

Details: Rottgering et al. 2011
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WEAVE-LOFAR Science Case:

* The star-formation history of the Universe
« Accretion and AGN-driven feedback

« Probing the Epoch of Reionization

« Cosmology

 Protoclusters & Clusters Halos/Relics
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The future of star formation is at radio frequencies
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At bright flux densities, radio
sources predominantly active
galactic nuclei (AGN)

log differential source counts

However, fainter sources are
more diverse

log Flux density (Jy @ 1.4 GHz)
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“There’s nothing as useless as a radio source”

Radio source spectra are well-described by
power laws:

—

-a
S, xV

No redshift information!

Spectroscopy is essential to get redshifts

Spectra also critical to split SF and RQ-AGN,
distinguish accretion modes

log (Radio Flux Density)

log (Frequency)
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Getting the redshift information that we need

« Faint radio sources are among the most difficult
sources for photo-z:

— AGN (radio loud & quiet)
— high-EW emission lines

« Bright emission lines make radio sources ideal for
spectroscopy

— You don’t have to detect the continuum
— Can classify sources
— Spectroscopy is very efficient
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Also lots more science possible with spectroscopy...

Wavelength (A)




The star-formation and accretion history of the Universe

Which galaxies formed all of the stellar mass in the Universe? 10‘ U Smith etal. in prep

......

What is the relationship between star formation and the different
accretion modes?

Obscuration free, how star formation & AGN activity varies as a
function of Stellar Mass, Environment, Redshift
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What is the physical mechanism of the correlation with far-IR?
What is the origin of the radio-loudness dichotomy?

Search for starburst/AGN-driven outflows; individual and
statistical

How was the Universe re-ionized?
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The star-formation and accretion history of the Universe

Radio surveys offer the best way to trace 10000 ————
SF and AGN: NS
--" : 1 013
- Supreme sensitivity 1000 :
- Dust independent (i.e. even Compton '5; 1102
thick AGN) 2 :
= 100 :
- Deep confusion limits g : 5 10"
- Detect SMG-like galaxies at z > 5! 105 o aee ———— ]
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WEAVE-LOFAR

WEAVE-LOFAR represents a unique capability in
the Northern hemisphere

Spectroscopic follow-up of:
* 100,000s of LOFAR-selected sources
* in three tiers

We will get a complete picture of SF and AGN co-
evolution since z< 1.3 and z > 2
* (and a lot more!)

Fields include: ELAIS-N1, Lockman Hole, Bootes,
XMM-LSS, COSMOS, HATLAS-NGP, HETDEX-N,
etc

First light: end of 2017 then 5 years of surveys
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WEAVE-LOFAR

WEAVE-LOFAR represents a unique capability in
the Northern hemisphere

og|
Spectroscopic follow-up of: ’
* 100,000s of LOFAR-selected sources

* in three tiers 26

We will get a complete picture of SF and AGN co-
evolution since z< 1.3and z > 2
* (and a lot more!)
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Fields include: ELAIS-N1, Lockman Hole, Bootes, 22 |8 :
XMM-LSS, COSMOS, HATLAS-NGP, HETDEX-N, ‘ WEAVE-LOFAR WIDE A |
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First light: end of 2017 then 5 years of surveys 0 1 2 3 4 5
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Thanks for listening

Drop me an email if you're interested in contributing!




The WEAVE-LOFAR Team

Dan Smith (Herts), Huub Rottgering (Leiden),
Matt Jarvis (Oxford), Chris Simpson (UK), Philip
Best (Edinburgh), Gavin Dalton (Oxford), Martin
Hardcastle (Herts), Elizabeth Mahony (Astron),
Pepe Montes (IAA, Spain), Emanuela Orru
(Astron), Tim Shimwell (Leiden), Wendy Williams
(Leiden)

David Bacon (Portsmouth), Chris Conselice (Nottingham),
Kristen Coppin (Herts), Tim Davis (Herts), Chiara Ferrari
(Nice), Barbara Lo Faro (Marseille), Gulay Gurkan (Herts),
Nancy Hine (Herts), Eleni Kalfountzou (Herts/ESA), Matt
Lehnert (Paris), Natasha Maddox (Groningen), Sean McGee
(Birmingham), George Miley (Leiden), Rafaella Morganti
(Astron), Bob Nichol (Portsmouth), Seb Oliver (Sussex), Shaun
Read (Herts), Emma Rigby (Leiden), Aayush Saxena (UCL),
Paul van der Werf (Leiden), Sarah White (Oxford), Michael
Wise (Astron) & the LOFAR Surveys team
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LOFAR surveys: Opening up a new window on the Universe
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WEAVE-LOFAR Fields

The best large-scale northern fields
are:

HETDEX northern field 420 deg?
HATLAS NGP: 140+ deg?,
HATLAS Equatorial: 180+ deg?
Stripe 82: 300+ deg?

Deep fields: XMM-LSS, COSMOS,
Bootes, Lockman, ELAIS-N1 etc.

Wide Tier: Galactic Halo
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Some science goals of WEAVE-LOFAR

Precisely trace the assembly history of galaxies as a
function of mass, environmental density and galaxy type

Probe the relationship between accretion and star-
formation over cosmic history, with large samples of radio
quiet AGN & SFGs

Discriminate between efficient (cold a.k.a. QSO-mode/
high-excitation) and inefficient (hot or radio mode, low-
excitation) radio galaxies

Find the rarest sources (e.g. radio sources in the Epoch of
Re-ionization) for 21cm absorption

What causes the RL-RQ dichotomy and how does it
evolve

Statistical reverberation mapping and accretion disk
structure
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Stack large numbers of spectra to study average
properties of very faint galaxies (i.e. individual
sources only have emission lines detected; stack to
get the continuum)

Learn to derive good photometric redshifts, including
separating the AGN from the SFGs

Measure galaxy velocity dispersions and
metallicities, virial black hole masses in QSOs

Complete samples of high redshift proto-clusters for
galaxy evolution and cosmology

Accurate redshifts for SN host cosmology

Precise separable redshift distributions for
cosmology over wide fields (informed by the deep
fields)



Accretion and AGN-driven feedback

Universityof

Hertfordshire

- rarely xeote Q500 (only special crbm)

(¢) Interaction Merger” (d) Coalescence/{UILIRG (¢) “Blowout"

"ww

)
M 2N

AN Qs |t

* P within oo halo, getaees aoraat &

Pl Ol VIRET PR (b Coe e

Aotz remssnnd o & Cwadcioal” QV0

ate wigelir maeven - ot Pflawy 1o comar D‘M'Q-?rm
SFB, vy 00 indrniie Martnr st B bured (Kormy) ANGN psvling “‘;’-" ¥

vty wesk dowenie oo - e ot deerraies v pYenfan b

Ser.votdl metlar rus formed o sral

(B} “Senal Group"

1 roddenad (hax ook Trpe 11 QSO
recartiongarg O n sow

bagh Eddrgron rten
marper ugrassres il wikde

Mok Unmg

- s sorim devfar-cam
covgnmosiy

» EAN GEON OV 3 Wik T rangs

= Mas 8] shretar 2 Sufors
Ayl IOcmme ity ges
O st o8 vrly

{a) Isolated Disk

-

L% o1
gl Lo / s )
.”‘l"‘l.'"-!m""u'

= o

-2 -t 0 ]
Time (Reintive 10 Merger) [Gyr]

o & b grow mass wans Sewed
= 3ecufyr growth bodds wary A pesudobolgn
oot Fasieg (AGHN sk M 11
~ Caorck redden (o the Tag Inguerco

Credit: Hopkins et al. 2008

(N Quasar

15 Unone Hhann

= how morphalogy 4#cul: oo omerve

kel Sontrns hade rapedly

- chancwrusaly blus'poeng sphecced

(g) Decay/K+A

.y

MK

- QA0 ooy taden rapedly

« il Batares wuliw galy with
vary deop chasrvasons

- rerrrat reddew vl EAK AN
“haet hal" Mo beaBuas

- 3613 AP JuEi-aXIX TOShy

(h) "Dead” Blipcical

LYY

« 1t Sorvutios mrreesed
hrpe BHihprerod - efhoan foodeck
Al grows to hrge groas” e
merger: Socoovs eficiae

« prawth &y “dry” mergers



SFR sensitivity
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SFRkennicutt 1908 (Msoiar 7 Y1)
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The new radio continuum surveys

100,000 mrrm T T T T T e ylss 2 LOFAR Tier 1: “Large Area”

i i Whole northern sky, 10x as

10.000 TGSS deep as FIRST; similar to

5 SRS ASKAP-EMU in the South
AGMRT-ATLAS ANVSS

atad AFIRST LOFAR Tier 2: “Deep”

AEVLA-Stripe82

~500 deg?, 10 M, /yr @ z=1

AWSRT-Bootes

50 Flux density at 1.4GHz / mly
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