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The SKA in a nutshell

SKA:
Main parameters:
« km?2collecting area = 100x sensitivity
» Large FoVs = 100x survey speed
« 3000+ km max baseline = mas angular resolution
- large frequency range [50 MHz — 24+ GHz]

SKA1T (650 MEu) Timeline:

Design & 1GO: Q1-2 2019

« Construction begins: Q4 2020

« Commmissioning/SV starts: 2022/2024
* Full Operations: 2027

- Cosmic Dawn & Reionfza‘tion’. Cosmology & ars © Cosmic Magnetism Cradle of Lif
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Radioastronomy: a Golden Age
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Adapted from SKAO image

@

~130,000 antennas ~200 dishes

2048 antennas

34,000 antennas

30 dishes

‘ South Africa

= 64 dishes

66 dishes

50 MHz 350 MHz 15(24) GHz 100 GHz 1 THz

\

frequency



SKA- Key Smence Drivers:
The h|story of th, Umverse
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« Galaxy Ew)lutlon
(Normal Galaxies z~2-3)

*k Matter, Large Scale Structure)

Exploration of the Unknown

Cosmic Magnetism
(Origin, Evolution)

’

Broadest science range of any fa on or off the Earth (Braun et al. 2015)
...... see also Il National SKA Workshop talks...



SKA- Key Science Drivers:
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Broadest science range of any facility on or off the Earth (Braun et al. 2015)



Galaxy HI Evolution:
precursors to z~0.5; SKA1 outtoz~1 and SKA2toz~5
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Hl vs opt/NIR surveys

(Simulations: Schaye et al. 2010, Images: Oosterloo 2014) s .
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« Understanding galaxy assembly and the baryon cycle 00 .
— Determine the impact of galaxy environments .
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— Probe gas inflow and removal, diffuse gas N,,, < 1017 cm 300 . .
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— Measure angular momentum build-up DES|
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Exploring the Universe with the world's largest radio telescope



RC Surveys: Unbiased census of SF

Murphy+ 2015: SKA Science Book
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Sensitivity is key
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The role of high-resolution RC Surveys

Resolved astrophysics 1©

out to high redshift

Radio surveys will probe down to

mas resolution (ngVLA)

=» multi-scale census of
sources/processes

=>» Physics of RQ AGN:
* incidence of radio jets
e SF
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RC/HI/Opt selection functions

Optical sample

OF 67.5% bluemards of division

HI sample

3-5 rv-——. ....................  anan o enan e 2o o T R T R
(0) Se Un—weighted (b) S,y Un—weighted

T 85.68 bluewords of division

. ALFALFA-SDSS

Huang et al (2012)

» Preferentially detect galaxies in

the blue cloud
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SFR vs M(HI)

9
Stellar Mass

= HI mass and stellar mass are weakly correlated

Radio Continuum selects based on SFR (unbiased tracer!)

P = Star Formation Rate

RC and HI are biased towards the same (blue) pecpulation BUT no

1:1 relation

=» ideal to probe relation between Hl, SFR, stellar mass

(environment)

10

logqo (SFR /Mg yr)

Optical Selection
150 MHz Selection

Gurkan et al. 2015




Panchromatic Approach is Key!

Source redshifts: multi-band photometry [F(L,z)] +
spectra (calibration, environment, spectral stacking)

AGN/SFG & RL/RQ AGN separation:

mid/far IR colors (WISE+Herschel)
+ X-ray (eROSITA, Athena), high S/N spectroscopy

AGN accretion physics: HEG (Seyfert/QSO) vs LEG
(Liners, ETS)

X-ray (Athena), High S/N optical spectra
(BPT diagnostic, TAIPAN, GAMA, WEAVE..)

Host galaxy properties (mass , color, SFR, etc.)
Role of gas: HI + ALMA + Opt/NIR

Chemistry: mm/sub-mm/opt spectroscopy (high R)

Dynamics: line fitting (optical, near-IR, CO, HI, X-ray),
spatially resolved (optical IFU,CO, HI)

Morphology at high-z: High-res opt/NIR from space (HST,
JWST, Euclid, ELT) + SKA-MID/VLBI
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Credit: W. Williams

WEAVE-LOFAR

Currently finalising WEAVE-LOFAR & LOFAR KSP MoU A
Italy both part of LOFAR & WEAVE Consortia \\\
\




International LOFAR Telescope (ILT)
ltaly joined April 2018

High Band Array:
120-200 MHz

Low Band Array: :
10-90 MHz Chilbolton

L
o Potsdam /

@/
P orowiec

* 47 operational stations
completed

+ 38 NL stations, 9 international
stations

* 3 new stations coming in Poland

Netherlands instityute for Radio Astronom



WEAVE-LOFAR

SFR>100 @z>4

A SMG-like

WEAVE-LOFAR MID

WEAVE-LOFAR WIDE 4 |
.
WEAVE-LOFAR DEEP + |

faint end of RLF & SFRF

SF/AGN co-evolution across
cosmic history

rare objects e.g. bright EOR Radio Galaxies at
z>6 for 21cm abs. experiments

(+local Volume)

Courtesy D. Smith



WEAVE-LOFAR
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WEAVE - APERTIF Survey ‘~

P.I. J. Falcon-Barroso (IAC)

includes Cagliari, Arcetri

&

IFU follow-up of a sample selected based on HI mass and HI morphology from APERTIF

Courtesy P. Serra

Italy only part of WEAVE Consortia Ackn. J. Falcon-Barroso



MeerKAT

64 Antennas, 13.5m 2> 1.7 deg FoV at 1.4 GHz
— dense core (<50m)
— longer baselines (up to 8 km) —res. ~8” at 1.4 GHz
 L-band: 0.9-1.67 GHz - HI 0<z<0.58
— wideband mode: 32K channels (20kHz ~ 5km/s)
— zoom mode: 0.1 km/s i
 Key Projects + Open (first shared risk call just |ssued deadllne 31 Jan. 19)
— KP: MeerKAT Fornax Survey (Pl Serra)




MeerKAT

64 Antennas, 13.5m 2> 1.7 deg FoV at 1.4 GHz

— dense core (<50m)

— longer baselines (up to 8 km) —res. ~¥8” at 1.4 GHz
 L-band: 0.9-1.67 GHz - HI 0<z<0.58

— wideband mode: 32K channels (20kHz ~ 5km/s)

— zoom mode: 0.1 km/s

 Key Projects + Open (first shared risk call just issued; deadline 31 Jan. 19)
— KP: MeerKAT Fornax Survey (Pl Serra)
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Science Milestone

& @ g g
g 2 3 z

SR Sched
Pl Sched
KSP Sched

2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028
Date

* Overview of preparatory and scientific observing activities
* |Increasingly realistic Data Challenges every 6 months
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RC surveys: Unbiased census of SF galaxies
and whole AGN population

ECDFS S>40 udy (= 200 uJy @ 150 MHz)
Adapted from Bonzini+2013
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Apertif @ WSRT

* Apertif is the first working focal-plane array capable of
full Westerbork resolution (~15”x15” beam) over a single,
full 8 deg?pointing

e QOperating in the frequency range 1000-1750 MHz with
nearly the sensitivity of the present single-pixel WSRT
frontend

o With Apertif, the WSRT can image an area on the sky
about 25 times the size of the full moon

Courtesy J. Falcon-Barroso



WEAVE-LOFAR will be the primary source of spectroscopic information
for the LOFAR Surveys KSP

It will consist of > 10° spectra of radio-selected sources > multi-
parameter analysis (mass, env., redshift, AGN type, SFG type, etc.)

We are hunting for redshifts, so the “low”-resolution grating (R=5000,
which provides complete wavelength coverage, 3700-9500 A) is essential

High S/N spectroscopy allow robust source classification:
« SF vs AGN spectra
« HEG (Seyfert/QSO) vs LEG (Liners, Early Type)

Spectroscopy also enables a lot more science
velocity dispersions
metallicities

\éit?l mass of BHs @ L

A
OFAR

Courtesy D. Smith



WEAVE-LOFAR

1) MOS Survey: 2) Bad Weather IFU Survey:

Spectroscopic follow-up of large numbers of Resolved spectroscopy of large samples of
LOFAR-selected sources in three tiers, to get a sources of interest, incl. proto-clusters, targets
complete picture of SF and AGN co-evolution. with extended haloes, absorption systems, etc.

-

*Not to scéle

Courtesy D. Smith



WEAVE-LOFAR Survey Fields
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Apertif Footprint
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Alfalfa
. HIPASS

redshift

Courtesy J. Falcon-Barroso



Synergy with WEAVE

* Provide a broader astrophysical context for HI detections

e Apertif provides resolved HIl observations over a large FoV for
many thousands of galaxies

* WEAVE provides the optical component on similar scales with
the LIFU mode

e |t allows for a different way to define galaxy samples
(based on HI properties and not optical ones)

e WEAVE-Apertif offers a combination of Optical+HI
observations not possible with ongoing IFU surveys
(e.g. large spatial coverage with high spectral resolution)



WEAVE-Apertif Science

* Influence of HI accretion histories on spiral disk evolution
— Impact of Hl accretion on chemo-dynamical properties of galaxies
* Nature of galaxy bi-modality
— origin of gas feeding SF
— how SF quenches
— role of environment
 Disc galaxy mass dissection
— dark matter: amount and distribution
— dependence on environment & stellar mass



HIl Surveys: Galaxy Assembly and Baryon Cycle

Millennium Simulation Semi-analytics Post-processing
(Springel et al. 05) (De Lucia et al. 06/07) (Obreschkow et al. 08)
Dark matter Visible matter Neutral atomic hydrogen

» Hl density: weak evolution

* H, and SFR density: strong
evolution

DM haloes, mergertrees SFR, cold gas mass HI from cold gas mass

lyth et al. 2015

Look—back time (' Gyr)
. . L ﬁzé‘),;n 1‘1_:}1 ;":_;:I] !9.ll'Ll 8
¢ Sra'nsljlcaotlnotr?gt and dynam|CS becomlng critical part of ® Zwaan et al. (2005) A  Nasui et al. (2013)
. . . —24F @ Martin et al. (2010) W Piychaska et al. (2009} 1-120
* Blind surveys limited to local Universe © Freudling et al. (2011) B Rao ct'al (2006)
* Stacking (z~0.2) and Damped Lya (z>0.4) 261 @  Delhaize et al (2013) === Lagos et al (2011) 17122
—_— € Rheeet al. (2013) —— Hopkins et al (2006) .
=>» Need HI surveys over Molgcular Hydrogen e “UT @  Lab et al (2007 —— Wilkins ct al (2008) i34
cosmic time to understand SFR S ~ a0 |
galaxy formation! —3 g
2 i o B s
>  Precursors willreach z~0.6 £ | 1 2. 1 ‘
>  SKA1 will reach z~1 g7 S ot i . . - ~iao0
H E < = ) N
>  SKA2 will reach z~5 of croiSRa = = ! + N I
— - .50<SFR<100 3 ‘\
FE —3.8E L > A —13.4
0.01 0.1 1.0 10.0

log(Qsprh ")



SKA — Surveys for Cosmology L @ ¢
1. HI Intensity Mapping [BAO, super-horizon, etc.] 800 SO -
All-sky (3m sr); low-resolution >30’; 0<z<3 700 .
600 |- J
2. HI Threshold: galaxy redshift survey [BAO, RSD] € | _ s aney j
SKA1: 5 106 gals @ z<0.5 3 0o .
SKA2: ~10° gals @ z<2 2001 1
100% WFIRST 7
e ss— - HETDEX |
3. Continuum [weak lensing, angular clustering, ISW]: 00 08 1O Ts s 202680 88
= All-Sky Survey (~ 1-2” res.)
= Weak Lensing Survey (0.5” res.):
NB: Commensality with HI/Continuum surveys for ‘ m—SKATMID 81 (M)}
galaxy evolution oer — skaziga) |
Euclid + SKA: huge synergies 5_1_0' | |
- Scientific: smaller volume higher res. vs |
large volume low-res, complementary il ]
constraints, multi-tracers, etc. _ _
- Programmatics: e.g. simulations, likelihood 045 050 055 060 065 070
definitions and coding, etc. '




Cosmology with SKA:
Baryon Acoustic Oscillations

! ' oo SKA1-SUR BA (M) oo SIKA1-SUR(gaI.)—
o-¢ SKA1-SURB2 (IM) e—e SKA1-MID (gal.)
1.0 T T | . . . . 0.06+ == SKAI-MIDB1(IM) e—e SKA2 (gal.)
SKA1-MID/SUR (gal.) =-a SKA1-MID B2 (IM) e—e Euclid (gal.)
mmm  SKA1-MID B1 (IM)
mmm Euclid (gal.)
mmm SKA2 (gal.) S 0.04
0.5 + _ =
o)
0.02
3 0.0 + -
0.00
-0.5 + i 0.06
<t
(incl. BOSS + Planck) S 0.04
-1.0 ] ] ] ] 1 1 1 S
-1.3 -1.2 -1.1 -1.0 -0.9 -0.8 -0.7 e
0.02
Wy
0.00
(Bull et al 2014) _

« Constraining Dark Energy models with redshift-resolved BAO measurements
— Discrete detection is complementary with SKA1, cutting edge with SKA2
— Intensity mapping is higher risk but world-class, even with SKA1

Exploring the Universe with the world's largest radio telescope



SKA — Surveys for Cosmology

1. Hl Intensity Mapping [BAO, oscillations on super-horizon scales, etc.]
— SKA1 (Auto-corr): All-sky (31 sr); ang. scales >30’; 0<z<3
— SKA2 (Interferometry): similar, but optimized for high-z (z>1.5)
SKA1 already competitive wrt Euclid
2. Hl threshold: galaxy redshift survey [BAO, RSD, etc.]
—  SKAZ1: pilot [5000 deg?, 5 10° gals w z<0.5];
— SKAZ2: Billion Galaxy Survey [All-sky (31t sr), 9 108 gal with 0<z<2]
SKA1 already competitive wrt Euclid at low redshift

3. Continuum [ Weak Lensing, Power Spectrum, ISW Effect, Magnification Bias,
etc.]:

a.  All-Sky Survey (~ 1-2” res.): [PS, ISW, MB, etc.]
. SKA1: few ply rms all sky + deeper tiers; SKA2: 1 wly rms for all-sky
b. Weak Lensing Survey (0.5” res.):
—  SKAZ1: pilot [5000 deg2, 10 gals/arcmin?]
—  SKA2: All sky [3mt sr, 75 gals/arcmin?]
Euclid + SKA = beat systematics and provide better constraints
NB: Commensality with SKA HI/Continuum surveys for galaxy evolution




The (radio) pathway to SKA

Radio Surveys (relevant for Cosmology) planned for Pathfinders/
Precursors:

1. HI Intensity Mapping

—  Precursors: BINGO (Single Dish, South America); CHIME (Array, Canada);
MeerKAT & ASKAP Autocorrelation (Single Dish mode)

2. HIl threshold: galaxy redshift survey
—  ASKAP: WALLABY (all-sky, z<0.25), DINGO (zmed<0.4; 60/150 deg?)
—  MeerKAT: LADUMA (1 pointing, z>1)

3. Continuum

a. All-Sky Survey:
. LOFAR; ASKAP (EMU);
«  JVLA (VLASS?)
. MeerKAT (MIGHTEE, tiered strategy: wide/deep)
b. Weak Lensing Continuum Survey (0.5” res. or better):

. e-MERLIN (eMERGE; SuperCLASS)
e JVLA (VLASS?)



Why LOFAR
Surveys?

Large FoV:
>30 deg2 @ HBA

Sensitivity: Somie n L TR e S ey oo o B
s el SRl % T -48h:~40 uJy rms; 6” res:;
g:‘o% I_\IJBA e o : s % .~ Mandal et al. in prep.
udy rms Sy e e ViR s T
[EMU: 10 uly @1.4 GHz] - ' " Milliéns of galaxies
retdshift peak ~1-

-y |

: ey - s yarety of environments . -
Resolution: s e e 20 _ e
NL -2 5" @ HBA : oni e
ILT - 0.5” @ HBA
[~100 pc scale @z~0
few kpc scale @ z>1]

New spectral

window (+ Surface

Brightness) ~ s e o8
- low-E e population LH@ !-‘_IBA. | 5000 .RS _over 33 deg?

Mahony, Mo‘rga'nti,.lP,;et‘a'I.‘2016_,-in prep.. -
Brienza, Mahony, Morganti,. IP, Godfrey 2016




Why LOFAR
Surveys?

Large FoV: :i‘%mo;-md
>30 deg2 @ HBA

Sensitivity:
10h @ HBA

—->100 udy rms

[EMU: 10 uly @1.4 GHz] . _Z>-4d__.+ ,,

.- candidate
Resolution: R
NL - 5" @ HBA
ILT - 0.5” @ HBA
[~100 pc scale @z~0
few kpc scale @ z>1]

New spectral
window (+ Surface

Brightness) LH@ HEA: ~5ooo Rs over 33 deg?

- low-E e population

- AGN Remnant Sy o ans (ORG HBILS

Mahony, Morgantl IP, et al. '2016 in prep..
Brienza, Mahony, Morganti, IP, Godfrey 2016




21t Centu ry | JWST: 2020
Observatones
-'ILIGO: operational

Radio waves Microwaves Infrared Ultraviolet



Next Generation RC Surveys

1-3 GHz surveys

« RC surveys will probe from 10°
few sq. deg. (at sub-udJy rms)
to all-sky (at udy rms) 67
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volumes at all redshifts
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Next Generation Radio-continuum Surveys
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.......pUt have a taste now!
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