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\) SKA1 HI Surveys

Key Goal: survey ~Mn* to z~0.8 with high spatial resolution

-> detailed studies of environment, interactions, mergers, gas fuelling

Science SWG
Goal SWG Objective Rank
1 Physics of the early universe IGM - I. Imaging 1/3
2 Physics of the early universe IGM - Il. Power spectrum 2/3
4 Pulsars Reveal pulsar population and MSPs for gravity tests and Gravitational Wave detection 1/3
5 Pulsars High precision timing for testing gravity and GW detection 1/3
| 13 Hi Resolved HI kinematics and morphology of ~10210 M_sol mass galaxies out to z~0.8 1/5
14 Hi High spatial resolution studies of the ISM in the nearby Universe. 2/5
15 Hi Multi-resolution mapping studies of the ISM in our Galaxy 3/5
18 Transients Solve missing baryon problem at z~2 and determine the Dark Energy Equation of State =1/4
22 Cradle of Life | Map dust grain growth in the terrestrial planet forming zones at a distance of 100 pc 1/5
27 The resolved all-Sky characterisation of the interstellar and intergalactic magnetic fields 1/5
32 Constraints on primordial non-Gaussianity and tests of gravity on super-horizon scales. 1/5
33 Angular correlation functions to probe non-Gaussianity and the matter dipole 2/5
37 +38 Continuum Star formation history of the Universe (SFHU) — I+1l. Non-thermal & Thermal processes 1+2/8




\.@}) Pathfinder HI Surveys

N

Blind HI Surveys:

WALLABY (ASKAP) + WNSHS
(APERTIF):
- 600k galaxies, all-sky

e CHILES (VLA):

o | - 300 galaxies, 0.25 deg?
N
- e DINGO (ASKAP):
T - DEEP: 50k gals, 150 deg?

- : 50k gals, 60 deg?
(@)
o4

LADUMA (MeerKAT):.
- 10k galaxies, 1+ deg?

8°0




\./@ Pathfinder HI Surveys: Resolution

Survey
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Pathfinder HI Surveys: Resolution
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k) SKA1 Capabillities
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) SKA1 Capabilities
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\) SKA1 Surveys: Pt. Source Sensitivity

12 | | | | | I I | | | | | I | | |
Highlights

e Option: pusher deeper in
single pointing

e Option: carry out CHILES/
LADUMA type studies over
larger areas

log(My,/M,)

 |ssues: band 1/2 frequency
divide; band 1 performance;
band 1 delivery timescale

* Would ideally shift band 2:
950-1760 — 770-1430 MHz

6 1 1 1 J | 1 1 l | 1 1 l 1 l 1 I 1 L 1
0 0.2 0.4 0.6 0.8 1
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k) SKA1 Surveys: Resolution @ 10<” cm
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Z Z

possible to resolve many galaxies over large redshift range
understand role of local environment

carry out detailed studies of galaxy kinematics & angular momentum
high resolution studies of ISM in nearby galaxies (~100 pc)
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\Q@ SKA1 Surveys: Resolution @ 10*° cm
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« HALOGAS type studies beyond local Universe

* environment/accretion
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i) SKAL Surveys: Resolution @ 10*° cm™
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TRAPHIC HI column densities from z=2 to z=0

‘Neutral hydrogen
L = 500 h™'kpc
€ = 250 h'pc

10g1s My [em™?)

Neutrol hydrogen
L = 500 h™'kpc
€ = 250 h'pc

1090 My [em™?]

2 - 1.62
t [Gyr] = 4.10

Neutrgl rogen
L z - 1.07
€ = 250 h™'pc t [Gyr] = 5.69

Neutral hydrogen
L = 500 h"'kpe
€ = 250 h'pc

Sunday, 6 February 2011

z = 0.54
t [Gyr] = B.39

Neutral hydrogen
L = 500 h™'kpc
¢ = 25 h*'pec

2 = 0.09
t [Gyr] = 12,49

Neutrol hydrogen
L = 500 h™'kpe 2 = 0.00
€ = 25 h'pc t [Gyr] = 1358
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») SKA1 Surveys: Resolution @ 10'° cm™
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k) Need Multi-A

HI + multi-A essential for understanding the evolution of galaxies

e different baryonic states:
gas (atomic/molecular/
lonised), stars, dust

e environment: group
properties (membership/
multiplicity/halo mass/
central-satellite),
accretion, outflow

e feedback: AGN, stars

e galaxy dynamics: gas,
stars, halo

<= Specific SFR

low level SF episodes
and merging

Red Sequence

HI removed, outside-in
SF quenched
dust removed (less than HI)

gas
accretion

secular evolution

Blue Cloud

Stellar Mass ==

adapted from Catinella, Cortese



k) Need Multi-A: Methods

Improved abillity to find and 1 stacki T A
stackin : !
measure Hl content through J :
optically motivated methods
Optically motivated . A
source finding T T e e T,
- y t = 0.02 i T i 'qf
Intensity mapping
GBT HI g 8
2 — T
[
DEEP2 2
Field 4 f__ﬁ
P800 2,000 2,200 2,400 2,600 Lag (™" Mpc) O
Redshift distance (h~! Mpc)




(c/n;\: Multi-A» Data for HI Pathfinders
&)

WALLABY
+

WNSHS

Apertif
Medium-Deep

(. GAMA ®- NVSS >100mJy pgm VVDS mm VIDEO
H—-ATLAS O WiggleZ pm CFHT-LS UKIDSS—-LAS
(| KIDS /VIKING SAdFGRS



\\) Multi-A for the SKA

“Connecting the Baryons”
Meyer, Robotham, et al., 2015,
SKA science chapter

https://asgr.shinyapps.io/ganttshiny

Spectroscopic Survey Facilities

Fermi—-LAT SN/S
HESS-II

HAWC

Gamma400 (N
CTA (N/S
XMM/Newton (N/S
eROSITA (N/S
WSO-UV (N/S
CFHT/MegaCam SN
HST/WFC-UVIS3 I:N

Oschin/iPT
Magellan/MEGACAM
Pan-STARRS-1
VST/OmegaCam
BIanScl?/ MECam
yMapper
Subaru/HgC
Pan-STARRS-2
WHT/PAUcam
Javalambre

0nZzum

20

Z2Z2Z2Z20Nn0nnzZzn

2014

Euclid E)g'g(ll_\l S

VISTA/VIRCam (S
Magellan/FOURSTAR (S
HST/WFC3-IR (N

ALIC

S_

___Euclid NIR (N/S)

" Spitzer/IRAC (N/S
WISE (N/S

2014

2016 2018 2020 2022 2024
I I I I I I I I I

MMT/Hectospec (N) —

AAT/2dF-AAOmega (S) —

Magellan/IMACS (S) P
LAMOST (N)

GTC/GO-IRS (N) -

Sloan/BOSS (N) —
UK-Schmidt/TAIPAN (S) —
Subaru/PFS (N) —

WHT/WEAVE (N) —
Mavall/DESI (N)  —

| VISTA/4MOST (S) —

MSE (N) —

Keck/MOSFIRE (N) —
VLT/MOONS (S)
Euclid (N/S) —
WFIRST-AFTA (N/S) —

CCAT (S) -

SPICA MIR (N/S
SPICA FIR (N/S
JCMT/Scubaz2 (N
CCAT (S
ALMA (S

opt

NIR

smm

best
best/10
best/10?

best/10°
FoM

Imaging Survey Facilities

X-ray
uv
opt

NIR
MIR
FIR

smm

best

best/10

best/10?
FoM


https://asgr.shinyapps.io/ganttshiny

@ﬁ GAMA / DINGO Multi-A

LAMBDAR software addresses: mismatched PSFs
(convolved r-band apertures), deblend, deconfuse

Panchromatic photometry

aperture matching

(:o EIII I I I IIIIII I L) I IIIIII I I I IIIIII I I I IIIIII I I I IIIIII I g-

) MAGPHYS SED fitting: :

‘g F unattenuated 4

. | attenuated ]

>SF 3

@ ]

Q . -
S SF T
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i =
~ 1 0
S 4 5
10
. ]1C
g III! 1 ! E- <

catalogue matching




'Q@ GAMA / DINGO Multi-A

4

Mass: )
— GSMF (Baldry et al)
— GSMF by type (Kelvin et al) o %
— SMBH MF (Andrews et al) e | | | \
— DUST MF (Dunne et al) GOQ =
' AL\ %2
— DM HMF (Robotham et al) O GO e\, ,sz(XXL) o
Energy: Sy "

— CSED (Driver et al)
— CSFH (Gunawardhana et al)

Structure:
— Mass-size relations (Lange et al) Z 0 -

— Groups (Robotham et al)

— Filaments (Alpaslan et al) >
— Tendrils (Alpaslan et al)

— Pairs (Robotham et al)

— Bulge-disc decomp (Lange et al, Haussler et al)
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Q WAVES

WAVES-WIDE D
® 750 deg? to rag < 22 mag +

p hOtO -/ (< O , 2) p fe- Select | on ESO, VISTA, VISTA Peak
o The VISTA telescope and enclosute

® -0.9m galaxies will give 85k
DM halos 10""-10" Mo

WAVES-DEEP

e 100 deg? to ras < 22 mag
e ~1.2m galaxies to z~1

e detection of ~50k DM haloes -
to 10%Mo) R S

4 6 8
: Lookback time (Gyrs)

10

| BdfGRS | SDSS DR | | GAMA | zCOSMOS | WAVES |



DEGREES

Time (per | Time (full | ScAB |50 UKIDSS Sem
source) survey) Vega | -DXS

Z
X
J

H
K

S

Elais-S1

DEGREES

17.5 hours 456 hours
6.7 hours 175 hours
8.0 hours 209 hours
8.0 hours 221 hours
6.7 hours 180 hours

DEGREES

25.7
24.6
24.5
24.0
235

252
24.0
231
22
.

DEGREES

0.8
0.8
0.8
0.8

Q Additional Ultra-Deep Fields

XMM-LSS

VISTA-VIDEO, PI: Jarvis



Q Additional Ultra-Deep Fields

II)

“Typical” multi-wavelength coverage over southern deep fields

 Heterogeneous X-ray data from Chandra/XMM (eROSITA soon)

e GALEX: FUV + NUV to AB ~24 (~6arcsec resolution)

e VST-VOICE + DES + HSC + LSST: ugriz to mAB ~26-27 (<larcsec resolution)

e UltaVISTA/VIDEO: (Z)YJHKs mAB = 25.7, 25.6, 24.5, 24.0, 23.5 (<0.9arcsec resolution)

* SERVS/DeepDrill: Spitzer 3.6 & 4.5um to 2uly (~2arcsec resolution)

e SWIRE IRAC 5.8 & 8.0um to ~30uly (~3-4arcsec resolution)

e MIPS 24/70/160um to 0.3,20.100mJy (~10,25,50 arcsec resolution)

e Herschel-HerMES 110,160,250,350,500um to 31.5,60.2,12.7,10.5,15.2mly
(7,10,18,25,35arcsec resolution)

e JVLA/MeerKAT “continuum” imaging 1-4GHz (~1-8arcsec resolution)

1.0 T
0.5
- SED fits using the

4 energy-balance models
v of da Cunha et al. 2008

From Smith et al. 2012

/" 7 "':o
N 3 - / 'I,:',‘ I
P Y, : @)
—1 .5 ::// ',";"" ]
17/0%2q15 1.0 10.0 PH|§Q§éQé5 - Rutgers
Restframe Wavelength (um)

Slide credit: Jarvis



O Additional Ultra-Deep Fields

Issue: spectroscopy needs improving!

Ao
Bl ;I,L._"'_‘.:'_';_".I_... i
7 i

-

® Spectroscopy in ~1 deg? fields often
heterogeneous and not ideal for deep Hi

i

it

7
ii}i
I
i1
i

e Mainly magnitude limited, sometimes colour
selection for high-z

Potential solution: MOONS

Parameter Specifications
Telescope VLT
FoV 500 arcmin
Multiplex 1000 (possibility to deploy in pairs)
Close packaging at least two fibres within 10 arcsec
Sky-projected fibre diameter 1.05 arcsec




Q WAVES / MOONS

SFR (M, yr—! Mpc=3 h3.)

SECULAR
COLD: Accretion/Infall
EOT: AGN/Spheroid formation
E '_ 'phell"oids!
"~ __HBO6

‘llfllY'

ISMI+SIAVM

10
Time since Big Bang (Gyrs)

o

Driver et al., 2013



@ SKA1 Surveys

Area Time o) log(N Beam | Band y
Survey (udy,
50kHz)
Wide z<0.5 0.17
Deep 100 2k 82 20 6.9 2 z<0.5 0.29
UDeep 18 2K 36 20 4.6 2 z<0.5 0.44
Single 0.5 2K 11 20 2.5 1 z>0.35 0.64

@ 1.4 GHz, rebaselined




@ SKA1 Surveys

Area Time o) log(N Beam | Band y
Survey (udy,
50kHz)
Wide z<0.5 0.17
Deep 100 2k 82 20 6.9 2 z<0.5 0.29
UDeep 18 2K 36 20 4.6 2 z<0.5 0.44
Single 0.5 2K 11 20 2.5 1 z>0.35 0.64

@ 1.4 GHz, rebaselined




@ SKA1 Surveys

Area Time o) log(N Beam | Band y

Survey (udy

Wide z<0.5

2K 82 26 6-9 2 FAS VR Sp
18 2k 36 20 4.6 2 z<0.5 0.44
0.5 2k 11 20 2.5 1 z>0.35 0.64

@ 1.4 GHz, rebaselined




@ SKA1 Surveys

Area Time o log(N Beam | Band y 4
Survey
(HJy,
Wide z<0.5 0.17
UDeep 18 2K 36 20 4.6 2 z<0.5 0.44
Single 0.5 2K 11 20 2.5 1 z>0.35 0.64

@ 1.4 GHz, rebaselined




@ SKA1 Surveys

Area Time o log(N Beam | Band y 4
Survey
(HJy,
Wide z<0.5 0.17
UL eep 18 2K 36 20 4.6 2 z<0.5 0.44
Single 0.5 2K 11 20 2.5 1 z>0.35 0.64

@ 1.4 GHz, rebaselined

m 750 ok 229 20 13.4/30 ASKAP z<0.26 0.17




@ SKA1 Surveys

Area Time o) log(N Beam | Band y 4
Survey
(HJy,
Wide 3.4 ASKAP 2z<0.26 0.17
UDeep 18 2K 36 20 4.6 2 z<0.5 0.44
Single 0.5 2K 11 20 2.5 1 z>0.35 0.64

@ 1.4 GHz, rebaselined
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Full SKA
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