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WAVES: Where?

179 scientists
at 63 institutes
across 16 countries
and 5 continents
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WAVES science in a nutshell

- Trace the structure of the Universe

- Test structure formation: evolution of the
high-mass end of the DM halo mass function
(HMF)

- Test the nature of DM: probe the low-mass
end of the HMF
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WAVES science in a nutshell
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WAVES science in a nutshell

- Extend galaxy evolution studies
iInto unexplored territory over
7 billion years
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What is Dark Matter?

. Astrophysics: it's cold and doesn't interact with baryons or itself (much)

- Physics: simplest model is an as yet unknown weakly interacting
massive particle

Gradient of Xe discovery limit, # = —(dInc/dIn MT) ™!
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Alternatives to

Simple alternatives to CDM could
potentially fix its small-scale problems

- Warm Dark Matter (WDM)
. Self-interacting Dark Matter (SIDM)

Lower mass > more “free-streaming
damping” in the early Universe - less
structure on small scales
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Substructure in DM halo of the MW

Substructure in stellar streams (with Gaia):

Bonaca et al. (2019)
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Warm Dark Matter

Best current constraints on the thermal relic WDM particle mass:
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Warm Dark Matter

Best current constraints on the thermal relic WDM particle mass:
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Warm Dark Matter

Best current constraints on the thermal relic WDM particle mass:
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Warm Dark Matter

Best current constraints on the thermal relic WDM particle mass:
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Halo Mass Function

- Alternative is to consider the statistics of collapsed
objects, i.e. the abundance of low-mass DM halos

» Halo mass function (HMF)

» The DM HMF is a robust prediction of structure
formation simulations
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Halo Mass Function

100

- Alternative is to consider the statistics of collapsed
objects, i.e. the abundance of low-mass DM halos

» Halo mass function (HMF) o
» The DM HMF is a robust prediction of structure 3
formation simulations i
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Halo Mass Function

The high-mass end of the HMF also carries
valuable information: at z = 0, the abundance of
clusters helps to break degeneracies and
constrains the matter density and the
normalisation of the matter power spectrum

The evolution of the high-mass end of the HMF
probes a generic feature of structure formation:
hierarchical growth — and constrains DE
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Halo Mass Function
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logyo (number density) [Mpc™ dex ™' ]

HMF from GAMA+SDSS12+REFLEX I
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HMF from GAMA+SDSS12+REFLEX I
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HMF lessons learned

- Measuring the HMF is tricky, glossed over all the details here

- At face-value, our GAMA+ HMF shows good agreement with
ACDM to 10'28 M

- Need to push to lower masses and higher redshifts > WAVES

WARNING: THIS IS NOT A SIMULATION! r
BUT SHOWS THE DARK MATTER IN THE GAMA G12 REGION

ALBEIT WITH SOME POETIC LICENSE FOR NOW
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Galaxies at low stellar and halo masses

Stellar mass and environment are key parameters
controlling galaxy evolution

But even in this fundamental parameter space the
observational picture is still incomplete:
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Galaxies at low stellar and halo masses

- Stellar mass and environment are key parameters
controlling galaxy evolution

- But even in this fundamental parameter space the
observational picture is still incomplete:
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Galaxies at low stellar and halo masses

- Stellar mass and environment are key parameters
controlling galaxy evolution

- But even in this fundamental parameter space the
observational picture is still incomplete:
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Galaxies at low stellar and halo masses

- Stellar mass and environment are key parameters
controlling galaxy evolution

- But even in this fundamental parameter space the
observational picture is still incomplete

- Dwarf galaxies are the building blocks of larger
galaxies (see Gaia results!)

- Our ignorance of dwarf galaxies beyond the Local
Group represents a severe limitation on galaxy
formation models
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Galaxies at low stellar and halo masses

- The stellar to halo mass ratio varies as a function of halo mass

- Presumably because of different feedback mechanisms acting at

high and low masses
> Peak of star-formation efficiency at M, ,, = 10" M5 =~ M(MW halo)

- But no large samples of halos in this mass
range available
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Evolution of environmental relations

- Many galaxy properties are known to correlate with environment

- These relations are known to evolve (and even reverse)

- But studying the co-evolution of, e.g., the SFR-density and morphology-
density relations, or the evolution of the merger rate requires highly
complete samples at higher redshifts as well
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Robotham et al. (2014)

Evolution of environmental relations

Many galaxy properties are known to correlate with environment
These relations are known to evolve (and even reverse)

But studying the co-evolution of, e.g., the SFR-density and morphology-
density relations, or the evolution of the merger rate requires highly
complete samples at higher redshifts as well
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Taking a step back ...
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Ultimately, we want:

- Large samples for slicing parameter space

- Highly complete spectroscopy (environment)
= . Multi-A photometry from X-ray to radio

| - High-res imaging (morphology)

- In an ideal world: 2D spectroscopy

WA\/ES Wide Area Vista Extragalactic Survey
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WAVES: a multi-A endeavour
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WAVES design

/ sub-surveys:

WAVESwide: 1.9 x 100 galaxies @ 90% completeness
Z<212,2y,<0.2over 1134 deg?
> 50,000 halos down to ~10™ M

WAVESdeep: 6.1 x 10° galaxies @ 90%
Z <2125, 2, < 0.8 over 65 deg?
> 20,000 halos down to ~10™ M
StePS: 3700 galaxies
., <20.5and 0.3<z<0.7
ORCHIDSSwide, deep: 1.3 x 10° galaxies
Radio continuum and photo-z selection
4C3R2wide, deep: 1.1 x 10° galaxies

Selecting from colour cells not covered by
WAVESwide or WAVESdeep
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10

40h 200h

00h
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WAVES design
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Regions Name RAT Dec' Area Rotation® | photo-z limit mag limit
(deg) (deg) (sq deg) (deg) (Z-band mag)
WAVES-Wide North WWN | 157.25, 225.0 | —3.95, +3.95 535 - 0.2 21.1
WAVES-Wide South WWS 330.0, 51.6 —35.6, —27.0 599 - 0.2 21.1
WAVES-Deep G23 WD23 | 339.0, 351.0 —35.0, —30.0 ~ 50 - 0.8 21.25
WAVES-Deep DDF1 (ELAIS-S1) | WDO01 9.50 —43.95 4.17 0 0.8 21.25
WAVES-Deep DDF2 (XMMLSS) | WDO02 35.875 —5.025 4.17 30 0.8 21.25
WAVES-Deep DDF3 (ECDFS) WDO03 53.125 —28.1 4.17 30 0.8 21.25
WAVES-Deep DDF4 (COSMOS) | WD10 150.125 +2.20 4.17 30 0.8 21.25

M \WAVES

wide area vista extragalactic survey
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WAVES design
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S0708

Regions Name RAT Dec' Area Rotation® | photo-z limit mag limit
(deg) (deg) (sq deg) (deg) (Z-band mag)
WAVES-Wide North WWN | 157.25, 225.0 | —3.95, +3.95 535 - 0.2 21.1
WAVES-Wide South WWS 330.0, 51.6 —35.6, —27.0 599 - 0.2 21.1
WAVES-Deep G23 WD23 | 339.0, 351.0 | —35.0, —30.0 ~ 50 - 0.8 21.25
WAVES-Deep DDF1 (ELAIS-S1) | WDO01 9.50 —43.95 4.17 0 0.8 21.25
WAVES-Deep DDF2 (XMMLSS) | WDO02 35.875 —5.025 4.17 30 0.8 21.25
WAVES-Deep DDF3 (ECDFS) WDO03 53.125 —28.1 4.17 30 0.8 21.25
WAVES-Deep DDF4 (COSMOS) | WD10 150.125 +2.20 4.17 30 0.8 21.25

M \WAVES
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WAVES design
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Large number of tiles crucial
for high completeness in
dense regions!
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Ongoing SPV analyses

1x107'®
Y
Al N

Flux
5x10~"7

uberlD=151020932212411
RA=150.306

DEC=1.651

QZC_Z=0.366
QZC_ZPRB=0.0317
zPhoto=0.379
WAVESinput_MAG=22.918
zSpec=0.367
zSpecSource=DEVILS

0

4000 6000 8000
Wavelength, Ang

- Test of selection boundaries of target catalogue
star/galaxy separation
photo-z limits
- Test of predicted exposure times required for a successful redshift measurement

as a function of
magnitude
spectral template, z

- Does stacking of 30 h of data work?

- Redshift success as a function of SOM cell
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Cosmology AGN Clusters WAVES MOONS

Showing 1% of each 4MOST ex-gal survey
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