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Cosmic Conundrums - motivation

What are the that govern our
universe?

— |Is general relativity the correct theory of gravity?
— If so, what form does the dark energy take?

— |f dark energy is A, measure the
other cosmological parameters of the universe.

* What the expansion?
— Test predictions of inflation

* How did galaxies and how do they
— Test structure formation and galaxy evolution
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W, Was Einstein wrong?

4 '.‘ — |Is general relativity the correct theory of gravity?
i L/

“Its easy to identify
crackpots, just listen for:
‘Einstein was wrong’!”
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WiggleZ Aims

« Map 1Gpc3 at than existing surveys

Extend distance data to z=1, to
test the properties of dark energy

Measure the rate of from z=1 to z=0 to
test beyond-standard theories of gravity

Lots of other science connected with
at high redshift
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Russell Jurek (ATNF)

Karl Forster, Barry Madore, Chris
Martin, Ted Wyder
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Yee
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. i WiggleZ Vital Statistics

1000 square degrees

02<z<1.0
~250,000 redshifts

2006-2010(11)




WiggleZ

7 equatorial fields, each 100-200 deg?

SU rvey ﬁelds >9° on side, ~¥3 x BAO scale at z> 0.5
Physical size ~ 1300 x 500 x 500 Mpc/h

NGP survey fields
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Comparison to other surveys

Current and future z < 1 galaxy redshift surveys

BOSS LRGs [? 2009-2014]

'SDSS—DR6 LRGs |

WiggleZ [2006—2010]
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T and UKST redshift surveys

BdFGS (purple), 2dFGRS (), MGC (), GAMA (cyan), 2SLAQ-LRG (creen),
WiggleZ (yellow), 2SLAQ-QSO (orange), 2QZ (red); the celestial sphere is at z=1.
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Redshift Credit: Chris Blake
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Total ~ 120,000 galaxies
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(Swinburne) has been leading the
cosmology analysis and many of the plots I'm
showing are from his work
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—— 2dFGRS z=0.1 Cole et al. (2005)
—— SDSS LRG z=0.35 Percival et al. (2007)
—— WiggleZ z=0.6 Blake et al. (2010)

This talk

Preliminary results

Power spectrum amplitude [h™> Mpc®]

Power spectra Fourier wovescole k [h Wpe™"]
Growth (redshift-space distortions)
Baryon Acoustic Oscillations

Topology

Bispectrum
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WiggleZ power spectrum (blue)
. - Crgdit:' Chr'is Blfake
—I 2dFGRS z=0.1 Clole et al. (2005)

——— SDSS LRG z=0.35 Percival et al. (2007)
—— WiggleZ z=0.6 Blake et al. (2010)
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Fractional error better than
5% in 0.01 h/Mpc bins
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Linear bias & z-space distortion
model a good fit to k>0.3 h/Mpc
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WiggleZ power spectrum (blue)
- Crgdit:' Chr'is Blfake
2dFGRS z=0.1 Clole et al. (2005)

SDSS LRG z=0.35 Percival et al. (2007)
WiggleZ z=0.6 Blake et al. (2010)
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Overall power is suppressed because
a) less biased (blue, not red)
b) lower o, (higher-z)
c) lower z-space boost
(low bias + high growth):
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Kaiser factor” (z-space boost)

P,(k)/P(k)=1+(2/3) B + (1/5) B
where B=(growth rate)/bias
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Redshift space distortions

mfalll_ng virialized coherent
galaxies
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Redshift space distortion model

Image credit: Chris Blake

Amplitude of Angle to the

Fourier mode Growth rate line-of-sight v~ 6/11 (ACDM)
fl s = cosf v~ 11/16 (DGP)

5. (k) =(6,.(k ll+f,u

Matter power
spectrum

Bias factor
Galaxy power

2

spectrum \ \ j
Pﬁ(/\ A ) — b R“(A) (l + — ) parameters

b /
Pairwise velocity l\

3 fitted

dispersion

" 2 1+[f/b)
P(v) oce Ve P.(k,p) =b" Py(k f/ /1
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o Therefore observations are sensitive to f O,
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v i Growth rate — existing measurements
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2dFGRS comes from Hawkins et al. (2003)
— SDSS LRG comesfrom Tegmark et al. (2006)
VVDS comes from Gusso et al. (2009)

As interpreted in Song & Pergival’s 2009 compilation,
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|+ We fit independently in each redshift slice of each region.
* We marginalize over o, and b. This marginalisation shows that o, increases|
with time, from 200km/s to 400 h km/s when you go from z=0.8 to z=0.2.

0 0.2 0.4 0.6 0.8

O.2

Redshift z
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Distinguishing dark energy models

—— Flat ACDM
- — - Flat DGP
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* We change the distance-redshift relation self-consistently within models.
* We anchor to the WMAP nolrmalisation of q8(2=1100)

0.2 0.4 0.6

‘ ‘ Redshift z
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1 Distinguishing Dark Energy models
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SDSS-LRG  WiggleZ

! ! 1s ACDM self-consistent? | — Fot rcow

Fiducial Parameters
2, (0)=0.27
f, =0.166
H, = 72kms™ Mpc™
n,=0.96

0.6

0.4

Growth rate f og(z)

0.2

Redshift z

gOOd fit f = S)m(:)

e\'rejeCted BN o For 2 ACDM model : v = 0.60+-0.10 [prediction 0.55]

LN .« For 2 DGP model : 4 — 0.30-0.08 [prediction 0.69]
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Image: Sam Moorfield, Swinburne University




Baryon
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Acoushc Oscillations

Tentative BAO detection (2 sigma),
usmg onIy 50% of our anticipated ﬁnal samPIe

Comblned nggIeZ reglons Oct 09 O 3<z<O 9
Model is Q_=0.3 f =0.17
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Error bars will shrink. Expected signal will grow. |

llllllllL.llllllllll

o

¥ Dark Cosmology Centre

0.1 0.2
k / h Mpc~" Credit: Chris Blake




BAO Correlation Function

Credlt Chrls Blake

S :
z= 035 Elsensteln et ol (2005)
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Model is:
0, =0.3 f,=0.17 h=0.72 04=0.8 n=0.96
Z,=0.6 f=0.7 0,=300km/s b=1.1 z=0.6: WiggleZ (Oct 2009)
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| Expect 2% precision on standard ruler scale.
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4w The brave souls...
! : 1 “" . l .‘

"It 1s not the critic who counts, or how the strong man stumbled,
or whether the doer of deeds could have done them better. The
credit belongs to the man who 1s actually in the arena, whose
face is marred by dust and sweat and blood, who strives
valiantly, who errs and comes short again and again; who
knows the great enthusiasm, the great devotion, and who spends
himself in a worthy cause, and if he fails, at least fails while
daring greatly, so that he'll never be with those
cold and timid souls
who never know either victory or defeat.”

Teddy Roosevelt
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./ 1 Bispectrum theory

i

“ l.‘

® Higher-order clustering statistic - measure of skewness

WA Fourier
0, ; ® Zero for Gaussian fields amplitudes

1

A v
B(kl, ko, kg) =< 5&(5@5@ >
ki + ko + kg = 0

1
0y = b16m + §b25§z

4‘]‘2 ! )
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Bispectrum

Credit: Chris Blake
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— b,/b,= 0.0 {
- — — b,/b,=—0.2

[ -.—.= b,/b,= 0.2

1 1 1 l 1 l 1 ;— 1 |

Probe of | 2dFGRS z=0.1 (Verde et al. 2002);

I gaussianity
- (inflation)
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Pt e " i ey - WiggleZ 15hr field

Berian James

After smoothing the point distribution of galaxies
cordon off the highest density (red) and lowest
density (blue) regions (each 10% by volume).
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. What is genus?

Genus is a measure of topology
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The genus statistic

I

The genus statistic Filaments Credit: Berian James
measures the (connected)
topology of
structure

Gaussian random
fields have a
specific topology

By measuring the
genus we can
detect non-
gaussianity

Large scales —
primordial non-
gaussianity . Voids
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Genus vs smoothing scale

Non-linear
structure
formation
causes
deviations
from
gaussianity
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Smoothing =
10Mpc
(non-linear)

Gaussian
random field

density parameter v




Credit: Berian James
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1 BAO —a standard ruler in 3D

| andard candle

SNe = radial info (line of sight)
CMB = tangential info (surface of sphere)

BAO can be applied radially to give H(z)
AND tangentially to give D,(z)

Supernova

Standard ruler

A@ = apparent angular size
~ 2.6 deg at z=1

Az = apparent redshift extent
~ 0.06 at z=|

MMmology Centre




. The sphericity of spheres

* Alcock-Paczynski test

— Ratio of observed angular size
to radial size varies with
cosmology

— Measure distortions of a
sphere and you can measure
cosmological parameters.

— BAO are a standard sphere.

WiggleZ will (hopefully) measure
D,(z) to ~4%
“ H(z) to ~7%
gg%gg&l;ﬁlgs C“Dark Cosmology Centre




i The sphericity of spheres

* Alcock-Paczynski t g = (0.1.0.7.—1)3

— Ratio of observed (050713

to radial size varie
cosmology

— Measure distortio
sphere and you ca
cosmological para

— BAO are a standa
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.+ The sphericity of spheres

i

Ceiatne o et

THE UNIVERSITY
aagp OF QUEENSLAND W Dark Cosmology Centre

AUSTRALIA




\‘ j 'H‘

v i Neutrino mass constraints
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WiggleZ P(k) is linear to higher k than previous surveys

Llom, h, fb
=0.30 0.72 0.27
£0.30 0.72 0.27

10°]
0.001
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[ ") wiggleZ Data Server x \\db

\ € > C % http://wigglez.swin.edu.au/drl/#/0

START Docs SEARCH

Welcome to the WiggleZ Data Server
[\P,

”

/’ INSTRUCTIONS
' tructions on how to use the WiggleZ Data Server

-

SEARCH

Search the dahﬂ?ﬁg a simple form-interface

SEeARCH BY CROsS~-MATCHING
Upload a catalogue in TXT form to search the database




[ ") wiggleZ Data Server X \\ b

€ > C % http://wigglez.swin.edu.au/drl/#/2

START Docs SEARCH UrLoAD GeT

Ciear Go

Location (J2000) Customise ResuLts
Box Search (*) Cone Search O Drag & Drop and Re-order
IDENTIFIERS
Ra [D.0 | HHiMM:SS.S]
Target ID: Include these fields... ...and not these.
Min: Max:
SDSS 1D:
ID DEC (de
Galex ID: RA/ (deg)
Dec [p.0 | ppimmiss.s]
. RA/DEC (HMS/DMS) Completeness
DaTe RANGE — Min: Max:
‘ ol = Redshift EBV
Start: | 19 v | August v
[ 2006 + | Qop SDSS ID
End: [1 %] | 4] ——————SDSS MAGNITUDES
- } Chine - Date SDSS Magnitudes
(2008 %) u
Min: Max: Galex ID
REDSHIFT
I — UV Magnitudes
Min: Max:
G RCS2 ID
Qor In- .
—— —— R S RCS2 Magnitudes
Min: Max:
RZ Comments
COMPLETENESS R
7 — ) Random ID
Min: Max: Min: Max:
GaLex UV
Fuv I
Min: ] Max: L —
Nuv
— z
Min: Max:
Min - Mawv:
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; "Tme o © T)4FGRS 2=0.1  Cole et al. (2005) g T T T T T T T T
\ : s | — SDSS LRG z=0.35 Percival et al. (2007) © 2=0.35: Eisenstein et al. (2005)
. 'H | S T; :IHIIJI —— WiggleZ z=0.6 Blake et al. (2010) ‘ i
# '. iy l I II I I ry s | IIJI%II%-II ]
o SoL[Ir Tmig 5L -
' BT Ty, mm S -
"ﬁ k “H/" \ é I IIII IIEEHIIIHIEIE BAO 4
T e | We now have > 200,000 S ]
galaxies and have just two .~ Power Spectra---.i
semesters of WiggleZ B
Observing remaining Fourier wavescale k [h Mpc™'] o
. . . z=0.6: WiggleZ (Oct 2009) :
Results using just the first ' '

100 150 200

120,000 are very promising Separation s / h™' Mpc

E 'Fiducial model, (©,,0,,w)=(0.3,0.7,-1)]
SRR (0.1,0.7,—1)3

(0.5,0.7,-1)

ky, [h Mpc™']

There are a huge number of
ways to use this data

-0.3-0.2-0.1 0.0 0.1 0.2 O.
k, [hMpc™']

| haven’t even mentioned
galaxy evolution and
formation studies, nor the
study of star-forming galaxies
at high redshift, etc... 10

0.30 0.72 0.275 0.90 0.60 0.300
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