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ON THE WAGER BETWEEN SEAN CARROLL AND BRIAN SCHMIDT

We hereby proclaim a wager made between Sean Carroll and Brian Schmidkt.
The Winner shall, in August 2011, receive the bottle of port purchased by the
two forementioned people and kept by John Huchra.

Whereas Mr. Carroll sayeth that the value of Q,,, the density parameter of
the Universe, will be viewed by the consensus of astronomers as being known
to an accuracy of +£0.3 on August 1, 2011.

Whereas Mr. Schmidt sayeth that the value of ), the density parameter of
the Universe, will be viewed by the consensus of astronomers as not being
known to an accuracy of +0.3 on August 1, 2011.

The tern “consensus” will be agreed upon by Mr. Carroll and Mr. Schmidt.
If these two cannot come to terms on this point, it then shall be decided by
Mr. Huchra

Witnessed this 15t day of August in the year of our Lord 1991.

Theoretician
Was rlght
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KOMATSU ET AL.

Table 1
Summary of the Cosmological Parameters of ACDM Model*
Class Parameter WMAP Seven-year ML WMAP+BAO+Hy ML WMAP Seven-year Mean® WMAP+BAO+Hy Mean
Primary 1009, h? 2.227 2.253 2.249+00°¢ 2.255 + 0.054
Q.h? 0.1116 0.1122 0.1120 + 0.0056 0.1126 + 0.0036
Qu 0.729 0.728 0.727+9,%%9 0.725 + 0.016
ng 0.966 0.967 0.967 + 0.014 0.968 + 0.012
T 0.085 0.085 0.088 + 0.015 0.088 + 0.014
A2 (ko)® 2.42 x 1077 2.42 x 1077 (243 +£0.11) x 107° (2.430 £0.091) x 107°
Derived o3 0.809 0.810 0.811+0,0%0 0.816 + 0.024
Hy 70.3kms~! Mpc~! 70.4kms~! Mpc~! 70.4+2.5km s~ Mpc~! 70.2+ 1.4kms~! Mpc~!
Qp 0.0451 0.0455 0.0455 + 0.0028 0.0458 + 0.0016
Q, 0.226 0.226 0.228 + 0.027 0.229 + 0.015
Qh? 0.1338 0.1347 0.1345+0.00% 0.1352 + 0.0036
Zreion® 10.4 10.3 10.6 + 1.2 10.6 + 1.2
tof 13.79 Gyr 13.76 Gyr 13.77 £ 0.13 Gyr 13.76 £ 0.11 Gyr
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BAQ’s at z=0.6

BAQ’s in 3 redshift bins
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Small-scale clustering
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Blue galaxy intrinsic
alignments

Selection function
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star-forming galaxies

Galaxy evolution
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testing the cosmological model with baryon
acoustic oscillations at z= 0.6

mapping the distance-redshift relation with
baryon acoustic oscillations

the growth rate of cosmic structure since
redshift z=0.9

measuring the cosmic expansion history using
the Alcock-Paczynski test & distant Se

joint measurements of the expansion and
growth historyatz<1

the transition to large-scale cosmic homogeneity

Cosmological neutrino mass constraint from
blue high-redshift galaxies

small-scale clustering of Lyman-break galaxies at
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survey design and first data release
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BAO theory
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High-z galaxy
survey
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. . 7 equatorial fields, each 100-200 deg?
ngg |eZ Sur\/ey flelds >9° on side, ~3 x BAO scale atz> 0.5
(compared to other AAT surveys) Physical size ~ 1300 x 500 x 500 Mpc/h

7 5 5

6dFGS (purple), 2dFGRS (1), MGC (), GAMA (cyan), 2SLAQ-LRG (1<),
WiggleZ (yellow), 2SLAQ-QSO (orange), 2QZ (rec); the celestial sphere is at z=1.
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Example spectrum: z=0./2

Magll region [Cl] region HA—[Clll] region

150

LI N B L B B L B B B

100

50

T T T L — L— T T T T L — T T T

(:)I;I

T
Mg

200

T T T T T T T T T T

1
200 400 600

100

0

= o
) Lt ) 1 i BTy T h e e e

4600 4800 5000 6350 6400 6450 8300 8400 8500 8600

A
200 400 B6J0

F

Q

temp.fits[193]511.J1g6231 1dﬁ452487 mag = 21.47, z =0.71942, iq = #f FedNn fiB olll
4

Using PCA—sub
T

= -—— e
| gl e L Y g b} M _

W

: : A b e B
h i : P gk A

-

5000 5500 6000 650 7000 7500 8000 8500 9000 9500
Wavelength (Angstroms) Smoothed with o= 1.0

Redshifts become less
certain above z~ 1
because we lose Hp



WiggleZ regions

9—hr region

11—hr region

15—hr region
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Understanding our survey

z=1.0

Redshift distribution
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Understanding our survey

z=1.0

z=0.2



WiggleZ regions

9—hr region 11—hr region 15—hr region
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Understanding our survey
— Probability of finding two . 7_?,2 [1 i 5(7_)] 5V15V2

_ =
z=1.0 g gaIaX|es at separatlon r

Bl Fxcess likelihood

of finding two
galaxies at
separation r

Landy-Szalay
estimator (1993)

L s o Lo & )", b e Eo e N L -‘—
b x = Yo d .‘_\', O’ -",\“-, g s - % .‘_\',
< g : A B for B, Kb by L VBN
. . ) S . ) B
- e e N
=0.2 7 el S s) — DR(s) + RR(s
Z_ . wa RS s T R A A L s

RR(s)



GREGORY POOLE SWIN
THE GIGGLEZ BUR
SIMULATION SUITE *INE*




v
go-

" GREGORY Pgoua SWIN

E.

THE GIGGLEZ BUR
SIMULATION SUITE *INE*




Blake, Davis, Poole, Parkinson et al. 2011
Blake, Kazin, Beutler, Davis, Parkinson et al. 2011

1. BARYON ACOUSTIC
OSCILLATIONS



BAO-1: Single redshift bin
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Measuring the distance scale
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BAO-2: Three redshift bins
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Wiggle/ — Baryon Acoustic Oscillations

Compared to supernovae

X BAO distances

0,,=0.27

. - WMAP + all-BAO
Blake, Kazin, Beutler, ) WMAP + SNe

. . WMAP II-BAO SN
Davis, Parkinson et al. 2011 *a e
0.4

Redshift z

We don’t know what is causing
the accelerafion

(And the leading candidate,
vacuum energy, is 10'?° too large) Marginalized over 0’
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Model x2 d.o.f. Qm Qum h? h Q2 wo Wq

Flat ACDM 533.1 564 0.290 £0.014 0.1382 +0.0029 0.690 + 0.009 - - -

Flat wCDM 5329 563 0.289 +=0.015 0.1395+0.0043  0.696 + 0.017 - —1.034 £ 0.080 -
Curved ACDM  532.7 563 0.292 +0.014 0.1354 = 0.0054 0.681 +£0.017 —0.0040 + 0.0062 - -
Curved wCDM 5319 562  0.289 +£0.015 0.1361 +=0.0055 0.687 +=0.019 —0.0061 +0.0070 —1.063 + 0.094 -

Flat w@CDM 5319 562  0.288 +£0.016 0.1386 +0.0053  0.695 % 0.017 - —1.094 £0.171  0.194 = 0.687




Many ways to use BAO
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Some models
can’t be distinguished
using only distance datal
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Other types of measurements needed

overdensity

d(In 5)

f d(In a) Q\(2)

Is different in different models

/- Amplitude of density fluctuations at present day \

Og

1. measure density in spheres 8 Mpc in radius

KQ. calculate the dispersion /




Blake et al. 2011

2. GROWTH OF STRUCTURE



Redshift space distortion

Growth mte/

)1+ f 1)

Angle to the
line-of-sight
[t = cosf

Amplitude of
Fourier mode

,’
J
0,(k) = (5

Matter power
spectrum

(1+

Bias factor
Galaxy power

spectrum \ \

Pﬁ(:l\ [) = b Rn('l‘ ) b

Pairwise velocity

7

model

Chris Blake

~6/11 (ACDM)
v~ 11/16 (DGP)
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parameters
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dispersion
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—lv ,

Pk, p) =

b* P (k)

1 +jf/b )]
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Therefore observations

are sensitive to f O,




Wiggle/ — Growth of Structure

T I T
v ' v ) J ——— ACDM model
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Growth vs model

0.5<2<0.7 f(k<0.1)
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SPT 1—loop Lin
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RPT 2—loop Lin
SPT P(k,u) None
SPT P(k,u) Lin
Taruya et al. None

- 0 - -

Taruya et al. Vary
Taruya et al. Lin
Jennings et al. None
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Blake, Glazebrook, Davis et al. 2011

3A. H(Z) ALCOCK-PACZYNSKI
+ SN



BAO — a sfandard sphere

. B

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)

Alcock-Paczynski test:




WiggleZ — Measurement of H(z)

WiggleZ measures

(1+2)Da(z)H(z)/c

I SNe distances + A.P. ——— ACDM model
I Reconstruction method with A=0.1 - — — EdS model
Coasting model

0]
1.5

Supernovae measure

Distances are related by

Dr(z) = Da(2) (1+2)°

So the rafio gives
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Reconstructions

| 8 1 s | o
I SNe only reconstruction
- [ SNe + A.P. reconstruction

ACDM model
— — EdS model
Coasting model

=0]

da/dt [normalized to z

Srlnoothing Iclength A
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*
I

Blake, Glazebrook, 0.2
Davis et al. 2011 (AP)




Blake et al. 2012

3B. H(Z) ALCOCK-PACZYNSKI
+ BAO



WiggleZ growth + AP + BAO

WiggleZ AP measures
F o DaH

WiggleZ BAO measures

A oc(D%/H)'®

—
|
O
o
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|
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X
—_
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I

So the combination
allows us to measure
distance and
expansion rate
separately DA(z) [Mpc]

Model Q_=0.27 h=0.71

1200 1400 1600

Marginalized over Q_h2, with CMB prior
(Komatsu et al. 2009) of 0.1345+0.0055



Covariances

400
lognormal
realizations
per WiggleZ
field and
per z-slice
(7200 total)
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Covariance matrix — (2"¢ AP paper)

Table 2. This Table lists the values of 103Q, where C is the covariance matrix of measurements from the WiggleZ Survey data of

the acoustic parameter A(z), the Alcock-Paczynski distortion parameter F'(z) and normalized growth rate fog(z), where each pa-
rameter is measured in three overlapping redshift slices (21, 22, 23) with effective redshifts z. = 0.44, 0.6 and 0.73, respectively, where
z1 = [0.2,0.6], 22 = [0.4,0.8] and z3 = [0.6, 1.0]. The data vector is ordered such that Y, . = (A1, A2, A3, F1, F2, F3, fog 1, fog 2, fog3) =

=—obs

(0.474,0.442, 0.424, 0.482, 0.650, 0.865, 0.413, 0.390, 0.437). The chi-squared statistic for any cosmological model vector Y 4 can be ob-

tained via the matrix multiplication x2 = (Y 1 — Y inoa) € (Y

Y obs — Y 104)- The matrix is symmetric; we just quote the upper

diagonal.

Parameter A(z1) A(z2) A(z3) F(z1) F(z2) F(z3) fos(z1) fos(ze) fos(z3)

A(z1) 1.156 0.211 0.000 0.400 0.234 0.000  0.598 0.129 0.000
A(z) - 0.400 0.189 0.118 0.276 0.336  0.080 0.227 0.230
A(z3) . . 0.441 0.000 0.167 0.399  0.000 0.146 0.333
F(z1) - - - 2.401 1.350 0.000  2.862 1.080 0.000
F(z3) - - - - 2.809 1.934  1.611 2.471 1.641
F(z3) - - - - - 5329  0.000 1.978 4.468
fos(z1) - - - - s : 6.400 2.570 0.000
Fos(22) - - - - - - - 3.969 2.540

- - 5.184

fos(z3)




Combined with other BAO, SNe, and Q_ h?

No AP data
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Riemer-Sgrensen et al. 2012
Riemer-Sgrensen et al. 2012 (in prep)

4. NEUTRINO MASS AND N,



Neu’rrmo mass
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Paper 2: Neutrino mass + number
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Scrimgeour, Davis, Blake et al. 2012

5. HOMOGENEITY
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Fractal models
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Dependence on bias
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Parkinson, Riemer-Sagrensen, Blake, Poole, Davis, et al. in prep

6. FULL POWER SPECTRUM
DATA RELEASE + COSMOMC



Watch this space.



(ACDM wins)



Other Upcoming Results (with WigglerZ at this conference)

Higher-order statistics 2D BAO and reconstruction
(see Felipe Marin) (see Eyal Kazin)
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Topology: Genus curve
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Upcoming Australion Measurements

6dFGS

the entire southern hemisphere Shapley / % Y 01 006 00 0.0 020
1o within 10 degrees of the supercluster : 3
Galactic plane. (0.048+)
The map below shows the sky
Galactic coordinates with
(300.0) atthe centre.
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Graphic: H. Jones (AAO),

T. Jarrett (IPAC/Caltech).

Galactic Plane image courtesy of 2MASS.
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Potentially add new distance data¢?¢
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Summary

WiggleZ is a great data set, with many interesting
cosmology results

We're about to release our data and CosmoMC
module

We hope you would like to use it and are happy
to work with you to help



