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The game we play...
1) We start with Einstein’s GR
2) Plug in a homogeneous/isotropic metric
3) Plug in energy/matter components
4) Obtain evolution equations for:
- Expansion of the Universe
- Growth of density perturbations




BOSS Galaxy Redshift Survey

SDSS telescope

1000 small-core fibers to replace existing
(more objects, less sky contamination)

,,,,,,,,,,,,,

LBNL CCDs + new gratings improve throughput
Update electronics + DAQ

Ap‘ache ZP;o |:n’t:O bsérvato ry .
(SDSS 2.5m telescope) Photometry in standard UGRIZ bands

Imaging with 30 2048 x 2048 SlTe/Tektronix 49.2
mm square CCDs on a field of view 2.5 deg
operating in drift scan mode.



BOSS Galaxy Redshift Survey

The Sloan Digital Sky Survey’s subproject:
Baryon Oscillation Spectroscopic Survey

Final footprint

Completed

BOSS July 2013 (Data Release 11, recently DR12)
~1 Million galaxy positions between 0.4<z<0.7
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Standard Methodology

Clustering of galaxies tells us a lot about cosmology

How do we do it practically...(ok slightly simplified)...

1) Observer many galaxies (ra, dec, z)
2) Assume a cosmological model then convert
/ positions to (X,y,z) comoving cartesian coords
3) Visit each galaxy and count the number of
27 neighbour galaxies in shells of different radii
OR download my super-duper correlation
\ function code ,) KSTAT - https://bitbucket.org/csabiu/kstat
4) Fit a theoretical model to the result and
constrain cosmological parameters



Standard Methodology

Count galaxies in cells and compute:

Redshift z



Standard Methodology

The measured
correlation
function

It can be used
to fit models
and constrain
parameters
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Clustering in 2D
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Alcock-Paczynski Effect

We measure RA, Dec and Redshift for each galaxy. However we
must choose a cosmological model to convert these positions into
a cartesian comoving coordinate system.

We can measure the clustering along and perpendicular to the
line of sight and thus constrain the combination of Da* H

y.
TA\IRD




Alcock-Paczynski Effect
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Alcock-Paczynski Effect

£(rp, T) appears anisotropic 150f

If you assume the wrong Lool

cosmology;
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Clustering Shells

100F

Can we construct a clustering
statistic that is redshift invariant!? ol
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The integrated clustering strength as
a function of angle at varies redshifts.
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Clustering Shells

Using mock many catalogues drawn from the

The integrated CIPSte”ng Horizon Run simulations (from Juhan Kim, KIAS)
strength as a function of angle at 0 f :
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Who needs the BAO? Go to small scales
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Results: in preparation

Cosmological constraints from the redshift dependence of the Alcock-Paczynski effect:
significant improvement in the dark energy figure of merit
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Focusing now on the evolving dark energy models, we
consider the CPL parameterisation:

2
14+ 2z

w(z) = wo + we(l —a) =wy + wq

We combine with CMB. Supernovae and BAO data
Then marginalise other parameters to obtain constrains
ONn Wo and W,
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Short Advert: BAO at Higher Order

Higher Order Clustering Statistics: Towards the generalised BAO membrane
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Conclusions

We searched for redshift invariant clustering signal, to
maximise Alcock Paczynski (incorrect model) Effect

- we found normalised anisotropic clustering shells

- their redshift evolution is minimal in correct cosmology

We wanted clean measurements of Da and H(z) as they are
fundamental quantities that describe the geometry and
evolution of the background universe.

- we have measured the anisotropic clustering shells in BOSS
- We constrain the CPL Dark Energy parameters

- Found a factor of 2 improvement over standard BAO

- or factor of 2 improvement in Cost/Science ratio for DE surveys!



