


Measurements in Cosmology

* Majority of measurements in cosmology depend on:

— Measuring some tracer of structure in the universe

— Calculating its correlation properties

* To do it comprehensively, you really need to measure structure in
the Universe over the widest possible range of redshifts.
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What are quasars

* Brightest things in
the Universe

* Bright, energetic
AGN — can see them
very far

* Featureless
spectrum with a few

* Quasar=quasi-stellar object RIESERERWSSTONS






3C 2¥V3 z=0.158

Intensity

1000 1050 1100 1150 L200 1250
Emitted wavelength , A

Q1422+2309 =z=3.62

.
-
£
3
g
L ]

1000 1050 1100 1150 1200 1250
Emitted wavelength , A




From dark matter to flux

* Absorption done by neutral hydrogen in photo-
lonisation equilibrium, but we can connect it to
dark-matter fluctuations:

— dark matter — baryons: On large scales
baryons follow dark matter

— baryons — neutral hydrogen: neutral
hydrogen in photoinization equilibrium

— neutral hydrogen — flux : atomic physics



Ly-alpha forest history

* < 1998: no
measurable

correlation on scales
> 1 Mpc

* Forest still thought to
be due to “clouds’




Ly-alpha forest history

* 1998 : maybe there is a weak clustering (Rauch in
AR)

* 2000s: First “CMB-like” analysis of 1D power
spectra, iIdeas about 3D measurements: AP test,
BAO

* Need tens of thousands of close quasar pairs to
do it, but they can be noisy

+ 2009 BOSS



Baryon Oscillation

Spectroscopic Survey e

* BOSS is one of 4
experiments making up
SDSSS.

* Uses 2.5m SDSS scope:

— Large etendue
* A 1000 fiber spectrograph

* Medium resolution: R~2000
* Wavelength: 360 (UV) — 1000 nm (IR)

* O year experiment




* Spectra of:

- million LRGs (z<0.7)

- 160,000 QSOs with
usable forest

* 10,000 sq degrees

* Comissioning: from Aug 09
» Science data: from Dec 09 7/

* Expected to complete in 2014






How BOSS works
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Baryonic acoustic oscillations

*» Before recombination,
primordial plasma
supports acoustic waves

* These imprint a
characteristic scale into
the correlation properties
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BOSS and LyA

* Measuring BAO with LyA one of the primary
goals of BOSS

* Leap of faith: nobody has measured LSS with
LyA so far, yet alone BAO

* Qur first effort was to publish a convincing
detection of correlations on cosmological
scales



The Lyman-a forest in three
dimensions: measurements of large
scale flux correlations from BOSS
1st-year data
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Targets
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 Efficiency relatively low to start, but getting better every day

* Failed targets are stars, low z QSOs

e Efficiency increase dramatically if one uses UV, IR or
variability information — this has been put in place slowly but
certainly
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Measuring correlations

* First one fits for mean continuum and mean
absorption

* Then derive estimates of the mean flux
fluctuations

* The one measures the correlation function as
function of: redshift, distance, angle along the
line ofsight

* Will show results for 1°* year data (14,000
QS0s)

* We currently have around 38,000 QSOs



Synthetic datasets

* 30 sets of full dataset mocks

* Mock datasets are formed from log-normal
model and have parameters from McDonald
2003 sims

* Continua from Suzuki PCAs

* Quite sophisticated:
- Redshift evolution, non-parallel los.
- high-density systems: LLS/DLA
— metal correlations
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Errorbars

* Errorbars are very though

* Measurements very correlated — we have 330
data-points — over 50,000 matrix elements

* Trivial estimator is NA4 operation, 10212 times
slower than correlation function estimation

* We developed a novel MC technique, that uses
the measured two-points
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So, what?

* This it the first time, correlations have been
seen on scales >b5 Mpc.

* Crucially, simplest theory seems to work:

— ChiA2 around 280 with 300 dof

— No overwhelming photoionization rate
fluctuations

— No overwhelming Hell reionization

— No overwhelming instrumental
contamination: sky subtraction in
particular was a big unknown



Parameters Fitting

* When one has 300 points with very correlated
errors it is very hard to tell small effects

* Mocks are well fit, by construction, with 3
parameter model: 1 bias, 1 beta, 1
(1+z)Malpha power evolution

* Fix covariance matrix to 1 dataset, but feed
data averaged over 30 mocks.
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*

*

Conclusions

BOSS was the first to measure three-
dimensional fluctuations in Lya forest to
cosmological distances

Data well described by a biased linear theory

High bias — good for BAO detection

If you believe there are no systematics, EdS
excluded at Delta chif*2=95

We don't measure pure flux fluctuations, but a
mixture of forest, high column systems,
metals...

Next target is BAO






BigBOSS

e Put a 4000 fiber robotic
spectrograph on Kitt Peak 4m

 Measure spectra of:
e 30 million galaxies
1 million quasars

 Measure the dark-energy through
BAO + lots of ancillary science

* Move to southern hemisphere to
Blanco 4m




Kitt Peak 4-m (Mayall) at Kitt Peak,
Arizona

5000 fiber positioners,
0.9m focal plane
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Fiber positioner

LBNL prototype \V
LAMOST focal plane fiber positioner
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