


MeasUraments. UA Cosmalagy

« Majority of measurements in cosmology are either:

- Measurements of background evolution (e.g. SN,
cepheids, efc,)

- Measurements of fluctuations and their evolution - power
spectrum of something

« Combinations of these measurements very powertul: can probe
general relafivitu, neufrino masses, intlationary phusics, hints af
microscopic structure ot the dark matfer / dark energy

« To do it, you really need fo measure structure in the Universe
over the widest possible range of redshifts,
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« Quasar=guasi—sTellar object

Brightest things in
The Universe

Bright, energetic
AGN - can see
them very tar

Featureless
spectrum with a
few broad emissions
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Fram baryons 1o Qux

« Absorption done bu neutral hydrogen in photo—
ionisaTion equilibrium:

I'n,=x(T)n,n, What we really
measure 1s some
O((T)pi non=linear
i r <l franstormation of
The underlying
and so, optical depth: matter field,
1.7
TNA(1+5) =

I



EValUROn of baryens

+ Seminal papers by Gnedin and Hui

« At linear order

0> 5 06
~+2H x:4nGp(fx5x+fb5b)
Ot Ot
oS ko) c’
2 H — L=4nGp|f 6.+ f,8,|-—ks,
ot t T a

» On large scales baryons follow dark matter

» On small scales, pressure suppresses tluctuations
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Ly-2lpha Coresd Weteny

« C 199%. 0O
measurable
correlation on
scales > 1 Mpc

« Forest still
thought 1o be
due to *clouds”
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Ly-2lpha Corsesd- etony

+ 1998 : mauybe there is a weak clustering
(Rauch in AR)

« 2000s: First *CMB—like” analysis of 1D
power specira, ideas about 3D
measurements: AP Test, BAO

« Need tens ot fhousands ot close
guasar pairs to do if, bul they can be
noisy

« 2009 BOSS
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Barjow e 2caUsiC osclBions,

. Before recombinafion,
primordial plasma
supporTs acousTic
Waves

« These imprint a
“ewtl  characteristic scale
info The correlation

- properties of dark
P malfer
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BOSS

. BOSS is one of 4
experiments composing
SPDSS3,

* Uses 2.,5m SDSS scope,;—_‘

« A 1000 fibey specwoqvap\n R~2000,
wavelength: 360 — 1000 nm

+ 5 year experiment



. Specira of:

- million LRGs (=2<0.7)

~ 160,000 QS0s with
usable torest

« 10,000 sq degrees
« Comissioning: trom Aug 09

+ Sclence olaTa: ‘FVOYYl Dec 01



How ROSS werks,

Two double-spectrographs
(permanently mounted)

3° focal plane:

Either imaging camera

or 1 of 8 spectro cartridges
(swapped during night)

“Doghouse™:
Stores 1maging camera
when not 1n use

David Schlegel, BOSS collab, 8 Mar 2010



How ROSS weres

Collimator Focal plane

Slit-head

Blue camerz\

Gratings
Dichroic

Cartridge

Fibers

Red dewar

David Schlegel, BOSS collab, 8 Mar 2010 7




How ROSS werks,
|

Norm Blythe
plugging fibers

David Schlegel, BOSS collab, 8 Mar 2010 8
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Lal's iy Prabiam \: Targals

» Targel selection is done by a
three different methods and bunch
ot people

« 40 fibers/sq deq, but efficiency in
tinding gquasars Is just around 50z



Targals.

Number of 2>2.15 QS0svs mjd | Cumulative number of z=2.15 3505 vs mjd
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. Etficiency relatively low, but getfing
better...

. Failed targets are stars

- EfTiciency increase dramatically it one uses
UV, IR or variability intformafion
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MERSUUNG CONTSRH AN

FirsT one fits for mean confinuum and mean
absorpTion

Then derive estimates of the mean flux
fluctuations

The one measures The correlafion tunclion as
tunction of: redshift, distance, angle along
the line otsight

Preliminary resulfs tor ' year data (14000
QS0s)



Syt dadassels,

30 sefs of full dataset mocks

Mock datasets are tormed trom log—normal
model and have parameters from McDonald
2003 SIMS

Continua from Suzuki PCAs

Quite sophisticated: possibility of adding high—
density sustems, mefal correlations
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Ercoars

« Errorbars are very Though

+ Measurements very corrvelated - we have 330
data—points = over 50,000 matrix elements

» Trivial esTimator is N"4 operation, 10™12 Times
slower Than correlation tunction esfimafion

« We developed a novel MC fechnigue, fhat
uses the measured two—points
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Caramalers. Fuung

« When one has 300 points with very
correlated errors it is very hard

fo fell small ettects

» Mocks are well tit, by construction,
with 3 parameter model: 1 bias,
beta, 1 (1+2)"alpha power evolution

« Fix covariance mafrix To 1 datasef,
but teed data averaged over 30
mocks.
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S, wiad?

« This it The tirst Time, correlations have been
seen on scales »5 Mpc.,

+ Crucially, simplest theory seems to work:

- Chi*2 around 200 with 300 dot
- No photoionization rate fluctuations
- No overwhelming Hell veionization

- No overwhelming instrumental
conTamination: sku subtraction in
parTicular was a big unknown



W ke Quck s

- Have not been
seen

- At some large
scale they have fo
be there al some
level

. Need fo
marginalised over
in a sutficiently
clever manner



NS TITINS

Luman—alpha forest unique probe of z-2-3
Universe

BOSS was The Tirst To measure three—
dimensional fluctuations in Lya forest 1o
cosmological distances

Data well described by a biased linear theory

Interved amplifude 0K, interred redshitd
evolution 0K, we preter somewhat lowish befa

On Track To see BAO soon.
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BgBOSS

« Put a 4000 tiber robofic
spectrograph on Kift Peak
411

- Measure spectra of:

- 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

1 | Corrector Lens
| + [ADC

Fiber positioning
Camera

Fiber run
(bare
fibers)

10 spectrographs

Lobservatory,debugiloptics,overeng)




LBNL profofype \

LAMOST tocal plane tiber
positioner



RugRess: 5percent of V

Unwoversse,

Stage IV BAO
Volume mapped by SDSS

A nton for SDS

| “
Surface of last scattering Volume to be mapped by SDSS-III
(ca. 2015)
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