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Large Scale Structure surveys
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-Study the large scale structure distribution in the Universe to deduce its 
expansion rate, dynamics and energy content: H0, Ωm, ΩΛ and w (dark equation of 
state)


!

-Mainly observations of distant galaxies and quasars (extremely massive black holes 
at high redshift)


!

-At least four independent cosmological observational proofs:


1.Supernova Ia : nearly standard candles 


2.Matter power spectrum and BAO (standard ruler)


3.Weak lensing


4.Cluster counts and structure growth


!

-Observations in the optical and IR domain using photometry and spectroscopy


➡Large optical and IR telescopes 300 - 2000 nm


➡Multi-object spectrographs


➡Very large CCD cameras, up to few 109 pixels in total



!
-We discuss here only few examples of experiments SDSS-BOSS, SNLS, LSST and 
Euclid
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Dedicated SN surveys
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- Use supernova type Ia as distance indicators to measure the luminosity 
distance, dL


- dL is sensitive to the expansion rate and the energy content of the 
Universe


- Dedicated surveys are used in order to search for SNIa


- Need to have many of them at different redshift for precise cosmology
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•SNIa are very luminous

SNIa are NOT standard candles

•Show little luminosity dispersion

•Need to recalibrate luminosity 
curves for cosmology

•SNIa do not measure H0, need to 
start with an absolute distance 
scale (Cepheids for example)
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SNLS - The Supernova Legacy Survey
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!
• A large imaging survey at CFHT 

the CFHT Legacy Survey detected and 
monitored about 1000 supernovae with 
Megaprime at the Canada-France-Hawaii 
telescope . 

!
• A large spectroscopic survey  

Type Ia SNe were observed on 8m class 
telescopes (Gemini, VLT, Keck).

Each lunation (~18 nights) : 
repeated observations 
(every 3-4 night) of 
2 fields in four bands (griz)+u 
for as long as the fields stay 
visible (~6 months) 
=> ~500 SN Ia identified 
(+ ~300 « photometric ») 
observed between 2003 and 2008

“Rolling Search” survey with MegaCam

http://www.cfht.hawaii.edu/Science/CFHLS/
http://www.cfht.hawaii.edu/Instruments/Imaging/MegaPrime
http://cfht.hawaii.edu/
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CCD cameras
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SDSS supernovae
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Cosmological constraints with SNIa
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Hubble diagram measurements

-Constraints on Ωm and the equation of state of dark energy

SNLS + SDSS
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SDSS (Sloan Digital Sky Survey)
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-2.5 m telescope in the APO (New Mexico)


-Photometric survey using SDSS-III 


-Spectroscopy survey using BOSS



-Two spectrographs with 1000 optical 
fibers


-3600 A to 10000, R = 3000



-10000 squares degrees survey


-1.5 Millions LRG galaxies up  to z=0.7


-150000 quasars for Ly-α up to z=2.5



- Obtain position of the BAO peak to best 
than 1 %
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SDSS technology
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SpectrographPhotometric camera
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Observing BAO
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➡BAO defines a preferred scale for 
galaxy distribution


➡We expect an excess in the number 
of galaxies at 150 Mpc scales


➡This scale is defined by the CMB BAO 
(peaks in the spectrum) 

- In a LSS survey we can study BAO 
along and across the line-of-sight


- We can use LRG galaxies at low 
redshift and quasars Ly-α forest at high 
redshift


-We measure both the angular distance 
and the Hubble constant
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Why quasars ?
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We study hydrogen absorption of  in the Ly-α forest
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BAO with BOSS

13



J.F. Macías-Pérez ESIPAP January 2015

Main BAO results
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galaxies

quasars
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New generation

15

2021 2020-2021
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Large Synoptic Survey Telescope
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Euclid satellite mission
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