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What is a galaxy redshift survey?

• Aim: 3-D maps of galaxy 
distribution

• Why? The values of the 
cosmological parameters are 
“printed” in the galaxy 
distribution; use 3-D maps to 
study cosmology!

• Added Value: The “spectra” 
required to estimate distances 
are also  informative on galaxy 
properties
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What is a galaxy redshift survey?

• Galaxy redshift surveys allow to test and advance the 
cosmological paradigm with observations of the universe 
in its largest scales
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What is a galaxy redshift survey?

• Aim: 3-D maps of galaxy 
distribution

• Data analysis is 
challenging!

• But what we get is very 
different:
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Outline:

• Where do we live? 

• Structure formation

• Cosmological observables in surveys

• Cosmology with galaxy redshift surveys

• The data challenge

• Cosmology with photometric redshifts

• JPAS
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Where do we live?Where do we live?

• Here! In a ΛCDM universe!

• Cosmological paradigm @2011:

• universe (within a multiverse?) with: 

zero curvature
•  dominated by dark energy (73%)
•  containing dark matter (23%)
•  and a bit of barions  (~4%)

(in units of the critical density)
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Where do we live?Where do we live?

• the ΛCDM model explains 
very well the universe in its 
largest scales

• the Λ component is 
responsible for 
accelerating the universe

• dark matter is necessary to 
explain galaxy dynamics 
and formation 
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Structure Formation: the recipe

• In the ΛCDM model the large scale of the 
universe can be determined from:
the values of the cosmological parameters; mainly 
the content of Dark Matter

the mechanism by which structures grow: gravity

the initial conditions (statistical distribution of density 
fluctuations)
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Structure Formation: initial conditionsStructure Formation: initial conditions

• Hypothesis: structures 
grow from density 
fluctuations by gravity

• Seeds: primordial density 
fluctuations: 

    quantum fluctuations 
produced during inflation
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Structure Formation: the radiative eraStructure Formation: the radiative era
• in the beginning the universe is a hot 

plasma, with photons coupled with 
baryons (protons) and electrons

• dark matter halos can form by 
gravitational collapse of density 
fluctuations

• hierarchical scenario: DM halos grow 
through mergers with other halos

a merger tree
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Structure Formation: BAOsStructure Formation: BAOs
• density fluctuations in the baryon-photon plasma 

are attracted by the DM halos but the radiation 
pressure of the compressed plasma avoids their 
capture

• as a consequence, the photon/baryon density 
fluctuations expand as sound waves, with velocity 
v ~ c/31/2

• these oscillations are known as Baryon Acoustic 
Oscillations (BAOs)
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Structure Formation: BAOsStructure Formation: BAOs

• The photon-baryon plasma cools as 
the universe expands and by 

     z ~1000 (t ~ 400 Myr) it is cold enough 
to allow the formation of atoms: the 
epoch of recombination

• the universe becomes electrically 
neutral: photons and baryons 
decouple and the photons are free to 
travel

• this expansion of the sound waves is 
halted at the recombination,when they 
have a radius l ~ c/31/2 t  ~ 150 Mpc    
(in comoving units)
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Structure Formation: BAOsStructure Formation: BAOs
evolution of the density profile evolution of the density profile ρ(r)rρ(r)r22

recombination

• after recombination the 
universe becomes neutral 
and the baryons can fall 
onto dark matter halos

• There is an excess of 
probability that a galaxy will 
be found at ~150 Mpc from 
another!

ρ(r)ρ(r)
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The BAO scale is a standard rule: 
useful to test cosmological models 
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BAOs as cosmological observables

• The BAO scale is printed in 
the galaxy distribution: 

there is a probability above 
the mean in finding a galaxy 
at ~150 Mpc of a bright 
galaxy

• The BAO scale- a standard 
rule- can be measured either 
in the transversal or radial 
directions

• The measurement of radial 
BAO requires well 
determined radial distances
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BAOs as cosmological 
observables

• detection of transversal 
BAOs in the SDSS survey

• Two-point correlation 
function of galaxy pairs: 

    the expected number of 
galaxies within a volume dV 
at a distance r of another 
galaxy is  dN = n[1 + ξ(r)] dV

    where n is the mean density
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BAOs are printed in the large scale structures

• in the cosmic microwave 
background

• in the nearby galaxy 
distribution
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Cosmological observables in surveys

• Power spectrum of the galaxy distribution

• Galaxy clusters

• Weak lensing tomography

• SN Ia

• Peculiar velocity fields

• ...
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Cosmological observables in surveys

• Power spectrum of the galaxy 
distribution
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Cosmological observables in surveys

• Galaxy clusters

A2744
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Cosmological observables in surveys

• Weak lensing tomography 
of  the cosmic shear
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Cosmological observables in surveys

• SN Ia: standard candles

detection depends on the 
cadence of the survey
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Cosmological observables in surveys

• Peculiar velocity field

• V = H
0
 D + V

pec
 

• V
pec

 depends on the matter 

distribution
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Cosmology with redshift surveys

    Large scale redshift surveys are useful for many 
things:

• estimation of cosmological parameters

• estimation of the sum of neutrinos' mass

• test of the theory of gravitation

• Investigation of galaxy formation and evolution

• ...
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Cosmology with redshift surveys
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Cosmology with redshift surveys

    

• neutrino masses: estimation from the 
power spectrum of galaxy distribution

• neutrino free-streaming suppress the 
growth of structures

• Thomas et al. (2010):

Sum of neutrino mass eigenstates: 

< 0.28 eV
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Cosmology with redshift surveys

    
• Tests of theory of gravitation:

– two different phenomena depend in very different ways of the 
gravitation theory:

    the expansion of the universe and the growth of structures

– this allows to test General Relativity and other theories in very large 
scales! 

Reyes et al et al.
 (2010)
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Cosmology with redshift surveys

    • Galaxy evolution: galaxy spectra or colors contain 
information on their stellar populations
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But what we observe?

• We measure the spectral deviation z:

in general, redshifts (z > 0)

• in cosmology, z is related to the expansion of the universe:

• 1+z = R
0
/R  where R(z) is the expansion factor

distances are a function of z: d(z)

• Hubble law:  v = cz = H
0
 d 

• But the spectral deviation is affected by peculiar velocities:

• v = v
H
 + v

pec
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But what we observe?

• We can measure the spectral deviation z with a 
spectrograph

error in v: ~100 km/s

• or from multi-band photometry: photometric redshifts

• SDSS (5 optical bands):  

error in v: ~10,000 km/s

• JPAS (56 bands):

error in v: ~1,000 km/s



 31

But what we observe?

• an illustration of the 3-D galaxy distribution in the local universe
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But what we observe?

• Now adding peculiar velocities
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But what we observe?

• + photometric redshift errors (0.02)
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But what we observe?

• + photometric redshift errors (0.005)
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But what we observe?But what we observe?

• a challenging data analysis!
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Data Analysis: Bayes Theorem

• results very sensitive to uncertainties and selection effects

• estimation of photometric redshifts from colors and 
magnitudes for galaxies of type T:

p(z|C,m) α  Σ
T
 p(C|z,T) p(z|m,T) p(T|m)

• priors are essential!
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56 filters- accuracy in photo-z: ~0.003(1+z)

• Low resolution spectra (R~50) for all 
pixels of an image: ALL SKY IFU
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56 filters- accuracy in photo-z: ~0.003(1+z)



 41

JPASJPAS
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SuMIRe/PFSSuMIRe/PFS
Subaru Measurement of Images & RedshitsSubaru Measurement of Images & Redshits

Prime Focus SpectrographPrime Focus Spectrograph

• Project leaded by IPMU/Tokyo (PI: Hitoshi Murayama)
(+ NAOJ, Princeton, Caltech, Marseille, Edinburgh, Taiwan, IAG, LNA)

• Subaru: 8m telescope; 1.77 sq. deg. FOV

• HyperSuprimeCam imaging survey from 2011;                    
   2000 sq. deg.; 0.9B pixels

• Prime Focus Spectrograph follows ~2017

• PFS: ~2500 simultaneous spectra!

• Surveys:
2000 sq. deg. @ z=0.6-1.6; ~2M objects

300 sq. deg. @ z=2.3-3.3; ~0.6M objects

100 dark nights
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Dark Matter and galaxy formationDark Matter and galaxy formation

    basic hypothesis:
    just after the Big Bang the  

Universe was very 
homogeneous, with small 
density fluctuation produced 
during inflation; 

    these fluctuations are the seeds 
of galaxies and large scale 
structures and grow by gravity

                   

(Δρ/ρ)o ≈ (Δρ/ρ)rec (1+zrec)

≈10-5

100010-2!!
problem: in a purely baryonic universe, galaxies do not 
have time to form!! A material, non-baryonic component
is necessary: dark matter
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Structure Formation: BAOsStructure Formation: BAOs
evolution of the density profile evolution of the density profile ρ(r)rρ(r)r22

recombination
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