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WHAT IS THE ACOUSTIC PEAK? – 
INITIAL DYNAMICS 

•  Assume Point‐like iniPal perturbaPon 
•  The relevant components of the universe are 

the dark maVer, the gas (nuclei and electrons), 
the cosmic microwave background photons, 
and the cosmic background neutrinos. 

•  The dark maVer: moves only in response to 
gravity; no intrinsic moPon (CDM). The 
perturbaPon (dominated by photons and 
neutrinos) is overdense ‐  aVracts the 
surroundings, causing more dark maVer to fall 
towards the center.  

•  Baryons (gas) and photons are locked into a 
single fluid. The photons are so hot and 
numerous, that this combined fluid has an 
enormous pressure relaPve to its density. The 
iniPal overdensity is therefore also an iniPal 
overpressure. Result: expanding spherical 
sound wave.  



WITH TIME…. 

•  Spherical shell of baryons (gas) and photons conPnues to expand. 
The neutrinos spread out. The dark maVer collects in the overall 
density perturbaPon, which is now considerably bigger because the 
photons and neutrinos have lea the center. 

•  The expanding universe is cooling. Around 400,000 years, electrons 
and nuclei begin to combine into neutral atoms. The photons do 
not scaVer efficiently off of neutral atoms, so the photons begin to 
slip past the gas parPcles. 

•  The sound speed begins to drop because of the reduced coupling 
between the photons and gas and because the cooler photons are 
no longer very heavy compared to the gas. Hence, the pressure 
wave slows down.  

•  This conPnues unPl the photons have completely leaked out of the 
gas perturbaPon. The photon perturbaPon begins to smooth itself 
out at the speed of light ( like the neutrinos). The photons travel 
(mostly) unimpeded unPl the present‐day, where we can record 
them as the microwave background. 



FINALLY… 

•  We are lea with a dark maVer 
perturbaPon around the original center 
and a gas perturbaPon in a shell about 
150 Mpc (500 million light‐years) in 
radius. 

•  As Pme goes on, these two species 
gravitaPonally aVract each other. The 
perturbaPons begin to mix together.   

•  Eventually, the two look quite similar. The 
spherical shell of the gas perturbaPon has 
imprinted itself in the dark maVer. This is 
known as the acousPc peak.  



AND FURTHER WITH TIME… 

•  At late Pmes, galaxies form in the regions that are overdense in gas and dark 
maVer. For the most part, this is driven by where the iniPal overdensiPes were, 
since we see that the dark maVer has clustered heavily around these iniPal 
locaPons.  

•  However, there is a 1% enhancement in the regions 150 Mpc away from these 
iniPal overdensiPes. Hence, there should be an small excess of galaxies 150 Mpc 
away from other galaxies, as opposed to 120 or 180 Mpc. We can see this as a 
single acous&c peak in the correlaPon funcPon of galaxies.  

•  AlternaPvely, if one is working with the power spectrum staPsPc, then one sees 
the effect as a series of acous&c oscilla&ons. 

•  AcousPc features in maVer correlaPons are weak in large scales – this paper 
presents large‐scale correlaPon funcPon from SDSS of 46,748 luminous red 
galaxies (LRGs) covering 3816 deg2 out to a redshia of z=0.47. 

•  The first clear detecPon of acousPc peak at late Pmes is presented. 



MASS AND DENSITY PROFILES OF PERTURBATION 

from Dan Eisenstein’s web pages: 
hVp://cmb.as.arizona.edu/~eisenste/acousPcpeak/index.html 



EXPANDING WAVES 



EXPANDING WAVES 



SDSS LRG SAMPLE 

•  Imaging in five passbands – u, g, r, i, z 

•  Primary sample – SDSS main sample – targets galaxies brighter than r=17.77, 
surface density of galaxies = 90 per sq. degree 

•  SDSS LRG selects ~ 12 addiPonal galaxies per square degree, using color magnitude 
cuts in g, r , i to select galaxies to a magnitude r < 19.5 in z range 0.16‐0.47. 

•  Performance of a survey is given by effecPve volume: 

‐ n(r) is the comoving number density of the sample at every locaPon r ; the effecPve 
volume is a funcPon of the wavenumber k via the power amplitude P. 





REDSHIFT‐SPACE CORRELATION 
FUNCTION 

•  CorrelaPon funcPon is computed using Landay‐Szalay esPmator: random catalogs 
w/ 16 Pmes more galaxies than LRG sample 

•  Flat cosmology with Ωm  = 0.3 and ΩΛ  = 0.7 

•  Each data point is placed in its comoving coordinate locaPon based on its redshia 
and comoving separaPon between two points is measured using vector difference. 
Bins are used in separaPon of 4 h‐1 Mpc from 10 to 30 h‐1 Mpc and bins of 10 h‐1 
Mpc thereaaer to 180 h‐1 Mpc, for a total of 20 bins.  

•  Each galaxy and random point is weighted by 1/[1+n(z)Pw], where n(z) is the 
comoving number density and Pw = 40,000 h‐3 Mpc3  

•  Spherically averaged correlaPon funcPon is used to even out redshia distorPons – 
four angular bins are used for this averaging. 





Measurements of AcousPc and 
Equality Scales 

•  DilaPon scale 

•  H(z)=Hubble parameter;  DM(z)=co‐moving 
angular diameter distance 

•  Typical z of sample = 0.35 
•  For Ωm = 0.3, ΩΛ  = 0.7, h = 0.7, DV(0.35) = 1334 
Mpc 

•  WMAP data constrain Ωbh2 = 0.024 and n = 0.98 
well. Consider variaPons only in Ωmh2 



20 data points,  
3 parameters ‐ Ωmh2, 
DV(0.35), amplitude => 
17 degrees of freedom 



•  Solid line denotes the maVer‐radiaPon 
equality scale at a constant 
apparent locaPon 

•  Dashed line holds constant sound horizon 
divided by distance. 
This is the apparent locaPon of acousPc 
scale 

•  The long axis of the contours falls 
between these two scales; since  
neither direcPon is degenerate, both 
equality and acousPc scales 
have been detected. 



PARAMETER CONSTRAINTS FROM 
LRGs 

•  Most of distance leverage comes from acousPc scale – most 
robust distance measurement is raPo of distance to z=0.35 to 
distance to z=1089 

•  For Ωm = 0.3, ΩΛ  = 0.7, h = 0.7; 

       



INTRODUCING DARK ENERGY 
COMPONENT 




