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Fig. 1.1. The Baryon Acoustic Peak (BAP) in the correlation function - the BAP is visible
in the clustering of the SDSS LRG galaxy sample, and is sensitive to the matter density
(shown are models with £2,,h* = 0.12 (top), 0.13 (second) and 0.14 (third), all with
Qph% = 0.024). The bottom line without a BAP is the correlation function in the pure

CDM model, with Q5 = 0. From Eisenstein et al., 2005 (52).

Baryon Acoustic Oscillations 15

Fig. 1.10. Snapshots of an evolving spherical density perturbation - the radial
mass profile as a function of comoving radius for an initially point-like overdensity located
at the origin. The perturbations in the dark matter (black curve), baryons (blue curve),
photons (red) and neutrinos (green) evolve from early times (z = 6824, top left) to long
after decoupling (2 = 10, bottom right). Initially the density perturbation propagates
through the photons and baryons as a single pulse (top left-hand panel). The drag of the
photons and baryons on the dark matter is visible in the top right panel; the dark matter
only interacts gravitationally and therefore its perturbation lags behind that of the tightly
coupled plasma. During recombination, however, the photons start to “leak” away from the
baryons (middle left panel); and once recombination is complete (z = 470, middle right)
the photons freely steam away leaving only a density perturbation in the baryons around
150Mpe, and a dark matter perturbation near the origin. In the bottom two panels we see
the how the gravitational interaction between the dark matter and the baryons affects the
peak: dark matter pulls the baryons to the peak in the density near zero radius, while the
baryons continue to drag the dark matter overdensity towards the 150Mpec peak (bottom
left), finally yielding a peak in the radial mass profile of the dark matter at the scale set
by the distance the baryon-photon acoustic wave could have travelled in the time before
recoupling. Figure taken from Eisenstein ef al. (50).
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Baryon Acoustic Oscillations from galaxy surveys

Baryon Acoustic Oscillations from galaxy surveys

Paula Ferreira® *' and Ribamar R. R. Reis® 12
Hnstituto de Fisica, Universidade Federal do Rio de Janeiro, Rio de Janeiro, RJ, Brasil.

20bservatorio do Valongo, Universidade Federal do Rio de Janeiro, Rio de Janeiro, RJ,

Brasil.

Abstract:
the Baryon Acoustic Oscillation (BAQ) feature in galaxy surveys, emphasizing the optimal

We conducted a review of the fundamental aspects of describing and detecting

tools for constraining this probe based on the type of observation. Additionally, we included
new results with two spectroscopic datasets to determine the best-fit model for the power
spectrum, P(k). Using the framework deseribed in a previous analysis, we applied this to a
different sub-sample of the BOSS survey, specifically galaxies with redshifts 0.3 < 2 < 0.65.
We also examined the eBOSS dataset with redshifts 0.6 < z < 1.0, adjusting the number
of parameters in the traditional polynomial fit to account for the higher redshift range.
Our results showed that the dilation scale parameter o derived from the BOSS dataset had
smaller error bars |'c>|||p;||'t-(| to the eBOSS dataset, attributable to the larger number of
luminous red galaxies (LRGs) in the BOSS sample. We also compared our findings with
other surveys such as WiggleZ, DES Y6, and DESI III, noting that photometric surveys
typically yvield larger error bars due to their lower precision. The DESI III results were in
good agreement with ours within 1o, with most bins close to unity. The variation of a with
respect to the redshift is an unresolved issue in the field, appearing in both three-dimensional
and angular tomographic analyses.

Keywords:  Observational Cosmology, BAO, LSS, galaxy surveys

1 Introduction

A

S, (0 £ )
oy

Q;Ir,r’l
Re 1goMPe

—
Figure 1: BAO representation from point sources. Each point can be thought of as a galaxy. The blue C‘/‘-/J

ones are found in the BAO feature, while the white ones are clustered due to Dark Matter after decoupling
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Fig. 1.1. The Baryon Acoustic Peak (BAP) in the correlation function — the BAP is visible
in the clustering of the SDSS LRG galaxy sample, and is sensitive to the matter density
(shown are models with €,,h% = 0.12 (top), 0.13 (second) and 0.14 (third), all with
Q,h? = 0.024). The bottom line without a BAP is the correlation function in the pure
CDM model, with €, = 0. From Eisenstein et al., 2005 (52).
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these parameters are called jerk, snap, lerk and maxout,

H=—H*(1+q),
H=H+3q9+2),
H=Hs—4j—3q(q+4 —6l,
H = H’[l — 55 + 10(q + 2)j + 30(q + 2)q + 241,
H® = H%m — 102 - 120j (g + 1)
—3[21 4+ 5(24q + 184 + 24> — 25 — g5 + 8)]}.
(37)
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Yo 2.3.1 Perfect Fluids

‘We have seen how the spacetime geometry of the universe is constrained by
homogeneity and isotropy. Now, we will determine which types of matter are
consistent with these symmetries. We will find that the coarse-grained energy-
momentum tensor is required to be that of a perfect fluid,

S ‘j m mrl' (e I =1 o= (p + g) UUy + P |, (2.85)

where pc? and P are the energy density and the pressure in the rest frame of the
fluid, and U* is its four-velocity relative to a comoving observer.
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2.3 Dynamics

So far, we have used the symmetries of the universe to determine its geometry and
studied the propagation of particles in the expanding spacetime. The scale factor
a(t) has remained an unspecified function of time. The evolution of the scale factor
follows from the Einstein equation

87G
G,uu: - T,uy ) (284)

ct

where G = 6.67 x 10~ m® kg™ ' s~2 is Newton’s constant. This relates the Einstein
tensor G, (a measure of the “spacetime curvature” of the universe) to the energy-
momentum tensor 7}, (a measure of the “matter content” of the universe).
We will first discuss the possible forms of cosmological energy-momentum tensors,
then compute the Einstein tensor for the FRW background, and finally put them
together to solve for the evolution of the scale factor a(t) as a function of the matter
content.
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2.3.1 Perfect Fluids

We have seen how the spacetime geometry of the universe is constrained by
homogeneity and isotropy. Now, we will determine which types of matter are
consistent with these symmetries. We will find that the coarse-grained energy-
momentum tensor is required to be that of a perfect fluid,

(2.85)

i
T,uu = <P+ ?) UI,LUV -+ Pg,uu

where pc? and P are the energy density and the pressure in the rest frame of the
fluid, and U* is its four-velocity relative to a comoving observer.

(2.96)

T Tho | Iy _ (energy density| momentum density
p Tio | Tij energy flux ‘ stress tensor '
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T()g = p(t)Cz - 112'0 = Cly = 0, T%j = P(t)gij(t,x) 5 (298)
Raising one of the indices, we find
—pc2 0 0 O
g #F D 0
B =g, =
T, = g"" T o 0 P ol (2.99)
0 0 0 P
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