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Redshift Space Distortions

* Universe assumed isotropic and homogeneous
« RSD: Enhancement / reduction of the clustering along the
ine-of-sight (LOS) direction due to peculiar velocities

(Kaiser 1987) !
LOS \:S//é)\\'v V = X||V + )CLV
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Clustering of Tracers: What do we measure?
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Distortions along and across the line of sight

Alcock-Paczynski effect

ThIS effect dlstorts the homogenelty and |sotropy of BAO
~asa functlon of Qtrue & Qf.duc.a|
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Alcock-Paczynski & Redshift Space Distortions

AP effect: Anisotropy induced by transtorming redshitts
iInto coming distances assuming a wrong cosmology
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Alcock-Paczynski & Redshift Space Distortions

AP effect: Anisotropy induced by transtorming redshitts
iInto coming distances assuming a wrong cosmology

BAO shift, but no Relative BAO shift
extra anisotropy along and across

the line-of-sight +
induced anisotropy

~ DaH

~ (Da2/H) 13/ r
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BAO as standard ruler

 The sound horizon scale is well determined by CMB measurements
(helps to calibrate)

« We can separate the effect of cosmological distortions (AP) from
other effects such as RSD

observed range

Power

wave number
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BAO as standard ruler

 The sound horizon scale is well determined by CMB measurements
(helps to calibrate)

« We can separate the effect of cosmological distortions (AP) from
other effects such as RSD

observed range

RSD

e RSD enhance the Power at a
given scale

* AP shift the power of a scale to
another scale

Power

wave number
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BAO as standard ruler

 The sound horizon scale is well determined by CMB measurements
(helps to calibrate)

« We can separate the effect of cosmological distortions (AP) from
other effects such as RSD

observed range

e RSD enhance the Power at a
given scale

* AP shift the power of a scale to
another scale

Power

i disentangle: |
| RSD&AP |

wave number
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BAO as standard ruler
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Redshift Space Distortions vs. Alcock-Paczynski effect

BAO as standard ruler

 The sound horizon scale is well determined by CMB measurements
(helps to calibrate)
« We can separate the effect of cosmological distortions (AP) from
other effects such as RSD

Power

observed range

wave number

BAO is the most distinct feature in
&(s) and P(k) to look at.

Position is robust under potential
systematics:

Non-linear effects are >1%

BAO position not affected by bias
or Kaiser boost

However, the feature is damped by
non-linear velocity bulks (can be
solved using reconstruction)
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Cosmology with BOSS & eBOSS

Apache Point Observatory, 2.5-meter
Spectroscopic Galaxy Survey

2009 - 2014 BOSS

2014-2019 eBOSS

BOSS LRGs 0.15<z<0.75 (cmAss, Lowz)
eBOSS LRGs 0.6<z<1.1

eBOSS ELGs 0.6<z<1.1

eBOSS guasars 0.8<z<2.2

+ Ly-a spectra (Andreu’s talk)

Main Goal: Measure BAO peak position with 1% accuracy
Other cosmology studies: growth of structure, mod-GR, neutrino
mass, primordial non-Gaussianity, etc.
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Cosmology with BOSS & eBOSS
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Modelling the power spectrum: full shape vs. BAO

There are two main kind of complementary analyses:

1. BAO analysis: Based on the position of the BAO-peak

2. Full Shape analysis (aka RSD): Based on the PS full shape
and amplitude signal

Hector Gil-Marin Cosmology with Spectroscopic Surveys
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BAO analysis

e Fit broadband with polynomial fit & BAO
template on oscillations

e Constrain on Da(z)/rs and H(z)rs through
the BAO-feature only

e Damping terms for BAO due to bulk flows

BAO template Broadband
Loy E A
b,.(k,a, 2) P, (k){1+|:01m(k/ao )~ 1:|€ } P (k) B lin Sm(k)-l—A k-I-A -I-?-I-

P EP(O)-l-%P(Z) PO p@ _ pO  pw)
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Cosmology with BOSS and eBOSS

Reconstruction

* Enhance BAO peak by

un-doing the non-linear
bulk flows

 Assumptions on gravity
(Qm and bias of tracer

e ‘GGaussianization’ of the
galaxy field
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Reconstruction
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Full Shape (RSD)

e Constrain the growth of structure, fos(z), Da(z)/rs and H(z)rs
through the shape and amplitude of a range of scales.

* |t requires a full modelling of the amplitude and shape of
the power spectrum multipoles

 Non-linear dark matter PS shape
Perturbation Theory 2-loop

* Galaxy bias,
Non-linear & non-local

« RSD

Pé(zs)(k-/-") = Dipc (k. 11, 050 [2]) [Pa.os (k) + 2f/-1»2Pg,59(/<)
TNS-model :

t  Pss, Pso, Psg — Dark Matter non-linear models (2-loop RPT) :
} Df o — l-parameter Lorentzian damping term |
{ A, B — TNS functions

Hector Gil-Marin Cosmology with Spectroscopic Surveys
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Main BOSS results

Power Spectrum Correlation Function
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» First time 1% precision BAO measurement
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Main eBOSS results
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Conclusions

LSS as a complementary source of information to CMB
BOSS & eBOSS have demonstrated over the last 8yr that
BAO and RSD are robust techniques for estimating
cosmological parameters from LSS

Final DR16 eBOSS results December 2019

So far no tension with ACDM+Planck

LSS + CMB/BBN favours a low Hg value
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