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l\P Cosmological Standard Model

PPPPP

Probes to test Dark Energy on late-time Universe

« Standard Candle Supernovae R

 Weak lensing

e Cluster counting

« Standard Ruler BAO & RSD

l How?

Observe dark matter tracers with high
precision redshift covering a large area/
volume of the sky
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"‘W‘EI\P Main Goal of redshift surveys: BAO & RSD
 Standard Ruler BAO & RSD

Growth of structure: Ratio monopole to quadrupole ~ fos

BAO peak position: in monopole ~ (Da2/H)13/rs — Dv/ rs

BAO relative peak position: monopole, ‘quadrupole’ ~ DaH

Cosmological Parameters

non-Cosmological Parameters

Galaxy bias physics: b1os b20s Oroc
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LPNHE

* Part of SDSS-III collaboration
* Apache Point Telescope 2.5m o
» 2009 - 2014 observing period [t 22
e LOW/Z-LRGs (0.15<z<0.43),
e CMASS-LRGs (0.43<z<0.70),

e Ly-a(z~2.5)

'l.\P BOSS in a nutshell
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~106 LRG targets

high density of tracers Area = 9376 deg?
4 x 104 h/Mpc
High density variation
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1P eBOSS in a nutshell

DR14 footprint for the quasar sample
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e Part of SDSS-IV collaboration
* Apache Point Telescope 2.5m
e« 2014 - 2019 observing period
e [RGs&ELGs(06<z<1.1),
 Quasars (0.8 <z<?2.2)
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I\P Clustering of Tracers: What do we measure?

PPPPP

Fat Stripe 82 RS 25

The redshitt survey catalogues deliver: 29
angles and redshifts for each galaxy Y

< CdZ ! eBOSS (2014-2016)
r(2)=) - e
H(z.Q,)=H\Q, (+2)’+1-Q, o

3D galaxy maps

Clustering strength: Quantify number of pairs |
over a uniform random distribution: correlation
function, ¢(R), or Power Spectrum, P(k)

(601)8(ry))=&(r,— 1) (8(k)S(ky))= P(k)S" (k, +k, )

... .and higher order functions, such as bispectrum.
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l\P Baryonic Acoustic Oscillation peak

LPNHE

Before recombination Decoupling at z~1000

* Photons and baryons are coupled ) _%?r:verse become  optically
 Radiation pressure makes them ' .
Decoupling between baryons

oscillate and photons
* Pressure waves within the fluid Sounds speed within the fluid

travelling at certain speed
decreases

* Travelling wave freezes

Baryons & photons are left a distinct imprint, a spherical peak, at a specific scale:
The sound horizon scale at recombination, ~150 Mpc.

b
CMB photo® 2 2Ns+py,

Galaxies
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l P Redshift Space Distortions

LPNHE
PARIS

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

(Kaiser 1987) T
under-density  over-density LOS i @‘ ‘7 — XIIV - XJ_V
A 4 I A
S . ] o @@Q Actual Shape ,
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2. Coherent with growth of structure
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ol N

e 1NN

A A
partial-RSD maximum RSD
O<u<l —-lI<u<0 =+l

P (ko pt:2) = [b(2)+ F()U*T P, (K;2)

(Kaiser 87)

boost

* Break isotropy: y-dependence: monopole, quadrupole, hexadecapole
* Modity the clustering: boost depends on 1(z)
* Does not change shape of Pm(k)
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l\P Alcock-Paczynski effect

* Universe assumed isotropic and homogeneous
* AP effect: Anisotropy induced by transtorming redshifts
INto Commg distances assummg a wrong cosmo/oav

tranvrsand Iongltudlnal modes are % modn‘led by Qm

Radial distance Angular diameter distance

cdz' cAz 7!

(12Q) ra A 0’0”Q AD
s ZIH\/Q (+2y+1-0 H@EZ.Q) 11(0,6:52,52,) = ‘[H(Z £2,,)

..5@
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l\P Alcock-Paczynski effect

PPPPP

* Universe assumed isotropic and homogeneous
* AP effect: Anisotropy induced by transtorming redshifts
INto Commg distances assummg a wrong cosmo/oav

Both tranvrsand Iongltudlnal modes are modn‘led by Qm

Radial distance Angular diameter distance

cdz' cAz 7!

(12Q) ra A 0’0”Q AD
s ZIH\/Q (+2y+1-0 H@EZ.Q) 11(0,6:52,52,) = ‘[H(Z £2,,)

..5@

cluster is modified along both directions
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A S

av modify the k vector in the monopole
d: generates an anisotropy (distort symmetric 3D-features along and across the
LOS)
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LPNHE Physical Interpretation Ay~ (Da2/H)13/ rs
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I
l P Physical Interpretation Qe~ DaH

LPNHE
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Institut

Physical Interpretation

D S

LPNHE )

PARIS

(Samushia et al. 2013)
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Institut

Physical Interpretation

D S

LPNHE )

PARIS

(Samushia et al. 2013)
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Institut

Physical Interpretation

LPNHE )

PARIS

(Samushia et al. 2013)
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RSD & AP are degenerated!
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ALP LRGs BAO/RSD from BOSS

LPNHE Power Spectrum Correlation Function
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Type of analyses:

e RSD (full shape) vs. BAO,

* pre-recon vs. post-recon,

e configuration space vs. Fourier space
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quasar BAO/RSD from eBOSS

LPNHE
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P quasar BAO/RSD from eBOSS
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11 P Tensions with Ho
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11 P Tensions with Ho
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flat ACDM assumed
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« BOSS measured H(z)rs in the range 0.2<z<0.75 using LRGs (high density)

* First results from eBOSS quasars measuring H(z)rs in the range
0.8<z<2.2

e |frstaken from Planck or BBN, H(z)rs from eBOSS+BOSS galaxies in
agreement with Planck+LCDM (‘tension’ with cosmic ladder at ~30)

* This disagreement doesn’t reduce when flatness, GR, Ne#=3 conditions are
relaxed

 More eBOSS data coming in the next 1.5yr (ELG, LRG, quasars + Lya):
errors of quasars to ~1/2, measurements at z~0.75 from LRGs + ELGs

 Ly-a BAO at z=2.4 at 2.30 from Planck (see next talk by Andreu)

 DESI will deliver more precise results within Syr from now.
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“LP Impact of potential systematics

BAO Systematics RSD systematics
e Very robust  model dependent
e ~0.1% non-linear shift at z=1.5 * Intrinsic alignments

* relative velocity between DM & bar (?) ¢« failures & collisions

* Reconstruction assumptions (bias
and f)
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l\P Impact of systematics

Redshift efficiency pattern en eBOSS DR14Q
* Redshift Failures: /) Weight the NGO SGC
nearest neighbour (NN), use in . J
BOSS analysis. i) Weight all
observed galaxies by their position

INn the plate, |
ws ec('x oc’y oc)N
g ! ! sucess (xfoc ’y foc)
* Collision Pairs: Traditional nearest HGM et al. 2018

lower at the edges

neighbour weighting (NN)

Fibres Correspondlng to edges of the spectrograph

Imprint such effects on the ++M m me
mocks and check how these g W o H }ﬂ #+
correction schemes perform ® 0] 1 * :
b NSC e 1F Spec. 2
0.95{ § sGc P pec

0 )0 1(N) 600 =00 1000

FIBERID zarrouk et al. 2018
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\P Impact of systematics

Monopole
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