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Baryon Acoustic Oscillations (BAQ)

from Baryon Acoustic Oscillations?

A Casmoionglndep. Accurabe distance measuremenks

G OALS

@ Constrain cosmological models (at the DE time)

@ Consistency tests (e.q. tensions)

HOW

® RAO distances combined w/ obher Cosmological observakions.

- Degeneracy among parameters are reduced.

@ BAO distances alone (e.g. Dark Energy detection)
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Lakte Universe Accelerabion <—» Darle Energv

PrROBE COMBINATION DIFFERENT TROBES

energy densities eq. stake param. P = pw
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BUT... let's take a step bacle...
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Eim*bj Fimes...
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Initial fluctuations
temperature fluctuations in the
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...Late btimes
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Which scale?

@ Which scale in the clustering Correlation Function?

® Cowmoving baryon acoustic scale
Baryon acoustic peaw - Makbber CF

Eisenstein et al (Roos)

® rd is Geomelrical (indep.
primordial fluctuation)

Barvam

acouskic Pe_ak‘\

POSITION!!
STANDARD KULER
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BAG distance -> Dark Energy

Xu et al. (2012)

® Cowmoving coordinates -» fiducial cosmology assumed.

Alcock-Paczynsiki distortion effect

Right Cosmai.ogv Wrong Casmci.c;gv

® Clustering 2pct monopole at redshift 2

Distorted True G o
correction

(™) = &l (as™) + O(e)

Isotropic shift
a = Dy (2)/D7,(2)

BAG DISTANCE
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How aosmotc:»gv Lmdep%’

S.A, Corasaniti, Sanchez, Starkman, Sheth, Zehavi - PRD (2019)

RACTICE

& BAQ distances amgmjad o conskrain ANY cosm, model

IMPLICIT ASSUMYTION

® BAD: Cosmology-Indep. Accurate distance measurements

(Inference done without cosmolog. model assumptions)

QUESTION

@ At what level is Ehis brue ?
We will &rj o answer ko this qu,es&ion!




Cosmological Distance: Dv

Distorted True i
correction

FROM &5 (s™) = &5 (as™) + OCe)

Isotropic shift MEASURED
a = DV(Z)/D‘F/(Z) in a background-independent way

@ Bul we heed a 2pcf model

IT SHOULD NOT INTRODUCK

"DA“T’ A THEORY

UNWANTED DEPENDENCIES



2pct non-Llinearities

@ Nown-Linear gra\v&j
Smith et al (2008)

@ Redshift Space Distortions (velocities) e e
J 2 Desjacques (2008)
D@ RBias (kO\LCJ’S 5 SQLO&XLQS) S.A, Starkman, Sheth - MNRAS (2016)

2pct n BAO range of
scales

Relevant effects!
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2pct model-fitting

S.A, Corasaniti, Sanchez, Starkman, Sheth, Zehavi - PRD (2019)

o chf Ai.ccwcw*?m:z.vhswi equa&ieh:

,@a SF) + O(¢)
l

DATA THEORY

@ Marginalize over parameters:

- DE dependen&

- spatial curvature dep.
- nitial fluctuation param.
- tracer dependent (e.9. galaxies)
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BRAO diskances

S.A, Corasaniti, Sanchez, Starkman, Sheth, Zehavi - PRD (2019)

We obtained Cosmological Distances that are:

1) Geometrical (indep. primordial fLuctuakion parameters)
2) Dark-Eherqy mocletwiv\ciepev\denﬁ (ACDM + Quintessence)
3) Spatial curvature-independent

4) Tracer-independent (galaxy, quasars, clusters etc...)

?urei}jwéeﬂomeﬁri&“BAO

Excluded ?
Mc:-cibfi;ed gravi&v cosmologies ¢ DE-DM ﬂou[ptiv\g ¢
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standard BAQO (BAO*QMLv)

Seo et al. (2008)

% Tempta&a {E&&EMS’ Xu et al. (2012)

50 (SF) BZ ﬁxed (X SF +€BB(SF)+O(€)

/ \TSF) =GP o o

Q-»IXE"& pg\ra\me&ers & v&mec’\ WQTQMQ&QTS
gixed _ 108 @ 0, ={alB, a1,a2@>
0/ D22 3 , O
\ marginalized

Cosmological information

@ Because of cosm. param. fixing ARE ERRORS ON O
Dy(z)rg PROPERLY ESTIMATED?

= d ?resmiyﬁom

D‘l’;(Z) rd
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Problems

S.A, Corasaniti, Sanchez, Starkman, Sheth, Zehavi - PRD (2019)

1) parameter fixing 2) which 2pcf model?

PROPER ERROR ESTIMATION ?7
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Prabi@.m 1: parame&er fixing

S.A, Corasaniti, Sanchez, Starkman, Sheth, Zehavi - PRD (2019)

ALl dependencies fitted

- Marg LMQLE&EMS‘ over

DE + curvature + Eracer

- No fixing parameters

Errors underestimated
b';; nearly a factor of 2!!

Euclid forecasts

... buk ?robtem 2:

which galaxy-2pct theoretical model?
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F‘robtem 2: complementary approach

. Shanks et al. (1987)
Linear Approx.

2
£°%3(r, 2) i h10(2)2D(z)’ (1 ¥ ? ¢ %] £ (7, 0)

/

Eisenstein et al (1998)
Bassett, Hlozek (2009)

ACDM

4 Quintessence

.,

scale independent for

no flakness assumption

®@ A PREFERRED SCALE in the chf -> Time/Model imdep.

Can measure Dv U modetmimd@.g. wa;;! !
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New Sktandard Ruler: the Linear Poink

S.A, Starkman, Sheth - MNRAS (2016)

® LINEAKR POINT
- LP = Feeo\l«f‘*dip middle POEME

- Linear abk 0.8% -> red. E,v\c'kep..

- Greomebrical

@ NO 2pcf MODEL NEEDED
DATA LINEAR THEORY

D [ gal Sl |
60 \yLP(Z)> _é() \ DT(Z) ) FO(¢€)
mc:«c&e,tmm&ep@wdam?& =
CAMB code

parametric Lik

® CDISTANCES MEASURED from SDSS galaxy data’!
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What do we learn about Dark Energy ?

S.A., Starkman, Renzi - arXiv (2022)

AIM

@ Test cosmological model(s) with galaxy-clustering
@ TData vs ‘T‘hec}rj -» Testing cosmological model(s) assump&ov\s

® Cosm. model -» Unigue galaxy 2pct

2pcf MODEL

® Galaxy clustering models: add extra assumptions

® Data vs Theory —» Testing cosmological model(s) + galaxy
clustering model assumptions -» Leariing about Dark Enerqgy?

LINEAR POINT

® Attempt to reduce the non-cosmological assumptions

® TDaka driven apprmmh

1%



Use BAQ as a Dark Energy probe

@ Cosm, appiicabii.&&v of standard BAQ distances: UNCLEAR!

% ?uraisjﬂGeome&ritnBAO: Cosmic Distance Measurements
Independent of (some) cosmological background models

2pcf Model-Fitting - errors propagated
Standard BAQ: error underest. by factor of 2.

Which model? Parameters? Range of scales?

\ Linear Poiunt Skandard Ruler

Model independent: 2pcf model not needed

Opera&ive_bj

... & Lok bto do...

Euclid Implementation (on-going); Quadrupole 2pct? Different
gataxv popum&mms? Combine with other observakions; ...
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