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® Constrain cosmological models,

Conmbining different Cosmological observations.

@ Comnsistency checks of cosmological models.

From Baryon Acoustic Oscillations?

‘Purei.ﬁw@-ea mebric-BAG

@ Model imc&e?emd@\&: LINEAR POINT standard ruler

@ Model c&eyahc&eh&: SCUND HORIZON standard ruler
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Baryam Acoustic Oscillations

@ IDEA: Preferred scale ak early and late times

E&T’Lv: sound horizon Lake: ZPC{: F»ea\w PosE,EE,c}M

model-indep. cosmological distances

® Nown-lurearities

non-linear gravity, RSD,
scale-sep bias

@ peak distorted and shifted

Llinear

@ Ditferent breaktment i
dedl hon-linear 100 105 110 115
needed,. ¢ [Mpe/h]

Smith et al (2008) Crocce, Scoccimarro (2008)




What from BAQO?

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

Cosmological distances that are estimated

under the following theoretical conditions:

1) Geometrical (indep. primordial fluctuation parameters)
2) Dark-Energy mmiei.*iv\ci@.pemdehﬁ (ACDM + Quintessence)
3) Spatial curvature-independent

4) Tracer-independent (galaxy, gquasars, clusters ete...)

‘Purétﬁm(}en mebric-BAQG



Cosmological Distance: Dv

LSOET’OPLC volume dAisktance
1/3

cz

Dvy(z) = HG)

(1+2)°D%(2)

® Alcock-Paczynski: 2pcf-monopole equation

Distorted True dis
correction

RO (") =& (as™ )+ OC(e)

Isotropic SM& MEASURED CONSISTENTLY
@ = DV(Z)/D (2) with the PG-BAD conditions




2 opémns

o AiﬁOCR‘“?&CLvMSM‘E equ&&iom

DATA THEORY

st ruler/ Dy (2)
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LINEAR POINT SOUND HORIZON

- O 85% E,Mci@.p. noh-Linearities - Model nown-Linearikies
- Secamd&r:ﬁ Parame&er

- Linear %heorfj
- 2pct MODEL INDEPENDENT - 2pct MODEL DEPENDENT



New Skandard Ruler: Ehe Linear Poink

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

Ombj assum?&mw
cosmological model(s)

® LINEAR POINT
- L? = peo\w‘dip middle Fom&

- Linear ak 0.5% -» red. E..sr\ciep«

@ NO 2pcft MODEL NEEDED
DATA LINEAR THEQORY

o \
lin SLP(wbawC)’ I O(E)

" NPy 1

CAMB code

D [ gal £
P =e
mmc&&imim&apaw&av\%
parametric Lik
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Sound Horizown: Z[m':ﬂf model-fitting

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

3 ‘Purei.yé-eamehaamms&anaes
DATA NON=-LIN, THEQOKRY

- Assume a hon-linear 2pct template

- Fik 0, =1{wp,w.,n ,Dv(z

: . S/ conskrain
Marginalize over: rd(a)b,a)c)
- DE, curvature dep. param, Dy (2)

- nowh-Lin, as&roryk. param.
- 2pct template dependent

Problem: which template? -> error estimation?
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Skandard BAQ

Seo et al. (2008)

) 2p€§ template + fikking prescription n e
&g (s ) =B (oc s) + E2B(s™) + O(e)
min, model BB, F_ 91 am

(Mon-Lin. damping) siils s (sF)2 i S_F s 0%
F:_IXE']} p&ramg&g_rs & VOLTE«QC& PO\T’O\MQ&QT’S

; ¢ ‘/
9 = (f of ,nF oF) 0y = {a(B,a1,az,a3)
marqginalized

Cosmological information

® Because of cosm. param. fixing
F
_Dy(z)ry
B
D+, (2)\rd

fitting prescription does

ok quarantee proper error

a F‘T’QS!ﬁT’L?EE,OM

pro gpa\ga&wm




Linear Point and 2pct-model

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

B3 Elxampte wibth minimal BAGC model
hon-Lin, damping) DESI + Euclid forecasts

TN SRR 3 L*; LA e Ao

@ Theoretical tnvestiq.

® Linear Poink
- no-2pcf-model assumptions
- moTe precise disktances

@ For full comparison: sie and rd
characterization needed
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{ram PG&-BAQ to CQSMOLOS?

O’Dwyer, S.A, Starkman, Corasaniti, Sheth, Zehavi - arXiv: 1910.10698

® Possible/common Purely-Geomelric-BAQ usage:
- Model selection of cosmological models
- Detection of late-time acceleration

- Model /daka tomsis&evmfj checles

@ To use PG-BAQ for cosmology: characterization needed

spp(wp,we)/Dy(2)

/ rulers #4
from BAG param. dep&mdemc& \‘& \S’a

ey
\ ra(wp,w:)/Dy(z) 9%
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ruler characterizakion

O’Dwyer, S.A, Starkman, Corasaniti, Sheth, Zehavi - arXiv: 1910.10698

@ BAD need to g0

beyond 106 Planck Within 100 Planck Wider param. range

D@ 100 Planclke: same

par. ci.ep.

@ Wider range: small sl N /st
di“f"fﬁf'ﬁ&\ﬂ@. -? O 4/ rid | ——= rq/rfd
probi.em '

® Problem: non-Lin. 0.021 0.022 0.023 0.05 0.10 0.15

Wp Wp

physics for wider
pararm. range
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rulers from CMB

O’Dwyer, S.A, Starkman, Corasaniti, Sheth, Zehavi - arXiv: 1910.10698
@ Purely-Geomelric-BAC: only Late-time information buk...

@ From Plancke pos&ermr ko sie and r4

@ Models: flab-ACDM, KACDM and flab-wCDM

Iy’ Flat ACDM Flat ACDM
h [ 13823+028 : L 147272031

p=— ACDM : == ACDM
—=4 138.37 + 0.28 Y —==1147.45 + 0.31

1

I

I': R Flat wCDM J— Flat wCDM
—-1 13825 + 0.28 =1 1473+031

149

Q

Same errors

Q

Late Universe physics shifts the rulers?
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~Fural KRemwarkes

@ Purely-Geomelric BAD crucial for Cosm. Synergies

®d Cosmic Distanece Measurements
Independent of cosmological background model

Linear Point Skandard Ruler

No assumptions bevomd cosm. models
Rlased ab 0.5%

(}F?ero&ivetv

@ sie and ra basicati.v the same parameter depend.

Sound Horizown - 2?{:{ Model-Fitting
Which ch{-mc>dei? Range of scales?
Distawnce errors?

@ sip and rd from CMB: can have a model-dep. shift

@ Problem: non-linearities for wide parameters’ ranges.
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