vading nown-Linearities:

Bm*vom Acouskic Osg‘;;ua%mms
abk the Linear Toin

COSMO-18

September 9, 2015

O
oo ")"
-I'

"z,
-

¥
-

>

‘~’. .
A

Stefano ANSELMI
(collaboration with
Grlenin D. Starkman - Ravi K. Ske&k)

arXiv: 180%.01170 ’

"

T
W
_.V'.:'

."~

S - Certier for Educion and Research In Cosmology and Assophysics
E ERVE - .

INIVERSITY B -




Qubtline
@ LSS - understand the nature of cosmic accel,

®d The Bm‘vcw\ Acoustic Oscillations cosmological skandard
ruler.

® Correlation function BAQ peak - redshift dependent.

@ A NEW standard ruler: the LINEAR POINT
Accurake disktance measuremenks

A GCrrowkh measurements.

%) ‘Pratimimmv Camparisam with daka!!



We are acceleratiing...

& Observational Evidences - Lake Accelerakted Expamsia»h.
% SN"‘TUP& la - skandard candles - lLake expansion on Ehe Univ,

@ CMB via Late Integrated Sachs-Wolfe effect (Late time gravitational redshift
of the Pho&oms).

® BAOs measured at different redshift (depend on cosmol. parameters)

Supernova Cosmology Project

Supernova Cosmology Project
Suzuki, et al., Ap.J. (2011)

Suzuki, et al., Ap.J. (2011

Union2.1 SN la
Union2.1 SN Ja . Compilation
Compilation \W\mﬁ) with SN
witl ,
Systematics = OM Systematics

eq. stake param,

I =0




Cosmological standard ruler

® Object of nown size constant in redshift.

Large Scale Skructure

Skakiskical skandard ruler

Shanks et al. (19%7)
Eisenstein ek al (199%)
Bassetl, Hlozek (2009)

Clustering of galaxies > PREFERRED SCALE
(constant in redshift)

Observed ot different redshifts

Constrain the angular diameter distance.



Cosmological Farame@evs

tnbkuitive p&c&ura realistic
Angular Diam. Distance

== /4 g
= + 2

actual size
COSM.

Pm‘ame&ers



Which scale?

@ Which scale in the clustering Correlation Function?

® Cowmoving baryon acoustic scale
Baryon acousktic peaw - Makbter CF

Eisenstein et al (Roos)

@ rd is Geomebrical (indep.
primordial fluctuation)

Ba\rljwm\ acouskie
p@zm«f

50 100 150
Comoving Separation (h-' Mpc)




Precision &Qsmotogjz brealkes down!’

Linear Nown~Linear

Smith et al (Roo%)

Sanchez et al. (200%) Crocce, Scoccimarro (Roo%)
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(CAMB code) - non-linear gravity
non-Linear 7 RSD

£ Scata*ciep bias

1 % regiown



New BAO-CF ruler?

S.A, G, Starkman and R, Sheth - arXiv: 18§0%.01170

Ingredients needed

1) A geometrical point
2) Redshift independent (Linear)
3) Easily identifiable

peak |

Corr. Func, BAQ features

- peaw
i cii,p

(peak-dip middle point)

= am&i,svmmeﬁri«c Ce



Lilear w\atjsi;s

Creomelbric

0955 0960 0965 0970 0975

T

Imd@.pemdem& abt the 0,02 %

@ Pealk and Dip - NOT GECMETRIC at nonlinear level.,



Av\&s:jmme%rv

- Posikion o Ampii&ud&

_Sp+8d H
S LB

9 E (g )=

élin(sp) T élin(sd)

2

3 AMEE,svmme&rv MEASURE . ,
SLP ~SA (O‘Z %) ilrt)isymmeuizedé

Ein(srp) ~EMM(s4)  (2-3 %)

@ Nown-linearities IMPROVE
the am&isjmme&rv

Elspp) ~E(sa) (1 %)
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Nown~Linearities

Nown-Linear Gro\v&j

Bharadwaj (1996)
Seo, Eisenstein (R007)

Peloso et al. (20158)

@ BAO correlation function smoothed

® Dominant: displacements of galaxies from initial positions

dk B3PV (k
2=l 2712() kr)

ve.i.oc:i,&j di,sp. linear Eheorj

Redshift Space Distortions

® Redshift space
Bullk motions ——> redshift space distortions

3plin
MONOPOLE: ") == f du f U8 s (k )(1+ U2 F)2e FTi AP @) o o)
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BAQ shift

3D convolutions

®d Real space

5”l<|x|;R>:fdr :
r

® Redshift space

1 ik
)= §f1du(1+u2f)2€”l(lxl;SG)

S.A, G, Starkman and R, Sheth - arXiv: 18§0%.01170

Redshift Space - MONOPOLE

0.00138 |
&(s)

1D Gaussian convol.|

.
.
-
C. \ .‘
.
. d X
’ .-

0.00136

)

+
3 §

E(s) D% ) (1+

0.00132

0.00130

1.8 % 38 %
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Dilskbance measurements

S.A, G, Starkman and R. Sheth - arXiv: 180%.01170

Redshift Space

@ Simulakion COMF'Q\”ESOV\
Peale and d.ip ok 1%
Linear F»c:;m& at < 0.5 %

simulations

----- theory . .
B linear point

DISTANCE MEASUREMENTS
AT 06 %

S ERE S
SLP = pz % 1005
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Crrowbh wmeasurements

Peale and c:lE,.F?: same smoothing
Linear Poinkt ampt&&ud&
Linear few percent.

Three GROWTH estimators
D%z) 1+2f(2)+ (%)
D2(2") 1+ 2f(2") + 222"

Linear:

1) E8(SLp,2)
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. E(8p,2) +E5(34,2)
&8, +E8,2)

A G 2N @)
3) o §deiS§pA
Y &(xi,2")/N(Z)

N _al
SOt s [h~"Mpc]
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Riased kracers

SA, &, Starkman and R. Sheth - arXiv: 180%.01170
d ‘Pre&timimmfj thvestigation
Peaks theory approach to halo bias [Bardeen et al. (19%6)]

® Dominant effect of velocities - Neglecting mode coupling

3plin
&t (s)= = f du [ SIS b+ b @R ] (L )P ORI o

Preserve CH o\mﬁssjmme&r;;

s,nl
Linear F‘Oiv\% Pos&%wn So hh( SLP)
STABLE Linear Bias
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‘Preiim&mar:ﬁ DATA &Omparismm

@ Correlation function BOSS data = DR11 (2=0.87)
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s (h=' Mpc)

BOSS, MNRAS (2014)

® High-order polynomial interpolation + 0.5 % correction

Linear best fit model i,
=
B0SS data B > 95.1h " Mpc

® Moy remove the need to whole CF fit.
Sanchez ab al. (2009)
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Conclusions

@ LSS studies are fundamental to constrain cosmology.
LSS cosmological standard rulers are a powerful tool.

@ The clustering Correlation Function peak is NOT redshift-
independent.

Skandard ruler

3 ‘Pea\wmdip mid Fwiv\& - Linear Point - is Geomebrical and
insensitive to nonlinearities to 0.8% (redshift indep.)

Grrowkh

@ The clustering CF is Linear at the L? ——  Three growth

Peak-dip range: antisymmetry preserved —7  estimators

Daka

% ‘Pretimmarv daka comparison encouraging - disentangle
bias and growth - careful investigations to be done!!
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