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Outline

The Barvah Acoustic Oscillations cosmological skandard
ruler.

Correlation function BAQ peak - redshift dependent.

A NEW standard ruler: the LINEAR POINT
Accurabe disktance measuremenks

Grrowkhh weasurementks.

LINEAR POINT standard ruler with GALAXY DATA!

Conclusions / future prospects.



The two Rulers

Traditional Ruler

- Correlation function
Peale Position

- Redshift dependent:

linear point

Saslations

New Kuler

- Correlation function feature:
the Linear Point pmsi&iov\

- Redshift independent::

- Modetmimdeyemdenﬁ eskimakbor
apptiad to SDSS data



Which scale?

@ Which scale in the clustering Correlation Function?

® Cowmoving baryon acoustic scale
Baryon acouskic peak - Matker CF

Eisenstein et al (Roos)

® rd is Geomelrical (ndep.
primardiat fluctuation)

B&rvah

acouskic p@.ak\

POSITION!!
STANDARD KULER

50 100

Comoving Separation (h-!



Precision cosmology; breaks down!'

Linear Nown~Linear

Smikh et al (Roow)
Sanchez et al, (o0%)

Crocce, Scoccimarro (200%)

peak position
sound horizon at drag epoch

Llinear

(CAMB code) - non-linear gravity
nown-Linear

1 % regiown - R5D
- Scale~dep bias



New BAQ-2pct ruler?

S.A, G, Skarkman and R. Sheth (201&)

Ingredients needed

1) A geomelrical point
2) Redshift independent (Linear)
3) Easily to Ed&eﬂﬁfy

Corr. Func, BAQ features

- peak (sp) —
- dip (s4) _

(peak-dip middle point)

- antisymmetric 2pct



... from a “wrong” F?LOE...

Since the Cf ampii&ucﬁe s not used for BAQ...




Linear &M&Ljsi;s

Linear Fwom& posi&om s GECMETRICAL
Independent on (1, T, As) at the 0,02 %

Cr AMEEs;;mme%r:g measure

&(r)

Position Amplitude e Ansymmettized
Sp T84 lin I
P :
SLP — 2 é‘lln(SA): 6 (Sp);'f (Sd)

sLp~SA (o2 %)

g (spp) ~ M (sy) (2-3 %)




Nown~Linearities

Nown-Linear Gro\v&:ﬁ

Bharadwaj (1996)

Seo, Eisenstein (2007)

Peloso ek al. (2018)
® BAO correlation function smoothed

® Dominank: disptaaemem&s o«f galaxies from initial positions

dk E3PU(E
&) = ) H )

k 272 \

ve.i.m:é&v di;sp. Linear &kearv

Redshift Space Distortions

® Redshift space
Bullkk motions ——> redshift space distortions

3plin
MONOPQLE 6?) nl(s)_ f dllf dk k };n (k)(1+'u f)2 —k2a 2(1+H f(2+f))J (ks)



N*Bodj - COMPARISON

S.A, G, Skarkman and R. Sheth, MNRAS (201&)

Amyti&ud@. Posikion

Redshift Space

wooo.... linear
simulations

linear point

linear
z=0.0
z=0.5
z=1.0
z=2.0

@ Pealk and ciE,F? ak < 1%

& Linear pom& at < 0.5 %
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BAQ shift

S.A, G, Starknain and R, Shebh, MNRAS (2016)

3D convolutions

Redshift Space — MONOPOLE
@ Real space

linear

0.00138

rle ] 50) -
fnl ( |X| ;R ) 2 [ dr - .l(i)lsGaussian cpnvol.|

0.00136

0.00134

0.00132

@ Redshift space

0.00130

1 1
See 5 f 1olu(l+u?'f>2cf"fl<|x|;SG>

1.5 % e Yo
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Dilskbance measurements

S.A, G, Skarkman and R. Sheth (201&)

Redshift Space

& Simulakbion c:omya\ri,scm

Peale and dip ok 1%
Linear PQLM& at < 0.5 %

simulations

linear point

DISTANCE MEASUREMENTS
AT o8 %
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Grrowbhh measurements

& TPealk and difp: same smoothing

Linear Point amplitude
Linear few percent.

@ Three GROWTH estimators
D2(z) 1+2f(2)+3f%2)

Linear:
D) 1+ 2f(2')+ 2 f2(2)

1) E(SLp,2)

$o(8Lpr2")

—_—
0
=
%o
U
~
—_—
w
#0
U

y 5o(8p,2) +¢5(84,2)
6o 85,20+ (5,527

Y &(xi,2)/N(z)

3) o §d5xi5§pA
Y &,z VNGE)

Af Al
8 ,=x;=3p
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Riased Eracers

S.A, G, Starkman and R, Shebh, MNRAS (2016)
@ Preliminary tnvestigation
Peales theory approach to halo bias [Bardeen et al. (19%6)]

@ TDominant effect of velocities

v dk k3le(k) Dis .
E() hlh(s) e _f d'uf 10(Z)+bgl(2)k2+,u2f] e k203(1+u2f(2+f))J0(k8)

Preserve Cr am&is;;mme&r:}

s,nl
Linear point position SonnSLP)
STARLE Linear Bias
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ex!:pi.o&& the Linear Poink
wikh real Aaka

n collaborakion wikh

P-S Corasaniti, &. Starkman, K.
Shebth and 1. Zehavi

REFERENCES
1) galaxy data; PRL (201%) in press
2) mock catalogue validation; PRD (201%) in press
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2pct in clustering data

@ Working in comoving coordinates.

Fiducial Cosmctagj assumed
Alcock-Paczunsiki distortion effeck

® 2pct monopole in redshift space

Distorted True =t
correction

£2(s") =& (as™ )+ OCe)

Isotropic shu?&

a— Dv(Z)/D (Z) LSO&T’OPLC volume d;s&am‘:@.

Dy(2)= |(1+2)*D} ()37 )

16



Current BAG definition

Seo ek al. (Roo¥)
that 1s close to optimal. The latter goal recommends template fitting Xu et al. (2012)

to a significant portion of the power spectrum or correlation func-
tion, rather than peak-finding methods.

£ (s7) = p2¢fixed (a f ) + AT+ 0(e)

T S

Fixed parameters (ACDM) § varied parameters
{ QIO ne B Sy ) {a, B Al,AZQ
marginalized

Cosmological information

PRESCRIPTIONS

Template / \ a:DV(Z rg

N*badv validabked
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A &ompi@.memﬁarv &pproa&k:
the Linear Poink

Linear Approx.

2
fObS(r,Z) i b10(2)2D(Z)2 (1 T ? + %) Em(ra O)

ACDM
smooth quih&esseb\ce

scale EV\GK@F’EWM“& for » clustering quintessence

phenomen. models of w(z)
P(z) =w(z)p(2)

Linear Poink Foc:-si&om -» scale -» ‘Dgz.) E.Mclﬁg.’u

1%



Measuring the distance

S.A, Starkman, Corasaniti, Sheth, Zehavi

D( SF \ T( ST \ PRL (R01%)
4 —¢ - O(e)
DY) T \DY@),
Y= . Linear scale

Di(z) / CMB
> z Lmdez.p.

56) yi?)l(z)) e ff)in,CMB @ +0(e)
Dy (2)

galaxies /
SCMB
D‘T;(z) i fle
gal
yLP (Z)
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NO Ztm':ﬂf model Eempi&&a

Modei.--imde?ev\clam& CMB best £ik param
parametric fit . ! ‘
Linear CAMB code

5
fit B
3 (y)—l;azy —» <ypeak Vi) /

NGO FIXED PARAMETERS!

@ Only fiducial cosmology c{epamd@.mae -» Alcock-Paczynski
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SDSS galaxies

S.A, Starkemain, Corasaniti, Sheth, Zehavi
PRL (Ro1%)

@ BOSS collaboration: two galaxy samples

LOWZ and CMASS

DRI2 - 7=0.32 ; DRI2 - Z=0.7

. o LOWZ data - o CMASS data
— LOWZ — Polyn. Fit - — CMASS - Polyn. Fit
.o . Linear Point with 0.5% correction : I .o . Linear Point with 0.5% correction

005 006 007 008
y = sIDV(Z)




SDSS galaxies

S.A, Skarkman, Corasaniti, Sheth, Zehavi

PRL (RO1%) |
P
"i}y{" Linear Point distances
‘ 0043’@ DEF(2=0.32) = (1264 + 28)Mpc
gl A D (2=0.57) = (2056 + 22)Mpc
B CONSISTENT
O
¥ o mwiall e
AW o055 distonces  Soller ervors
y %{} 4 Cuesta et al. (2016)
S BOSS, 5
48 &Y Dy ""(2=0.32)=(1247 £ 37)Mpc
Eadll o)

D39°°(2 = 0.57) = (2043 4/ 27)Mpc

R2



BAO recownsktruction

Eisenstein ek al. (Ro07)
Padmanabhain and White (2009)

IDEA: recover the “lost information”
appraxima&e non-Linear treaktment -> galaxies are “sent bacik”

to Eheir Linear Eheorj F’OS&&&OMS«

Data treatment -> amplify the S/N and reduce non-Linear
effects,

Algorithm nputs - no error propagation
- growth rate
- matter-galaxy bias

R3



SDSS galaxies

S.A, Skarkman, Corasaniti, Sheth, Zehavi
PRL (Ro1%)

Linear Poink distances
D7 (2 =0.32) = (1264 + 28)Mpc
D37 (2=0.57) = (2056 + 22)Mpc

CONSISTENT
Llarger errors

BOSS diskawnces

Cuesta et al. (2016)

DRI — 0.32) (12854 21)Mpe

DOsSipostTrecon s  0.57) = (2031 4(20)Mpc

R4



Linear Point and recownstruction?
BOSS BAC-(DR12) mocks

| 1 1 1
Reconstruction ) ! Reconstruction

| | : ’ |

1 1 1 1

| : 1 1

mean &g : : mean &g

mean reconstructed & |! : mean reconstructed &
T linear & i
1 1
1




Invariant in real data?

SLP

% larqe
rOsT o dis«:re?ancv

sPOSLTTeCON (5 = 0.57) = (96.1 +0.8)Mpc/h

e (=057 (9142} 1.0)Mpe/h

Khowwn possible reasons... 22?7

- 0.8% umaer&aim&v ? NO
- Exkraction bias ? NO

— Stabiskical scoltayr ¢ im[ﬂmvec’k theoretical
tools needed ?

- Reconstrucktion ? mocikes ?

RE



Wlmj the Linnear Poink ?

THEORETICAL FEATURES

® New theoretically defined “OBSERVABLE” (ho estimator
needed): peale/dip mid-point

ESTIMATOR FEATURES

@ Simple / model-independent estimator (2pct model poorly
M‘Mawv\)‘

@ No fixed parameters / all the uncertainties are propagated.

@ BADO recownstruction needs to be improved (error prop +
modeling)

FOR COSMOLOGY
® Dakasets combined -» syst. blow up —» multiple approaches
needed. LINEAR POINT is cleaner: ik can ka&y!!

R7



Cumptemem%ar&j
w.b. standard BRAO

STANDARD BAGC WITH KRECONSTRUCTION

Fully relying on N*bodj sim. for:

1) BAD estimators 2) BAQ reconstruction

Valid for parameters/models where sim. accurate (ACDM)

LINEAR POINT

Simulabions/mocks — LP estimation error(s)

N-body sim. —> Linearity validation, extend beyond ACDM

R¥



BAOMQMLv measurementks ?

Sanchez, Baugh, Ahgulo (200%)

Sanchez, Crocce et al. (2009)

Sanchez ek al. (2012)

® BAO full fitting —> model dependent
NEED of 2pct motivated theoretical model

v

DModel(Z)
SRl fgmlel( ‘lf)‘pfw(z) SF) +O(¢)
Distorted = o
a 1) Derived parameter

DE model deyemdem&

2) Free parameter
larqge deqeneracies —=» hon informative
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How with the Linear Point ?

& =T —— | +0(e)

go\iaxi@s

eq. state par.
Darlk ‘E’.‘imargv
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Conclusions

Skamndard ruler

D ?eaw‘ndip mid Pom& - Linear Poink - is Geomebrical and
insensitive to nonlinearities to 0.5% (redshift indep.)

@ “Model-independent” Standard Ruler, Distances from DATA.
3 Comytemem&ar:g BAC ruler!

Grrowkh

@ The clustering prf is linear at the LP |  Three growkh
Peak-dip range: antisymmetry preserved —7  estimators

e kB QO

@ Cowmparison with the CF full fitkting (Eucl. forec., ongoing)

@ Different galaxy populations? Clusters? Quasars? Neutrinos ¢
@ Angles and redshifts ?

@ Modified gravity + ... + ..o o+ ..
31



THANK Y0U!!



