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3 sDSS

.

- ® Rosst+: Systematics -

® Manera++: Mock catalogs:
® Sanchezt+:fits to monopole &(s).

e Tbjéiro: RSD yvith passive galaxies

Beth Reid

BOSS DR9 CMASS papers
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3 sDSS

Outline

ol Hitchhiker’s gwde to galaxy redshift surveys.
o Galaxy clusterlng in 2d: ~<o::,(rcy, rrr) . '
' Infqrmatlon in the spherical avg: 7‘c:,o(s)
® Information 'fro.m anisotropy: &a(s)
° Cos.r.no.logic'al Implications .

® Brief note on DR10 work in progress...

Beth Reid .+ i ‘ Kavli. IPMU Jan.25 2012



. SD55 The universe in perspective
_ comovmg angulak dlameter
' distance:

(| +Z)DA(Z) =0f% C dZ’/H(Z)

2=0.7
s Sound ho’rizen Scale'='

BAO standard ruler
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“3SDSS 8y, 5
o Pﬁysms of the Baryon Acoustic Oscillations:
Evolution of a point-like adiabatic perturbation

» Dark Matter, Gas,

rs =153.2 £ 1.7 Mpc (WMAP?7) -
+ 0.36 Mpc (Plahck)_ |

http://cmb.as.arizona.edu/~eisenste/acousticpeak/acoustic_physics.html

Beth Reid .+ i Kavli.IPMU Jan 25 2012
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*Vspss
CMB precisely predicts full P(k)
- hot jUSt BAO feature '

photon-baryon fluid Ll _
ez dark matter dominated

Hlozek et al., 2012 Ap|, 749, 90

Beth Reid .+ e ' Kavli. IPMU Jan-25 2012



*Hsbss
- CMB provides template P(Kk) /E(r) .

"t depends on Onm h2 Qbh2 Ns, NOT DA(ZCMB)

Horizon size at powatter-radlatlon

from

Arbitrary scaling

Beth Reid . * ' Kavli IPMU Jan 25 2012



o 'SDSS
' CMB prowdes template P(Kk) /E(r) .

o 'depends on th2 Qbh2 ns [marginalized over]

® Advantage: final anlsotroplc fits are simple 3x3
- Gaussian likelihood |

® Disadvantage: we require further cosmological
model assumptions -- no running, Nes = 3.04,
'2my negligible... |

Beth Reid .+ L ' Kavli IPMU Jan 25 2012



. SD55 The universe in perspective
_ comovmg angulak dlameter
' distance:
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T spss
- Geometrlc constraints from

galaxy surveys

® \We measure 9 (p, and z for each. galaxy and usea
- cosmological model to convert to comoving
coordinates 5 7 | Zy

/ |/H(z)

'co,m_oving angular diameter distance = (1#z) Da(z).

Beth Reid .+ i ' Kavli. IPMU Jan.25 2012



*Isbss
- Alcock-Paczynski effect
‘e Even without a standard rﬁler cbmparing clustering.

~along and perpendicular to the LOS aIIows us to.
measure Da* H 11

'co,m,oving angular' diameter distance = (1+z) Da(z).

Beth Reid .+ i ‘ Kavli. IPMU Jan.25 2012



t:} SDSS

What contrlbutes to H(z)’ '

ey b PR = M 3t -
2l + Qma3 + Qka2 + QDEeXp{3fa da [I+w(a)]/a}+ ]

- Dark Energy

baryons
- dairk matter- ..
neutrlnos today (T= 2 K')

. BethReid .+ - i e 22 Rt Kavli.IPMU Jan.25 2012
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~3SDSS
Redshlft Space Dlstortlons (RSD)

real to redshlft space separatlons x(z) = Xtrue + vp/aH

e ., v Vp=-'a.Hf_6m

vp| ~d Og/dIna=0g *f

isotropic’ | squashed along line of sight -
. f¥ dinog/dIna = Q.mY |

 BethReid = .+ L ) Kavli. IPMU Jan.25 2012



~2SDSS _
- Dark Energy or modified gravity?

.. Our strongés‘tevidencé for DE is from geometfic |
measures: SNIa, BAO, Ho + distance to CMB
[probes homogeneous unlverse] |

® We can distinguish modified gravity from exotic
fluid in GR as the reason for cosmic acceleration by
the - vt of inhomogeneities |

- Q.
dlna 2 (@)G

Beth Reid .+ e ' Kavli.IPMU Jan 25 2012

growth-in GR:

dlnH) iG 3




3 sDSS

Outline

L Non-cosmolégist guide to galaxy redshift surveys

° Informatlon in the spherical avg Eo(s)

e Information from anisotropy: ‘c:z(s)

° Cosmol’oglcal Impllcatlons

Beth Reid .+ T 23 Kavii IPMU Jan.25 2012



(DRIO twice the
area of DR9)

New BOSS Imaging.

Beth Reid .+ SR 3 Kavli.IPMU Jan 25 2012
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3 SDSS
The BOSS CMASS sample

@ target selectio‘n.color'
cuts designed for .
“constant stellar mass”
sample

® b =~ 2 =|0% satellite -
fraction

® DR9Ver =22 Gpcd |

® 043 <z2<0.7;zt = 0.57

White et al., 2011, arXiv:1010.4915

Beth Reid .+ i Kavli.IPMU Jan 25 2012
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*Isbss
Legendre Polynomial moments: & ¢ (s)

e ————— —p— ——

!
“

L= (3R )2

|.,l=.’r11/(l’1-r2+,l‘cyz)”2 . '. ' |

s(h ' Mpc)
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3 sDSS

Flttlng Eg (s)

° Wlth strong CMB shape
prior, we're just fitting two

amplitudes [&o2(s)] and a
rescaling of the s axis:

Beth Reid Kavli.IPMU Jan.25 2012



~2sbss
Gl o Outline
® Non-cosmologist guide to galaxy redshift surveys

- ® Galaxy c.Iu'ster-ing in 2d: E(ro, rr) - .

® Information from anisotropy: &a(s)

® Cosmological Implications

Beth Reid .+ T 23 Kavii IPMU Jan.25 2012
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"2 SDSS
Anderson et al. recap: fits to &

for reconstructed” E(s) and P(I()
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o =1.024+0.016
x? =34.53/39 dof

100 150
r(h™! Mpc)

Reidetal.. x = | 023 OOI9
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*Vspss
Gl o Outline

L Non-cosmolégist gﬁid'e to galaxy redshift surveys
- ® Galaxy c.Iu'ster-i'ng in 2d: &(ro, rm) .

° Information in thé spherical é\/g: Co(s)

® Cosmological Implications

Beth Reid .+ T 23 Kavii IPMU Jan.25 2012



3 spbss _
- = Alcock-Paczynski Effect
&(rp, ﬁ) appears anisotropic

if you assume the wrong |
cosmology; constrains E(ryrr) Fyp10%

F(z) = (1+2) Da(z) H@)lc i —
x
I A
3
<« -150 -100 =50 q 50 100 150

r_(h™" Mpc)

(1+2) DA.(‘z)"

Beth Reid .+ i Kavli.IPMU Jan 25 2012
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3 SDSS
- Gecmetrlc distortions can be

modeled exactly

Beth Reid .+ i Kavli.IPMU Jan 25 2012



“2'SDSS
Modeling the full shape of & (Reid & White 201 I)

~ ® b0, fos determine amplitude of &0

Os: amplitude of
matter fluctuations

b: unknown
conversion factor
between. galaxy and
matter fluctuations

"f=d In gg/d In a;
conversion factor
between matter and
velocity fluctuations

Beth Reid .+ i Kavli.IPMU Jan 25 2012



SDSSHI

'Fh eoretical founda ion: Tk

® ._.Gas act:umulates in
- gravitationally-bound
dark matter halos, -
forms galaxiés .

e ' Dark-matter only NI
body simulations of
graV|tat|oan evolution = -

. used to calibrate/test

l galaxy cIUsterlng models

“Flngers of—God” are
~virial motions W|th|n

%, halos .
Bach-Reid, 7. e 2 o TR s <% et o, Kavli.IPMU Jan.25 2012




~3SDSS .
‘Dominant systematic: Fingers-of-God

REAL SPACE: r ~ | 'Mpc/h Q

REDSHIFT SPACE: r ~ 15 Mpc/h -
Finger-of-God:-features mix small'and large scale power
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Besth Reid

Fingers-of-God in &(rg, r)

—4940 =30 =20 =10 0 10 20 30 40

r, [Mpc/h]

ot % | Kavli IPMU Jan.25 2012



*2sDss
-+ Brief model description
‘® 2LPT (Matsubara et al. 2008) s > 100 Mpc :
® s < 100 Mpc: Gauss{ian streaming approximation '
1 +&(rg,rr) = f 1+ &(r)| e7lrmrmpOF 2,000 dy

\2mo ()

° FOGsincIuded with additive isoti*opiC O'ZFCSG

Beth Reid .+ i Kavli.IPMU Jan 25 2012
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> SDSS

. Effect of intrahalo satellite velocities

DR9 Battle plan
marginalize over
nuisance parameter.
O%roc with hard prior
informed by small-

scale galaxy clustering

DR 10: derive FOG
velocity distribution

directly from observed

small-scale clustering

Bezth Reid

(aka“Flngers of God )

— Reid & White 2011

I - - no FOG correction
. 1

Kavli IPMU Jan 25 2012
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*2sSDSS
«Alcock-Paczynski has different scale-

dependence, distinguishable from RSD

(Da * H) £10%

Beth Reid L)y St s Kavli IPMU Jan 25 2012



3 sDSS

Final ingredient: Covariance matrix

~e. 600 (L)PT halos
mocks described in
Manera et al. -

100 150 20 100 150

1.0

® Neighboring points in - |
’ & highly correlated --
~no X?byeye! - -

0.0

20 60

Beth Reid .+ i Kavli.IPMU Jan 25 2012



3 sDSS

Results: Fitting to 2d cIusterlng

e Use fuII model of Eo (s = 25 h-! Mpc) to COﬂStraln
e Dy= [(|+z)2DA cz/H]'3
o growth of structure (fos)
B AIcock-OPacz'ynski- F(z) = (| +z) DA(Z) H(Z)/ C

° marglnallzmg over shape of underlylng linear
Pk), b0'8, O'ZFQG

Beth Reid .+ T 23 Kavii IPMU Jan.25 2012
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*PsDsS .
. . Best fit model: x2 =39 (41 DOF)

e growth:fs = 0437 -
-®  geometry:Da = 2184 M.pc? H=91.5kms' Mpc' '
® nuisance: bog = I..235, O0%oG = 40 Mpc?

® - shape: Quh? = 0.1364, Qph? = 0.02271, ns = 0.967

-
=
~
Q

[N

=

"
L

r (Mpc/h)
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*Vspss
3 Outline

® Non- cosmologlst gulde to galaxy redshlft surveys |
o Galaxy clustering in 2d: &(ro, rn)

° Information in the spherical avg Eo(s)

e Information from anisotropy: ‘c:z(s)

Beth Reid .+ T 23 Kavii IPMU Jan.25 2012



" 'SDSS
§ BAO Hubble Diagram: Comparlson

with, CMB, Ho, and SN

6dFGS SDSS—II

—— WMAP ACDM
SNLS Dy(z)/D(0.57

0.4
Redshift

Beth Reid .+ i ' Kavli.IPMU Jan 25 2012



Y spss
Eo BAO + Ez DA, H, {0 at z=0.57

o f33(0.57) = 0.43 % 0.069 ,
o H(0.57) = 924 + 45 km s”' Mpc-
e Da(0.57) = 2190 % 61 Mpc

2000 2050 2100 2150 2200 2250 2300 2350

(1+2)D, (2=0.57) (Mpc)

0.25 0.30 0.35 0.40 0.45 0.50 0.55 0.60

fog (2=0.57)

" Beth Reid i M Kavli IPMU Jan 25 2012 -



3 sDSS

.

~ Breaking the degeneracy between fOg and F

Compute eigenvectors in F-fOg ,
plane, project back onto §g; —
minimize X? wrt-Dv, bOs, 0%roc |

100 150

s (h~* Mpc) s (h~* Mpc)

Beth' Reid VR A | - Kavli IPMU Jan 25 2012



3 sDSS

*Cosmological implications: flat wdcm

" (Samushia, BR et al.)
° Anisotropic clustering - |
allows huge improvement WMAP + D, /r, + anisotropic
.on dark energy | % WMAP+D, /i
parameters!:

e w=-095+025 ..
(WMAP + Dy(0.57)/r)

o w =-0.88 +0.055
~ (WMAP + anisotropic)
Same precision as WMAP.
+SN!. .

Beth Reid .+ i Kavli.IPMU Jan 25 2012



3 sDSS

*Cosmological implications: flat wdcm
" (Samushia, BR et al.)

® Anisotropic clustering
allows huge improvement
on w! .. |

Thanks to fortuitous
degeneracy direction
‘between Fap and fOs .

Besth Reid

WMAP + Dy /r, + anisotropic
WMAP+D,,/r,
anisotropic

O'505.20 025 030 035 040 045 050 055 0.60 0.65

fog(2=0.57)
Samushia, BR, et al., 2012

Kavli.IPMU Jan.25 2012



*2sDss
*Cosmological implications: flat wdcm
" (Samushia, BR et al.)

e Both SN, Ho push back
towards w = -|

Riess et al. 2011

WMAP+Dy, /7, I
WMAP + D, /r, + anisotropid

Beth Reid .+ i Kavli.IPMU Jan 25 2012




*2sbss
‘Dark Energy or modifi ed grawty’
e CMASS geometric:

constraints tighten " quasistatic (R)
i GR
N\CDM fos predlctlon | SN

Shlft |t up

® CMASS fasg is low by
i £3o 10 £ S8

® Same stéry .- other

measurements pull .
towa’rds GR : ' Sam‘uShia,BR,etaI.,ZOIZ

Beth Reid .+ s ' Kavli.IPMU Jan 25 2012



~3sSDSS
" DRI10 Work in Progress

‘® We can find a'std HOD .thé.t fits the projected mass - :
and galaxy distributions around CMASS galaxies:

Beth Reid .+ s ' Kavli.IPMU Jan 25 2012
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‘?“snss
DRI OWork in Progress ,

@ Buts it's a terrible f‘t to

small-scale o2 (at fixed
WMAP7 cosmology)

® Need to explore more
complicated velocity - -

~ structure in HOD, allow

- ‘relevant cosmological
parameters to float, ..

Beth Reid .+ i Kavli.IPMU Jan 25 2012
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3 SDSS
" DRI10 Work in Progress

® ...in order to infer' the
distribution of small-scale
“galaxy -velocities.

Beth Reid .+ i Kavli.IPMU Jan 25 2012



~3SDSS
-+ Summary

e I 1% BAO clistancé constraiht at z=0. '57

® (First?) Best measurement of H(z) usmg BAO +
‘ AIcock-Paczynskl effect

® /% growth rate measurement, | 50‘ Iow compared
‘to ACDM+GR

. ® WMAP+BOSS const,rai,hi.ng power on dark energy .
substantially improved (~factor of 4 in flat wedm!)
when including anisotropic clustering

Beth Reid .+ s ‘ Kavli IPMU Jan 25 2012



