Cosmological Constr.aint_s from the Redshift

Dependént of the Alcock-Paczynski Test
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BAO (BOSS5 DR11)
SMia (JLA)

I, + BAD (BDSS DR11)

CMB TT, TE, EE+lowP | Manck )

AP (BOSS DR12, this paper)

CMB TT, TE, EE. lowP [ Mauci) + SNIa + Iy +
BAO (6dF, MGS, BOSS DR11) + AP (this paper)




The Alcock-Paczyﬁski Test -

Alcock & Paczynski, Nature 281, 358 (1979)

The Alcock-Paczynski (AP) effect refers to the geometirc distortion when incorrect
, cosmologlcal models are adopted for transformlng redshift to comoving distance.
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Incorrect cosmology — shape distortion
. and, the distortion is redshift dependent
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+ RSD effects e - |
on 2-point correlation function along () & across (c) LOS




Our Option: the redshift dependence
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Pattern evolves with distance. =~ . Kaiser effects on large scales and FoG
| effects on small scales
(pattern ~ independent of redshift)
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Incorrect cosmology — shape distortion
. and, the distortion is redshift dependent
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Ji{e‘dshift Evolution of AP
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Proof—of—concept on HR3 N-body: Gradlent Field

X.-D. Li, Changbom Park, J. E."Forero- Romero Juhan Kim 2014 ApJ

Correct Cosmology: y* =59.6
--. de Sitter: y* =3570.5
44 : . ..-. Phantom: y* =2288.6

Mean of -
+ cosine of
& - vector
. direction

We study the gradient field of the spatial distribution of galaxies.

The anisotropy (quantified by the fnean direction .of gradient vectors) has redshift dependence
in' case of adopting wrong cosmologies.



Proof-of-concept on HR3 N-body: ZpCF

X.-D. Li, Changbom Park, Cris'G. Sabiu, Juhan Kim 2015 MNRAS
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~ Application to BOSS DR12 galaXies

X D, Li;Changbom Park, C.G. Sabiu, et al., to appear

i

— T T

LOWZ 8,337 deg 2. CMASS 9,376 deg 2 *(~1/4 sky)
~1.13 M gals at 0.15 <z < 0.7




- Systematics

1. RSD

. (still the most signifiéant)
2. Galaxy bias

(affect clustering)

; .- - "

3#Angular variation

4. Radial variation = . -+ .2
(incomplete LF cbverége_) i 4

5. Fiber collision (high-density

regions under-sampled)

; .
V Comuology: (2 =031 ACDM |
:
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We create mock surveys to.
model] the observatiopal artifacts
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HR3 (Kim et al. 2012) ¥
(10.815 h* Gpc)?
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72 mocks — covariance estimation

-
V
.I
.
.
L4 "
» ’ P
.
4 -
-
-
Ll
-
v
-
-I- I : L} ,
¥ ’
. i . 4 F
4 L
i &
3
E
¥ 5
-
-~
= =
f &,
2t e =
r ¥
- L L] :
o i
= - :
b = o
ls -
v - |
< - |
= - .
k. & 1 5
' o 5 e
1 ] =3 = i
| £ = -
v
’
i .
'} - d ® =
-
%
E 1
(R il
e . 3
E ",

" HR4 (Kim et al. 2015)
(3.45h* Gpc)*
63003_,particles |

WMAPS5 Cosmology +

4 mocks - modeling systematic



L]

2048 mocks — covariance




Methodology

Cosmology : £ —E].fil ACDM

015<z<07 SlXZ-blIlS \\.’._

1. Adopta r(z) [in some cosmology], construct 3D LSS
2. Measure &(s, 1) in each z-bin

-

3. Quantify the evolution [ from 5:high-z bins compared to the lowest redshlft]
Wrong Cos. — Large redshift evolutlon — Disfavored

4. Try different cosmologies and repeat 1-3 — Cosmological Constraints



Likelihood
Covariance from.
: - ; MDPatchy/HR3

jo=1

where p(z;, ;) is the redshift evolution of clustering,

Eas. With systematic effects subtracted

S ;fj]

(comparing all.redshift bins W.LL. ‘
the lowest redshift bin)
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2-d 2pCF in six redshift b"ins. _

Q= 0.31 ACDM

L L L
R s SRS
L]

LOWZ LOWZ
0.274 <z <0.351 0:351 <z <0.430

Fed Fd B0 Lad L
=

b s oD

b R

H -
. h O

1.k

m CMASS CMASS CMASS
0.430 =z <511 0.511 <3 <0572 0.572 <z <0.693

FOG at 1 - p — 0 and Kaiserat1-p>0.1
Similar to each other: Small redshift evolution of- RSD



1-d 2pCF as a function of angle

“P follow the procedure of Li et al. (2015) and

integrate the £ over the interval | éMpeh <'s < 40 Mpeih | 40 Mpc/h . We

evaluate

o *Smax
Ens() = / £(s, 1)
Smin

The redshift evolution of the bias of observed galaxies
leads to redshift evolution of the strength of clustering,
which is difficult to accurately model. To mitigate this
systematic uncertainty we 1elv on the shape uf Ens(pt),
rather than its amplitude,

Jo T Eas(p) du




Observation VS Simulation
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Redshift evolution from RSD and so on

Small in most redshift bins
Relative large in the 6™ bin but still correctable




Check gal bias

y 15| = M >1x10"h ' M, R =456 x10"* (b~ Mpc)

enr M >2x10%RI M, A=210 %107 (A Mpe) ™
1.10

v M >4 x10%A7 M, 2 =0.91 x107* (A~ Mpe)
1.05} - — i g ) Yty oD en s

_1.00
W
0.95
0.90
0.85 - e ' = (0 snapshot data within the radius r < 600 h~ Mpe
0.80 |
' Dependence of £,.(¢) on halo mass, measured from HR4 mock galaxies
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'Considering the large variation of M, effect not significant



The Redshift Evolution
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Cosmological constraint

BAO (BOSS DR11)
SNla (JLA)

H; + BAO (BOSS DR11) 1
CMB TT, TE, EE+lowP {Fanck)
AP (BOSS DR12, this paper)

e T CMB TT, TE, EE, lowP { Flanck) + SNla + H, +
TS _ BAO (6dF, MGS, BOS5 DR11) + AP (this paper)
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Cosmological constraint (HR3 N-body as Covmat)

177 BAO (BOSS DR11)
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Robustness Tests"
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Reobustness Tests

1.5

Covariance from 72 HE3 mock surveys Covariance from 36 HE3 mock surveys Merger timescale : LOUS
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Cbmparing the dihfferentiprdl_)es of gebmetry

" BAO: D'A'(z)/rd H(z)*rq

N DA*H(Z)

*
11.

. SNIa DL(Z)

{0ur 2 d DA*H(Z) / dz

1 . . '_r i
* Si_fnlg'le idea, suc'ce's.sflilly oveft;bqll_ng RSD, powérfﬁ# '

*JNIndepe.ndent. from dther’ techniques (co}nbjnable)

* No complicate modehng

* Enter small scales (6-40 Mpc/h) difficult for most technlques

A lot of information encoded in small—scale clustermg!



eBOSS quasar clustering
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