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@ EAAH[] Motivations

ALL-SKY ASTROPHYSICS

* |Improving systematic errors: BAO
Additional information washed out by averaging
over all environments?

e Screening mechanisms: suppress grav. forces in underdense regions
Upcoming surveys: high volume, so why not?
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@EAATH[] Outlines

ALL-SKY ASTROPHYSICS

* Improving the BAO scale measurement using environmental correlation
function

e Testing the consistency of the growth rate measurement in different
environments with 6dFGS
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Improving the BAO scale measurement
using environmental weighting




@ EAATH[] BAO peak reconstruction

ALL-SKY ASTROPHYSICS

* Baryon Acoustic Oscillations:

Excess of matter on scale R~¥110 Mpc/h
(peak in the matter correlation function)
Use as standard ruler
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@ EAATH[] Restoring the BAO peak

ALL-SKY ASTROPHYSICS

Standard reconstruction in simulations (Eisenstein et al. 2006):

1- Measure local density around each galaxy

2- Compute the corresponding "~ "displacement field”

div W=-6_(Rs)
3- Move each galaxy position x by x-W

If no biased tracers & no NL q=x-W
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@EAAH[} Displacement of halos:

ALL-SKY ASTROPHYSICS

Achitouv & C. Blake ArXiv: 1507.03584 M. Kopp,C. Ulman& I. Achitouv ArXiv: 1606.02301

25 T T T ‘ T T T T ‘ T T T T
| M=10'29[M__/h]
| M=10'38[M__/h] . ]
« 1storder LPT approx: *r i
| M=10143[M__/h]
- X
+(Rs)D(z) S 15 }
¥(W(q, 2, Rg) = — A S) 22 a0 1
(9,2, Bs) aiH (a;) f(ai)D(z:) = X
% i
. 1 =X X —
!
S Ix %
Optimal smoothing scale = initial o5 L % ]
size of the proto-halo [
Mv <o > V=4/3nrR}?
‘ L L L L ‘ L L L L ‘ L L L L ‘ L L L L
0 1 2 3 4 5
RS
R,

Ixandra Achitouv Diving into the Dark July 16




@EAAHU Performance of the reconstruction for

e different environments:
S
* Low sensitivity to the smoothing
scale
T4l —
=
* High sensitivity to the environment, = .
independent of the LPT orders .
3k " » X —
| |
T Mmoo ox
The reconstruction efficiency decreases in
dense environments where NL effects 5 !! . -
become important.
_I | | | ‘ | | | ‘ | | | ‘ | | | ‘ |
0 Q 4 6 8

6(Rs=5,7.5,10 Mpc.h-1 )
I. Achitouv & C. Blake ArXiv: 1507.03584
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@EAAH[] Reconstructed correlation function in

IR different environments:

* Landy-Szalay estimator:

DD;j nRinR; B DR;j nR; B DRj; nR;

EBE; = 1
SEE; HHU ‘IYD‘Z']IID]' RRij ‘IID.l' RR’J IIDj +

e Sharper peak in underdense environment
less NL effects
reconstruction more accurate

r? &.,(r) [Mpc®h*]

 The total correlation function can be
expressed as

o 2ij (o RRy; G + fij) N
Stot — Z~~RR" 60 80 100 120 140
Y it Mpc h-1]

I. Achitouv & C. Blake ArXiv: 1507.03584

Can we build a new estimator of &, which improves the reconstruction of
the BAO peak?
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@EAAHU Weighting the reconstructed correlation

ALL-SKY ASTROPHYSICS fu n Cti O n :
80 I I I I I I I I I I I I I
 Simple idea: - é | |
& > wij§; & wij=(wi wj)t/? - T — stdrecon.
reproduce linear correlation 0 ]

function shape at the BAO scale

z'ij Wi (Q"ij RRZJ gzj + ,"'3'1']')

gweight.ed —

r? ¢ (r) [Mpc2.h= |

Weighting+ 2LPT + R, 2R,
~8% improvement on the
measurement of the BAO scale
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I. Achitouv & C. Blake ArXiv: 1507.03584
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Testing the consistency of the growth
rate in different environments with
the 6dF galaxy survey




@EAASTH[} Linear Perturbation theory :

ALL-SKY ASTROPHYSICS

Evolgnon of the. linear " 0 192" 4nGpyd
density fluctuations: Ot2 a Ot
 Linear growth rate for a () = L D = dinD ~ 06,

ACDM universe:

— \

Sensitive to the background Depends on gravitational forces
expansion
. " . - o) D
* Peculiar velocities of galaxies are Viv=—a— = —ad—= = —adH f ()
. ot D
sourced by the gravitational
potential
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@EAAH[} Probing the linear growth rate in

ALL-SKY ASTROPHYSICS

different environments:

* Redshift space distortions:
Asymmetry of the correlation function due to
peculiar velocities of galaxies.

1T [Mpc/h)

v

€ag(0, ) = / (o, — H—O)P(lﬁ)dv

10 15 20 25 30
o [Mpc/h]

. I. Achitouv & C. Blake Arxiv:
Large scales: coherent infall/ 1606.03092
outflow due to density
fluctuation (Kaiser effect)

sensitive to the growth rate

Small scales: random
motion of galaxies within
group (FoG)
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@EAASTH[} Probing the linear growth rate in

ALL-SKY ASTROPHYSICS

different environments:

* The galaxy-void correlation function in RS: gl 005
outflow motion of the galaxies sensitive to the | ] Io.3o
growth rate

1 4
vp(r) = —gHorA(-r)f.

0.45
o \\ k. 1 ~0.60
3 ' \‘ \\
) - 27 | -0.75
A(I’) — ’_-3/ év—Dl\f‘IQ/)y dy' ‘ 15 20 25
0 .
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I. Achitouv & C. Blake Arxiv:

Small scales Virial motion of the galaxies P(v)dv 1606.03092
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IS0 6dF Galaxy Survey:

ALL-SKY ASTROPHYSICS

http://www.6dfgs.net/

The 6dFGS View of the Local Universe

* Low redshift survey z~0.1
- Sensitive to the late-time accelerated
expansion of the universe (DE)

 Mapped nearly half the sky (southern
hemisphere)
- Large volume that can probe large voids

e (Catalogue of ~ 100,000 galaxies and
measurement of ~8,000 peculiar
velocities.

e

UK Schmidt Telescope:
Home to 6dF
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@EAAH[} Consistency of the growth rate

ALL-SKY ASTROPHYSICS

. — §,G
Assumptions: e
- ACDM cosmology gL
- Linear bias Metropolis-Hasting MCMCforggg .

. . . . mocks analyzed with
- Constant velocity dispersion (nuisance A. Lewis GetDist module
parameter) 20/
- we find voids using density criteria* 7 180f
- We performed a 2 of the 2D void-galaxy, =2
galaxy-galaxy correlation functions using oo
errors from the standard deviation of the ~ o..[
mocks. 0.69}
. . g 0.66
*|.Achitouyv, in prep
0.63

We found for 6dFGS a consistency With ACDM: ~55505609009 60 130 160 240 0.63 0,66 0.69 0.72

fo, =0.36+0.06 for gal-gal RSD s oellme
and fo, =0.39+0.11 for the gal-void RSD Achitouy & ¢ Blaxe Ay,
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@ EAATH[] Conclusion

ALL-SKY ASTROPHYSICS

* Looking at different environments can be helpful to:
1-Improve current cosmological probes ~ 8% for BAO

2-Challenge the ACDM picture of our universe / GR model

* With 6dFGS we find consistency with LCDM but:

-Large statistical errors that will become lower with upcoming
surveys giving a good opportunity to perform such analyses.

- Interesting to test for different models of gravity and DE
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The distortion factor:

- X? (a) estimate
£"(r) = B*¢m(ar) + A(r)
- a=1 no shift in BAO peak

- 0, over 1000 boxes = error in BAO

scale measurement

Standard reconstruction:

- R&=10Mpc/h and x=0
- Zel’dovitch approximation

Weighting+ 2LPT + R, 2R,
~8% improvement
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Density criteria to identify voids of
size Rv=20Mpc/h
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@ EAAH[] Motivations

ALL-SKY ASTROPHYSICS
. - 80 I I I I ‘ I I I I I I ‘ I I I
* Simple idea: I .
& > wij§; & wij=(wi wj)t/? - T — stdrecon.
reproduce linear correlation 60 I N

function shape at the BAO scale —
=
broad choices of parameters g
=
* Elaborated idea: ?;
€ = 2ij Wij (i RRi; &G + Biy)
weighted Zij Wij RR ij
wi=1+(i- iy,) X/(i00ia) x=[-1,1]
Weighting+ 2LPT + R, 2R, 60 80 100 120 140

~8% improvement on the measurement of the BAO scale © 1P 2™
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