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BAO (Baryon Acoustic Oscillation)
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' We can estimate the cosmological parameters
from the position of BAO peak (standard ruler)



Peculiar velocities of galaxies

1). Peak broadening
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Increasing the distance errors
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need to handle with nonlinear effectskE
But this suppression is mainly caused by large-scale [3ow (velocity)




Standard reconstruction

1). estimate the displacement from the observed density Pled

Zeldovich approximation (ZA) é

-------

. -
G(k) = exp[—0.5k732e— ~ OO

scale

2). shift galaxy particles and uniform random particles by that

----------
L 4 ~

Galaxy: §(%)(q,t) = SW) ;:f(S(l) i)i Redshift-space distortion

~~~~~~
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Random: (1) where [ = . Linear growth rate

itOs like moving Odensity contrast:



Reconstructed correlation function
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The BAO peak is actually recovered
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Improving the statistical precision
by a factor of 1.5 - 2




Problems In the standard reconstruction

1). Inconsistency in Lagrangian PT and a time series

Eulerian PT

Lagrangian PT _ _
Kaiser relation
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Cross correlation with the non-linear density Peld
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Up to the 1st order, Lagrangian PT Is better



Problems In the standard reconstruction

2). Fake density contrasts

line of sight
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these regions might create fake density contrasts



Motivation

In upcoming galaxy redshift surveys, e.g., DESI or PFS, the
survey area becomes much larger and deeper

» providing more than 0.3% accuracy distance measurements

Standard reconstruction can improve the precision on the
BAO distance measurement

» but, it has some problems

We need to improve the reliability of the BAO standard ruler

» develop a new reconstruction method to
settle the problems



Our method: 1.) Algorithm

Observed density Peldin redshift space Original linear density peld
—
smoothing
. ~ (1) ket scale
Displacement S° (k) = ﬁ(SL(k)G(k) f

G(k) = exp[—0.5k{i_i2,‘]
Redshift-space  S®(q,t) = S® + f (SW &)
s@.9=q+ s(a, t)
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2.) Equations

Monaco and Efstathiou (1999)

Jl(S) — Si,i =1 aS
12(S)=(Sii Sjj ! SapSap)/ 2

D) 2 O )

|
—> L@ g D) (S ¢ ua(SY) + pa(S)

s(d,t) = g+ S¥(q,1)
From the displacement, we can calculate the linear density peld

-—gp |f we iterate the estimation and the solution converges, it
should be correct

# The solution converges, but the amplitude decreases



e large scale mode
Displacement (k)-' L(k)G(k)> ...... . F(K)

how about smaller scales than the smoothing scale ?
- advected together

Residual  !wes(@) = !'L(q)! '1(q) = !L(q)+ " &S\ (q)

assume that the residuals existed at the initial time

Redshift-space  S{*(q,t) = SV + f (S" ap)i

s(a.t) = a+ §(a,1) v
det 15, + Sl = ((cs])) ) 11++1|r'e's((ss)1).
S

— (@)= (S L@+ () 1+ (ST + pa(ST) + ps(S)



3.) Iterative process

Is(a,t) = g+ SO(q,1)]
1st: ' () = 's(s) «—— S =0

(1) |k
S 1(k)=

"Ly (K)G(K)
(s)
2nd : !|_(1) (q) e— oo S

E until the solution converges
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debPned on eachgqrid cell
—pp We donOt need to move the galaxy and random particles



Matter fields

. _ (RH & Eisenstein, 2018)
N-body simulation

Abacus (Garrison, et al., 2017)
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1.) Cross-correlation for the displacement

Real space Redshift space
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2.) 2-point correlation function

Redshift space
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Galaxy fields

. _ (RH & Eisenstein, 2019)
N-body simulation

Abacus (Garrison, et al., 2017)

Box size: 1100 [Mpc/h] mm)) Halo fields
Number of particles: 1440"3

Rockstar
Redshift: z=0.5
GRAND-HOD .
(Yuan, Eisenstelin, Galaxy fields
& Garrison, 2018) Np ~ 843
Reduction of smoothing scale |
. | — - INl
Initial scale: 20 [Mpc/h .
[Mpc/h] 1 on

Final scale: 10 [Mpc/n] n: the number of iteration



Galaxy as a biased tracer

Matter Galaxy

Density: 53 (S) — 53 (S)/b
Linear growth L

rate: f B = f/b

Bias: b = Ti,gal(kcr)/ri,mat(kcr)

"I H
where ri(k)! — '”'2 ke = 0.1 [h/ Mpc]




Matter vs Galaxy:

Z2-point correlation

Difference with the initial
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Matter vs Galaxy: 2-point correlation
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Matter vs Galaxy: power spectrum
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Matter density fields
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Matter vs Galaxy: power spectrum

Galaxy
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Chi-square surface
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Conclusion

developed an iterative reconstruction method to settle the problems
that the standard reconstruction has

consistent in Lagrangian PT and a time series

— .
grid base: not produce fake density contrasts

applied the new method to matter and galaxy pelds from N-body
simulation

correlation function can be reconstructed more precisely
btting with theoretical template is also improved

—

also investigated how the iterative reconstruction depends on the
changes In some parameters

smoothing scale: more stable
bias: hardly inBuenced

—







Backup slides



Smoothing scale

Galaxy density fields
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Smoothing scale

Galaxy density fields

Galaxy
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diff. for monopole
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Smoothing scale

Galaxy density fields
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Smoothing scale

Galaxy density fields
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Galaxy
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Galaxy
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Number density of galaxies
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Number density of galaxies

Difference with the initial

Galaxy
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Number density of galaxies

Difference with the initial
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BAO suppression

what scales are responsible for the differential motion ?

Cumulative Variance
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Cumulative variance in the differential motion of pairs initially
separated by 150 Mpc as a function of cutoff wavenumber



Peak shift vs Bias
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