Halo Bias and its Evolution in the Peak Model

Tobias Baldauf

with Vincent Desjacques and Uro3 Seljak

School of Natural Sciences
Institute for Advanced Study _ &
Princeton, NJ y

The Zeldovich Universe R e .. S
Tallinn ML i i oA
24.06.2014 2y FORR S




Introduction

Motivation & Strategy

Motivation for Theoretical Modelling of Halo Clustering Statistics
m extraction of fundamental physics from galaxy clustering surveys
requires accurate and precise bias models

m BAO smoothing/reconstruction for dark energy
m broadband power for neutrino mass

m halo-halo correlation function is important ingredient of halo model

[Bond & Myers 1993]
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Motivation for Theoretical Modelling of Halo Clustering Statistics
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m BAO smoothing/reconstruction for dark energy
m broadband power for neutrino mass
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Strategy
Halo Clustering Initial Conditions Evolution

[Bond & Myers 1993]
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Introduction

Bias Models on the Market

non-Perturbative models

m Kaiser thresholded regions § > 4.

&ee(r) == bi&iin(r)

m Peak formalism ¢ > 6,0’ =0,0"” <0 10

(1) 75 B (1~ 53V 6in(r) ﬁ/\f\c\ ik

-05

Perturbative models

m local Lagrangian Bias 2% ; i . :
m local Eulerian Bias

[Kaiser 1984,BBKS 1986,Fry & Gaztanaga 1993]
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Initial Conditions

1-D Peak Clustering Primer

Peak Density 1
1+ Spk(q Z 5O (q —ay) = W > det HSP)(6).
P! pk

[Kac 1943, Rice 1954, BBKS 1986, Lumsden, Heavens & Peacock 1989]
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Initial Conditions

1-D Peak Clustering Primer

Peak Density

1 1
1+ 6pk(a) = — Zé(D)(q —p) = —— Zdet H6®)(V5).
Tipk Pok

pk
Peak Correlation Function Y = (51,0(5{., 1, 62,05,064)
1 1 1
14 Eon(r :_—7/ déy 65 dsy &) ex {—7YM*1YT}
&pk(r) 7, @2m)det M ) o 2 02 do101 exp | =2

Eompk(r) & bioo(r) + 2bioboréa(r) + bj&a(r)
pk,5(r) = bro&o(r) + bo1&1(r)

[Kac 1943, Rice 1954, BBKS 1986, Lumsden, Heavens & Peacock 1989]
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Initial Conditions

1-D Peak Clustering Primer
Peak Density 1
1+ 6pk(q 2503 — ) = — > det H5®
Mok “¢
Peak Correlation Function Y = (01,061,067, 82,85,0%)
0

14 l(r) = —

1
o /(2m)6 det M /40

1
d6y 8% dsl! 8! exp {_EvalvT}

Eompk(r) & bioo(r) + 2bioboréa(r) + bj&a(r)
pk,5(r) = bro&o(r) + bo1&1(r)

Correlators of Derivatives of Smoothed Field & Covariance Matrix
iy 2(r) = (875 (1)) = / oy (107K xp[akr] P (K Wi (k)

m B 50(”) _51/2(") —{1(r) US 0 —O’%
M= (BT m) B = | &/a(r) &i(r) —&3/2(r) m=| 0 o3 0
=&(r)  &yalr) &(r) 2 2

—o3 0 o5

[Kac 1943, Rice 1954, BBKS 1986, Lumsden, Heavens & Peacock 1989]

Tobias Baldauf
Halo Bias and its Evolution in the Peak Model



Initial Conditions

Peak Effects in the Initial Conditions

bs(k) = (b1o + bork®) Wr(k) by (k) = Wh(K)

z =0 haloes z =99 z =0 haloes z =99

(Omin) / (Omijm)

1072 107! 10°
k[hMpc™!] k[AMpc™]

Jx) = [1+0(x)]v(x) - &;

[Desjacques et al. 2009, Elia et al. 2011, Baldauf et al. 2014]
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Initial Conditions

Peak Effects in the Initial Conditions
bs(k) = (bio + bo1k?) Wr(k) b,(k) = (1— RIK*) Wr(k)

z =0 haloes z =99 z =0 haloes z =99

(Omin) / (Omijm)

1072 107! 10°
k[hMpc™!] k[AMpc™]

Jx) = [1+0(x)]v(x) - &;

[Desjacques et al. 2009, Elia et al. 2011, Baldauf et al. 2014]

Tobias Baldauf
Halo Bias and its Evolution in the Peak Model



Initial Conditions

Peak bias in the Correlation Function

Enn(r) 72225 (bio—bo1 V2)ER(r) = Pun & (bio—bo1k?)? P(k)W3(k)+=

1D Peak Model

Simulations
T 10
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[Lumsden, Heavens & Peacock 1989, Baldauf et al. 2013]
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Evolution

Coupled Halo-Dark Matter Fluid - Eulerian Approach

General Evolution Equations

3
(k) + () = = [ 755501, ()50
d3q
(@)

3
51000+ 0) = = [ 555l @) ()0

3

0! (k) 4+ HOm(k) + gﬂzﬂmém(k) =— / B(d1,92)0m(a;)0m(az)

T B(ar,a2)0n(ay)0h ()

04 (k) + HO(K) + 2 H2 Qi (k) = — / o

[Elia et al. 2011, Baldauf et al. 2014]
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Evolution

Coupled Halo-Dark Matter Fluid - Eulerian Approach

General Evolution Equations

I (k) + Om (k) =0
01 (K) + HOm(k) + 7—[29 S (k) =0
5h (k) + 0n(k) =0
0r (k) + HOn(k) + ’H,2Q Sm(k) =0
Linear Evolution for b
N 1 [P T
bv(kﬂ?) =1+ [bw(k) 1] [D(n)}

[Elia et al. 2011, Baldauf et al. 2014]
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Evolution

Coupled Halo-Dark Matter Fluid - Eulerian Approach

General Evolution Equations

(k)
O (k) + Hbm (k) + g’H2Qm6m(k) =
n(k) + 6n(k)
On (k) + HOn(k) + g”ﬂzﬂmbv,c(k)am( )

Linear Evolution for b,

b, (k,n) = by (k) + [byi(k) = byc(K)] [

[Elia et al. 2011, Baldauf et al. 2014]
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Evolution

Coevolution: Possible Scenarios for late time Qutcome

Density Bias Velocity Bias

= by#0b=0 1

25| == bye#b,#0
—  by=0

be=b,:#0 o5l

5 g
15 ook
10+
L -05
0.02 0.05 0.10 0.20 0.50 1.00 1.00
k[hMpc ] k[hMpc]
m no initial velocity bias, no m initial velocity bias, strong
coupling bias coupling bias
m initial velocity bias, no coupling m initial velocity bias, weaker
bias coupling bias
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Evolution

Zeldovich Evolution of Peaks

Zeldovich displaced Peaks
1
1+ 6n(x) = Eh: 5O (x — xp)
1
= /d3q6(D)(x —q-%(a))> s (a-a,)

pk

[Bond & Myers 1993, Desjacques, Sheth, Scoccimarro, Crocce 2010, Baldauf et al. 2014]

Tobias Baldauf
Halo Bias and its Evolution in the Peak Model



Evolution

Zeldovich Evolution of Peaks

Zeldovich displaced Peaks

1+ n(x 25@

Z%’ é%,/fqapm-u—qng;wwq—%uapkm-@mn

Density and Momentum Statistics

<5<1 (k )on(—k)) = Dic{a(k,a)cpk(k)PR(k)

(000 (-0) = (b.(k 2) = Dol (k. a) ) Hr, 0 (% ) Gl Prlh)

[Bond & Myers 1993, Desjacques, Sheth, Scoccimarro, Crocce 2010, Baldauf et al. 2014]
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Zeldovich Evolution of Peaks

Zeldovich displaced Peaks
1
14 6n(x) = > 6P (x — xn)

:FTIh ((21:;3 /d3qexp fik - (x - q)] Epk: 5 (a — a,) exp [~ik - ¥(q)]

Density and Momentum Statistics

<5<1 (k )on(—k)) = Dic{a(k,a)cpk(k)PR(k)

(000 (-0) = (b.(k 2) = Dol (k. a) ) Hr, 0 (% ) Gl Prlh)

Ingredients

B (k,a) =1 — R2k* + DI (bwo + bok®)  by(k,a) =1 — R2k* = const.

1
6s(K) = &0 [~ 373k D3 a)]

[Bond & Myers 1993, Desjacques, Sheth, Scoccimarro, Crocce 2010, Baldauf et al. 2014]
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Evolution

Evolution for Conserved Tracers

Density Momentum
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dashed: decaying velocity bias R? o D—3/2
solid: Zeldovich displaced peaks ~ constant velocity bias
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Evolution

Evolution for Conserved Tracers

Density Momentum
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Evolution

Evolution for Conserved Tracers

Density Momentum
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Evolution

Evolution for Conserved Tracers

Density
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Evolution

Evolution for Conserved Tracers

Density Momentum

D (6mi6h) / (0m,i0m,i)
Doyi/ Dy (8miidn) / (Om,idm.i)

k[AMpc ™!

dashed: decaying velocity bias R? o D—3/2
solid: Zeldovich displaced peaks ~ constant velocity bias

Tobias Baldauf
Halo Bias and its Evolution in the Peak Model



Summary & Outlook

Summary & Outlook

Findings

m evidence for peak/k? effects in the initial conditions
m evolution of velocity bias in tension with simplest models

m evidence for late time velocity bias = relevant ingredient of scale
dependent bias models

Ongoing work. . .

m late time halo-halo clustering + BAO reconstruction

m non-perturbative 3D clustering in ICs and evolved field
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