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Large-scale structure (LSS) and Gravity theory

Study gravity theories by using galaxy distribution

The galaxy distribution includes
*many-body
*Baryonic interaction and ...

very complicated

introduce a bias model to evade complicated

issues

Le. (Sy = ‘/—-[AGrm'ity« ()Lineﬂr]

— What is the correct bias model?

Credit: M. Blanton and the Sloan Digital Sky Survey.



Bias model

DARK MATTER ONLY GALAXY
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relying on the fluid equation: relying on the modified fluid equation:

0 0

3775 +V-[0+1)V] =0, 87769 + V- [(64 + 1)V, ] = source term (1),

QV + : +(V-V)V + §V90 =0, 2Vg 4 ! +(Vy- V)V, + §Vg0 = source term (2),

an 2 2 on 2 2

Ap=9§ Ap =6,

= Solution: § = Solution: dgtracen

One of the simplest bias model: §;, =b-6 (b is a bias parameter).



Mon kel:J b'las Fujita and Vlah., 2003.10114

Standard Method

Monkey Method

‘lnltial matter density dr, ‘

‘ initial matfter density ¢y,

Perturbation theory

’ final matter

density [0y ] ‘

Biasing

’tracer density d4[0] ‘

Monkey biasing

’tracer density d4[01] ‘




We need galaxy distribution for testing gravity!!

How can we predict galaxy distribution?

1. We cannot predict the galaxy distribution d.

2. We can predict the dark matter distribution 4.

’ 5 —
S BIASING
We need a bias model to obtain 5g

Why we introduce Monkey bias?

1. Monkey bias doesn’t require a detaild gravity theory to be specified.

2. Monkey bias can obtain very general condition by using consistency relation.




Monkey bias method (1) rujita and viah, 200310174

What is the equations that determine the biased Tracer?
Consider fluid equations (6 :=V - V).

Db+ ~ G+ ~ 6= 80+ ~ 5200,

N >

some number

0;0; ,0;0;
0% 02

a}]0+ ’\’(5"_ ~ O =~

More generally,

0 9,0; . 0:0; A
— O AF ~ A=~ AA ~ OA()QA 2 A (A =0 orb)
1st order : oW =6, = D(n)oro, OW o (9,0n x 1)
ond order: 6@ = ~ bpdn + ~ il i sy, + ~ O 27 5,20 ‘27 oL

0? 7 0



Monkey bias method (2) rujita and viah, 200310174

a@%a@

02 02

’ Fourier space

(59 —(J(SL—i-bl(SL + b2 0; 5La o1, + b3 oL + ..

. 2
M@=MM>+/ [MH m+mmf? Su(p1)oL(p2) + ...
k=p1+p> p P1p>

a,b1,ba,bs3,... include bias and gravity's information (In general, depend on scale).

Connections between the individual bias parameters, a, by, b, bs?

Can analytically determine the bias parameters?




Monkey bias method (2) rujita and viah, 200310174

a@%a@
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’ Fourier space
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a,b1,ba,bs3,... include bias and gravity's information (In general, depend on scale).

Connections between the individual bias parameters, a, by, b, bs?

Can analytically determine the bias parameters?

»Trg with consistency relations!!




Consistency relation with Functional method (1) vatageas, 121112364

Considering d1,9 as Gaussian,

<5L0(CE)' \p/ > = /D5Lo($’) dro(x) [P'eXP(—5L02/20)] (')

pléLo]
Dlexp (—d102/20)](2)
/Dém Déro(x)
= o(x) / Do) ;’ﬁ ;) [exp(—éuﬂ/za)} (z')

:a(:c)<7)5i;0(m)>

In Fourier space

<(5L0(ki) -/)> = PLo(]f)<~4 5 <(5L0(k1)5L0(k2)> = (27‘(’)3(5]3(’(51 + kg)PLo(k’l)



Consistency relation (2)

p = 06(k1)d(ks) case

Di(k)
Doro(k)

Consider long mode’s change, Adro(k), (k — 0), the effect is:

sttx) 2% 5(t,x + Ax)
Diro

5(tap) — eip-A:c(;(t’p)

What is Az?



Consistency relation (3)

By using velocity linear solution:w(k) = —i(k/k*)0,6L (k)

Aa(n) = [ dn So(k) = ~ie/K*)D(n) Ad ()

requiring
1. equivalence principle
2. continuity equation (9,6 + V- [(6 +1)V] = 0)

Thus long mode changes as

_ _ k
ePAe5(n,p) ~ [1 +ip- Az|d(n,p) = |1+ D(”)sz&m(k) 8(n,p)




Consistency relation (4)

(Bro(n, k) - 8(1s, K )B(ma, k) = P (K) <D‘$(’“7W“))>

Déro(—k

D(m)k1
kQ

(Bro(n k) - 8(s, k)5 (ne, k) og = —Po (k) x k- [

(0ro(k) - 6(k1)d(
For the general density contrast d: consistency relation
Jim, <H6<af><kj> . na<aé><ki>>
' J i
_p(a (nj. Zkak D(n ] <H5(a T, l>

773




Bias constraining Frujita and viah, 200310114

Let's try to constrain bias parameters!

1. Now, we have unknown bias parameters: a, by, by, bs.

2. If bias parameters are constrained, we can obtain galaxy distribution: 4.

. . 2
P1-DP2 (Pl Pz) 5L(

6,(k) = 81, (k) +/k= ) [ Lo PP p)oLD2) + ...

p? pip3

Constraints with equal-time consistency relation ( m :dark matter, a, 3 : galaxis’ name)

<6m(k> . 50’(k1)5/3(k2)>k_>0 =0

(6 () - Ba )3k = [ [ (6u(h) - 62 )0 (k2)) + (81.k) - 00 (k)3 (k) ) |

ki=pi+p2



(80.0k) - 62 (k) (k) = ol [o o BLEE 4y LRI 65 1) 6 () () ()

k1=p1+p2 1 1
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~ gl )béﬂ)ikl

(10k) - 00 (k1)o7 (k2)) x (2m)°PL(k)PL (k)00 (k + P1)60 (P2 + k1)

ko=p1+p2

- o, k- k .
IR (@b T x (2m)° P (k) Pr (k)3 (K + p1)ob (2 + k)
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equal-time consistency relation

by using this,

b
2 _ Constant =: Cp
a

The condition, satisfied for arbitrary galaxy.

bg = Cb(l,




Velocity (momentum) consistency relation? Rrizo et at, 1606.03708

Consider non-equal time consistency relation

D(m)k1 | D(n2)k2

(a0, - S0 )3l ) =~ () x k- | 200 1 2R (50 o o)

doing 79 derivative:

<5L0<n, k) - 6(m. k1)

90(n2, k2) >
8772 k—0

— Py { TEDTELE R ()i ) + e - | 2T

Associating continuity equation: 9,6 = =V - [(1 4 0)v],

= Momentum p := (1 + §)v consistency relation ?




equal time (n = m1 = 12) derivative consistency relation (New condition is obtained!)

05(7]2, k)z)

<5L0(77» k) -6(m1, k1)0'7> N=1ML="2 —PL(k)*i
2 k—0

Can we derive furthur restriction for the bias?



Derivative of density contrast

By using 8,01, = D/Ddy,

87769(777 k) = AéL(nv k) + /

[B + B2 p2 Jng(p1 pz) oL(n,p1)oL(n, P2) + ...

k=p1+p2 /2 pips




Derivative of density contrast

By using 8,01, = D/Ddy,

87769(777 k) = AéL(nv k) + /

[B + Bz p2 + B3 (P - pz) } oL(n, p1)oL(n, P2) + ...
k=pi+p2

p1 p1p2

remember? 0g(k) = adr(k) + / {bl + 0, P P2 4y (P 5 2)” } oL(p1)oL(p2) + ...
k=p1+p2 ri pips

where A :=a+aD/D, B; :=b;+2b;D/D (i = 1,2,3) are the bias parameters of Opdg.




equal time velocity consistency relaiton

96 (k2)
on2

> ’fl=77é=7}2 _PL (k)) =
k—0

<6L0(77ak) - (k1)

LHS: <6L0(n,k) -6 (kl)aég(k2)> = [bgauw —a<a>B§5>]
M2/ k—o
Dk-ky

Diseliz, Qk.k2
D k2

RHS: — Pp(k) =

5(k1)d(ks)) = —a(®a®

Comparing both term (A, B; are expanded by a, b;)

a@ |6 + 260 D/ D] - 1§ [P + 0¥ D/D| = aa® D/D




Considering o = 8 and applying b = Cya,

a [62 + 2b2D/D} by [a + aD/D} —a2D/D

= a0y, (Cha)D + Cva’D — aaCpD = a®D
= 9, [(C— 1)D] =0

1
Cb—l(xﬁ or Cp,=1.

Cp condition




Considering o = 8 and applying b = Cya,

a [62 + 2b2D/D} by [a + aD/D} —a2D/D

= a0y, (Cha)D + Cya®D — aaCyD = a*D
= 9, [(C— 1)D] =0

1
Cb—l(xﬁ or Cp,=1.

Cp condition




SUMMARY

> Consistency relations give general conditions and can be derived with a few conditions.

(But they require continuity equation.)

> By considering generalized fluid equation (for the biased tracer), the perturbative solution can

be obtained.

> By using (density,velocity) consistency relations, we derived the conditions for the bias

para meters.



