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Goal of this work

éis to validate a new met hod
power spectrum based on thelosure approximatigiushi
T a r utglkeaddssee ApJ674(2008)617 or arxiv:0708.136m which the
spectrum is described by a set of rbnearintegro-differential
equations.

In this poster, we numerically solve them without any extra
approximations.



Closure approximation (abstract)

+  Eularequation and continuity equatidor each order of moments require
information about higheorder moments.

= BBGKY hierarchy (in principle, we cannot get a closed set of equatiol s)

}  Thedirect interaction approximatsofiequently used for the turbulence
theory, which makes a set of equations being closed by neglecting sorr
kinds of diagrams providing subdominant contributions.This approxima
IS identical to a mathematical technique named the reversed expansior

A Implemented this to the loop perturbation theorywe have obtained &
closed set of evolution equations ftine propagatorG,, and
density/velocity power spectr®,, (arté, ), taking imocount up to 1
loop diagrams.

Details can be seeniha r utglka 0 s



Re-arrangement of equations

} More symmetric forms
L ool K 2.0) = RAA"M (K .G (K 4" )
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Re-arrangement of equations

} Lefthand side The explicit forms of W, (/)

a ©o0 -1 (”) depend on the Poisson equation
W, (77) =% 3 3 and theFriedmanrequation.
i ® 2f2 W 2 f 2 Wi - 10 This is a case with the Newtonian
_ ¢ gravity and the LCDM model.
1 Integration by wav@umber
d°k'

MK EAA") =4 20 GnaK - K K') g1, (K- K, K)
G, (| k'[,A,A’ )Rpr(| k- Kk'[;h,h")
N, (1K A,0") = 2 (‘;p‘; Gk - K k)G (K - K, K)
s R(KLAAMR, (k- KA

Among 8 components d¥apq , onliio G121 9520
have norRzero value.



Strategy for numerics

} ExpandG,, an®&, by a set of basis functionskof
G, (1.K) =a Gapm(M T (K)
} Replacing the differential operator by the central differenc

(n+1) (n-1)

bl 59"
Al 2Dh

1 Apply the trapezoidal rule to the timategrations.

rp(/7)dn° a (9" +9")

} Sequentially solve the recursive equations.



Various treatments of non -linear terms

HIGH

Non-linearity

LOW

Lv. 5 :Rull nonlinear treatment
Solve the equations without any modifications.

Lv. 4 :~-linearisedreatment
AlR, -hé@nsl sidesaretreplacedr 1 ¢

Lv. 3 :Semtlinearisedreatment

G, andR,, inM,, andl,, are replaced by those
calculated in the linear theory

Lv. 2 L Inearisedreatment

Al G, R 6s and_ 0s
' These treatments are i
Lv. 1 O-th order theory ' prepared as referencess

All right-hand sides are droppedi®f 0 Ful 18 it



Lv.1 : O -th order theory

} Dropped all righthand side terms
L .Gee( K ;1,8 =0
L Re(k|:A,A)=0

In the case of the Einstenhe Sitter universe, these equations can be analytically solved :

h-mye., .83 20 82 - 209
GO (K |:A.h') = Q( (-GS + e @20-m
ab(l | ) 5 ge E‘% 28 % 3 3 8~I

As for the power spectrum, we focus on the contribution from the growmg mode ;
1 " él 16
R (k;a,h) =€ F%(k)% 8
¢t 1=

where P, (K) is the linearly extrapolated power spectrum at the present time.




Lv.2: Linearised treatment

} Replacing all rigHtand side quantities by those in the
linear theory

L Gh( K [a.m) = fan MLk [aAMGLE" )

f\/] 1 . [ | . 1t 1
LRIk 1) = MK ) R(TK A7)
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Lv.2: Linearised treatment

1 Linearisedkernels
d’k’
(2p)°

MEAK ") = 4 o—s Gana(K - K' K Gy (K- K, K)

KT IR -l

dsk; gapq(k- kl’kl)-glrs (k' k',k')
(20)° "7 :
 RAIKLAR, (k- KIh)

NS (K [:A,h") =27

The solution should be consistent to the predictions
of 1-loop standard perturbation theory (SPT)

L SPT L — SPT __ 2h 4h
Gab _Gab Pab — I:)ab =€ F)O-l-e (P13+P22)



Lv.3 : Semi -linearised treatment

} The kernels are replaced byearisedones

LW Gok A = fadn MLk amGSH" n)

h
LRI 21 = 4 MK A RE(IK A7)

+f;’i'd/7'waﬁ(|k A Gk |4,

The difference from Lv.2 is to repla@ﬁb Gasb itself.

cf . O0st eepestPVdlagsa@®dhn20072008)h odd by



Lv.4 : R -linearised treatment
1 Repl aRge al-HandsidesbRds i n ri gt

R . 1 _h/] n R . n L AY I
L RE(K 1) = fy di ME(K [0 RE(IK [ )

?
+ f} d NG (1K 5,5 (K [34,47)
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Lv.4 : R -linearised treatment
} Repl ace ashdnddviéessoy RLn t I g h't

d3k’
(2p)°

MEAK ") = 40— Gapa(K - K' K Gye (K- K, K)

3 G§(|k'|,h,h”iR§(|k' k'|;h’h”)]

Na(klAaA")=Ng(klAA")

G., should be consistent to the propagator calculated
In the closure theory with the Born approximation

S _ CLA
Gab — Gab



Comparlson (Lv 2 VS SPT)
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Comparison (Lv.4 vs CLA) [preliminary]
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25 B

O fnearised propagator, i s al most
20 | consistent to CLA propagator. Z i
However, it may be premature to say so. z=1
because the consistency is not exact _

15 . : i
and its reason is not understood yet.
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Comparison (variety)

Between the linear
theory and the
perturbation theory




