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Goal of this work

éis to validate a new method for accurate prediction of the 

power spectrum based on the closure approximation [Atsushi 

Taruyaõstalk and see ApJ674(2008)617 or arxiv:0708.1367] , in which the 

spectrum is described by a set of non-linear integro-differential 

equations.

In this poster, we numerically solve them without any extra 

approximations.



Closure approximation (abstract)

} Eularequation and continuity equationfor each order of moments require 

information about higher-order moments.

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

} The direct interaction approximationis frequently used for the turbulence 

theory, which makes a set of equations being closed by neglecting some 

kinds of diagrams providing subdominant contributions. This approximation 

is identical to a mathematical technique named the reversed expansion. 

Ą Implemented this to the 1-loop perturbation theory, we have obtained a 

closed set of evolution equations for the propagator        and 

density/velocity power spectra       (and      ), taking into account up to 1-

loop diagrams.
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Details can be seen in Taruyaõstalk.



Re-arrangement of equations

}More symmetric forms
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Re-arrangement of equations

}Integration by wave-number
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have non-zero value.

}Left-hand side
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The explicit forms of 

depend on the Poisson equation

and the Friedmannequation.

This is a case with the Newtonian

gravity and the LCDM model.
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Strategy for numerics

}Expand      and     by a set of basis functions of    .

}Replacing the differential operator by the central difference.

}Apply the trapezoidal rule to the time-integrations.

}Sequentially solve the recursive equations.
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Various treatments of non -linear terms

Lv. 5 : Full non-linear treatment

}Solve the equations without any modifications.

Lv. 4 : R-linearisedtreatment

}All      õs in the right-hand sides are replaced.

Lv. 3 : Semi-linearisedtreatment

} and      in       and      are replaced by those

calculated in the linear theory

Lv. 2 : Linearisedtreatment

}All      õs and      õs are replaced by linear ones.

Lv. 1 : 0-th order theory

}All right-hand sides are dropped
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Lv.1 : 0 -th order theory

}Dropped all right-hand side terms
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As for the power spectrum, we focus on the contribution from the growing mode :

In the case of the Einstein-de Sitter universe,  these equations can be analytically solved :

where             is the linearly extrapolated power spectrum at the present time.)(0 kP



Lv.2: Linearised treatment

}Replacing all right-hand side quantities by those in the 

linear theory
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Lv.2: Linearised treatment

}Linearisedkernels
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The solution should be consistent to the predictions

of 1-loop standard perturbation theory (SPT)
SPT
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Lv.3 : Semi -linearised treatment

}The kernels are replaced by linearisedones

cf.  ôsteepest descent methodõ by P.Valageas(2004,2007,2008)

The difference from Lv.2 is to replace         by         itself.
S
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Lv.4 : R -linearised treatment

}Replace all     õs in right-hand sides by
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Lv.4 : R -linearised treatment

}Replace all Rõs in tight-hand sides by RL
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should be consistent to the propagator calculated

in the closure theory with the Born approximation 
CLA
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Comparison (Lv.2 vs SPT)

error 0.1% coming from

accuracy of time evolution
Ill behaviourdue to 

finiteness of  the 

computational  domain

0=z,2000 =z

,234.0=Wm
738.0=h

flat ȿCDM



Comparison (Lv.4 vs CLA)

ôR-linearisedõ propagator is almost

consistent to CLA propagator.

However,  it may be premature to say so

because the consistency is not exact

and its reason is not understood yet.

[preliminary]
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Comparison (variety)

Up to 0.2h/Mpc, ôsemi-

linearõ traces ôfullõ

Between the linear

theory and  the 

perturbation theory
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