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Figure 4. Normalised cross-power spectra XP (k) ≡ 〈|δ̂rec(k)δ̂Nbody(k)|〉/(
√

Prec(k)
√

PNbody(k)) between the matter overdensity from anN -body
simulation and the corresponding simulation in 1st/Zeldovich (blue), 2nd (red), 3rd (gray) LPT, SC (green) and the combined 2LPT-SC (black) model. On
the left: The mean cross-power spectra are given by the solid lines, the dashed line represents the 10th realisation of our set of simulations, the 1 sigma
contours are given by the corresponding light shaded regions. The 2LPT-SC model was computed with a threshhold scale of rS = 4 Mpc/h. On the right:
same as left panel including the mean cross power-spectra for the following smoothing radii: rS = 3, 4, 5, 6Mpc/h (dotted, solid, dashed-dotted and dashed,
respectively).

The range of applications is very wide. Due to its improved mod-
eling of structure formation this approach could be used for the
following purposes:

• Set-up initial conditions for N -body simulations (see
Crocce et al. 2006; Jenkins 2010; Kitaura et al. 2012).
• Make mock galaxy catalogues (see 2LPT based approaches

Scoccimarro & Sheth 2002;Manera et al. 2012), which could be an
improved tool for dark energy studies and cosmological parameter
studies for present and future large-scale structure surveys.
• Fast modeling of the Universe at high redshift to perform sta-

tistical analysis (e.g. Lymanα forest, 21 cm line) (see 21CMFAST
which uses the Zeldovich approximation, Mesinger et al. 2011).
• To analyse the cosmic structure (cosmic web classification)

and perform environmental studies (Nuza et al. 2012).
• For the inference of the primordial density fluctuations

to perform baryon acoustic oscillation (BAO) reconstructions
(Eisenstein et al. 2007) or constrained simulations (Klypin et al.
2003). The method presented here can be directly implemented in
KIGEN (Kitaura 2012; Kitaura et al. 2012) to recover the initial con-
ditions to perform constrained simulations see Heß et al. (2012).

We will address each of these issues in forthcoming publications.
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