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Figure 2. Correlation matrices of various power spectra measured from the
Coyote Universe simulations. Pδ is the conventional power spectrum; Pδ/σ

2
cell

is the power spectrum, dividing by the variance of cell densities; Pln(1+δ) is
the power spectrum of the log-density; and PG(δ) is the power spectrum of the
Gaussianized density.
(A color version of this figure is available in the online journal.)
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With the insight that the covariance is from bias fluctuations,

perhaps the covariance can be removed. Indeed, in the bottom
row of Figure 1, we show that the translinear covariance largely
vanishes if the power spectrum from each density field is
divided by σ 2

cell, measured from that field. This is equivalent
to measuring the power spectrum of (δ/σcell). The reduction
in covariance is dramatic for cell sizes !4 h−1 Mpc. Using
2 h−1 Mpc cells, there is significant residual covariance on small
scales, but the covariance is still much smaller than in the top
rows. Interestingly, α is quite consistent over this factor of four
in cell size; with 2, 4, and 8 h−1 Mpc cells, α×104 = 1.29, 1.37,
and 1.22.

Figure 2 shows a commonly plotted measure of the covari-
ance, the correlation matrix Cij/(CiiCjj )1/2. Pδ/σ

2
cell has smaller

covariance even than the ln(1 + δ) power spectrum (Neyrinck
et al. 2009; hereafter NSS09), surpassed in diagonality only by
the Gaussianized power spectrum (NSS09). Hereafter, all of the

Coyote Universe results use a 2563 grid, with a cell size of
∼4 h−1 Mpc.

We note that the form of the ln(1 + δ) covariance matrix is
similar to the δ covariance matrix, except that the constant α is
given by fluctuations in the variance of ln(1 + δ) in cells. This
sheds light on the reduction in covariance from transforming
the density to give a more Gaussian one-point distribution.
By definition, Gaussianization reduces higher moments, in
particular the kurtosis, and thus the variance in the variance. In
our model, then, the full power-spectrum covariance is reduced.

2.1. Comparison with the Halo Model

Figure 3 shows the quantity CNG
ij ≡ Cij − 2δK

ij /(NiNj )1/2,
the covariance minus the Gaussian component; this should be a
constant in our α model. We compare CNG

ij as measured from
the Coyote Universe to predictions in the HM, both using all
terms, and only the one-halo term. For the HM covariance
matrix we use our CosmoPy implementation (Neyrinck et al.
2006; Neyrinck & Szapudi 2007, 2008). In all panels, CNG

ij is
normalized by dividing by α as measured in the simulations.

Indeed, at large k, the measured CNG
ij /α ≈ 1, conforming to

the form above. For the HM panels, we set Ni ∝ k2 exactly;
i.e., fluctuations in Ni from the finite lattice are suppressed for
clarity. The detailed features in the HM CNG

ij are different than
that measured. On large scales, where there is much noise in
the measured CNG

ij , there is barely a hint of the perturbation-
theory trispectrum wiggles from BAO (Neyrinck & Szapudi
2008). This is not surprising; in that paper it took a few hundred
Gpc-scale simulations to get a clear signal.

While our simple model involving α seems more accurate
than the HM covariances on translinear scales, the HM does
not utterly fail; the full-HM covariance is typically within a
factor of two of that measured. Given that we did not adjust
HM parameters or polyspectrum assumptions to optimize the
fit, its agreement is not bad. The agreement with the commonly
used one-halo covariance, however, is poorer outside the large-
k corner. This vanilla one-halo model assumes a halo mass
function with uncorrelated Poisson fluctuations in each mass
bin (Neyrinck et al. 2006); perhaps including mass-function
covariance would improve agreement.

2.2. Comparison with Other Results

It is well worth checking our result with other covariance mea-
surements, given our averaging procedure over cosmologies,

Figure 3. CNG
ij , the non-Gaussian part of the covariance in the halo model, including just the one-halo term (left panel), and with all terms (middle panel). CNG

ij as
measured in the Coyote Universe simulations appears in the right panel. In all cases, CNG

ij is divided by α = Var(σ 2
cell)/σ

4
cell, measured from the simulations.
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