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Figure 2. From top to bottom, z = 0 power spectra from initial-spike simu-
lations of various transformed-density power spectra, along with the spiked
initial conditions at z = 127. Power spectra are rainbow-colored accord-
ing to the wavelength of their initial spike, from short (violet) to long (red).
P
1/(1+�) is divided by 103 for clarity. P

Gauss(�), investigated below, is
omitted because it is almost indistinguishable from P

ln(1+�).

so, the process requires much more computation than e.g. CIC, so
we implemented a fast GPU code employing CUDA technology.

3 RESULTS

Fig. 2 shows various power spectra at z = 0 from one ensemble of
spiked simulations. Also shown is the initial density field used to
generate the ICs, P

init

. At large scales, initial spikes are preserved
in each power spectrum. But on small scales, each power spectrum
behaves differently. At k ⇠ 1hMpc�1, the initial scales dominat-
ing P� correspond to the green color (larger scales), while the initial
scales dominating P

1/(1+�) correspond to violet (smaller scales).
Figs. 3 and 4 show the linear-response matrix

Gij ⌘ @ lnP (ki)

@ lnP init

(kj)
. (1)

We use three ensembles of simulations to lower the realization-to-
realization variance in the measured Gij , which is typically at the
⇠ 10% level, depending on scale. Fixing all mode amplitudes to
their ensemble-mean values reduces this variance, but differences
in random phases still produce fluctuations. The reported value of
each Gij matrix element is the median among the three ensembles.

In �, the migration of power is qualitatively as in Hamilton
et al. (1991) and Peacock & Dodds (1996): power moves from
large to small scales. However, a fixed initial scale does not mi-
grate to a fixed non-linear scale. Translinear (k ⇠ 0.3hMpc�1)
initial scales end up smeared over a wide range of smaller scales.
The result is that small (k ⇠ 1hMpc�1) final scales are dominated
by translinear initial modes, and are insensitive to initial power at
their own comoving wavenumber. Indeed, initial power inserted at

Figure 3. Plots of the matrix Gij , defined in Eq. (1), showing the response
of final-conditions power spectra to initial spikes. The spikes in the ini-
tial conditions are shown with dotted curves, rainbow-colored from red to
violet going from low to high frequency. Corresponding power spectra of
final-conditions simulations appear as solid curves. From top to bottom, the
final-conditions resting place of a moderate-scale (e.g. green) spike moves
from small to large scales, as each transformation increasingly emphasizes
underdense regions. For clarity, power spectra from only odd-numbered
spikes are shown. The ‘model’ is a toy model of power spreading based
on a local spherical collapse or expansion of volume elements, given in Eq.
(4). The black curves show the density propagator (CS06).

k ⇠ 1hMpc�1 hardly affects P� over the scales measured, al-
though it might show up at smaller scales in higher-resolution sim-
ulations. Black curves show an approximation of the z = 0 density
propagator, a Gaussian with �k = 0.2hMpc�1(CS06). The prop-
agator is a cross-correlation of modes in the initial and final condi-
tions, sensitive to both amplitudes and phases, and, as expected, it
follows G�

ij’s diagonal quite well.
In ln(1 + �) and Gauss(�), the behavior is different. Power

spreads out, moving not just from large to small scales, but vice-
versa, rather symmetrically. This makes sense: P� is mostly sen-
sitive to high-density regions, where fluctuations have contracted.
P
ln(1+�) and P

Gauss(�), on the other hand, are sensitive to dense
regions, but also to low-density regions, where fluctuations have
expanded. In fact, initial peaks migrate to a bit larger scales than
they were initially (visible as slight upturns in Fig. 4). There are
a couple of possible reasons for this upturn: underdense regions,
even if equal by mass, dominate by volume. Also, in overdense re-
gions, many fluctuations completely collapse, perhaps leaving no
clear signal in the power spectrum. In underdense final regions,
however, almost all fluctuations remain, stretched-out compared to

c� 0000 RAS, MNRAS 000, 000–000


