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where fi = d lnDi/d ln a (D ≡ D1, f ≡ f1 ≈ Ω5/9, f2 ≈
2Ω6/11).

The spherical collapse component is obtained by performing
the time derivative of Eq. 3:

vSC = ∇∇−2

[

−fHaD δ(1)
(

1−
2
3
Dδ(1)

)

−1/2
]

. (11)

We use the high correlation between the local density field
and the velocity dispersion to model the displacement due to
(quasi-) virialized motions. Effectively, we sample a Gaussian
distribution function (G) with a dispersion given by σv ∝
(

1 + bALPTδALPT (x)
)γ . Consequently,

v
σ
r ≡ (vσ · r̂)r̂/(Ha) = G

(

g ×
(

1 + bALPTδALPT (x)
)γ)

r̂ ,

(12)
(see Kitaura 2007; Kitaura & Enßlin 2008; Heß et al. 2013). The
linear bias between the ALPT approximation and the full N -body
solution is given by bALPT and is close to unity for scales of
a few Mpc (see Heß et al. 2013). The parameters g and γ have
been adjusted to fit the damping effect in the power-spectrum in
redshift-space as found in the BigMultiDarkN -body simulation. In
closely virialized systems the kinetic energy approximately equals
the gravitational energy and a Kepplerian law predicts γ close to
0.5 (see Kitaura 2007; Heß & Kitaura in prep), leaving only the
proportionality constant g as a free parameter in our model.

3 NUMERICAL EXPERIMENTS

We use a reference halo catalogue at redshift z = 0.577 extracted
from one of the BigMultiDark simulations (Heß et al in prep),
which was performed using GADGET-2 (Springel 2005) with 38403
particles on a volume of (2500 h−1 Mpc)3 assuming ΛCDM-
cosmology with {ΩM = 0.29,ΩK = 0,ΩΛ = 0.71,ΩB =
0.047, σ8 = 0.82, w = −1, ns = 0.95} and a Hubble constant
(H0 = 100 h km s−1 Mpc−1) given by h = 0.7. Halos were
produced based on density peaks including substructures using the
Bound Density Maximum (BDM) halo finder (Klypin & Holtzman
1997) and then selected according to a maximum circular ve-
locity larger than 350 km s−1 to match the number density of
BOSS CMASS galaxies (Nuza et al. 2013). For the impact of these
selection criteria in the clustering and scale-dependent bias see
Prada et al (in prep).

We make a partition of the BigMultiDark box into 8 sub-
volumes of equal size (1250 h−1 Mpc)3. This permits us to get
rough estimates of the variance in the power spectra and correla-
tion functions due to cosmic variance. Since our approach yields
number counts in cells on a mesh, we define the reference power
spectrum as the mean of the ones corresponding to the halo over-
density field in the sub-volumes gridded with nearest-grid-point
(NGP). We choose a mesh of 5123 cells to reach a resolution of
cell size 2.4 h−1 Mpc. We have explored the parameter space of
our model {α, β, δlow, δhigh, g} running PATCHY with 5123 parti-
cles in volumes of (1250 h−1 Mpc)3 to maximize the fit to the ref-
erence power spectrum in the relevant range for BAOs. This leads
to an inconsistency with the large-scale modes which are included
in BigMultiDark, but not in the PATCHY realizations. We will inves-
tigate the impact of this approximation in a future work. Our cri-
terion for the parameter selection is based on reaching better than
2% accuracy in the range 0.07 < k < 0.4 hMpc−1. Using a set of
parameters, which meet our criteria, we perform 50 random seeded
realizations with PATCHY. We have checked that the halo number

1.0
1.1

1.2

1.3

1.4

1.5

ξz
(r
)/
ξ(
r)

N -body

0 50 100 150 200
1.0
1.1

1.2

1.3

1.4

1.5

ξz
(r
)/
ξ(
r)

PATCHY

r [h−1 Mpc]

Figure 3. Quotient between
the averaged correlation func-
tions in redshift- (ξz(r)) and
real-space (ξ(r)) for the 8 sub-
volumes of the BigMultiDark
simulation (top) and for the 50
PATCHY realizations (bottom).
The red line corresponds to the
Kaiser factor prediction.
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Figure 4. Correlation functions of the PATCHY simulations vs the Big-
MultiDark N -body simulation. The red line corresponds to the mean of
the PATCHY realizations with the corresponding 1-sigma region in grey.
Crosses: mean over the BigMultiDark sub-volumes. The error bars indicate
1-sigma regions for the N -body case. Each of the 8 sub-volumes drawn
from theN -body simulation is represented by the grey lines. The left panel
shows real-space, while the right panel shows redshift-space.

density from the realizations is compatible with the expected num-
ber density (about 70% of the realizations lie within the 1-sigma
region of the N -body simulation with a very close mean). A slice
through the distribution of the dark matter and the corresponding
halo sample are presented in Fig. 1. The dark matter slice clearly
shows the nonlinear cosmic web. Looking carefully, one can dis-
tinguish resolution effects in voids. However, these should not af-
fect our mocks as we do not consider massive halos in low den-
sity regions. This issue should be revisited when generating cata-
logues for low mass halos. Fig. 2 shows the power spectra com-
paring the results between PATCHY and the BigMultiDark N -body
simulation. On the left panel we find an agreement between the
model and the reference power spectrum within 2% up to k ∼ 1h
Mpc−1 in real-space. The same is shown in redshift-space on the
right panel. We have checked the PATCHY performance neglect-
ing over-dispersion using the Poisson disstribution also in the high
density regime. In this case the deviation from the reference power
spectrum can be larger than 10%, being in particular above 10%
at k = 0.4 h Mpc−1 (see dotted line in the left-lower panel on
Fig. 2). Fig. 3 shows that the Kaiser factor K (Kaiser 1987)2, the
BAO damping, and the excess of power at scales lower than the
BAO peak, are well reproduced with our redshift-space distortion
model. The correlation functions for both real- and redshift-space
are shown in Fig. 4. We can see that n all bins PATCHY is com-
patible, within the error bars, with the BigMultiDark N -body sim-
ulation down to scales <∼ 5h−1 Mpc. The dispersion in the corre-
lation functions from the N -body and the PATCHY realizations are
remarkably similar.

2 K = 1 + 2
3β + 1

5β
2 ∼ 1.28, with β = f/b, f being the growth rate,

and b ∼ 2 being the linear bias for our mock LRG sample.
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