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Reconstructing the halo distribution below the resolution limit 3
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Figure 1. Comparison of the continuous density fields of original (left panels) and reconstructed haloes (right panels) in a slice of 500×250×15h−3 Mpc3

from the Millennium simulation, for two cuts in halo mass corresponding to m < 1011.5 h−1 M⊙ (top panels) and m < 1011 h−1 M⊙ (bottom panels).

In the m < 1011.5 h−1 M⊙ case, the reconstruction used a grid of size G = 2.5h−1 Mpc, while in the m < 1011 h−1 M⊙ case, a grid of size

G = 1h−1 Mpc was used.

dark matter haloes have been identified from the dark matter par-

ticle distribution using a friends-of-friends algorithm and we use

only the haloes identified in the snapshots at z = 0.1. The min-

imum halo mass in the Millennium and MultiDark halo cata-

logues are respectively mlim = 1010.5 h−1 M⊙ and mlim =
1011.5 h−1 M⊙.

We estimate the halo density field by measuring the halo den-

sity contrast defined as δh(r) = (N(r)−�N�)(�N�) where N(r)
and �N� are respectively the number of haloes in a cell centred

at position r and the mean number of haloes per cell. Given the

halo number density, the optimal choice of cell size falls between

2.5h−1
Mpc and 5h−1

Mpc, so to have a few haloes per cell on

average. We choose a grid size of G = 2.5h−1 Mpc and esti-

mate the halo density field using different methods: the grid-based

method with Nearest Grid Point (NGP) and Cloud-In-Cell (CIC)

assignment schemes and the Delaunay Tessellation (DT) method.

We choose haloes above a limit between 1010 and 1011.5 h−1 M⊙
and reconstruct the smaller haloes using the conditional mass func-

tion of Equation (5). In this test, we assumed for b(m) and n(m)
the forms calibrated on N-body simulations by Tinker et al. (2008)

and Tinker et al. (2010). The output of the reconstruction is illus-

trated in Fig. 1, which shows the spatial distribution of original and

reconstructed haloes in a thin slice of the Millennium simulation.

To test the accuracy of the method we perform the reconstruc-

tion on the MultiDark simulation, which gives us a better probe

of the large-scale halo clustering. We measure the halo bias in the

low-mass regime from the reconstructed halo catalogue. The halo

bias has been estimated by first measuring the halo power spec-

trum P (k) and then taking the square root of the ratio between the

halo power spectrum and that of mass. In this, we assumed the non-

linear mass power spectrum given by CosmicEmu (Lawrence et al.

2010).

The recovered halo biases in mass bins below the resolu-

tion limit are shown in Fig. 2, which compares the results of us-

ing different estimates of the halo density field as well as dif-

ferent biasing models. In this figure, the measured halo bias is

shown as a function of the wavenumber for the three mass bins:

1010 < m < 1010.5 h−1 M⊙, 1010.5 < m < 1011 h−1 M⊙,

and 1011 < m < 1011.5 h−1 M⊙. We find that the DT method as

implemented in the DTFE code (Cautun & van de Weygaert 2011)

provides better results than the grid-based estimator with CIC and

NGP assignment schemes. The large-scale bias, expected to asymp-

tote to linear theory predictions, is in very good agreement with the

predictions of Tinker et al. (2010) in the case of DT, whereas for

the other methods the bias is clearly overestimated. This is partic-

ularly true in the case of NGP. The DT method better accounts for

local variations in number density, reducing the shot noise in the

reconstruction and giving a better sampling of the most extreme en-

vironments. In this exercise, we pushed the methods towards their

limits by considering a very small grid size of 2.5h−1 Mpc. How-

ever, if we increase the grid size to 5− 10h−1 Mpc, the recovered

halo biases come to agreement and we find that the three methods

converge to the same values.

The biasing scheme that enters in the conditional mass func-

tion has also some impact on the recovered halo clustering, in par-

ticular for small grid size density field reconstruction such as the

one considered here. We show in the bottom panel of Fig. 2 the

effect on the recovered halo bias when assuming a linear or power-

law bias model as describe in Section 2.2. In both cases we use the

halo density field reconstructed with the DT method. We find that
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