
Void Clustering in SDSS 3

Void Tracer Properties of SDSS LRGs and Simulation Halos

sample name dataset density inter-particle spacing halo mass threshold halo bias

Data SDSS 1⇥ 10�4 (Mpc/h)�3 21.5 Mpc/h - 2.1
Matched HR simulation 1⇥ 10�4 (Mpc/h)�3 21.5 Mpc/h 1.3⇥ 1013M�/h 2.1
Sparse HR simulation 1⇥ 10�4 (Mpc/h)�3 21.5 Mpc/h 2.1⇥ 1013M�/h 1.8
Medium HR simulation 2⇥ 10�4 (Mpc/h)�3 17.1 Mpc/h 1.3⇥ 1013M�/h 2.1
Dense HR simulation 4⇥ 10�4 (Mpc/h)�3 13.5 Mpc/h 0.7⇥ 1013M�/h 2.4

Table 1. Description of the SDSS galaxies and HR simulated halos used to define voids. The halo mass threshold of the mock samples
indicates the minimum halo mass included. The Matched sample of simulated halos is our primary sample for comparison to the Data.

Figure 1. Void-void clustering ⇠
vv

using both Data (black circles) and Matched mock catalogs (green triangles). The data and mocks
give qualitatively consistent results outside twice the void radius 2 r
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(vertical dotted line). There is a visible decrease in clustering
amplitude as void radius increases (left to right panels). As in galaxy-galaxy clustering, ⇠

vv

can be written as the product of the matter-
matter correlation function with the square of the void bias. The predicted ⇠

vv

with the best-fit values of the linear bias (see Fig. 4) from
data (solid line) and mocks (dashed) are shown. The consistency with linear bias supports the symmetric relationship between galaxies
and clusters, which form from peaks in the primordial matter field, and voids, formed from troughs.
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= 15 � 20 Mpc/h bin is slightly larger than 5�, corre-
sponding to a p-value ⇠ 2 ⇥ 10�7. For the 20 � 25 Mpc/h
bin we obtain a 3� measurement, corresponding to a p-value
0.0014. The largest radius voids are fewest in number, lead-
ing to a measurement consistent with both the null hypoth-
esis and the simulations.

The data is strong enough to discern a decrease in the
correlation strength with void size, and the mocks show this
trend even more clearly. In § 3.3 we comment more on these
trends, and quantify the variation further with fits to the
void bias b

v

. In Fig. 1 we also plot our best fit model of the
void-void correlation, ⇠
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= b2
v

⇠
mm

for both data and mocks.
These theoretical curves match the measurement very well,
as expected if voids are biased tracers of the dark matter
density field. In addition to comparing this single-parameter
model to the data, it is useful to directly compare the data
to the Matched sample of simulated voids. The reduced chi-
square (using radial bins 2r
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< r < 200 Mpc/h) is 8/6, 4/5,
and 2/5 for the three size bins, all acceptable fits. However,
the more sensitive likelihood ratio test shows tension at the
1 to 2� level for the 15�20 Mpc/h and 20�25 Mpc/h bins.
Although this tension is relatively small, it may be point-
ing to a slight mismatch between our Data and Matched
simulation samples (see Sec. 4 for further discussion).

3.2 Void-galaxy clustering

The void-galaxy clustering measurement, ⇠
vg

, is shown in
Fig. 2. Due to the much larger number of galaxies com-
pared to voids (⇠ 10 times more), the signal to noise (S/N)
is much higher in this measurement compared to the auto-
correlation. It thus yields more precise values for void bias
(see § 3.3). We plot our best fit model, ⇠
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= b
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for
both data and mocks. The galaxy bias, defined as b
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=p
⇠
gg

/⇠
mm

, is b
g

= 2.1 for the Data LRGs, and b
g

= 2.1
for our Matched halo sample. As with ⇠

vv

, the goodness-of-
fit of the simulation model is acceptable for all three void
radius bins: in order of increasing void size the reduced �2

is 4/6, 6/5, and 7/5. The tension between mocks and data
in ⇠

vv

based on the likelihood ratio statistic is not present
in the measurement of ⇠

vg

. In all three r
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bins, mocks and
data are consistent within ⇠ 1� using the likelihood ratio
test (see Sec. 3.1 for details).

In Fig. 3 we show the entire range of the void-galaxy
clustering measurement: (i) the innermost scales r < r

e↵

/2
where ⇠

vg

= �1 by definition, (ii) the void profile regime
between r

e↵

/2 and 2r
e↵

, and (iii) the linear regime r > 2r
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(the subject of Fig. 2). Regarding (i), we note simply that
both the data and mock measurements are indeed equal to -
1 at small scales, a reassuring check of the measurement and
random point catalogs. The void profile in (ii) shows more
structure: the smallest voids display a clear positive bump
which becomes less prominent as void size r
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increases,
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