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ABSTRACT

The deep, near-infrared narrow-band survey HiZELS has yielded robust samples of
Hα-emitting star-forming galaxies within narrow redshift slices at z = 0.8, 1.47 & 2.23.
In this paper, we distinguish the stellar mass and star-formation rate (SFR) dependence of the clustering of these galaxies. At high stellar masses (M∗ /M ⊙ & 2 × 1010 ),
where HiZELS selects galaxies close to the so-called star-forming main sequence, the
clustering strength is observed to increase strongly with stellar mass (in line with the
results of previous studies of mass-selected galaxy samples) and also with SFR. These
two dependencies are shown to hold independently. At lower stellar masses, however,
where HiZELS probes high specific SFR galaxies, there is little or no dependence
of the clustering strength on stellar mass, but the dependence on SFR remains:
high-SFR low-mass galaxies are found in more massive dark matter haloes than
their lower-SFR counterparts. We argue that this is due to environmentally-driven
star-formation in these systems. We apply the same selection criteria to the EAGLE
cosmological hydrodynamical simulations. We find that, in EAGLE, the high SFR
low mass galaxies are central galaxies in more massive dark matter haloes, in which
the high SFRs are driven by a (halo-driven) increased gas content.
Key words: galaxies: evolution – galaxies: high-redshift – galaxies: halo – cosmology:
large-scale structure of Universe
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INTRODUCTION

A rich array of work reveals that key observable galaxy properties including stellar mass, colour, star-formation rate and
morphology correlate with galaxy environments (Butcher &
Oemler 1978; Dressler 1980; Baldry et al. 2006; Peng et al.
2010; Koyama et al. 2013b; Scoville et al. 2013; Darvish
et al. 2016), with massive, red, quiescent spheroids residing
in the densest environments. Studies of galaxy environments
can help constrain galaxy formation and evolution processes
(e.g. Peng et al. 2010). Yet quantifying galaxy environments
⋆
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on a galaxy-by-galaxy basis can be difficult, particularly at
high redshifts, because the accuracy of such measurements
is highly dependent on the depth and uniformity of the observations and the quality of the redshifts (e.g. Cooper et al.
2005).
The two-point correlation function, which quantifies the
clustering strength of a population of galaxies, provides a
fairly robust technique for identifying the typical dark matter halo environments of galaxy populations. On large scales,
the two-point correlation function is dominated by the linear
‘two-halo term’, which depends on the clustering of galaxies within different dark matter haloes. The two-halo term
essentially measures the galaxy bias, a measure of the differ-
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ence between the spatial distribution of galaxies and that of
the underlying dark matter distribution. On small scales,
the non-linear ‘one-halo term’, which quantifies the clustering of galaxies within the same dark matter halo, dominates. Given an understanding of the way in which haloes of
different mass cluster (which is reasonably well understood
from N-body simulations within the cosmological model, e.g.
Bond et al. 1991; Lacey & Cole 1994; Jenkins et al. 2001),
the observed (projected or angular) two-point correlation
function enables us to derive the halo occupation of samples of galaxies from their observed clustering. This technique is known as Halo Occupation Distribution (HOD; Ma
& Fry 2000; Peacock & Smith 2000; Berlind & Weinberg
2002; Cooray & Sheth 2002; Kravtsov et al. 2004) modelling.
The HOD framework then provides typical host dark matter
halo masses for galaxy samples. It is also possible to derive
estimates of central and satellite galaxy fractions from the
small-scale ‘one-halo term’ (e.g. Zheng et al. 2005; Tinker &
Wetzel 2010).
Galaxy clustering measures provide a statistical description for a population of galaxies rather than quantifying environments on a galaxy-by-galaxy basis. Strong trends in
clustering strength have been observed with galaxy morphological type (Davis & Geller 1976), colour (Zehavi et al. 2005;
Coil et al. 2008; Simon et al. 2009; Hartley et al. 2010; Zehavi et al. 2011), star-formation rate (Williams et al. 2009;
Dolley et al. 2014; Wilkinson et al. 2017) and stellar mass
(Wake et al. 2011; McCracken et al. 2015; Coupon et al.
2015; Hatfield et al. 2016), with the more recent studies
reaching back to z ∼ 2 − 3. A limited number of studies
of Lyman break galaxies have probed even further, back to
z ∼ 6 − 7 (e.g. Harikane et al. 2015; Hatfield et al. 2017;
Harikane et al. 2017). The largest samples have permitted
the splitting of galaxy populations by more than one observed property. For example, Norberg et al. (2002), using
low-redshift (z < 0.15) data from the 2dF survey (Cole et al.
2000), found that both early- and late-type galaxies display
higher r 0 values and therefore stronger clustering at brighter
B-band absolute magnitudes (MB ). Coil et al. (2008) found
broadly consistent results at z ∼ 1 using the DEEP2 galaxy
redshift survey (Newman et al. 2012), also confirming that
at fixed MB , red galaxies are more strongly clustered than
blue galaxies.
Splitting by multiple variables in this manner is important for galaxy evolution studies. A natural consequence of
the apparent tight (∼ 0.4 dex scatter) correlation between
stellar mass and star-formation rate of star-forming galaxies (the ‘main sequence’, e.g. Brinchmann et al. 2004; Daddi
et al. 2007; Elbaz et al. 2007; Karim et al. 2011) is that
fundamental trends in one of these properties manifest as
trends in the other. Galaxies with star-formation rates below
the main sequence can also complicate observed trends: the
fraction of galaxies that are passive increases towards higher
stellar masses (Peng et al. 2010; Sobral et al. 2011), and this
can give rise to trends with stellar mass which might not exist for the star-forming population only (e.g. the bending of
the main sequence, Lee et al. 2015). Therefore, in this work,
we aim to investigate the dependence of galaxy clustering
on galaxy stellar mass and star-formation rate separately.
The High-Redshift(Z) Emission Line Survey (HiZELS,
Sobral et al. 2013a; see Section 2) identifies galaxies via their
emission lines, yielding reliably-selected samples of Hα emit-

ters within narrow redshift slices back to z = 2.2. Hα (restframe wavelength 6562.8Å) is the brightest of the hydrogen
recombination lines, which trace the young massive stellar
population. Given that Hα is sensitive to star-formation
on short timescales (∼ 107 yr) and is also well-calibrated
and less strongly extincted by dust than ultraviolet light
(Garn et al. 2010), it is often used as a tracer of starformation. The Hα line is red-shifted out of the optical and
into the near-infrared at z ∼ 0.5, making it ideal for probing star-forming galaxies at high-redshift using wide-field
near-infrared ground-based telescopes (e.g. Moorwood et al.
2000; Geach et al. 2008; Koyama et al. 2010, 2011, 2013a;
Lee et al. 2012). The well-defined redshift distributions of
the HiZELS samples of Hα-selected star-forming galaxies are
ideal for studies of galaxy clustering, and the large numbers
of emitters allows for the study of the population divided
into many sub-samples.
Sobral et al. (2010) presented the first study of Hα
luminosity-binned HiZELS galaxies and found evidence of
higher clustering strengths for the strongest emitters at
z = 0.84. Geach et al. (2008) and Geach et al. (2012) performed the first clustering studies of L Hα -selected galaxies at z = 2.23, though the sample size was insufficient to
split by luminosity. In our previous paper (Cochrane et al.
2017, hereafter referred to as C17), we confirmed that the
trends found by Sobral et al. (2010) hold to higher redshifts, using larger HiZELS samples at z = 0.8, z = 1.47 and
z = 2.23. Transforming clustering strengths to dark matter halo masses using HOD modelling, we found that halo
mass increases broadly linearly with L Hα at all three redshifts. Scaling by the characteristic ‘break’ of the Hα luminosity function, L ∗Hα , transforms these relations to a single
trend, revealing a broadly redshift-independent monotonic
relationship between L Hα /L ∗Hα and halo mass (Sobral et al.
2010; see also Khostovan et al. 2017 for similar relations with
other line emitters). For all of our samples, L ∗Hα galaxies reside in dark matter haloes of mass ∼ 1012 M ⊙ , the known
peak of the stellar mass - halo mass relation (e.g. Behroozi
et al. 2010). We also found low satellite fractions (∼ 5%) for
these samples. This suggested that the star-formation rates
of central galaxies are being driven by the mass accretion
rates of their dark matter haloes (see also Rodrı́guez-Puebla
et al. 2016, for details of a stellar-halo accretion rate coevolution model that matches observational data well).
Sobral et al. (2010) used the K-band luminosities of
HiZELS galaxies as a proxy for their stellar mass, finding
an increase in galaxy clustering with increasing K-band luminosity, though the trend was significantly shallower than
was observed for Hα luminosities. Preliminary investigations
in C17 involved splitting our larger sample of galaxies at
z = 0.8 into two bins by observed K-band magnitude. Intriguingly, we found that the strong, roughly linear relationship between log10 L Hα and r 0 held for our two samples,
with any differences between the two K-band magnitude
bins being much smaller than the trend with Hα luminosity.
Khostovan et al. (2017) present consistent results in their
study of H β + [OII] and [OIII] emitters from HiZELS: clustering strength increases more significantly with emission
line strength than with galaxy stellar mass.
In this paper, we extend our previous work to study the
clustering of HiZELS star-forming galaxies as a function of
both Hα luminosity and stellar mass in more detail. Rather
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Clustering of Hα emitters
Field
NBJ (COSMOS & UDS)
NBJ (SA22)
NBH (COSMOS & UDS)
NBK (COSMOS & UDS)

z̄ Hα

emitters

# Hα emitters

0.845 ± 0.011
0.81 ± 0.011
1.47 ± 0.016
2.23 ± 0.016

503
2332
451
727

Table 1. Numbers and mean redshifts of Hα emitters identified
by the HiZELS survey and selected for this analysis (Sobral et al.
2013a, 2015). Only emitters which exceed the limiting flux, f 50 ,
of their frames are included in this work.

than using K-band observed magnitude as a proxy for stellar
mass, we use a full SED-fitting approach to estimate stellar
masses. We then compare our observational results to the
output of the state-of-the-art cosmological hydrodynamical
simulation EAGLE (Crain et al. 2015; Schaye et al. 2015;
McAlpine et al. 2015). The structure of this paper is as follows. In Section 2 we provide a brief overview of the HiZELS
survey and discuss our stellar mass estimates in some depth.
In Section 3 we review the clustering and HOD-fitting techniques presented in C17 that we adopt here. In Section 4 we
present our results, and in Section 5 we compare these to the
output of the EAGLE simulation. Conclusions are drawn in
Section 6.
We use a H0 = 70kms−1 Mpc−1 , Ω M = 0.3 and ΩΛ = 0.7
cosmology throughout this paper.

2
2.1

THE HIZELS SURVEY AND SAMPLE
SELECTION
Samples of Hα emitters

Our sources are drawn from HiZELS, selected by their emission line strength as detailed in Sobral et al. (2013a) and
Sobral et al. (2015). A combination of narrow- and broadband images are used to identify Hα emitters, yielding
sources within narrow redshift ranges (∆z ∼ 0.02) centred
on z = 0.81 & 0.84 (hereafter z = 0.8), z = 1.47, z = 2.23.
The galaxies used in this paper are the same as those
used by C17: we impose the criterion that sources exceed
f 50 , the 50% completeness flux of their survey frames. Raw
Hα narrow-band fluxes are corrected for dust extinction by
0.4 dex (AHα = 1). An equivalent width-dependent [NII] line
contamination correction is made to account for emission
from the [NII]6548, 6584 lines that also fall into the narrowband filter (see Sobral et al. 2013a). Star-formation rates are
derived directly from dust-corrected Hα luminosities, LHα
using
SFRHα (M ⊙ year−1 ) = 4.6 × 10−42 LHα (ergs s−1 ),

(1)

adopting the calibration of Kennicutt (1998) and scaling by
a factor 1.7 (Speagle et al. 2014) to convert from a Salpeter
(1955) IMF to a Chabrier (2003) IMF.
2.2

Deriving stellar masses from deep broad-band
imaging

In order to estimate stellar mass, we model each galaxy’s
stellar populations and dust content via Spectral Energy
Distribution (SED) fitting using a similar method to
that described in Sobral et al. (2011) and Sobral et al.
MNRAS 000, 1–17 (2017)
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(2014). The observed photometry is first shifted into the
rest-frame. Model galaxy SEDs are then convolved with the
detector’s spectral response function to compare modelled
and observed flux, and fitted via χ2 minimisation.
Our modelling draws upon the stellar population
synthesis package of Bruzual & Charlot (2003), using the
updated models commonly referred to as CB07. These
models assume a Chabrier (2003) IMF and an exponentially
declining star-formation history of the form e−t /τ , where τ
is in the range 0.1-10Gyr. Although this is not a realistic
description of the star-formation histories of individual
galaxies, which are likely to be characterised by shorter
bursts, triggered by stochastic accretion, τ is a reasonable
estimate of the mean age of a galaxy (see also Sobral et al.
2014, who show that using single exponential star-formation
models does not introduce any significant bias into the
stellar mass estimates of HiZELS galaxies). We use a grid of
ages from 30Myr to the age of the Universe at each redshift,
with a grid of dust extinctions from Calzetti et al. (2000)
up to E(B − V) = 0.5, and three metallicities (0.2 − 1.0Z ⊙ ).
For the COSMOS field, up to 36 wide, medium and narrow bands are used, from GALEX’s far-UV band to Spitzer’s
four IRAC bands. In the UDS field there are only 16 available bands, but J, H and K data from UKIRT/UKIDSS
DR5 are very deep. 7 bands (ugriz JK) are used in SA22
(see Sobral et al. 2013b). All HiZELS sources are assumed
to lie at the central wavelength of the redshift distribution,
which is a reasonable approximation since the filter profile
is extremely narrow (see Table 1). The resultant stellar
masses are fairly well constrained, with typical statistical
uncertainties of 0.23, 0.24 & 0.26 dex at z = 0.8, 1.47 & 2.23,
which vary a little from source-to-source. SED masses are
plotted against Hα luminosities for the HiZELS samples in
Figure 1. At each redshift, our samples cover a very wide
range in stellar mass (108 < M∗ /M ⊙ < 1011 ) and also around
1 dex in Hα luminosity, spanning the break of the luminosity
function.
As a test of our stellar masses, especially in SA22 where
fewer bands are available, we compare our stellar mass
estimates to apparent K-band luminosities, which broadly
trace the older stellar population (e.g. Kauffmann 1998;
Longhetti & Saracco 2009). Figure 2 shows SED-derived
stellar mass vs observed K-band magnitude for HiZELS
galaxies in the SA22 field at z = 0.8. These galaxies occupy
a clear locus in this plane, close to the line expected from
direct proportionality between K-band flux (rest-frame
1.2µm) and stellar mass. At fixed K-band magnitude,
redder galaxies (see colour coding) have higher SED masses
than would be expected from a naive extrapolation of
K-band flux, and bluer galaxies have lower derived SED
masses. This is exactly as expected, since the red fraction
is higher for higher luminosity sources. These galaxies are
dominated by old stars and have high mass-to-light ratios.
In contrast, the bluer (typically less luminous) galaxies
in our HiZELS samples have younger stellar populations,
and are thus particularly luminous for their mass. We
conclude that our SED masses are reasonable, and fold
in important colour information. Therefore, we use the
SED-derived stellar masses for the remainder of this paper,
with confidence. We note, nevertheless, that our results
are qualitatively unchanged whether we use K-band- or
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log10 (M∗ /M ⊙ )

(2015) and Hatfield et al. (2016), since in this work Mmin
applies to both central and satellite galaxies.
– σlog M : characterises the width of the transition to

α
hNsat |Mi = Fs MMmin
around Mmin .
– α: the slope of the power-law for hNsat |Mi in haloes with
M > Mmin . In line with the literature, we fix α = 1. Tests
allowing α to vary confirm that this is an appropriate
choice.
– FcA, B : normalisation factors, in range [0,1].
– Fs : the mean number of satellite galaxies per halo, at
M = Mmin

8.8 − 9.2
9.0 − 9.4
9.2 − 9.6
9.4 − 9.8
9.6 − 10.0
9.8 − 10.2
10.0 − 10.4
10.2 − 10.6
10.4 − 10.8
10.6 − 11.0
10.8 − 11.2
11.0 − 11.4

(6)

3.4

Calibrating r 0 to Mhalo using HOD models

For samples of galaxies with large satellite fractions, there
will be a substantial one-halo term in the correlation function at small separations. In such cases, HOD modelling offers a better fit than a simple power-law. In C17, we found
that HiZELS samples at z = 0.8, z = 1.47 and z = 2.23 have
low satellite fractions (∼ 5%), and HOD fitting offers only
marginal gains in goodness of fit at small scales (see Figure
3, left-hand panel). Instead, the main benefit of HOD fitting
is to allow the conversion of clustering strengths into typical
halo masses. Comparing measured r 0 to derived halo masses
(Figure 3, right-hand panel), we find that these are tightly
correlated, and can be reasonably approximated as simple
linear fits. At z = 0.8, these are given by:
log10 Meff /M ⊙ = 11.7 ± 0.7 + r 0 /(4.5 ± 0.3)

log10 Mmin /M ⊙ = 10.9 ± 0.7 + r 0 /(4.5 ± 0.3).

(9)

(10)

Therefore, in some parts of this paper (Section 4.1 - 4.4),
we simply derive and quote r 0 values, as these are sufficient
to indicate trends of clustering with stellar mass or starformation rate. When we require robust halo masses, as in
Sections 4.5 and 5, we perform the full HOD fitting.

9.02
9.22
9.42
9.61
9.80
10.00
10.19
10.39
10.58
10.76
10.95
11.13

+1.2
3.2−0.9
+0.8
2.8−0.6
+0.5
3.1−0.4
+0.5
3.2−0.4
+0.5
3.3−0.4
+0.5
3.2−0.4
+0.4
2.9−0.4
+0.5
3.0−0.4
+0.6
5.3−0.6
+0.9
6.0−0.7
+1.3
5.5−1.0
10.6+3.1
−2.6

z = 1.47, 42.16 < log10 (L Hα /erg s−1 ) < 42.86

When fitting the models to data, we use the observed number density of galaxies as an additional constraint. For a
given hN |Mi output from the halo model, the predicted number density of galaxies is:
Z
ng =
dMn(M)hN |Mi,
(7)
where n(M) is the halo mass function, for which we use the
determination of Tinker et al. (2010). The observed number
density of galaxies used here is the integral of the luminosity
function between the same limits used to select the real and
random galaxy sample.
For each set of HOD parameters, we may derive a number of parameters of interest for galaxy evolution. In this
paper, we use the effective halo mass, the typical mass of
galaxy host halo. This is given by:
Z
1
Meff =
dM Mn(M)hN |Mi.
(8)
ng

r0 /h−1 Mpc

z = 0.8, 41.72 < log10 (L Hα /erg s−1 ) < 42.42

The total number of galaxies is given by:
hN |Mi = hNcen |Mi + hNsat |Mi.

Mean log10 (M∗ /M ⊙ )

8.9 − 9.5
9.2 − 9.8
9.5 − 10.1
9.8 − 10.4
10.1 − 10.7
10.4 − 11.0

9.28
9.55
9.82
10.11
10.38
10.67

+4.4
6.8−2.9
+2.8
4.4−1.8
+0.9
3.9−0.7
+0.9
4.1−0.7
+1.0
5.0−0.9
+1.1
6.8−0.9

z = 2.23, 42.47 < log10 (L Hα /erg s−1 ) < 43.17
9.3 − 9.7
9.5 − 9.9
9.7 − 10.1
9.9 − 10.3
10.1 − 10.5
10.3 − 10.7
10.5 − 10.9
10.7 − 11.1
10.9 − 11.3

9.54
9.72
9.93
10.10
10.28
10.49
10.68
10.89
11.07

+2.1
8.4−1.8
+1.8
5.2−1.3
+1.4
5.0−1.0
+1.0
4.6−0.9
+1.6
5.3−1.2
+1.8
6.6−1.3
+1.9
7.7−1.4
+1.8
9.6−1.6
11.8+2.4
−2.2

Table 2. Correlation strengths, r 0 , for stellar mass-binned samples of HiZELS galaxies at z = 0.8, 1.47 & 2.23.

4
4.1

CLUSTERING OF HIZELS GALAXIES AS A
FUNCTION OF STELLAR MASS AND SFR
Clustering as a function of Hα luminosity

In C17, we studied the clustering of HiZELS galaxies as a
function of their Hα luminosity. We found strong relationships between L Hα and r 0 . The clustering strength increases
monotonically with Hα luminosity at all redshifts, indicating
that the most highly star-forming galaxies thrive in higher
dark matter overdensities (see Figure 4). We speculated that
this is where a plentiful gas supply fuels high star-formation
rates.
HOD fitting revealed that typical Hα-emitting galaxies
are star-forming centrals, residing in host haloes with minimum mass increasing with Hα luminosity from ∼ 1011.2 M ⊙
to ∼ 1012.6 M ⊙ and corresponding effective halo masses
∼ 1011.6 M ⊙ − 1013 M ⊙ . At all three redshifts, L ∗Hα galaxies typically reside in haloes of effective mass ∼ 1012 M ⊙ .
This coincides with the halo mass predicted by theory to be
maximally efficient at converting baryons into stars. Samples selected within the same L Hα /L ∗Hα range inhabit similar populations of dark matter haloes. The relationship between scaled galaxy luminosity L Hα /L ∗Hα and dark matter
halo mass is largely independent of redshift.
MNRAS 000, 1–17 (2017)
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However, this would go against the conclusion of the HOD
modelling in C17 that the majority of HiZELS galaxies are
centrals. Alternatively, we could be picking out starbursting
low-mass centrals that will soon gain sufficient stellar mass
to place them on to the main SHMR. Given only the current
HiZELS observational data, it is difficult to distinguish between these scenarios. We will return to this issue in Section
5.5, where we compare against the EAGLE simulations.

5
5.1

COMPARING OUR RESULTS TO
SIMULATIONS
Overview of the EAGLE simulation

Historically, cosmological hydrodynamical simulations have
struggled to reproduce observed properties of galaxy populations simultaneously with the same success as semi-analytic
models. Observed statistics of galaxy populations such as
stellar mass functions, luminosity functions and the detailed
properties of individual galaxies such as sizes, bulge/disk
masses and star-formation histories were poorly matched
(see Somerville & Davé 2015, for a review). This is partly an
issue of resolution: to maintain the broadest view of galaxies
within the large-scale dark matter structure of the Universe,
key processes that determine the detailed evolutionary path
of individual galaxies such as star-formation and feedback
are left unresolved.
The latest generation of hydrodynamical simulations
has made notable strides by attempting to improve the calibration of sub-grid models to observed properties of galaxy
populations. The Virgo Consortium’s Evolution and Assembly of GaLaxies and their Environments project, EAGLE,
comprises a suite of ΛCDM simulations based on SPH code
GADGET 3 (Springel et al. 2005). EAGLE represents a significant improvement on previous hydrodynamical simulations due to its simple implementation of energy feedback
from both massive stars and AGN. Subgrid models for these
processes are calibrated using two main relations at z = 0.1:
the galaxy stellar mass function, and the galaxy-black hole
mass relation. EAGLE’s success lies in its reproduction of
various other observed relations (e.g. galaxy specific starformation rate distributions, passive fractions and the TullyFisher relation, Schaye et al. 2015) that are not explicitly
used in the calibration. Artale et al. (2017) also find good
agreement between the clustering of blue galaxies in EAGLE
and those in the GAMA survey, concluding that these simulated and observed galaxies with similar properties occupy
dark matter haloes of similar masses.
A number of EAGLE simulations are publicly available
(McAlpine et al. 2015). Here, we use version Ref-L100N1504,
due to its large volume (box of side length 100Mpc, comoving) and particle number (7 billion). We select galaxies at
z = 0.87, close to the z = 0.8 HiZELS redshift slice.

5.2

Halo environments of EAGLE galaxies

Rather than calculate halo mass via the two-point correlation function as we have done for HiZELS galaxies, we identify the halo masses of EAGLE galaxies directly. We use the
total friends-of-friends (FOF) mass of the galaxy’s halo, labelled as GroupMass in the EAGLE FOF table, as opposed

to the subhalo mass. We identify central galaxies as those
galaxies for which SubGroupNumber = 0, and satellite galaxies as galaxies with SubGroupNumber > 0. In Figure 10, we
show the typical halo masses of subsamples of EAGLE central and satellite galaxies at z = 0.87. The stellar mass and
star-formation rates used are those within a 30pkpc (proper,
as opposed to comoving, kpc) aperture, taken from the EAGLE Aperture table. We see that the halo masses of central
galaxies are strongly correlated with their positions on the
SFR-stellar mass plane, with high stellar mass galaxies residing in massive dark matter haloes. We also see hints of
higher halo masses for higher luminosity low mass central
galaxies at fixed stellar mass. We quantify this in more detail in Section 5.3. For satellite galaxies, halo masses are less
strongly correlated with stellar mass or star-formation rate.
This reflects the fact that much of a satellite’s mass is built
up at earlier times, when it is the central of its own subhalo,
before this subhalo is accreted onto the larger halo.

5.3

Mass and star-formation rate dependencies of
halo mass from EAGLE

In Section 4.3, we showed that at fixed stellar mass, more
highly star-forming low mass galaxies appear more strongly
clustered than their less highly star-forming counterparts.
Here, we mimic these stellar mass and star-formation rate
selections and quantify the average halo masses of EAGLE
central galaxies binned in the same way. We convert EAGLE
star-formation rates to rough Hα luminosities, for comparison with HiZELS, using the Kennicutt (1998) L Hα −SFR conversion given in Section 2.1 and assuming the same Chabrier
(2003) IMF as used by EAGLE.
Our results are presented in Figure 11. We see a strong
M∗ − Mhalo correlation at high stellar masses, which flattens
at low stellar masses, just like we found for the HiZELS
samples. At low stellar masses (M∗ . 1010 M ⊙ ), average halo
mass increases with star-formation rate at fixed stellar mass.
At high stellar masses (M∗ & 1010 M ⊙ ), average halo mass is
roughly independent of star-formation rate for central galaxies. This is broadly consistent with our HiZELS observational results. However, there appears to be a lack of very
highly star-forming, low mass galaxies in EAGLE (cf. Figure 10). EAGLE galaxies do not reach the high luminosities
of HiZELS galaxies, perhaps because of insufficiently bursty
star-formation in the simulations, or the inability to resolve
bursts on small timescales. There are well-known tensions
between EAGLE star-formation rates and observations. The
specific star-formation rates of EAGLE star-forming galaxies are 0.2 − 0.5 dex below those inferred from observations,
across all redshifts (Furlong et al. 2015). Despite the offset
in global star-formation rate density, applying the required
0.3 dex star-formation rate offset to all star-formation rates
would break the agreement between simulated and observed
stellar mass densities. Nevertheless, the broad trends of our
observational results are supported by EAGLE: for low stellar mass central galaxies, galaxy dark matter halo mass is
not a simple function of stellar mass, but also depends on
the galaxy’s star-formation rate.
MNRAS 000, 1–17 (2017)
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central galaxies that lie significantly below the SHMR, and
will remain so for more than a Gyr, even if they maintain
their current high specific star formation rates.

6

CONCLUSIONS

We have studied the clustering of intermediate redshift starforming galaxies and its dependence on star-formation rate
and stellar mass. Our samples comprise Hα-selected galaxies
predominantly on and above the star-forming main sequence
at three redshifts, z = 0.8, 1.47 & 2.23. We summarise the key
results here.
• At all three redshifts, we find clear evidence for a monotonic increase in clustering strength, r 0 , with stellar mass
above M∗ ∼ 2 − 3 × 1010 M ⊙ . At lower stellar masses, where
star-forming galaxies selected by HiZELS lie significantly
above the main sequence, this relation flattens. The M∗ − r 0
relation is very different from the log10 L Hα − r 0 relation
studied in C17, which shows a significant and monotonic
increase of r 0 with increasing Hα luminosity, with no
flattening at the lowest luminosities.
• At fixed stellar mass, higher Hα luminosity subsamples are
more strongly clustered than their less luminous counterparts. This is particularly pronounced at the lowest stellar
masses (M∗ < 1010 M ⊙ ). We find consistent results when
we mimic our L Hα cuts using the EAGLE simulations. We
deduce that these highly star-forming low mass galaxies
are undergoing environmentally-driven star-formation.
Investigating the cause of this using EAGLE reveals that
our trends are likely driven by enhanced gas supply in small
groups compared to the field.
• We compare our mass-binned clustering measurements of
L Hα -selected galaxies to those obtained from mass-selected
samples, and show that measurements of galaxy clustering
are strongly dependent on the galaxy selection criteria. We
find that HiZELS star-forming galaxies are less strongly
clustered than mass-selected galaxies at fixed stellar mass.
Compilations of literature measurements confirm that
passive and mass-selected samples tend to be more strongly
clustered than star-forming samples back to at least z ∼ 2.
Mass-selected samples seem to be picking up many more
quenched satellites in massive haloes. We argue that our
results are in line with average star-formation rates increasing towards group densities but decreasing at the highest
cluster densities, where environmentally-driven quenching
plays a stronger role.
• We place HiZELS samples on the SHMR obtained empirically using mass-selected galaxy samples by Moster et al.
(2013). We find that, on average, these highly star-forming
galaxies lie at its peak, where baryon to stellar mass
conversion is most efficient. Extending this to mass-binned
subsamples, we show that high mass HiZELS galaxies
(M∗ > 1010 M ⊙ ) lie on the SHMR, but that at lower stellar
masses, our samples lie below the relation.
• Finally, we consider the effect of ongoing star-formation
and show that current star-formation rates are insufficient
to return low mass galaxies to the SHMR. Using EAGLE,

we find that if a proportion of these are satellites, typical
stellar mass corrections from HiZELS-undetected galaxies
within the same haloes can easily bring low mass galaxies
up onto the main SHMR.
In conclusion, we use the clustering of carefully-selected starforming galaxies with well-defined redshift distributions to
determine their typical halo masses. We present evidence for
environmentally-driven star-formation in low mass galaxies,
some of which lie well above the main sequence. We use
the EAGLE simulation to strengthen the physical interpretation, and show that it is likely that these star-formation
rates are driven by increased gas content in galaxies residing
in higher mass haloes.
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