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ABSTRACT

We present a clustering analysis of 370 high-confideneechhitters (HAES) at = 2.23.
The HAEs are detected in the Hi-Z Emission Line Survey (Hi&ELa large-area blank
field 2.123um narrowband survey using the United Kingdom Infrared Taes (UKIRT)
Wide Field Camera (WFCAM). Averaging the two-point corteda function of HAES in two
~1 degree scale fields (United Kingdom Infrared Deep Sky Sudira Deep Survey [UDS]
and Cosmological Evolution Survey [COSMOS] fields) we findustering amplitude equiv-
alent to a correlation length ef, = 3.7 + 0.3 A~ Mpc for galaxies with star formation rates
of 27 M, yr—!. The data are well-fitted by the expected correlation fumctif Cold Dark
Matter, scaled by a bias factasijag = b%wpn Whereb = 2.4Jj81§. The corresponding ‘char-
acteristic’ mass for the halos hosting HAESdg (M, /[~ Mg]) = 11.7 £ 0.1. Comparing

to the latest semi-analytisALFORM predictions for the evolution of HAEs in @CDM cos-
mology, we find broad agreement with the observations, withFORM predicting a HAE
correlation length of-4h~! Mpc. Motivated by this agreement, we exploit the simulagion
to construct a parametric model of the halo occupationitligion (HOD) of HAEs, and use
this to fit the observed clustering. Our best-fitting HOD cdeguately reproduce the observed
angular clustering of HAES, yielding an effective halo massd bias in agreement with that
derived from the scaledpy fit, but with the relatively small sample size the currenedaro-
vide a poor constraint on the HOD. However, we argue thaggsoach provides interesting
hints into the nature of the relationship between star-fogwalaxies and the matter field,
including insights into the efficiency of star formation iragsive halos. Our results support
the broad picture that ‘typical'{L*) star-forming galaxies have been hosted by dark matter
haloes withM;, < 1012~ 1M, sincez =~ 2, but with a broad occupation distribution and
clustering that is likely to be a strong function of lumirtysi
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1 INTRODUCTION One of the simplest, but also the most powerful, tools at our
The Cold Dark Matter model contends that galaxies are biased disposal to a_ddress this issue is the clgstermg_Of galaaehas
¢ f derlvi d dark matter disicbuhat been recognised for many years (Rubin 1954; Groth & Peebles
hracers (I) z;nfunseen, und.erlyfllngtcot. ar tma er hITq'D af 1977; Peebles 1980). At a basic level, the statistics of tsoah

as evolved from primordial fluctuations into a rich hietyro galaxy pairs, relative to random distributions, revealdb&les over

structure, with baryons forming into galaxies within gtavion- . - . e .
. ) which the fluctuations in the spatial distribution of gatscare cor-
ally bound dark matter halos (White & Rees 1978). Understand related, and therefore a measure of how ‘clustered’ a ptipolss;

the rela_tlonshlp bet\_/veen the dl'_strlbupon of observed>geiat__he|r longer correlation lengths correspond to stronger clirgjeand an
properties, and their co-evolution with the latent matteldfiis a A . -
indication that those galaxies are hosted by, on averages hio

!<ey que§t|on of observational cosmology, and can yield mtapo ased and hence more massive dark matter halos (e.g. Mo & White
information about a galaxy population (Peebles 1980). 1996)

In the local Universe, mature wide-area surveys such as the
* E-mail: jimgeach@physics.mcgill.ca Sloan Digital Sky Survey (SDSS; York et al. 2000) and the Twese D
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gree Field (2dF) Redshift Survey (Colless et al. 2001), fuhali- constrain the nature of dark energy will be a slitless rdtshrvey
ered highly accurate measurements of the clustering oflatpns of HAEs (Laureijs et al. 2011).

of galaxies and quasars (Norberg et al. 2001; Myers et al6;200 In this paper we present a clustering analysis of ¢itters
Ross et al. 2009; Wake et al. 2008; Zehavi et al. 2011). A ksyire (HAEs) atz = 2.23 detected in our Hi-Z Emission Line (HiZELS)
of these studies is the observation that the clustering iaudpl is survey: a wide-field near-infrared narrowband survey sielgdo

enhanced as the mass limit of the galaxy sample increasksain emitting galaxies in three narrow ‘slices’ of redshiftzat= 0.84,
ing that the more massive galaxies are hosted by more mdssive z = 1.47 andz = 2.23 (e.g. Geach et al 2008; Best et al. 2010;
los. Furthermore, it is clear thagssivegalaxies are more strongly ~ Sobral et al. 2010, 2012). I§2 we provide a brief review of the

clustered on small spatial scales compared to galaxiesomiglo- observations and selection technique (although we reéerethder
ing star formation (e.g. Norberg et al. 2002). Over the pastde to the aforementioned HIiZELS publications for a completame

a method of interpreting these observations has been g prehensive description); i§3 we describe the clustering analysis
part motivated by largél-body simulations) which expresses the and present the results §#, where we approach the interpreta-
distribution of galaxies relative to the matter field thrbuey prob- tion of the data with a series of models of increasing sofuaigon,
abilistic halo occupation distribution (HOD; Benson et 2000; from a simple power law fit to a full halo model. 5 we discuss
Cooray & Sheth 2002; Zheng et al. 2005) or, similarly, a cendi our findings and conclude with a review of the main result§an
tional luminosity function (Yang et al. 2003). Halo model®p Throughout this work we quote magnitudes on the AB systerah, an
vide an intuitive framework to relate observed projectediaation assume a cosmology with,, = 0.27, Q4 = 0.73, 0s = 0.8 and
functions to the hierarchical paradigm, and are becomingeas- Ho = 100hkms~! Mpc~! with A = 0.7. The co-moving distance
ingly common tools for the interpretation of clusteringalat to z = 2.23 is 5128 Mpc in this cosmology.

Clustering analyses are now routine for high redshift%
1) mass-limited galaxy samples, largely thanks to the iremda
efficiency of deep and wide-area-{ degree scale) multi-band 2 NARROWBAND SELECTION OF H o EMITTERS
(ultraviolet—optical-near-infrared) imaging surveyfeoihg excel-
lent photometric redshifts (accurate to the few percenellat
z ~ 1) and stellar mass estimates for large numbers of massive
galaxies (e.g. Wake et al. 2011). When it comes to measuiigg t
clustering properties of purely star-forming galaxies igthhred-
shifts, which — in the halo model context — could yield impor-
tant clues about the environmental trends in the historyteifas
mass assembly, the main challenge is to understand thdiselec
function, since most broad-band selections (Lyman BrexkBR/,
‘sBzK’, and so0-on) can result in heterogeneous sampleshwithd
redshift distributions, and can be biased towards stellasgmin
complicated ways. The latter two issues are undesirablenghe
strong evolution in the specific star formation rates (SFERgalax-
ies sincez ~ 1-2 (Noeske et al. 2007; Elbaz et al. 2011).

The observations and selection of HAEs in the primary HiZELS
fields of the United Kingdom Infrared Deep Sky Survey (UKIDSS
Ultra Deep Survey (UDS; Lawrence et al. 2007) and Cosmoddgic
Evolution Survey (COSMOS; Scoville et al. 2007) are desatim
more detail by Sobral et al. (2012) — we refer the reader tbaha
ticle for a comprehensive overview of the selection techajdput
in short we first select galaxies based on the significancaeif t
‘colour excess’ in the narrow band. Corrections to the cantm
slope over the bandpass of teband filter (which could mimic a
colour excess) is performed by interpolating over the rigbgining
broad band (in this case, thé-band). Further broad band colour
selections are performed to refine the selection (which earob-
taminated by lower redshift Paschen and Brackett linesxame
ple). Here we perform a flux cut to obtain a catalogue of apgprox
Narrowband QAX\/A ~ 107%) selections of star-forming mately uniform depth across both UDS and COSMOS fields.
galaxies are of great value in this regard, as they allow lier t The flux limit at which we are uniformly complete to
clean selection of galaxies based simply on the strength efras- >50% over both UDS and COSMOS fields ifga =
sion line sampled by the filter. The narrow bandpass correo 5 x 107" ergs'cm~2, corresponding to a luminosity of
to a narrow redshift window, within which the population istn log,o(Lua/ergs™") = 42.3 at z = 2.23. Note that variations
expected to evolve. The main contaminants to such a suneey ar in the exact depth of each WFCAM pointing (each field is a mosai

emission-line galaxies at different redshifts correspogdo the of several pointings) corresponds to a variation in theam@rfden-
redshifting of alternative lines into the band. For higburveys sity of galaxies. The impact of this on our measured clusteis
these contaminants are predominantly lower-redshift [aoioms in part absorbed into the error bars calculated by jackkmgam-
and easily removed (s€@). Most narrowband-selected clustering  pling of the survey area that we describ€®2. Assuming dy.—
analyses conducted so-far have targeted thedmission line, red-  SFR calibration ofl.3 x 10*! ergs™! per My yr~! (Kennicutt et
shifted into the optical window foz ~ 3 and thus convenient for  al. 1998), our selection is SFR limited a7 M yr~' assuming a
deep, wide-field surveys out to very high redshifts (e.g.lDatal. canonical 1 mag of extinction in thedHline. Foreground sources
2003). The development of wide-format infrared cameras the are easily removed by high-quality photometric redshiétineated

past decade has now cleared the way for panoramic nearddfra  from UV—optical-near-infrared photometry in both the UD&a
narrowband surveys that target thexebular line at epochs of ~COSMOS fields. Sobral et al. (2012) presenttpg,. distribution

z ~1-2, spanning the peak in the global star formation rateifens  for K-band selected HAEs, indicating the most significant peak in
and thus one of the most important intervals in galaxy foromat the distribution at: = 2.23, but with low-redshift enhancements
studies. Hv is favoured over the Ly line because of its (a) weaker  at the expected wavelengths ofRd@a3, Hel, [S111], and at high

dust obscuration (and ease of extinction correction, ifBaémer redshift [Oni1] at z ~ 3.3.

decrement is known), (b) better understood radiative fesirt®m- To refine the photometric selection, we make use of a key de-
pared to the resonant byand (c) more accurate luminosity-to-star  sign feature of HIZELS, namely the fact that our custom-made
formation rate calibrations from surveys of local star forgre- andH-band narrow-band filters select [Qand [O111] emitters at

gions. It is also important to measure the clustering of HAEs z = 2.23 respectively. Thus, double or triple detections for the
preparation for theEuclid mission, as one of the probes used to same source in each of the narrow-bands provides an exgreael
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bust selection with almost no contamination. There are 842.23
HiZELS sources detected in this way, and this is used to refine
photometric redshift cuts and broad-band photometricctieles

as described in further detail by Sobral et al. (2012). In samy,

the overall contamination rate from non-HAESs in our samplex-
pected to beg10%.

The total number of galaxies detected in each field satigfyin
these selection criteria is 230 and 140 HAEs in COSMOS and UDS
respectively. The higher number of HAEs in the COSMOS field is
due to the difference in survey areas: HIZELS has so-far reave
1.23 deg in COSMOS and 0.75 dégn UDS. Note that the surface
density of HAEs measured in the two independent fields islyear
identical, S ar~190 deg 2.

3 CLUSTERING ANALYSIS
3.1 Two-point angular correlation function estimator

We calculate the two-point angular correlation functieit@), us-
ing the estimator proposed by Landy & Szalay (1993),
Ngr

- >DD(0) _Ngr DR(0)
w(®) =1+ (N_D> RRG) ~ 2Ny RRG)’

where Np and Nr are the number of galaxies in the data and ran-
dom catalogue respectively, ahtdD, RR and DR are the number
of data-data, random-random and data-random pairs atarggp-
arationd. The modified Poissonian uncertainty is:

@)

1+ w(0)

~ VDD(9)’
although this certainly is an underestimate of the truergwe esti-
mate the full covariance matrix §8.2). For the random catalogue,
we distribute20Np points uniformly over the survey areas, avoid-
ing masked regions (cross-talk artifacts, bright stelklog, etc.).
We combine the results from the two independent survey vetum
at the pair-counts stage, such tfiab = D Dyps + DDcosmos,
etc. In practice this gives very similar results to averggire indi-
vidual w(#), weighting by the Poisson uncertainty.

A correction must be applied t@(6) due to the finite area
surveyed and the fact that the mean density of galaxiesimatstd
from the sample itself and would be biased due to cosmic vegia
The integral constraint({; Groth & Peebles 1977) corresponds to
a scale-independent underestimation.gf). As in Geach et al.
(2008), we calculat€’ following Roche et al. (1999):

sw(8) @)

S, w(6:)RR(0:)
Zi RR(GZ') ’

where we modeb(6) using the scaled angular correlation function
of dark matter, which is an excellent fit to the data and sopeoi

a single power law (we discuss this analysi$4nl). We evaluate
equation 3 iteratively: first fitting the model to the datdcatating

C and then applying this correction to the data and fittingmge*-
peating this process until there is convergence. Wedind 0.134

for the combined area, and correct the measut@ for this factor
before fitting models.

C = 3)

3.2 Error estimation

We estimate the full covariance using the ‘delete one jaié&kn
method (Shao 1986, and see Norberg et al. 2009 for a comprehen
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sive review of this and other error estimation methods).Hors
the survey volume is split intd/ sub-areas, and(0) calculatedV
times, each time excluding one of the sub-areas. The elsnaént
the covariance matrix are then given by:

N

Z(wf — Wi

k=1

N-1

Ci]’ = N

4)

)(wj — ;)

wherew? is the correlation function (equation 1) measured for the
ith angular bin, for théth jackknife resampling, and

1 N
- k
w; = N Zwi . (5)
k=1

We split the survey volume into 32 sub-regions and evaluate
equation 1 for each jackknife realisation, omitting one-sedion
each time. The uncertainty on the correlation functioned at
each angular bin is given by (6;) = +/Ci; and this is used in the
evaluation ofy? difference between the data) and an arbitrary
model(w™°4°") taking into account covariance is

2
X

wmodel)chl (w _ wmodel)

: (6)

with the 1o uncertainty on a model parameter equivalent to the
rangeAx? = 1.

(w—

4 RESULTS

We present the results in Figure 1, corrected for the integma-
straint, and including the covariance uncertainties eteld in
equation 4. Correlation functions are often fitted by a smgwer
law, w(9) = AOP, usually withg = 0.8. This is adequate to fit
the overall trend in the data, but the observed correlatimctfon
clearly deviates from a simple power law, especiallyyat- 1’.
In part, the deviation of the observed correlation functmarge
separations is due to the break-down of Limber’s approonait
0 » 600" for samples wheré\z is narrow (Simon 2007, Sobral
et al. 2010). In this case, even if the spatial correlatiamcfion
is a power-law, the angular correlation function will depom
a power law at large angular separations. However, we alsectx
that a single power law is insufficient to model the clustgiacross
the full angular range for physical reasons related to thetive
clustering of satellite galaxies within single dark matbtetos to
the clustering of the halos themselves.

We explore this in the following sections, however for now we
start our analysis with the simple power-law model fitted &tad
at scales) < 600", which is useful for obtaining an estimate of
the correlation length of the galaxies and easily compartbthe
clustering of other populations. We perform minimisgdfits for
the amplitude of the correlation function, fixing the slopigws =
0.8. We find a clustering amplitudd = 29 + 4 arcse€®, with a
reducedy?/v = 0.9. Throughout, we quotedl uncertainties on
the x? fit using the full covariance matrix calculated in equation 6

If the real space correlation function can be assumed to be
&(r) = (r/r0)” 7, wherer is the real-space correlation length and
v = B + 1, the amplitude of the correlation functiof can be
related toro using a version of Limber's equation (Limber 1954;

Peebles 1980):
/°° (dn
0

dz

H.

c

D((v=1)/2)T'(v/2)
T(1/2)

— Y
A=rg

2
) Tz ()
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Figure 1. Two-point angular correlation function of HAEs in the COSB@nd UDS fields. (left) We show two model fits to the data: (argke power
law A9—0-8 (dashed line) and (b) the projected correlation functiodark matter, scaled by a bias parameiér(dotted and solid lines). The power law is a
reasonable fit to the general shape of the HAE correlatioatim, but the dark matter model also provides a good fit, apdures the deviation from a simple
power law at all scales. The error bars are calculated frendidigonal elements of the covariance matrix which was esgichfrom the jackknife re-sampling
method (we show for comparison the Poisson errors as thiskes). The correlation function for the individual fieldsaiso shown, however for clarity we
do not show the error bars for these. Note that the combineBMIOS+UDSw(#) values have been corrected for the integral constrgil( equation 3),
whereas the individual fields have not. (right) Combinedeaation function as (left), but shown with the best fittingdB model (described i§4.3). The
halo model successfully models the amplitude of the clirgestrength on all measured scales, including the breakldt—! Mpc indicating the transition

between the dominance of the one- and two-halo term in therhablel.

where A is the amplitude of the correlation function evaluated at
0 = 1radian,I" is the Gamma function4 . is the Hubble parame-
ter at redshift, . is the co-moving radial distance t@anddn/dz

is the redshift distribution of the population, normaligedunity.
We assume the redshift distribution of HAEs in our narrowbse-
lection is set by the BS(2) filter profile, which can be described by
a Gaussian function centred at= 2.233, with full width at half
maximum ofdz = 0.03 (e.g. Sobral et al. 2010). Here we make
the further assumption that we are 100% incomplete in thgsvin
(>FwHMm) of the H,S(1) transmission function, and therefore de-
fine the redshift distribution to be:

zZ—2Z¢ 2
( ) )

202

for |z — z.| < 0.015

8
0 for|z — z.| > 0.015, ®

dn/dz = { no exp(—
wherez. = 2.233 ando = 0.0126 andng is the normalisation
constant. This form of the redshift distribution attempmtsiccount
for the fact that there is a (luminosity dependent) bias insalec-
tion in favour of HAEs with observed & emission closer to the
peak transmission of the filter. We are currently engagegats
troscopic follow-up projects to properly characterise tadshift
distribution of HAEs in our sample. Adopting thi8:/dz in equa-
tion 6, we findro = 3.7 £ 0.3 A~ Mpc, which is similar to that
derived in Geach et al. (2008) for a smaller sample. Notettiat
effect of applying a different redshift distribution @n corresponds
to a scaling in amplitude of dz,(dna/dza)?/ [ dzs(dns/dzs)?.

Contamination by non-HAESs reduces the amplitude of the cor-

relation function by a factofl — f)? wheref is the contamination
fraction. As described ig2 it is likely that the contamination rate

is of order 10%, corresponding to a factor 0.8 attenuatioth@
clustering amplitude. We do not apply a correction to our sneed
parameters here until a more accurate estimate of the coratiom

rate is obtained from our spectroscopic survey.

4.1 Estimating the bias and characteristic halo mass of
HAEs atz = 2.23

The autocorrelation function of galaxies can related to tfidhe
underlying dark matter via the linear bigssw = b*&,. This arises
because galaxies forming in the peaks of a Gaussian randotu-flu
ation field will be clustered in a way that is biased to thahefdark
matter. This bias will depend on the details of galaxy foioratel-
ative to the underlying matter density. It is therefore apanant
part of our understanding of a particular galaxy population

With an estimate fo€pm, we can fit the observed projected
angular correlation function for the scalitd. To evaluatetp
(or rather, its projectionypwm), we follow the method described
by Hickox et al. (2012) and others (e.g. Myers et al. 2007;| Coi
et al. 2008) that we briefly review here. First, the projecadu-
lar correlation function of dark matter is derived by caétirig the
nonlinear dark matter power spectrueg (k, z), using the code
HALOFIT (Smith et al. 2003), assumilg = Qmh = 0.21 as the
slope of the initial fluctuation power spectrum. The pragector-
relation functionwpw (6), averaged over the redshift distribution
of the HAES, can then be calculated following Myers et al 020
equation A6), which projects the power spectrum into theutarg
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Table 1. Summary of model fit parameters to the observed clusterittds atz = 2.23. Masses are in units éf~ ' M, and uncertainties reflectIrange.

Power-lav
ro/(h~ Mpc)  x?/v

0.9

3.7£0.3

Dark mattep
log (M)

11.7+0.1

buare X2 /v

24703 08

Halo occupation distributich

logyo(Mc)  logyo(Mesr) ber fsat Olog M Fs X2/V
12,6792 121700 24703 0087537 062703 03707 07

ag = (r/rp)~ 18 fit for scalesd < 600”.
Ylgal = béalgDM. Mass is the ‘characteristic’ halo mass for the quoted bias.
“See section 4.3 for further details. Notgog 1y = d1og 1y @ = 1, Mec = My,

correlation function using Limber’s equation. The dark t@actor-
relation function is shown in Figure 1.

We fit for theb? scaling that minimises &2 fit with the ob-
served HAE angular correlation function, yieldihgag = 2.4 +
0.1, with reducedy?/v = 0.8, formally slightly poorer than the
power law fit. The characteristic halo magkis related to the bias
through the parameterisation= f(v) wherev is the ratio of the
critical threshold for spherical collapse to the r.m.s.signfluc-
tuation for a mass\f: v = d./0(M). The functionf(v) for a
given cosmology is usually derived by fitting a form to the-out
put of N-body simulations; here we apply the function of Tinker et
al. (2010) (assuming halos are all 200 times the mean deokity
the Universe). The Tinker et al. fitting function is similarthat of
Sheth, Mo & Tormen (2001), but predicts slightly largdor large
v and slightly lowerb for small v (asymptoting to constarit for
low mass halos, and scaling as a power law for high masseasa Fo
bias ofbuar = 2.4153, we calculate a characteristic halo mass of
log,o(My/[h""Mg)) = 11.7 £ 0.1 at z = 2.23. This character-

over-complicated with too many free (and uncertain) patamnse
The counter argument is that galaxy formation is inherecti,-
plex, and semi-analytics serve as a tool for exploring thesiols
shaping the evolution of the galaxy population below theltg#on
that can be achieved in numerical simulations; these marigis
be refined as empirical results improve. Furthermore, saralytic
models are successful in reproducing many of the key fesatnire
the galaxy population, including the shape and evolutiotheflu-
minosity functions of stellar mass (see Baugh 2006 for aeme\i
We consider the clustering properties of HAEs within the-Mil
lennium Simulation (Springel et al. 2005), generated froree dif-
ferentGALFORM simulations: Bower et al. (2006; B06), Font et al.
(2008; F08) and Lagos et al. (2011, L11). The BO6 model, which
includes a recipe for AGN-driven feedback in massive haas;
cessfully reproduces key features of the local and distatexg
population, including the black hole—bulge mass scaling &t 0,
the shape of thé;- and K-band luminosity functions at = 0
(successfully reproducing the exponential turn down al higni-

istic My,a10 COrresponds to the top-hat virial mass (see e.g. Peeblesnosities) and the evolution of the stellar mass functionaléges

1993 and references therein), in the simplified case in wdiiatb-

outtoz ~ 4.5. Orsi et al. (2010) studied the clustering of HAEs

jects in a given sample reside in halos of the same mass. e not in the BO6 model to assess the relative merits of differeleiction

that this mass is approximately equal to the ‘effective’'ohalass
derived from full HOD modelling, as discussed§i.3, but differs
from some prescriptions in the literature which assumesbatces

techniques for the construction of future galaxy redshiftveys.
The FO8 and L11 models are based on B06, with the key improve-
ments that: (a) FO8 includes a more realistic prescriptanghs

occupy all halos above some minimum mass. Given the halo masscooling within satellite galaxies which orbit within magsihalos,

function atz ~ 2 (e.g. Tinker et al. 2008) the derived minimum
mass is typically a factor o2 lower, for the same clustering am-
plitude, than the characteristic mass quoted here.

4.2 Comparison to models of galaxy formation

GALFORM (Cole et al. 2000) is a successful semi-analytic model,
or rather a suite of models, that describe galaxy formatigingu
simplified prescriptions for the radiative cooling of gashin dark
matter halos, star formation and feedback (both througbrsigyae
and active galactic nuclei [AGN]), along with a hierarchicampo-
nent for growth set by the merger histories of the halos thexgzs
occupy. The latter is achieved by coupling semi-analyticlet®to
large N-body simulations in which halos (usually defined as re-
gions within which the matter density i§ = 200 x p(z)) can be
identified and tracked (see Merson et al. 2012 in preparfation
The main criticism levelled at semi-analytics is that they a
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and (b) L11 implements a pressure-based star formation déaw f
lowing Blitz & Rosolowsky (2006), and a more refined model of
the ISM. We refer the reader to the respective articles thstribe
each model in detail. The selection of HAESGALFORM is de-
scribed by Orsi et al. (2010).

The predicted galaxy correlation functions are effecyivel
identical in slope and amplitude in all three models, wits 3.8—
4.2 h~! Mpc when the amplitude of the real space correlation func-
tion is equal to unity¢(r) = 1. The similarity between the pre-
dictions is perhaps not surprising, given the similaritre¢he un-
derlying galaxy formation models. This is in reasonableagrent
with the amplitude of the real space correlation functicimessted
from the de-projection of the angular correlation functifrreal
HAEs. In Figure 2 we comparg(r) measured directly from the
simulations to our power law and scaled dark matter models of
the real HAE angular correlation function. As Figure 2 shows
both power law and scaled dark matter fits to the data almost ex
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Figure 2. A comparison of the real space correlation function of sated
HAESs from GALFORM with Lz, > 10%2ergslcm 2 atz = 2.2 to
fits of the observed angular clustering (Fig 1). The linesastioee model
fits to the measured angular correlation function: (a) a Enppwer law
&(r) = (r/ro)~7 (with v = 1.8), (b) £(r) = b%¢épm and (c) the HOD
fit (see§4.3). On scales 0.5 Mpc the models predict HAE clustering that
is in reasonable agreement with the amplitude of the clingteneasured
in the observations, but the semi-analytic models predi&t power at low
separation compared to the data (this is also apparent Baiver et al. and
Font et al. models which we do not show here for clarity).

actly match the clustering strength GhLFORM HAES on scales

r > 0.5h~! Mpc. GALFORM has less clustering than scaled dark
matter at smaller (single halo) scales. We explore this énrtixt
section, with a more sophisticated model of the clusterftdAEs
than simple using a scaled version of the dark matter cdivala
function.

4.3 A Halo Occupation Distribution model for HAEs at
z =223

4.3.1 Overview

A basic tenet of our current picture of the formation of g&ax
and their relationship to dark matter, is that galaxies lthdark
matter halos either as ‘central’ galaxies close to the dempsak,
or ‘satellites’ distributed according to some radial dgngirofile
(Navarro, Frenk & White 1997). Intuitively, the number ofteda
lites a halo can accommodate increases with halo masdrdted
in the real Universe by massive clusters of galaxies, whereeén-
tral galaxy is usually a massive elliptical surrounded bydreds or
thousands of lower-mass cluster members. However, alththey
occupation number might scale with halo mass in the stelEssm
limited case, the exact selection of galaxies in a given samjll
affect the observed halo occupation distribution. A haloupation
distribution (HOD) model parameterises the probabilitgtidbu-
tion that describes the likelihood that a halo of magshosts on
averageN galaxies (see Cooray & Sheth 2002 for a review). As
the projected clustering and number density of a galaxy lpepu
tion (or populations) will depend on the form of the HOD, weaca
use the observed clustering data to try to constrain moddiseo
halo occupation of HAEs. Critical to this approach is theapae-

terisation of the HOD; namely the functional form assumedtie
probability of finding a central galaxy, a¥ satellites in a halo of
massM.

We follow the methods of Wake et al. (2008, 2011 [W11]) to
construct a halo model, and refer the reader to Appendix B bf W
for a thorough description. In brief, one must parametetiséhalo
model by defining functions for the mean number of galaxies in
given halo,(N|M). Given the good agreement between the clus-
tering amplitude measured from the semi-analytic modetstha
data, we adjust our fiducial halo model to match the simutatio
here we have the luxury of the direct prediction of the HODfro
the model. In Figure 3 we show the HOD bft5 x 107 dark mat-
ter halos in the Millennium Simulation, populated with HAEsing
theGALFORM model. We show the HAE HOD for three luminosity
cuts,Lua > 10*,10%%, 10" ergs .

The star-forming galaxy HOD has some important differences
from typical mass limited HODs (cf. Zheng et al. 2007, W1Htth
are worth noting. First, at the lowest halo masses, the alaguataxy
distribution is approximately Gaussian, with a charast&rihost
massMnin, and scaler. At halo massed/ > Muin + o the distri-
bution of centrals becomes approximately flat, similar ®1thass
limited case though does not necessarily asymptoté\toM) =
1. One could therefore envisage a simple two component model
for the central HAE halo occupation, with a Gaussian distrdn
plus step function. At low k. luminosities, Ly, ~ 10*' ergs™,
above halo masses 6f10'*h = M almost every halo hosts a
central that is a HAE. As the luminosity limit is increasdug tow-
mass Gaussian component becomes more prominent (peakkd) an
shifted to higher halo masses, but with the occupation nurdée
clining with increasing H at all halo masses.

The decline in occupation number within increasing ldmi-
nosity is in part due to the form of the luminosity functiomit bhe
shape of the central HOD is likely to be driven by (a) the atell
mass and star formation history of central galaxies as aifumof
halo mass and (b) differences in the star formation effigiersca
function of halo mass (e.g. the cooling rate onto centradxjak).

It is also important to consider thataHemission can also result
from nuclear activity which might be important for brighgrdral
HAEs in massive halos. The satellite distribution is simttathe
mass-limited case, with a smooth lower-mass cut-off in paeu
tion and(INg| M) scaling as a power-law at large (Kravtsov et
al. 2004; Zheng et al. 2005). There is a simple luminosityetiep
dence, with the number of satellites declining lag. increases.
The decline in satellite occupation at all mass scales ®mtbre
luminous HAEs is a natural outcome of the shape of the lunitiynos
function, with Ly, = 10*® ergs™ probing exponentially declin-
ing L > L* HAEs at this redshift (Geach et al. 2008; Sobral et al.
2012).

4.3.2 A HOD model for & emitters

The central HAE distribution can be adequately describetiray
components:

(NelM) = FE(1 — F2)exp [_M]
2Ulog M
+ R [1+erf (M)] o
Olog M

where E24F are normalisation factors ranging from 0-1. The first
component describes the Gaussian distribution of cerdraisnd
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Figure 3. Halo occupation distribution (HOD) model of HAEs at= 2.2 predicted byGALFORM, where(Ngal\M> denotes the mean number of galaxies
in a halo of mass\Z. We show the HODs of central and satellite galaxies with Idminosities of (left to right panelsiy, > 10%%, 102, 10*3 ergs™!
(points). The total number of halos (that occupy the Miliemm Simulation volume) in this model i5.45 x 107 (error bars are Poisson). There is a clear
luminosity dependence to the HOD, with the occupation nunabepping at all halo masses with increasing: Himinosity. The lines corresponding to
‘central’, ‘satellite’ and ‘total’ show the best fit to the ipts extracted fronGALFORM using our parametric HOD described§a.3. At all luminosities we
can fit the HOD with same parametric form, and we adopt thisehiodour fitting of the observed projected correlation fuoret

halos of average madd.., and the second component describes the
high mass distribution, which we take as the standard niastet
step function form (Zheng et al. 2007). The parameigg »; de-
scribes the typical mass range of halos with HAEs as cerfoals
the Gaussian component; the exact valuergf »s in the second
component is not critical, and so we decide to fix it to the Gaars
width. Similarly we set the step function low mass cut-ofbw\/..

As shown in Figure 3, this four parameter model provides algoo
description of the model HOD d0*' < (Lma/ergs™') < 10%3,

the pertinent range for our analysis.

The number of satellite galaxies is described by a smoothed

step function similar to the central galaxy distribution fieass lim-
ited samples (Zheng et al. 2007), but with the added compmfen
a power law scaling at masses larger than the critical nidss,:

(N:|M) = F. {1 +erf <1°g(M/M“““))] (MM>Q . (10)

6log M

The parameteFy is the mean number of galaxies at the transition

M.. Finally, we fix the slope of the satellite distribution &0 =
1; this is close to the model fit across the full luminosity rang
shown in Figure 3, and is in agreement with the value found for
mass limited samples. Thus, our model has five free paraseter
Note that having a consistent model that scales withiininosity
is of benefit to our analysis, given the possible uncertesniti the
fidelity of observed and simulatedaHluxes.

With (N|M) defined, the number density of galaxies is given
by the integral of the halo mass functiefl\/):

ny = [ dn(ar) (V121 (12)
and this can be used as an additional constraint in the fitfitige
HOD, provided the number density of galaxies is known, altio

it is often difficult to produce fits that simultaneously ntatihe
clustering and abundance, e.g. Quadri et al. (2008). Heresevéhe
latest parameterisation for(A/) from Tinker et al. (2010). With
the halo model set ug(r) is defined (Cooray & Sheth 2002), and

massMmin (the characteristic mass above which halos can contain this can be projected to the angular correlation functi¢f) using

satellite HAES). The parameter controls the abundance of star-
forming satellites folMl > My,in. This functional form provides a
more satisfactory fit to the model satellite distributiofoat masses
allowing a more gradual cut off to the power law than is asslime
in the standard stellar mass limited case (e.g. Wake et &1)20Ve
make no restrictions as to whether a central HAE is requivethi
hosting of satellites, so the mean total number of galaxieshalo

of massM is

(N|M) = (Nc|M) + (Ns|M) . (11)

There are up to eight free parameters in this HOD. However
we choose to fix some in our modelling, given the size of thesrur
sample. The exact smoothing of the satellite low mass dus-abt
particularly important, in that satellites close to theestrold (in
the model) do not contribute significantly to the halo ocdigra
Therefore we fixdiog 4 = 010g m. Although we do not require
a halo to contain a H emitting central in order to host satellite
HAEs, we also constrain the satellite threshold masafas, =

© 2012 RAS, MNRASD00Q,[1-??

Limber's equation.
We can also define other parameters that are useful to summa-
rize the halo model: the satellite fraction,

foa = / dMn(M) (N|M) (N[ M) /ng,  (13)

which measures the fraction of galaxies in the sample tleegatel-
lites; the effective halo mass:

Mg = / dMMn(M) (N|M) /n,g, (14)
and the effective galaxy bias
be = [ aMR(OHM) (1) /g, (15)

whereb(M) is the bias for a halo of mas¥ .
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4.3.3 HOD fitting results

We assert from the outset that, with the current data (ilatively
small sample number), the interpretation of the resulthisftt OD
analysis must be taken with caution. Given the degeneragcies
volved, the results should only be used as an early guideeMNev
theless, the HOD provides an elegant framework within whach
discuss the observed clustering, and we examine the rémuks

The angular correlation function derived from the HOD de-
scribed above is fit to the data, including the full covarmmea-
trix. As in W11, minimisation is achieved by using a Markov
Chain Monte Carlo technique, which allows us to efficiently e
plore the parameter volume. The bestf{t) is shown in Figure
1, with a reduced®/v = 0.7, again indicating that our data is
too coarse to constrain the model. Although we present tke be
fitting model here, there are large degeneracies in the riLinado
model that the data cannot resolve. This means that the Key ha
parameters described §#.3.2 are only poorly constrained. The
difference between the HOD model and the real space camelat
function measured frosALFORM simulations is shown in Figure

w
Adelberger epaf”(2005)
Sobral et al. (2010)
High luminosity HAES 102 M
< |
Hayashi et al. (2007) l This work
—_ Sobral et al. (2010)
8 o 11
s 107 Mg
7
< 10
o N - Nakajima et al Q) 10 MO
i + +
Shioya et al. (2008)
- |
¢ Narrow-band selected HAEs
< Broad-band selected star-forming galaxies
Il Il Il Il Il Il

0 0.5 1 15 2 25

Redshift

2. Most of the parameters in equations 9 and 10 have very poor gjgre 4. Comparison of the correlation length of HAES and star-forgni

constraints, For example, the normalisation factors dextfely
unconstrained, and the 68% confidence interval for the mimm
halo mass hosting centrals (and the minimum mass for sas)lls
large, M. ~(0.1-13) x 10'*h~ M and the & upper limit of the
satellite fractionf... < 0.46. The normalisation factor8/ "> are
effectively unconstrained.

There are clearly indications of serious degeneraciesen th
model that cannot be resolved with the current data and asena ¢
mon problem for samples of galaxies where just a small foacti
of the population are detected. Only the average bias anah mea
halo mass are reasonably well constrained, Wwith 2.473-3 and
Meg = (1.375%) x 102~ M, in agreement with what was
found for the scaled dark matter fit §#.1. We summarise the re-
sults from the HOD fit in Table 1, along with the results frone th
power-law and dark matter fits.

5 DISCUSSION
5.1 The fate of HAEs atz = 2.23

The clustering amplitude of = 2.23 HAEs is similar to other
star-forming populations at high-Adelberger et al. (2005) present
a clustering analysis of/,,GR (BX/BM) selected star-forming
galaxies atl.4 < z < 3.5 and derive a correlation length of
ro ~ 4h™! Mpc across this redshift range, and argue that, at
z ~ 2.2, star-forming (BX) galaxies withV/, ~ 10° M re-
side in dark matter halos of massl0'2 M. Hayashi et al. (2007)
present a clustering analysis of star-forming ‘'sBzK’ sedd@alax-
ies (Daddi et al. 2004) at ~ 2, which are a similar population
to the broad-band BX selected galaxies described abovendind
ro = 3.275°5 h=! Mpc and typical halo masses 28 x 10 M.
The average stellar mass of HAEs in our sample is
log(M./Mg) = 9.4 (calculated from stellar population fits to
the homogenised UV-optical-near-IR photometry using #ma-t
plates of Bruzual & Charlot 2007, including the thermallygaing
Asymptotic Giant Branch population, Sobral et al. 2011)e Kby
improvement made here is that our selection is far more sixeu
than broad band selections, with the narrowband technigtre-c
sponding to a nearly pure SFR selection over a very narroshitd
range. This has the effect of minimising contamination @ntant
for an accurate measurement of the clustering amplituda $pe-

~
~

galaxies since = 2.2 derived from de-projected angular clustering mea-
surements. We compare the measured values to the predakedniass
hosting galaxies with correlation lengtty for our cosmology. We dis-
tinguish between measurements made from samples of HAEstaelin
narrow-band and more general star-forming galaxies sglentbroad-band
surveys (the latter have much broader redshift distrilnshioNote that evo-
lutionary trends are hard to measure in this plot, given thatlow red-
shift surveys generally probe lower luminosity systems] #rere is ob-
served to be a strong correlation between clustering dtreagd lumi-
nosity (i.e. SFR). Indeed, Sobral et al. (2010) show thaincreases to
ro ~ 5h ™1 Mpc atz = 0.84 whenLy, % 10*2 ergs ! are considered.
In summary, ‘normal’ star-forming galaxies with SFRL-100M, yr—!
have been hosted by dark matter halos with® < M}, < 10'2 A~ 1 Mg
sincez = 2.2, with more luminous and massive systems residing in more
massive halos at all epochs.

cific population) and the tomographic nature of the selecttwould
improve the contrast of scale dependent features in thegeg
clustering.

Hayashi et al. note the clear stellar maksb@nd luminos-
ity) dependence to the clustering strength, indicating tha de-
scendants of sBzK galaxies could range from sub-Milky Wagsna
halos to halos similar to rich clusters. Sobral et al. (2048p
find that, when split by stellar mass andvHuminosity, a clear
increase in the derived correlation length was found for d/A&E
z = 0.84, such that more massive and luminous (i.e. high SFR)
galaxies reside in more massive dark matter halos. Theedari
fates’ of star-forming galaxies at = 2 has been discussed by
Conroy et al. (2008) who examine the evolutionary historgtaf-
forming galaxy hosting dark matter halos Mibody simulations,
finding that generically selected star-forming galaxies at 2 do
not evolve into any single class of galaxy by= 0. The number
density of the descendants of modek- 2 star-forming galaxies
atz = 0 drops by a factor of two due to the merging of descen-
dants in the interva) < z < 2. Of the remaining galaxies that
did not merge, 70% evolve into central galaxies within habs
My, 2 10"2h7' My by z = 0. Central galaxies at = 0 corre-
spond tox L* systems, whereas the star-forming galaxies that are
destined to become satellites by= 0 are generally lower-mass
systems owing to the slower/halted rate of stellar mass threx-
pected for sub-halos orbiting within massive halos (i.eeelide in
the cooling rate and potential expulsion of gas, g¢v2). Gonzalez
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et al. (2011) find a similar result for submillimeter selectalax-
ies within GALFORM, with the descendants of these higlstar-
forming galaxies evolving inta = 0 galaxies with stellar masses
M, ~ 10" 12p~1 M,

Although we expect the HAEs in our sample to evolve into
a range of galaxy types, we can estimate the halo mass of the de
scendants of the average HAE in our sample — i.e. those hbgted
halos with the ‘characteristic’ mass found in our clustgranal-
ysis. AssumingMes = (1.370%) x 10"2h~" Mg atz = 2.23
we use the median halo mass growth rate from Fakhouri, Ma &
Boylan-Kolchin (2010) to estimate that by= 0 the average HAE
is destined to reside in a halo of mak, = 2-5 x 10'2h "' M.
Thus, HAEs are an important population to study in the caraéx
understanding the ecology of ‘typical’ galaxies in the loCai-
verse, although as described above, there are likely to pertant
mass and luminosity dependencies in the exact evolutidnajsc-
tory of HAEs (as hinted at by Figure 3 and 4), which our current
data cannot resolve.

5.2 Comparison with other Ha surveys at low redshift

Sobral et al. (2010) present a clustering analysis of HAEs de
tected in HIZELS at a redshift of = 0.84 (narrow J-band se-
lection, probing to lower K luminosities than the present survey)
and find a strong luminosity dependence to the clusterirgngth,
2 < ro < 5h™ Mpc for 41.6 < log(Lua/ergs™") < 43.2, with
the clustering strength increasing with luminosity (samito the
trend seen in other samples, as described above). Our s@&nple
too small to split into luminosity bins and retain sufficiesignal-
to-noise in the clustering measurement. At an equivalentrios-
ity limit to the one used in our analysis, the clustering regté of
HAEs atz = 0.84 is similar to that az = 2.23, indicating only
weak evolution in the clustering properties of star-forghgalax-
ies with SFR:10 M yr—! over this range. Shioya et al. (2008)
and Nakajima et al. (2008) present clustering analyses Adtd-at
z = 0.24 andz = 0.4 respectively, finding correlation lengths of
~1.5-2h~! Mpc. However, those studies probe fainter HAEs than
our sample contains, and therefore it is difficult to assegsrad-
shift evolution in the clustering properties of HAEs to tbdater
epochs given the expected strong luminosity dependencg of
We summarise this comparison in Figure 4, where we com-
pare the derived correlation length of samples of narrondbse-
lected HAEs and the more generic broad-band selectionsanf st
forming galaxies described above. The broad range in lusityno
limits (Shioya et al. 2008 probe ddluminosities over two orders
of magnitude lower than our sample) in the—z plot mask any
evidence of evolution in the clustering of star-formingayéés. In-
deed, the characteristic luminosity of HAEs is itself a strdunc-
tion of redshift, withlog(L* /ergs™') = 0.45z + 41.87 since
z = 2.23 (Sobral et al. 2012). It is clear however, that ‘typical’
star-forming galaxies (i.e. those closelt6 and not in the ultralu-
minous class, such as submillimeter selected galaxied;liskex
etal. 2012) have, on average, been hosted by dark matter\velo
10'° < My, < 102 h=' My, sincez = 2.2, with the amplitude of
clustering decreasing for less luminous and lower masgessst
Figure 4 presents an average representation of the chgpteri
properties of star-forming galaxies. In reality, HAEs axperted
to reside in halos with a range of masses (as modelled by ol HO
for example), and this will have important consequencegHeir
fate. In the next section we illustrate this with an exampderf our
data — an apparent over-density of HAEs in the COSMOS field,
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Figure 5. A potentially massive halo in the COSMOS field, blindly de-
tected as an over-density of HAEs in HIiZELS. The large pashisv HAEsS
meeting the selection criteria used in the present studwl{snpoints are
HAEs with lower line fluxes). The colour background and comnsoshow
the smoothed density contradt= (p — (p))/{p). clearly indicating a sig-
nificant peak in the mean surface density. Interestinglg, gtructure con-
tains a Ry emitting z = 2.23 QSO close to the peak (cross symbol); such
active systems are often used as ‘signpost’ objects arotmchvio search
for over-dense structures. HAEs in this structure exempglintribution of
star-forming satellites producing power in the correlatianction at low
angular separations.

perhaps representing star-forming galaxies tracing @ratlassive,
rare dark matter halo.

5.3 A comment on satellite HAEs and cosmic variance: the
detection of a over-dense structure in the COSMOS field

The measured correlation function implies that satelljjlsy a
non-negligible role in the small-scale clustering powertHe halo
model described ir§4.3, massive halos with large numbers of
bright Ha—emitting satellites are rare objects, as dictated by the
luminosity and halo mass function. However such systemsimig
be detectable in large surveys such as ours as local ovsitiésn

in the surface density of HAEs. We have detected such a syatem
the COSMOS field.

We have evaluated the local density contrast across the field
by first calculating a simple local density measwyre= 4/7r3,
wherer, is the angular distance to the fourth nearest HAE from
an arbitrary point. This is normalised to give the densitptcast:
0= (p—{p))/{p), where(p) is the mean surface density of HAEs
across the field. We evaluateacross a grid, and then smooth this
with a Gaussian kernel afwHM equivalent to 5 co-moving Mpc.
The peak density contrast ds= 17 at 10*00™50°, +02°00'53".

We do not detect a similar structure in the UDS field, implying
the sky density of environments of similar mass is of the orde
one per two square degrees. Systems such as this illusieaiet
portance of taking into account cosmic variance in clustemea-
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surements of HAEs. As Figure 1 shows, the small-scale cingte
power in the angular correlation function is dominated ly@OS-
MOS field, and this local over-density is likely to be a donmiha
contributing factor, with the one-halo term boostin9) at scales
below 1 Mpc. The cosmic variance uncertainty is encodedtimto
delete-one jackknife method we have employed, since tHedful
the over-density is easily encompassed by one of the submes.

Figure 5 shows the sky plot of HAEs around the peak of the
over-density, including a representation of the smootheusity
field. Interestingly, the peak encompassesihe 2.2396 quasar
SDSSJ100051.92+015919.2 (Prescott et al. 2006), whidke¥ i
a HAE (and included in our sample). Extremely luminous gaisix
such as quasars and radio galaxies are often used to seednset d
environments, relying on the fact that these extreme, et eztive
galaxies are likely to be highly biased tracers of the méitéat and
therefore reside in massive halos (Ellingson et al. 199ane$ &
Campusano 1991; Bower & Smail 1997; Miller et al. 2004; Boris
et al. 2007; Hatch et al. 2011; Matsuda et al. 2011). In thée ¢he
COSMOS structure was blindly detected and turns out to harbo
a quasar, lending support for the approach of imaging thdsfiel
of active galaxies with narrowband surveys to discover Suate)
environments.

6 SUMMARY

We have presented an analysis of the clustering propertigg®m
Ha emitting galaxies at = 2.23, selected in two, independent,
degree-scale fields as part of the HiZELS survey. Using asefi
increasingly sophisticated models of the clustering, we: fin

(i) The average correlation function can be broadly modedie
a power law, with slopes = 0.8. Although there are clear devi-
ations from the simple power law on all scales, the normgdisa
of the power law fit provides an adequate estimate of the palysi
correlation length of HAEs, = 3.7 £ 0.3 h~* Mpc, similar to
other star-forming populations at this redshift. We find the lat-
est semi-analytic models of galaxy formation predict a eation
length that is in good agreement with the measured value.

(i) The shape of the observed correlation function is mare a
curately reproduced by scaling the projected correlatimetion of
dark matter with a bias factowuar = b*wpwn. This is superior
to the simple power law as it is a better description of theavar
tion of the power in the correlation function across the falhge
of measured scale8,1 < r < 10 h~* Mpc. The best fitting value
HAEs isbuar = 2.4753. This can be related to a characteristic
halo mass, which we find to deg (M, /[h ™' Mg]) = 11.7 £ 0.1.

(iii) Our final model attempts to fit the HAE clustering using
a halo occupation distribution (HOD) model. To parametetise
occupation of central and satellite HAEs in dark matter salee
turn to the semi-analytic models for motivation (which poedhe
HOD), given the good agreement between model describeceabov
Although the HOD is poorly constrained by the current datahiw
clear degeneracies resulting in multiple acceptable fithé¢oan-
gular clustering), we derive an average bias and charatitehialo
mass in good agreement with those derived from the scaldd dar
matter correlation function, with = 2.473-2 and effective halo
massMeos = (1.3703) x 10*2h7! M.

(iv) Finally, we report on the detection of a significant lbsad
over-density of HAEs in the COSMOS field. Interestingly,sthi
structure encompassesza= 2.23 QSO, which is itself a HAE.
Itis clear from the clustering analysis that cosmic varaimHAE

surveys remains important esil ded scales, especially in the fluc-
tuations expected in the small scale clustering amplitide.HAE
structure is likely to trace a relatively massive halé, ~ 103 Mg
with a high satellite occupation number, and could be dedtio
evolve into a large group or cluster of galaxieszy: 0.

Future high redshift | surveys with improved statistics over
wider fields will be able to explore halo models of HAEs in gt
detail. Our current result represents a first step in thiesctiion, and
despite the limited information we can extract from the ®tisg
models, it is clear that disentangling the relative roleasitcal and
satellite star formation in massive halos at high redshifin im-
portant component of our understanding of the efficiencyteifas
mass assembly as a function of halo mass. Multi-epaelsitveys
such as HiZELS will be essential for examining evolutionaends
in the clustering properties of star-forming galaxies atpeak era
of galaxy formation, and we aim to investigate this in a foaiming
paper.
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