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Abstract 3. Cross-correlation method and results

We present a measurement of the spatial clustering of 870-um selected To determine the real-space SMG-galaxy cross-correlation, 0005
submillimeter galaxies (SMGs) at 1 <z < 3. Using data from the Laboca we employ the method of Myers et al. (2009), as ) ooneh
ECDFS Submm Survey (LESS), we employ a novel technique to measure implemented recently by Hickox et al. {2011) for quasars in '
. | X . the Bodtes field. We compute the projected cross- 2 oonsk
the cross-correlation between SMGs and galaxies, using full T.he full correlation function we(R), taking into account the g 0003
probability distributions for photometric redshifts of the galaxies. From the likelihood fij (see right) that each SMG and galaxy are 3
observed projected two-point correlation function we derive the linear ?SSO?IOfe'dtr;h redshift Séchj\a' The r:rolleggggd'cone'(lhon
bias and characteristic dark matter halo masses for the SMGs. We detect unctionis then given by (Myers ef al. 2009): oot y
A ) ) : D,Ds(R R
clustering in the cross-correlation between SMGS and galaxies at the w,(R) = NxNp Zvi.j oDg(R) Zci‘j T
>40 level. We show that SMGs at 1 <z < 3 are indeed strongly clustered 7 DoRe(R) 45 Comoving disance (1" Mpe)
and reside in dark matter halos of mass ~a few x 10'2 h™! Mpc, very similar , Proanify dersy unctons () v comovig donce fr tree
to the typical halos for optical quasars. This represents the most precise where Cij = fl// Zf,, SMG). The f(z) curves are normalized so that [ flx) dy = 1. In the
. ij lati lysis, SMG-gal i hted by fij, which
measurement to date of the clustering of ~850-um selected SMGs. The N s dofined 0s e veiue of i) for e Galary ot e recktif of
and DaDe and DaRe are the number of quasar- the SMG i

results support evolutionary scenarios in which SMGs and QSOs are
intimately linked, and confirms that SMGs are consistent with being the
\progenitors of local massive elliptical galaxies.
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SMGs are the most powerful star-forming systems in
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; _‘ f I ‘ Weis ot al u'm 1 the Universe and are most commonly found at T\\ ] 1 I [
! redshift z ~ 2, in the epoch of peak star formation o f ; N
| and quasar activity (e.g, Wardlow et al. 2011). ok ~H h
o5 Cross- i L Galaxy autocorrelation
= Measurements of the spatial clustering of SMGs are 10" S‘A‘G' claxy cros-corela " 0001 Galary autocoreia . .
3 essential for understanding the relationship 0.1 10 10.0 0.1 10 10.0
or between rapid star formation and environment, R (" Mpe) 8 (arcmin)
and for fracing the role of SMGs in the evolutionary The left panel shows wp(R) for the SMG-galaxy cross-correlation, along with the best-fit power-law
ol . . . mig%gﬁgﬁ:‘Sﬁigﬁﬁzzjﬁ?;aﬁg; the soatial model for the cross-correlation with ro = 5.2 + 0.8 h"' Mpc and y = 1.74  0.20. The dotted line shows wp(R)
° 2, I1 ¢ ° autocorrelation of SMGs (e.g., Blain et al 2504 for dark matter in a cosmology with (Qm, Qa, h, 0s) = (0.3, 0.7, 0.7, 0.84), calculated using HALOFIT (Smith
Waeiss et al. 2009, Willi Mttt i ' et al. 2003). The ratio of these two yields bsmcbgal. Where bswe and bgal are the linear bias of the SMGs
06 — . , Williams et al. 2011) have been ! N . . .
350 sources T—e— limited by the small areas and sample sizes in and galaxies, respectively. We then calculate the angular autocorrelation function w(8)of the galaxies

s 68% confdenceupper it submm surveys, and so have found at best at the redshifts of the SMGs (right panel), and divide by the »(8) for the dark matter to obtain bgai,.

04 marginal evidence for spatial clustering. Together, these two measurements yield bga = 1.74 £ 0.13 and bsme = 3.35 * 0.82, corresponding to a
. \ \ autocorrelation length for the SMGs (assuming vy = 1.8) of ro = 7.7 * .23 h"! Mpc. /
L N N To determine the real-space clustering of the

" i . SMGs, we measure their two-point cross-correlation / ° \

o - =S with galaxies in the same field, for which the larger 4. Halo masses qnd eVOIUhon
o1 b witemsetal (ot} sample size significantly improves the statistical
- o power of the measurement. We employ a new 15F T
Angular Separation 6 aresec] technique that makes use of photometric redshift 3 SDSS DRSQ spec-z = J A cartoon picture of
information fo associate SMG-galaxy pairsin : SPss phl’z‘é’i ] massive galaxy evolution
comoving distance, maximizing the signal-to-noise. 14F 2SLAQ -
E QSO-1 (HIT) + ]
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2. SMG and galaxy samples L P ; ’ galaxy(s)
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Our samples of 74 SMGs and =40,000 § 12 E ]
276 galaxies are taken from the Extended 2 F Bl
Chandra Deep Field South. Sky positions of - E 1
sk the two samples are shown on the left. 11F -
_ SMGs: SMGs are detected at 870 microns SMG
é 278F with the LESS survey (WeiB et al. 2009). 10E , , 3
8 Detailed identification of IR and opfical
2 ! 0 1 2 3
279k counterparts was performed by Biggs et al.
: z
(2011) and Wardlow et al. (2011). Half of the ) . . .
SMGs have spectroscopic redshifts, primarily Having obtained bsme, we can estimate Mhaio for the SMGs using the
280F from an ongoing campaign with VLT relation between linear bias and halo mass of Sheth et al. (2001). We quasar
VIMOS/FORS (M. Swinbank & A. Danielson). obtain a halo mass for the SMGs of log Mnaio [h*! Msun] 12.8*93.95. This is
281F o SMG:*_' salaxies 1 The remaining SMGs have photometric consistent with previous measurements of the clustering of quasars
S ) ) redshifts as determined by Wardlow et al. selected in the optical (e.g. Croom et al. 2005, Myers et al. 2006, da
555 R TB2 51 52 08 (9011). We restrict our clustering andlysis fo Angela et al. 2008, Ross et al. 2009) and mid-infrared (Hickox et al. *
RA (deg) 50SMGsat1<z<3, Wi.1h a median redshift 2011). The clustering is o\sp consistent with \um[nous Hersche[sources red sequence
14F ) T of 2.0 (see redshift distribution at left). (Cooray et al. 2010) and is stronger than for fainter far-IR emitters

& 12F v (Amblard et al. 2011). These results are consistent with the idea that galaxy

Z loF Galaxies: Galaxies are selected in deep powerful star-forming activity may be part of an evolutionary sequence

s 8 IRAC observations of ECDFS. Photometric that also includes rapid black hole growth (e.g. Sanders et al. 1988,

£ of redshifts are determined for all galaxies, Hopkins et al. 2008), and suggest that SMGs are indeed the progenitors

Z 4 i i iii i f today's massive red sequence galaxies. In the future, by combinin

z along with full redshift probability density © Y seque 9 > DY ning Adapted from Hickox et al. 2009

2 . functions(PDFs) that are used extensively in these measurements with estimates of the space density of SMGs it wil (Adapted from Hickox et o )
05 10 15 20 25 30 35 the SMG-galaxy cross-correlation analysis. be possible to determine the lifetimes of powerful starbursts and further

understand their role in the evolution of massive galaxies.
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