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ABSTRACT

We present high-resolution 345 GHz interferometric obstons of two extreme lumi-
nous C;r 2 10* L), submillimetre-selected galaxies (SMGs) in the COSMOH fidth
the Submillimeter Array (SMA). Both targets were previgudktected as unresolved point-
sources by the SMA in its compact configuration, also at 34% GHhese new data, which
provide a factor oz 3 improvement in resolution, allow us to measure the physcale
of the far-infrared in the submillimetre directly. The \agity functions of both targets show
significant evidence for structure en 0.5 — 1 arcsec scales, which atz 1.5 translates
into a physical scale of 5 — 8 kpc. Our results are consistent with the angular and phlysica
scales of two comparably luminous objects with high-resofuSMA followup, as well as
radio continuum and CO sizes. These relatively compacs $izé — 10 kpc) argue strongly
for merger-driven starbursts, rather than extended ghsdisks, as the preferred channel for

forming SMGs. For the most

luminous objects, the derivedssinay also have important

physical consequences; under a series of simplifying aggans, we find that these two ob-
jects in particular are forming stars close to or at the Egfiin limit for a starburst.

Key words. galaxies: high-redshift — galaxies: interactions — gadaxstarburst — infrared:
galaxies — submillimetre — instrumentation: interferoenst

1 INTRODUCTION

In recent years, it has become increasingly clear that the
most infrared(IR)-luminous galaxies pay an important rale
the star formation history of the Universe. Though they pro-
vide only a trivial contribution in the local Universe, both
theory (Hopkins etall 2010b; Hopkins & Hernguist 2010) and
observations| (Le Floc'h et al. 2005; Pérez-Gonzalez.e2aD5;
Magnelli et all 2009; Goto et £l. 2010) have shown thatby 1

the total IR luminosity density is dominated by luminous'( <
Lir/Le < 10'%; LIRGS), and at higher redshifts by ultralumious
systems ;g > 10'% L ULIRGS). Thus detailed study of these
populations, and the processes driving their tremendatiatiee
output is critical to a thorough understanding of galaxyrfation
more generally.

Submillimetre-selected galaxies (SMGs), discovered m th
first deep cosmological surveys at 380 (Smail etal. 1997;

Hughes et al. 1998; Barger etlal. 1998) by the SubmillimetC
mon User Bolometer Array (SCUBA: Holland et al. 1999), repre
sent some of the most extreme objects in the high-redshiftdtse

(for a review, see Blain et al. 2002). Owing to a strong negdatt
correction, the selection function at 800 — 1000um is flat from

z ~ 1 — 10, and therefore provdes an unbiased view of star for-
mation out to very high redshift (Blain & Longzlir 1993). Thghu
their bolometric energy output rivals that of luminous caras
SMGs are several orders of magnitude more numerous at campar
ble redshifts £ ~ 2.5;|Chapman et al. 2005). At the same time,
these two extreme populations are thought to be connected vi
an evolutionary sequence (Hopkins etial. 2010b; Narayanah e
2010, 2009a,b) driving the formation of the most massivexjab
(Scott et al. 2002; Blain et al. 2004; Swinbank et al. 200800820
Viero et al.| 2009). Thus, in the context of a merger-drives-co
mic cycle (e.g.._Sanders etlal. 1938; Hopkins &t al. 200680,
SMGs represent the transition objects between star foomaind
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AGN-dominated systems, and as such a compelling laboré&tory
testing models of galaxy formation and evolution in the nest
treme environments.

While their bolometric luminosity is thought to be pri-
marily powered by star formation_(Alexander et al. 2005b,a,
2008; Valiante et al. 2007; Menéndez-Delmestre et al.|Z2R009;
Pope et al. 2008; Momijian etlal. 2010; Serjeant et al. 201AGS
could in principle represent one of two very different chelsna
steady-state mode wherein large and extended (e.g., Katiah
2003; | Efstathiou & Rowan-Robinsan 2003) reservoirs of gas i
disk galaxies fueled largely by cosmological gas accrefmqg.,
Keres et al.| 2005, 2009b,a; Daveé et al. Ztﬁb@)elds a very
high steady-state star formation rate, or interactiomegrievents
wherein close passages and/or mergers induce strong kars th
centrally concentrate the gas supply (Barnes & Hernqui€619
Hopkins et al. 2009), leading to a brief and intense bursucfear
star formation (see also Herngllist 1989; Barnes & Herndi9i8t ;
Mihos & Hernquist 1994|, 1996; Cox etlal. 2008; Di Matteo et al.

2008). These two modes can be distinguished by the size of the

star-forming region, with steady-state disks extendingr@gns of
parsecs R ~ 28(S,/10mJy)"/? kpc atz = 2:|[Kaviani et al.
2003) versus interaction-driven bursts which are much rcore
centrated. There is n@-priori reason to favor either scenario, and
indeed both very gas-rich disks (e.g., Erb et al. 2006; Datldl.
2009¢;| Tacconi et al. 2010) and merger-driven, IR-luminsias-
bursts (e.g., Tacconi etlal. 2008; Walter et al. 2009) haem lwdb-
served in the high-redshift Universe.

To date, observational estimates of the physical scaleaof st
forming regions in SMGs prefer the interaction-driven srém
However, the majority of detections are in the radio, wheye b
leveraging the remarkably tight far-IR radio correlatiom-which
the total rest-frame 20cm luminosity provides a proxy fa th-
tal star formation rate among star-forming systems in ttoallo
Unvierse |((Condon 1992; Yun etlal. 2001; Thompson Et al. 12006;
Lacki et al. | 2009;| Lacki & Thompson 2009) —_ Chapman ét al.
(2004), Biggs & lvison|(2008), and Momijian et/ al. (2010) inréed
typical physical sizes of 5-10 kpc for SMGs. At the same ti@@,
imaging (Neri et all 2003; Greve et al. 2005; Tacconi et aDe20
2008;| Daddi et al._200¢b,a; Bothwell el al. 2010) tends tddyie
comparable sizes. However, each of these techniques hem®its
comings: the spatially resolved far-IR/radio correlatisrstill not
well understood (see e.d., Hippelein etlal. 2003; Murphy €200
Tabatabaei et &l. 2007), and imaging redshifted CO emissim
tational lines with excitation requirements higher thae th =
1 — 0 transition may substantially underestimate the starburst
scale|(Narayanan etlal. 2008; Ivison €t al. 2009a).

Therefore, it is preferable to measure the starburst scale

in the far-IR directly. However, the beam sizes charadierisf
single-dish instruments are often nearly an order of mageit
too large to probe the relevant spatial scales. And, owingdth-
nical constraints, even interferometric imaging is typicdoo
coarse. In fact, to date virtually all SMGs with interferamiefol-
lowup are compact relative to the beams -3 arcsec FWHM,;
Dannerbauer et &l. 2004, 2008; lono €t al. 2006; Wang et 81;20
Younger et all 2007, 2008a, 2009b; Cowie et al. 2009). Rigent
Younger et al.|(2008b) imaged two of the brightest SMGs known

1 Here disk refers to a stable, gas-rich disk rather than caieishclump-

unstable and highly turbulent_(Elmegreen et al. 2008; Dekal. 2009;

Ceverino et al. 2010). This scenario is discusse${d in the context of a
potentially mult-component far-IR morphology.

200F

v [ka]
o

Figure 1. Theu — v coverage for our high resolution interferometric imag-
ing of AZTEC4 and AzTECS for both the compact (COM: black)d ax-
tended (EXT: red) configuration. For further details, imithg weather con-
ditions and on-source integration times, see Table 1.

with the Submillimetre Array (SMA: Ho et &l. 2004) in its ma&st-
tended configurations — the highest resolution submillienebag-
ing of high-redshift starbursts achieved to date — and fotlnad
their far-IR emission was extended stfiewx kpc scales. Such ex-
tremely bright objects were particularly interesting hesmat these
size scales and luminosities the implied energetics stamtini up
against physical limits on the star formation rate imposgdhe
dynamical time of the gas (Elmegreen 1999) or the effectaof r
diation pressure on the dust (Thompson et al. 2005; Murray et
2005; Murray 2009; Hopkins et al. 2010a).

In this work, we present similar observations of two other
exceptionally bright, and therefore luminous objects in.Bnim
blank-field survey of the COSMOS Field (Scott etlal. 2008) per
formed with the AzZTEC camera (Wilson etlal. 2008): AzTEC4 and
AzTECS. In both cases, high-resolution follow-up obsedorat
provide a measurement (rather than an upper limit) on thke sca
of the far-IR emission, and therefore the starburst itsetis pa-
per is organized as follows: i§[2 we summarize the observations
and data reduction, i3 we present the results, §d we discuss
the implications, and i [5l we conclude. Throughout this work,
we assume the 7-year WMAP cosmological model Komatsul et al.
(2010), though any set of cosmological parameters with@ison
will not qualitatively change the interpretation of thessults.

2 OBSERVATIONSAND DATA REDUCTION

The two targets — AzZTEC4 and AzTEC8 — were selected from the
SMA/AZTEC interferometric survey (Younger et al. 2007, 96D
of bright sources in the AzZTEC 1.1mm (270 GHz) survey of the
COSMOS field|(Scott et &l. 2008). They were first identifiechia t
AZTEC map with deboosted flux densities®2* ! and5.5+1:3
mJy, and were later detected by the SMA in its compact (COM)
configuration at 870m (345 GHz) with flux densities af4.4+1.9
and19.7 £ 1.8 mJy (assuming a point-source model). We then tar-
geted both sources with the SMA in its extended (EXT) config-
uration with a goal of measuring the source size. The ohsgrvi
conditions for and an overview of all available data for the tar-
gets are summarized in Talile 1, and the v coverage presented
in Figure[d.

A detailed description of the calibration strategy for tHeNd
configuration tracks are provided in_Younger et al. (20073 an
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Table 1. Track Details

Target Configuratioh  u — v Coverage Beam Size Date < ToosqHz > Obs. Timé@  Reference
[kA] [arcsec] [dd.mm.yy] [hrs]
AzTEC4 COM 20-75 2.71 x 2.12 21.01.07 0.06 5.9 Y07
EXT 50-250 0.86 x 0.77 23.02.09 0.05 3.9 This work
AzTEC8 COM 20-75 2.69 x 2.19 17.12.07 0.05 6.2 Y09
EXT 50-250 0.86 x 0.55  16.02.09,22.02.09 0.1,0.06 3.7,3.8 This work

a For details on SMA configurations, SBet p: /7 smal. sma. hawai i . edu/ st at us. ht ni | ® Total on—source integration time in that configuratién.

Y07:[Younger et &1[(2007); Y09: Younger ef 4. (2009b)

i—Band Ks 20cm

AZTEC4

AZTEC8

Figure 2. Postage stamps for AZTEC4 (top) and AzTECS8 (bottom) incdgdieft to right): 87¢um SMA (natural weighting), Subaru B-band, HST/ACS
i-band, CFHT Ks-band, and VLA 20cm imaging. For both soureesonly include SMA data from the EXT tracks. The red corgaudicate3, 5,7, . .. X
the r.m.s. noise level, the grey hashed ellipse the beamasizethe grey dashed line 1 arcsec for scale.

Younger et al.|(2009b) for AZTEC4 and AzTECS respectivebyr. F We also make use of extensive multiwavelength data in the
the EXT tracks presented in this work, the receiver was tuned = COSMOS Field (se-07 for an over\,lﬂa\iv}

340 GHz in the LSB, and averaged with the USB for an effective cIudlng Subaru ground based optical and neal ! S
bandwidth of 4 GHz centred at 345 GHz. Passband calibratas w ) HST/ACS i-band| (Koekemoer ef al._2007), IRAC 3.6—
performed using 3C84 (Benneétt 1962), and primary flux calibr  8um and MIPS 24m (Sanders etal/ 2007), VLA 20cm
tion was done using either Ceres (on 16 and 23 Feb 2009) ar Tita (Schinnerer et al. 2007), an@handra X-ray (Elvis et al.| 2009;
(on 22 Feb 2009). The target was observed on a 10 minute cycle9) imaging.

with two primary gain calibrators: 1058+015-(2 Jy; 15 degrees

away) and 0854+201~( 6 Jy; 24 degrees away). Because Ceres

is known to be variable at the 20 — 30% level due to rotation

(Altenhoff et al.| 1994] Redman etlal. 1998; Barrera-Pindddle = 3 RESULTS

M), we confirm this flux scale by checking that the flux dgnsi

. . . . Imaging and model fitting for the calibrated visibility dateas
for 0854+201 derived using Ceres as the primary flux caliorat ) i
(6.0 + 0.3 and5.7 £ 0.3 Jy) were consistent with those using Titan perfor.med using thM'R,'AD, software pac|§a995).
(5.7 + 0.3 Jy) We utilize a natural weighting scheme, yielding dirty mapsthe

EXT tracks that had r.m.s. noise levels of 1.6 and 1.8 mJwibea
for AzZTEC4 and AzTECS respectively. The peak flux density in
each map was spatially consistent with detections in eatii@M
tracks and highly statistically significant: for AZTEC4 theak was

In addition to the two primary targets, we observed a nearby
test quasar — J1008+063- (0.2 Jy) which was 5 degrees away
from the targets — once every 60 minutes throughout the tiack X
empirically verify the phase transfer and inferred soutcacsure, 8.0 mJy/beam (S/N5), and for AZTECS it was 12.8 mJy/beam
and estimate the systematic positional uncertainty. Thisce is (SIN~T7). ) .
included in both the JVAS (Patnaik et/al. 1992: Browne £t298) Postage stamps of these maps, along with contours overlaid
and VLBA Calibrator/(Ma et al. 1998; Beasley etlal. 2002) sys/
of compact, flat—spectrum radio sources, has an absoluttopos
known to better than 20 mas, and was confirmed to be compact at2 Mmore current information is available at

345 GHz by Younger et al. (2008b). http://cosnos. astro. cal tech. edu/|
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Figure 3. Binned and vector-averaged real visibility amplitudes dsration of u — v distance for the target (top row) and test quasar (botton).rohe
targets — AzZTEC4 (left) and AzTECS (right) — and the calilumtstrategy are discussed §i2. For the targets we include all available data, includinthb
COM and EXT tracks, details of which are provided in Tdlle @ tew — v coverage presented in Figlite 1; for the test quasars we ncilydie the EXT
data. For comparison, we provide a series of symmetric Gaussurce models with FWHM sizes of (left to right) 10, 5, 205 arcsec. The flat solid and
dotted lines indicate a point-source fit (including only @®M data for the targets, and only the EXT data for the tessaus and the associated statistical
uncertainty. We find that both AzZTEC4 and AzTECS8 show cleadeswce of structure orz 0.5 — 1 arcsec scales, and the test quasars confirm the phase

transfer.

Table 2. Positions and Source Structure

name  Config?  Model o 5 Aab As® Fg90um 050 0. ¢?
[J2000] [J2000] [arcsec]  [arcsec] [mJy] [arcsec] [arcsec][deg]
AzTEC4 C Point 09:59:31.72 +02:30:44.0 0.15 0.24 14.4+1.9
C+E Gaussian  09:59:31.709  +02:30:44.06 0.11 0.0813.1+1.8 0.6+0.2 04+£0.2 0
C+E Disk 09:59:31.709  +02:30:44.06 0.09 0.07 13.1+1.7 1.0+04 0.7+0.6 30
AzTEC8 C Point 09:59:59.34 +02:34:41.0 0.10 0.10 21.6 £ 2.3 e . .
C+E Gaussian  09:59:59.334  +02:34:41.12 0.064 0.0587.7+£23 06+02 0.5+0.3 40
C+E Disk 09:59:59.334  +02:34:41.09 0.054 0.05617.2+2.1 1.0£0.5 04+0.8 20

@ See Tabl€]1 and Figur@ 1 for detaftsCombined statistical and systematic uncertainty, whezesitstematic uncertainty is estimated from the position of
the test quasaf. 0,5 andf,;, represent the FWHM or diameter of the major and minor axethiaGaussian and elliptical disk models respectivély.
Position angle.

on optical, near-IR, and radio data are shown in Fidure 2- Nei

ther source has a statistically significant detection indhpgcal
or near-IR, though there is a margirel 23.3 mag K-band de-
tection associated with AzTECA4. In the radio, as expectetktls

no emission coincident with AzTEC4 (aslin_Younger et al. 2007

and the centroid of AzZTECS is consistent with that of&ant 11

level; Younger et al. 2009b) the nearby secondary radioteopart
of AzZTECS8 is not detected in the EXT image.

We then combined the new EXT with existing COM data and
inspected the visibility function for each target (see tigeptanel of
Figure[3). When binned by— v distance and vector-averaged, both
AzTEC4 and AzTECS8 show significance evidence for structtire a
2 100 kX, which corresponds to angular scales<of).6 arcsec.
This is consistent with the images, which exhibits lowerkseia
uJy source — as in the COM data (which has a comparable noisethe higher resolution maps: for AZTEC4 the peak flux dengity i
COM 13.2 £+ 1.7 mJy/beam versu8.0 + 1.8 mJy/beam in EXT,
and for AzZTECS the peaks ai®.7 + 1.8 mJy/beam in COM and
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12.8 £+ 1.8 mJy/beam in EXT. In both cases, the test quasar em-

pirically confirms that this structure is real, and not thsute of
decorrelation on the longest baselines (see bottom pahélg-o
urel3).

We then fit the calibrated visibility data to one of two simple
models — a 2-dimensional Gaussian or an elliptical disk +ekelts
of which are presented in Talilé 2. The best-fit parametersdtir
sources show structure @a 0.5 — 1 arcsec scales at 20 confi-
dence. We also confirm that this size measurement is notaatlifi
imposed by differing flux scales between the COM and EXT data
by fitting the same source model to each set of calibrateilit@s
independently: when we assume e.g. an elliptical Gausségiimg
total flux densities (for AZTEC4 and AzTECS respectivelyd am
cluding an estimate of the systematic uncertainty in theghatgl)
of 14.1 £ 2.54tat & 0.85ys aNd17.9 & 3.7stat £ 0.95ys MJy for the
COM data, and.2 + 3.1s¢at £ 0.5¢ys @and21.0 = 4.84¢a¢ £ 1.0ys
mJy for the EXT data; that these are consistent between coafig
tions to within the statistical and systematic uncertamtndicates
that the size measurements listed in Télble 2 are robust.

4 DISCUSSION
4.1 Thephysical scale of the far-infrared

These angular scales are qualitatively consistent wite sira-
surements derived from previous high-resolution far-IRagm
ing (Younger et al. 2008b), as well as other wavelengthsudicl
ing radio continuum| (Chapman et al. 2004; Biggs & Ivison 2008
Momijian et all 2010) and CQO (Neri etlal. 2003; Tacconi €t a0
2008) imaging. In our view, imaging in the far-IR directly tise
most robust of these methods because it directly probestihe o
scured starburst; though the galaxy-wide far-IR/radioadation is
thought to apply — at least in an qualitative sense — at rétdskip-
ical of SMGs [(Garrett 2002; Gruppioni et/al. 2003; Appletorle
2004/ Boyle et al. 2007; Younger et al. 2009a; lvison &t aQR0
Murphy [2009), the spatially resolved correlation is not -par
ticularly well understood| (Hippelein etial. 2003; Murphy 020
Tabatabaei et al. 2007), while CO imaging is largely resddo
excited states with higher critical densities than the lodilthe star-
forming gas, and therefore may be biased towards smalles siz
(Narayanan et al. 2008; lvison ef al. 2009a). However, gitren
agreement between these three methods — now including asice
many objects with sizes measured in the far-IR directly — axeh
newfound confidence that the general conclusion that thé hros
minous SMGs have typical angular scalesx00.5 — 1 arcsec is
robust.

To translate this into a physical size requires knowledgbef
angular diameter distance. Fortunately] & < z < 5 and assum-
ing the 7-year WMAPACDM cosmological model (Komatsu et al.
2010), this quantity has a very weak scaling with redshiftgén-
eral, the physical siz&) is approximately:

L=~ 11 ( ) 1+ 2)°2° kpc. 1)
Therefore, existing size measurements for SMGs suggesgiaaty
physical scale of 4 — 8 kpc atz ~ 2 — 5. While there is clear ev-
idence forz 20 kpc sizes among some SMGs (lvison et al. 2009a),

arcsec

3 Estimated from measurements of the flux density of 0854+201
which are available online as part of the SMA Calibrator Last
http://smal. snma. hawai 1 . edu/callist/callist.htm

the data presented in this work strongly argue against piaeelg-
state star formation fed by cosmological gas accretioné¥et al.
2005,/ 2009bla; Davé etlal. 2009) as the primary mechanism fo
producing SMGs, and rather favors the merger-driven segnar
(Narayanan et al. 2010, 2009a) in which interaction-drigter-
bursts give rise to these extreme objects. This in turn fits &
more general evolutionary picture in which SMGs are tramsivb-
jects (Hopkins et al. 2010b) between isolated, gas-rictakpand
luminous quasars, and the progenitors of passive, ebilgialaxies
(e.g.,.Sanders etlal. 1988; Hopkins et al. 2006, 2008b,ajhé
more, since these sizes are considerably larger than |dd&&bs
(see review by Sanders & Mirabel 1996), which themselves are
powered primarily by major mergers (e.q., Scoville et al0C20
Kim et al.|2002] Veilleux et al. 2002), they are consisterttwthe
canonical picture of SMGs as ‘scaled up’ ULIRGs.

4.2 Arethemost luminous submillimetre galaxies
Eddington-limited starbursts?

Size measurements are particularly interesting for thet hnosi-
nous SMGs because their star formation is sufficiently rapid
run up against fundamental physical limitations. Owing &irang
negativek-correction in the submillimetre (Blain & Longair 1993;
Blain et al.| 2002), we can infer the total infrared lumingsin
an approximate sense by assuming an Arp 220 template, which
for z 2 1 yields Lrir/10" Le =~ 2 X [Ss70um/mly] (See
also| Neri et all_ 2003; Younger et/al. 2008a). By further assgm
alSalpeter (1955) IME this can be converted into a star formation
rate SFR = 340 x [Ss7oum/mJy] Mg yr~'. At the same time,
Eddington-type arguments (Murray etlal. 2005) — under &sefi
simplifying assumptions such as a spherically symmetrange
try, an isothermal sphere density structure, a small vol€itireg
factor for molecular gas, and again a Salpeter (1955) IMFeldya
maximum star formation rate of:

SFRmax = 9000200 kacmfolo Mg ylf1 2)

whereo is the line-of-sight gas velocity dispersion in units of 400
km s7%, k100 is the opacity in units of chhg~! (usually taken to
be~ 1;Murray et all 2005; Thompson et/al. 2005), abgl,. is the
characteristic physical scale of the starburst — eitheiGhassian
FWHM or the elliptical disk diameter.

Younger et al..(2008b) found that GN20 and AzZTEC1 — two of
the most luminous SMGs known — were potentially at or close to
this Eddington limit. In this work, we measured sizes for wem-
parably luminous objects: taking the flux densities inférfieom
the EXT+COM data, thé§FR ~ 4400 My yr—! and~ 6000
Mg, yr~! for AZTEC4 and AzTECS respectively. Both have char-
acteristic sizes of ~ 5 — 8 kpc — where the range represents
uncertainty arising from a Gaussian versus disk sourcetsime —
yielding a maximal star formation rate 8F Rmax ~ 3600 — 7200
Mg yr~t. Therefore, both objects appear to be forming stars at or
near the Eddington limit for a starburst.

4 As noted in_Younger et al. (2008b), The inferred luminositkiown to
be uncertain by a factor ef 2 — 3 due to variations in the dust temperature
and emissivity Blain et all (2003). For example, if we assuaridrk 231
template with significant AGN contribution to the farIR, timéerred farlR
luminosity and SFR will bex 40 — 60% lower (e.g.|_Stevens etlal. 2005;
Huang et al. 2007). Furthermore, using a Kroupa (2001) obi@a(2003)
IMF will tend to lower any SFR by~ 40% (Kennicult! 1998} Bell 2003;
Bell et al. 2005).
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There are, however, a number of important caveats to con-
sider:

1. Uncertainties in estimating the star formation rat€here
are few observational constraints on the stellar IMF at -high
redshift and in extreme environments (€.g., Fardal et &7 2Dave
2008; van Dokkuim 2008; Baugh etlal. 2005; Swinbank gt al.|2008
Tacconi et all 2008) and the shape of the far-IR SED as a func-
tion of luminosity (e.g., Dale etal. 2001; Dale & Helou 2002;
Chary & Elbaz 2001; Lagache etal. 2003).

2. The volume filling factor of molecular gai the optically
thick limit — in which the molecular gas has a volume filling
factor near unity — the Eddington limit is an order of magni-
tude higher. A number of recent studies have found that imi |
describes even local ULIRGE (Scoville etlal. 1991; Downeslet
1993;| Downes & Solomon 1998; Solomon etal. 1997) and there-
fore we might expect it to apply well to the much more extreme
environments in SMGs. This does, however, require a ratineef-
fective dust temperature; in the optically thick limit, theghtness
temperature at 345 GHZ§) is equal to the physical temperature
(T4). While the sizes and flux densities of AzZTEC4 and AzTEC8
requireTy ~ 5(1 + z) K (see Figure 5 and discussion §r4 of
Younger et al. 2008b), which at~ 2 — 4 is rather low compared
to other SMGs for whiclT; has been measured independently via
far-IR SED fitting < T >~ 35 K for typical SMGs, and the most
luminous objects may be preferentially hotter: Kovacsl 22@06;
Coppin et all 2008), it is certainly not out of the question.

3. The depth of the potential welThe maximal star formation
rate has a strong dependence on the gravitational potentiadh
enters asr%,. Dynamical masses measured via CO spectroscopy
have found that, in the mearo 1 for SMGs (Greve et al.
2005; | Tacconi et al._ 2006). However, merger-driven models f
SMGs suggest that the brightest 850 sources are also the most
massive(Narayanan et al. 2010), and therefore would likele
o400 2 1.5 (for GN20, 0400 ~ 1.4:|Carilli et all|2010) or so which
could lead to significantly higher Eddington limits, everttie op-
tically thin limit.

~
~

~
~

Generally speaking, however, we find that AZTEC4 and AzTEC8
are extended on physical scales comparable to the otherM@sS
presented in Younger etlal. (2008b), and are potentialliatiad) at

or close to the Eddington limit for a starburst.

4.3 Obscured AGN versus star formation

Though in general SMGs are thought to be star forma-
tion dominated |(Alexander etlal. 2005bla, 2008; Valiantalet
2007;| Menéndez-Delmestre et al. 2007, 2009; Pope et alg;200
Momijian et al! 2010; Serjeant et al. 2010), in principle tiveyld
contain a significant contribution from an obscured AGN.dntf

a preliminary analysis of recent very long baseline interfeetry
observations provides strong evidence that the radio rmaoumtn in

at least some SMGs is powered primarily by an ultracompadiAG
core (Biggs et al. 2009; Younger 2010). Clearly if this was thse
for either AZTEC4 or AzTECS it would severely compromiseithe
interpretation as extreme starbursts at or near their [tatinimit

— the Eddington limit for a~ 10° M, supermassive black is well
in excess ofl0'3 L.

Recent X-ray imaging of the COSMOS field (the C-COSMOS
Survey: Elvis et al. 2009) provides some constraints on tB&NA
content of these objects; though starbursts also prodgodisant
X-ray emission, a detection in the hard barzd« 8 keV) would
be strong evidence for the presence of a buried AGN — paatilgul

Table 3. Positions and Source Structure

Name  Figooum  F3so0um Age
[mJy] [mJy] [arcsec]
AzZTEC4 58+25 6.8+26 0.48+0.12
AzTEC8 13.0+16 54416 0.75+£0.19

@ Flux of the first component derived from fitting a two—compaingoint—
source model to the calibration visibiliti€s Flux of the second component
derived from fitting a two—component point—source modeheodalibration
visibilities. ¢ The separation of the two fitted components.

at high-redshift. Therefore, we have examined the C-COSMOS
ray imaging data for AzZTEC4 and AzTECS8. While AZTEC8 shows
no evidence for a detection, AzZTEC4 exhibits a tentativel har
ray source. A formal source extraction (as_in Puccetti e2@D9)
yields net counts in the hard band®5 + 2.7 cts, which translates
into aflux of Frx = 8.0+ 3.9 ergem 2s ! —a~ 20 detection.
If we assume the bolometric corrections_of Hopkins et al0{0
this implies an AGN with bolometric luminositfs.; /10 L =
1.24+0.5,34+1.4,and7 £2.4 atz = 2, 3, and 4 respectively,
which translates intd/ s rr1eaa /10" Mg = 0.4 4+ 0.2, 1.0 £ 0.4,
and2.1 + 0.8 wheren.qq is the Eddington ratio of the AGN (typ-
ically near unity during the peak of the starburst: Hopkihale
2005b,a). While we cannot rule out significant X-ray absompt
(Compton-thick in the case of non-detections), at thesshiéid
and energies the optical depths are unlikely to be extrermereF
fore, the X-ray data suggests that AGN do not contributeifsign
cantly to the IR luminosity of AZTEC4 or AZTECS.

4.4 A multi-component source structure?

The visibility functions for AzZTEC4 and AzTEC8 show clear-ev
idence for structure ons 0.5 — 1 arcsec scales (see Figlire 3),
and fitting a model to the visibility data yields a statisligaig-
nificant size measurement (see Tdble 2). However, thesevabse
tions are not sufficiently high-resolution, nor do they hawdfi-
cient signal-to-noise to distinguish an extended sourogcttre
from multiple compact components separated by less thavetdra
size. When we fit a dual point-source model to the visibiliagad
both sources — especially AZTEC8 — yield statistically Bigant

(2 20) measurements for the implied sub-component flux densi-
ties and separations (see Table 3). Therefore, while thbilitis
functions are consistent with an extended source strydheealata
could also indicate a multi-component source structurelyred
by either more compact starbursts or Compton-thick AGN. How
ever, the sizes listed in Tadlé 2 can be thought of as uppétslim
on the physical scale of the starburst in these objects,tardfore
still argue against an extended star-forming disk.

Carilli et all (2010) have argued — using the specific case of
GN20 (see alsb Pope etal. 2006; Younger £t al. 2008b)- tisat su
a multi-component source structure, particular one thakars
circularly supported with significant extra-nuclear starmfiation
is inconsistent with a major merger; rather, they they findt th
it is indicative of clumpy star formation owing to local iaili-
ties in turbulent, high-redshift disks (Elmegreen et alD&0 This
is, however, not the case. First, both hydrodynamical satarts
(Ceverino et al. 2010) and analytic arguments (Dekel letG09P
indicate that this mode of star formation is steady-statkilew
the specific star formation rate (SSFR) of GN20, for examigle,
~ 10— 30 Gyr~! (Carilli et all|201D); a long duty cycle at this high
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a SSFR is unphysical, and furthermore is inconsistent wotd-c
mode accretion rates from cosmological simulations (Keted].
2009h,8). Second, significant non-nuclear CO emission ti$nRo
consistent with the merger scenario, particular one inaglvnore
than two participating galaxies (though admittedly a moxe e
treme case, see e.g. Narayanan gt al.|2006) . Finally, shield
clumps appear to exhibit disky kinematics, this would als@bn-
sistent with such a gas-rich merger; hydrodynamical sitrara
have shown that disky gas kinematics are generically caeder
when the progenitors are extremely gas-rich (Robertsoh20@4;
Hopkins et all. 2009).
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