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CARMA vs. ALMA
The Astrophysical Journal, 741:3 (10pp), 2011 November 1 Kwon, Looney, & Mundy

Figure 1. HL Tau in the λ = 1.3 mm continuum. The image is the combined of
CARMA A, B, and C configurations, and the synthesized beam is 0.′′17 × 0.′′13
(P.A. = 85◦) corresponding to 18 AU. The contour levels are 2.5, 4.0, 6.3, 10,
16, 25, and 40 times σ = ±0.8 mJy beam−1.
(A color version of this figure is available in the online journal.)

in the 2.7 mm continuum using the B and C configurations
of CARMA (Woody et al. 2004). The data sets were taken
between 2007 November and 2009 January using the 10.4 m and
6.1 m antennas. To check the gain calibration, particularly for
extended-array data of A and B configurations, a test calibrator
was employed to verify successful calibration. In addition, we
used the CARMA Paired Antenna Calibration System for the
A configuration data (Lamb et al. 2009; Pérez et al. 2010);
the 3.5 m antennas continuously observe a calibrator and their
data are used to correct short atmospheric perturbations. The
improvement of calibration was about 10%–20% in terms of
image noise levels and the size, flux, and peak intensity of the
test calibrator. Telescope pointing during the observations were
monitored using optical pointing and radio pointing (Corder
et al. 2010). To minimize the bias induced by flux calibration
uncertainty, a common flux calibrator (e.g., Uranus) was used
to bootstrap gain calibrator fluxes. In addition, different array-
configuration data for HL Tau were compared at common
uv distances. Millimeter/submillimeter dust emission from T
Tauri disks is not variable over a period of a few years, so
amplitudes at common uv positions should be comparable even
in different configuration arrays. We estimate that the absolute
flux calibration uncertainty is 10% at λ = 1.3 mm and 8% at
λ = 2.7 mm.

MIRIAD (Sault et al. 1995) was employed to calibrate
and map data. In addition to normal calibration, seeing has
been corrected using the UVCAL task for the B configu-
ration data at λ = 1.3 mm, which were taken under less
favorable weather conditions. Individual configuration data
were calibrated separately and combined to make maps. The
proper motion of HL Tau (vR.A. = 8.0 ± 6.0 mas year−1 and
vdecl. = −21.8 ± 5.8 mas year−1; Zacharias et al. 2003) was
compensated for the data to set the epoch positions to 2009
January. The sensitivity and emphasized size scales in the maps
depend on weighting schemes of visibility data. In order to em-
phasize the small structures, we used Briggs robust weighting
of 0 (Briggs 1995).

Figure 1 shows the A, B, and C configuration-combined
image at λ = 1.3 mm (ν = 229 GHz) with 0.′′17 × 0.′′13
(P.A. = 85.◦0) resolution, 24 AU by 18 AU in linear size at
the distance of HL Tau. The rms noise level in the λ = 1.3 mm
map is 0.8 mJy beam−1. The HL Tau disk is nicely resolved;

the apparent disk size is ∼ 1.′′5 × 1.′′1 at the 4σ contour level,
corresponding to the 210 AU major axis. The peak intensity
at λ = 1.3 mm is 33 mJy beam−1 and the total flux in a 2′′

box centered on the source is 700 ± 10.3 mJy. A Gaussian
fit to the emission yields an emission centroid position of
R.A.(J2000) = 04h31m38.s418, decl.(J2000) = +18◦13′57.′′37.
The position angle of the major axis is 135◦ east-of-north and
the inclination is 43◦, based on the ratio of the major and minor
axes (0◦ corresponds to a face-on disk). The λ = 2.7 mm
(ν = 112 GHz) data yield a continuum map with a resolution
of 1.′′01 × 0.′′67 (P.A. = 72.◦8) and an rms noise level of
1.1 mJy beam−1; the peak intensity is 64 mJy beam−1 and the
integrated flux is 120 ± 3.8 mJy. The given errors in both fluxes
are statistical uncertainties; systematic calibration uncertainties
are estimated to be about 10%.

3. DISK MODELING

The disk around HL Tau shows a high degree of axial
symmetry and a significant extent relative to the beam size at
λ = 1.3 mm wavelength. In order to derive physical parameters
for the disk, we fit the data with a standard viscous accretion
disk model (Pringle 1981). This disk model has a power-law
radial density distribution tapered by an exponential function:
in the case of a thin disk, Σ(R) ∝ (R/Rc)−γ exp[−(R/Rc)2−γ ],
where Rc is a characteristic radius (e.g., Andrews et al. 2009).
For our fits, we assume a disk thickness determined by vertical
hydrostatic equilibrium; the density distribution in cylindrical
coordinates is

ρ(R, z) = ρ0

( R
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Here H (R) is the scale height at a radius R, which is the
sound speed divided by the Keplerian angular velocity: H (R) ≡√

2cs/Ω =
√

2kT (R, 0)R3/GMm̄. The surface density power-
law index can be expressed as γ = −3/2 + p + q/2, as
Σ(R) =

√
πρ(R, 0)H (R).

The q is the temperature power-law index of dust grains,
T (R, 0) = T0(R0/R)q . When assuming a power-law opacity
(κν = κ0(ν/ν0)β) and radiative equilibrium with a central
protostar, it is expressed by β: q = 2/(4 + β) in the low optical
depth limit (Spitzer 1978). For calculating scale heights, we
adopted the midplane temperature Tm(R, 0) = T0(R0/R)q and
q = 0.43 (corresponding to β = 0.7). Note that the assumed
power-law index is consistent with self-consistent temperature
distributions (Dullemond & Dominik 2004a). In contrast to the
scale height calculation, we utilized temperature distributions
as a function of z as well as R, which simulates self-consistent
temperatures:

T (R, z) = WTm(R, 0) + (1 − W )Ts(r), (2)

where Tm(R, 0) and Ts(r) indicate midplane and surface temper-
ature distributions, respectively. The two temperature distribu-
tions have functions of the same power-law index of q = 0.43:
Tm(R, 0) = T0(R0/R)q and Ts(r) = Ts0(rs0/r)q . However,
note that the surface temperature depends on r =

√
R2 + z2,

while the midplane temperature is a function of R. We adopt
Ts0 = 400 K at rs0 = 3 AU corresponding to L = 8.3 L⊙ and
W = exp[−(z/3H (R))2], resulting in temperature distributions
close to the self-consistent ones empirically, except that the very
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0.13 arcsec@1.3mm 
Kwon+ 2011

0.035 arcsec@1.3mm 
4.5 hour on-source time 
SV for long-baselines 



Dusty Starburst Gals in high-z 
(Vieira+, Nature, 2013)

procedure that treats the interferometer data in their native measure-
ment space, rather than through reconstructed sky images, to simulta-
neously determine the source/lens configuration and correct for
antenna-based phase errors11, we are able to determine magnifications
and derive intrinsic luminosities for our sources. Complete models of
four lenses11, as well as preliminary models of eight more, indicate
lensing magnifications between 4 and 22. After correcting for the
magnification, these sources are extremely luminous—more than
1012 times solar luminosity (L[) and sometimes .1013L[—implying
star-formation rates in excess of 500 M[ yr21.

Obtaining spectroscopic redshifts for high-redshift, dusty starburst
galaxies has been notoriously difficult. To date, most spectroscopic
redshift measurements have come from the rest-frame ultraviolet and
optical wavebands after multi-wavelength counterpart identification2,12,13.
These observations are difficult, owing to the extinction of the ultra-
violet light by the dust itself, the cosmological dimming, and the ambi-
guity in the association of the dust emission with multiple sources of
optical emission visible in deep observations. A much more direct
method to determine redshifts of starburst galaxies, particularly at high
redshift, is through observations of molecular emission associated with
their dusty star-forming regions. The millimetre and submillimetre
transitions of molecular carbon monoxide (CO) and neutral carbon
(C I) are well-suited for this purpose14. These emission lines are a major
source of cooling for the warm molecular gas fuelling the star forma-
tion, and can thus be related unambiguously to the submillimetre
continuum source15. Until recently, bandwidth and sensitivity limi-
tations made this approach time-intensive. The combination of
ALMA—even with its restricted early science capabilities and only
16 antennas—and a unique sample of extraordinarily bright millimetre
sources has changed this situation greatly, allowing us to undertake a
sensitive, systematic search for molecular and atomic lines across
broad swaths of redshift space at z . 1.

We conducted a redshift search in the 3 mm atmospheric transmis-
sion window with ALMA using five spectral tunings to cover 84.2–
114.9 GHz. For z . 1, at least one CO line will fall in this frequency
range, except for a small redshift ‘desert’ (1.74 , z , 2.00). For sources
at z . 3, multiple transitions (such as rotational transitions of CO and
C I(3P1R3P0)) are redshifted into the observing band, allowing for an
unambiguous redshift determination. We find one or more spectral

features in 23 of 26 SPT-selected sources. The detections comprise 44
emission line features, which we identify as redshifted emission from
molecular transitions of 12CO, 13CO, H2O and H2O1, and a C I fine
structure line. The spectra of all sources are shown in Fig. 2. For 18 of
the sources we are able to infer unique redshift solutions, either from
ALMA data alone (12), or with the addition of data from the Very
Large Telescope and/or the Atacama Pathfinder Experiment telescope
(6). With the 10 z . 4 objects discovered here, we have more than
doubled the number of spectroscopically confirmed, ultra-luminous
galaxies discovered at z . 4 in millimetre/submillimetre surveys in the
literature (of which just nine have been reported previously13,14,16–21).
Two sources are at z 5 5.7, placing them among the most distant ultra-
luminous starburst galaxies known.

The SPT dusty galaxy redshift sample comprises 28 sources, as we
include an additional two SPT sources with spectroscopic redshifts22

that would have been included in the ALMA program had their red-
shifts not already been determined. Of the 26 ALMA targets, three lack
a spectral line feature in the ALMA band. We tentatively and conser-
vatively place these at z 5 1.85, in the middle of the z 5 1.74–2.00
redshift desert, though it is also possible that they are located at very
high redshift or have anomalously faint CO lines. For the five sources
for which only a single emission line is found, only two or three red-
shifts are possible (corresponding to two choices of CO transition)
after excluding redshift choices for which the implied dust temper-
ature—derived from our extensive millimetre/submillimetre pho-
tometric coverage (provided by ALMA 3 mm, SPT 2 and 1 mm,
APEX/LABOCA 870mm and Herschel/SPIRE 500, 350, 250mm obser-
vations23)—is inconsistent with the range seen in other luminous
galaxies22. For these sources, we adopt the redshift corresponding to
the dust temperature closest to the median dust temperature in the
unambiguous spectroscopic sample, as shown in Fig. 2.

The cumulative distribution function of all redshifts in this sample is
shown in Fig. 3. The median redshift of our full sample is zmed 5 3.6.
The redshift distribution of SPT sources with millimetre spectroscopic
redshifts is in sharp contrast to that of radio-identified starbursts
with optical spectroscopic redshifts, which have a significantly lower
median redshift of zmed 5 2.2, and for which only 15–20% of the
population is expected to be at z . 3 (ref. 2). Part of this difference
can be attributed to the high flux threshold of the original SPT

SPT 0103–45 SPT 0113–46 SPT 0125–47 SPT 0346–52 SPT 0418–47

z = 3.090 z = 4.232 z = 2.514 z = 5.656 z = 4.224

z = 3.369 z = 2.782 z = 2.780 z = 4.567 z = 3.761

SPT 0529–54 SPT 0538–50 SPT 2134–50 SPT 2146–55 SPT 2147–50

HST/WFC3 HST/WFC3 VLT/ISAAC HST/WFC3 VLT/ISAAC

SOAR/OSIRIS HST/WFC3 HST/WFC3 VLT/ISAAC VLT/ISAAC

Figure 1 | Near-infrared and ALMA submillimetre-wavelength images of
SPT targets. Images are 80 3 80. We show 10 sources for which we have
confirmed ALMA spectroscopic redshifts, deep near-infrared (NIR) imaging,
and well-resolved structure in the ALMA 870mm imaging; source names are in
blue in each panel. The greyscale images are NIR exposures from the Hubble
Space Telescope Wide Field Camera 3 (HST/WFC3, co-added F160W and
F110W filters), the Very Large Telescope Infrared Spectrometer and Array
Camera (VLT/ISAAC: Ks band) or the Southern Astrophysical Research
Telescope Ohio State Infrared Imager/Spectrometer (SOAR/OSIRIS: Ks band),
and trace the starlight from the foreground lensing galaxy. The NIR images are
shown with logarithmic stretch, and each panel shows at bottom left in black
the telescope/instrument used to obtain the image. The red contours are ALMA

870mm imaging showing the background source structure, clearly indicative of
strong lensing from galaxy-scale haloes. In all cases, the contours start at 5s and
are equally spaced up to 90% of the peak significance, which ranges from 12 to
35. Spectroscopic redshifts of the background sources are shown in red in each
panel, above the NIR telescope/instrument names. The ALMA exposures were
approximately 2-min integrations, roughly equally divided between the
compact and extended array configurations. The resulting resolution is 0.50.
SPT 0103–45 shows a rare lensing configuration of one lens and two
background sources at different redshifts, one visible with ALMA and one with
HST. SPT 0346–52, with a CO-derived redshift of z 5 5.656, is among the
highest-redshift starbursts known. (See Supplementary Information for more
details.)
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8x8 arcsec^2; Gray: NIR, Red:  
ALMA Cycle 0 870um, 2min integration, 0.5 arcsec resol.



ALMA 3mm [84.2-114.9GHz] Spectra  

selection, which effectively requires that the sources be gravitationally
lensed. A much smaller total volume is lensed at z , 1 than at higher
redshift, and, as expected, we do not find any such sources in the SPT
sample23. However, if we only compare sources at z . 2 (the lowest
confirmed spectroscopic redshift in the SPT sample), the median
redshift of the radio-identified sample is still significantly lower (2.6)
than the SPT sample, and the probability that both samples are drawn
from the same distribution is ,1025 by the Kolmogorov–Smirnov
test. A recently published survey24 of millimetre-identified starbursts

with optical counterparts determined from high-resolution millimetre
imaging and redshifts measured from optical spectroscopy or esti-
mated from optical photometry found a median redshift of zmed 5 2.8.
Again comparing the distribution of sources at z . 2, the probabi-
lity that these objects and the SPT-selected sources are drawn from
the same parent distribution is 0.43, indicating rough consistency
between our secure redshift determinations and the distribution esti-
mated from the optical methods. A full analysis of the molecular line
detections, redshift determinations, residual selection effects, and a
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Figure 2 | ALMA 3 mm spectra of 26 SPT sources. The vertical axis is
observed flux density in units of mJy, with 30 mJy offsets between sources for
clarity. Spectra are continuum-subtracted. The strong CO lines are indicative of
dust-enshrouded active star formation. The spectra are labelled by source and
redshift. Black labels indicate unambiguous redshifts (18), with the subset in
bold font (12) having been derived from the ALMA data alone. Sources labelled
in blue (5) are plotted at the most likely redshift of multiple options, based on
the dust temperature derived from extensive far-infrared photometry. Three
sources with no lines detected are placed at z 5 1.85, in the middle of the

redshift range for which we expect no strong lines, and labelled in red. Total
integration times for each source were roughly ten minutes. The synthesized
beam size ranges from 70 3 50 to 50 3 30 over the frequency range of the search,
which is inadequate to spatially resolve the velocity structure of the lensed
sources. Transitions of species detected in at least one source are indicated by
vertical lines. Rotational transitions of the 12CO (solid) and 13CO (dashed)
isotopologues are shown in grey. Water lines are marked by blue dashed lines,
ionized water lines by red dashed lines, and atomic carbon ([C I]) by the green
dashed line.
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Figure 3 | The cumulative redshift distribution of luminous dusty starburst
galaxies, as measured with different techniques. The SPT millimetre-selected
sample (SPT1ALMA), with redshifts directly determined from spectroscopic
observations of the molecular gas in the galaxies, is shown in black. The existing
samples of radio-identified (Radio-ID) starbursts2,14,17,18,27, with redshifts
determined from rest-frame ultraviolet spectroscopy, are compiled in the blue
distribution. The redshift distribution24 of millimetre-identified (mm-ID)
starburst galaxies in the COSMOS survey is shown in red/orange, though the
majority of redshifts in this sample are derived from optical/infrared
photometry of the sources rather than spectroscopy, and therefore less certain.
Sources at z , 1 were removed from the previous samples of starburst galaxies
to better compare to the selection effect imposed on the SPT sample due to
gravitational lensing. The distribution of redshifts for radio-identified sources is
incompatible with the distribution for the sample presented in this work. This
measurement demonstrates that the fraction of dusty starburst galaxies at high-
redshift is greater than previously derived, and that radio-identified samples
were biased to lower redshift than the underlying population.
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each source



ALMA survey of SMGs in 
ECDFS (Extended 
Chandra Deep Field South)

Hodge+ 2013, ApJ, Cycle 0 
ALMA band 7 (344GHz, 870µm) 
Primary beam: 17.3 arcsec 
Angular resolution: 1.5 arcsec (125m) 
Observed 126 subm sources detected in LESS 
(LABOCA ECDFS Submillimeter Survey) by 
12m APEX 
2 minutes integration time for each source 
3x sensitivity 200x resolution 

à Resolve previously blended sources 
à Main 99 SMGs+ supplementary 32 SMGs



Maercker+ 2012 (Oct-11), Nature 
Cyclo 0 
December 2011, data delivered 
CO(J=3- 2)  345GHz 
1.3’’x10’’ beam 
50’’x50’’ map, 45-point mosaic 
CASA

Large Mass Loss  
from R Sculptoris,  
an AGB Star



50x12m-Array 
12x7m-Array 
4 12m-TP Array 

Longest baseline: 16 km 

Completed in 2013



Cycle 3 pre-announcement
• March 24,2015: official announcement of call-for-

proposal 

• April 23, 2015: call-for-proposal deadline 

• October 2015: start observations 

• September 2016: end observations 

• 2100 hours for both 12-m and 7-m arrays



Cycle 3 Capability
• at least 36 12-m, 10 7-m ACA, 2 12-m TP antennas 

• receiver bands: 3,4,6,7,8,9,10 (3.1,2.1,1.3,0.87,0.74,0.44, and 0.35mm) 

• baselines: 2 km for B8,9,10, 5km for B5, 10km for B3,4,6 

• both single-field and mosaics 

• spectral-line obs. for all arrays, continuum obs. for 12-m and 7-m 
arrays 

• on-axis continuum polarization obs. in B3,6,7 (no ACA, no mosaics, no 
circular pol.) 

• mixed correlation modes (low and high frequency resolution)



Town Meetings
• Lectures and Q&A:  

• ALMA Science Cases 

• Cycle 3 Capability,  

• Observing Tool,  

• ALMA Archive 

• March 25: KIAS 

• March 26: SNU+Yonsei 

• March 27: KyungHee University 

• April 3: KASI



JCMT; James Clerk Maxwell Tel.
•  15m diameter (14 arcsec@345GHz), a largest 

submm telescope at Mauna Kea, 4092m
• operated by UK 75% (will withdraw on Feb. 28, 

2015) and Canada 25% (withdrew on Sep. 30, 
2014)

• Major Instruments
– HARP, 16beams, 
345GHz
– SCUBA-2, TES,
4x(32x40)@850um,450um

• Publications
– 103(‘12), 102(‘13)



HARP • 16 element focal plane 
array receiver

• Band: 325 ~ 375 GHz
• Trx ~ 120K, Tsy ~ 300K 

(SSB)
• Main beam efficiency: 

0.61@345GHz
• Speed ~ 1 deg^2 / hour



Transmission, lines



HARP 13CO (top left panel), C18O (top right panel) and 12CO (bottom left panel) J= 3 → 2 integrated 
intensity images towards IC348 taken as part of the guaranteed time. 

Buckle J V et al. MNRAS 2009;399:1026-1043

© 2009 The Authors. Journal compilation © 2009 RAS
12hour obs time



SCUBA-2  
submillimetre Common-User Array 2

• Reference: Holland+ 2013 • Bolometers: SHARC(CSO), 
SCUBA(91 pixels@450um, 
37 pixels@850um, JCMT), 
BOLOCAM, SHARC II 
(CSO), LABOCA(APEX), 
MAMBO(IRAM), 
SCUBA2(5120pixels@450u
m,5120pixels@850um)

• λ/Δλ=14,10@450um, 850um
• 45 arcmin^2



SCUBA-2 image of the debris disc around Fomalhaut at 850 µm. 

Holland W S et al. MNRAS 2013;430:2513-2533

© 2013 The Authors Published by Oxford University Press on behalf of the Royal Astronomical Society



A composite image of the famous Whirlpool Galaxy with SCUBA-2 colours (blue for 450 µm; red for 
850) superimposed on a green-scale HST image. 

Holland W S et al. MNRAS 2013;430:2513-2533

© 2013 The Authors Published by Oxford University Press on behalf of the Royal Astronomical Society



The massive lensing galaxy cluster Abell 1689 observed by SCUBA-2 at 850 µm. 

Holland W S et al. MNRAS 2013;430:2513-2533

© 2013 The Authors Published by Oxford University Press on behalf of the Royal Astronomical Society



JLS, JCMT Legacy Survey
• SASSy, SCUBA-2 Ambitious Sky Survey
• CLS, SCUBA-2 Cosmology Legacy Survey
• NGS, Nearby Galaxies Survey
• JPS, JCMT Galactic Plane Survey
• GBS, Gould Belt Survey
• SLS, Spectral Legacy Survey
• SONS, Survey of Nearby Stars



JLS observation parameters
• Galactic Plane Survey: 200 deg^2, 1 sigma depth of 

15 mJy at 850um, 450h
• Gould Belt Survey: MCs, ~ 500 deg^2, 3 mJy at 

850um, 412h
• Debris Disc Survey: 115 nearby stars, 

1.4mJy@850um, 270h
• Local Galaxy Survey: 150 nearby gals, 

1.6mJy@850um, 100h
• Cosmology Survey: 10 deg^2 to 1.2mJy@850um, 

0.25 deg^2 to 1.2mJy@450um, 1778h
• Ambitious sky Survey: 1100 deg^2, 

30mJy@850um, 480h

mailto:1.4mJy@850um
mailto:1.6mJy@850um
mailto:1.2mJy@850um
mailto:1.2mJy@450um


• SONS: 
115 nearby stars, 
2mJy@850um, 
270h

40% detection

mailto:1.4mJy@850um


Temp of NGC1333; Hatchell+ 2013

L12 J. Hatchell et al.

17.4 arcsec. The systematic uncertainty in the ratio maps due to cal-
ibration at each wavelength is 15 per cent. The large-scale filtering
inherent in S2SRO maps adds edge effects and systematic offsets
to the ratios, which will be quantified by future modelling. These
effects are smallest where bright compact structures dominate the
fluxes, as is the case for most of NGC 1333.

3 R ESULTS

The S2SRO 850 µm map of NGC 1333 is presented in Fig. 1(a) as
a finding chart. SCUBA cores are labelled with their HRF2005
numbering (hereafter HRFnn; Hatchell et al. 2005, 2007a) and
protostars identified from Spitzer mid-IR detections are marked
(Jørgensen et al. 2006; Gutermuth et al. 2008). Further identifica-
tions of sources in NGC 1333 can be found in Sandell & Knee
(2001). Fig. 1(b) shows the 450 µm map of this region. The 450 µm
data set from S2SRO is sensitive and stable enough for the fila-
mentary structure to be seen clearly, as it is not dominated by the
large-scale noise artefacts which limited analysis of the SCUBA
450 µm data (Sandell & Knee 2001; Hatchell et al. 2005).

In Fig. 1(c), we plot the dust temperature in NGC 1333 assuming
a constant dust opacity spectral index of β = 1.8. This choice
of β is consistent with the popular OH5 dust model (β = 1.85;
Ossenkopf & Henning 1994), with recent results for dense cores
from Planck and Herschel (Stutz et al. 2010; Juvela et al. 2011)
and with comparisons of SCUBA and near-IR opacities (Shirley
et al. 2011). Although variation in the 450/850 ratio may also be
due to variation in β (to be investigated in future work), as NGC
1333 contains several luminous protostars and a reflection nebula,
it is reasonable as a first approximation to assume that the variation
is dominated by temperature. A higher value for β would result in

lower temperatures for the same ratios: temperatures of 10, 20 and
40 K at β = 1.8 fall to 8.5, 14 and 20 K at β = 2.2.

Filaments and ambient cloud material generally show dust tem-
peratures of 10 K (corresponding to 450/850 ratios of around 4).
These temperatures are typical of the cold dense interstellar medium
(Evans et al. 2001; Shirley, Evans & Rawlings 2002). Towards the
protostars, beam-averaged temperatures rise to 12–15 K, consistent
with SCUBA-based models of low-mass Class 0 and 1 protostars
(Shirley et al. 2002; Young et al. 2003) and with the Herschel analy-
sis of CB244 (Stutz et al. 2010). Some of the more luminous proto-
stars show notably higher dust temperatures as discussed below. The
temperature does not, however, rise towards all protostars identified
by Spitzer mid-IR detections or outflows (Jørgensen et al. 2006;
Hatchell et al. 2007a; Hatchell, Fuller & Richer 2007b; Gutermuth
et al. 2008; Hatchell & Dunham 2009). Low-luminosity protostars
have similar temperatures of 10–15 K to starless cores. The falling
450/850 ratios towards the map edge are almost certainly an arte-
fact of the filtering of the large-scale background in the S2SRO
map reconstruction, and not a physical effect due to falling β or
temperature. Edge reconstruction should improve with data from
the full SCUBA-2 array, which is sensitive to spatial scales a factor
of 2 larger.

The most obvious feature in the temperature map is the warm
northern region containing cores HRF45, 47, 54, 56 and 66 that
shows widespread dust temperatures above 20 K. This region lies
to the south of the optical cluster, and its dust is presumably heated
by the stars in the optical cluster as well as the embedded protostel-
lar population. The optically revealed cluster stars are dominated by
the B5 star SVS3 (Strom, Vrba & Strom 1976; Straižys et al. 2002),
which lies on the edge of the dust to the north-east of HRF54, as
marked in Fig. 1(a). SVS3 is a 138 L⊙ binary with an F2 compan-

Figure 1. Left to right: (a) CO-subtracted S2SRO 850 µm map of NGC 1333. Contours are at 0.02, 0.1, 0.5 and 2.5 Jy beam−1. The black line marks the
CO subtraction region. Labels identify SCUBA sources (Hatchell et al. 2005) and the two B stars. Markers identify embedded protostars from Hatchell et al.
(2007a) (red circles for Class 0, orange circles for Class I), Jørgensen et al. (2006) (yellow +) and Gutermuth et al. (2008) (yellow ×). (b) S2SRO 450 µm
map in Jy beam−1. (c) Dust temperature Td map at β = 1.8 in units of kelvin. Contours are at Td = 12, 20 and 30 K.
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Operation of JCMT by EAO
• EAO will operate the JCMT from March 1, 2015 for 5 years
• JCTM budget: 2.6MUSD+alpha

– EAO 1.6MUSD (China 0.5, Japan 0.5, Korea 0.3, Taiwan 0.3), UK 
0.9MUSD, CA 0.1MUSD

– One or two more partner(s): UA, UT, …
• Observing time: 

– Legacy: 50%, PI: 50%
• Office: current JAO Office (will be purchased by Subaru and then 

be used by TMT)
• Requested in-kind contribution from EAO: 1(engineer)+1(scientist
• Board: EA 4, UK 2, CA 1, (1 UH)
• one-unified TAC


