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ALMA 

>85% Complete! 

Data Reduction Workshop Feb 2013 

•  Feb 2013 is the 30th year of NRAO 
involvement in a Millimeter Array, 
and the tenth anniversary of the 
Bilateral Agreement 



ALMA 

ALMA Construction 

•  All 66 antennas on site; 56 antennas through ‘AIV’; 53 antennas at AOS. 
–  All North American and East Asian antennas delivered, Eu to finish by 

September.   
–  DA57 ready for relocation to AOS ca 6 March (no 17). 
–  Nutator AIV commissioning would start in early April using DV09 
–  OPT #5 testing on DV12 and testing continuing…  

•  All Front Ends have left the Front End Integration Centers 
–  Test sets reassembled in Chile for integration of remaining cartridges 

for Bands 4,8,10 and further. 
•  ALMA Inauguration 13 March 
•  On budget, nearly on time! 

–  Within the rebaselined 2005 budget, some delay from the 2005 
schedule (Japan joined 2006). 
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ALMA 

DV25 to 1.5km baseline last Friday 
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Pad run from Permanent Power Supply 



ALMA 

Nutator Installation 
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ALMA ALMA 
Full Operations

Early Science (now)

Frequency Coverage 
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Completed 
•  B4: 18 of 73 

•  All: ~2014  
•  B5: most of 6 

•  All: ~2018 
•  B8: 28 of 73 

•  All: ~2014 
•  B10: 6 of 73   

GSFC 7 November 2012 



ALMA 

Cartridges being delivered for B4, 8 and 10 

Data Reduction Workshop Feb 2013 

Band 8 at Mitaka 

Band 10 Cartridges at Mitaka 



ALMA 

NA Front End Test & Measurement Set @ OSF 
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ALMA 

Commissioning 

•  Cycle 1 capabilities 
–  Recovery from Feb 7 power outage, still ongoing.  
–  DV25 allows testing of long baselines 
–  ACA + 12m Array:  Some details outstanding 

•  Meshing of results from two correlators 
•  Total Power independent SBs:  tests this week 

–  After commissioning of capabilities comes operation/data reduction 
•  Works in progress 

•  Cycle 2 preparations 
–  Polarization looks good 
–  Bands 4 and 8 will be offered 

•  First images at band 4 taken, struggling with weather and system availability for band 8 
•  Basic definitions needed for observing mode implementation (largely finished) 
•  80% of antennas outfitted by ~June/July 2014; delay executions until that date 

Data Reduction Workshop Feb 2013 



ALMA 

ALMA Retrospective: 2012 Operations 
•  2012 completed Cycle 0 Early Science 

–  “The First Year of ALMA Science Meeting attracted 199 participants; 43 
ALMA results were presented orally 

–  22 papers appeared in 2012 containing ALMA data 
–  96% of the 112 "Highest Priority" observing projects obtained some 

data; all data will be calibrated, imaged, packaged, delivered by Feb 2013 

•  2012 initiated Cycle 1 Early Science (observing 
commenced 2013) 
–  Double the number of antennas, resolution increased by 2x 
–  1131 proposals were received, with 197 achieving ‘highest’ priority 

status for scheduling on the telescope. 
–  $196K in support awarded to ten Cycle 1 student applicants 

Data Reduction Workshop Feb 2013 



NAASC 

Operations in 2012 (continued) 

•  ALMA Development Program commenced 
–  62% of studies funding allocated to NA community institutions spread 

over 8 projects 
–  Studies complete latter part of 2013 

•  ALMA data made available to public via portal 
–  Science Verification data 
–  Data for which proprietary period expired 

•  Cycle 2 Call for Proposals 
–  Expected Q3 2013 to commence Q1 2014 

Data Reduction Workshop Feb 2013 



NAASC 
Community Support 

 

•  ALMA Special, Splinter Sessions 221st AAS 
meeting 

 
•  ALMA Data Reduction Tutorial   

–  28 February – 1 March 2013: NRAO-Charlottesville, VA 
–  overview of ALMA data reduction for Cycle 0 & 1 proposers 

•  3rd VLA Data Reduction Workshop   
–  8-12 April 2013: NRAO-Socorro, NM 
–  Assist observers with the challenges posed by the vastly 

increased flexibility and complexity of the VLA 

Data Reduction Workshop Feb 2013	




NAASC Community Support 
•  Transformational Science with ALMA: 

From Dust to Rocks to Planets 
–  8 - 12 April 2013: Kona, Hawaii 
–  Explore protostellar disk evolution from formation to 

dissipation 

•  ALMA Call for Development Studies 
–  Development workshops Feb 2013 (ASAC) Mitaka 
–  April 2013 NAASC, followed by Call 

Data Reduction Workshop Feb 2013	




NAASC 

ALMA Development Projects NA 

•  Band 5 LO (see science case for B5), one of the bands dropped in March 
2000, after subsequent ASAC ranking of band importance 

•  VLB phasing, to allow phasing of ALMA on bright sources, further phase 
(TBF) will enable phasing on weaker sources 
–  Primary motivation is extremely high resolution imaging of AGN, 

especially Sgr A* and M87 
–  Science case for more general VLB phasing in draft 
–  Not a part of construction since Feb 2004 System Review 

•  Landline internet connection to the Chilean backbone (increased reliability 
and throughput from site to SCO and beyond). 

Data Reduction Workshop Feb 2013 



NAASC 

ALMA/NA Development Studies 

•  The call generated 32 responses in the form of Notices of Intent (NoI) to 
submit a proposal.  

•  The study proposals were due February 13, 2012; $100K limit.  
•  21 submissions were received. 
•  Seventy-seven investigators associated with twenty-six institutions 

responded to the call. 
•  Proposals were reviewed by an external panel 
•  Eight proposals were funded until the $0.5M available was exhausted. 

Data Reduction Workshop Feb 2013 



NAASC 

ALMA Band 1 (Ho) 
•  Downselect meeting:  33-52 GHz 
•  Key drivers: 

–  evolution of grains in protoplanetary disks (PSF Q2:  What is the nature of the planet-
forming environment?) 

–  Highly redshifted CO (GCT Q2, Q4: How do baryons cycle in and out of galaxies and what do 
they do while they are there? Q4: What are the first objects to light up the universe and when 
did they do it?) 

•  Secondary Drivers 
–  very small dust grains in the ISM, pulsar wind nebulae, radio supernovae, X-ray binaries, 

the Galactic Center (i.e., Sgr A*), dense cloud cores, complex carbon-chain molecules, 
masers, magnetic fields in the dense ISM, jets and outflows from young stars, distant 
galaxies, and galaxy clusters (i.e., the Sunyaev-Zel'dovich Effect) 

•  Complement to VLA, which has larger effective area over most of the band 
–  S. Hemisphere 
–  Broader beam, better sensitivity to extended structures. 
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NAASC 

ALMA Band 2 (67-90 GHz) (Bryerton) 
•  For continuum, science goals are similar to those for Band 1 
•  No interferometric capability currently exists in this band anywhere.  The 

fundamental, J = 1→ 0 transitions of the deuterium analogs of common, 
abundant interstellar molecules are unique to this band, including DCO+, 
DCN, and N2D+. Studies of such species are crucial to our understanding 
of the evolution of cores in molecular clouds, and hence to star formation. 

–  Molecular spectroscopy of complex organic molecules and pre-biotic molecules in the 
ISM and comets: key for studying the conditions from which life eventually forms. 
(NWNH: Frontiers of Knowledge: The Chemistry of the Universe and the Origin of Life 

–  Evolution of grains in protoplanetary disks (PSF Q2:  What is the nature of the planet-
forming environment?)  

•  Cold gas in circumstellar disks:  Where is the snow line? 
–  Redshifted CO, HCN at intermediate redshifts, where strong evolution occurs (GCT Q2, 

Q4: How do baryons cycle in and out of galaxies and what do they do while they are there? 
Q4: What are the first objects to light up the universe and when did they do it?) 

•  Workshop planned for end of May to define science case. 

Data Reduction Workshop Feb 2013 
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Data Reduction Workshop Feb 2013 

•  ALMA Band 2 



NAASC 
Development of ultra‐wideband quantum limited amplifiers 
for mm/submm receiver frontends:  Woody 

•  New paramp design for ALMA band 3, 84-116 GHz Design & Simulation 
–  Current work on the paramp in the 9-14 GHz range yields noise temperatures <3.4 photons 

corresponding to <16 K single sideband at 100 GHz, a factor of two smaller than the current 
band 3 specification. 

–  Possibly could cover Band 2 & 3 in same device 

•  Instrumental gains 
–  Sensitivity 
–  Calibration targets weaker, closer to source  
–  Increase in simultaneous bandwidth to >40 GHz 

•  More spectral lines 
•  Potential for continuum sensitivity increase 

•  Enabled science 
–  SZ in galaxy clusters (increased sensitivity) 
–  Star formation in the Milky Way (access to many lines) 
–  Survey of Molecular Gas and Dust in Submillimeter Galaxies (large band=> large z coverage) 
–  Molecular Absorption lines at high redshifts 

Data Reduction Workshop Feb 2013 



NAASC 

ALMA Band 6 Upgrade (Kerr) 

•  Range 211-275 GHz designed ~10 years ago 
•  Production pressures on as-built B6 resulted in elevated receiver noise 

temperature when the receiver is tuned for simultaneous observation of a 
group of molecules in the range 219-231 GHz; these include the important 
12CO and 13CO lines.  Current IF: 5.5 GHz cannot cover both in broad-
lined sources simultaneously. 

•  Could now build balanced sideband-separating mixers 
–  Cover entire 4-12 GHz IF, more uniform response 
–  Will reject LO sideband noise 
–  AlN junctions for higher critical current density to improve receiver noise at edges of 

band, thereby reducing system noise temperature up to 45% in best 

Data Reduction Workshop Feb 2013 



NAASC 

Mm/submm VLB with ALMA: Software (Kern) 

•  Software to enable new observing mode with ALMA 
•  CASA provides no data reduction support for VLB 

–  Needs include support for mixed polarization bases 
–  Advanced fringe fitting 
–  Features being developed at Haystack within Haystack Observatory 

Postprocessing System  
•  Deliverables 

–  List of CASA functionalities needed to provide VLB support 
–  Detailed Development Plan 
–  Collaborative development model 

Data Reduction Workshop Feb 2013 



NAASC 

Visualization: Software   
•  Unleashing the Science in Large ALMA Datasets (Mundy) 

Develop the software infrastructure and tools to enable science-driven 
mining and visualization of sets of large image cubes. The overall goal is to 
give scientists the tools to derive science from large ALMA data cubes in 
an intuitive way. 

–  Deliverables from this study will be a series of memos on the methodologies, evaluations 
and outcomes in the technical areas 

•  A Visualization Portal for ALMA Data (Rosolowsky) Develop a 
visualization portal on the web that will be the hub of data exploration for 
ALMA.  

–  Deliverables include: Portal with collaborative tools; distributed data management, user 
& group access management,  metadata access for MS and FITS; search capability; Plane-
based visualization tool for all ALMA image data formats (CASA and FITS), including 
profiles along all axes, and multi-party access. 

–  See CYBERSKA 
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NAASC 
Improving the Data Rate: Software 
(Glendenning) 

•  At the beginning of operations, the construction project will deliver to the 
observatory a system which on average is delivering just over 1% of the 
capabilities of the correlator, and even the peak data rate will only be 12% 
of the correlator capability. 

•  NAASC Memo 110:  a straightforward extrapolation from the accepted 
Cycle 0 proposals would require a factor of three increase in the average 
data rate. 

•  Deliverables: 
–  Sample science cases that would be enabled by high data-rate observing 
–  A baseline data rate evolution scenario for both the average and peak data rates. 
–  One or more scenarios to significantly advance the data rate faster than baseline within 

the Operations funding line 
–  Describe the technical impacts and strategy in the following areas: Management, LAN 

upgrades, wide area network upgrades, data processing needs, archiving needs, CASA/
pipelining needs, impact on ACS and other systems 

Data Reduction Workshop Feb 2013 



NAASC 

Future 

•  Current Development Studies complete this year 
•  Plan Development Workshop in April for community, building on this 

workshop 
•  Call for Development Studies mid-Spring, coordinated with other partners 
•  Call for Development Projects in NA shortly thereafter 

Data Reduction Workshop Feb 2013 



NAASC 
Gas Flows through a Protoplanetary Disk Gap 

•  HD142527:  IR data shows 10 AU inner disk, 
140 AU gap, disrupted outer disk 140+ AU 

–  Disruption attributed to unseen planetary 
mass body(s) at ~ 90 AU 

•  ALMA sensitivity and spatial resolution enabled 
images of dense gas in gap-crossing filaments, 
along with diffuse CO gas within gap.  

–  Observation explains how the observed 
high accretion rate may be maintained 

–  Dynamical models suggested outer disk gas 
could be channeled by putative 
protoplanets through gap-crossing bridges 
feeding the inner disk: these observations 
support these models 

Data Reduction Workshop Feb 2013	
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NAASC 
ALMA View of the Young Solar System 
Analog Disk Around  AU Mic 
Meredith A. MacGregor, David J. Wilner, Katherine A. Rosenfeld, Sean M. Andrews, 
Brenda Matthews, A. Meredith Hughes, Mark Booth, Eugene Chiang, James R. Graham, 
Paul Kalas, Grant Kennedy, Bruce Sibthorpe   2013 ApJ 762 L21 

•  Two distinct debris emission components 
–  central peak  

•  Stellar photosphere plus asteroid-like belt at a few AU? 
compatible with no excess < 25 μm 

–  outer dust belt 
•  extends to R=40 AU, to the break in scattered light 

profile 
•  appears truncated, reminiscent of classical Kuiper Belt 

initial condition? or result of dynamical interaction? 
•  rising surface density profile: Σ ~ r2.8  inner collisional 

depletion? 
•  no detectable asymmetries in structure or position                               

offset limit compatible with presence of Uranus-like planet 

Data Reduction Workshop Feb 2013 

Credit: D. J. Wilner 

Hypothetical view with planet 
and moon 



NAASC ALMA Images ρ-Oph 102: Grain Growth 
and Molecular Gas in the Disk around a Young Brown 
Dwarf  L. Ricci et al. 2012 ApJ 761 L20 

•  Dusty disk of size <40AU 
•  Surprisingly, dust grains are fairly 

large 
•  Molecular gas emission found at the 

location of the Brown Dwarf, 
indicating a gas-rich disk as typically 
found for disks surrounding young 
pre-Main Sequence stars 

•  Suggests that brown dwarf stars 
(failed stars) may produce planets in 
a similar fashion to normal stars. 

Data Reduction Workshop Feb 2013 

3 mm data 0.89 mm data 

CO J=3-2 (0.89 mm) data 



NAASC 
Scientific Use of ALMA SV Data: 
Protoplanetary Disk TW Hya 

ALMA SV Data SMA 

Oberg et al. 2012 arXiv:1202.3992 
 

The different radial distributions of DCN and DCO+ suggests the presence 
of different formation pathways for these species and support a model in 
which DCN is mainly formed through reactions with CH2D+ while DCO+ 
is dominantly formed from H2D+ 	
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NAASC 

ALMA:  Nitrogen in the Early Universe 
•  Nitrogen is a secondary element, produced 

within low mass stars, hence its abundance 
rise in the Universe may be expected to lag 
that of O and C 

•  Spectrally, it is traced by the [N II] lines at 122 
and 205 microns, which emit at about 5%of 
the [C II] intensity in the local Universe 

•  Nagao et al. (2012) report ALMA observations 
of [N II] in J03329.4, a starburst submillimeter 
galaxy at an age since the Big Bang of 1.27 Gyr 
(z=4.75).  [N II]/[C II]~0.043 in this galaxy, 
suggesting a solar nitrogen abundance (the 
ratio is 0.05 in M82). 

Data Reduction Workshop Feb 2013 

ALMA Image, Spectrum 

J03329.4 Spectral energy distribution 

Visible, NIR/radio, FIR images 

Coppin et al. 2009 

Coppin et al. 2009 

Nagao et al. 2012 



NAASC 
Serendipitous LESS [C II] Detection 

•  Two LESS objects show line emission at z~4.44, likely to arise from [C II] 
–  Bright end of cooling function evolves strongly between z~0 and 4.4 
–  Increased interstellar medium cooling at high star formation rates 

Data Reduction Workshop Feb 2013 



NAASC High Redshift SubMillimeter Galaxies 
(Karim et al MNRAS arXiv:1210.0249v1) 

•  126 LESS* sources observed with ALMA at 870μm 
–  3x deeper, 10x higher angular resolution than previous surveys 
–  99 sources detected in 88 fields, integration time ~120 seconds 
–  Significant multiplicity found in brightest sources at 0.2” resolution 

Data Reduction Workshop Feb 2013 

*LABOCA Extended Chandra Deep Field South Submillimeter Survey  



NAASC 
ALMA [C II] Data 

•  SV Data: to test capabilities. 
•  Example:  high redshift [C II] 

BR1202 matches SMA results 
but is of better quality.  

•  1.5 hrs;  50 hrs with SMA 
–  SCUBA flux of 42+/-2 mJy 
–  ALMA flux of 43+/-0.2 mJy 
–  [C II] agrees with Hi-J CO 
–  3rd source flux 1.4 mJy seen 

in Subaru image  
 

Data Reduction Workshop Feb 2013 
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HST Image from Ohyama et al (2004); Data reduction: Wagg 



NAASC 

ALMA Measures Stellar Feedback 

•  ALMA’s high sensitivity high resolution image measures the mass (0.003 
Msun and timescale (200 years) of feedback to the interstellar medium from 
the AGB star R Scl and reveals the star to be an unrecognized binary 

Data Reduction Workshop Feb 2013 



NAASC 

Astrochemistry 

Data Reduction Workshop Feb 2013 



NAASC 

Goal: Cycle 0 project (191) to 
measure emission from 
known circumstellar material 
and potentially 
circumplanetary dust near 
the planet Fomalhaut b using 
the compact (3hrs) and 
extended configurations 
(Boley, Payne, Corder, 
Dent, Ford, Shabram)	


	


No data 

No data 

Scattered  
starlight 

Dust ring 

Location of  
Fomalhaut 

Coronagraph 
mask 

20 arcseconds ~ 150 AU	


Boley et al. astro-
ph1204.0007	


ALMA Cycle 0 Reference Image	


Band 7 (870 μm)	

Dust Continuum	


1.5” x 1.2” 

The Formation of Planetary Systems: 
Fomalhaut 
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NAASC 
ALMA: Imaging gas in a proto-planetary disk 

•  Rosenfeld et al. 2012 image the CO in TW Hya archtypal protoplanetary disk with 
information down to scales of 2AU	


•  The data are reasonably modeled by a warped disk on AU scales. Such a warp could be 
generated by an embedded massive planet in the disk.	


CO observations 
and modeling of the 
warped disk in the 
protoplanetary disk 
TW Hya 
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