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ALMA ALMA NA Development Program   
 

•  ALMA NA Development Program continuation:  
–  Program to continuously enhance ALMA over the long term   

•  7 study programs completed in 2013 (→ designs & prototypes) 
•  3 ongoing projects (→ production capability enhancements for the ALMA 

observatory) 
–  Band 5 Warm Cartridge Assembly (with European Partner) 
–  Fiber optic data link from the OSF 
–  ALMA Phasing Program for VLBI capability 

•  We propose an enhancement to the program from the most 
highly ranked projects resulting from the 2013 Call for Proposals 
–  Several of these resulted from successful Studies from the 2011 Call 
–  Projects ranked by an independent panel of community referees from the 

NA partnership (US, CA, TW) 
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ALMA 
•  The most highly ranked Projects proposed for NA funding enhance several aspects 

of ALMA science: 
–  Increased spectral coverage by designing, building and implementing a 

prototype receiver for ALMA Band 2 (67-90 GHz) 
–  Improved sensitivity and accuracy by decreasing gain variations in ALMA Band 

3 receivers through modifications 
–  Increased flexibility through the addition of a 5th subarray 
–  ALMA usability increased through implementation of new tools for data 

exploration and visualization. 
•  Following the guidelines in the “Principles of ALMA Development,” the proposed 

program seeks ASAC and ADSC concurrence, followed by the Director’s 
sponsorship for ALMA Board approval, as part of the overall ALMA development 
program 

•  Descriptions of the proposed individual projects follow 
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ALMA 
Design and Testing of a Prototype Band-2 Cartridge 

Award: $1,493,969 

Investigators: Eric W. Bryerton (NRAO), Kieran Cleary (Caltech/JPL), David T. Frayer (NRAO), Matthew A. 
Morgan (NRAO), Marian W. Pospieszalski (NRAO), Kamaljeet S. Saini (NRAO), Scott Schnee (NRAO), 
Sivasankaran Srikanth (NRAO), Anthony C. S. Readhead (Caltech/JPL), Lorene Samoska (JPL) 

Science Objectives:   
•  To cover the largely unexplored 4 mm band, previously available only on the 12 m Kitt Peak telescope 

(ARO) and very recently on the GBT (NRAO).  
•  Access the J = 1 → 0 transitions of the deuterium analogs of common, abundant interstellar molecules, 

including DCO+, DCN, N2D+ & C2D, as well as H2
13CO, 13C2H, H13CO+, HC18O, H13CN, HC15N, H2CO, 

HCNH+ and C2H. 
•  “Cold chemistry”, using the lowest energy transitions of simple deuterated species to trace the coldest 

and densest areas of star-forming cores and proto-planetary disks. 
•  Study galaxies and clusters at low intermediate redshifts – this is currently unavailable with the present 

ALMA bands for the important CO(1 → 0),  HCN(1 → 0), HCO+(1 → 0), HNC(1 → 0), and SiO(2 → 1) 
transitions. 

Bottom Line:    Technology is ready for ALMA, informed by European and NA Studies 
–  Workshop planned in March for exchange of information by NA, EU and EA. 
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ALMA 
Design and Testing of a Prototype Band-2 Cartridge 
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SCIENCE CASE 
•  The 67 – 90 GHz region of the electromagnetic spectrum is largely 

unexplored. 
•  High sensitivity and resolution offered by ALMA will yield exciting 

new results. 
•  J = 1 → 0 transitions of several molecules in the frequency range 

allow investigation of: 
–  The evolution of gas in galaxies and clusters at low and 

intermediate redshifts. 
–  Galactic Evolution 
–  Formation of stars and proto-planetary discs.  
–  Chemistry of the Universe. 
–  Origin of Life. 

(ABOVE) 4 mm atmospheric window from the ALMA site 
showing important astronomical spectral-line transitions. (Band-2 
is 67 – 90 GHz.) 

(ABOVE) Rich spectral lines measured towards SgrB2(N) at 74 
GHz, using the ARO 12 m telescope & with 1 GHz of 
bandwidth (from Halfen et al. 2012). 

Science case will be further developed as part of our 
collaboration with the ESO funded Band-2/(2+3) consortium. 

ALMA’s high sensitivity will allow detection of many new 
weak transitions of complex species (in the sense of 
small line strengths or small dipole components). 



ALMA 
ALMA Band 2 Science Case Summary 

•  The Context of Star Formation – Deuterium species and 
dense gas tracers key for studies of cold cloud cores from which 
stars form. 

•  Galaxies Across Cosmic Time – CO(1-0) at intermediate 
redshifts where the evolution of galaxies is proceeding rapidly and 
dense gas tracers, such as HCN and HCO+, in local star-forming 
galaxies. 

•  Origin of Life – Complex organic molecules and pre-biotic 
molecules in the ISM and comets which are key for studying the 
conditions from which life eventually forms (unexplored frequencies 
--- lots of discovery potential in astro/bio-chemistry). 

•  Fundamental Physics – With VLBI, probe the physics near the 
base of black hole jets in nearby galaxies {and measure the size of 
the galaxy via parallax of SgrA*}. 
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ALMA Effective Collecting Area (ηa * Area) 

 ALMA 
potential 
sensitivity 
exceeds that 
of other 
telescopes 
 



ALMA GBT 4mm Survey of Orion 

•  20min on source for each of 
the 12 spectrometer setups 

• GBT collecting area ~ALMA 
• ~10mK rms [Tmb] 
• Tsys < Tsys,ALMA in overlap 
• ~1000 lines  
(Frayer et al.) 
•  Note line ‘forests’  

•  between 67-77 GHz 
•  Above ~81 GHz 



ALMA Star Formation in the Nearby Universe at 
Band 2 
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• Trace extragalactic star formation heating processes (HCN/HNC, D 
isotopomers) 

• Measure spatial density and kinetic temperature (H2CO K-doublets) 
• Trace UV penetration into dense environments (C2H, HCO+, DCO+) 
•  Identify shock environments (SiO) 



ALMA 
 
What are the Bright 
Extragalactic Lines?  
 

ALMA Band-2 (67-90 GHz) 
Line    Redshift Range 
12CO:  0.28<z<0.72 
13CO:  0.2<z<0.64  
HCN:    0<z<0.32 
HCO+:  0<z<0.33 
 

ALMA-Band2 2013 

FCRAO 14m RSR: 
NGC253+M82 

Intermediate redshift 
galaxies and (1-0) 
transitions are important 
for understanding 
galaxy evolution 
 



ALMA Variations of 
Molecular Lines in 
Nearby Galaxies, e.g. 
IC342 Meier & Turner 2005 

ALMA-Band2 2013 

IC342: CO=green, 
HI=red 



ALMA Star-Formation History from IR 

ALMA-Band2 2013 

Magnelli, et al. 2009  (Spitzer FIDEL-70um result) 

Why are LIRGs 
important? 
The bulk of the  
infrared EBL is at 
z~1, and the rapid 
evolution from now 
to z~1 is associated 
with luminous 
infrared star-forming 
galaxies (LIRGs).  
Herschel and 
Spitzer Surveys 
found large numbers 
of z~0.2-1 LIRGS. 
 CO at 
intermediate z key  
 
 

ULIRGs 

LIRGs 



ALMA      VLA CO(1-0) Imaging  

ALMA-Band2 2013 

Observations suggest low-CO 
excitation for both the BzK’s and 
SMG samples extended cold 
CO(1-0)?   Imaging: Extended 
emission or separated clumps, 
outflows, disks, structure/
kinematics  ALMA  
 

BzKs (Aravena et al. 2010) 

SMGs (Ivison et al. 
2010): 

Why do we need 
spatial resolution? 



ALMA Comparison	  of	  ALMA,VLA,	  and	  the	  GBT	  for	  
redshi8ed	  CO(1-‐0)	  	  

ALMA-Band2 2013 

Detection 
levels for 
same 
amount of 
observing 
time 

Plot made in 
Aug 2012, 
before GBT 
4mm upgrade 



ALMA Core, Disk Studies Need ALMA Band 2 
•  Lines of Deuterium isotopomers of many molecules lie in this band. 

–  NH2D, DCO+, DCN, N2D+, C2D, HDO & CH2D+ 

–  Deuterated lines are faint requiring sensitivity 
•  TB < 1K for e.g. N2D+ (1-0)  at 77.1 GHz and similar lines 
•  Only the resonance line 1-0 probes the entire core 

–  Line strength varies across core requiring good angular resolution 
•  Intensity is a strong function of density / temperature 
•  Within the core at high density higher J transitions are produced 

–  Deuterated lines are narrow requiring sensitivity 
•  Δv ~ 0.3 km/s, lines have nearly thermal FWHM 

•  Emission at 4mm is very useful for measuring βa measure of grain growth in cold dense cores 
–  Optically thin 
–  On RJ tail of emission offering a large wavelength range for comparison 
–  Useful for cores and disks 

•  For cores, need to recover emission on large angular scales 
•  For disks, need fine angular scales 

–  ALMA needed for sensitivity 
•  Sν ~ ν-(2+β) 

•  Need sensitivity, angular resolution, velocity resolution 
•  ALMA Band 2! 

 



ALMA 

H2 & CII 

H2 & CO 

HI & CII 

Layers	  of	  a	  Molecular	  Cloud	  



ALMA Layers of a Starless Core 

(Di Francesco et al. 2007) 



ALMA 
J=1-0 Lines Critical for PPD Midplane Study 

•  Disk midplanes are the sites of planet formation, the main reservoirs of 
mass and probable sources of complex organics 

•  Disk midplanes are cold 
•  To characterize disk midplanes requires access to range of low-energy 

lines of ions, deuterated molecules, isotopologues and organics 
•  ALMA Band 2 is the only observatory that would provide spatially 

resolved observations of key J=1-0 lines. 
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ALMA 
Design and Testing of a Prototype Band-2 Cartridge 

SOFTWARE 
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•  35 nm InP HEMT MMIC wafer(s) with optimized 
Band-2 designs. 

•  Four prototype single-polarization MMIC 
amplifier modules. 

•  Four prototype single-polarization MIC amplifier 
modules. 

•  Sufficient probe-tested MMIC amplifier chips for 
150 modules. 

•  Optics design (including drawings and analysis). 
•  Optics components (horn, mirrors, etc.) 
•  Auxiliary components (bias modules, cables, 

etc.) for prototype cartridge. 
•  Prototype integrated cold cartridge. 
•  Prototype Warm Cartridge Assembly (including 

down-converter and LO). 
•  FE Test and Measurement System, upgraded to 

incorporate Band-2 cartridge evaluation. 

•  Cartridge M&C software, modified for Band-2. 
•  Cartridge test software, modified for Band-2. 

 

HARDWARE 

Will design and build a complete band-2 cold 
cartridge & WCA and test it in an ALMA cryostat 
at the (former) North American ALMA Front End 
Integration Center. 
 

DELIVERABLE DOCUMENTATION 

•  “PDR Ready” design report. 
•  Cartridge test data report. 
•  Specifications and ICDs. 
•  Preliminary costing for full production run. 
•  Monthly “4-square” Progress, Final, and 

Outcome Reports, ALMA Memo. 



ALMA 
Design and Testing of a Prototype Band-2 Cartridge 
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Optics and Low Noise Amplifiers 
Optics and LNA development are key to meeting the Band-2 noise 
specification – these will be the focus during the first year of the project. 
We already have a tested OMT from the just completed design study. 
•  Original (baseline) ALMA optics design ruled out cooled optics & 

room temperature reflective optics due to size constraints: 
It recommended the use of a single room temperature lens + window. 
Loss, truncation effects, and reflection in the lens are estimated to add 
about 11 K to receiver temperature. 

•  Improvements to the baseline refractive optics design will be 
investigated during the first year. These include: 

Design with a meniscus lens that mounts at the aperture of the horn & is 
cooled to 15 K, reducing the receiver temperature by about 7 K. 
Reflective optics – this would yield lowest receiver temperature.  

•  Baseline LNA scheme uses 35 nm gate length InP HEMT MMIC. 
•  Preliminary results show acceptable performance, but repeatability 

not established for ALMA quantities. 

•  Collaborating with Cahill Radio Astronomy Observatory (at Caltech) 
to develop repeatable 35 nm InP MMIC capability. Caltech/JPL to 
manage Northrup Grumman wafer run contract, coordinate MMIC 
designs, and perform cryogenic probe test on devices. 

•  The backup option is the hybrid “chip-and-wire” LNA built using 
discrete 80 nm gate length InP HEMTs. 

TECHNICAL PLAN HIGHLIGHTS  Down-converter 
•  Receiver will be cryogenic HFET front-end followed by room-

temperature mixer(s). 
•  Broadband I/Q balanced mixer already fabricated, will be 

evaluated during the first year. 
•  Backup option (already proven in design study) is to build down-

converter using commercial Hittite HMC-MDB277 MMIC (DSB 
mixer). 

Local Oscillator 
•  Baseline LO range is 76 – 85 GHz LO – completely within the 

Band-6 driver range – can build around same components, but in 
WR-12. 

•  Goal is to integrate the room temperature down-converter into the 
standard ALMA WCA envelope. 

•  Will prototype and test a complete Band-2 WCA with integrated 
2SB down-converter & first local LO. 

Collaboration with ESO Band-2/(2+3) consortium 
•  We plan to have regular communication. 
•  Hold at least one face-to-face meeting. 
•  The primary focus of European effort will be: 

•  To help further develop the science case. 
•  Study the wide-band concept. 
•  Contribute wide-band MMIC LNA designs to the 35 nm 

wafer(s) funded by this project. 
•  Include NRAO MMIC LNA designs on the European 

funded wafer run. 



ALMA 
Band 3 Cold Cartridge Assembly Magnet and 
Heater Installation for Deflux Operation 

Award: $216,008 

Investigators: Stéphane Claude and Lewis Knee – NRC Herzberg  

Objective: The proposed project is to add a deflux heater as well as 
permanent magnets to the Band 3 cold cartridge as a way to reduce the 
azimuth-dependent total power variations observed in the ALMA antennas 

Deliverables:  

•  Hardware: 73 Band 3 cartridges with magnet and heater deflux system 

•  Software: Band 3 deflux software module 

•  Documentation: Science impact analysis and assembly procedure upgrade 
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ALMA 
Recent (Jan 26) test After mini warm-up on 24 Jan 2014

Az-slew test with El=45 degree El excursion test with Az 171 degree

Pol 0 showed Az/El dependent IF power variations of 0.1 dB, slightly improved.
Pol1 was still stable with antenna motions. 
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ALMA 
Band 3 Cold Cartridge Assembly Magnet and 
Heater Installation for Deflux Operation 
SCIENCE CASE 
•  Detailed assessment of impact of magnetic susceptibility on science data is 

planned as part of this development program. Preliminary analysis suggests at 
least three areas where this upgrade, when implemented, could improve the 
quality of ALMA science data: 

•  Improved Bandpass stability – variations between bandpass calibrator 
observations and science data of ≥1.0%.   With the modification, this should be 
improved, ensuring that ALMA can fulfill its spectroscopic dynamic range  

•  Improved Gain stability – Amplitude calibration accuracy will be improved as 
gains will be stabilized between amplitude calibrator and science target 

•  Improved Total Power imaging – Stabilized gains will improve image fidelity 
(esp in raster imaging) 
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ALMA 
Band 3 Cold Cartridge Assembly Magnet and 
Heater Installation for Deflux Operation 

IMPLEMENTATION 
•  Two year project 
•  Sub-contractor contact : Bernhard Lopez, JAO 
•  Phase I: Evaluation of one cartridge fitted with magnets on the four ALMA antenna 

designs (results from first tests suggest improvement, perhaps stronger B needed) 
•  Phase II: Science impact study 
•  Phase III: Purchase parts and retrofit 73 cartridges at the JAO. Propose to add 

permanent magnets for each of the Band 3 cartridges during the cryogenic service 
done at JAO. Deflux heaters can also be added without major cartridge 
disassembly using the existing  magnet wires (no heater wires in Band 3 
cartridges).  This will require some modification to the control software of the 
Front End 
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ALMA 
Expansion of the Central LO Article to 5 Subarrays 

Award: $339,056 

Investigators: Christophe Jacques 
 

Objective: The addition of a 5th complete subarray, identical in every way to the four 
currently installed will allow for additional work and observations to be carried out, or separate 
projects to be handled simultaneously. Engineering and advanced testing/troubleshooting work 
could be carried out without reducing the number of subarrays available for science observations. 
Additionally, it would offer the means to implement and test the control software on distinct 
subarrays while still maintaining the requisite number for science (3+2) ... and provide a complete 
functional “hot spare” to ALMA Operations to always maintain a 4 subarray capability, 
immediately.  
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Deliverables:  
•  A complete Photonic LO subarray, including CVR, LS, PRD and all related cables and 

connections will be delivered, installed, and tested. 



ALMA Expansion of the Central LO Article to 5 Subarrays 
SCIENCE CASE  
History: ASAC recommended in March 2000: ALMA should provide “a number of 4 to 6 sub-arrays, but 
the number of frequencies operating simultaneously will not exceed 3 or 4. At present we could envision 
4+1 subarrays”.  
ALMA Scientific Specifications and Requirements Requirement 390: Subarrays It shall be possible to 
have at least four subarrays in which the observing frequency and antenna control in each is completely 
independent of the others. 
ALMA System Requirements: [SCI-420] Independently tunable subarrays=4 
At rebaselining, two subarrays were defunded as two from the ACA were implemented bringing the total 
to four but reducing flexibility 
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Advantages: 
•   a flexible additional interferometric or dedicated single dish subarray,  
•   additional frequency band(s) to complement the main ones under use, for observing rapid spectral 

variations 
•    simultaneous polarizations measurements at different frequencies,  
•    mm-wave VLBI subarray,  
•    simultaneous total power scans for high fidelity spectral line imaging,  
•    a commissioning array 
•    post-antenna move regression tests in a separate array flexibility for special or dedicated transient event   

monitoring without reducing the number of available subarrays,  
 
 



ALMA 
Expansion of the Central LO Article to 5 Subarrays 

SCIENCE CASE:  Implementation and integration with Operations: 
Implementation will follow the same method used during the construction phase: the complete subarray 
will be assembled and tested (PAI) in Charlottesville, then shipped and installed at the AOS during an 
agreed upon engineering time, with as small a disruption as possible to observations. Indeed, major systems 
up- and downstream are already in place and operating. Integration and PAS will involve ADE group 
personnel, some of whom were involved in the first installation. This provides an additional training and 
troubleshooting opportunity for ALMA.  
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ALMA 
ALMA Data Mining Toolkit: ADMIT 
Award: $991,160 

Investigators: Lee Mundy (University of Maryland), Jeff Kern (NRAO),  Adam Leroy 
(NRAO), Leslie Looney (UIUC), Anthony Remijan (NRAO), Amitabh Varshney (UMD) 

Objective: To increase the scientific productivity of ALMA by creating a set of science-
oriented data products and tools which enhance proposers’ and archival data users’ access to the 
science content in ALMA data cubes. 
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Deliverables:  
•  ADMIT infrastructure and main modules for automated 

creation of basic science data products which will flow 
into the ALMA Archive 

•  ADMIT core system and tools for desktop use 
•  ADMIT graphical user interface 
•  Implementation and testing on real data, Test suites, in-

line documentation 
•  User’s Guide and Tool Writer’s guide 

HST	  Publica6on	  
Sta6s6cs	  



ALMA 
ALMA Data Mining Toolkit: ADMIT 
SCIENCE CASE  
•  The production of rich datasets is in the DNA of ALMA. The keys to 

unleashing the full power of ALMA for science are: 
•  providing easy, organized, immediate access to the science data in 

the cubes 
•  providing tools for discovering and mining science from the data 
•  providing efficient access to the science in archival data to empower 

data reuse 
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•  The ADMIT Project will enable users in the following ways: 
•  Basic Science Data Products: A post-reduction pipeline suite creates a 

detailed data overview including spectral searching, line identification, 
moment maps, spectra, overlap integrals, and other images and html tables. 
These Basic Science Data Products (BSDP) will be served to the user from 
the ALMA archive. 

–  Compact summary (target < 20 MB) which can be delivered quickly, 
opened locally to examine and manipulate in advance of getting the 
full data:  noise levels, spectra, line identifications, moment maps 

–  Roadmap to the first-order science content in each project for 
archive users and community. 

Two methods for spectral line 
identification—white is traditional; 
red is by crosscorrelating signal in V 

Overview of spectral lines in data 
cube.  CO may be target of SG but 
many other lines are present 



ALMA 
ALMA Data Mining Toolkit: ADMIT 
SCIENCE CASE (continued) 
•  2. Scripts and Tools for Mining Science Content: A python-based toolkit 

distributed with CASA for the user to examine, recompute, and expand on 
the BSDPs. Also provides a platform for more advanced tools. ADMIT is 
NOT a visualization tool; it is a compute layer which can feed results into 
CASA viewer and the Next Gen. viewer 

•  Flexible interface for re/computing the common science data 
products. 

•  New tools for exploring data relationships . 
•  Platform for development of new tools by users. 
•  Design requirement to integrate with CASA and reuse CASA 

software.  
•  3. Archive Mining: ADMIT provides the structured environment for bringing 

together archival datasets from multiple projects, analyzing and compare 
them in uniform ways. 

•  Encourage new science with archival data by allowing user-defined 
criteria to create  a new sample tailored to their science goal. 

•  Encourage ALMA archive group to make our meta-data and 
science products available  to a database query or xml search 
engine. 
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Moment maps for several lines and a 
spectrum from the peak emission 

Overlap integrity where colors represent 
combinations of coincident line emission; 
right is moment zero for one line. 



ALMA 
The Next Generation ALMA Viewer 
Award: $887,665.58 

Investigators: Erik Rosolowsky (U. Alberta), Jeff Kern (NRAO), Gregory 
Sivakoff (U. Alberta), Russ Taylor (U. Calgary / U. Cape Town) 

Science Objective: To provide a visualization solution for ALMA that will 
meet long-term needs for (1) big data, (2) archive exploitation, and (3) 
extensibility.   

Deliverables:  

•  Software package that becomes the default viewer for ALMA, both on 
local machines and through connections to visualization servers at archive 
sites. 

•  Hardware installation of an archive visualization server at all ARCs to 
manage Big Data 
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ALMA 
The Next Generation ALMA Viewer 
Deliverables:(continued):  
•  CASA viewer will hit performance and development limitations with main 

ALMA operations  
•  Archive exploitation will become bandwidth limited 
•  Current viewer code is isolated from novel community tools 
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Solutions: 
•  Develop a modular, plug-in architecture for a 

new viewer application.   
•  Fuses full feature set of CASA viewer with high 

performance and good UI of CyberSKA viewer. 
•  Big data tractable through web-based vis. server 

at archive site. 
•  Foster development of community plug-ins In-browser visualization of data cubes 



ALMA 
The Next Generation ALMA Viewer 

SOFTWARE 

33	
Rosolowsky et al.	


•  Architect single, extensible framework. 
•  Replicate nearly all CASA viewer 

functionality. 
•  Long-term development by CASA group, 

becoming the default viewer by end of 
project 

•  Client-viewer connects online to vis. 
servers at archive sites.  

•  Enables large data visualization and agile 
exploration, selective extraction & 
download. 

 

HARDWARE 

Synergies: Will coordinate with EA (JVO) development on browser-based tool 
& vissage; EU archive group development.   
 



ALMA 
Future Calls (Provisional) 

•  Provisional Study Call Schedule 
–  Call for Proposals  Q4 FY2014 
–   Internal/External Review Q1/Q2 2015 
–   Funding provided to start Studies  Q3 FY 2015 

•   Provisional Project Call Schedule 
–  Call for Project Proposals  Q2 FY 2015 
–   Internal/External Review Q3/Q4 2015 
–  Funding provided to start Projects Q1 FY 2016. 
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ALMA 

The National Radio Astronomy Observatory is a facility of the National Science Foundation 
operated under cooperative agreement by Associated Universities, Inc. 

 
www.nrao.edu  •  science.nrao.edu 
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