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NA Devel t Project S o
NA ALMA Development Program
FY2015 Funding Summary
Rev.1
8 October 2015
Page 1of1
| i Fundi
ID Study PI Lead Institution Colaborating Schedule JAO Contact Budgeted Funding
Institution(s) ($)
PO1 Band 5 Local Oscillator Production E. Bryerton NRAO ESO Complete, see Eu Project  :G. Marconi 3,328,717.00
P02 Fiber JAO-AOS J. Ibsen JAO NRO, ESO Complete, awaits license J. Ibsen, G. Siringio 1,824,261.00
PO3 ALMA Phasing Project S. Doeleman MIT JAO Completion FY2016 L. Nyman 1,054,231.00
First Call TOTAL (K) 6,207,209.00
PO4 Band 3 CC Magnet Deflux F.Jiang NRC-Herzberg NRC Completion FY2016 S. Asayama, G. Siringio 248,405.00
PO5 - . L. Mundy U. Md. NRAO+ Completion FY2016 S. Leon 991,160.00
ALMA Data Mining Toolkit
P06 Next Gen ALMA Image Viewer E. Rosolowsky U. Calgary NRAO+ Completion Y2016 887,666.00
PO7 . K. Saini NRAO CalTech Completion FY2016 1,493,969.00
Band 2 Proto Cartridge
PO8 Central LO Expansion C. Jacques NRAO Installation Dec 2015 B. Lopez 339,056.00
Second Call TOTAL (K) 3,960,260.00

Overall Project TOTAL (K) 10,167,469.00




NA Development Study Summary

NA ALMA Development Program
FY2015 Study Funding Summary

Rev. 1
8 October 2015
Page 1of1
D Study - Lead Institution Colaborating Schedule JAO Contact Budgeted Funding
Institution(s) (%)
D06 Second Generation Receiver for ALMA Band 6 A. Kerr NRAO U. Virginia See, in no-cost extension £4,045.00
| lish
D10 Design Study for Production of Band 2 Cartridges E. Bryerton NRAO U. Arizona ;:?::;e' e 98,119.00
|
D20 | Millimeter/Submillimeter VLBI with ALMA J. Kern NRAO MIT, Haystack i‘:m‘;:‘e' Lo 0.00
D08 Increase the ALMA Data Rate B. Glendenning NRAO Withdrawn 0.00
Itra-wi imited Amplifiers for Recei
i e = P CalTech Complete, report published 92,498.00
Front Ends
| ish
D18 A Visualization Portal for ALMA Data E. Rosolowsky U. British Columbia U. Calgary ;:;n:oeﬁte, Lz 73,438.00
Harvard U.
C lete, rt published
D21 Unleashing Large Dataset Science L. Mundy U. Maryland U. lllinois S:Z\:oes €, SCPOR PRDSRS 34,320.00
NRAO
D07 ALMA Band 1 Receiver Development Study P.Ho ASIAA HIA Complete See EA Project 100,000.00
NRAO
U. Chile
TOTAL ($) 482,420.00
D31 Advanced Solar Observing T. Bastian NRAO ESO, NAOJ+ Complete, report published :Itziar De Gregorio 70,065.00
D32 2nd Gen Band 10 Receiver A. Kerr NRAO U. Va. In no-cost extension 159,000.00
D08, i -cost
D33 Second Generation Receiver for ALMA Band 6 A. Kerr NRAO U. Va. see 06 f no-cos
extension 84,045.00
D34 Com Sci Tool Development A. Leroy NRAO Complete, report published 52,711.00
D35  :ALMA Processing Calibration T. Wilson NRL Complete, report published 188,500.00
TOTAL ($) 594,321.00
Overall Study TOTAL ($) 1,076,741.00




ALMA2030

ALMA Board March, 11t — 13t 2015 Meeting

‘SC has not seen all the final documents, but is in general
agreement that there are very large scientific benefits of
the list of development avenues outlined in the ASAC
report. The SC takes note that the ASAC highest priority
list does not include adding additional wavelength bands
beyond the original ten bands to ALMA. We encourage
making this document (ALMA2030) widely available and
stipulating that proposals for development funding
should indicate how they address the goals outlined in

the document.’
Provisional Ordinary Session Agenda Actions and Conclusions




A ROAD MAP FOR DEVELOPING ALMA

ASAC Recommendations for ALMA 2030

* Finish the Scope of ALMA (receivers, VLB capability)

— Detailed in ALMA Scientific Specifications and
Requirements (ALMA-90.00.00.00-001-B-SPE)

e Recommended development paths

— 1. Improvements to the ALMA Archive: enabling gains in
usability and impact for the observatory.

— 2. Larger bandwidths and better receiver sensitivity:
enabling gains in speed.

— 3. Longer baselines: enabling qualitatively new science.

— 4. Increasing wide field mapping speed: enabling efficient
mapping.




Current and Past ALMA Development Programs

* Projects from the First (2010, 2011) Calls are
now reaching fruition:

— Band 5 (163-211 GHz) receivers

— Fiber optic connection from ALMA to the World
— ALMA Phasing Project (VLB)

— Several from subsequent Calls continue

e Studies from a number of Calls nearing
completion




Existing Projects Status

 ALMA Phasing Project (NA)
— Key science: Test GR using BH Shadow

 ALMA Band 5 Project (EU/NA)

e JAO-AOS Fiber Link Project (JAO, NA, Eu)

— 150km fiber connects AOS to Chilean internet (REUNA) and to the world
— Operational. Awaiting permits to operate. L




APP Project: First Intercontinental VLBI Fringes with ALMA

Phased ALMA - IRAM 30m:
March 30, 2015

delay rate

* Band 6 (1.3 mm); Source 3C273

* 9770 km baseline
averaged cross-

| power spec
i

Phased ALMA — VLBA (MK)
(plus 5 other VLBA stations):
August 1, 2015

\_ delay rate

* Band 3 (3 mm); Source 3C454.3




Upcoming APP Project Activities

* Incremental Acceptance Review (October 26)

* Final full-scale CSV mission (March/April 20167?)

 On track: offer VLBI capabilities on ALMA to the general community
in ALMA Cycle 4 (“go/no-go” decision will be made in December)

Remaining issues for Cycle 4:

- Demonstration of VEX2VOM (i.e., demonstration of VLBI mode
observations using a scheduling block rather than a “manual mode”)

- Complete study of optimal limiting radius for inclusion of antennas in
the phased array

Remaining Tasks:

« Additional testing of PolConvert capability

» Correlation of full VLBI data sets

 Imaging and closure analysis of VLBI observations

* Preparation of documentation on use of APS for science observations



Band 5 1st Fringe (DA64-DV01) at AOS, baseline ~ 1km, OMC1 H20 Maser 183.3 GHz
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Tuning range 163-211 GHz
 Key science:

C* 158 micron line z~8-10.6
— Imaging 183 GHz H,0,

1474

ALMA Band 5 Singl¢
dish Spectrum of
OMCI

isotopologues
*  Development and construction ESO, 20w
RAL, NOVA, Onsala, NRAO

— NRAO: Last multipliers shipped 2015 Sep 30

*  Some installed, final receiver (of 73)
expected Q2 2017. o —




Initial Stages: New Bands 1, 2, Upgrades

Band 1 (35-50(52)GHz)

» Key science: SZ effect, free-free emission, large grains in protoplanetary
disks

* Collaboration of EA, CL, NA

* Project Prototype under construction

Band 2 (67-90(94)GHz)

* Key science: Deuterated species, high redshift (MW CO J=3-2@z=3) and
complex molecules

* Project (NA): Under construction, 16 GHz bandwidth

e Study (Eu): Potential combination of B2&3 for 67-116GHz tuning range

Additional Projects and Studies

* Improve sensitivity B3 (NA), B6 (NA), BS (EU), B10 (NA), ‘B11’ (EA)

* Improved digital system for simpler design, eventually higher bandwidth
(Eu)

Bandwidth: Note B9, B10 already present 16 GHz/polzn to correlator; B6

presents 11 GHz, prototype B2 also presents 16 GHz




Band 3 Magnet and Heater Project

* CNRC has released and disseminated a report on the experiment of heater
circuits to deflux Band 3 cartridges. The report proposes two options for

consideration:
— 1. Modify the bias box to re-route the heater circuit lines to unused lines in
the Band 3 cartridges. Pol0 and Pol1 heater circuits would both become

functional.

— 2. Install jumper wires on the Pol0 ESD card in-situ through the window on
the 300 K fiberglass cylinder. Only the Pol0O ESD card is accessible. This
jumper will reroute the Pol0 heater circuit lines from the bias box to unused
lines in the Band 3 cartridges. Only the PolO circuit will be functional in this

2. Removal of hysteresis mn PIV curves.

option.

Before Deflux After Deflux
CAATOIEN 62 OHe Pol 0 Nessured 4292016 00700 2M CART. 033N 82 Gz, Pol 0 Noasures 4222015 1001 30 AM

e Stability improvement expected

.

. I ok
: ° I |

Figure 4: Hysteresis Disappears




*

ALMA Band 2 Prototype Cartridge M
Subarray Expansion

 Band-2 Prototype Cartridge Project:
— Optical design is complete and characterized.
— Prototype cartridge has been assembled and tested.

— Several component designs are being iterated for
optimization.

* Central LO Expansion to 5 Sub-arrays Project:
— Laser synthesizer in hand, testing underway.
— Shipment of the hardware to the OSF planned Nov

— Commissioning tests and acceptance being planned
for December 2015.




Archive Enhancement |

ADMIT: ALMA Data Mining Toolkit Project

+»» Developed by University of Maryland, University of lllinois, and NRAO (PI: L. Mundy)
» Goal: First-view science data products into archive: spectra, line ID, moment maps, etc
» Goal: Python Toolkit allows user to generate their own science products from cubes.

Galaxy NGC 253

ADMIT Products shown from automated flow

Source: Galaxy NGC 253
ALMA CYCLE 0+1

5 o N - Moment 0
A Tlline ID's 3 '
&3 3 9 '
oor 3 5 &  Example
sol Spectrum |
for line ID
34 Moment 1
g
%30
&
20+ 4
N
ML - ) Moment 2

1815 102.0 1025 103.0 1035 104.0
Rest Frequency (GHz)

[ — Cutoff level Mean/Baseline — Chan. Ranges]
NH2CHO 102.06 CH3CCH 102.55 H2CS 102.04
Identification of common lines dentified lines Moment maps for lines
frequency formula transition velocity fwhm startchan endchan
101.98143 H2cco 5(1,4)-4(1,3) 2.938E+02 2.413E+01 828 836
102.06427 NH2CHO 5(1,5)4(1,4) 2.382E+02 2.354E+02 783 816
102.54798 CH3CCHv=0 6(0)-5(0) 2.300E+02 2.343E+02 532 583

103.04055 H2CS 3(0,3)-2(0,2) 2.359E+02 2.332E+02 283 318



Intensity

ADMIT

** Operates on data cubes only; cubes can be FITS or casa image format
*» Compatible with CASA environment and utilizes CASA routines where possible
¢ Products are self-documenting with XML; compatible with future ingestion by a database

Each data cube get a full set of products Serpens Main Mosaic Image

See: admit.astro.umd.edu/admit-M4 and CoS CS H2CO
click on and xxx.admit directory - ﬁ .

— log(rms noise)

7 Spectra based on

~ oatminal) /% peak flux and noise
' in each channel

0.5}
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— Cutoff level Mean/Baseline — Chan. Rangesl [ — Cutoff level Mean/Baseline — Chan. Ranges

Two spectra used in line ID of CS J=5-4




ADMIT

Two modes of Operation:

* In-line (pipeline mode producing standard set of products):

— ADMIT runs after QA2 and before archive ingestion (ideally as a pre-step to the
archive ingest process) — details being worked with ALMA Project

— ALMA archive user can select to download ADMIT tarball (20-40Mb)
* XML, PNG, and HTML files; limited FITS files — details to be decided with ALMA Project

— Browser-based viewer allows user inspect products once downloaded
— ADMIT summary XML file allows user to recreate the ADMIT products

e Off-line (user created data products):
— The ADMIT Toolkit “add-on” available from the CASA download page
— Flow-model for creating and re-creating products - viewable in the browser
— Environment for expanded exploration of data sets:
* Principle component analysis of emission
* OQverlap integrals

* Comparisons across multiple windows and multiple sources
* New tools for examining large data cubes



ADMIT

** Automated line ID which allows line-based operations: moment maps, PV slices, etc
¢ Pipeline produces set products for users which can be determine by ALMA
¢ Users can create their own custom products locally, which can be applied across sources

238,525 230,530 230535 230.540 230.545 230.550 230.555 230.560
Rest Frequency (GHz)

Conservative automated line ID: do no bad ID Moment O Position-Velocity Slice
Source: Low-mass Protostellar Outflow
ALMA CYCLE 2
5 'Line ID's‘ I
5.
20 - )
o
«,
.
o B[ o
3 -
S )
& 10f o
S
JQ
5+ “V"'A\ﬂ\/\//\" \ A\JA\WAW\MMJ\' g.

[— Cutoff level —— Mean/Baseline — Chan. Ranges]

Spectrum: peak emission over noise
per channel

Identified lines == \/e|ocity =—

frequency formula transition velocity fwhm startchan endchan 17
230.53800 co 21 1.200E+01 3.503E+00 100 155




ADMIT

Timeline for Science users:

* November 2015: Requested start date for testing of Cycle 3 data from
imaging pipeline at ARCS.

— Needed for robustness testing against operational products in April 2016

— Allows interaction with interested scientists to verify/improve products

 TBD: Deployment of ADMIT pipeline within ALMA to create
products for archive ingestion.

— Date and final design to be decided in discussion with the ALMA project

« May 1 2016: Delivery of completed software system
— End of funded ALMA Development Project is April 30, 2016
— Contract requires delivery of all software and documentation
— Options for continued support will be explored with ALMA/NRAO




° @*
Archive Enhancement- |l S
« CARTA: Cube Analysis and Rendering Tool for Astronomy (also known as the “Next
Generation ALMA Viewer”)
* Designed to navigate and analyze large data cubes as a replacement for the CASA
image viewer tool
* Operates stand alone or as web-server co-located with archive

* Provides scripted interaction

® 00 CyberSKA FitsViewer

A CyberSkA FitsViewer \[ sk

OCtObe r 20 15 == Beta tesn ng \;;/]\ viz.cyberska.org:8080/pureweb/app/unix:0.0/1/21792/12timestamp=1365779310&filepath=/cyberskazi | (B~ russ taylor south africa Q |3

H H H H {] smart Bookma... ~ [J Gmail [ ] Funnies >~ (] News - . SIMBAD () NED ADS {2 astro-ph 4 JCMTGBS KJAPOD [ i WebCT [ | Webmail t
and deSIgn reVIeW. Emall Erlk ngc1333.13co.fits [DRegion][DG sssss m][Dcrid]@f (] X profile (;'.j‘, (]

Cursor(pixels)

ROSOIOWSky Coordinates Region tools Misc. 4 Colormap g4 Histogram 4@ Movie player More... & 0 100 1 1a 50 200 220 240 B
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March 2016 -- Installation P
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ritter... [ Unzoom [KeR Se Bl

distribution with CASA. B W

Cursor(pixels)
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University of Calgary & NRAO /\
= = — oy

X: 152 value: 6.79926 5 200
y: 135 Toggle with space bar. (@il ] Value: 6.79926
Rms:2.14177

Frame: 167/210




Archive Enhancement- Ill N

NRAO

Example of myXCLASSMapFit

¢ XCLASS (eXtended CASA Line Analysis Software Suite) sETTTTTT T T T

* Functions for modeling interferometric and single dish
data including the myXCLASS program which calculates
synthetic spectra by solving radiative transfer including SEEEEREEEE S %

A & (arcsec)

dust attenuation and finite source size

A & (arcsec)
o
|

* MAGIX (Modeling and Analysis Generic Interface s

for eXternal numerical codes): Provides an easy
interface between existing codes (like myXCLASS, 14
RADEX, RADMC-3D or LIME) and an iterating engine
that attempts to minimize deviations of the model
results from available observational data and providing
corresponding error estimates

T | T T T T T T T T |
a) HIFl band 4b

12

10

Tue (K)

EU Development
Uni Koln, Allegro, Niels Bohr Institut
Also see Moller, Endres, Schilke (2015)
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