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PROJECT SUMMARY

Overview:

Page A

Based on the results of an NSF-funded design study in 2006 and successful deployment in 2012,
we propose the next development stage for the High Elevation Antarctic Terahertz (HEAT) telescope,
a robotic, 0.6-meter THz observatory at the summit of the Antarctic 
plateau.  HEAT operates from 158 to 609 microns, and observes the brightest, most diagnostic
spectral lines from the Galaxy.  It is tasked with the dual purpose of performing site testing
and leading-edge terahertz astronomy. HEAT was deployed in 2012 with the University of New
South Wales’ PLATeau Observatory (PLATO-R) to Ridge A, the driest, calmest and clearest point
on the summit. The facility operates with no direct human contact for a year at a time between
servicing missions, with commands and data being transfered to and from the experiment via
satellite daily.  The site is truly exceptional, and HEAT has already made the most sensitive
large-scale spectroscopic maps at 370 and 200 microns wavelength, unveiling a population of
CO-dark molecular clouds and new regions where molecular clouds may be forming. With an established
facility, we propose here the next level of instrument development, namely the augmentation
of a hot electron bolometer (HEB) receiver operating at 4K,  whose increased sensitivity will
allow the facility to map the Galaxy more than 10 times faster.   This effort is the second
part of a longer term plan for the facility.  This proposal requires fieldwork in the Antarctic.

Intellectual Merit :
The HEAT telescope forges entirely new capabilities for ground based infrared & submillimeter
astronomy which otherwise would be unachievable except via expensive airborne or space-based
platforms. HEAT and PLATO-R represent a new generation of polar instrumentation that permits
the excellent conditions available from remote sites like Ridge A to be harnessed without
the costs and hazards associated with manned operations. The unparalleled stability, exceptional
dryness, low wind and extreme cold make Ridge A a site without equal for astronomy at infrared
& submillimeter wavelengths. HEAT observes in the far infrared, where most crucial astrophysical
spectral diagnostics of the formation of galaxies, stars, planets, and life are found. HEAT
is addressing timely and fundamental questions about the evolution of the interstellar medium
and star formation. In particular, through large-scale Galactic surveys, the measurement and
impact of the Galactic environment on the life cycles of interstellar clouds and their relation
to star formation are being realized. Proposed upgrades of mixer, local oscillator, low-noise
amplifier, cryogenic, and DSP technologies will play essential roles in future terahertz observatories.
This pioneering mission paves the way for future astronomical investigations from the high
plateau and beyond.

Broader Impacts :
HEAT’s key project is to map, with great sensitivity and precision, portions of the Southern
Galactic Plane in the spectral light of the
dominant coolants of the interstellar medium. Already, comprehensive science products from
the survey and its collaborations are being freely made available to the astronomy & aeronomy
community with no proprietary period. These survey products enhance the value of numerous
contemporary surveys and represent the ideal ’finder scope’ for ALMA.  The wide-field terahertz
surveys provided by HEAT place Herschel, ALMA, SOFIA and balloon-borne observations in a broader,
richer context. Other beneficiaries include Legacy programs from Spitzer & Herschel, HI and
CO surveys of the Galactic Plane, and the 2MASS & UKIDSS infrared sky surveys.  HEAT will
serve both as a scientific and technological pathfinder for contemporary and future suborbital
and space-based missions. As a portable, accessible terahertz observatory, the HEAT telescope
transforms into an outstanding educational and outreach tool. Furthermore, the HEAT project
uniquely captures the kind of high adventure spirit that attracts many to science in the first
place, and we aim to provide video and photographic documentation of our experience for everyone
via PBS’s NOVA program. Finally, the design and fabrication of HEAT has been an interdisciplinary
team effort involving students from astronomy, optical sciences, and electrical engineering.
Astronomical instrumentation is becoming ever more complex, requiring the talents of many
individuals to bring them to fruition. Providing students with both technical training and
team-work experience increases their probability of success, both in science and in society.
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SUMMARY PROPOSAL BUDGET COMMENTS - Year 1

  

** D-  Equipment
PLATO-R replacement modules       (Amount: $  30000)
 ROACH2 FFT spectrometer       (Amount: $  7500)
 ** I-  Indirect Costs
MTDC Base -- IDC at 53.5% effective 7/1/2016 (Rate: 53.5000, Base 26755)
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2  7.00  0.00  0.00      41,042

0 0.00 0.00 0.00 0
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0
0
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FOR INTERNAL USE ONLY Continued Development of the HEAT Telescope

  3.3% inflationary rate applied to all eligible costs in Years 2 and 3.  HEAT_2014_ATI_Budget_rev1.ods_x000D_10/24/2014

Title  Continued development of the HEAT telescope at Ridge A 

Organization  The University of Arizona 

PI, Co-PI  Craig A. Kulesa, Christopher K. Walker 

Sponsor/Program  NSF AST – Advanced Technologies and Instrumentation 

Performance Period  10/1/2015 – 9/30/2017 

 YEAR 1  YEAR 2  YEAR 3 
 Year 1 Labor  TOTAL  Year 2 Labor  TOTAL  Year 3  Labor  TOTAL  3 YEAR 
 Rate Hrs.  YEAR 1  Rate Hrs.  YEAR 2  Rate  Hrs.  YEAR 3  TOTALS 

PERSONNEL

Appointed Personnel
Kulesa, Craig –  PI  $          27.84                 696  $        19,377  $          28.76              1,044  $        30,024  $          29.71              1,044  $        31,015  $        80,416 

Walker, Christopher – Co-I  $          66.66                   80  $          5,333  $          68.86                 160  $        11,018  $          71.13                 160  $        11,381  $        27,732 

Abram Young – systems lead  $          34.87                 696  $        24,270  $          36.02              1,044  $        37,606  $          37.21                 348  $        12,949  $        74,824 

Appointed Personnel Subtotal            1,472  $      48,979            2,248  $      78,647            1,552  $      55,345  $    182,971 

Classified Staff Subtotal
Electrical Engineer (1 mo, Y2)  $          29.93                      -  $                  -  $          30.92                 160  $          4,947  $          31.94                      -  $                  -  $          4,947 

Mechanical Engineer (1 mo, Y2)  $          33.52                      -  $                  -  $          34.63                 160  $          5,540  $          35.77                      -  $                  -  $          5,540 

Classified Staff Subtotal                    -  $                -               320  $      10,487                    -  $                -  $      10,487 

Undergraduate Student
Undergrad (summer)  $          12.00                 200  $          2,400  $          12.40                 200  $          2,479  $          12.81                 200  $          2,561  $          7,440 

Undergraduate Student Subtotal               200  $        2,400               200  $        2,479               200  $        2,561  $        7,440 

Graduate Students
Graduate Research Assistant - AY (1 semester) @ 50% FTE $          22.61                 400  $          9,044  $          23.36                 400  $          9,343  $          24.13                 400  $          9,651  $        28,038 

Graduate Research Assistant - summer (1.5-months) @ full-time $          26.05                 232  $          6,043  $          26.91                 232  $          6,242  $          27.79                 232  $          6,448  $        18,734 

Graduate Students Subtotal               632  $      15,087               632  $      15,585               632  $      16,099  $      46,772 
Labor Subtotal          2,304  $    66,466          3,400  $  107,199          2,384  $    74,005  $  247,670 

Faculty and Appointed Personnel @ 28.6%  $        48,979  $        14,008  $        78,647  $        22,493  $        55,345  $        15,829  $        52,330 

Classified Staff @ 47.8%  $                  -  $                  -  $          4,947  $          2,365  $                  -  $                  -  $          2,365 

Undergraduate Student @ 2.1%  $          2,400  $               50  $          2,479  $               52  $          2,561  $               54  $             156 

Graduate Students @ 63.3% (50.0% IDC exempt)  $        15,087  $          9,550  $        15,585  $          9,865  $        16,099  $        10,191  $        29,607 
Fringe Benefits Subtotal  $    23,609  $    34,775  $    26,073  $    84,457 

Personnel Labor + ERE Totals  $    90,075  $  141,974  $  100,079  $  332,127 

OTHER DIRECT COSTS

OPERATIONS  $    21,090  $    18,692  $      5,297  $    45,079 
Instrument/facility/data archive maintenance and repairs  $        10,000  $        10,000  $             500 

Electronics upgrades to accommodate new receivers  $          5,000  $          2,500  - 

Conference Registration (2/year)  $             450  $             465  $             480 

Publication costs charges (3 papers x 8 pages x $110 in each year)  $          2,640  $          2,727  $          2,817 

Shipping costs to Antarctica and back  $          3,000  $          3,000  $          1,500 

TRAVEL  $      3,400  $      3,512  $      3,628  $    10,540 

 Domestic  International  Domestic  International  Domestic   International 

Airfare ($400 roundtrip)  $             800  $             826  $             854  $                  - 

Lodging ($100/night x 4 nights)  $             800  $             800  $             826  $             826  $             854  $             854 

Per diem ($50/day x 5 days)  $             500  $             500  $             517  $             517  $             534  $             534 

Total per trip  $          2,100  $          1,300  $          2,169  $          1,343  $          2,241  $          1,387 

CAPITAL EQUIPMENT  $  148,171  $  155,000  $              -  $  303,171 

4K dual closed-cycle cryostat, 1 per telescope  $        45,000  $        45,000  - 

1.5 THz LO source, Virginia Diodes Inc -  $        80,000  - 

Two HEB mixers, SRON (25k EUR to USD)  $        31,671 

ROACH2 FFT spectrometer plus 10Gbit ethernet & ADC boards  $          7,500  -  - 

PLATO-R annual replacement modules  $        30,000  $        30,000 

Diamond-turned THz mirrors for existing 2nd telescope  $        34,000  -  - 

Total Other Direct Costs  $172,661  $177,204  $    8,925  $358,791 

TOTAL DIRECT COSTS  $  262,736  $  319,178  $  109,004  $  690,918 

53.0%, effective 7/1/15

53.5%, effective 7/1/16

Flat spending profile puts 75% of MTDC of Y1 under UA FY2015 rates, 25% of Y1 under UA FY2016 rates. Similar for Y2.  Y3 falls under UA FY2017 rates only.

 MTDC Base  IDC  MTDC Base  IDC  MTDC Base  IDC 

Base (on salaries, operations, travel)  $      107,021  $        56,855  $      156,385  $        83,666  $      100,954  $        54,011 

Total Indirect Costs  $    56,855  $    83,666  $    54,011  $  194,532 

TOTAL PROJECT COSTS  $  319,591  $  402,844  $  163,015  $  885,450 

FRINGE BENEFITS - Rates effective 7/1/13 and beyond

2 persons: domestic conference, annual Antarctic 
deployment 

INDIRECT COSTS –  52.5%, effective 7/1/14

MTDC BASE = Total Direct Costs (TDC) less capital equipment, less Tuition Remission (50.0% of Graduate Student fringe), and on first $25K of EACH subcontract
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