(Almost) a Decade of Submillimeter
Astronomy from the South Pole

What Next?

Gregory Wright

gwright@antiope.com

Antiope Associates
18 Clay Street
Fair Haven, New Jersey 07704

antiope

New Jersey Astrophysics Conspiracy — p.1/34



Outline

AST/RO — Submillimeter Astronomy at the South Pole
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The South Pole Station
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Why the South Pole?

It's cold and dry
Summertime temperature typically -25 C
Winter temperature drops as low as -82 C

Precipitable water vapor (PWV) is as little as 150
m in the winter
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Why the South Pole? (cont.)

How cold and dry?
Elevation 2847 m
Average atmospheric pressure 680 mb
Average temperature -49 C
Average 24 hour temperature variation 6.1 C
Maximum wind speed 24 ms 1
Median summertime PWV 470 m
Median wintertime PWV 250 m
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Water Vapor at the Pole
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Dry = Transparent

492 GHz Atmospheric Optical Depth
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Dry = Transparent (cont.)
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Manna Kea

Chajnantor

South Pole
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Dry = Low Sky Noise
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The AST/RO Telescope

1.7 meter offset Gregorian

Recelvers:
1. Major Dobbin (230 GHz, CO 2! 1)

2. Wanda (simultaneous 460/492 and 810 GHz, CO 4
l 3and 7! 6)

3. Flamr (492 GHz, CI) [retired]
Pole Star (4 810GHz, CO 7! 6)
5. TREND (1267 GHz, CO 11! 10, 1461 GHz, NII)

>

antiope

New Jersey Astrophysics Conspiracy — p.10/34



The AST/RO Telescope
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The AST/RO Telescope
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AST/RO Goals

Map the galactic center in the Cl 492 GHz line
Survey CI in a variety of galactic environments
AST/RO has successfully completed its original scienti c

objectives. It has made more CI specta than any other
telescope, thanks to the high quality of the site.
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AST/RO Science

13C detection in a number of galactic environments
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AST/RO Science

Multi-spectral line maps of molecular clouds
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AST/RO disappointments

In our galaxy, Cl is just not as interesting as we had hoped.
Cl seems to be follow the distribution of highly excited CO,
which is generally easier to measure.

As a result, AST/RO is concentrating on higher frequencies
(1267 GHz and 1461 GHz, the CO 11! 10 and NIl lines),
and array receivers.
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AST/RO TREND

TREND: Terahertz Receiver with NbN Device is a hot electron bolometer mixer that gets
respectable noise performance. (SIS junctions and other mixers don't work well at such

high frequencies)
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AST/RO TREND (cont.)

The atmosphere is just clear enough at the pole to do some useful terahertz astronomy:
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AST/RO TREND (cont.)

The complexity of the system is dominated by the
methanol laser local oscillator (at top of the picture):
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AST/RO TREND (cont.)
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The Future

AST/RO is still doing useful work, but is approaching the
end of its life.

A new instrument, the South Pole Submillimeter Telescope
(SPST) is scheduled to take its place by 2008 or so.
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SPST Science Goals

The SPST's science goals are the usual laundry list:

Detailed mapping of the Sunyaev—Zel'dovich effect
Primary CMD anisotropy on moderately small angular scales

Protogalaxy searches
Highly redshifted CIl emission should be an excellent tracer of young galaxies

Star-forming cores in the Milky Way

A complete survey at 350 m will detect all embedded protostellar cores
within 2 kpc of the Sun
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SPST S-Z effect

A simulated eld mapped with the proposed SPST bolometer cam era:
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SPST CMB Measurement

The SPST will probe angular scales intermediate between today's single dish and small

interferometer measurement and future larger interferometers.
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SPST Protogalaxy Searches

Sensitivity of SPST for 158 m CIl emission. (As much as 0.5 % of a galaxy's ux can

be squeezed into the CIl line!)
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SPST Design Challenges

The SPST is a complex instrument, and would be a major
techical project even if it were not at the south pole.

Demanding optical performance
10* diffraction limited beams

Large temperature gradients in the structure
100 C inside to outside difference

Arc second pointing accuracy from a foundation of
sSnow

antiope

New Jersey Astrophysics Conspiracy — p.26/34



SPST Design Challenges

And it all has to t into these:
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SPST Mechanical Design

antiope

New Jersey Astrophysics Conspiracy — p.28/34



SPST Optical Design
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SPST Optical Design
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SPST Optical Design
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SPST Optical Design
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SPST Challenges, revisited

SPST is proposing as one of its major instruments a
bolometer camera with up to 10,000 elements.

Multiplexed SQUID readout are supposed to simplify the
handling of so many signals, but are unproved on this
scale. The basic monolithic bolometer technology has
worked (e.g., SPIFI at Mauna Kea), but scaling it up is a
big schedule risk.

Also, we have to face the usual bottlenecks of South Pole
construction.
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Conclusions
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