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Your proposed K-band focal-plane array is a very promising development for the GBT, for both science and

developing future heterodyne arrays. I had hoped that the HFET receivers would have good enough gain

stability (1/f knee below 10 Hz) for some continuum work, but this may not be the case. Still, please check if

a receiver with a single-stage HEMT amplifier (for low noise) followed by multiple HBT RF/IF amplifiers(for

gain stability) might work.

I left the September 28 meeting with no clear sense of (1) what million-dollar science would be done with the

K-band array and (2) how the K-band array compares with a single pixel on the GBT and with its principal

competition, the EVLA. Perhaps a single mock “large survey proposal” should be written as the scientific

justification for the FPA. Such a proposal would be specific enough to detail the science goal, the amount of

telescope time required, and the reasons that the GBT and FPA are uniquely capable of doing the project.

The principal lines of interest seem to be the NH3 (1,1) and (2,2) lines at 23694.5 and 23722.6 MHz to be

used as thermometers, with the (3,3) line at 23870.1 line being desirable for warmer molecular clouds but not

simultaneously accessible in the 50 MHz bandwidth available when all 14 channels are used. How important

is the (3,3) line, and how important is the correlator bandwidth limitation?

If the K-band FPA is used for an NH3 survey, how big are the solid angles to be covered? Surveys of patches

smaller than the radius of the annular FPA footprint (about 3 HPBWs, or about 90 arcsec at 24 GHz) can

be observed just as well with a single pixel. The full 7X benefit of the FPA over a single pixel is realized only

for areas bigger than diameter of the FPA footprint, about 180 arcsec. If Galactic dark clouds are this big,

then the K-band FPA is well matched to mapping them. Likewise, the FPA would be better than a single

pixel for mapping NH3 in external galaxies larger than 180 arcsec in diameter, but only if the necessary

bandwidth is available.
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Crystal seemed to propose that the K-band FPA survey a large swath of the Galactic plane to discover new

molecular clouds, not just image known ones. A quick calculation suggests that this would take too long.

The effective survey solid angle Ωs covered by the 7-beam FPA is

Ωs = 7Ωb/2 =
7πθ2

8 ln 2
≈ 1.0 arcmin2 ,

where Ωb is the beam solid angle of one beam and θ ≈ 30′′ is the HPBW. If the integration time for each

pointing is 3 minutes, it will take 180 hours to image one square degree. Even with the best dynamic

scheduling, less than one hour in ten is usable near 24 GHz in Green Bank, or about 800 hours per year. If

the NH3 survey gets half of that time, it might cover 2 deg2 per year.

The EVLA is a better or worse survey instrument than the GBT with an FPA, depending only on whether

the individual sources are resolved by the D configuration (θ ≈ 3′′). For example, one of the scientific

proposals was to search for H2O masers in local-group galaxies. The masers are all unresolved. The survey

speed of both interferometers and single dishes for unresolved sources is proportional to the square of the

effective total aperture Ae multiplied by the number of receivers (27 for the EVLA, 7 for the GBT). Since

the total area of the VLA is about that of a D = 120 m dish, the VLA is equal to the GBT with a 39-beam

FPA and is nearly six times as fast as the GBT with a 7-beam FPA. Similarly, if the NH3 cores of molecular

clouds in nearby external galaxies are smaller than the D-array beam, the EVLA is much faster than the

GBT with a 7-beam FPA.

How big are the NH3 cores in Galactic molecular clouds? If they are significantly bigger than the EVLA

D-array beam, then the EVLA will resolve them out and the GBT 7-beam FPA will be the best instrument

for such an NH3 survey. If not, the EVLA will be better for the reason given above, plus the EVLA has a

superior correlator that can cover all three NH3 lines at once.


