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MEMORANDUM

January 23, 1991

To: SMA Project
From: Jim Moran 3™

Subject: Technical Document #44: Sensitivity to Sources in the Galactic Center vs. Site

One of the STAG members said that we should give strong preference to Mauna Kea
(20° latitude) over Mt. Graham (32° latitude) as the site of the SMA because of the much
better sensitivity to the Galactic Center from Mauna Kea due to its lower latitude. I have
written a simple computer program to quantify such a comparison. The result is that,
over a reasonable range of opacities and receiver temperatures, the ratio of sensitivities of
Mauna Kea and Mt. Graham for a one-day observation (horizon-to-horizon) of the Galactic
Center is about 2. (Hence, the ratio of observing time to achieve the same sensitivity is
about 4.) Also, the ratio of sensitivities for a site in Chile (at § = —29°, where the Galactic
Center goes exactly overhead - tough on al-az mounts!) and Mauna Kea is also about 2.

The calculation is based on the following four formulas.

Zenith angle track

cos z; = sin¢siné + cospcosdcos H; , (1)

where z; is the zenith angle of the :th measurement, ¢ is the station latitude, § is the
source declination, and H; is the source hour angle.

Effective system temperature

Ta.- — TRe‘ro/cosz.- + To(ero/cosz; _ 1) ; (2)

where T, is the system temperature referred outside the atmosphere, Tg is the receiver
temperature, Ty is the ambient temperature, and 1y is the zenith opacity.

Sensitivity

o = 2k T (3)
T A VBt

where o; is the rms noise level in flux density (ignoring loss factors), k is Boltzmann’s
constant, A is the collecting area, B is the bandwidth, and ¢ is the integration time.



Overall sensitivity (optimum weighting for computation of average)

1112
o= [Z _2} . (4)
o
The results are summarized in Tables 1 and 2. The entries are the ratio of rms noise
levels for the sites indicated for horizon-to-horizon tracks of data computed according to

equation (4). .

The elevation tracks for a source at § = —29° for three sites (Mt. Graham, Mauna Kea,
and Chile) are shown in Figure 1. The corresponding system temperatures for (1o = 1, and
Tr = 1000 K) are shown in Figure 2. The actual sensitivities for Mauna Kea for various
values of Tg and 7y are shown in Figure 3. Most of the latitude effect on sensitivity is
directly related to the zenith angle at transit, but the lower latitude sites also allow more
integration time at lower zenith angles. Hence,

o1 TR(ero/coszl) + To(er"/cosz‘ _ 1)
0-—2 ~ TR(ero/cosz;) + To(ero/coszg - 1) ’ (5)

which is
oy ero/ cos z;

; = emo/coszy (6)

when Tg > T or €™/ °°*% > 1. Mauna Kea is about 20% better than equation (6) would
suggest because of increased integration time.

For synthesis observations, Mauna Kea provides longer tracks on the Galactic Cen-
ter at lower zenith angle compared to Mt. Graham. Because of the enormous effects of

atmospheric opacity, variance-weighting of the visibility data is probably desirable when
constructing images of weak sources.



o(Mt. Graham)/o(Mauna Kea) for § = —29°

Table 1

70
Tr 0.2 0.5 1.0 1.5 2.0
100 1.4 1.6 2.0 2.6 3.4
500 1.3 1.5 2.0 2.6 3.4
5000 1.2 1.5 1.9 2.5 3.3

Table 2
o(Mauna Kea)/o(Chile, ¢ = —29°) for § = —29°

To
Tr 0.2 0.5 1.0 1.5 2.0
100 1.5 1.9 2.4 3.0 3.8
500 1.4 1.7 2.2 2.8 3.6
5000 1.4 1.6 2.1 2.7 3.6
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