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ABSTRACT

In this memo we investigate locations for the SZA which giwod heterogeneous con-
figurations with the 10.4 and 6.1 m antennas, without chantie existing SZA or CARMA
configurations. This is a nice option. The SZA and CARMA carubed as independent sub-
arrays, or as a 23-antenna array without building a new setations, or re-configuring the
array.
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1. INTRODUCTION

The CARMA telescope is being designed as a heterogenecays waith 10.4, 6.1 and 3.5m antennas, and
antenna configurations providing spacings frent m to 2 km. In the first years of CARMA, the 3.5m
antennas will be used for SZ observations using a separaiglator. The current CARMA antenna con-
figurations for Cedar Flat are based on studies of the uvrageeand synthesized beam characteristics to
provide good imaging using nine 6.1 and six 10.4m antennaghawe will refer to as the CARMA-15
array. (CARMA memo 19 and 20)

The SZA with eight 3.5m diameter antennas has been corstrircthe Owens valley with six antennas in

a compact, 12m diameter array and the other two antenna$@im radius provide longer baselines which

can be used for point source subtraction over the same fielidwfimaged by the compact array. The SZA

will be used as a stand alone array, and then moved to the Etatasite as a part of a 23-antennas array
(CARMA-23).

The detailed layout for fiber and power on the Cedar Flat siteoiv being made, and we must consider
where to locate the SZA on the Cedar Flat site.

There are two approaches for locating the SZA on Cedar:

The default plan is to locate the SZA well clear of the CARMB.¢bnfigurations. This plan is appropriate
for the SZAs life as an independent array, and would allowliagl short SZA baselines to CARMA-15
data. This mode is the same as the ALMA Compact array (ACA)mofahtennas which will be used to
provide short spacings for the ALMA array of 12m antennasis Diption defers thinking about CARMA-
23 configurations but we will then have to build additionati&ms for the 3.5m antennas close to the existing
CARMA-15 stations and working antennas in order to obtaiocgov sampling with the 23-antenna array.

In this memo we investigate locations for the SZA which giwmd heterogeneous configurations with
the 10.4 and 6.1 m antennas, without changing the existify @& CARMA configurations. This is a
nice option. The SZA and CARMA-15 can be used as independdnagays, or as CARMA-23 without
building a new set of stations, or re-configuring the array.

2. RESULTS

We tried to locate the SZA compact array of six 3.5m diamet&granas close the the most compact CARMA
E-configuration to provide short baselines between SZA afARIZA-15 antennas in several different ori-
entations. The SZA antennas should be south of the CARMAaateto avoid shadowing at low elevation
angles when observing sources the the south.

The two SZA antennas at 50m radius provide longer baselines for the SZA which willused for point
source subtraction over the same field of view imaged by thepeat SZA array. While we could also use
CARMA-15 for point source subtraction from the SZA imagég, 8ZA and CARMA antennas will initially
be used independently with different receiver bands andragp correlators. In fact, if the two outrigger
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SZA antennas are located close to other CARMA stations, ttiese provide additional short baselines for
the 23-antenna array.

To find suitable locations for the SZA, we plotted uv-trackg aynthesized beams for the 23-antenna array.
The uv-plots and beams were used to find an SZA location whigs good uv-coverage and low sidelobe
levels over a range of declinations.

An SZA location~ 30m south of station 65 provides short baselines between SKXACARMA anten-
nas and uv-tracks which are complementary to the CARMA Eraekis. Station 32/47/65 is used in the
CARMA C, D and E configurations and we will refer to this as tleater of the CARMA array. In Table 1
we list the antenna positions with the SZA located 30m sotithe@CARMA array using station 32/47/65
=(0,0) =(398873.19, 4126389.51) in UTM, 1927 NAD, UTM Reugibl coordinates.

Figure 1 & 2 show the uv-tracks for source declinations +4& db degrees. We used standardx csh
scripts to plot the data and keep a table of the results. Témagats are similar to those used for ALMA
and ATA simulations, but are more complex because of therdifft antenna sizes used in the 23-antenna
array. The script generates uv-data for a point source Wwéhnal and atmospheric phase noise and plots
the uv-coverage and synthesized beam. A Gaussian fit is roaithe tsynthesized beam, and the results
written into the table. The brightness sensitivity, beamHAW and residual sidelobe level after the fit are
calculated. We used antenna gains 43, 126 and 383 Jy/K aspuibflo aperture efficiency for the 10.4, 6.1
and 3.5 m antennas at 230 GHz. Because of the different angains, the brightness sensitivity depends
on the placement of the 6 and 10m antennas in the CARMA E-amafiign. The best SNR is obtained
with natural weighting for each antenna. The synthesizedrband brightness sensitivity vary by20%,
depending of the placement of the 6 and 10m antennas in theM®A&bnfiguration. In this study, we
used a geometric mean 73 Jy/K for baselines between 6 anddi@émas, and a geometric mean 167 Jy/K
between 3.5 and 6 or 10m antennas.

In Table 2 we compute the % of unshadowed data using a 6.1lmrantiameter for the CARMA E-
configuration. For the 23-antenna, EZ array we used a 3.5anaatdiameter since the SZA antennas
are located to the south of the 6 and 10m antennas. Becaubke different diameters of the antennas,
the antenna shadowing depends on the height and relatigenpént of the 6.1 and 10.4 m antennas and
cannot be calculated simply from the projected uv-spacifidne apparent large gain in unshadowed data
and sensitivity at declination -30 degrees is due to our tiaesimple 3.5m shadow in the EZ configuration).
A more precise shadowing calculation could be made from aeiafdhe antenna structure and placement
of the antennas. For each configuration we simulated oltgmmgafrom -2 to +2 hours sampled at 36 sec
intervals. In practice, observations will be interrupteddalibrations, not sampled symmetrically about
transit and shadowing and flagging of data will be calculatetthe observatory.
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3. DISCUSSION
3.1. uv-coverage

The CARMA-23 EZ configuration gives slightly higher resatut than the E-configuration because of the
30m offset between the CARMA and SZA arrays. The 30m nortliksoffset produces uv-tracks from the
cross correlations between the CARMA and SZA arrays whiehoffiset from the CARMA-15 uv-tracks
and nicely fill the uv-plane. The two outrigger antennas m 87A give uv-tracks which fill gaps in the
uv-coverage for the CARMA E-configuration, which is a nicanbs.

3.2. image fidelity and calibration

The brightness sensitivity is not much changed becausdghe3®5m antennas do not add much collecting
area. However, the sensitivity to large scale structuréssoved by sampling shorter uv-spacings, and
the density of uv-samples is more than doubled which imgéle image fidelity. In BIMA memo 73, we
simulated imaging for three representative models: eighttsources, Cas A, and an eye chart. In all three
models, the image fidelity improved as the uv-sampling weeised. More complex images require better
uv-sampling. There is still a central hole in the uv-sanmlibut the hole is smaller which means that there
is less information which needs complementary single disteovations. If we use the 10.4m antennas to
obtain the single dish observations, there is a large regiaverlap in spatial frequencies which can be
used to cross calibrate the single dish and interferomdtsergations. The heterogeneous interferometer
observations by themselves provide an excellent croskratibn of the gains of the 3.5, 6.1 and 10.4m
antenna gains.

3.3. shadowing

At low declination there is more antenna shadowing, buttsAotenna spacings can be recovered from
the projected antenna spacings. Since shadowing of a 6 oratbemna by a 3.5m antenna affects all
baselines to the shadowed antenna, there is also a losssitivdgncaused by shadowing. The compact
SZA array of 3.5m antennas are located on a concrete padwibecific station positions for each antenna.
The CARMA-23 efficiency can be improved by moving the 3.5meants on the concrete pad to reduce
shadowing at low declinations. We could plan for this by egiag the concrete pad for the SZA to the
south, somewhat larger than the needed by the current SZASHIA outrigger station SZA8 (see Table
1) should be moved- 12m south to avoid shadowing station 52 when the CARMA-1®rams are the
D-configuration. This does not significantly change theltedisted in Table 2.
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Table 1: CARMA E and SZA antenna positions
Station North[m] East[m]

61 10.50 -0.85
62 13.23 8.58

63 3.05 -7.75
64 4.46 7.15

65 0.00 0.00

66 3.62 19.70
67 -0.37 -20.02
68 -7.31 -11.54
69 -9.06 12.00
70 -16.88 -2.27
71 25.17 24.00
72 33.42 6.80

73 36.07 -18.60
74 15.73 -29.23
75 -22.37 12.62

SZAl -30.00 0.00
SZA2 -32.47 -5.81
SZA3 -27.94 -5.67
SZA4 -24.67 1.61
SZAS5 -35.98 0.50
SZA6 -30.20 4.96
SZAT 25.95 -21.21
SZA8 0.95 38.79
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Fig. 1.—uv coverage obtained with a 23-antenna array at declinatiérdedrees. The 15-antenna CARMA
E configuration is shown in red. The 8-antenna SZA is in blunel eross correlations between the two
subarrays are in black.
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Fig. 2.—uv coverage obtained with a 23-antenna array at declinatidlegjrees. The 15-antenna CARMA
E configuration is shown in red. The 8-antenna SZA is in bluel eross correlations between the two
subarrays are in black.
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Table 2: CARMA E, and EZ configurations

Config DEC Rms FWHM  Tbrms Sidelobe[%0] Nvis uv-min uv-max
degrees [mJy] [arcsec] [MK] Rms Max Min  [%] [m] [m]
EZ 75 0.19 461x4.33 0.22 1.4 6.0 -5.4 100 3.6 69.6
EZ 60 0.17 453x3.79 0.23 1.4 6.8 -5.6 100 4.2 69.9
EZ 45 0.16 4.54x354 0.23 1.5 7.5 -5.7 100 4.5 74.1
EZ 30 0.16 4.55x354 0.23 1.6 7.4 -6.7 100 4.5 74.7
EZ 15 0.17 456x3.79 0.23 1.8 10.2 -8.7 100 4.2 73.5
EZ 0 0.19 467x433 0.22 2.4 39.5 -6.5 100 3.6 69.6
EZ -15 0.25 5.97x4.49 0.22 1.9 11.9 -6.4 87 2.7 69.6
EZ -30 043 9.60x4.39 0.24 1.8 8.7 -6.5 70 1.8 69.6
E 75 0.21 492x4.41 0.22 15 6.7 -6.2 100 6.9 57.6
E 60 0.19 450x4.18 0.23 1.7 7.7 -6.4 100 7.5 63.9
E 45 0.18 4.48x3.93 0.24 1.7 8.1 -6.6 100 7.5 66.3
E 30 0.18 4.48x3.94 0.24 1.8 8.8 -6.7 100 7.5 66.3
E 15 0.19 452x4.20 0.23 2.0 12.5 -6.9 100 6.9 66.3
E 0 0.22 499x4.43 0.23 2.6 44.9 -10.1 100 6.0 64.5
E -15 0.29 6.25x4.30 0.25 2.1 18.4 -76 85 5.1 60.6
E -30 0.63 8.56x3.88 0.44 2.3 14.4 -9.0 50 3.3 55.5




