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INTRODUCTION

For VLA L-band sky survey some tests were made during last D-array using new default
center frequencies of 1464.9 and 1385.1 MHz with bandwidths of 50 MHz. It has been reported
that the resulting images at 1385 MHz had 30% higher noise than those at 1465 MHz. Also there
have been reports of increased incidence of external rfi by many VLA L-band users during recent
past. Further three quarters of the antennas have now been outfitted with new VLBA design
receivers to improve its noise performance. To see (1) whether there is any obivious cause of the
higher noise in 1385425 MHz band compared to 1465+25 MHz band, and (2) noise performance
of the upgraded system and compare it with the old one, we decided to measure the system
sensitivity over 1360 to 1560 MHz. This memo describes the results of the test measurements.

SYSTEM SENSITIVITY

We measured increase in the system temperature on Virgo-A (3C274) with respect to direc-
tions 5° on east and west of it, as a function of frequency for all the antennas in the array. Table
1 gives the average increase in system temperature values on Virgo-A for all the 27 antennas for
each of the four IFs (IFs: A, B, C, and D) at various frequencies. Measurements were made with
12.5 MHz backend bandwidth on 1992Dec28, and used backend synchroneous detector values.
The data show: (1) pre-dawn measurements (starred), made at elevation of about 68° give about
10% higher G/T than those made between 8:18 and 8:42 MST (unstarred) at elevation of about
55° on the monday morning after X-mas weekend, (2) system G/T variation looks smooth with
frequency, and peaks at about 1400 MHz, (3) from 1400 MHz to 1553 MHz Virgo-A flux density
decreases by about 9 % but the G/T drops by about 20 %, i.e. (G/T)1400mH:/(G/T)1ss0mmrs =1.11,
and (4) average System Equivalent Flux Density (SEFD)= 214/(0.594 * 1.02) = 353 Jy at 1400
MHz for all 27 antennas (antennas #2 to 28) in the direction of Virgo-A. Lower G/T values for
post-dawn measurements may be due to (1) lower elevation (55° instead of 68°) and increased at-
mospheric contribution due to increse in atmospheric water vapor-observation log comments pos-
sible rain in area, (2) Sun in far sidelobes of the antennas, (3) increased rfi — but that has to be
present all over the observation frequency range of 1360 to 1560 MHz.

Observations were repeated at night time on 1993Feb01 on Crab and also tipping curves
were performed at the same time. Table 2 gives system temperature measurements on Crab for
the four IFs averaged over all the 27 antennas. Table 3 gives the average of tipping measurements
(azimuth= 0°) at system default frequency settings (center frequencies 1385 and 1465 MHz



and bandwidth=50 MHz) for all the 27 antennas, and average of all four IFs are plotted against
secent zenith angle (sec z) in Fig. 1. These measurements lead to basically the same results as
those from measurements on 1992Dec28 on Virgo-A. The average SEFD =368 Jy at 1400 MHz
is about 15 Jy higher than that for Virgo-A direction, which is consistant with the increased
galactic background for the direction of Crab compared to that of the Virgo-A. From table 3 we
see that system temperature increases by about 6% at 55° elevation compared with that at 70°
elevation. About 10 % increase in the system temperatureat 55° elevation compared with that at
68° elevation on 1992Dec28 may have been due to (some) variations in weather between the two
sets of measuremets (pre-dawn and post-dawn) on a day when there was bad weather (the two
sets of measurements were seperated in time by more than 2 hours).

Data of table 2 are seperated for antennas with upgraded receivers and those with old re-
ceivers in tables 4 and 5 respectively. Results of table 4 show that increase in system temperature
on Crab with frequency for upgraded antennas is present but it is much more prominant for un-
upgraded antennas. For upgraded antennas SEFD at 1400 MHz is about 330 Jy in the direction
of Crab compared with 590 Jy for the unupgraded antennas.

Table 6 gives tipping measurements for 21 upgraded antennas at the system default settings
for azimuth= 0°. Average results for all the four IFs are plotted against sec z in Fig. 2. From
the tipping results we see that the average T,,, value increase by about 44% at elevation of 30°
compared to zenith, and more than doubles at elevation of 10° elevation. for good antennas
(probably those with low receiver temperatures) the increase is as much as 55% at 30° elevation.
From opacity/transperency curves by Schwab and Hogg (MMA Memo. #58, 1989) we see that for
the VLA one would expect zenith atmospheric contribution of about 2° K during good weather,
and < 3° K during fairly poor weather (1.5 cm water). It means the antenna spillover is caussing
the increase in the T,y, values with increasing zenith angle. A quick look at the measured feed
patterns suggest that a part of this may very well be accountable by the feed far sidelobes. A
rough estimate of the contribution from scattering by the quadrupode legs (based on Landeker et
al., 1990-Preprint) gives an increase of only about 4-8° K. Remainder of the increase in the Toys
for zenith angles of 20° to 70° is probably due to feed sidelobes.

Atleast about half of the antennas with upgraded receivers have more than 6 Volts syncho-
neous detector output signal value, which is high. This is due to high injected noise calibration
signal which contributes to the system temperature. We should reduce the T,; values to give
about 4-5 Volts in the backend Synchoneous detectors and about 3 volts in the frontend synchro-
neous detectors. This may reduce the average T,,, by a few percent.

NOISE IN IMAGES

To further pursue the problem of increased map noise seen by J. Condon in his snapshots
made during the last D-array configuration, I made observations of a field at declination of 88° to
have roughly same fringe rates as typical of the D-array. The observations were made in spectral
line using all four IFs (VLA observing mode 4) with backend filters of 12.5 MHz over 1360 to
1560 MHz. The data (antenna gains and bandpasses) were calibrated using observations on
3C286. Channel 0 images for both Stokes parameters I and V of size 256 X256 were made using
HORUS. The peak maximum and minimum in these maps given by HORUS, and number of
visibilities used for making the images are listed in table 7 for both I and V maps at various
frequencies. The total intensity (I) maps were cleaned using APCLN with number of iterations



(NITER) =1000. The rms noise in the cleaned I and V maps are measured using IMSTAT as
listed in table 7. The expected rms image noise is calculated using S,n, = 1.234T,,,(Jy)/VNtB is
also given in the table. The factor 1.234 is due to two bit three level correlator efficiency, T,y,(Jy)
is system temperature expressed in Jy (assumed =1.25*353 Jy, here 1.25 is due to the increase in
the system temperature at 35° elevation compared with that at 70 ° elevation measured for Virgo-
A to be 353 Jy —average value for all antennas), N is product of visibilities and polarizations (i-e.
rcp and lcp), t is the integration period (=10s), and B is the bandwidth (=9.3 MHz). In these
data there is no clear difference between noise over 1385 +25 MHz band compared to 1465 £25
MHz band at more than a few % level.

Peak noise in individual 1.5 MHz channel maps (using HORUS) is shown in Fig. 3. There
are rfi spikes at 1364.5, 1400, and 1486.4 MHz. Channels in frequency range of 1529.5 to 1544.8
MHz are seriously affected due to external rfi but there is no indication of substantially increased
noise in 1385425 MHz band compared with those in 1465425 MHz band. From these results (Ta-
ble 7 and Fig. 3) it seems that at about 0.3 mJy rms noise level in images (for signal bandwidth
of 9 MHz) we donot see much difference (< 10 ~ 15%) in sensitivity obtained over any 50 MHz
bandwidth in the frequency range of 1360 to 1520 MHz.

For one of the frequency settings (AC: 1396.3+6.25 MHz, BD: 1446.3+6.25 MHz) we split
out the channel 0 data for durations of 30 sec, and 2 min from a total of 8 min data. We made
images of 30 sec data, 2 min data, and 8 min data using HORUS for both Stokes I and V. The
peaks in the images given by HORUS, along with number of visibilities used in making the
images, are given in table 8. We cleaned the images using APCLN with NITER=1000. The
resulting residuals given by APCLN for the images are given in table 8. Also rms noise the
cleaned I and v images measured using IMSTAT are given in the table. Note that 1396.3 MHz
channel 0 image contains 1400 MHz frequency where interference is observed. The peak and rms
noise for 30 sec, 2 min, and 8 min images go down more rapidly than square root of integration
for 1396.3 MHz images but slower than square root of integration period for the 1446.3 MHz
images. This is probably due to the fact that narrow band interference for short integrations is
likely to reduce more like linearly with the integration, and the 1396.3 MHz images have 1400
MHz birdie. This is probably also the explaination for the higher noise in 1385+25 MHz (which
contains 1365 and 1400 MHz birdies) snapshots compared with 1465+25 MHz snapshots made by
Condon.

CONCLUSIONS

Upgraded VLA antennas have average SEFD of about 310 Jy at zenith for cold galactic
background, and when the system is finally (well) tuned up it may go down somewhat below 300
Jy. Unlike the old system the upgraded system has essentially flat G/T and noise performance
(except when the map noise is dominated by rfi) over 1360 to 1560 MHz frequency range. The
system temperature increases rapidly with increasing zenith angle (probably due to the feed
sidelobes). For finally upgraded (and tuned up) system the increase in the system temperature
is likely to be 50% at elevation of 30°, and double at 15° elevation. For short snapshot maps
over a frequency band containing rfi the map noise is (probably) dominated by the interference
especially for field with low fringe rates (very high declinations) even for A-array.
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