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Abstract

In this report, we present temperature of various noiséneebrs installed presently on three anten-
nae, C11, C13 and S02 as a function of frequency channel esfihe UGMRT.

1 Introduction

The on-going upgrade of the GMRT have renewed interest imgh@sured system temperature at each
observing frequency. Since efforts are being made to havedbpossible receiver temperature, several
noise-sources for calibrations are being installed on GMREennas. Presently, they are installed on
three antennas, namely C11, C13 and S02 and soon many menaasiwill have such noise-source cal-
ibrators. These noise deflection is provided with switchatenuations.g., extra-high, high, medium
and low calibration noise sources have 0 dB, 6 dB, 10 dB andBL&ttenuations. Here we present,
results, behaviour of noise-calibrators as a functionmoétand stability for these three antennae.

2 Aims / Expectations

Long-term goals

e To determine first order values of the low, medium, high andeelkigh calibrators that are being
installed on several antennas.

e To compare these among different polarisation channelssofame antennas and its stability on a
long term basis.

e To formulate a methodology and build tools so that it can beedmiformly for all antennas on a
regular basis, say as part of the PMQC.

Immediate / short-term goals

e To compare the behaviour of noise-cal temperature as aifunat time for two different polari-
sation channels of the same antenna.

e Since the GWB has no ALC, the ratio of noise-cal ON and noi$®€&#& (scan-averaged!) would
provide (i) the health of the antennas, which have the new &&$owith noise-cal installed and
(ii) look for non-linearities, if any that may be happenimgie Rx-chain.

3 UuGMRT test observations

Observation setup

We used GWB-IIl ver. of the new GMRT wideband backend to aegdata and perform our first
data analyses and reduction. Two observing runs were peefbiand both were made in the similar
manner,.e., in any experiment, we recorded nine scans with normalaexth cal, normal, high cal,
normal, medium cal, normal, low cal and normal scans; whieeenbrmal scan is the one where no
noise-calibrator has been fired and whereas the extra-higiglo or medium or low calibrator scans are
the ones where the corresponding noise calibration souree been fired. The log of observation is
shown below:

bservation file nane: tst1183 noi se-cal - 26f eb2015.1ta
Dat e of observation: 2015- Feb-26

Sequence of scans:

oj RA Dec | ST RF Ch-wid Nrecs

3C286 13:31:50.25 30:25:53.1 01: 35: 25 500 97.656 55 (normal scan)
3C286 13:31:50.25 30:25:53.1 01:50: 17 500 97.656 54 (extra-high noise cal)
3C286 13:31:50.25 30:25:53.1 02:02:56 500 97.656 56 (normal scan)
3C286 13:31:50.25 30:25:53.1 02:17:55 500 97.656 55 (high noise cal)
3C286 13:31:50.25 30:25:53.1 02:30:27 500 97.656 55 (nornal scan)
3C286 13:31:50.25 30:25:53.1 02:45: 06 500 97.656 55 (nedi um noise cal)
3C286 13:31:50.25 30:25:53.1 02:57:44 500 97.656 55 (normal scan)
3C286 13:31:50.25 30:25:53.1 03:12:43 500 97.656 56 (| ow noise cal)
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8 3C286 13:31:50.25 30:25:53.1 03:25:28 500 97.656 53 (normal scan)

Qobservation file nanme: tst1192 ncal 500l o_25nmar2015.1ta
Dat e of observation: 2015- Mar-25
Sequence of scans:
) RA Dec | ST RF Ch-wid Nrecs

0 3C48 1:38:33.65 33:14:12.74 17:31: 30 500 97.656 43 (normal scan)

1 3C48 1:38:33.65 33:14:12.74 17:45: 15 500 97.656 44 (extra-high noise cal)
2 3C48 1:38:33.65 33:14:12.74 17:56: 13 500 97.656 43 (normal scan)

3 3C48 1:38:33.65 33:14:12.74 18:10: 39 500 97.656 44 (high noise cal)

4 3CA8 1:38:33.65 33:14:12.74 18:21:23 500 97.656 44 (normal scan)

5 3C48 1:38:33.65 33:14:12. 74 18:35:42 500 97.656 43 (nmedi um noi se cal)

6 3C48 1:38:33.65 33:14:12.74 18:46:40 500 97. 656 44 (nornal scan)

7 3CA48 1:38:33.65 33:14:12.74 19:00: 32 500 97.656 44 (low noise cal)

8 3C48 1:38:33.65 33:14:12.74 19:11:16 500 97.656 43 (normal scan)

Note that RF and channel-width are in MHz and kHz, respéegtive
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Figure 1. Plot showing temperature of the noise-calibration source asctidn of channel/frequency for
the channel-1 polarisation data acquired on 2015 Feb 26. Top-left pfot 811, top-right is for C13
and bottom-left is for S02 antennae. We determine the temperature forhaexirahigh, medium and low
calibration noise sources at four frequency chanrigds,channels 100, 500, 1000, and 1800 in order to
understand the behaviour of temperature across the 200 MHz frggband for the 250-500 MHz feed.
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Figure 2: Plot showing temperature of the noise-calibration source asctidn of channel/frequency for
the channel-1 polarisation data acquired on 2015 Mar 25. Top-left pkori€11, top-right is for C13
and bottom-left is for SO2 antennae. We determine the temperature forhégitrahigh, medium and low
calibration noise sources at four frequency chanrieds,channels 100, 500, 1000, and 1800 in order to
understand the behaviour of temperature across the 200 MHz frggbend for the 250-500 MHz feed.

Basic formulation
We use the ratio of noise-cal ON and noise-cal OFF as a meakaih@racteristic temperature of the
noise-cal and we determine this quantity at several freqquehannels. Briefly,

(Self - COunts[noise—cal+c01d—sky-‘,—ﬂux—cal] ) - noise — calon
= - ,
self — counts|cold —sky+flux—cal] noise — calpopp
where,
noise — CalON o Tnoisefcal + Tcoldfsky + Tﬂuxfcal

noise — CalOFF Tcold—sky + Tﬂux—cal

)

or

self — Counts[noisefca1+cold7sky+ﬂuxfcal]
Tnoise—cal =

If > X (Tcold—sky + Tﬂux—cal)
se _Counts[cold—sky-&-ﬁux—cal}

- (Tcoldfsky + Tﬁuxfcal)'

Following this formulation, we made plots for both polatiesa channels, ch-1 and ch-2 data. (Note
as per the old convention, these two channels are also cadlel80 MHz and 175 MHz channels.)
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The plot shown below essentially uses the ratio of self-talntained when noise-cal was ON and
when noise-cal was OFF. And this ratio is translated to teatpee in units of Kelvin for these noise-
calibration sources at several frequencies in the 200 Métpiency band. The 200 MHz frequency band
corresponds to 2048 channels and we determine temperdttirese noise-calibration sources at 100,
500, 1000 and 1800 channels. Typical temperature of coldiskiq—sky is 110 K and the temperatures
contributed by flux calibrators,qlix_ca1 €0. 3C48 is 15 K, 3C147 is 17.5 K and 3C286 is 9 K at this
observing frequency band, 250-500 MHz.
Attached plots, namely,

Figurel: 2015 Feb 26 (ch-1) data,

Figure2: 2015 Mar 25 (ch-1) data,

Figure3: 2015 Feb 26 (ch-2) data,

Figure4: 2015 Mar 25 (ch-2) data,
show temperature of the noise-calibration sources (in Kgrd@ned from this noise-cal ON and noise-
cal OFF ratio for C11, C13 and S02 antennas. We scan-avethgethta to increase signal-to-noise
ratio and determine these for four frequency-channelsghat®©0, 500, 1000 and 1800 channels.
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Figure 3: Plot showing temperature of the noise-calibration source ascdn of channel/frequency for
the channel-2 polarisation data acquired on 2015 Feb 26. Top-left pfot 811, top-right is for C13
and bottom-left is for S02 antennae. We determine the temperature forhéxtrahigh, medium and low
calibration noise sources at four frequency chanrigds,channels 100, 500, 1000, and 1800 in order to
understand the behaviour of temperature across the 200 MHz frggband for the 250-500 MHz feed.



C11-175 25 Mar 2015 C13-175 25 Mar 2015
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Figure 4: Plot showing temperature of the noise-calibration source asctidn of channel/frequency for
the channel-2 polarisation data acquired on 2015 Mar 25. Top-left pkori€11, top-right is for C13
and bottom-left is for SO2 antennae. We determine the temperature forhégitrahigh, medium and low
calibration noise sources at four frequency chanrieds,channels 100, 500, 1000, and 1800 in order to
understand the behaviour of temperature across the 200 MHz frggbend for the 250-500 MHz feed.

4 Key inferences

The data analysis and reduction presents following quickksions:

e Inall three cases, we see some slope in the temperaturemdiges calibration source as a function
of frequency/channel.

e Additionally, the absolute temperature scale (or norrma#itis) of the noise-calibration is different
across antennas.

e This temperature slope across the frequency-band seehtimesd cases is probably a limitation
of design of the directional coupler, which has a slope of 6T slope is-ve; note that here in
the plots, channel-0 corresponds to 500 MHz and channél-26&esponds to 300 MHz.

e The noise-calibration temperatures of S02 is almost twhet 6f C11 antennas; this could be
due to control bits being swapped at the time of wiring (laitedue to private communication,
Mr. Suresh Kumar). Alternatively, it is also possible thad directional coupler port is swapped,
which then could show low deflection (private communicatibt. V.B. Bhalerao) If the above
issue is resolved, the noise source power output for C11 88 expected to same since the
design is identical for both FE-boxes.

e Since the FE-box design of C13 antenna is old and noiseratibp sources too are different,
hence one sees different behaviour of this, C13 antennanagazed to C11 and S02 antennae.



Finally, the FE-team expects that (i) the noise source pisvesnstant and (ii) it is maintained with
constant current and voltage circuits. Hence no variasoexpected from one unit to another unit (as
per the current desigm,g. units that are installed on C11 and S02 antennae). Addltipnle noise-
calibration sources were tested over wide operating teatyer range ( 10 - 60 deg. C ) and are expected
to give constant power output.

5 Immediatefuture plans

e We would like to know what are the theoretical values of thseaalibration sources from the
front-end team so that they can be faithfully compared withsubsequent efforts. More impor-
tantly, if identical copies of noise-calibration sources being put as part of the FE-box on each
new antennas, above results are clearly in contradictioa.kiidw C13 and S02 have identical
FE-boxes.

e We would also compare with the noise deflection tests peddrhy the control room and other
teams and look for (in)consistencies, if any for a faithfoifrgparisons.

o Finally, we would like to build tools so that this exercisendze performed in a routine manner on
a regular basis, say as a part of PMQC. This would providedigsin long term stability tests of
theUGMRT system.
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