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Abstract
We profiase to carty out an absolute planet fnx measurement
based on aw accurate antenna gain calibration at 100 GHz with the
BIMA, array, attaining an nncertainty of only about 1%. The scheme
is bascd on the addition of a standard hom of acenrately knows, gain

into the array. Based on the outtome, we expect to propoge hardware

for the ATMA array which can obtain accurate fluxes of standard
sources at any tonvenient tims, using the ACA.

1 Introduction

Gibson and Welch (2003) were able to calibrate the gain of one of the 6 m
BIMA millimeter wavelength antennas to an accuracy of about 1% at 28.3
GHz and then meéasure the fiux of Jupiter to an uncertainty of 1.6% at that
frequency. Fitting this result with a model spectrum of the Jovian enssion,
Gibson et al (2003) were able to show that ammonia is likely globally sub-
saturated in the planet’s vpper stmosphere. Because the ammonia demsity
15 a very steep DHmction of temperature in this part of the atmosphere, the
high accuracy of the wacasurement was necessary: There are many other
problenns for which such high accuracy is esseutial, and thexefore we propose
to develop a technique for accurate amplitnde calibration, based on the 28.5
GHz cxperiment, ‘which can be uscd for the ALMA telescope. The plan is ta
lest the technique at 100 GHz with vone of the BIMA antennas.
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2 The Basic Scheme

The key idea is the addition of a standard gain horn to the array of small
antennas, the BIMA arzay, or the ACA in the case of ALMA. The gan of
the horn can be calculated (or measured) to better than 1%, and this gain
can then be transfered to the other antennas through the observation of a
bright planet, like Jupiter. The gain of the horn is about.40 db less than
that of an array anienna, but the cross correlation of its,signal from the
planet with theat of one of the array antennas is 1% of the signal correlation
between two array antennas, and that signal can be accurately measured.
In the Gibson and Welch (2003) expermeent the horn was mounted at the
edge of one of the BIMA antennas, and a waveguide cizeuit equipped with
switches allowed either the antenna feed horn or the standard hom to be
connected to the antenna'’s receiver. Jupiter was then ohserved with the
acray, first with the regular feed conmected, and then with the standard
hore connected. The ratio of the signal correlation with each other antenna
between the two chservations was the voltage ratio of the antenna gain to
that of the sta.nda.td horn. Addmg that zatio to the gain of the standard horn
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the expenment the premse ﬂux of Juplter does not matter, and no extinction
correction is required. Waveguide fransmission losses were measured with a
Network Analyzer. The correlator serves as an accurate pewer meter, The
recciver bandwidth of 800 MHz entails a correlation length of only about
30 cm along the signal path, and this effectively eliminates the problems of
multipath propagation o the standard hemn.

In the second part of the experiment, the antenna with the accurately
known gain was nsed to measure the flux of Jupiter. For this, two waveguide
loads, one at ambient temperature and one at liguid nitrogen temperature,
were added to the microwave circuit for accurate calibration of the system
temperature. An accurate HP power meter was used as' power detector.
The flux of Jupiter was measured by many onfoff observations, and the
extinction was measured by many tipping curves. The final result, including
the addition of the brightness of the 2.74K CMB and the subtraction of
synchrotron emission, is a disk brightness of 142.9X +2.3X (1.6%).
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3 The Plan for the 100 GHz Experiment

The first step will be to do the 28.5 GHz experiment at 100- GHz with some
refinements that shovld improve the accuracy. The BIMA array will be wsed
again, The first refinernent will be to use switches from Millitee with better
zepeatability. The second is to use {wo fced horus in the antenna focal plane
with, rapid switching between them for better stability in the final flux mea-
surement, For the extinetion messurement, we will use the standard gain
horn with a backing shield behind it. This antenna will have a predictable
patiern for which an accurate correction can be made for the horizontal
extent of the atmosphere. Faxlier expenments using this for extinction cor-
rections for CMB experiments showed that this method works well, We plan
to use a barrowed HP8510 Network analyzer with ASxam géceivers to make
the waveguide loss measurements. Venus, Saturn and/or Jupiter will be the
strong source for transferring the gain. Hot and cold waveguide loads simi-
lar to the ones used at 28.5 GHz will again be used to measure the system
temperature,

We will then repeat i:h:s measumment usmg a dx&cre.ut tethmque for com-
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atray antennas by amphtude closure relatxons using the a.rray augmented
with the standard gain hess. Omce all the array antenna gains are known,
then the planets, or any other sources can have their Auxes measured with
the array. It will require measuring the system temperature of the horn us-
ing ambient and cold loads that are coupled to the aperture of the horn,
The system temperatures of all the antennas must alse be kiiown accurately.
The system temperature calibration of the horn by external Joads should be
straight forward, based on earlier experience (c. {. Miner et al, 1972).This
alternative to what Gibson and Walch did was suggested by Stephane Guil-
lotean (private communication), and if it can be made to work as well is
probably the best way to extend the standard horn techmigme to frequencies
higher than 250 GHz. For both schemes, we will take all. the precautions

that we did at 28.5 GHz, and more steps will be necessary. Frequent point-
ing calibrations will be necessary. Amtenna gain changes of up to 2% over
all elevations will require careful modeling from our holography data. The
extinction measurexents with standard horn will require using the chopping
switches for stability, The goal will be measurement of a planet flux to 1%

9003

ARONOYISY TIVE 279 0TS XVd L¥:¥T €003/90/1T




11707/2003 FRT 13:24 FAX 434 296 0255 CV ALYA Office

accuracy.

4 Equipment requirements

The BIMA array will be available for the experiment. Once all the special
equipment j5 propared, we expect to take over the array for about a week
to do the actnal experiments. This sbould allow time to nepeat the obses-
vations and, perhaps, do a calibration at moxe than one frequency. A lot of
wiscellaneons wavegnide and receiver componeuts are available from prewi-
ous receivers, We will assexnble a epecial receiver for one antenna and the
horn. We plan to use a mmic receiver chilled to 20K followed by a Schottky
diode mixerin an available dewar. We have one transfes switch but will need
to buy a second. We will have to build feed horns and the standard horn.
We will stakilize the teceiver temperature as before. Also, we must baild the
two standard loads. For these we will copy the k-band loads we used before.

Our schedule is fo assemble the new receiver and mak'e all the needed
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the wavegunide switches during the next few months. We expect to carry out
the experiments on the arxay in late Aprid or eacly May of 2004, As well as
for the planets, we plan to make an abselute calibration of MWC349. I this
source should turn out to be stable, wa can combine its 100 GHz measurement
with our 28.5 GHz value to produce an accurate overall calibration spectrum.
Based on previous knowledge of this soutce we expect to seé something close
1o the »*® spectrum of an ionized outflow,
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