The Bernese Multibeam Radiometer
for KOSMA (BEMRAK) –
Instrument Design and First Antenna
Measurements
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Abstract
The Bernese Multibeam Radiometer for KOSMA (BEMRAK) is a 210 GHz multibeam
receiver for solar flare observations that will be integrated into the KOSMA submillimeter
telescope on the Gornergrat. It will provide accurate source positions and an estimate of
source sizes, thus allowing absolute flux-density calibrations at 210 GHz as well as for
the already available 230 and 345 GHz channels of KOSMA.
Due to delivery problems of the feedhorns and mixers, as well as a pending repair of the
230/345 GHz receiver, final integration into the telescope will not be possible before midJune 2003. In order to gain preliminary test results for the design a single channel was
used. The near field in the focal plane of the feed assembly, consisting of a corrugated
horn and an elliptical mirror was measured in the laboratory and compared to results from
modelling. Finally, the antenna beam patterns of the telescope were measured in the far
field by means of a test transmitter.
The results clearly show that the receiver design performs as expected, so that no further
modifications are needed.
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1

Introduction

On April 12, 2001, a solar flare was detected for the first time at frequencies up
to 345 GHz with the 3 m telescope of the Köln Observatory for Submillimeter
and Millimeter Astronomy (KOSMA) on the Gornergrat. Although atmospheric
conditions were very favourable with low opacity ( at 345 GHz) and low
atmospheric transmission fluctuations (  1%), flux density calibration turned out
to be very difficult as the source position of the flare relative to the antenna beam
direction was not known well enough [12, 14].
Source positions can be obtained from solar maps, but the resulting time resolution
decreases to several minutes, which is not acceptable for solar flare observations
(appendix A). In order to measure accurate source positions with millisecond
time-resolution and to obtain an estimate of the source size a multibeam receiver
for the KOSMA-telescope was designed: The Bernese Multibeam Radiometer for
KOSMA (BEMRAK).

2

Solar Flare Observations with a Multibeam Telescope

As already described in many papers (e.g. [2, 7, 11, 3]) a multibeam antenna can
be used to determine the angular position of a point like burst source with at least
3 beams. This is done by pointing them into slightly different directions and
by measuring the different source intensities. Source positions are reconstructed
by calculating the theoretical intensity ratios for an assumed source position and
known antenna patterns. From comparison with the measured intensity ratios the
source position is found with an accuracy of up to two orders of magnitude better
than the antenna HPBW. The noise-induced errors of the reconstructed source position are minimum for beams intersecting at the -3 dB-level [9].
When the source is observed with at least 4 beams simultaneously also an estimate
of the source size can be obtained [1]. The measured signal  in each channel is
proportional to the convolution of the antenna pattern  and the source brightness temperature distribution  :




 "!#$%!&('*)+#+$,)-.'0/1324#0'*576'

(1)

where 8!9#:'*);#<6 and "!=('0)-"6 are the positions of the source and beam > respectively,
/1?2@# the half power width and 5 the total flux density of a circular source with
a Gaussian shape. For four antenna beams with known antenna patterns that point
7

Figure 1: -3 dB contours of the Itapetinga (48 GHz, [7]) and SST-telescope (212
and 405 GHz, [9]). Unambiguous localisation of point sources is possible within
the green areas, estimation of the source size within the red one (Itapetinga only).

to slightly different directions, we obtain
: 
BADE C 
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This equation is solved numerically with the measured far-field patterns to obtain
the source position (!P#*'*);# ) and its diameter /1?24# . Knowing these parameters
and the antenna patterns, the total flux density of the flare 5 can be calculated
from the observed intensities.
Due to the contribution of sidelobes to the measured intensity, reconstruction of
the source position and size is unambiguous only in a limited area [10]. Figure 1
shows the -3 dB contours of the two multibeam telescopes in use today for solar
flare observations, namely the Itapetinga-telescope (left side) and the solar submillimeter telescope (SST) in El Leoncito (right side). Unambiguous reconstruction
of the source position assuming a point source is possible within the green areas.
The five beams of the Itapetinga-telescope also allow an estimate of the source
size for sources within the red area [1]. This area is considerably smaller than the
area for three-beam position reconstruction, as the fourth beam is far away from
the barycentre of the other three so that sidelobes can lead to ambiguities. In order
to overcome this problem, BEMRAK’s fourth beam will be placed at the centre of
the other three beams (Fig. 2). This is achieved by installing only three feedhorns
and synthesising a fourth beam from the other three. As the feedhorns and mixers
are the most costly part of a radiometer, this is also a very cost-effective way to
realise a four-beam instrument.

8

2

dy [arcmin]

1
0
-1
-2
-2

-1

0
1
dx [arcmin]

2

Figure 2: -3 dB contours of BEMRAK at 210 GHz. The synthesised fourth beam
is indicated by the dashed contour line. Unambiguous reconstruction of source
position and size is possible in the same (red/green striped) area as three-beam
reconstruction of the source position. The KOSMA-beams at 230 and 345 GHz,
that are centred on the 210 GHz beam cluster are not shown.

3

Instrument Design

As mentioned above, BEMRAK consists of three receivers at  210 GHz with
their beams pointing into slightly different directions and intersecting at the -3 dBlevel. Additionally, a fourth beam is synthesised from the other three, providing
also an estimate of the source size. Assuming the source position to be frequencyindependent, also the observed fluxes at 230 and 345 GHz can be corrected.

3.1 Quasioptics
BEMRAK will be integrated into the existing 230/345 GHz SIS-receiver of the
KOSMA-telescope (Fig. 3). Before entering the different receivers the mm signal is split by a wire grid that is oriented under an angle of 45 degrees relative
to the support plate. The reflected component is focused by an elliptical mirror
into the three 210 GHz feedhorns of the multibeam receivers. The transmitted
230 and 345 GHz signals, linearly polarised under 135 degrees, are fed to the two
receivers that are vertically and horizontally polarised. Although this results in
9

Figure 3: CAD-drawing of BEMRAK. The support plate of BEMRAK (brown)
is mounted by pillars (blue and violet) on the light grey base plate of the KOSMA
receivers at 230 and 345 GHz (red and orange). Radiation from the telescope is
reflected by the wire grid (green) and focused by the elliptical mirror (dark grey)
into the three feedhorns (copper). Not shown are the mixers and the front-end
electronics.

a power reduction by -3 dB for the latter, the sensitivity for solar observations is
barely affected due to the low receiver noise temperature (  100 K) which is orders of magnitude smaller than the antenna temperature during solar observations
(  6000 K). The signal reduction is in fact a very welcome side effect for reducing
receiver non-linearities.
In order to generate the intended antenna pattern directions (Fig. 2) the beams
in the focal plane of the telescope must be  parallel and lie in the corners of an
equilateral triangle. The positions of the feedhorns can therefore be determined
by geometrical ray-tracing of the intended beams in the focal plane through the
grid and elliptical mirror, leading to the skew angles of the feedhorns visible in
Figure 3. All geometrical properties are specified in Appendix B.

3.2 Beam Synthesis
Figure 4 shows a schematic of BEMRAK: Beam synthesis is achieved by splitting the IF signals of each radiometer chain in two parts, of which one is detected
10
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Figure 4: Schematic of BEMRAK’s front and backend: All three mixers are (subharmonically) pumped by a common local oscillator in order to have a common
phase information. The IF signals of each radiometer chain are splitted in two and
then combined in order to synthesise a fourth beam (U Q<RTS<UNV ). Electrically switchable attenuators provide enough dynamic range to avoid saturation even during
very strong solar flares.

directly (U W to UX ) and the others are combined prior to detection (U Q<RIS UNV ). As
beam synthesis requires all signals to have a common phase, the three mixers are
pumped by a common local oscillator. Simulations with the General Antenna
Program (GAP) from Comsat Laboratories showed that the signals of the three
radiometer chains must be in phase within  60 degrees in order to obtain a usable synthesised beam. Phase correction must be done separately for the RF/LO
and IF parts of the instrument: For RF-signals in the upper sideband phase differences are preserved during the mixing-process, in the lower sideband however
there occurs a change of sign [12]. As BEMRAK operates in double sideband
mode, phase differences in the RF/LO part can not be corrected at the intermediate frequency level for both sidebands simultaneously. Therefore phase correction
will be accomplished by inserting delays into the appropriate signal paths. It will
be checked by using a vector network-analyser to compare the phase of two IFsignals at a time, at first for the IF-part alone and then including the RF-part with
a source at the observation frequency.
11

However, there are two problems that might affect our ability to synthesise a fourth
beam:
Y
The seven amplifiers used in BEMRAK are of six different types. Should
they or the other components introduce too large dispersion differences into
the three radiometer chains, then it is not possible to meet the 60 degree
Y phase error limit any more.
The local oscillator used in BEMRAK offers just enough power for all three
mixers, including the losses of an isolator, a power splitter and the waveguides. If however the mixers turned out to need more LO-power than specified, it would become necessary to use two phase-locked oscillators.

3.3 Sensitivity
The radiometric sensitivity of a radio telescope is
Z
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is the bandwidth and ^c the integration time. The receiver noise temwhere
perature P^ can be calculated from the mixer and amplifier noise temperatures and
their respective losses and gains. The components envisaged for BEMRAK result
in a receiver noise temperature of  3000 K, which could be validated with first
laboratory measurements. The antenna temperature [ follows from the equation
of radiation transfer:
[ 
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The quiet sun brightness temperature &d at a frequency of 210 GHz is  6400 K
[4], and for the temperature of the atmosphere s<tvu a value of 300 K is assumed.
During summer time a zenith opacity D better than 0.3 is measured for  70%
of the time ( z y 4 mm precipitable water vapour) and a value of 0.2 at 210 GHz
is not unusual [8]. The elevation angle { of the sun reaches values in excess of
65 degrees in the summer months. Assuming an elevation of 45 degrees and | =
0.2, equation 4 yields an antenna temperature of  5000 K.
With an integration time of 2.3 ms (the same as for the 230 and 345 GHz KOSMA
receivers) and a DSB-bandwidth of 1 GHz the radiometric sensitivity is  3.7 K.
The quiet sun flux density collected by the 210 GHz antenna beams is 5+dO}<~8t = 234
sfu1 . The radiometric sensitivity in solar flux units then becomes
Z
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Atmospheric conditions at Gornergrat are very favourable, but the sensitivity of
the instrument will still be limited by the stability of the earth’s atmosphere: During the April 12, 2001 flare the weather was very good with a zenith
opacity of
 0.18 at 230 GHz and flux-density fluctuations in the order of Z 55 z K .
Assuming similar effects at 210 GHz a sensitivity of  2.3 sfu can be expected.
In order to avoid detector saturation during strong solar flares2 , BEMRAK is
equipped with electronically switchable attenuators in the IF-chains, automatically increasing attenuation when a certain threshold is reached.

4

First Measurements

By the end of February 2003 the fabrication of the mechanical parts as well as
of the front- and backend electronics was finished, but, due to delivery problems,
only one mixer and a single sample feedhorn (slightly damaged during the fabrication process; see below) were available. As the 230/345 GHz receiver, providing
the mechanical support for BEMRAK, is to be returned to Köln for maintenance
between early May and mid-June it will not be available for tests when the missing
parts are scheduled to arrive. In order to test the receiver optics, system integration
and preliminary antenna measurements with only one beam at a time were made
on the 4th and 5th of March, 2003.

4.1 Feedhorns
The feedhorns for BEMRAK are corrugated with sine-tapered walls. They have a
designed HPBW of 7.6 degrees, corresponding to a beam-waist of 4.03 mm. The
tapered walls ensure that the beam-waist lies in the aperture-plane of the feedhorn.
Due to a fabrication problem the feedhorns were visibly damaged. Nevertheless
they were given to us as samples and their amplitude and phase patterns were
measured with our vector network analyser from AB-Millimetrique. Fortunately
at least one of them worked well enough to carry out preliminary focal plane and
antenna pattern measurements. The results of the feedhorn pattern measurements
(far field) are summarised in Figure 5. Besides a negligible sidelobe asymmetry,
the H-plane pattern is  10% broader than in the E-plane. Above -13 dB there is a
good agreement between the modelled and measured E-plane patterns. However,
it should be kept in mind that some of the asymmetry-effects observed in the focal
plane and antenna pattern measurements might well be due to mechanical asymmetries present in the feedhorn.
2

This happened to the solar submillimeter telescope (SST) during the August 25, 2001 flare,
when the 212 GHz channels were saturated by a flux density of at least 10000 sfu (J. P. Raulin,
private communication).
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Figure 5: Measured and modelled (Thomas Keating Ltd, Richard Wylde) far-field
patterns of the sample feedhorn.

Probably due to internal reflections and/or attenuation the receiver noise temperature increased to  30000 K when the sample feedhorn was mounted.

4.2 Focal plane pattern
The results from numerical simulations of the far-field beam patterns with GAP
are in excellent agreement with the designed beam offsets and diameters. However, there were unexpected and doubtful features found in the field distribution
along the focal plane of the telescope (behind the elliptical mirror). Especially
beam 1 showed a strong asymmetry that could hardly be explained from physical reasons (Fig. 6). Therefore we had the power patterns in the focal plane also
calculated by Microwave And Antenna Systems (Pat Foster ) with the program
REFLECT [5]. The quasi-optical design with fundamental Gaussian beams [6]
and the simulations with GAP and REFLECT, give identical beam positions. The
designed waist radii are 3.6 mm, whereas the simulations show a slightly higher
value of  4.3 mm.
It is therefore of considerable interest to measure the patterns in the focal plane
of the telescope. This was accomplished with the ABMM network-analyser and
a planar xy-scanner with a waveguide-probe. Due to mechanical difficulties these
preliminary measurements could only be carried out at a distance  15 mm away
14

focal plane power pattern

10

x_b [mm]

Beam 2

0

Beam 1

Beam 3

-10

REFLECT
GAP
DESIGN
-10

0
y_b [mm]

10

Figure 6: Expected power patterns in the focal plane of the telescope, the contours
indicating the -0.1, -3, -10 and -20 dB levels. The solid and dashed lines show the
results of simulations with REFLECT and GAP respectively. The dotted lines
represent the beams following from the quasioptical design.

from the focal plane. This shift, however, should not have a significant influence
on the result because a Gaussian beam with a waist radius    Oq mm would
only expand by less than 7%.
There is a good agreement between our measurements and Pat Foster’s simulations (Fig. 7). A similar agreement is found for the results of GAP if only beam
2 and 3 are considered. The relative positions of the beams correspond to the
designed ones, there is just a slight displacement in the negative x-direction of
 0.6 mm that might however well be due to alignment errors of the test setup.
The beams also show a slight asymmetry which is different from the one seen in
the simulations. On one hand this might be due to a polarisation effect, because
for mechanical reasons the preliminary measurements had to be done in the po15

measured power pattern
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Figure 7: Measured (near field) focal plane power patterns. The contours indicate
the -3, -10 and -20 dB levels, the crosses and black circles the centre and the -3 dB
contours of Gaussian beams fitted into the measured data.

larisation orthogonal to the simulations with REFLECT. On the other hand the
observed asymmetry might also be due to the damaged sample feedhorn. The
strong asymmetry of beam 1 in the GAP-simulations is not observed at all. So
far there is no explanation for GAP’s poor performance concerning this special
situation.
Into each measured power pattern a Gaussian beam was fitted, resulting in beam
radii of  5.5 mm. Even taking into account beam broadening during propagation
over 15 mm, this is considerably higher than the the designed value. This effect
is probably due to the missing probe-correction: The waveguide-probe 3 leads to
a broadening of the measured patterns. For the final measurements this must be
taken into account in order to obtain correct results for the beam waist radii.
From the measured phase the direction of propagation can be determined, which
is identical within 0.6 degrees for all three beams. The absolute difference from
3

Waveguide dimensions:  0.5 by 1 mm
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Figure 8: BEMRAK optics and front-end electronics integrated into the
230/345 GHz KOSMA-receiver. The laser beam that defines the telescope axis
misses the centre of the feedhorn cluster (only one horn shown) by less than 2 mm,
which is well within the tolerances of the quasioptical design.

the nominal telescope axis is less than 1.5 degrees and can probably be attributed
to alignment errors in the test setup.
Final measurements will be made exactly in the focal plane for both polarisations
(including the one used for simulations with REFLECT). In addition, the location
of the beam-waists will be checked by measurements in parallel planes, looking
for the one with minimum observed beam radii.

4.3 Integration into the KOSMA-telescope
BEMRAK is mounted onto the base plate of the 230/345 GHz KOSMA-receiver
by several pillars (Fig. 3). As the CAD-drawings of KOSMA were available and
our quasioptical design tolerates misalignments of up to  5 mm, no adjustment
was planned. In fact, integration into the KOSMA-receiver went off without a
hitch. The general adjustment was checked by using KOSMA’s adjustment laser
unit which sends a laser beam along the telescope axis. The wire grid was replaced
by a dummy mirror so that the laser beam was reflected into BEMRAK. The laser
spot appeared  1-2 mm from the centre of the dummy mirror and missed the
centre of the feed horn cluster by the same distance (Fig. 8). The small misalignment was mainly in the plane parallel to the mounting plate, whereas the height
was correct. If adjustment had to be done, it would be sufficient to allow only for
lateral movements. But as will be seen later, this is not required.
The front-end electronics, consisting of the local-oscillator, the first intermediate
frequency amplifiers and mixers, was mounted on the baseplate of BEMRAK by
means of a mechanical arm (Fig. 8). This device could be twisted in all directions
17

and then be fixed by a single screw, thus providing the flexibility to test all three
feedhorn positions with a single feedhorn/mixer chain.
The front- and backend electronics proved to be well adapted to the extreme climatic and electrostatic conditions at Gornergrat. They both worked flawlessly, and
the temperature of the much-exposed front-end was stable, even when the telescope cupola was opened and the ambient temperature dropped rapidly to  0  C.
During installation an error was made regarding the orientation of the elliptical
mirror. As it is almost symmetrical no side effects are expected. This was confirmed by near-field measurements and GAP-simulations of the telescope antenna
pattern (far-field) above the -25 dB level. The measurements should therefore
show the correct antenna beams.

4.4 Antenna beam patterns
The simulations with GAP resulted in antenna beams with a half power beam
width (HPBW) of  1.6 arcmin that intersect each other at their -3.1 dB level
(Fig. 9). The sidelobe level is below -17 dB. Despite the strong asymmetry in the
field distribution of horn 1 in the focal plane of the telescope, no corresponding
feature was seen in the far-field simulations.
For the antenna beam measurements a test-transmitter was tuned to the centre
of the upper sideband of BEMRAK (212 GHz). It consists of a Gunn-oscillator
followed by a tripler. The signal of the horn feed is focused by a 90 degree offsetparabolic mirror with a diameter of  120 mm which gives a HPBW of  1.2 degree [9]. It was installed on the top of ’Klein Matterhorn’ which is the farthest
point with any access in this high-mountain environment. Its distance from the
telescope is approximately only half of the far-field distance so that far-field conditions are not fulfilled. Nevertheless, the difference to the “true” far field should
be negligible [9].
Fortunately the lower-frequency (210-270 GHz) KOSMA-receiver could be tuned
also to 212 GHz, so that it was possible to measure both beams simultaneously.
At the beginning of the measurements the 330-365 GHz receiver also detected a
signal at 354 GHz, which is the 5th harmonic of the Gunn frequency used in the
test-transmitter. Later it vanished which is probably due to the increasing humidity of the atmosphere during this very warm and sunny day. Nevertheless, this
opens the possibility of measuring all antenna beams simultaneously with a single test-transmitter. As the humidity during the summer months will be higher, it
should however be tried to increase the 354 GHz signal by optimising the tripler
for maximum power at the 5th harmonic4 . During the preliminary antenna beam
4

As the reconstruction of source position and size requires accurate knowledge of the antenna
beam patterns, a decrease of the transmitted power at 212 GHz is not recommended. Retuning of
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Figure 9: Contours at -3 dB from GAP-simulations. The black contour corresponds to the synthesised beam. The antenna patterns are shown in the azimuth/elevation coordinate system for the KOSMA-telescope pointing to an elevation of 0 degrees.

measurements under discussion no attempts were made to measure simultaneously at 354 GHz, as the mapping software for BEMRAK was not yet ready.
Therefore the continuum backend (COBAC) of KOSMA had to be used which
provides only two signal inputs: One for the 210-270 GHz KOSMA-receiver, the
other for the single BEMRAK-channel.
For each of the three feedhorn positions two maps of 20 arcmin by 20 arcmin
were obtained. The scan direction of the meander scans was in azimuth. Each
map consists of 21 lines (each containing 200 sample points), which took the telescope  10 minutes to scan. For the final antenna beam measurements (when all
beams can be measured simultaneously) this distance will be reduced to 10 arcsec,
and in addition there will also be scans with the scan direction in elevation.
the transmitter in order to measure also the highest frequency beam pattern should be used only to
check the alignment of all beams (which could also be accomplished by solar-scans).
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Figure 10: Measured -3db contours for the four BEMRAK- and KOSMA beams
at 212 GHz. The crosses indicate the maxima of Gaussian fits to the measured
power patterns. Note that the black contour does not represent the synthesised
beam as in figure 9. The latter could not be measured with only one channel
available.

The reproducibility of all beam-patterns is very good, down to below the -20 dB
level. We therefore conclude that the influence of the atmosphere on these measurements can be neglected. This assumption is further supported by the fact that
the weather was very sunny and constant with only a few cirrus clouds high above
the test range. For the KOSMA-beam there is a total of six maps which are also
almost identical and well aligned. Therefore the relative positions of the three
BEMRAK-beams are believed to be correct.
The measured antenna patterns are shown in Figure 10. They have been rebinned
to an array with 200 by 21 points by means of a cubic interpolation (IDL congridprocedure) for display. Half-power beam-widths and beam positions were determined by fitting a Gaussian beam to the data (200 by 21 points). The HPBW are
 1.6 arcmin in azimuth and  1.7 arcmin in elevation for BEMRAK and  2.0
20

Figure 11: Measured far-field cuts for the three BEMRAK-beams and for the
KOSMA-beam at 212 GHz after normalisation. The red patterns correspond to
the azimuth direction, the blue ones to elevation.
and  2.3 arcmin for KOSMA respectively5 . The values for BEMRAK are in
good agreement with the GAP-simulations, whereas the HPBW of the KOSMAbeam agrees only in azimuth direction with the  2.0 arcmin measured earlier at
230 GHz [12]. The asymmetry in the KOSMA-beam occurs in the same direction
as the slight one seen in the BEMRAK-beams, but is much stronger. The are two
possible explanations for this: i) the wire grid introduces an asymmetry into all
four beams, but affects the one from the KOSMA-receiver more strongly for unknown reasons, or ii) it is an effect of the 210-270 GHz KOSMA-receiver itself.
An additional antenna scan without grid resulted in the KOSMA-receiver getting
saturated, with no time left for a further scan. The effect of asymmetry will be
investigated in detail during the final measurements.
The three BEMRAK-beams intersect at the -2.6 and -2.1 dB levels which is
5

The difference between the HPBW of KOSMA and BEMRAK is explained by the different
edge tapers of  14 and  2 dB. The latter value is too low for an efficient illumination of the
telescope (leading to higher sidelobes), but is required for beams overlapping at -3 dB [9].
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slightly higher than planned. As the HPBW corresponds to the designed one and
the beams are almost symmetric, this effect is due to the relative beam positions.
The latter form more or less an equilateral triangle (interior angles of 54, 61 and
65 degrees) as they do in the GAP-simulations (Fig. 9), but the angular distance
between beam 2 and 3 is only  1.6 arcmin instead of the planned  1.75 arcmin.
This triangle is rotated by  7 degrees anti-clockwise which corresponds to the
Nasmyth-rotation (the elevation of the test-transmitter is  7 degrees). Alignment
of the three BEMRAK-beams with the 212 GHz KOSMA-beam is very good, the
difference of  0.1 arcmin between the centre of the BEMRAK-beams and the
KOSMA-beam is well below the accuracy of the measurement.
The sidelobe level is higher than predicted by GAP-simulations: Figure 11 shows
that the first sidelobes appear at -13 dB (instead of -17 dB). In addition there is
an asymmetry in the sidelobe level which is not predicted by GAP, not even when
the adjustment of BEMRAK was varied within the design tolerances, or when the
elliptical mirror was mounted incorrectly (see section 4.3). The same asymmetry
can also be found in the KOSMA-beam, with and without installed wire grid 6 . So
far it is not clear whether this is an inherent effect of the telescope itself, a problem induced by BEMRAK even when the wire grid is not installed, or caused by
reflections along the test range. As BEMRAK must not interfere with other astronomical observations, the original antenna patterns will be re-measured before
final installation.
As expected, the measured KOSMA-beam corresponds more or less to the simulated synthesised beam, regarding the HPBW as well as its position. If synthesising of a fourth beam really became impossible, KOSMA’s 230 GHz receiver could
be tuned to 212 GHz and used as BEMRAK’s fourth beam. One would then lose
the 230 GHz spectral point, but the latter probably does not contain a lot of new
information anyway when simultaneous observations at 212 GHz are available.

5

Conclusions

Calibration of solar flare observations from telescopes with narrow beams requires
knowledge of source position and size. We have developed a new multibeam receiver at 210 GHz which will be integrated into the existing 230/345 GHz receiver of the KOSMA-telescope, allowing simultaneous observations at all three
frequencies. BEMRAK consists of three radiometers, a fourth beam will be synthesised from the other three. The former is in the centre of the beam cluster, thus
enlarging the field where unambiguous reconstruction of the source position and
size is possible. In addition, this is a cost-effective way to realise a four-beam
receiver.
6

Although the KOSMA-receiver without the wire grid was temporarily in saturation, the sidelobes are well resolved.
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Due to delivery problems and a pending repair of the 230/345 GHz KOSMAreceiver, final integration of BEMRAK will not be possible before mid-June. In
order to test the receiver-design, when there was still time left for eventual modifications, the available single channel was used for near field measurements in
the focal plane as well as for antenna beam measurements using a test transmitter.
TheY preliminary measurements clearly show that
the focal plane power patterns agree well with the design and the simulations
with REFLECT. All three beams are at the intended positions, with nearly
identical directions of propagation. The measured waist radii are  20%
larger than the ones resulting from the simulation which is probably due to
the (so far) missing probe-correction. The strong asymmetry seen in GAPY simulations for beam 1 is not present in the measured power pattern.
integration into the KOSMA-telescope was without any complications. Although there is no means for adjustment, good alignment with the telescope
Y was reached.
the front- and backend electronics worked flawless under the extreme climatic and electrostatic conditions at this high-altitude environment.
Y

the test transmitter proved again to be easy to operate and very reliable with
no need for adjustment. The emitted power was more than enough for the
antenna beam measurements at the given distance between KOSMA and test

Y transmitter (dynamic range of 30 dB even with the defective feedhorn).
the 230 GHz KOSMA-receiver can be tuned to 212 GHz, thus allowing simultaneous measurement of all beams (except 345 GHz) with a single testtransmitter. If necessary this receiver could be used to produce the fourth
Y beam for BEMRAK.
the measured antenna patterns show the three BEMRAK-beams well aligned
Y with the KOSMA-beam, thus both instruments can observe the same source.
the BEMRAK-beams do not intersect exactly at the -3 dB-level, but this does
Y not affect their usefulness for source location.
the measured sidelobe level is slightly higher than in the simulations, but a
similar effect is also seen in the KOSMA-beam. Therefore this might be an
effect of the telescope itself.
We therefore conclude that BEMRAK works as specified. There is no need for
modifications, neither concerning the quasioptics layout itself, nor any additional
means for adjustment. However there are some points to be observed for the final
measurements:
Y
The mapping software for our own measurement computer must be finished.
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Only then it is possible to obtain all beam-patterns simultaneously. This is
also
an important precondition for solar observations.
Y
Before BEMRAK is installed again, the antenna patterns of the KOSMAtelescope alone should be measured. This allows to estimate if BEMRAK
has a negative influence on the telescope performance. If so, it must be deY installed at the beginning of the winter observation-season.
The scanning-scheme has to be altered: The distance between the scan lines
will be reduced to 10 arcsec and there will be scans in azimuth as well as in
Y elevation.
In addition, the effect of subreflector scanning has to be investigated: In
order to observe not only an activity region but also a quiet reference region
on the solar disc, the beams are deflected by  3 degrees by means of a
tiltable subreflector [12, 14]. The preliminary antenna pattern measurements
were made with aligned subreflector.
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A Solar Maps
Source positions can be obtained from solar maps, but as it takes the telescope
 20 minutes to scan the full solar disc this offers no usable time resolution. Efforts to increase the “frame rate” were made in August 2002: The scan area was
reduced to 10 arcmin by 10 arcmin, which would be enough for solar flare observations. But these small maps took  3 minutes. The only way to scan a comparable area of the solar disc at a higher cadence makes use of the subreflector
wobble mechanism: The latter permits to move the antenna beam up to 6 arcmin
in cross-elevation in only 70 ms. Combined with a periodic 6 arcmin up-anddown movement in elevation this would result in 6 arcmin by 6 arcmin maps. The
achievable “frame rate” was estimated to 0.1 to 0.2/s. Two main problems were
identified:
Y
There would be a substantial part (up to 50%!) of the time not usable for
observations at all. This happens as it takes the telescope several seconds to
reverse direction and reach the intended scan velocity. During this time there
Y is no way of knowing the telescope position.
The movement of the subreflector consists of three phases: Acceleration,
linear movement and deceleration (Fig. 12). Most of the 6 arcmin scan
is completed during the phase of linear movement. It lasts only  30 ms,
i.e. about twelve times the integration constant ^c , which is determined by
the KOSMA receivers and can not be shortened. To satisfy the Nyquist theorem, on a linear distance of 6 arcmin 7 and 9 independent samples should
be taken at 230 and 345 GHz respectively. Due to the fast beam movement
and the long integration time however, the samples would not be independent, leading to smoothed maps. The latter are difficult to analyse at best and
completely worthless at worst. In any case, careful simulations of observations and the possible data analysis should be made before the effort of such
observations is made.

B Y Specifications
Telescope (Fig. 13)
–
–
–
–
–

General layout: Cassegrain system with two Nasmyth-ports
Main reflector diameter: 3000 mm
Main reflector focal length: 1300 mm
Subreflector diameter: 270 mm
Subreflector-hyperboloid: aV = 1322.50 mm, bV = 563.38 mm
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Figure 12: Feedback signal of the subreflector wobble-mechanism. The vertical
lines indicate the times when the command to start movement was given.
– Effective focal length: 31200 mm
Y

Y

Elliptical mirror (Fig. 13)
–
–
–
–
–
–
–

Beam bending angle: 60 degrees
Projected mirror radius (r
): 50 mm
nNx(
Focal length: 106.25 mm
Focal distances: RUN"
 = 200.03 mm, RV S = 226.64 mm
lN"(
(
Input/output waist distances: dUN"
 =196.00 mm, dV S = 220.81 mm
lx"(
(
 = 3.57 mm, rV S = 4.03 mm
Input/output waist radii: rUN8
lN8(
(
Half axes of ellipsoid: a = 213.34 mm, b 184.40 mm

Feedhorns
–
–
–
–
–
–

General layout: Corrugated circular with sine-tapered walls
Aperture radius: 7.0 mm
Length: 140 mm
Beam waist radius: 4.03 mm (corresponding to a HPBW of 7.6 degrees)
Feedhorn positions and separation determined by geometrical ray-tracing
Feedhorn tilts relative to central ray of cluster:
Feedhorn
1
2
3

 (horizontal) [deg]

 (vertical) [deg]

4.8
-2.6
-2.6

0.0
4.2
-4.2

Table 1: Feedhorn tilts relative to central ray of cluster.
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Geometrical Properties of the KOSMA Multibeamreceiver

n

d hor

R horn
ae

xb

yb

115 mm

be

Definition of the Subreflector−Hyperboloid
1185 mm

z

1300 mm
ah

bh

Origin of reference coordinate system
Waist of the telescope
x resp. y

Feedhorn waist position
Origin of the ellipsoid

Figure 13: Geometrical properties of the KOSMA-telescope and BEMRAK’s elliptical mirror. For simplicity the telescope’s (flat) tertiary mirror is omitted. Missing properties are given in the text.
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zb

3000 mm

r mirror

1575 mm

d telescope
ΘP
o
R
telescope
60
ze

270 mm

2875 mm

Y

Simulated antenna patterns (GAP)

Y

–
–
–
–

HPBW (beam 1 to 3): 1.6 arcmin
HPBW (synthesised beam): 1.9 arcmin
Beam 1 to 3 overlapping at: -3.1 dB
Sidelobe level:  -17 dB

Radiometric properties of the multibeam receivers
–
–
–
–
–

Centre frequency: 210.6 GHz
Intermediate frequency range: (1.4  0.25) GHz, DSB
Receiver noise Temperature:  3000 K
Integration constant: 2.3 ms (as KOSMA’s 230/345 GHz receiver)
Radiometric sensitivity:  3.7 K ( z y 0.17 sfu)
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[14] T. Lüthi and A. Magun, ”First observation of a solar X-class flare in the
submillimeter range with KOSMA“, submitted to Astron. Astrophys., 2003

30

