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Abstract
Geodetic VLB! experiments are usually conducted at S/X dual bands.

Some advantages can be gained at some higher frequency band and in
particular at 22 GHz band (K band). We organized a geodetic VLBI| exper-
iment on the 16th of February 1991 between Kashima 34m antenna of the
Communication Research Laboratory (CRL), in Japan and Medicina 32 m
telescope of the Institute of antenna(lRA), in Italy. The phase cali-
brator was developed using a new "up-conversion” scheme for K band.
Data relative to 212 observations of 40 sources were correlated and for
152 scans we obtained correlated amplitudes, delays and delay rates.
The r.m.s. residuals have been found to be 100 ps for delays, and 74
fs/s for delay rates. The coherence loss of correlation amplitude
becomes large at higher frequency band than 22GHz due to the atmospheric
scintillation. The estimated method of the coherence loss was present-
ed. The correlated flux densities at K band evaluated from them were
found to be smaller than the ones at X band in general.

1. Introduction

Communications Research Laboratory (CRL) has been participated in
the many CDP (Crustal Dynamics Projects) experiments since 1984, |RIS
experiments, and USNO's experiments. We are developing the VLBI tech-
niques such as K4 VLBI terminal, simple ionospheric delay correction
system, mobile VLBI| stations for sea level monitoring, Antarctica VLBI
experiment. In this paper, the 22GHz geodetic VLBI is presented. The
VLBl experiments are conducted at S/X dual band presently. Higher
frequency bands like the radioastronomy VLBI| centered around 22 GHz,
could be utilized with some advantages. The benefits of a geodetic VLBI
experiment at 22 GHz band can be described as follows.

1) The observation band width more than 1 GHz is feasible easily, and
the noise errors can be decreased.

2) The noise error in the delay rate becomes small.

3) The ionospheric delay contribution can be reduced at 22GHz band.
Using the simple ionospheric measure system with GPS, all the capacity
of the data acquisition terminal can be occupied at single band in order
to improve the sensitivity. The weaker radio sources can be observed.

4) The observation data as the water vapor radiometer will be ob-
tained by the same large antenna to be useful for the correction for the
atmospheric delay of wet component.

5) The information on correlated flux., source structures and the
propagation characteristics at 22GHz band will be obtained together with

185

I.1. Mueller and B. Kotaczek (eds.),
Developments in Astrometry and Their Impact on Astrophysics and Geodynamics, 185-190.
© 1993 IAU. Printed in the Netherlands.

https://doi.org/10.1017/5S0074180900173176 Published online by Cambridge University Press


https://doi.org/10.1017/S0074180900173176

186

the geodetic results.

6) The positions of both H,0 masers and quasars will be observed at
this band. The positions of quasars at 22GHz will be determined. Then,
the relative positions of HZO masers with respect to quasars can be
measured within 10 micro arcsec. The proper motion of the maser sources
could be measured.

7) The interference problems are much less severe, trouble free
detection in comparison with the S band crowded man-made signals.

2. Phase calibration system

In geodetic VLBI, the bandwidth synthesis is the indispensable
technique. The correlated function of all channels could be synthesized
in a coherent way by the correction of phase calibration signal. |In the
standard Mark-111 data acquisition terminal, a broadband comb generator
multiplies the 5 MHz reference frequency from H-Maser up to the observa-
tion frequency band in just one step. The multiplication factor becomes
more than one thousand. The comb tone signal is then arranged to give
rails every 1 MHz up to X band, in order to calibrate each channel. It
is tuned at a desired observation frequency. The available power be-
comes low at high frequency and it is questionable if it will be suffi-
cient to operate at 22 GHz without an amplification stage. The new
devices developed for this purpose are considered (R.Ambrosini, 1990).

To overcome these prob-
lems, CRL designed a phase
calibration system, utiliz-
ing the "up-conversion" usual PCAL: Multiplied method
scheme. The comb tone
signal is first generated ae
at |F band (several hundred (00°
MHz), then it is converted
up to observation frequency
using frequency conversion.

Since in this <case the J l
multiplication factor is Freauency

less than one hundred, it Fhase

is easy to achieve a good New PCAL: “"up—convert”™ method

phase stability. The phase
calibration signals can be
made at any observation

band. However, a frequency X band i?i::

converter wunit is needed (group delay)
for each observation band Additional
/]l

Phase

such as S, X and K band. phase
The outline of our phase

calibration is shown in up—convert
figure 1.

Frequency J

3. Experiment Figure 1 Scheme of phase calibration system

The geodetic VLBI experiment at 22GHz band between the Kashima 34m
antenna in Japan and Medicina 32m antenna in ltaly, was conducted during
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27 hours since 8:57 on the 16th February 1991.

The purposes of this experiment are (1)to check of our phase cali-
bration system; (2)to obtain the data in geodetic VLBl and the correla-
tion flux densities of radio sources at K band: (3)to demonstrate the
"K4" VLB! terminal developed by CRL (Kiuchi, 1991).

To make the experiment, we temporally transported a full "K4" VLBI
data acquisition terminal and phase calibration system to the Medicina
station. They arrived at the Medicina station just one day before the
experiment, and we had to set them during several hours.

We had 240 scans of 40 sources. We have been able to detect fringes
when SNR was greater than 8, and correlation flux greater than 0.2Jy.
The lower K band receiver of Kashima is spanning from 21.9 GHz to
22.4GHz, and the fixed band of the Medicina receiver is about 22.06-
22 .56GHz. The observation band became 22.085-22.445 GHz with a total
bandwidth of 360 MHz that was almost the same as one at X band. The
number of video converters was 14 channels and its bandwidth is 2MHz.
The effective frequency band width to make a synthesis was 133 MHz. The
observation duration was set into 300 sec.

4. Results

The correlation processing took place at Kashima with the K-3 VLBI
correlator. We made correlation processing for 212 observations. The
bandwidth synthesis was successful for 152 observations.
4.1 Baseline analysis

The baseline analysis was made using the delay and delay rate. The

baseline vector, the atmospheric delay of the zenith direction for every
3 hours and a few clock parameters., were estimated without applying any

correction of ionospheric delay. The source positions are referred to
the [ICRFS0 in the 1990 |ERS annual report. The Earth rotation vparame-
ters are used the interpo- 1.75 KAS24  -HEDICINR 91, 2/16€

lated value of five day rrTTTTT T T T T T

values of [|ERS-92C02, and 1.69
the station vpositions at

1988.0 are ITRFS1 from the 145 L = dagdler £ 4
1991 IERS annual report. . § ML T
The positions at the exper- : - YA 1§

iment were calculated by

the results of GSFC (C.MA 51'15 . h*ﬁ aflaz °= ]
1992). Figure 2 shows the f 1.8 L % EE # & 1;
residual of the delay after g b A Cﬂ<“>g a z g
the analysis by SOLVE. The (%% p . B ,g|¥ AL
used data were 138 observa- 200 gone RU TR E
tions. The residual r.m.s. F u C E QO 3
was 100 ps for delay and 74 .550 L e © 1,18 :%5 d ]
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respectively. The r.m.s.
Figure 2 Residual of Delay
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without ionospheric delay correction was almost agreed with the typical
value at X band. In the future, The ionospheric delay will become
correct by other equipment using GPS, and the bandwidth will be widened.

4.2 Correlated amplitude

The complex correlated function obtained at the output of the corre-
lating processor, has to be maximized with respect to delay and delay
rate. The maximized absolute value is the correlated amplitude.

F(n,at,Af) is the summation of correlated comple& function for n'th
channel along the whole observation period: At. At are the adjusted
values of delay and delay rate. and n is the channel number. The whole
observation is divided into the several segments shorter than 1 minute.
f(n,At,AE;k) is defined as the correlated complex function along the
k'th segment. K is the number of segments and k, represents a segment
number. F(n,At,A%) is described as 1/K £ f(n,At,At: k)

We calculated the following three cofrelated amplitudes.

FO = Max of (1 1/N 2 F(n,At.ah) 1)

F1 = Max of { 1/N 2 1 F(n.4t,at) 1}

F2 = Max of {1/KE™1 1/N £ f(n at,at:k) 1}

szl nal

where N is the number of channels. FO is the "true” coherent correlated
amplitude, in the sense it has been obtained from an average over
total observation frequency bandwidth and the whole observation peri-
od. F1 is the average of the correlated complex function over the whole
observation period, but it takes the contribution of each channel sepa-
rately, that is, it is averaged without the phase information between
channels. So this amplitude can be considered to be "incoherent” with
respect to the bandwidth synthesis process.

The deviation from 1 in the ratio FO/F1 represents the coherence loss
due to the mismatch of phase calibration. In the ideal case that the
phase calibration is exactly correct, the ratio FO/F1 is equal to 1.
Table 1 shows the ratios for each source, and they are almost equal to
1. This means verifying the accuracy of our phase calibration system.

F2 is the average of correlated complex function for the all chan-
nels over each segment, but it takes the contribution of each segment
separately, that is, it is averaged without the phase information be-
tween every segments. This amplitude can be considered to be "incoher-
ent” with respect to the period longer than the segment period.

The deviation from 1 in the ratio FO/F2 represents the coherence

loss caused by the phase variation during the whole observation. The
phase variation is due to the atmospheric scintillation, the frequency
standard and receiver system such as Phase Lock Oscillator. We have
assumed the atmospheric scintillation and the receiver system to be the
responsible for the deviation from 1 in this ratio. Almost all the
values, reported in Table 2, are about 0.8, as one would expect from an
atmospheric stability of 5x10° to be corrected for the elevation

effect. This figure is consistent with typical VLBI measurements under
good weather conditions in winter season., as it happened to be on the
day of the main experiment. In conclusion we have used the F2 amplitude
to evaluate the correlated flux density due to the atmosphere.
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SOURCE
NAME

Kashima-Medichina
at 22GHz band

Kashima-Mojave Ratio

at X band

226GHz/X-band

0106+013
0212+735
4C67.05
0234+285
0235+164
0300+470
3084
0333+321
NRAO150
0420-014
0528+134
0552+398
0735+178
0J287
4C39.25
1055+018
362738
30279
1510-089
1546+027
1611+343
30345
1739+522
1741-038
1803+784
30380
2021+614
2134+00
2145+067
CTA102
30454.3
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Table-1 Coherence loss by phase Table-2 Coherence loss by
calibration (FO/F1) atmospheric scintillation
(FO/F2)

SOURCE FO/F1 SOURCE FO/F1 SOURCE FO/F2 SOURCE FO/F2
0106+013 1.03 02124735 1.00 0106+013 0.60 0212+1735 0.86
4067.05 1.05 0234+285 0.99 4067.05 0.87 0234+285 0.83
0235+164 0.98 0300+470 1.00 0235+164 0.87 0300+470 0.72
3084 1.01 0333+321 0.98 3084 0.86 0333+321 0.81
NRAO150 1.03 0420-014 0.98 NRAG150 0.80 0420-014 0.92
0528+134 0.98 0552+398 0.99 0528+134 0.71 0552+398 0.88
0735+178 0.98 0J287 0.97 0735+178 0.76 0J287 0.81
4039.25 0.97 1055+018 0.97 4G39.25 0.71 1055+018 0.70
362738 0.98 302179 0.97 302738 0.79 30279 0.80
1510-089 0.98 1546+027 1.00 1510-089 0.71 1546+027 0.67
16114343 0.98 30345 0.99 16114343 0.88 3C345 0.92
1739+522 0.98 1741-038 1.02 1739+522 0.89 1741-038 0.66
1803+784 1.05 3C380 1.10 1803+784 0.92 3C380 0.78
2021+614 0.98 2134+00 1.00 2021+614 0.63 2134+00 0.62
2145+067 0.99 CTA102 0.98 2145+067 0.81 CTA102 0.67
30454.3 0.98 30454.3 0.84
4.3 correlated flux densities

We calculated the correlated flux densities. The system tempera-

tures at K band are 120+40/Sin(El) K for Kashima and a constant value of
200 K for Medicina. The antenna efficiencies at K band are (57-)EL-45|
x0.7)% for Kashima and about 37 % for Medicina.

Table 3 shows, on the first column, the correlated flux densities
obtained at K band on the Kashima-Medicina baseline (8000km) during this
experiment. For comparison the following column display the flux densi-
ties on the Kashima-Mojave (USA) baseline (8000km) obtained at X band
from CDP (CDP) (Takahashi,1991); finally the ratio of the first to the
second columns. |In general the correlated flux densities at K band have
second found to be half smaller than X band.

6. Conclusion

We have started the geodetic VLBI| experiments at K band. We have
also developed a phase calibration system utilizing the "up-converting”
method. The geodetic VLBI experiment at K band has been organized
between the Kashima 34m antenna in Japan and the 32 m Medicina antenna
in ltaly. The result of baseline analysis at K band without the iono-
spheric delay correction are agreed with that at S/X bands.

The good performance of the phase calibration system has been veri-
fied by comparing the coherent correlated amplitude with the incoherent

correlated amplitude without a phase information of each channel. We
have also presented the method to obtain the correlated amplitude with-
out the effect of atmospheric coherence loss. The correlated flux

densities at K band have been generally found smaller than the ones
obtained at X band on baselines of almost same length.
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