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1.Introduction. Development of optical frequency standards is progressing
rapidly and its accuracy (uncertainty of the absolute frequency) Is reaching about

10-1% in fractional frequency. Current atomic time standard with Cs atoms will be
replaced by optical frequency standards in the near future. Inter-comparison of the
generated frequency are necessary for each laboratory in order to make next time-
scale defining sources. However these frequency standards are operated In a
carefully controlled environment in each laboratory, and thus cannot be moved and
compared directly against a clock on another site. Optical fiber-linked frequency
neen realized for distances around 100km, and its frequency
comparison precision is better than 10-1°(Fig.1). However, high precision time &
frequency (T&F) transfer over intercontinental distances does not reach sufficient
precision to support such a clock performance. T&F transfer technigues have been
used for inter-comparison of locally generated UTC among independent
laboratories for maintaining national time standards. In this paper, several
technologies used for T&F transfer are introduced, and we propose to use VLBI as
an additional tool for T&F transfer.
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Fig.3: Experiment for comparison of the T&F transfer between Kashima 11m
site and Koganeil headquarter was organized in August 2010. TWSTFT, GPS
common view observations, ETS-8 T&F transfer, and VLBI observations were
made simultaneously for comparison of H-maser atomic time standards at
Kashima and Koganeil.
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Fig.1: Typical stabilities of long distance T&F transfer techniques N e
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_ Fig.4: Clock comparison results from each technique are presented. Offsets have
2.T&F Transter Techniques neen removed separately and a 2" order polynomial was removed from all data as it
NICT has been developing several techniques for T&F transfer. Fig.2 gives an nasically represents the clock behavior. Horizontal and vertical scale are same In all
overview of three currently used techniques. Typical time comparison stabilities for plots.

each techniques can be taken from Fig.l. Two examples of actual comparison
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Koganel headquarter. Overview of the campaign is displayed in Fig.3, and time
comparison results are presented in Fig.4. Since absolute comparison of time Is not
subject at present, offsets for each comparison techniques are removed. A 2" order
polynomial obtained by least square fitting to ETS-8 data was removed from all the
data, because data of ETS-8 Is thought to represent the real clock behavior of the
two atomic standards. In this experiment, the H-maser signal for Kashima 11m
station was provided from via a coaxial cable over a distance of 500 m.
[EXP2012Feb] Portable H-maser was installed at Kashima 11m station

Feb. are shown In Fig.5.

3. Prospect of VLBI2010
Our project goal Is to use a portable small | |

diameter antenna for T&F transfer at remote 1

site. NICT has been developing a 1.6m | 5Ses S50

diameter small antenna (MARBLE) system | Fig.5: TWSTFT, GPS-CV, and VLBI are

[Ishii et al, 2010] for baseline validation. | compared on the Kashimallm-
Fig.6 shows simulation results based on | Koganeillm baseline. A parabolic trend Is
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VLBI2010 compliant antennas. removed from all data
Our target Is to enable the MARBLE system(Fig.7) for full
VLBI operation and test it on T&F transfer experiments.
A wide-band recording system, RFI mitigation, and a linear
polarization correlation system are our tasks to be realized for
the reaching our goal.
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Figure 1 Dual pseudo-random noise code.
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