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Precise Frequency Transfer over

intercontinental distances

= Space Technologies for Distant
Frequency Comparison
= GNSS(Common view, PPP)
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= Two way Satellite Time and Frequency Transfer(TWSTFT)
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Comparison of TWSTFT,GPS,VLBI
Exp. on 19-22 Feb. 2012 Experiment on 100k baseline.
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Comparison of TWSTFT,GPS,VLBI
Exp. on 19-22 Feb. 2012

Comparison of Frequency Transfer Techniqt
Experiment on 100 km baseline
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Occurence [%]
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VLBI Delay residual is
| improved by expanding
observation frequency band.

Kasl1-Kogll1
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Gala-V project Overview

VLBI Sensitivity=« D;D,vVBT
B: 16MHz — 1024MHz (64 times) Combination of Small and

Large Diameter antennas

s Obs. Freq. : 3-14GHz Freq. Range  Station 3

= Observation: 4 band (1024MHz) \A)

« Fc = 4.0GHz, 5.6GHz, 10.4GHz, 13.6GHz, '

» Effective BW: 3.8GHz (10 times of conventional) TI3 123
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Developments of New Technologies for

the Gala-V system

Target Precision: 30 ps -> 7 ps

Broadband observation
Broadband Feed Design

Image of ‘Iguana’ feed

Direct RF Sampling

)

- A

High speed sampler (16GHz) GALAS

Bandwidth Synthesis for
10 times wider frequency range

Zero redundancy Array for 4 channels.
Fine Delay resolution without ambiguity.
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VLBI2010 Global Observing System
i\/GOS(Next generation Geodetic VLBI)

= Radio Frequency: 2-14GHz
= Antenna Slew Speed: (>3deg/sec)
= Target Accuracy: 1mm
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1.6/1.5m and 34m VLBI antenna

1.5m compact antenna Kashima 34m antenna
VLBI2010 ft#kI< #&B5> ZEHL
« 1GHzx4band 3-15GHz Frequency Range

10



1 9 Apparent diameter of
Iguana” Feed subref, is 35 deg.
from focal point.

GBS,

Requirement: ssa
« 35 deg. Beam width over the wide pe— o

frequency range. WL
' L —/
Wideband prototype feed designed by Dr. ;j—m’— E%/ \

Ujihara has been installed to Kashima 34m _ i
with room temp. LNA at the end of 2013. :
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Performance of the Prototype
broadband Feed
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Methanol Maser

= Simultaneous Observation of Methanol Maser
line at 6.7GHz and 12.2GHz on W30H for test
observation (first light) on 16 Jan.2014.
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Kas34-Mbl1 (12GHz:512MHz)
3C273B
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Data Acquisition: 1GHz x 4 Ch

Two Approaches
1. Analog Down Converter + “ADS3000+”

- K5/VSI = Digital BBC function for legacy mode observation.
= DS3000+ KSVSI| 5 « "
— wever] 2. Direct Sampler “GALAS
RF IF Besitties e LEI'ET « Digital Down Conversion function for any frequency

by 1MHz step.
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RF-Box of MARBLE small antenna

Monitoring at Observation Room
(3-15GHz). RBW=5kHz
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Observation Frequency Band &

i Ionosphere Delay Contribution

Phase Delay
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Ready for Observation

KASHIMA 34m

34m Antenna NICT Kashima

MARBLE?2

1.5mAntenna
NICT Koganei

MARBLE1

1.6m Antenna
NMIJ Tsukuba
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1.6m/1.5m and 34m VLBI antennas
w have been installed for T&F.

NICT/Kashima

Geodetic VLBI Experiments on Apr.
22, May 14, May30 to fix station
coordinates.

Station Coordinates Repeatability:
Horizontal < 6mm
Vertical < 15mm

Map data ©2014 Google, Delay ReSiduaI

WRMS is about 35 psec@30sec.




Geodetic VLBI Observation

s Stations:

= Kashima(34m), Tsukuba(1.6m),Koganei(1.5m)

= Radio Frequency:

= X-band: 8080-9080MHz, Bandwidth: 1GHz

= EXperiments:
= Gx14112: 2014. Apr. 22-23 24
= Gx14134: 2014. May 14-15 24
= GX14150: 2014. May 30-31 24

NOurs.
NOurs.

NOurs.
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Geodetic Observation in April-May
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Clock Estimation

= Stations:

= Kashima(34m), Tsukuba(1.6m),Koganei(1.5m)
= EXperiments:

= Gx14112: 2014. Apr. 22-23 24 hours.

= Gx14134: 2014. May 14-15 24 hours.

= GX14150: 2014. May 30-31 24 hours.
= Analysis:

= OA,OB->AB baseline data conversion

mTyq = T31 — T3 —Tp1 XT3

22



UTC(NMIL]J)-UTC(NICT) [nsec]

Time comparison Analysis
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UTC(NML)-UTC(NICT) [nsec]

UTC(NMIN-UTC(NICT) [nsec]

Clock Estimation from VLBI data

Occurence [%]
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® Clock parameters seems is stable
against changes of analysis conditions.

® Error of AB baseline data composed
from OA,OB data increased by sqrt(2)

as expected.

30

25 ¢

20

15 f

10

5 =

0

R n s
frnm

gx14112-AB 1

gx14112-0A 1

ex14112-OB £
GaussFit(AB)
GaussFit(OA)

i GaussFit(OB) -

-300

-200

0

Residual [psec]



i Nest steps to be done

= Long span VLBI observations for
frequency comparison

s Broadband Observations

« Domestic: Kashima34,Marblel,Marble2
= Geodetic, Time transfer experiments

= International: We are planning to perform
intercontinental broadband observation
with MIT/Haystack.

= [arget precision:
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"-'?- Broadband Feed Development is supported |
E by NAOJ-fund(Prof. Fujisawa et al.)

= Gala-V Experiments is supporte
= NMIJ:(Dr.Watabe, Dr.Amemiya, Dr.S

Thank you for Attention!



