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Re-definition of “second”

« Currently defined by Cs atomic clock
e (9.2GHz,1.5x10® @NICT)

* BIPM provides UTC by the ensemble
average of Cs clock around the world

\ '

« Optical lattice clock was invented

» More accurate frequency comparison
technique is required (10-16)



= Space Technologies over intercontinental
baseline

GNSS TWSTFT VLBI

(Common view, PPP) Two way Satellite Time and Frequency Transfer



Updated broad band antennas in 20183

Kashima 34m MARBLE1 2.4m MARBLE2 2.4 m
. _ @Tsukubz | @Tokyo




Observation strategy

VLBl is impossible
between compacts



Observation strategy

Large telescope



« Advantage of the measurement
« Small ! Small ! Small !

« Possible to assemble manually
« Cost effective (~€200K/antenna wo H-maser)

« Large telescope effect (e.g. deformation, cable delays) will be
cancelled out

 Disadvantage
« SNRTSNR ! SNR!
« Need large mother telescope (> 30 meter?)
« Need broad band system
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Tokyo, 2016 March
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Tsukuba, 2017 March
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NINJA feed

-NINJA feed (3.2-15G)

« OMT for dual polarizations

 Two ambient LNAs

 2RF signals transfer via single
fiber with the wavelength
division multiplexing (\WDM)




RF-Direct Sampler, K6/GALAS

Input Freqg. Range 0.1 to over 20 GHz
Sampling Rate 16384 MHz, 3bit
Input port 4 analog inputs
S o 8 DBBC channels
(1GHz bw.)
Output Port 10GBASE-SR, 4port
Data rate 8192 Mbps/port
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T&F VLBI Observation

e Stations:
« Kashima(34m), Tsukuba(2.4m), Tokyo (2.4m)

* Frequency allocation:
¢ 3.6-5.5-9.9-12.8GHz, four 1GHz bandwidth
* Experiments:

« |CRF sources mostly over 1)y flux density
« 1200 scans / observation

« 60-70 TB / station
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Synchronized clock variation +- b00ps
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It may be caused by 34 m
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Epoch conversion of delay model

NMIJ — — 9
A ‘ TaB = ToA — ToB — TaBXT0A
NICT/Ko ar@ B S i 2nd 3rd order should be taken into account

for longer baseline !
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Atter epoch conversion +- 100ps
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Residual delay
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Long baseline T&F by VLB
betvveen II\IAF II\IRII\/I and I\IICT
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ionosphere + source structure + polarization

« We carried out the long baseline observation with Hobart1?2
of university of Tasmania and Onsalal3NE of Onsala space
observatory since 2016.



The wideband bandwidth synthesis

 Take strong radio source scan as a phase reference

1. inter-band delay correction
2. inner-band phase correction

 lonospheric delay correction.
* The dTEC is estimated by the LSQ

Kondo & Takefuji, RadioScience, 2016



cross-spectrum
of Kashima34-Hobart12 2016
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AMPLITUDE

cross-spectrum
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CROSS SPECTRUM (AMPLITUDE)
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