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Contents of presentation

= Frequency comparison by VLBI

= “Gala-V” system development

= Broadband system development
=« Marblel,2 (1.5m,1.6m) : 3-15GHz
= Kashima34m : 6-14GHz

= Compliant with VGOS (Next generation Global VLBI system)
= Installation to NMIJ(Tsukuba) and NICT(Koganel)
= Principle proving



Re-definition of “second”

= Currently defined by Cs atomic clock
= (9.2GHz,1.5x10-5 @NICT)

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

= Optical lattice clock was invented

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



Measurement by optical-fiber is the best
In short baseline
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= Space Technologies over intercontinental baseline

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

= VLBI (Very long baseline interferometer)
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Comparison of TWSTFT,GPS,VLBI on 100km
baseline Kashima-Tokyo on Feb. 2012
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How can we expand
the bandwidth?

4 x 1GHz like VGOS



RFI survey o foion
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Gala-V frequency array
Target Precision: 30 ps -> 7 ps
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point.

30 deg from focal]

“Iguana” prototype Feed

The prototype feed installed to Kashima 34m
at the end of 2013.
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Performance of the Prototype

broadband Feed
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FIRST LIGHT

Methanol Maser

s Simultaneous Observation of Methanol Maser
lines at 6.7GHz and 12.2GHz on W30H on 16
Jan.2014.
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VLBI with Gala-V system

Compact antenna 1.6m Kashima 34 m
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Methanol Maser: W30H (12.181GHz)
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Glant radio pulse of Crab pulsar 6GHz
with 34 m single dish
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Piggy-back observation
with VERA

C-band observation on 1-2 Oct 2014
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T&F VLBI Observation

KASHIMA 34m

Compact#1

Compact#2

34m Antenna NICT Kashima 1.5mAntenna 1.6m Antenna
NICT Koganei NMI1J Tsukuba

Time standard Time standard

We want measure between two atomic standards
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T&F VLBI Observation

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

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

= ExXperiments:
s Gx14213: 2014. Aug. 1-3 80 hours.
= 1993 scans
= 40 TB in each station !  0.12 PB!!
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Synchronized clock variation
+-500ps

$14AUGD1XA <2> MARBLE1 Piece—wise clock function (psec) $14AUGO1XA <2> MARBLE2 Piece—wise clock function (psec)
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Kashima 34m - #1 compact ant Kashima 34m - #2 compact ant

It may be caused by H-maser variation of 34 m
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Epoch conversion of delay model

OA+OB -> AB
TAB = ToAa — ToB — TaB X Tpa

2nd | 3rd order in longer baseline
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After epoch conversion +- 100ps
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Gala-V:3.2-14.4GHz
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