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My motto of
broadband VLBI developments

« Wish to distribute our techniques
around the VLBI world

 Broadband system makes new science
and knowledge

 Cheep, cheep cheep! --- but reliable!



High speed samplers

ADS3000+ GALAS

O16ch DBBC O 16Gsps 3bit
OVideo converters will O Direct sampling
be replaced ~20GHz

OInstalled at O'Higgins O1GHz BW DBBC



Gala-V Feed
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Broadband Feed
for Cassegrain optics
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IGUANA Feed (6.5-15GHz) NINJA Feed (3.2-14.4GHz)
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VLBI with compact antennas

Compact#l

KASHIMA 34m Compact#2

34m Kashima 1.5m 1.6m

UTC(NICT) UTC(NMI J)

Measurement of frequency difference between two atomic standards!




Re-definition of “second”

Currently defined by Cs atomic clock
— (9.2GHz,1.5x10-15s @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)

— TWSTFT, GNSS, and VLBI
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Map data 82014 Google, ZEMEIN Imagery 2014 Terraletrics



Two compact antennas VLBI

e 26 hours from 2015/094 UT3:00

« Each 1GHz bands of C and X range
« Bandwidth synthesis after correlation



Fringe detection

SNR>=5.5 C-band X-band
6.1to07.1GHz | 8.1t09.1GHz

Kas34 and #1  736/746 (98.7%) 730/747 (97.7%)

Kas34 and #2 646/747 (86.5%) 680/746 (91.2%)

Compact #2 has bad detection rate



Performed BWS to C/X band

CROSS SPECTRUM (AMPLITUDE)
kKasHIM34 — MARBLET

SOURCE: 3C84 PRT 2015/084 03:16:50 Inteqisec)= &0.00
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Kas34 and #2 BWS

SNR improved by a factor of v/2
after Bandwidth synthesis
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Fringe detection after BWS

SNR>=6.0 After BWS

Kas34 and #1 735/739 (99.5%)

Kas34 and #2 701/740 (94.7%)

60 scans (8%) could be recovered!



RMS improved in baseline analysis
Single band VS BWS
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KASHIMA — ISHIOKA
First VLBI session on Jan 2015
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"K ashima 34m Antenna
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Frequency allocation 6GHz to 14GHz
Each 1024MHz BW

23 @ Direct Sampling, GALAS
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Signal Path and DAS

Antenna Observation Room
=

0.1-1.5GHz

> Down Conv.

GALAS
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Bandwidth Synthesis
The first BWS over 8GHz bandwidth

Cross Spectrum

CROSS SPECTRUM (AMPLITUDE)
HAS34 — I5HI13
SOURCE: 2084 PRT 2015/016 12:40:30 Integ{zec)= 80.00
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Delay Resolution Function

SEARCH FUNCTION ( 64x128)
0.00%r

| KAS34 - ISHILA

Source : ACA4
PRT : 2015V 140 12:40:30
| BW{MEz) : 7880.00

Ret Freq(NHz} = 8144.00
[ntagration (sec) = 60.0
Peak Position { 32, 42)
Amplitude =2.344e-003
At {nzec) = -5.6008
AL (H2)  =-0.0127
Ar{sa/a) =-2.083e-012

0.00%1

Preliminary

Theoretical delay precision
is 27 femto sec.




RMS In 1sec
Band width | RMS/sec[ps]  |Remark

1GHz 3.08 Band #2
2GHz 2.01 Band #1 and #2

AGHz 1.29 Band #1 to #4

4GHz 0.96 After intra-band correction
8GHz 0.60 All 6 Bands

Preliminary

If we perform 7.5sec integration like VGOS,
RMS will become 200 femto second |



KASHIMA — ISHIOKA
Second VLBI session in summer 2015
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NINJA feed has installed

e 3.2 GHz to 14.4GHz

* Allocated 4 bands
-3.2-4.6-8.8-11.6 GHz
— Almost 10GHz BW
— Applied zero redundant array
— Main target is to detect ionospheric delay

« Fully adopted direct sampling unit
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The delay resolution function
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ATEC estimated
by broadband delay
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First Sub-mm VLBI in Japan



230 GHz VLBI at Nobeyama

Steady 230 GHz observation as single dishes
But

No VLBI back-&nds

Osaka Pref U

10m telescope (SPART)
: S Om (one of NMA)

Osaka Pref U —

1.85m telescope © EIIXXE




Backend and Optical fiber
from Kashima

* No rooms for human---



protection

.: " 1 a M A
h Ij* 2 - By '
! [E f‘ﬁ‘ -

I

& |

i

Pulling out from a duct




Three Reference Signal Modes

[Mode 1] Connected interferometer mode
— 10 MHz transfer via optical fiber

[Mode 2] H-maser VS OCXO
[Mode 3] OCXO VS OCXO

« OCXO

— Oven Controlled Xtal Oscillator
— Good Stability at 230 GHz for 10 seconds integration
— Cheap and compact (transportable)
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Back-end for SPART




First 230 GHz fringe in Japan !

A% 230 GHz VLBL 7|7
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Thank you

takefuji@nict.go.jp
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