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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)


プレゼンター
プレゼンテーションのノート
安定

It will be changed in near future.
Beause much stable optical clock was invented since 2006


Space Technologies
over intercontinental baseline

— GNSS(Common view, PPP)

— Two way Satellite Time and Frequency
Transfer(TWSTFT)

— VLBI (Very long baseline interferometer)

{

GRS TWSTFT

VLBI


プレゼンター
プレゼンテーションのノート
As for intercontinental baseline comparison,

We must use somehow the space technologies for example GNSS TWSTFT and VLBI,

TW depends on the satellite.
Precise Frequency comparison over long distances is our mission. we are making development of VLBI for this application.


T&F VLBI Observation

Compact#?2 Compact#l

KASHIMA 34m

34m Antenna NICT Kashima 1.5m 1.6m
Cassegrain Focus NICT Koganei NMU Tsukuba

UTC(NICT) UTC(NMI J)

We want measure between two atomic standards!
We need better SNR !!




Development of Gala-V Feed

Broadband
and Narrow

beam width




Broadband Feed for
Cassegrain optics

Kashima 34m antenna
by
Dr.Ujihara

IGUANA-H Feed (6.5-15GHz) NINJA Feed (3.2-14.4GHz)
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Performance of the
broadband feed system
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VLBI among two compact
antennas

e 26 hours from 2015/094 UT3:00
e Each 1GHz bandwidth of C and X band
« Bandwidth synthesis after correlation



Fringe detection

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

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

Obviously bad detection rate about compact #2



Performed BWS to C/X band

CROSS SPECTRUM (AMPLITUDE)
KasHIM34 — MaRBLET

SOURCE: 3C84 PRT 2015/0%4 03:16:50 Inteqisec)= &0.00
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SNR improved by a factor of 1.4 (= ?2)

N

Kas34-Marble

100

Kas34-MBL2 Improved SNR after BWS

20 40 60 80 100 120
Kas34-Marble2 : C-band SNR



Fringe detection after BWS

SNR>=6.0 After BWS

Kas34 and compact #1  735/739 scan (99.5%)

Kas34 and compact #2  701/740 scan (94.7%)

About 60 observations (8%) could be recovered!



Compact #2
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1 sigma of C+X delay estimation [ps]

0 100 200 300 400 500
1 sigma of C-band delay estimation [ps]
e Delay estimation also improved by a factor of about 4
e Bandwidth was 3 times wider
e SNR improved 1.4 times better



Ishioka/

Elevend®

KASHIMA —ISHIOKA
Broadband Exp. Jan. 2015
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Signal Path and DAS

34m Antenna Observation Room

0.1-1.5GHz

4ch x 2048Msps

: VTP/IOGEthernet




Frequency allocation 6GHz to 14GHz
BW 1024MHz each

23 4@ Direct Sampling, GALAS

| > f
O 2 4 6 8 12 14 16 GHz

10
A 5 6
- Down conversion
§ § before ADS3000+
| | | | & ’f
0O 2 4 6 8 10 21416GHz



Bandwidth Synthesis of #1,#2,#3,#4
(Direct Sampling by K6/GALAS) e
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processing
was done by
Dr.T.Kondo
SEARCH FUNCTION ( 32x128)
{AS34 - ISHILS Rat Freq(MHz) = 8144.00
Sourcs :  3CH4 Intageation (sec) = 80.0
PRT : 2015Y 180 12:40:30  Peak Position { 18, 43)
BW{MEiz) : 4096.00 Amplitude =2.0732-003
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Bandwidth Synthesis(#1-#6)

after inter-band delay correction
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Delay Resolution Function

SEARCH FUNCTION ( 64x128)
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| EW(Mtz) : 708000
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ARMPLITUDE

PHASE {(deq)

Bandwidth Synthesis(#1-#6)
after inter-,intra-band delay
correction
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Successfully connected phases
In another scans
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Delay variations in 15min tracklng

Delay [ps]
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A few ps variation can be seen even in 15 min




N0|se spectrum
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Behavior of white noise component is observed until about 15sec

One source has a duration of 7.5 S€C integration In VGOS specification



Dispersive delay contribution

Ballnd2-4.lphaseI — wg\
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Dispersive delay mostly caused by ionosphere has slower variation



Delay error [ps]
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Delay scattering
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Delay RMS are determined by point by point difference



RMS of the noise Iin 1sec

RMS/sec [ps] __Remark _____

1GHz 3.08 Band #2

2GHz 2.01 Band #1 and #2

4GHz 1.29 Band #1 to #4

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

If we operate 7.5sec integration like VGOS,
RMS will be 200 femto second !



In case of Long baseline

 The residual phase will include
jonospheric delay

e Also includes Core shlft delay
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We need a VLBI partner to obtain such a data!




Any volunteers??

 We thank to GSI people to make a
VLBI between Kashima and Ishioka

 Broadband Feed Development is

supported by NAOJ-fund(Prof.
Fujisawa et al.)



ADDITION



Simulation orf NINJA Feed 1or MARDLE
1.6m bv COMSOL

1048 beam width
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Measurement in METLAB of Kyoto Univ. )
Actual far field patterns will be different «+ . returnloss
from simulations by structures of SMA- : .
waveguide converter. WRD350D24 is used - VA A
in this photo.
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E Input Freq. | 0.01- 1.5 GHz

&ﬂ__f_i . Range
K5/ADS3000+ i
Nch/port=1
Sampler 12cS I\I;gps : 8 bit

512 Misps : 2,4

| bit

Sampling | 1024 Msps: 2 bit
mode 2048 Msps: 1 bit

DBBC Mode
Nch/unit= 16
4,8,16,32,64
Msps/ch
Qbit=1,2, or 4 bit
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Input Freq. 0.1-16.4 GHz
Sampler —=
DBBC Mode
Nch/unit=1,2,3, or
Sampling 4
mode 2048 Msps/ch
Qbit=1, or 2 bit
Output Port 10GBASE-SR, 4port
Max Data rate | 16384 Mbps/port




Direct Sampling with K6/GALAS

RF
signal
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10240

BAND #1 BAND #2 BAND #3 BAND #4
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NICT/Kashima 34m Station

Diameter 34 m
Mount Type AZ-EL mount
Azimuth +/- 270 deg. From
Range North
Elevation
I 7 —90 deg.
Az:0.8deg./sec, EL:
Slew Rate 0.6deg./sec
IGUANA-H (6.5-15GHz)
Feed System |~ \/|\JA (3.2-14.4GHz)
Optics Cassegrain Focus
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Kas34-MARBL1E #7 736/746 A X2 (98.7%)  730/747AF+> (97.7%)

Kas34-MARBL2EL#7 646/747 A ¥ > (86.5%) 680/746 R F %> (91.2%)
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Kas34-Marble2 BWS
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SNR>=6.0 After BWS

Kas34-MARBL1EL #7 735/739 XA F+>(99.5%)

Kas34-MARBL2EL#7 701/740 R F+ > (94.7%)
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Epoch 2015/095 03:04:30
Station-1: KASHIM3
Station-2: MARBLEZ2
source 2145+
Length 60.000000 [sec]
Sampling : 8192000000 [sps]
Frequency: +6188.000000[MHZ]
Peak Amp 1436.414449[ % ]
Peak Phs : 171.300408 [deg]
Peak Freq: +655.119850[MHZ]
Rate -80.607351 [mHZ]
SNR 40.908427
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