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Project Overview

Purpose: High precision frequency comparison over
intercontinental baseline toward re-definition of Sl-second.
BMBroad Radio Frequency : 3.2-14 GHz (Almost VGOS compatible)
B Transportable Station: Node-Hub Style VLBI

BMHigh data-rate acquisition - 4 band (1024MHz width/band) -Li/ -
MEffective Bandwidth © 3.3GHz (10 times wider than conventional) Tl?’/
B Absolute delay :Free from ambiguity . @ ;‘”r
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* Broadband VLBI, 3-14GHz range ..,

15.0

One order large bandwidth
- one order fine delay precision. = so

* RF Direct Sampling ’ s
* Digitized without analog Frequency Conversion !
* Advantage at Phase stability

RF -Direct
Sampling

Broadband Antenna Observation Room _
RF-Direct Sampling  4-3chx 1GHz/unit - _

-—>—>--/ \/-—b— A/D Converter

Linear Polarization
0.1-16GHz




A Novel features of this system

Node-Hub Style (using closure delay)
31 (t1) = To3(ty) — T13(ty) + T13(t1) 721 (t1)

N2
NHS _ -true _ str str __str NRx S D.D
To1 . —Tz21 = (T3] T21 - > > DiD; TSYSl Toys2
B Cancel effect: Large statlon(Grav. Deformation, Cable delay) D, : Diameter
S :Radio Flux

B Easy deployment(Small antenna): low-cost, transportable e,
B Potential advantage: mitigation of radio source structure delay T,,: system noise.
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Broadband Phase Calibration with

radio source

Source
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Observing a well-behaved source

Cross-spectrum containing differential
phase characteristics of the signal chains
is stored for calibration.



Broadband Phase Calibration with

phase

radio source

Source Source 1

(reference) (measurement)
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Observing a well-behaved source

Cross-spectrum containing differential
phase characteristics of the signal chains

is stored for calibration.

Radio-Source Phase-calibration (RSPcal)

Raw observations are calibrated based
on reference data to obtain corrected

data for delay analysis

Cross-spectrum data

=
—1

~

frequency g



Delay Resolution Function of
BandW|dth Synthesis

Broadband VLBI

i b Legacy mode Geodetic VLBI Freq.= 6000, 8500, 10800,
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Yb/Sr Freq. Link: Comparison

Best precision for 9000 km distance v(Yb/Sr)=2.5(2.8)x1016

et
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Baseline Length Repeatability (BLR)

NHS VLBI observation with 2.4m-2.4m baseline demonstrated

comparable BLR performance with IVS-R1,R4 sessions.
35
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Uncertainty Budget of our Broadband VLBI

(SNR, Instrument) ] ) , ]
O-‘L',ObS — Uz SNR + O-T,inst + O-T,atm + O-T,ion +O_T,str

1. Sensitivity
Effective Band Width=2.8 GHz, Delay precision o, = 1/(2m - SNR - EBW)

-> 6 ps with SNR=10

2. Instrumental
e Opt-Fiber 600 m (Medicina) (cff.5.2x107 /K) 5K Temp. Variation in the trench->7.6 ps

! oompler, T ogenel) 15 Hariation =5

Temperature dependence 10 ps Sensitivity 6.4 ps
jitter : 0.2 ps (1/SNR)
 Mechanical Stress (AZEL motion): 0.5 ps Instrumental 12.7 ps
* Total Atmosphere 7.9 ps
2 2 2 2 2 —
V7.62 +1.92 + 102 4+ 0.22 + 0.52 = 12.7 ps lonosphere 1.7~17 ps

Radio Source Structure  22-33 ps



Uncertainty Budget of our Broadband VLBI

(Atmosphere)
VME3 Dry, Wet and Grad. applied as a priori.

Estimated Zenith Delay [ps]
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All-data

The VMF3 (Vienna Mapping Function)
Based on ECMWF(European Centre for
Medium-Range Weather Forecasts)
numerical weather model

* Dry, Wet, and Gradient every 6hours.

Sensitivit

(ocl/SNR;I 0.4 ps
Instrumental 12.7 ps
Atmosphere 7.9 ps
lonosphere 1.7~17 ps

Radio Source Structure  22-33 ps



Uncertainty Budget of Broadband VLBI

(|Oh0$ph%@ Correlation between
350 [  ==loTECy TEC and Group Delay
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Uncertainty Budget of our Broadband
VLBI (Source Structure)

Frequency dependent source structure and barycenter shift cause
group delay error. In addition, it also couple with ionospheric TEC.

Corr. Amp.[1079]

Radio Source:1928+738
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Potential of Node-Hub Style (NHS) VLBI to
reduce radio source structure effect

TS _ gfrue — (gStrpgstry gt
L‘
HNS VLBI has smaller structure effect than real A
. str str str ' 123
baseline because generally (737 +753) < 731 rlg/

Node Stationl Node Station2



Summary

"Development: Broadband VLBI system(Feed, i g

RF Direct-Sampling) and transportable VLBI $ | f}s/ S\

with Node-Hub Style scheme. QIS—49
\ Station 1 Station 2
Achievement: Baseline length repeatability (BLR) was comparable f[EREE 3

with IVS-R1,R4 sessions.
Freq. link of Yb/Sr optical clock was made about 2.8x101¢
\_uncertainty on 9000km . Nature physics (Pizzocaro,2020)
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" Error Evaluation: Dominating delay error sources are
* lonospheric delay. (2~17 ps)

e Radio source structure (~20-30 ps)

* Node-Hub Style VLBI has potential to reduce structure effect in group delay observable
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Three Broadband VLBI Stations

2. 4m antenna
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