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市川隆⼀ 
情報通信研究機構
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2020年度NICT機関報告と次期
中期計画(案)について
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2020年トピック
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⿅島宇宙技術センター34mアンテナ運⽤終了 
⽇-イタリア光格⼦時計VLBI周波数⽐較実験 
国⼟地理院協⼒によるNICT⼩⾦井本部での⽔準測量及び相
対重⼒測定 
第4期中⻑期計画終了(今年3⽉末まで) 

今期は「現在の秒の定義である⼀次周波数標準を超える確度を実現
可能な光周波数標準の構築及びその評価に必要な超⾼精度周波数⽐
較技術の研究開発」と位置づけられた中でVLBI・GNSS関連研究を
推進。 

第5期中期計画開始予定(今年4⽉より) 
光周波数標準の測地学的利活⽤を推進
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34mアンテナ運用終了
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2020年10⽉3⽇、「⿅島34mパラボラアンテナ
運⽤終了記念式典・記念講演会」と銘打って実会
場及びオンラインの組み合わせで挙⾏。

当初は4月開催予定だったが、
コロナ禍で延期
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日本-イタリア光格子時計VLBI周波数比較実験成果
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Nature Physics掲載 
Pizzocaro et al.[2020] 
「Clock comparison using black holes」のタイトル
で同論⽂の解説記事もNature Physicsに掲載 
✦ 著者はONSALAのRüdiger Haasさん 
✦ 超⼩型VLBI局を⽤いた、時間・周波数標準機関とIVSとの今

後の連携推進を応援 

Journal of Geodesy 
近々に「A Broadband VLBI System using 
transportable stations for Geodesy and Metrology 
[Sekido et al.]」のタイトルで掲載予定 

報道発表 
2020年10⽉6⽇ Nature Physicsオンライン掲載と同
時に内外で発表 
「数億光年かなたの天体からの信号で、光格⼦時計の
周波数⽐を⾼精度に計測」

ARTICLES NATURE PHYSICS

minimize its effects by selecting point-like sources in the inter-
est of determining precise station coordinates and monitoring 
variations in Earth rotation. The International Celestial Reference 
Frame (ICRF), as adopted by the International Astronomical Union 
(IAU)30, provides a list of suitable extragalactic radio sources that are 
regarded as fiducial points in the sky. Calibration of excess atmo-
spheric delay is made by an atmospheric model based on weather 
data31, which is represented by a zenith delay and a mapping func-
tion for observations at different elevation angles generated by 
ray tracing techniques. The ionospheric delay has a characteris-
tic frequency dependence that allows its calibration directly from 
observational data. VLBI measurements typically use local active 
hydrogen masers as stable frequency references. When all effects 
are considered, it is possible for VLBI measurements to provide the 
frequency difference between the hydrogen masers and thus com-
pare any clocks or timescales locally linked to them.

We designed and built two transportable VLBI stations with 
2.4-m-diameter Cassegrain antennas. These stations implement 
the concept of broadband VLBI observation proposed as the VLBI 

Global Observing System (VGOS) by the International VLBI 
Service for Geodesy and Astrometry (IVS)32 to reach 1-mm posi-
tion accuracy in geodetic measurements. Whereas standard geo-
detic VLBI only makes observations in narrow frequency ranges 
in the S band (2.2–2.4 GHz) and X band (8.2–8.95 GHz)25, the sta-
tions in this work can access frequencies from 3 GHz to 14 GHz. 
Our receivers first acquire data with a sampling rate of 16 GHz and 
then digital filters extract the signals in four 1-GHz-wide channels 
spread over the wide frequency range. Integration of the four chan-
nels determines precise group delays using the bandwidth synthesis 
technique33. We employ a 2,048-MHz sampling rate in each chan-
nel, whereas conventional VLBI uses 32 MHz or below, enhanc-
ing the signal-to-noise ratio by a factor of eight. The improved 
signal-to-noise ratio allows for a smaller overall dish area of the 
antennas. By itself, the enhanced detection bandwidth is not suf-
ficient for measurements over an intercontinental baseline with 
easily transportable dish sizes. This is overcome by including the 
34-m radio antenna operated by NICT in Kashima (Japan) in a 
joint node-hub-style observation: the delay observable between 
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Fig. 1 | Schematic of the frequency links between the optical clocks. a, In Torino, the IT-Yb1 optical lattice clock at INRIM is compared with the local 
hydrogen maser and the link laser using an optical frequency comb. The link laser is sent over a compensated fibre link to Medicina. b, In Medicina, at 
INAF Radio Observatory, the incoming link laser is compared with the local hydrogen maser using another optical frequency comb. The first transportable 
broadband VLBI station is set up in Medicina and referenced to this maser. c, In Koganei, the second VLBI station at NICT headquarters is referenced to a 
local hydrogen maser. The NICT-Sr1 optical lattice clock is compared to the local hydrogen maser using a third optical frequency comb, ending the chain. 
d, The 34-m-diameter radio telescope maintained by NICT in Kashima assisted in the node-hub-style observations, increasing the signal-to-noise ratio. 
The observational data in Medicina and Koganei were transferred to the correlation centre in Kashima over high-speed internet networks (blue arrows). 
The cross-correlation between the antennas and the following geodetic analysis allows measurement of the reference clock difference. e, The VLBI link is 
established by observing several radio sources in the ICRF. f, A satellite frequency link with GPS satellites is established between the receivers in Torino 
and Koganei.

NATURE PHYSICS | www.nature.com/naturephysics

Pizzocaro et al.[2020]

BIPM[https://www.bipm.org/en/news/full-stories/
2020-10-optical-clocks.html]
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日本-イタリア光格子時計VLBI周波数比較実験成果 -続き- 
多数の報道発表
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イタリア語

オランダ語
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NICT小金井本部での水準測量及び相対重力測定
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⽔準測量 
2021年1⽉13⽇ 

相対重⼒測定 
2021年2⽉18、19⽇ 
2/18︓つくばー⼩⾦井往復 
2/19︓⽯岡ー⼩⾦井往復 
3/16︓つくばー⼩⾦井往復 
4⽉予定︓⽯岡ー⼩⾦井往復
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次期第5期中期計画概要(案)
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期間 
2021年度(R03)〜2025年度(R07) 

NICT時空標準研究室としての暫定案(最終確定はこれから) 
秒の再定義(2030年前後頃)に向けた光周波数標準の研究開発とそ
の遠隔⽐較技術の開発を推進。 
光周波数標準及び分散配置されたマイクロ波周波数標準に基づく
JST＆周波数実現。 
⼩型・安価な原⼦時計の開発とその社会実装をはかる。 
光周波数標準の測地応⽤等、新たな利活⽤を開拓。 
✦ 次期中期計画中でVLBI開発研究を明記はしないが、技術移転等の社会実装や
外部資⾦獲得の活動は引き続き⾏う。
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約30年間にわたり、 
鹿島34mアンテナに多大なご支援を
頂き誠にありがとうございました。

撮影:平野タカシ 
[hiranotakashi.com]


