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I. ngVLA Overview
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• 27 × 25-m antennas 

• Max resolution = 40 mas 

• 73 MHz - 50 GHz

Very Large Array (1980-)

• 244 × 18-m + 19 × 6-m antennas 

• Max resolution ~ 1 mas,  

or 0.1 mas with LBA (VLBI)

• 1.2 GHz - 116 GHz

ngVLA (2033~): upgrade of VLA+VLBIngVLA  
towards a new discovery space

10× sensitivity

>10× resolution

• ngVLA bridges SKA and ALMA. 

• NRAO is the leading institute, with expected contributions from international/multi-agency partners at 

the max level of ~25%. (Japan, Canada, Mexico, Taiwan, Germany, …)

@NRAO/AUI/NSF



• 30 x 18m antennas located 
across the continent for 
baselines up to ~9000 km 


• Operated in the VLBI mode

• Max ang. resolution = 0.1 mas

Long Baseline Array (LBA)

Array and Receiver Components
4

• 214 x 18m offset Gregorian 
antennas


• Up to 1000 km baselines

• Fixed locations near VLA site

Main Array (MA)

~400 km

Band 
#

freq. (GHz) BW (GHz) Major Emission Line
1 1.2 - 3.5 2.3 HI, H2CO, H2CS, OH
2 3.5 - 12.3 8.8 CH, H2CO, SO2
3 12.3 - 20.5 8.2 CH3CN, CH3OH, NH3, SO
4 20.5 - 34.0 13.5 H2O, NHD2, NH3
5 30.5 - 50.5 20 SO, SiO, CH3OH, CS
6 70 - 116 20 CO, HCN, HCO+, DCN

• 19 x 6m antennas

• 4 x 18m from MA as Total 

Power antenna to fill in (u,v) 
hole for extended emission

Short Baseline Array (SBA)

~1.4 km



Super High Angular Resolution
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• 10× higher angular 
resolution than ALMA if 
we compare the highest 
resolutions. 


• 100× higher if we 
compare at the overlap 
frequency.


• (LBA adds further 10× 
resolution)

For the case of Main Array:

第1章 はじめに 第1章 はじめに

図1.2：縦軸に解像度，横軸に稼働周波数帯域および波長を表す。既存の電波望遠鏡の10－100倍以上の解像度が実現
する。（NRAO提供）

センチ波ミリ波で観測する宇宙
この波長帯では，荷電粒子が磁力線の影響を受けて加速する際に放つシンクロトロン放射や星々

の間に浮かぶ塵が温められた際に放つ熱的放射，分子や原子が放つ輝線や吸収線スペクトルを効率
よく観測することができる。シンクロトロン放射は，銀河，活動銀河核から噴き出すジェット，超
新星残骸，パルサー，太陽フレアなどの高エネルギー現象に付随する電波である。一方，塵が放つ
熱的放射は多くの天体にみられ，星・惑星系，降着円盤，星形成の現場，暗黒星雲，銀河形成など
の調査に適する。また，波長21 cm（周波数1.4 GHz）で観測できる中性水素原子の超微細構造線
は，宇宙空間に広がった低密度ガスの良い指標であることが知られている。さらに，波長約1 cm
（20 GHz帯）で輝き，星間空間における窒素の重要な存在形態の一つであるアンモニア分子や，
波長3 mm（115 GHz）の電波を放つ一酸化炭素分子も観測でき，私たちの宇宙物理の理解が飛躍
的に向上することが期待される。ngVLAによって観測可能なスペクトル線の一部を表1.1に示す。

ngVLAバンド 周波数帯域 主要スペクトル線

セ
ン
チ
波

1 1.2 - 3.5 H, H2CO, H2CS, OH 

2 3.5 - 12.3 CH, H2CS, SO2 

3 12.3 - 20.5 CH3CN, CH3OH, H2CO, H2CS, NH3, SO

ミ
リ
波

4 20.5 - 34.0 H2CS, HC3N, HNCO, H2CO, H2O, NH3, NHD2, SO

5 30.5 - 50.5 c-HCCCH, CH3OH, CH3CN, CS, H2CO, HNCO, NHD2, SiO

6 70.0 - 116
CO, CS, CN, CH3OH, c-HCCCH, CH3CN, HDO, HNCO, HCN, 
HNC, H2CO, HCO+, N2H+, NHD2, N2D+, SiO, SO2, SO

表1：ngVLAの観測波長帯・周波数帯，および各バンドで観測可能な主要なスペクトル線。
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Key Operation Concepts (PI-science like ALMA)
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We will use the successful operational model of ALMA



US Astro 2020
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• Tied for 2nd top priority in the large ground-based telescopes, after US-ELTs (GMT + TMT). 

• “A project of great scientific impact and influence in many fields of astronomy”

✓ A powerful observatory that will replace both the JVLA and VLBA. 

✓ Would have broad, flexible capabilities and provide science-ready data products 

accessible to a diverse community of users. 

✓ Absolutely unique world-wide in both sensitivity and frequency coverage. 

✓ Conclusion of Astro2020: It is of essential importance to astronomy that the JVLA 

and VLBA be replaced by an observatory. 

→ The timeline/progress of the TMT project will impact those of the ngVLA, both in US and Japan.



Current timeline in US
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• NSF entered the ngVLA project to the Major Research Equipment and Facilities Construction (MREFC) process 
in 2023. NRAO will proceed the initial designing phase over the next couple of years.  
→ We successfully passed the NSF’s Conceptual Design Review (CoDR) in 2024 Sep!! 


• The final design review will happen in ~2028. After that, NRAO will proceed to the full construction. 

from NRAO’s web page

@NRAO
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II. Project Organization 
& Community Engagement



Leads of the ngVLA activity in Japan
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• ngVLA Study Group@NAOJ 
- T. Izumi (lead), S. Iguchi, M. Fukagawa, B. Hatsukade (ALMA) 
- T. Kojima, K. Kaneko, H. Kiuchi, H. Imada (ATC)  
- A. Kataoka (DoS)  


• Science WG (community): in total ~180 astronomers registered to our mail lists  
Overall lead: M. Momose (Ibaraki)  
SWG1: S. Okuzumi (Sci. Tokyo), M. Momose (Ibaraki)  
SWG2: K. Tachihara (Nagoya), Y. Oya (Kyoto), H. Sano (Gifu), K. Tanaka (Sci. Tokyo)  
SWG3: B. Hatsukade, D. Iono (NAOJ)  
SWG4: K. Niinuma (Yamaguchi)  
SWG5: H. Nagai, T. Izumi (NAOJ), S. Takekawa (Kanagawa)

Many leading participants from younger generation!  
→ Significant contribution of those who have grown with ALMA



 @NAOJ: The ngVLA Study Group 
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• Explore in-kind contribution from Japan, based 
on the technical heritage of NRO, ASTE, and ALMA.

• Scientific activities are led by community 
members in Japanese institutes and 
universities (lead: M. Momose@Ibaraki Univ), 
in collaboration with NAOJ staff. 

• Strong support from Udenkon to ngVLA, as 
one of the top future priorities of the radio 
astronomical community. 

• Technical developments are led by NAOJ 
(ATC) exploiting synergies with ALMA. We 
also consider to involve the community. 

• We are the management interface to NRAO 
(through the established ALMA collaboration). 

1. Japanese Radio Astronomers started getting 
engaged in science activities that define ngVLA 
main science cases. 


2. The NAOJ ALMA project initiated discussions 
with NRAO through the well-established ALMA 
collaboration → ngVLA as a future project that 
further increases the scientific impact of ALMA.



@ALMA (ESO/NAOJ/NRAO)

Synergies with the ALMA project
14

• Human resources


• International relationship (NAOJ & NRAO)


• Knowledge 
 

+ Project management  
+ User support  
+ Document control  
+ Public outreach 


• Engineering  
 

+ Component level studies  
+ Development, verification, and integration of 
receivers  
+ Antenna manufacturing (with industry)  


• Computing 


• AIVC 


• Science operation and promotion 

Construction/operation synergies with ALMA

@NRAO/AUI/NSF



Involvement with NRAO
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• NRAO is looking for a few selected international partners to contribute ~25% of the project costs.  
→ We are anticipating to join with ~20% (max) contribution from Japan (as of 2024 Dec). 

• NAOJ-ngVLA workshop (2019 Sep, Mitaka) 
- 1st ngVLA workshop outside of US


• Kikaku-session in ASJ Annual Meeting (2021 Spring)  
- with >170 participants 


• ngVLA Development Days (2021 July, online)

• ngVLA-memo series, ngVLA-J Project Book (2021)

• NAOJ invited key Working Groups (2020-2022):  

Total Power WG, VLA-ngVLA Transition WG, etc. 

• Thematic session in ASJ Annual Meeting (2023 Autumn)

Activities in Japan



ngVLA Science/Technical Advisory Council (2024)
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 Science Advisory Council 

Andrew Baker (Rutgers)
Ted Bergin (U Michigan)
Jennifer Bergner (U Chicago)
Laura Blecha (U Florida)
Geoff Bower (ASIAA)
Sarah Burke-Spolaor (West Virginia)
Carlos Carrasco-Gonzalez (UNAM)
Alessandra Corsi (Texas Tech)
Katherine de Kleer (Caltech)
Imke de Pater (Berkley)
Megan DeCesar (George Mason)
Mark Dickinson (NOIRLab)
Maria Drout (Toronto)
Gregg Hallinan (Caltech)
Bunyo Hatsukade (NAOJ)
Takuma Izumi (NAOJ)
Megan Johnson (US Naval)

Joseph Lazio (JPL)
Adam Leroy (Ohio State)
Thomas Maccarone (Texas Tech)
Brenda Matthews (NRC-Victoria)
Brett McGuire (MIT)
Betsy Mills (Kansas)
Munetake Momose (Ibaraki)
Cherry Ng (SETI)
Rachel Osten (STScI)
Erik Rosolowsky (Alberta)
Nami Sakai (RIKEN)
Rachel Somerville (Flatiron)
Alexander van der Horst  
      (George Washington)
Fabian Walter (Max-Planck)
David Wilner (CfA)
Anton Zensus (Max-Planck)

 Technical Advisory Council
Lewis Knee (NRCC)
Larry D’Addario (JPL)
Alvaro Gonzalez (JAO)
Tetsuo Hasegawa (NAOJ)
Yuh-Jing Hwang (ASIAA)
Stan Kurtz (UNAM)

Michael Rupen (NRCC)
Melissa Soriano (JPL)
Rob Selina (NRAO)

Atsushi Nishimura (NAOJ)
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III. Key Science Goals and 
Japan’s Science Cases



Science Goals (grand picture)
19

1. To understand the baryon cycle over the cosmic history  
2. To understand the initial conditions to form life 

©Adobe Firefly  
(AI art)

©Adobe Firefly  
(AI art)



Scientific Objectives (five key science goals: KSGs)
21

KSG1: Unveiling the Formation of Solar System Analogues on Terrestrial Scales 

KSG2: Probing the Initial Conditions for Planetary Systems and Life with Astrochemistry 

KSG3: Charting the Assembly, Structure, and Evolution of Galaxies from the First Billion 
Years to the Present Day 

KSG4: Using Galactic Center Pulsars for a Fundamental Test of Gravity 

KSG5: Understanding the Formation and Evolution of Stellar and Supermassive Black Holes 
in the Era of Multi-Messenger Astronomy

These have defined the ngVLA’s capabilities, hence are the minimum threshold science cases.

Credit: NRAO



Scientific Objectives (five key science goals: KSGs)
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KSG1: Unveiling the Formation of Solar System Analogues on Terrestrial Scales 

KSG2: Probing the Initial Conditions for Planetary Systems and Life with Astrochemistry 

KSG3: Charting the Assembly, Structure, and Evolution of Galaxies from the First Billion 
Years to the Present Day 

KSG4: Using Galactic Center Pulsars for a Fundamental Test of Gravity 

KSG5: Understanding the Formation and Evolution of Stellar and Supermassive Black Holes 
in the Era of Multi-Messenger Astronomy

These have defined the ngVLA’s capabilities, hence are the minimum threshold science cases.

Credit: NRAO

Slight updates by considering recent rapid progresses by ALMA, 

JWST, etc (arXiv:2408.14497)



Scientific Investigation (example)
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Credit: NRAO

KEY SCIENCE GOALS FOR THE NGVLA 13

Figure 6. Top left: The ngVLA can observe the low–J CO lines out to high redshift, thus constraining the evolution of gaseous reservoirs
from the epoch of reionization (‘cosmic dawn’) to the peak of the cosmic star formation history (‘cosmic noon’, adopted from Boogaard et al.
2023). The order-of-magnitude improvement in the number of CO detections will enable studies of large samples of galaxies in individual
redshift bins, to constrain key parameters such as gas mass fractions, that can currently only be obtained for large samples in the local universe
(Saintonge et al. 2017) (Top right). Bottom right: In addition to integrated measurements, the ngVLA will be able to image the cold molecular
gas reservoirs in high-redshift galaxies down to sub-kpc resolution. The panel to the left shows the model distribution of CO(2–1) emission in
a main sequence galaxy at z=1.7. The middle (right) panel shows a 20h ngVLA (ALMA) simulation (Carilli & Neeleman 2022). The vastly
superior collecting area of the ngVLA traces the gas much further out compared to ALMA, thus allowing for kinematic dark matter studies
of large samples of high–redshift galaxies. In addition, low–J CO imaging with the ngVLA will be possible to significantly higher redshifts
(where the lines shifts out of the ALMA bands). Spatially resolving the galaxy is the key to understanding the dynamical mechanisms driving
star formation in galaxies during the peak cosmic star formation epoch (Carilli & Neeleman 2022). Bottom left: Redshifted frequencies of key
dense gas tracers, many of which will be accessible with a single ngVLA tuning. In particular, the 1-0 and 2-1 transitions of HNC, HCO+,
HCN and SiO lines are spaced very closely in frequency. These lines are too faint for ALMA for high–redshift main–sequence galaxies, and
their low–J transitions are not accessible by ALMA’s frequency bands (adopted from Decarli et al. 2018).

SKA Phase 1 will not have the frequency coverage necessary to do the vast majority of this science. Although ALMA can tackle
some of these observations on a few objects, it lacks the collecting area to observe large samples, and cannot trace the critical
low-J lines of CO and other molecular traces at the highest redshift.

Data Product and Processing Requirements:
The anticipated high level data products that the ngVLA project will deliver will be sufficient to address the key goals addressed

here. For additional processing, having access to the fully calibrated visibilities through a user-facing archive would be hugely
advantageous, as different science cases (e.g. bright vs. faint lines) will require different velocity binning, and/or tapering in the
uv plane. Likewise, preserving the native channel spacing will be important for bright lines in nearby universe targets. Given the
large number of relevant spectral lines, the ability to place dozens of individual spectral windows at target spectral lines would
be important. Special tools will likely be needed to combine the full array with ngVLA’s Short Baseline Array (SBA) to account
for low surface brightness emission . Ultimately, including tools to combine ngVLA data with observations obtained at single
dish telescopes (for zero spacing corrections) would be an asset. For the nearby galaxies, extra processing requirements will be
needed for large–area mosaics of the skyand for creating large image cubes. Stacking routines (to stack emission from faint lines
based on bright ones) could also benefit other key science projects. For continuum imaging, having access to self calibration

• The ngVLA can observe low-J CO lines 
in normal galaxies over a wide redshift 
range, allowing us to measure H2 mass 
and gas mass fraction. 


• The ngVLA will also offer spatially 
resolved measurements of cold 
molecular gas!  
→ dynamical mechanism to drive star 
formation, AGN, etc. 


• Various dense gas tracers can also be 
measured (strength of Japanese 
community: heritage from NRO). 

ngVLA SWG report (arXiv:2408.14497)



Science Working Groups (SWGs) in Japan
23

• Each of the five SWGs is re-evaluating science cases that have strong appeal and showcase Japan’s 
strength, taking into account the rapid recent advances by ALMA + JWST. 


• Fostering unique science cases from Japan is the “must” until the operation of ngVLA.  
→ What we will do (in terms of science) during the 第5期中期計画 (2028-2033) period.


• Example: SWG 1 + 2 Joint WS in Science Tokyo.  
- Explore “material science” in collaboration with Solar system study groups. 

• We will summarize the Japanese 
interest and publish a “White Book” in 
this FY. 


• Joint WS among Japanese SWGs will  
be held in 2025 or 2026.  
…and international WS in 2026?



Science Case in Japan (example)
24

ARTICLES NATURE ASTRONOMY

grow at most to (a few) Mars-mass planetary embryos and avoid 
large-scale radial migration20, forming a system of terrestrial planets 
similar to those in the solar system. On the other hand, in systems 
where the pressure bump forms late (Extended Data Fig. 4) or is not 
as strong (more leaky), the inner system is invaded by tens to hun-
dreds of Earth masses in pebbles from the outer disk. In such disks, 
Earth-mass (or more massive) planetary embryos are likely to form 
rapidly near 1 au and undergo large-scale radial migration, even-
tually reaching the inner edge of the disk and forming systems of 
hot super-Earths25,60. The fundamental question that emerges is why 
some systems form efficient pressure bumps (for example, the Solar 
System) whereas others do not (for example, super-Earth systems). 
We propose that this may be linked to intrinsic characteristics of 
the protoplanetary disk, such as the level of turbulence (viscosity) 
in the disk controlling pebble sizes (αt), or the existence of favour-
able conditions for the early formation of giant planets (for example 
Jupiter) at specific locations of the disk, as at the disk water snow-
line11,21. Pressure bumps in gaseous disks with smaller pebbles may 
be far more leakier than those in disks with larger ones18, potentially 
allowing a lot of mass in pebbles from the outer disk to be deliv-

ered to the terrestrial region. In our Solar System, Jupiter’s early core 
formation may have also played a decisive role in preventing this 
from happening25. If a giant planet core promptly forms in the pres-
sure bump at the snowline61, it may induce the formation of another 
pressure bump beyond its orbit62. The Solar System architecture, 
which seems to be an unusual outcome of planet formation63, prob-
ably reflects all these conditions.

Our model demonstrates that the present-day Solar System 
could have formed from three rings of planetesimals (Fig. 5). This 
diverges from standard models that assume a continuous disk of 
planetesimals40, and is reminiscent of the ring-like structures 
observed in disks around young stars8. Our model can simultane-
ously explain the orbits and masses of terrestrial planets and the 
distribution of different types of asteroid in the main asteroid belt, 
and link different classes of meteorites to the main building blocks 
of Earth and Mars. The terrestrial planets formed from a narrow 
ring in the terrestrial region, which naturally accounts for the lack 
of planets inside Mercury’s orbit and the low mass of Mars. The 
gas giant planets formed from a wide central ring located beyond 
the asteroid belt, probably via planetesimals and pebble accretion. 
The asteroid belt was never much more massive than it is today. 
The outermost planetesimal ring located beyond the current orbit 
of Uranus was sculpted during the giant planets’ growth and their 
subsequent dynamical evolution, producing the current Kuiper belt.

Methods
Our model couples different stages of planet formation, from dust evolution in a 
young gaseous disk to the final stage of accretion of terrestrial planets. We have 
performed simulations modelling the following.
t� Dust evolution (growth and fragmentation) in a gaseous disk
t� Planetesimal formation
t� Growth from planetesimals to planetary embryos in rings around 1 au
t� The late stage of accretion of terrestrial planets—namely, growth from plan-

etary embryos to planets
t� Asteroid implantation from inside out during the terrestrial planet formation.
t� We next describe the different ingredients of our model individually.

Gas disk model. We model the radial distribution of gas and disk temperature 
using power-law profiles. Gas disk dissipation and cooling are mimicked via 
exponential decay timescales. Although simplistic, our approach allows us to 
easily disentangle the effects of different parameters of the model. In nominal 
simulations, our 1D underlying protoplanetary disk extends from 0.1 au to ~120 au 
and is represented by a simple power-law disk with radial profile given as64
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In equation (1), r is the heliocentric distance. Following previous studies9,18,20,61, 
we mimic the presence of the pressure bumps in the disk by rescaling the original 
gas disk profile given by equation (1) with Gaussian and hyperbolic tangent 
functions. Each of these functions accounts for one of the pressure bumps in the 
disk. Our gas disk radial profile reads
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In equation (2), rH2O, rCO, AH2O, ACO, wH2O(rH2O) and wCO(rCO) are free parameters 
used to represent the pressure bump locations, amplitudes and widths. Hgas(rH2O) 
and Hgas(rCO) are the gas disk scale heights at the water (Tgas = 170 K) and CO 
(Tgas = 30 K) snowlines, respectively. Following previous studies18,20, we set 
AH2O = 0.5 and wH2O(rH2O) = Hgas(rH2O). We choose for the pressure bump at the 
snowline a configuration that provides an efficient disconnection of the inner 
and outer Solar System pebble reservoirs18,20, as constrained by the Solar System 
isotopic dichotomy2. For simplicity, we assume an equivalent configuration for 
the pressure bump at the CO snowline, that is, ACO = 0.5 and wCO(rCO) = Hgas(rCO). 
αν is the gas disk viscosity in regions of the disk where Tgas < Tmri = 1,000 K. In 

a

~8 au
~1.5 au

H2O
snowline

Silicate
sublimation line

H2O
snowline

Silicate
sublimation line

CO
snowline

b

~0.7 au
Terrestrial region

~20 au

t < 0.1 Myr

t ≈ 0.5–1.0 Myr 

~45 au
CO

snowline

c

1 au

~0.3 au

1.5 au

~0.7 au

1.8–3.2 au

t ≈ 150 Myr

NC CCNC CC

~4 au

t ≈ 10 –100 Myr t ≲ 5 Myr

Start of planetesimal
formation

Rings of planetesimals
form

Planets fully formed

Inner solar system

Giant planets
region Kuiper belt

Fig. 5 | A schematic showing migration of three pressure bumps 
associated with the CO snowline, H2O snowline and silicate sublimation 
line in the Sun’s natal disk. Top: pebbles pile up at each of the pressure 
bumps (grey shaded annular bands), which lead to planetesimal formation 
in the three distinct rings. Planetesimals at each of the rings are assumed 
to have distinct compositions as shown by three different colours (yellow–
green, CO snowline; white, H2O snowline; red–orange, silicate sublimation 
line). Middle: the narrow, innermost ring forms NC-like planetesimals and 
the wider, intermediate ring forms CC-like planetesimals. The outer ring 
is the expected location of the primordial Kuiper belt. Bottom: zoomed-in 
view of the innermost Solar System after the dissipation of the gaseous 
disk with the final configuration of the rocky planets and the asteroid belt; it 
highlights that the asteroid belt is populated by CC planetesimals scattered 
inward (grey curved-arrows) by giant planets and NC planetesimals 
preferentially from the Mars region (red curved arrows), and no 
planetesimals are formed inside the orbit of Mercury.

NATURE ASTRONOMY | VOL 6 | MARCH 2022 | 357–366 | www.nature.com/natureastronomy362

Commet/Ryugu-like
Izidoro et al. 2022

↑ 
Earth-like?

↑ 
Carbonaceous 

Meteoride?The different Fe and Ti isotope ratios 
suggest different origins of Solar system 
bodies (i.e., forming sites may differ).

Multiple rings detected by ALMA (= sites of 
planetesimal formation) are the origins??Hopp et al. 2022

Earth
Ryugu

Carbonaceous 
Meteo

Non-Carbonaceous

→ Very good synergy of astronomy 

and planetary science!!



Science Case in Japan (example)
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第 3 章 ngVLA の科学的展望

論研究の進展は，ダスト粒径に関する議論を大幅に前進させている。とりわけ大きな原動力になっ
ているのが，円盤ダスト熱放射に含まれる偏光の検出と，それと並行して提唱されたダストの自己
散乱による偏光発生機構に関する理論研究である。アルマ望遠鏡は，ダスト熱放射場の異方性に
よって生じる散乱偏光でよく説明される結果を次々ともたらしている（図3.1.5, Kataoka et al. 2016; 
Kataoka et al. 2017）。ここで重要なのは，散乱効率が高くなるのが非常に狭い波長範囲，具体的
にはλ≈2πaを満たす近傍に限られる，という点である。このことから逆に，散乱の効果が顕著な
波長λを特定することによりダスト粒径を強く制限する新たな手法が開拓された（Kataoka et al. 
2015）。 

図3.1.5：（左）若い星HD142527に付随する円盤で得られた波長0.87 mmでのダスト連続波偏光強度マップ（カラー）
及び直線偏光の向き（白線, Kataoka et al. 2016）。（右）異方性のあるダスト熱放射場における散乱によって直線偏光
が生じる仕組みの概念図。Credit: ALMA（ESO/NAOJ/NRAO）

散乱の効果は，βの解釈にも重要な示唆を与える。吸収だけが寄与する場合と異なり，散乱が
大きく寄与する波長付近で得られるβは一定の値を取らず，限られた波長帯のダスト観測からだけ
ではダスト質量を大幅に過小評価してしまう可能性が示された（Ueda et al. 2020）。以上の研究か
ら，円盤ダストの粒径や質量を観測的に正確に見積もるためには，幅広い波長帯で円盤を空間分解
して観測し，さらに偏光の波長依存性に関する情報も得る必要があることが明らかになった。

ngVLAへの期待：より成長したダストの分布を捉える
ngVLAは波長2.6 mmよりも長い波長帯をアルマ望遠鏡に比べて約10倍の集光力でカバーするた

め，アルマ望遠鏡単独の場合に比べてより精密なダスト粒径の決定を可能にする。とりわけ，円盤
のあらゆる領域を見通しつつ，波長の長さに比例してより大きな粒径のダストからの放射を捉えら
れる点が重要である（図3.1.6, Ueda et al. 2021）。アルマ望遠鏡が最も威力を発揮する波長2 mm以
下ではダスト円盤自体の不透明度が大きくなるため，この波長帯の情報だけではβを導出できない
場合も多いが，ngVLAはこの問題を克服する。さらに，アルマ望遠鏡との比較も通じて散乱が効く
波長帯を空間分解しながら特定することにより，ダスト粒径，及びその空間変化に関しても豊富な
情報を提供するものと期待される。具体的には，HD142527で見られるようなダスト集積を起こす
高気圧性渦（Ohashi et al. 2018）におけるより精密なダスト粒径測定や，それを踏まえた微惑星形
成効率の定量的議論への展開などが想定される。
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Kataoka et al. 2016

Detect a forming rocky planet in the inner regions of porto-planetary 
disks via their substructures at ~5 mas (= 0.5 au at 100 pc) resolution. 

• cm wavelength is critical to penetrate through the dusty disk. 

• Japanese researchers advanced this research field so much!

• Polarization observation puts 
tight constraints on the dust 
size in the disk.  
→ sensitive to dust with size 
~ wavelength/2π


• Bigger dust, and the spatial 
variation of dust sizes, will be 
detected with ngVLA.  
→ Formation of planetesimal
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IV. Status of Technical 
Studies in Japan

We will do “in-kind” contribution 
(technology)



Prototype antenna in US
27

One proto is currently under 
construction at the VLA site

@NRAO



Prototype antenna in US
28

One proto is currently under 
construction at the VLA site

~270 high-precision antennas, constructed over ~7-10 years

→ ~2-3 antennas of this scale, per-month…!

→ Definitely requires other countries to contribute!!

@NRAO



Development of ultra-low cost antenna in Japan
29

• We have achieved basic antenna design (incl. panels, panel-
support structure, and main frame) that meets the strict criteria.  

• Occupies the bulk of the budget → Critically impact the time amount available for Japan. 


• Strict design criteria: Operation frequency (1.2-116 GHz), surface accuracy (320μm rms at 116 
GHz), pointing accuracy, life-time-cost (No major maintenance over 20 yrs), etc. 


• Japan is seeking for press-processing of antenna panels rather than the US machining approach. 

Confidential (deleted)



Possible timeline of Japan (antenna)
30

• Possible contribution of ~20% of total number of antennas. Up to 53 antennas.  
→ 30 × 18m antennas for LBA, 4 × 18m for TP, and 19 × 6m for SBA. 


• These can be contributed at a later stage of construction (i.e., after TMT). 


• Operational in Japan as well! We can provide a new test-observing opportunity. 

2019-2025 2026-2027 2028-2031 2032~

Conceptual 
designs

Detailed studies for 
prototyping 

Prototyping 
and tests Mass production

End of TMT construction?Planned timeline of Japan



In-kind contribution from ATC (NAOJ)
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Frequency Reference Distribution System
32by Kiuchi-

san@ATC



Frequency Reference Distribution System (Passed CoDR) 
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• Fundamental element of 
interferometry to distribute time/
freq. reference to array elements. 


• Now successfully passed the 
NRAO’s CoDR, allowing us to 
start official technical studies.  


• Laboratory experiment at NAOJ 
by using a 400km fiber 
successfully showed a real-time 
phase compensation, and then a 
highly stable phase. 
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Frequency transfer subsystem Design description H.Kiuchi 2024-02-15
NRAO Doc # :
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020.10.xx.xx.xx-0001-XXX
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図 4: 図 2と同等の設定でデータを取得した実験の結果。ファイバー
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揺らぎ，(c)生データ。(a)の補正後 (青線)は位相変動が白色雑音的
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1.6 本研究の国際性
本計画は国際協力プロジェクトであるALMAで培われた国産の独自技術をベースに，次世代

の国際大型プロジェクトである ngVLAへの貢献を目指して立案されたものである。大型電波干
渉計群が活躍する次世代の世界の研究に対し，我が国が独自の貢献を果たすための重要なステッ
プになる。観測天文学の装置が大型化する中で国際協調は必須である。ある国際プロジェクトに
おいて我が国が真にメジャーな役割を担い，我が国だけでなく世界全体の研究の発展に貢献する
には，単に予算的な貢献だけではなく，独創性の高い技術や知見の提供によって装置の実現の一
翼を担う必要がある。本計画はそれを可能にする第一歩と位置付けられる。
本計画は ngVLAへの参画を直接的な動機としているが，一方で本計画の研究内容は，VLBI

を含むあらゆる電波干渉計にとって共通な基盤技術を提供するものでもある。本研究の成果は，他
の結合型干渉計や，国内外のVLBI観測網のアップグレード (光結合化)検討の可能性を拡げる。
最後に，このような国際プロジェクトを見据えた基礎研究を大学で行う，人材育成面での意義

を強調したい。天文学と工学の融合というユニークな研究体験は，次世代を支える国際性・創造
性豊かな人材の育成という観点からも意義深い。本計画では意欲的な学生を研究協力者として加
えることはもちろん，今後の ngVLA建設期を展望し，本計画をこの種の技術開発の国内拠点形
成の第一歩としても位置付けたい。
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• Performance system-installation tests in collaboration with NRAO, by using the real prototype 18m 
antenna in Socorro. 


• Going to do outdoor-test including (1) Performance of the system when fibers are placed under 
realistic outdoor environment, (2)  Performance test when fibers are set as “overhead wiring”.  
→ To show we can indeed overhead-wire the system, which reduces the cost of tunneling. 


• We are planning to use Ibaraki Univ.’s Hitachi antenna, as well as the rail-road of NRO.  

Hitachi
Takahagi

Ibaraki Univ. Antenna NRO’s rail road

Frequency Reference Distribution: What’s next?
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V. NAOJ’s initiative



One of the great upcoming Large-Scale Facilities
36

• The ngVLA will play a key role in scientific discovery together with TMT, ALMA, etc. 


• The involvement of NAOJ is clearly in-line with the NAOJ’s Vision and Mission:  

✦ To be innovators striving to solve the mysteries of the universe. 

✦ To develop and construct large-scale cutting-edge astronomical research facilities and 

promote their open access aiming to expand our intellectual horizons. 


• ngVLA satisfies all key points for NAOJ participation: 

✦ One of the most advancing observing facilities 

✦ Open use 

✦ Flexible international cooperation 

✦ Strong synergy with ALMA, Subaru, and TMT 


• Trusted, well-established collaboration between NAOJ and NRAO (through ALMA). 


• Expected huge budget scale (~650M USD) is not manageable by universities…!



Planned contribution (budget) 
37

A good mix of Japanese in-kind contributions to the project tentatively agreed between NAOJ and NRAO

Phase of the 
project

Japanese Deliverables to the ngVLA project

Construction and 
commissioning

• Antennas (up to 53 units in LBA, SBA, TP) 

• Photonic technologies: frequency/time reference distribution systems

• Receivers (design of components, prototyping and mass-production at ATC)

• Cryogenics: cold-heads, compressors, dewars

• Commissioning of observing modes and software development

Operation • Maintenance (antenna, cryogenics, receivers, photonics, etc) 

• Development + maintenance of software / archive (integrated computing team)

• User support and science promotion (like ALMA Regional Centers)

~20% Japanese contribution (~650M USD; incl. 10-yrs operation) to the ngVLA project
→~20% of the ngVLA observing time (~1600 hrs/yr) for the Japanese community.  

Same level as we now have for ALMA. 
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VI. Budget plan



Budgetary considerations in Japan
39

• The total construction cost is estimated by NRAO as 2,300M USD. 

• ~75% (~1,725M USD) will be covered by the US. 

• Remaining ~25% (575M USD) is contributed by trusted international partners. 

• The ngVLA Study Group aims that Japan joins the ngVLA collaboration at a ~20% level 

through the international contribution channel, which will amount to ~460M USD for the 
construction. 


• The operation cost is estimated to be 93M USD/yr → ~19M USD/yr for 20% contribution 

• Hence, the total cost, including 10 yr operation, amounts to 460M + 10×19M = 650M USD. 



Budgetary considerations in Japan
40

• Japan needs to be ready to contribute heavily (~20%) to the construction (mostly antenna). 


• However, we also need substantial budget from FY2028 (prototyping). 


• Highest priority would be TMT until the end of its construction (~2032) both for US and Japan. 


• Construction budget will then ramp up from ~2032-2033. Large-scale budget is necessary. 

Year Scale per year Budget Use

FY2024-2027 < 0.15 億JPY • Detailed studies and 
preparation towards 
prototyping

FY2028-2031 12-19 億JPY • Prototyping (incl. antennas) 
and testing

FY2032- 42 億JPY • Starting full construction

• Operation

Example

(Assuming 460M USD 
for construction)

20
28

20
32

20
24



Budgetary considerations in Japan
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Year Scale per year Budget Use

FY2024-2027 < 0.15 億JPY • Detailed studies and 
preparation towards 
prototyping

FY2028-2031 12-19 億JPY • Prototyping (incl. antennas) 
and testing

FY2032- 42 億JPY • Starting full construction

• Operation

Example

(Assuming 460M USD 
for construction)

NAOJ Leadership, 
KAKENHI

• Japan needs to be ready to contribute heavily (~20%) to the construction (mostly antenna). 


• However, we also need substantial budget from FY2028 (prototyping). 


• Highest priority would be TMT until the end of its construction (~2032) both for US and Japan. 


• Construction budget will then ramp up from ~2032-2033. Large construction budget is necessary. 

20
28

20
32

20
24

MEXT Frontier
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VII. Summary



Toward the Major Participation to the ngVLA Project
43

• Strong community’s interest (many participants in WS, strong recommendation by Udenkon) 


• Increasing number of Japanese ngVLA publications (memo series, project book)

High demand from the community for a next generation PI-driven cm/mm instrument

Japanese contribution based on the experience in ALMA construction and operation
• Various items with high technical readiness (antennas, receivers, photonics, cryogenics) 


• Rich experience in commissioning and software development together with NRAO


• Well-established connections with industry

Synergies and integration within NAOJ
• Open-use operation with full user support (like ALMA) → maximizing know-how and experience 


• First-case of combined operation with VLBI → efficient 

Impact on industry and universities
• Possibility of large-scale involvement of Japanese industry 


• Positive impact on engineering and technology for manufacturing (e.g., 3D printing @ATC) 


• Wavelength observable from Japan: possibility to test prototypes on-sky and to do actual observations 


• Possibility to collaborate with universities/institutions: Education, domestic projects, etc.


