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ngVLAについて
http://ngvla.nrao.edu
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ngVLA Concept
The ngVLA will be a synthesis radio telescope constituted of approximately 214 reflector antennas each of

18 meters diameter, operating in a phased or interferometric mode. It will operate over a frequency range

extending from 1.2 GHz to 116 GHz.

The signal processing center of the array will be located at the Very Large Array site, on the plains of San

Agustin, New Mexico. The array will include stations in other locations throughout the state of New Mexico,

west Texas, eastern Arizona, and northern Mexico.

Operations will be conducted from both the VLA Control Building and the Array Operations Center in

Socorro, NM.

Feed / Receiver Configuration
The baseline ngVLA receiver configuration consists of the low-frequency receiver (1.2 – 3.5 GHz) in one dewar,

and receivers spanning from 3.5 to 116 GHz in a second dewar.

Band 1 and 2 employ wideband feed horns and LNAs, each covering L+S band, C+X band.

Quad-ridged feed horns (QRFH) are used, with coaxial outputs. Due to improved optical performance

(reducing TSPILL), cooled feeds, and the simplified RF design sensing linear polarization, the TSYS is lower than

current VLA L, S bands and comparable for C and X bands. Overall aperture efficiency and TSYS is slightly

degraded from optimal due to the wider bandwidths spanned by each receiver, but it permits a compact

package that can be affordably constructed and operated.

The four high-frequency bands (12.6 – 116 GHz) employ waveguide-bandwidth (~1.67:1) feeds & LNAs, for

optimum noise performance. Axially-corrugated feed horns, with circular waveguide output ensure even

illumination over frequency and minimal loss.

The electronics concept relies on integrated receiver packages to further amplify the signals provided by

the cryogenic stage, down convert them if necessary, digitize them, and deliver the resultant data streams

by optical fiber to a moderately remote collection point where they can be launched onto a conventional

network for transmission back to the array central processing facility. Hooks are needed to provide for

synchronization of local oscillators (LO’s) and sample clocks, power leveling, command and control,

health and performance monitoring, and diagnostics for troubleshooting in the event of component failure.

Further Information
R. Selina et. al. The Next-Generation Very Large Array: A Technical Overview. , SPIE Astronomical Telescopes 

& Instrumentation, AS18, 10700-55, (2018)

Abstract
The next-generation Very Large Array (ngVLA) is an astronomical observatory planned to operate at

centimeter wavelengths (25 to 0.26 centimeters, corresponding to a frequency range extending from 1.2

GHz to 116 GHz). The observatory will be a synthesis radio telescope constituted of approximately 214

reflector antennas each of 18 meters diameter, operating in a phased or interferometric mode.

We provide an overview of the current system design of the ngVLA. The concepts for major system

elements such as the antenna, receiving electronics, and central signal processing are presented. We

also describe the major development activities that are presently underway to advance the design.

Table 2: ngVLA Key System Parameters

Parameter Value

Antenna Diameter 18m Main Array, 6m Short Baseline Array, 18m Total 

Power

Number of Antennas 214 x 18m, 19 x 6m

Antenna Optics Offset Gregorian, Feed Low, Shaped

Frequency Range 1.2 GHz – 50.5 GHz, 70 GHz – 116 GHz

Front Ends Single Pixel Feeds, Dual Linear Polarization

Instantaneous Bandwidth Up to 20 GHz / pol. 

ngVLA Configuration

ngVLA Antenna
The antennas will be constituted of a shaped paraboloidal reflector, with a subtended circular aperture of

18m diameter. The optical configuration is an offset Gregorian feed-low design supported by an Altitude-

Azimuth mount.

The subreflector will be supported so that neither it nor any of its supporting structure obstructs the

aperture of the primary reflector. If necessary to meet the performance requirements, the position of the

subreflector may be remotely adjusted with a controlled mechanism.

The off-axis geometry minimizes scattering, spillover, and sidelobe pickup, and the feed-low design

facilitates maintenance and reduces shadowing in the core of the array.

The project is pursuing a reference design to specifications with General Dynamics Mission Systems. A

parallel study into a composite design concept with National Research Council of Canada is also underway.

Both costed designs will be delivered in the fall of 2018.

Signal Processor & Data Pipelines
The CSP ingests the voltage streams recorded and packetized by the antennas and transmitted via the data

transmission system, and produces a number of low-level data products to be ingested by the archive. In

addition to synthesis imaging, the CSP will support other capabilities required of modern telescopes to

enable VLBI and time-domain science. The functional capabilities of the CSP include: auto-correlation, cross-

correlation, beamforming, pulsar timing, pulsar search and VLBI recording.

The CSP data products will vary by operation mode. The most common will be raw/uncalibrated visibilities,

recorded in a common data model. The CSP will include all necessary “back end” infrastructure to average

visibilities and package them for the archive, where they will be recorded to disk in a standard format.

Calibration of these data products will be the responsibility of asynchronous data post-processing pipelines

that are outside the scope of the CSP element.

The ngVLA correlator will employ an FX architecture, and will process an instantaneous bandwidth of up to

20 GHz per polarization. The correlator-beamformer Frequency Slice Architecture developed by NRC Canada

for the SKA Phase 1 CSP Mid Telescope is well suited to ngVLA demands and is under evaluation for the

reference design. This architecture will scale to the additional ngVLA apertures, bandwidth, and commensal

mode requirements. Adopting this architecture will significantly reduce the non-recurring engineering costs

during the design phase, while additional improvements in electrical efficiency can be expected from one

additional FPGA manufacturing process improvement cycle due to ngVLA’s later construction start date.

Automated post-processing pipelines will calibrate the raw data and create higher level data products

(typically image cubes) that will be delivered to users via the central archive. Data analysis tools will allow

users to analyze the data directly from the archive, reducing the need for data transmission and reprocessing

at the user’s institution.

The VLA and ALMA “Science Ready Data Products” project will be an ngVLA pathfinder to identify common

high-level data products that will be delivered to the Principal Investigator and the data archive to facilitate

data reuse.

The National Radio Astronomy Observatory is a facility of the National Science Foundation 

operated under cooperative agreement by Associated Universities, Inc.

Figure 1: Approximate locations of ngVLA antennas, with a zoomed view of the array arms and dense central core. 

Figure 2: NRC & GD 18m Antenna Concepts.

Figure 3: Front end component packaging at the secondary focus of the antenna. Band selection and focus 

are achieved with a dual-axis translation stage.

The array configuration is shown in Figure 1. The array collecting area is distributed to provide high surface

brightness sensitivity on a range of angular scales spanning from approximately 1000 to 10 mas. In practice,

this means a core with a large faction of the collecting area in a randomized distribution to provide high

snapshot imaging fidelity, and arms extending asymmetrically out to ~1000 km baselines, filling out the

(u,v)-plane with Earth rotation and frequency synthesis.

Investigations are underway to improve the imaging sensitivity and fidelity while accounting for practical

limitations such as utility availability and land management.

ngVLA Key Performance Metrics

Center Frequency 2.4 GHz 8 GHz 16 GHz 27 GHz 41 GHz 93 GHz Notes

Band Lower Frequency

[GHz]

1.2 3.5 12.3 20.5 30.5 70.0 a

Band Upper Frequency

[GHz]

3.5 12.3 20.5 34.0 50.5 116.0 a

Field of View FWHM 

[arcmin]

24.4 7.3 3.7 2.2 1.4 0.6 b

Aperture Efficiency 0.78 0.77 0.86 0.85 0.81 0.60 b

Effective Area, Aeff, x 103 

[m2]

42.2 41.7 46.8 46.0 44.0 32.4 b

System Temp, Tsys [K] 23 25 22 33 45 62 a, e

Max Inst. Bandwidth 

[GHz]

2.3 8.8 8.2 13.5 20.0 20.0 a

Sampler Resolution [Bits] 8 8 8 4 4 4

Antenna SEFD [Jy] 328.6 361.8 283.2 432.4 617.0 1153.7 a, b

Resolution of Max. 

Baseline [mas]

26 8 4 2.3 1.5 0.7 c

Resolution FWHM @ 

Natural Weighting [mas]

163 49 24 14 10 4 c, d

Continuum rms, 1 hr 

[μJy/beam]

0.41 0.23 0.19 0.22 0.26 0.48 d

Line Width, 10 km/s [kHz] 80.0 266.7 533.3 900.0 1366.7 3100.0

Line rms, 1 hr, 10 km/s 

[μJy/beam]

69.0 41.6 23.0 27.1 31.3 38.9 d

(a)  6-band 'baseline' receiver configuration. Version 4.3, 2018-03-08.

(b) Reference design concept of 214 18m aperture antennas. Unblocked aperture with 160um surface.

(c) 'South West' Configuration by E. Greisen. Resolution in EW axis. 

(d) Using Natural Weights, dual pol, and all baselines. 

(e) Using Weights as described in ngVLA Memo #16, scaled by frequency. 

(f) At the nominal mid-band frequency shown. Assumes 1mm PWV for W-band, 6mm PWV for others; 45 deg elev. on sky.
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(ng)Next	Generation	VLAとは？
・アメリカが中心となっている
大型干渉計プロジェクト
SKAよりも高周波,	ALMAよりも低周波帯をカバー

ngVLAでできること
分子雲フィラメントから分子雲コアそして原始星へ

2018/10/17,18に
ngVLAで何ができるかを検討した資料がastro-phにたくさん上がってた

以下の2つのchapter	を紹介
・Star-forming	Filaments	and	Cores	on	a	Galactic	Scale(https://arxiv.org/abs/1810.06701)
・Deuteration in	starless	and	protostellar cores	(https://arxiv.org/abs/1810.07163)



ngVLA

↑カバーする周波数範囲

Array	configuration	→



102 104 105103

Density
(cm-3) 106 107

Filaments

Cores

>108

High-density core

>10pc

<0.1 pc

Protostar formation

< a few �10 AU

Evolution	of	molecular	clouds	to	protostars

Cloud	evolution

Self	Gravity

Turbulence

Magnetic	Field
・複数の物理過程が絡み合う現象
・サイズと密度が進化に応じて数桁変化する

Molecular Clouds
(GMCs, dark clouds)



アンモニア,	NH3分子輝線でフィラメント状分子雲の力学状態観測する

アンモニアの観測について
アンモニア輝線からの物理量の導出方法はここにあるよ
http://www.juen.ac.jp/lab/tosaki/kyouzai/radio/NH3/NH3.html
要は、1回の観測で、分子雲の
速度分布,	光学的厚さ,	温度,柱密度を一気に求めることができる

臨界密度は103–4 cm-3程度=>CO(102-3cm-3)輝線とN2H+輝線(10^5	cm-3)の間を埋める存在
24	GHz帯はALMAでは観測できない周波数帯



アンモニア観測の例
フィラメント状分子雲をトレース(e.g.,	GBT	33”の観測)
=>HerschelやJCMT望遠鏡のダストの観測は力学状態がわからない

ペルセウス分子雲 NGC	1333
(小~中質量星形成領域)
(A.	Singh	et	al.	2018,	in	preparation)

はくちょう座	DR21
(大質量星形成領域)
○:	水メーザーの位置
(Keown	et	al.	2018)



どれくらいの観測時間でできるか？

10’	x	10’	を4”の分解能で観測するのに必要な時間の見積もり



重水素化合物の観測で分子雲コア進化を明らかにしましょう

ターゲットなる分子種の多くは60-70	GHz帯に存在する



D/Hの関係
���

D/H

分子雲コア 星誕生の瞬間 原始星 (Class	0/I	phase)

進化段階

~0.3

~0.1 1.	Crapsi+	05 2.	Emprechtiger+09



分子雲コアで起こるCOのdepletion	と重水素濃縮について

分子雲コアL1544のダスト連続波(コン
トア)と分子輝線の分布 (Caselli+99)

太陽系や星間空間でのD/H:		10-4 ~	10-5

分子雲コアでのD/H	:	>0.1
=>	星間空間と数桁存在比が異なる!!

その理由は?
1.	分子雲コアが低温(<20K)であること
2.	分子雲コアが高密度(>104cm-3)であること

発熱反応なので、低温では逆反応が起こらない

H3
+は様々なCOとよく反応するが、

高密度環境下ではCOは星間塵に吸着
(depletion)される (e.g.,	L1544)

高密度で低温な環境(星形成直前)ほど重水素
濃縮度が上がると予想されるため、分子雲コア
の進化の指標となる(e.g.,	Caselli+02)

COはdepletionするが、
N系分子はしにくい



この天体の強度をテンプレートにして、強度の見積もり
(興味がないので飛ばします)

重水素化合物観測の例

星形成コアSM1NのALMA観測 (~1”分解能)
カラー： NH2D	(重水素化したアンモニア),	コントア:	1mm	連続波



Uniqueness	to	ngVLA Capabilities	

- 60-70	GHzを観測できる干渉計,	単一鏡は歴史的にあまりなかった
NOEMAはこれからできるようになるが感度が全然違う

- ALMA	Band	2/3受信機は可能になる
感度/分解能ともにngVLAの方が良い
~a	few	tens	of	au	の分解能が達成できる

=>	個人的にはALMA	で十分のようにも思う



今日のまとめ

• ngVLAはALMAよりも
高い分解能(低周波数)
感度を達成可能

• NH3輝線で
フィラメント状分子雲の力学状態を知る

• 重水素化合物で
分子雲コアの非常に密度の高い場所を観測


