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— A next-generation Very Large Array (ngVLA)

ngvla

Next Generation Very Large Array

Very Large Array (1980-) Next generation Very Large Array (2034-)
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) angular resolution -

B 27 x 25-meter antennas y O\

B Max resolution 40 mas : ?448 X I8-Im§ter I+I9 x(6-rz|1e(;ce|r antenr‘w;]s B
ax resolution mas (an .1 mas wit
® 73 MHz - 50 GHz B | GHz - | 16 GHz (Bridging SKA and ALMA)

) sensitivity

B Project led by NRAO Ul | |
B Seeking ~25% contribution from AU = COBHUSTEn (B

international partners 2028 — Early S.cience .
2034 — Full Science Operations



ngVLA Key Science Goals
(ngVLA memo #19)

. Unveiling the Formation of Solar System Analogues on Terrestrial Scales

. Probing the Initial Conditions for Planetary Systems and Life with Astrochemistry
. Charting the Assembly, Structure, and Evolution of Galaxies Over Cosmic Time
. Using Pulsars in the Galactic Center as Fundamental Tests of Gravity

. Understanding the Formation and Evolution of Stellar and Supermassive
BH’s in the Era of Multi-Messenger Astronomy

ngvla.nrao.edu



Svls Array Components

Main Array (MA) Short Baseline Array (SBA) Long Baseline Array (LBA)
B 214 x 18m offset Gregorian B |9 x 6m antennas B 30 x I8m antennas located
antennas B 4 x I18m in TP mode to fill in (u, v) across continent for baselines up
B Up to 1000 km baselines hole for imaging extended to ~9000km
B Fixed antenna locations near VLA structure B Operate in VLBl mode
site _ A St st ey ) G B Max angular resolution = 0.1 mas

(}
,-. o Oo oy
c P .
© L :

36 km <R < 1000 km 21%




Six frequency bands covering 1.2 — 116 GHz are planned. Highest frequency
resolution is 400 Hz (0.1 km/s at 1.2GHz) and highest instantaneous
bandwidth is 20 GHz per pol.

Major Emission Line

: HI
3.5 12.3 8.8 H,CO

12.3 20.5 8.2
20.5 34.0 13.5 H,0, NH,
30.5 50.5 20.0 SO, SiO, CH,OH, CS

70.0 116 46.0 CO, HCN, HCO*, DCN
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ngvla

Next Generation Very Large Array

B |0 x higher angular
resolution than ALMA if
. we compare the highest
) angular resolution.
100 x times higher if we
compare the at the

Angular Resolution [arcsec]

%, overlap frequency
T
- S = (100GHz)
zone planet formation: |AU @ 140pc .
B |LBA adds |10x resolution
\\,?, %
1 mas = s
B |Omas = |AU at 140pc
01 mas \ _ ] "~ 100Rs @ z=0 =80pcatz =3
300MHz 3oHz 306Hz  000Hz kM opm e M 0.Imas=I100Rsatz=0

Wavelength and Frequency
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Next Generation Very Large Array

Assuming | hour integration

Receiver Band Bl B2 B3 B4 B5 B6 Receiver Band Bl B2 B3 B4 B5 B6
Center Frequency, f 2.4 GHz| 8 GHz |16 GHz| 27 GHz |4l GHz|93 GHz| [Center Frequency, f 2.4 GHz| 8 GHz | 16 GHz| 27 GHz | 41 GHz|93 GHz
Resolution [mas] 1000 Resolution [mas] 1

Continuum rms, | hr, Robust [u]y/beam] 0.52 0.34 035 0.39 0.59 2.24 Continuum rms, | hr, Robust [ty/beam] - 20.87 031 021 0.29 0.90
Line rms | hr, 10 km/s Robust [u]y/beam] 88.9 6l.1 43.3 479 70.9 179.6

Brightness Temp (Ts) rms continuum, | hr, | 0.110 | 64E3 | 1763 | 0763 | 04E3 | 03E3 | |Lnerms | hr, 10km/s Robust [ujy/beam] - S | 2 | BF [ Ms | 7D
Robust [K] Brightness Temp (Tg) rms continuum, | hr, - 4.5E5 1466 350 207 126
Ta rms line, | hr, 10 km/s, Robust [K] 1876 .16 021 0.08 0.05 0.03 Robust [K]

Resolution [mas] 100 Ts rms line, | hr, 10 km/s, Robust [K] - 7.2€7 1.8E5 | 4.3E4 25E4 | 1.0E4
Continuum rms, | hr, Robust [u)y/beam] 0.50 0.30 0.27 0.28 0.40 1.14 Continuum rms, | hr, Robust [y/beam] - - - - - 20.96
Line rms | hr, 10 km/s Robust [u)y/beam] 85.0 536 33.6 348 48.4 91.3 Line rms | hr, 10 km/s Robust [uy/beam] - - - - - 1683.2
Brightness Temp (Ts) rms continuum, | hr, 10.58 0.56 0.13 0.05 0.03 0.02 - - - - -

Robust [K] :;ig:::e[::]Temp (Te) rms continuum, | hr, 2.9E5
Ta rms line, | hr, 10 km/s, Robust [K] 1794.1 101.9 15.9 58 35 1.3 Ts rms line, 1 br, 10 km’s, Robust [K] . - . . - 2087
Resolution [mas] 10

Continuum rms, | hr, Robust [y/beam] 041 027 026 027 0.38 0.97 Table 3 - Projected imaging sensitivity as a function of angular resolution. All values at center frequency.

Line rms | hr, 10 km/s Robust [uly/beam] 69.9 483 324 332 46.3 77 Imaging sensitivity will be dependent on the required resolution and imaging fidelity. Figure 6 and Figure 7
Brightness Temp (Tg) rms continuum, | hr, | 8706 | 5051 12.42 453 2.77 1.36 show the effects of adjusting imaging weights to vary the resolution and quality of the point spread function
Robust [K] (PSF). These figures are based on a four-hour simulation at 30 GHz using the 244 antenna array
T2 rms Tine, 1 hr, 10 ks, Robust [K] TSES 5173 1540 555 335 109 configuration (Main Array and Long Baseline Array combined), for a source at +24° Declination observed

during transit. The reported beam size is the geometric mean of the major and minor axes full width at
half maximum (FWHM) of the synthesized beam as parameterized by Gaussian fitting in the CASA ‘tclean’

task. [RD47]
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ngvla Bridging SKA & ALMA

Next Generation Very Large Array

Complementary suite from cm to submm arrays for the mid-21st century

B < 0.3cm:superb for
chemistry, dust, fine
structure lines, and
warm dust continuum

B 0.3 to 3cm:ngVLA
superb for terrestrial
planet formation, dense
gas history, baryon
cycling

B > 3cm: SKA superb for

| i 1 e | N pulsars, reionization, HI

0.05 0.1 0.35 1 10 : 30 60 90 + continuum SUI’VG)’S

B Deployment baseline 2017 Frequency(GHz)
Design baseline + Meerkat

10

Atmospheric Absorption

Effective Collecting Area 10°m?
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== Concept Development in the US

Initiate science , NRAO ngVLA ,Science case . Science book . Submitted to
investigation at AAS : Project office :development by : published : Astro2020
i launched WG I ,
Technical workshop | : . Optics workshop : ngVLA-SKA
: SAC formed :TAC formed i alliance meeting Astro2020

Science workshop report

1

I
| | | |
- Community :Session at URSI : I System design :
| studies program I I : reference I
: "Workshops ' ' published :
| | | |
I Workshops [ I I I
I : : ' Workshops :

|
2016

Astrophysical Frontiers Conference November 2018 Science Book Radio/MM Astrophysical Frontiers Conference July 2019



ngvla Status in Japan

Next Generation Very Large Array

NAO)J ngVLA Study Group ngVLA Workshop ngVLA Kickoff Meeting
B Established April 2019 B Sep 17-20,2019 @ NAO)], Mitaka B Jan 31,2020 using Zoom
B Purpose: Stimulate community M Purpose: It international ngVLA B Purpose: introduction to ngVLA
interest and promote ngVLA workshop to promote ngVLA in and science prospects
Group lead: D.lono (NAO)) Japan B 8| participants

Project scientist: M. Momose (Ibaraki) B ~100 participants
Technical lead: A. Gonzalez (NAO)) B 34 talks, 4 posters
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ngvla Science Working Groups

Next Generation Very Large Array

Goal Output
Compile ngVLA science use cases tuned to the Japanese B ngVLA-] Memo series
communit

4 B ngVLA-] Science Book
Science Working Groups (SWGs)
| BB L BERAR The contents of the memo series will
2L BALEEREBIZE 3 EHEH & 2RILS) be used as the basic material for the
3. FHEDOHRTOMRMEL Science Book, which will be written in
4. SRAID VY —E R W= E D EROREE plain Japanese language.

5759 9R—ILDOER - BIELERALFAAY - JILFA YRS —KXE

Timeline C]
| 2 3 4 5 6 7 8 9 10 I 12 | 2 3 4 5 6 7 9 10
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ngvla Science Working Groups

Next Generation Very Large Array

Group Leads

Advisory
SWG3 SWGH4 SWG5
| M. Fukagawa
NAO]
K. Kohno
University of Tokyo
M. Momose K.Tachihara K. Niinuma H. Nagai A. Gonzalez
Ibaraki University Nagoya University Yamaguchi University NAO] NAO]
T. Hasegawa
NAO)
@ \':". W Faculty/staff
y M Postd )
@ 505 % N. Sakai
tudent )
. y Riken
SWGI SWG3 SWG5 4
SWG2 SWG -

“others
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Next Generation Very Large Array
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Margutti et al. 2018

140 os oo .5
Galactic Lengitude [deg]

SEARPOFEICIMBHEEIISD E 2 45D

,rdndtrmg BH population N | — ol
in 11 galaxies with M > 10" Ma. . /\ = ;xiE: =1 E !
e — 1x107M,, 1.0
[ —— ALMA
9 0"
g
._;? 10% \
- \/
1o 10-7 10% 10%¢ IC.“' 10%* 10%* 10%* 1047 10%% ]E;"‘ 10%° 1041
v[Hz]
i g "P“‘El':_ ‘?_ bE“ Wandering BHs in M87 (massive ellipticals)
wa.n - ki are bright in radio with ~ 100GHz
) —
BERHEFRT 5 Y2 .
-GW170817 D& B 1R % T2k T 2 — o a0
—)l, o e :
I 2
+100MpcDEERE Pt FE A KR E e Lot I i 4OMpe
fEBE. MWyDBRENBNIERETTEE % — ;g?t}gg
(9]}
(7212 LO3TI100MpcD IRV i i
KR E (e T
«200MpcOBERER & . 0.2ulyDREH e \



interactions may
dominate binary inspiral?
-

Continuous GWs

Gravitational radiation provides

oy

Stellar and gas

Coalescence,
Memory & Recoil

Post-coalescence system

efficient inspiral. Cii
disk may track shrinking orbit.

may
gravitational recoil.

GW Strain
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) The Formation and Evolution of Black Holes in the
g=VIEN  Era of Multi-Messenger Astronomy

Next Generation Very Large Array

Burke-Spolaor, S.; Blecha, L.; Bogdanovi¢, T.; Comerford, J. M.; Lazio, J.; Liu, X.; Maccarone, T.

Supermassive Black Hole Pairs and Binaries J; Pesce, D.; Shen, Y.; Taylor, G.

Corsi, A,; Frail, D. A.; Lazzati, D.; Carbone, D.; Murphy, E. J.; Owen, B. |; Sand, D. J;

Compact Binary Mergers as Traced by Gravitational VWaves :
O'Shaughnessy, R.

Radio Emission from Short Gamma-ray Bursts in the Multi-messenger Era Lloyd-Ronning, N.

Revealing the Galactic Population of Black Holes Maccarone, T. J.; Chomiuk, L.; Strader, J.; Miller-Jones, J.; Sivakoff, G.

Local Constraints on Supermassive Black Hole Seeds from a Next Generation
Very Large Array

Plotkin, R. M.; Reines, A. E.

Accretion and Jets in Local Compact Objects Coppejans, D. L.; Miller-Jones, J. C.; Kording, E. G; Sivakoff, G. R.; Rupen, M. P.
Tidal Disruption Events van Velzen, S; Bower, G. C.; Metzger, B. D.

Intermediate-Mass Black Holes in Globular Cluster Systems Wrobel, |. M.; Miller-Jones, J. C. A; Nyland, K. E.; Maccarone, T. J.

Science with Pulsar Timing Arrays and the ngVLA Chatterijee, S.

Blecha, L.; Brisken, W.; Burke-Spolaor, S.; Civano, F.; Comerford, J.; Darling, |.; Lazio, T. ]. W.;

Offset Active Galactic Nuclei
Maccarone, T. ).

Law, C. J.; Bower, G. C,; Burke-Spolaor, S;; Butler, B. J.; Demorest, P.; Lazio, T. J. W.; Linford,

Serendipitous Fast Transient Science with the ngVLA ).D

Flares from Coalescing Black Holes in the Centimeter-VWavelength Transient Sky  Ravi, V.



http://aspbooks.org/a/volumes/article_details/?paper_id=38737
http://aspbooks.org/a/volumes/article_details/?paper_id=38736
http://aspbooks.org/a/volumes/article_details/?paper_id=38735
http://aspbooks.org/a/volumes/article_details/?paper_id=38734
http://aspbooks.org/a/volumes/article_details/?paper_id=38733
http://aspbooks.org/a/volumes/article_details/?paper_id=38732
http://aspbooks.org/a/volumes/article_details/?paper_id=38731
http://aspbooks.org/a/volumes/article_details/?paper_id=38730
http://aspbooks.org/a/volumes/article_details/?paper_id=38726
http://aspbooks.org/a/volumes/article_details/?paper_id=38729
http://aspbooks.org/a/volumes/article_details/?paper_id=38728
http://aspbooks.org/a/volumes/article_details/?paper_id=38727
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Next Generation Very Large Array

SMBH related science categorized in other
Key Science Goals

An ngVLA Wide Area AGN Survey

Kirkpatrick, A.; Hall, K.; Nyland, K; Lacy, M.; Prandoni, .

High-resolution Imaging of Radio Jets Launched by Active Galactic Nuclei:
New Insights on Formation, Structure, and Evolution Enabled by the ngVLA

From Megaparsecs To Milliparsecs: Galaxy Evolution and Supermassive
Black Holes with NANOGtrav and the ngVLA

Probing Obscured Massive Black Hole Accretion and Growth since Cosmic
Dawn

Young Radio AGN in the ngVLA Era

Precision Gas-dynamical Mass Measurement of Supermassive Black Holes
with the ngVLA

Radio Jet-ISM Feedback on Sub-Galactic Scales

Accreting Supermassive Black Holes in Nearby Low-Mass Galaxies

How Dc Cold Gas Outflows Shape Galaxies?

Lister, M. L.; Kellermann, K. I.; Kharb, P.

Taylor, S. R.; Simon, |.

Rujopakarn, W.; Nyland, K.; Kimball, A. E.; Prandoni, I.
Patil, P.; Nyland, K.; Harwood, J. J.; Kimball, A.; Mukherjee, D.

Boizelle, B. D.; Nyland, K.; Davis, T. A.

Nyland, K.; Mukherjee, D.; Lacy, M.; Prandoni, |.; Harwood, ]. J.; Alatalo, K;
Bicknell, G.; Emonts, B.

Nyland, K.; Alatalo, K.

Bolatto, A. D.; Armus, L.; Leroy, A. K; Veilleux, S.; Walter, F.; Mushotzky,
R.



http://aspbooks.org/a/volumes/article_details/?paper_id=38742
http://aspbooks.org/a/volumes/article_details/?paper_id=38744
http://aspbooks.org/a/volumes/article_details/?paper_id=38745
http://aspbooks.org/a/volumes/article_details/?paper_id=38746
http://aspbooks.org/a/volumes/article_details/?paper_id=38747
http://aspbooks.org/a/volumes/article_details/?paper_id=38712
http://aspbooks.org/a/volumes/article_details/?paper_id=38706
http://aspbooks.org/a/volumes/article_details/?paper_id=38705
http://aspbooks.org/a/volumes/article_details/?paper_id=38704
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Next Generation Very Large Array

« SMBH Formation

» Search for SMBH binaries, offset AGNSs, low mass AGNs, IMBH in Globular
clusters, TDEs

 Stellar BH Evolution
* Increasing the sample of stellar mass BHs

« SMBH-Galaxy Evolution
» AGN outflow/jet feedback

» Jets/Accretion Physics
» Disk-Jet connection, Jet production

« AGN Survey
» Radio-quiet AGNs, Dust-obscured AGNs
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Local Constraints on Supermassive Black Hole
Seeds from ngVLA

Plotkin & Reines

. 10° 5
« Seach for massive 7 — log Mgy = 4
(not supermassive) 10° 4 —=-- log Mgy = 5
BH in nearby low- : —— log Mg+ = 6

mass galaxies

T
£
Qo
log Lg = 0.6 log Ly + 0.78 log Mg, + 7.33 i
(e.g., Merloni et al. 2003; Falcke et al. 2004; ~
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,%ﬁa IMBH in Globular Cluster Systems

Next Generation Very Large Array

Wrobel et al.

Converting an ngVLA Signal to an IMBH Mass

10°

10 hours
1 hour

100 hours

== Distance
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eviel Tidal Disruption Events

Next Generation Very Large Array

van Velzen et al.
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An ngVLA Wide Area AGN Survey

ngvla

Next Generation Very Large Array

Kirkpatrick et al.
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10° ac e
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Propose a 10 deg2 survey in the Stripe 82 field using the 8 GHz band with an
detect ~ 130,000 galaxies, including radio-quiet AGN out to z ~ 7.

rms depth of | pJy beam—1.We will



45

ngvla
Center Frequency 2.4 GHz 8 GHz 16 GHz 27 GHz 41 GHz 93 GHz
Band Lower Frequency [GHz] 1:2 3.5 123 20.5 30.5 70.0
Band Upper Frequency [GHz] 3.5 12.3 20.5 34.0 50.5 116.0
Field of View FWHM [arcmin] 24.4 7.3 3. 2.2 1.4 0.6
Aperture Efficiency 0.78 0.77 0.86 0.85 0.81 0.60
Effective Area, Aoz x 10% [m?] 422 41.7 46.8 46.0 44.0 324
System Temp, Ty [K] 23 25 22 33 45 62
Max Inst. Bandwidth [GHz] 2.3 8.8 8.2 13.5 20.0 20.0
Sampler Resolution [Bits] 8 8 8 4 4 4
Antenna SEFD [Jy] 328.6 361.8 283.2 4324 617.0 1153.7
Resolution of Max. Baseline 26 8 4 23 15 0.7
[mas]
Resolution FWHM @ Natural 163 49 24 14 10 4

Weighting [mas]




=

ngvla Key Operation Concepts

Next Generation Very Large Array

Proposal Evaluation

Peer review system will be
adopted. Proposals will be
evaluated based on scientific
merit and technical feasibility

Data Product

Pipeline will automatically
generate Science Ready Data
Products for most standard
projects (~80%). Expert
mode will exist too.

Time Allocation

Pls awarded time and not
sensitivity. This is different
from ALMA

Operated from the
Array Operation Center
in Socorro NM

Dynamic Scheduling

Time allocated dynamically
according to the priority built
into the queue.

Array Availability

No reconfiguration, meaning
that the array will used
continuously with minimum
downtime. Subarrays will be
used for maintenance and
commissioning activities



	ngVLA計画概要と日本における活動報告、SWG-Jの活動とサイエンスケースの紹介
	A next-generation Very Large Array (ngVLA) 
	スライド番号 3
	Array Components
	スライド番号 5
	スライド番号 6
	スライド番号 7
	Bridging SKA & ALMA
	Concept Development in the US
	Status in Japan
	Science Working Groups
	Science Working Groups
	スライド番号 13
	スライド番号 14
	スライド番号 15
	スライド番号 16
	スライド番号 17
	appendix
	The Formation and Evolution of Black Holes in the Era of Multi-Messenger Astronomy
	SMBH related science categorized in other Key Science Goals
	Contexts
	Supermassive Black Hole Pairs and Binaries
	Local Constraints on Supermassive Black Hole Seeds from ngVLA
	IMBH in Globular Cluster Systems
	Tidal Disruption Events
	An ngVLA Wide Area AGN Survey
	スライド番号 27
	Key Operation Concepts

