Building a New Era for ALMA Science

1. How ALMA has established the roadmap for the next decade
2. What was the process in Japan to realize it ("ALMAZ2")

Misato Fukagawa, ALMA Project
slides from Alvaro Gonzalez (NAQOJ), John Carpenter (Joint ALMA Observatory)

NAQOJ Future Planning Symposium 2023, November 7, 2023
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Science Requirements in the construction phase

Requirement 1 (Origin of Galaxies)
Detect spectral line emission from CO or CIl in a normal galaxy like the
Milky Way at a redshift of z=3, in less than 24 hours of observations.

Requirement 2 (Origin of Planets)
Image the gas kinematics in protostars and protoplanetary disks around
young Sun-like stars at a distance of 150 pc

Requirement 3 (High Anqular Resolution/Origin of

chemical complexity)
The ability to provide precise images at an angular resolution of 0.”1. Reveal
the chemical evolution in the universe

During the ALMA International Review in 2019, it was
assessed that these requirements had been basically met

How can ALMA continue to be the world's leading
telescope for astronomy?

(modified from the original slide)




ALMA2030 Report by ALMA Science Advisory Committee

In 2015, ASAC examined potential technical developments for ALMA between then and the
year 2030. The ASAC recommended, with no specific priority, four development paths based

on their long-term scientific potential:

Improvements to the Archive: enabling gains in usability and impact for the observatory
Larger bandwidths and better receiver sensitivity: enabling gains in speed

Longer baselines: enabling qualitatively new science

Increasing wide field mapping speed: enabling efficient mapping

W~

In November 2015, in order to review and prioritize the recommendations from ASAC,
ALMA formed a Development Working Group with the tasks to:

* Propose a science-driven prioritization for the medium to longer-term developments

* Propose new science goals for the upcoming decade
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We have been thinking for a long time in Japan and East Asia
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In EA, the input of the community is received annually in the
EA Development Workshop. In 2011-2014, we defined the
science requirements from the EA community which were fed

we ha.ve c!|scussed par.tlcular priorities in detail, and the actual Workshop on wideband receivers (Osaka, 2018)
technical implementation of the ADR.
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We have been thinking for a long time in Japan and East Asia
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Delivery of ALMA Development Roadmap

ALMA Development Roadmap (2018)

The outcome was released as the ALMA Development Roadmap

in 2018.

ORIGINS OF GALAXIES
Trace the cosmic evolution of key elements
from the first galaxies (z>10) through the
peak of star formation (z=2-4) by detecting
their cooling lines, both atomic ([ClI], [ONI])
and molecular (CO), and dust continuum, at a
rate of 1-2 galaxies per hour.

New Science goals

ORIGINS OF CHEMICAL COMPLEXITY
Trace the evolution from simple to complex
organic molecules through the process of star
and planet formation down to solar system
scales (~10-100 au) by performing full-band

frequency scans at a rate of 2-4 protostars per
day.
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ORIGINS OF PLANETS
Image protoplanetary disks in nearby (150 pc)
star formation regions to resolve the Earth
forming zone (~ 1 au) in the dust continuum
at wavelengths shorter than 1mm, enabling
detection of the tidal gaps and inner holes
created by planets undergoing formation.

4. UPGRADING THE RECEIVERS,
DIGITAL SYSTEM, AND CORRELATOR
The Working Group recommends that the top lof t

ALMA should be to expand the bandwidth of the receivers and upgrade
the digital system and comelator The current ALMA digital processing

themnzm;yslzmbindmltpvug rams and a: mmﬁrmm
nings to cover an appreciable
uhm i o it ik, Expc ngihz loughp by




ALMA Development Roadmap (2018)

Delivery of ALMA Development Roadmap

The outcome was released as the ALMA Development Roadmap
in 2018. ‘ R o i

Development priority

1. Broaden the receiver IF bandwidth by at least a factor two, and to upgrade
the associated electronics and correlator.

2. A group should be tasked with prioritizing the long-term capabilities of the
ALMA archive. ‘

Wideband Sensitivity Upgrade

« Available bandwidth : factor of 2-4 increase

 Correlated bandwidth : more than an order of magnitude increase with ~0.1 km/s
resolution

* Observing speed : 2.2-4.7x faster for spectral lines, 4.8x faster for continuum (in the
example case of Band 6v2)




Wideband Sensitivity Upgrade (WSU)

» Upgrade of the bandwidth and throughput of the ALMA system
- upgraded receivers with increased bandwidth and improved receiver temperatures
- more powerful correlator

- increased data reduction capacity

Upgrade!

]
Antennas =Pl Receivers == Back end == Correlator == Data processing == Archives Astronomers




The power of molecular spectroscopy In disks

Gas mass

HD 163296 - dust traces only ~ 1% of the total disk mass

- use molecules to trace the dominant disk component (Hz2)

Chemistry and the chemical compaositions of planets

3D velocity and temperature structure of disks

Detect embedded planets through velocity distortions

With vastly improved spectral grasp and improved line (and continuum!) sensitivity,
the Wideband Sensitivity Upgrade will be a tremendous advance for disk studies.

Oberg et al. (2021)



The WSU Advantage
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The WSU Advantage
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The WSU Advantage
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... and up to 40 additional spectral windows!




e ALCHEMI survey of NGC 253
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« Survey speed with ALMA 2030 will increase by a factor of 3-6 plus any gains from
improved receiver temperatures.
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ALMA spectral scan search for Oxygen in MACS1194-JD
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ORIGINS OF GALAXIES
Trace the cosmic evolution of key elements
from the first galaxies (z>10) through the
peak of star formation (z=2-4) by detecting
their cooling lines, both atomic ([Cll], [ONI])
and molecular (CO), and dust continuum, at a
rate of 1-2 galaxies per hour.

ALMAZ is the name used in Japan referring to the plan to

ORIGINS OF CHEMICAL COMPLEXITY
Trace the evolution from simple to complex
organic molecules through the process of star
and planet formation down to solar system
scales (~10-100 au) by performing full-band
frequency scans at a rate of 2-4 protostars per
day.
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ORIGINS OF PLANETS
Image protoplanetary disks in nearby (150 pc)
star formation regions to resolve the Earth
forming zone (~ 1 au) in the dust continuum
at wavelengths shorter than 1mm, enabling
detection of the tidal gaps and inner holes
created by planets undergoing formation.

carry out the major upgrades defined in the
Development Roadmap and to provide the new

observing capabilities to the research community, at the
same time we continue operations of the ALMA telescope.

NAC)J

National Astronomical
Observatory of Japan

ALMA Development Roadmap (2018)

4. UPGRADING THE RECEIVERS,

The

that th

DIGITAL SYSTEM, AND CORRELATOR

priority for
ALMA should be to expand the bandwidth of the receivers and upgrade
gital processing
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ALMA2 from April 1stin 2023

"Atacama Large Millimeter/submillimeter Array 2 (ALMAZ2) in Search of Our Cosmic Origins” (FY2023-2032)
[FHEEEMDERZFERITDIAEZI KRS T ZVFRERIED?ILT 2 5TE] (2023~2032FF)

Background

ALMA is being operated in the framework of the Large-scale Academic Frontier program by MEXT in
Japan. The current ALMA project period will end in FY2022. ALMA had to be selected in the MEXT

Roadmap to be implemented in the Frontier program in order to continue the operations.

ALMAGTIE [ IARMEZ M T O T« 7IRESEETEBL TS, IRIEDOFTEHARB(32022FE TR T I D, ALMADERZ#]k 9 S(C(E. XERIFE0O—
Ry T (CH/EB SN, ARIRFEM IO 7« PIBESEICEENDIHNEND D,

v

January 2020: Selected as one of the high priority projects Scientific achievements so
in the Master Plan 2020 by the Science Council of Japan far bty the cor(rj'lmunlty V‘;as
September 2020: Selected in the MEXT Roadmap 2020 2! SUFOIE] Ene O

Reflected also in the endorsement
2020418 : BAEMRE N XY —T 5> 2020(CERARBATETE & U THE by the Community in the MP2020.
20204E98 : XERIFEAO— Rw J2020(C15,

After a successful transition review in 2022, ALMAZ2 has received https://www.mext.qo.ip/content/2022
endorsement by MEXT Committee to start from April 15t 2023 0728-mxt gakkikan-000025951 1.pdf

National Astronomical


https://www.mext.go.jp/content/20220728-mxt_gakkikan-000025951_1.pdf
https://www.mext.go.jp/content/20220728-mxt_gakkikan-000025951_1.pdf

2 Standing on the huge efforts so far

Continuation of ALMAZ is based on the huge efforts by many people so far:
management, development, engineering, operations, scientists
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"ALMA Construction and Operations” (invited talk by Iguchi-san at the Gopira symposium 2021)
http://gopira.jp/sym2021/program.html

NAC)J

National Astronomical

Observatory of Japan
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Accumulating achievements

(modified from the original slide)

High growth rate of papers from ALMA,
comparable to HST and VLT

Cultivating the community: researchers and
developers/engineers

NAC)J

National Astronomical
Observatory of Japan




\ PR
}\\9@
/\\ y
(“ y/!)\_
=

Process In Japan to start ALMAZ2

e January 2020: Selected as one of the high priority projects in the Master Plan
2020 by the Science Council of Japan

Academic significance, consensus of the research community, clarify of implementation entity,
feasibility, open-user system, value for society, level of maturity, strategic nature/urgency

- STEOFINMNER, MIFZEIZ 15574 DER. STEOEMIAROIRES. FTEOZH%, T
FFIREHIOFTERE. HSIUIME. RRE. FTHNEE U TOBEMY - R
« September 2020: Selected in the MEXT Roadmap 2020

Academic significance, consensus of the research community, implementation entity, open-user
system, feasibility, urgency, strategic nature, support from society and the public

STEDFMNER, MRE 1154 0O5R. FTEIOEMER. HEMAAE. STBIOZSE.
ZRE. HERE, ASPEEMNS DO

 April 2022: Transition evaluation for ALMA in the MEXT Frontier Project

* Mainly achievements of project

* June 2022: Pre-evaluation for ALMAZ2 in the MEXT Frontier Project

» Academic significance, consensus of the research community, implementation entity, open-user

s%stem, feaslibility, urgency, strategic nature, support from society and the public, response to
the previous action items




3 Overall comment In the evaluation report
This project aims to further improve the performance of ALMA, which has the world's highest
sensitivity and resolution as a radio telescope, in order to conduct deeper exploration of planetary
formation and evolution, material exploration, and the history of galaxies and other bodies The
project is highly ur?ent and strategic, and will be supported by the domestic and international
research community as well as by soueéy and the public. In order to achieve the three scientific
oals based on the’excellent results to date, Japan will continue to make progress in improving the
elescope's performance (doubling its resolution, sensitivity, and frequency bandwidth) and
maintaining it pererI%/, including measures to prevent it from agln%. Japah will continue to lead
cutting-edge radio astronomy résearch in strong cooperation with the U.S. and Europe, and
maintain its international competitiveness. Considering the above, we evaluate that this project
should be actively pursued and that it should be startéd as soon as possible.
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https://www.mext.go.jp/content/20220728-mxt_gakkikan-000025951_1.pdf
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& Building and operating large-scale facilities

i
e

A few comments based on my personal observations and those through conversations with people.

* No projects are the same. The nature of each project is different, as is the
external environment surrounding each project at any given time.

* It takes efforts, but just because we work hard doesn't mean it will happen.

» A project should bring growth for the community and the institution
implementing the project.
 Research activity level, number of people and positions

. Accu.rtr;lulation of experiences and skills in NAQJ, in-kind contribution as much as
possible

» The importance of science is widely understood. In addition to this, it is
necessary to appropriately demonstrate the contribution to the society.

* The criteria for review includes various aspects, not reviewed solely based on
scientific significance.

* Clear (and quantitative) goal setting is requested.
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