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Publication of the NAOJ External Review (ER2023) Final Report

The National Astronomical Observatory of Japan (NAOJ), an Inter-University
Research Institute Corporation operating under the National Institutes of Natural
Sciences (NINS), commissioned an External Review (ER2023) to the External Review
Panel (ERP) consisting of nine external experts, including five overseas experts, at its
Mitaka Campus (Headquarters) in Tokyo on October 5 and 6, 2023. We are pleased to
report that the results of the ER2023 have now been compiled.

The ER2023 has identified three key aspects as parameters for evaluating its activities
over the past five years, from April 2018 to March 2023: 1) Management of NAO]J, 2)
Research activities at NAOJ, and 3) Response to the issues raised in the previous review
(conducted in February 2015). The final report presents the ERP’s observations and
recommendations (suggested action items) for each aspect, with additional

observations in the final section.

This booklet consists mainly of the ER2023 Final Report (original English version dated
January 31, 2024) and its Japanese translation. NAOJ deeply values the insightful
comments provided by the ERP and will utilize them to summarize its activities over
the past five years and to guide its operations and research and development, as NAO]
remains committed to advancing astronomy and contributing to the university as well

as community and society.

February 2024
Saku Tsuneta
Director General

National Astronomical Observatory of Japan
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ER2023 Panel Members

Ewine van Dishoeck (Co-chair)

Professor at Leiden University. Prof. van Dishoeck is one of the global leaders in
the field of astronomy, having served as the President of the International
Astronomical Union (IAU) from 2018 to 2021. Her expertise lies in the physics
and chemistry of the interstellar medium and formation of stars and planets.
Having held positions at Harvard University, the Institute for Advanced Studies at
Princeton, Princeton University, and the California Institute of Technology, she
has been Professor at Leiden University since 1995. Prof. van Dishoeck served as
the Scientific Director of the Netherlands Research School for Astronomy
(NOVA) from 2007 to 2021 and has been involved in numerous international

collaborative projects in her career.

David R. Silva (Co-chair)

Dean and Distinguished Professor at the College of Sciences, University of Texas
at San Antonio. For over a decade, Prof. Silva served as the Director of the National
Optical Astronomy Observatory (NOAQO), currently the NSF's National Optical-
Infrared Astronomy Research Laboratory (NOIRLab). He has a deep
understanding of scientific and academic institution administration in the United
States. His scientific expertise lies in the formation and evolution of galaxies.
Having worked in organizations such as NOAO, the European Southern
Observatory (ESO), and the Thirty Meter Telescope International Observatory
(TIO), Prof. Silva has held his current position since March 2019.

Tomoko Arai

Vi

Director of the Planetary Exploration Research Center (PERC) at Chiba Institute
of Technology. Dr. Arai’s expertise lies in lunar and planetary science. She was an
engineer at Japan Aerospace Exploration Agency (JAXA), formerly National Space
Development Agency of Japan (NASDA), and a research fellow at the National
Institute of Polar Research and at the University Museum, the University of Tokyo.
She joined PERC as Senior Staft Scientist in 2009 and became Principal Staff
Scientist in 2017. Dr. Arai is the Principal Investigator of JAXA's DESTINY+
mission to fly by the Geminids parent asteroid (3200) Phaethon. She has also
served as a member of NAOJ's Advisory Committee for Research and

Management since April 2022.



You-Hua Chu

Distinguished Research Fellow at the Academia Sinica Institute of Astronomy and
Astrophysics (ASIAA) and Emeritus Professor at the University of Illinois at
Urbana-Champaign. From 2014 to 2020, Prof. Chu served as the Director of
ASIAA in Taiwan. Her expertise lies in the physics of interstellar and circumstellar

matter. Over the years, she has held the position of professor in the Department

of Astronomy at the University of Illinois Urbana-Champaign, including serving
as the department chair from 2005 to 2011. Prof. Chu has actively participated in

numerous telescope projects both in the United States and internationally.

Mamoru Do1

Director at the Institute of Astronomy, the Graduate School of Science, the
University of Tokyo. Prof. Doi’s expertise lies in optical and infrared astronomy,
time-domain astronomy, and observational cosmology. He began his career as
Assistant Professor at the Graduate School of Science, the University of Tokyo,

while concurrently serving as a visiting researcher at Princeton University.

Subsequently, he progressed to serve as Associate Professor and later Professor at
the Graduate School of Science, the University of Tokyo. After assuming his
current position as Director in April 2016, Prof. Doi has played a pivotal role in
the University of Tokyo Atacama Observatory (TAO) project promoted by the

mstitute.

Kanya Kusano

Professor at the Institute for Space-Earth Environmental Research (ISEE) and the
Graduate School of Science at Nagoya University. From April 2017 to March 2023,
Prof. Kusano served as the Director of the ISEE. His scientific expertise lies in
solar plasma physics. Having held positions as Research Assistant and Assistant

Professor at the Faculty of Science, Hiroshima University, Associate Professor at

the Graduate School of Advanced Sciences of Matter, Hiroshima University, and
Program Director at the Japan Agency for Marine-Earth Science and Technology
(JAMSTEC), Prof. Kusano was appointed as Professor at Nagoya University in
2009 and has held his current position since April 2017.

Vii



Kazuyuki Omukai

Professor at the Astronomical Institute, Graduate School of Science, Tohoku
University. Prof. Omukai specializes in astrophysics and astrophysical cosmology,
with a focus on theoretical studies of structure formation in the early universe,
including the formation of the first stars. Prior to his current position, he served
as Assistant Professor at the Division of Theoretical Astronomy of NAOJ and
Associate Professor at the Graduate School of Science, Kyoto University. Prof.
Omukai has held his current role since 2013 and has also served as a member of

NAOJ's Advisory Committee for Research and Management since April 2022.

Adrian Russell

Director of Programmes at the European Southern Observatory (ESO). Dr.
Russell’s specialization is in radio astronomy. Previously, he has held various
significant roles, including being a researcher at the James Clerk Maxwell
Telescope (JCMT) in Hawaii, the UK Project Manager for the Gemini Telescope
Project, the first Director of the UK Astronomy Technology Centre (UK ATC),
and the North American (NA) ALMA Project Director. Dr. Russell has been in his

current position since July 2010.

Edwin L. Turner

viii

Emeritus Professor of Astrophysical Sciences at Princeton University. Prof.
Turner’s expertise spans a wide range of astrophysics, covering topics from
cosmology to exoplanets. Since 1978, he has been actively involved in research and
education at Princeton University. Additionally, he has served in various capacities,
including as a member of Board of Directors of the Association of Universities for
Research in Astronomy (AURA) and holding positions such as the Director of the
Apache Point Observatory (APO) 3.5m Telescope. Prof. Turner has also been an
affiliate researcher at the Kavli Institute for the Physics and Mathematics of the
Universe (Kavli IPMU) at the University of Tokyo.
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NAOJ Organization Chart

Advisory Committee for _[ Projects ]
Research and Management
( )
. . . : S Kilometer Array 1 (SKA1)
|| Project Review Committee _| Mizusawa VLBI Observatory ]_[P?c?riﬁior;cg:su% i ]
: . —[Nobeyama Radio Observatory ]
Research Coordination -
\ Committee ) —[Solar Science Observatory ]
(" Science Advisor N —[Subaru Telescope ] [Okayama Branch ]
|| i visory
L Committee ) —[Center for Computational Astrophysics ]
_r Communications ) [NAOJ Chile ]
| Enhancement Committee | _[ ALMA Project ]—[ [\:gs fs;gzﬁgine\r/g% Long Array ]
( N
— External Council
" J —[Gravitational Wave Science Project ]—[Kamioka Branch ]

—[Thirty Meter Telescope (TMT) Project ]—[NAOJ California Office ]

—[ JASMINE (Japan Astrometry Satellite Mission for INfrared Exploration) Project ]

—[ RISE (Research of Interior Structure and Evolution of Solar System Bodies) Project ]

—[SOLAR-C Project ]
—[Subaru Prime Focus Spectrograph (PFS) Project ]

rDirector |

General J —[Subaru Ground Layer Adaptive Optics (GLAO) Project ]
|| Vice-Director General
| (on General Affairs)

[ Vice-Director General ) ‘[ Centers ]

| (on Finance)

—[Atacama Submillimeter Telescope Experiment (ASTE) Project J

’ Astronomy Data Center ]

~

( Director of
Advanced Technology Center ]

__Engineering )
— Public Relati Cent
| [ Director of Research Lblic Relations enter ]
Coordination
~ o *[ Division of Science ]
( Executive Advisor to

(_the Director General | *[ Administration Department

General Affairs Group Research Promotion Group
Financial Affairs Group Accounting Group
Facilities Group

—[ Library ]

—[ IT Security Office ]

—[ Research Enhancement Strategy Office ]

4[ Research Assessment Support Office ]

Industry Liaison Office ]
— Office of International Relations |
—[Human Resources Planning Office ]

—[Safety and Health Management Office ]

—[Engineering Promotion Office ]

As of April 1St’ 2023 —[Graduate Education Office ]

Collaborative
Projects

Inter-university Collaboration: Optical and Infrared Synergetic .
Telescopes for Education and Research (OISTER) Xl

Inter-university Collaboration: Japanese VLBI Network (JVN) ]
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ER2023 Session Schedule
Day1: Thursday, October 5, 2023

No. | Start End Session
1 9:00 | 10:00 | Director's report
2 10:00 11:00 | Frontier projects (TMT, ALMA, Subaru)
11:00 | 11:30 | Coffee/tea with senior staff
3 11:30 | 12:30 | Division of Science, Fellowships and Graduate Programs
12:30 | 13:30 | Lunch
4 13:30 | 14:30 | Management, Project Review Committee, Science Advisory Committee
5a* Group interview (Faculty/Graduate Education Office)
14:30 | 15:15
5b* Executive Committee, Planning Committee
15:15 | 15:45 | Coffe/tea with junior staff, postdocs, students
6a* Group interview (Students+Postdocs)
15:45 | 16:15
6b* Finance Committee
7a* Gender Equality/DEI
16:15 | 17:00 - :
7b* Administration Department
17:00 | 18:00 | Closed session

*Parallel session

Day?2: Friday, October 6, 2023

No. | Start End Session
8 9:00 9:50 | Decision making processes
9 9:50 | 10:45 | Non-frontier projects
10:45 | 11:15 | Coffee/tea with eng/tech/admin staff
10a* Computational Astrophysics
11:15| 12:00
10b* Advanced Technology Center
11a* Public Relations Center
12:00 | 12:30
11b* Astronomy Data Center
12:30 | 13:30 | Lunch
12a* Interuniversity collaborations
13:30 | 14:00
12b* Safety Management
13a* Science Advisory Committee of Open-use Facilities
14:00 | 14:45 - o
13b* Collaboration with industry
14:45 | 17:15 | Closed session
17:15| 17:45 | Initial feedback

*Parallel session

Xiii
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EXECUTIVE SUMMARY

This is the final report of the 2023 External Review (ER2023) of the National Astronomical Observatory
of Japan (NAOJ), submitted by the External Review Panel (ERP). NAOJ's mission is to develop and
construct large-scale cutting-edge astronomical research facilities and promote their open access aiming
to expand our intellectual horizons; to contribute to the development of astronomy as a world leading
research institute by making the best use of a wide variety of large-scale facilities; and to bring benefits
to society through astronomy public outreach.

The evaluation covers NAQJ's activities over the past five years, i.e., from April 2018 to March

2023. Topics for evaluation were defined in Section 2.2 of “Charges to NAOJ External Review 2023”
(NAOJ-REV2023-0002-A). Detailed information was provided to the ERP through documentation as well
as presentations and discussions during a two-day on-site visit to the NAOJ complex in Mitaka, Japan.
For each topic, this report provides observations (comments, thoughts, suggestions), and
recommendations (suggested action items). The ERP provides some additional observations in the final
section. In an appendix, the review process as it occurred is summarized.

Overall, ERP concludes that:

1. NAOIJ remains one of the world’s most productive astronomical research organizations with
an excellent record of accomplishment over the last five years. NAOJ is unequivocally
recognized as a reliable partner in international partnership projects.

2. NAOIJ has the capability and opportunity to sustain and extend domestic and international
leadership in the near-term (5 — 10 years) and long-term (10 — 30 years).

To exploit those opportunities, NAOJ must work closely with the National Institutes for Natural Sciences
(NINS) and the Japanese community to face and resolve several key challenges, most notably on NAOJ’s
budget. While funding allocations of its Frontier projects (Subaru 2.0, ALMA 2.0) have been
accomplished, the NAOJ operations budget has been significantly eroded. More specifically, the
combination of operational budget reductions and unfavorable foreign currency exchange rates is
leading to an untenable situation where activities are being constrained to meet (inter)national
obligations and scientific aspirations at off-site and off-shore high-impact / high-value facilities. NAOJ
cannot solve this problem on its own, it needs help from NINS and above to reverse the declining
operations budget and enable it to plan for the future.

The most important task in the immediate future is therefore to develop a strategic plan that
articulates an exciting vision for Japanese scientific and technical leadership as well as societal impact.
Such a vision is required to build community and governmental support not just for the next 5 years but
for 2040 and beyond. That latter long-term horizon is critical, given the long gestation period for major
international projects and their collaborations. Recent strategic visioning efforts by the NAOJ Science
Advisory Committee are welcome and should be accelerated in close cooperation with the Japanese
astronomical community. As part of such strategic planning exercises, attention must be given to the
apparently competing mission of NAOJ and the AstroBiology Center (ABC) in exoplanet research to
avoid unnecessary effort duplication and resource contention and ensure that science and
instrumentation at NAOJ are well integrated.
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The fate of the Thirty-Meter Telescope (TMT) project will be determined in the next 2 — 3 years. While
much of the construction restart depends on the U.S. National Science Foundation, NAOJ leadership is
indispensable within the international collaboration and on-the-ground in Hawai’i. The next NAOJ
Director General must stay actively engaged and build on the success of his predecessor and the
entire Japanese TMT team.

ALMA is a truly transformational international observatory and again NAOJ has been a key leader in its
success. The ALMA 2.0 projects assures continued ALMA impact into the 2030s and beyond. A critical
decision in the next five years for NAOJ and Japan is to decide whether to deepen engagement with the
U.S.-led Next Generation Very Large Array (ngVLA) project or Phase 1 of the international Square
Kilometer Array (SKA1) project. However, neither is possible without major new funding from the
Japanese government and NAOJ should avoid the trap of engaging in these major projects if such
engagement means diverting funding and resources from ALMA, including options for its longer-term
future into the 2040s.

Thanks to its location in Hawai’i and its wide-field instrumentation, Subaru is unique relative to other
optical telescopes in its class around the world. The Subaru 2.0 projects will extend high-impact
domestic and international leadership into the mid-2030s. Project funding for ALMA 2.0 and Subaru 2.0
as well as analogous operations funding (direct for site operations as well as indirect for scientific user
support and data analysis), should remain a high priority for the next 5 — 10 years.

As NAOJ continues to grow in influence, so should the Advanced Technology Center (ATC). To fulfill its
ambitions in large projects, NAOJ should attract additional high quality project managers and lead
system engineers. The transition to a matrix organization was wise and has allowed the ATC to explore
new areas more readily, such as technology transfer to support non-astronomical enterprises and
societal benefits. To better manage the matrix, the ATC should insist on better record keeping of day-to-
day activity so that decisions to start new projects can be based on a deep knowledge of current and
projected availability of resources and their assigned priorities. The ATC should also more actively build
slack into its schedule to allow for small, unscheduled, quick-turnaround projects.

The new department of science (DoS) is producing high quality and impactful research and is attracting
and mentoring an increasing number of young researchers. As it matures, the ERP recommends better
integration and interacting more productively with other elements of NAOJ. To enable this, new
and/or additional building(s) for office space and meeting rooms are urgently needed. DoS could also
play a significant role in strategic planning of NAOJ and the Japanese astronomical community.
Theoretical research in Japan is greatly supported by NAOJ’'s dedicated computing resources and
training through its Center for Computational Astrophysics (CfCA). It is important that its large-scale
computers remain state-of-the-art through regular upgrades.

NAOJ and its partners (especially Princeton University and Kavli-IPMU) are international leaders in
producing and exploiting large astronomical datasets. This well prepares NAQOJ to host future large
datasets, from such surveys as the Large Survey of Space and Time (LSST). Recent effort by the
Astronomy Data Center (ADC) to transition from a predominately data storage / data distribution
facility to a 21* century data analysis / data science support group is the right direction and should
continue. Development of ADC services and capabilities should exploit existing open-source capabilities
and/or be developed in partnership with expert groups in the private and public sectors. The latter will
be particularly important to resolve the rapid approach data volume crisis.
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NAOJ is engaged in broad array of scientific and operational partnerships with Japanese and
international institutions. Most seem active, productive and/or beneficial. However, some are not, and
the East Asian Observatory (EAO) partnership falls into that group. Initial lofty aspirations have not come
to fruition and the current benefit to NAOJ appears minimal, especially in terms of time investment by
the NAOJ Directorate. NAOJ and its governmental enablers should undertake a detailed review of EAO
accomplishments to date and prospects for the future.

Looking towards the NAOJ directorate, the current management process with its many committees and
committee meetings maximizes communication and participation but it comes at the cost of too much
redundancy and too many meetings. It appears straightforward to reduce the redundancy between
committees, which in turn would reduce redundancy in meetings, without reducing transparency and
communication to the large array of internal and external stakeholders.

Great people are the foundation of great organizations. NAOJ is no exception. It should move full speed
ahead to increase its diversity, most notably its fraction of female staff, to levels commensurate with
those nationally and internationally in astronomy. Working with the appropriate government
agencies, NAQOJ also needs to investigate and implement innovative compensation strategies to be
highly competitive when seeking to recruit the best people, especially in technical areas and in IT,
software engineering, and data science. NAOJ has a vibrant Public Relations Center that enriches
people’s lives, but it too has difficulties in retention and hiring of staff.

Fiscal realities being what they currently are, the curtailing or ending of lower-impact activities to
sustain high priority activities and create capacity for new activities is financially prudent and necessary.
This includes ensuring that industrial collaborations are mutually beneficial and do not dilute NAOJ’s
mission. Such decisions are never easy and often face resistance from internal and external
stakeholders. NAOJ has strengthened the prioritization process and made it more transparent in the
last few years.
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MANAGEMENT OF NAO!J

[1-A] Is the decision-making process transparent, fair, and well-informed?

Key documents
1. Overview of NAOJ, NAOJ-REV2023-0003-A
2. Management of NAOJ, NAOJ-REV2023-0005-A
3. Handover Report for FY2024 from Director General and Directorate, NAOJ-REV2023-0008-A
4. Presentations: ACRM-Management, ACRM-ProjectReviewCommittee, ACRM-SAC,
PlanningCommittee, and FinanceCommittee

Observations

The NAOJ management committee structure has been set up to ensure that its faculty are involved in all
key decision making aside from confidential staffing matters. There are also committees such as the
Project Director’s Meeting and the Faculty Meeting that are explicitly designed to promote
communication. As a result, the decision-making process is both transparent and well informed.

In a situation where there are budget cuts and insufficient funds to carry out all projects, it is inevitable
that some projects will suffer. There were a few difficult cases due to miscommunication between the
directorate and project leaders/community. Since that time, the Director General (DG) has taken
effective steps to explain the difficult situation to both the NAQJ staff and the wider community. The
same open approach has been used to establish direct communications with the native Hawai’ians
protesting TMT with very positive results, thus making a major contribution to the viability of that
project.

The Communications Enhancement Committee report was not reviewed by ER2023, but the Japanese
members of the committee note that NAOJ has been proactive in implementing the recommendations
from the report, and the situation has significantly improved. We note the involvement of many external
scientists in ACRM subcommittees and open-use Science Advisory Committees (SACs).

However, the NAOJ management structure has led to a rather extensive and complex committee
structure with some duplication. As one result, key members of leadership are spending significant and
burdensome time in meetings with probable negative effects on their ability to perform their primary
management functions. Similar, albeit less intense, committee duty overloads may well affect many
members of the senior staff beyond those in management positions.

It is an unfortunate reality that in most organizations, committees tend to proliferate and remain in
perpetuity. It is therefore good practice to review the need for the existing committee structure from
time to time with the goals of improved efficiency and simplicity. Some organizations create new
committees with a specified termination date, at which point by default they cease to exist.

Recommendations
1. Continue the emphasis on transparent communications and ensure that any changes in the
decision-making process do not unduly reduce it.

2. Seek to simplify the committee structure by, for example, combining the Planning and Executive
Committees, employing closed sessions (without faculty members but with HR) to deal with
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confidential staffing items. Also strive to reduce the cadence of committee meetings, for
example, by meeting only once per month and implementing strict agenda control.

3. Conduct an audit of time spent in committee meetings across the entire organization with the
goal of reducing their number, duration, and membership.

[1-B] Does the directorate implement best practices for effective priority setting and resource
allocation (both for budget and human resources)?

Key documents
1. Overview of NAOJ, NAOJ-REV2023-0003-A
2. Management of NAOJ, NAOJ-REV2023-0005-A
3. Handover Report for FY2024 from Director General and Directorate, NAOJ-REV2023-0008-A
4. Presentations: ACRM-Management, ACRM-ProjectReviewCommittee, ACRM-SAC, Planning
Committee, FinanceCommittee, and DecisionMaking
5. Presentation: ATC

Observations

The NAOJ team described how the committee structure worked in terms of allocating resources and
setting priorities. The role of the Project Points of Contacts in the Directorates was emphasized in the
process of resolving problems and clashes for resources between projects. This process seems to work
well and is fit for its purpose. The allocation process is made simpler since the big Frontier projects are
agreed to be the highest priority and have protected budgets.

The allocation of funding for ALMA 2.0 and Subaru PFS is a significant success. The situation is more
complex for the operational budget which has been steadily decreasing for more than a decade, eroding
that part of NAOJ's budget by more than 20% compared with 2013. Additional stress has been added by
an unfavorable exchange rate. Release and management of contingency by the Finance Committee is
working well, although limited in scope due to the very tight budget situation.

There were a few difficult allocation decision situations that caused significant discussion within the
Japanese community. A Communications Enhancement Committee was organized at a senior level and
made recommendations for NAOJ. Most of those recommendations have already been implemented or
in the process of implementation (for example, an advisory committee for the Division of Science). The
last major recommendation for implementation is to create transparent and consistent information
discussion flows between key committees, mainly the Project Review Committee (PRC) and the Science
Advisory Committee (SAC) within the Advisory Committee for Research and Management (ACRM).

Turning to the Advanced Technology Center (ATC), formal resource requests and allocation happen on
an annual basis. Frontier projects have the highest priority, which seems appropriate. However, as NAO)J
engages with more externally funded projects and collaborations, conflicts may emerge between
delivery deadlines specified in external contracts vs. similar deadlines set for internal projects. Another
potential risk could arise if an internal NAQJ group collaborates with an external university-based group
to propose a project to government agencies and then that project requires NAOJ resources on a
schedule that conflicts with an existing project. While such risks of conflict have not yet been realized, it
is important for NAOJ to establish policy and process to resolve such conflicts before they occur. Some
degree of spare capacity at the ATC would be beneficial to deal with unforeseen events and allow the
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smaller, lower priority projects to get effort in a timely way. There may still be opportunities to further
consolidate the role of ATC by transferring people from other parts of NAOJ to the ATC and making even
more use of ATC for delivering projects.

As the use of the ATC matrix management system expands in the future, consistent with experience in
other matrix organizations, it would be helpful to establish more formal processes to capture the time
spent on the various projects. This information would not only be valuable to track spending, but also
analyze fragmentation of effort and have a continuous improvement process to become more agile in
allocating effort.

Starting a new, major project beyond Subaru, ALMA, and TMT seems virtually impossible in the current
budgetary environment. Even work on early concept developments will be challenging because the
current personnel contingent is already stretched to handle current projects as well as day-to-day
operations.

Recommendations
1. Aclear policy and procedures for adjudicating and resolving resource allocation and scheduling
conflicts between internally and externally funded projects should be established. This is
particularly important for the ATC but applies to the entire organization.

2. The ATC should establish a formal process to capture time spent by each ATC member on all
individual projects, no matter how big or small they are.

3. Complete the implementation of the Communications Enhancement Committee
recommendations, including transparent and consistent information discussion flows between
key committees, mainly the Project Review Committee (PRC) and the Science Advisory
Committee (SAC) within the Advisory Committee for Research and Management (ACRM).

[1-C] Are partnerships with domestic and international institutions appropriate?

Key documents
1. Organizations and Development Plans of the NAQJ Large International Projects, NAOJ-REV2023-
0007-A
2. Handover Report for FY2024 from Director General and Directorate, NAOJ-REV2023-0008-A
3. Presentations on Subaru, ALMA, and TMT

Observations

NAOJ has developed several different kinds of domestic and foreign partnerships. These partnerships
can be scientific, technical, educational, etc. Many are well-aligned with current high priority NAOJ
projects (examples: ALMA, TMT, JAXA, SOKENDAI) or partners (examples: ASIAA, AUI/NRAO, AURA, ESO,
KASI, Kavli-KPMU, Princeton). Others appear to be useful for the other partner at little or no cost to
NAOJ (examples: various bilateral agreements with universities throughout Japan and Asia). Still others
appear inactive; that is, an agreement exists on paper but there has been no recent activity. All the
above seem positive and relevant to the current NAOJ mission. A few, however, seem less relevant and
perhaps distracting from the core mission, with the most notable being the East Asian Observatory
(EAO), which is discussed below.
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Of special note, NAOJ has made great improvement in the relationship with Hawai’ian people aiming to
preserve access to Maunakea on the “Big Island” of Hawai’i for astronomical facilities (including Subaru)
and to resume the construction of TMT on Maunakea. Without NAQJ leadership, this challenging
problem of culture and politics would be much further from resolution than it is today.

In contrast, the East Asian Observatory (EAO) collaboration does not appear to be making positive
progress. It has experienced significant financial and governance challenges since its creation. Regarding
governance, NAOJ has played an essential leadership role over the last five years to strengthen the
collaboration bylaws and terms of reference as well as stabilize the financial situation. Currently, EAO
lacks a strategic vision and implementation plan that has been accepted and funded by all partners. As
the key leader in this project, it behooves NAOJ and its sponsoring governing bodies to decide what is
best for the Japanese community, and then push for that future. The committee did not discuss, nor
does it recommend a specific future but notes that withdrawal should be considered as well as
continuation and deepening the commitment.

Within Japan, NAOJ is actively promoting joint research with various institutes with the aim of
developing new technology and frontiers for the entire Japanese community. Key examples include:

e In collaboration with JAXA, NAOJ developed essential technologies necessary to realize JASMINE
and future missions using JAXA's front-loading budget. NAOJ also conducted a feasibility study
for a lunar observatory as a science mission in the Artemis Program and discussed the
clarification of system requirements.

e In cooperation with NICT, NAOJ succeeded in developing and upgrading superconducting device
fabrication technology for ALMA and ALMA 2.0 and began R&D on integrated circuit technology
for a superconducting quantum computer.

e To develop new fields such as astronomical statistics and astronomical informatics, NAOJ
established the Joint Tenure Track System with the Institute of Statistical Mathematics (ISM) and
started the joint study with ISM by hiring two young researchers.

e NAO!IJ concluded the research collaboration agreements with Kagoshima University for VLBI
observation research and Osaka Metropolitan University for high-frequency radio receiver
technology development and signed the cross-appointment agreements with JAXA, the
University of Tokyo, and the National Institute of Advanced Industrial Science and Technology
(AIST).

NAOIJ is also actively promoting joint research with international institutions in large projects, most
notably ALMA, TMT, and VLBI:

o ALMA has three partners, East Asia (EA), Europe (EU), and North America (NA). NAOJ has the
largest share in the ALMA-EA and has assisted Taiwan and Korea partners in their instrumental
in-kind contribution. ALMA is operating smoothly and producing highly ranked science. ALMA is
entering the ALMA 2.0 phase aiming to increase the bandwidth and sensitivity.

e TMT construction has been suspended for several years due to the protest of the native
Hawai’ian people. To improve the situation, NAOJ has made the following efforts: relocation of
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the TMT Headquarter from Pasadena to Hilo, direct dialogue with the protestors, educational
activities in the local community, and close cooperation with the State of Hawai’'i, MKSOA,
University of Hawai’i, and NSF. These efforts have been effective in gaining trust and support of
the Hawai’ians.

e The VLBI project started with VERA (4 telescopes in Japan), was later joined by three Korean
telescopes to form KaVA and is establishing the East Asia VLBI Network by adding antennas in
China. This VLBI network is an excellent and successful example of promoting collaborations in
East Asia.

Recommendations
1. Review all current partnership agreements for continued value to NAOJ and/or the partner(s).
Based on those reviews, revise, amend, extend, or exit from the agreements.

2. New or revised partnerships agreements should be well-aligned with NAQOJ priorities and have
expiration dates.

3. NAOIJ should work with its sponsoring governing bodies and the Japanese community at large to
develop a community-based vision for the EAO. Once that exercise is completed, NAOJ should
work with its EAO partners to move in a direction desired by the Japanese community and
commensurate with a pragmatic assessment of available resources.

4. NAOIJ leadership must stay involved in Hawai’ian community engagement. Although time-
consuming, this activity is critical to future Japanese international leadership in astronomy via
Subaru and TMT.

[1-D] Does the directorate exercise adequate oversight to promote diversity, equity, and inclusion?

Key documents
1. Management of NAOJ, NAOJ-REV2023-0005-A
2. Presentation: GenderEquity-DElI

Observations

Diversity, equity, and inclusion (DEI) have been receiving increasing attention by the directorate at NAOJ
over the last decade, and especially over the past 5 years. As the statistics show, there have been
increases in the fractions of non-Japanese, younger generation, and female staff members since 2012.
The latter category is the most critical in need of improvement, and NAOJ is to be commended for its
measures to improve the female fraction, not only among the research staff but also among engineering
staff. The Gender Equity Committee has worked hard to ensure an appropriate gender and work-life
balance at NAOJ, including childcare support, family care support (realizing that nursing care is an
important issue in the ageing Japanese society), childcare room, restrictions on overtime work, and
working from home. The female-only hires have been particularly effective to attract high-quality female
researchers and improve the situation. The NAOJ committee also interfaces directly with the NINS
Gender Equality Promotion Committee in implementing its action plan within NAOJ. Hosting the first
ever IAU Symposium on “Equity, Diversity and Inclusion —a Roadmap to Action” at NAOJ in 2019 also
helped to raise attention to these issues both locally and worldwide.
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The NAOJ actions have been important to raise the fraction of female staff from <4% to 10.2% over the
past 5 years. This is an improvement, but the fraction is still disappointingly low compared with the
worldwide IAU fraction of 23%. The percentage of female members of the Astronomical Society of Japan
is 12.3%. NAOJ aims to raise the fraction of female research staff to 17% by 2027, in line with the NINS
action plan, but this would require 26 new female hires over the next 3 years which is significantly more
than the available positions for permanent staff. This goal therefore seems hard to achieve, unless other
drastic or fundamental measures are taken such as obtaining additional funding for female-only hires.

Diversity is more than just gender diversity, and there have also been actions to increase the number of
foreign employees. To help non-Japanese employees, the use of English is increasingly widespread.
Notifications for all employees are sent in both English and Japanese, important web pages and forms
are provided with English translations. The recruiting and hiring of non-Japanese employees are
conducted in English, and assistance for their visa and status of residence in Japan, as well as search for
housing, is provided and much appreciated by foreign staff. Meeting documents are translated to
English for faculty meetings and project meetings.

Recommendations
1. NAOJ should move full speed ahead with new female hires by exploring multiple ways to attract
female researchers from Japan and abroad. Search committees should carry out proactive
scouting and encourage female candidates to apply. Inviting early career female researchers for
colloquia and short visits is another effective way to promote NAOJ as an excellent and
attractive workplace. Other measures that could be taken include:

a. Inthe general hiring/recruiting process, recognize and avoid the unconscious bias
against female applicants. Interview questions should be gender-free.

b. Consider "dual career couple hire" (positions are offered to a female researcher and
their partner simultaneously). This strategy has been very effective in recruiting and
retaining female faculty members in American and European institutions.

c. Avoid loading female staff with excessive committee work solely for the purpose of
fulfilling the gender balance in the committees. On the other hand, having female staff
in high leadership positions, including the Directorate Board, would send an important
signal.

d. Enlarge the pool of highly qualified young female researchers through outreach work at
universities and schools, encouraging young female students to study science.

e. Encourage female postdocs to stay in academia and remove gender-induced obstacles
in their career path.

2. NAOIJ should use similar measures to enhance its diversity in nationality, ethnicity, and other
minorities.

3. To help the non-Japanese employees adapt to the new working environment, Japanese lessons
at different proficiency levels should be offered or such employees can be directed to suitable

external language schools.

4. At national meetings, consider using primarily English among the scientists.
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RESEARCH ACTIVITIES AT NAQO!

[2-A] Is NAOJ producing outstanding science outcomes?

Key documents
1. Research Activities of NAOJ, NAOJ-REV2023-0004-A
2. Presentations on Subaru, ALMA, TMT, Division of Science, Center for Computational
Astrophysics

Observations

The answer to this question is a resounding: yes! Japanese astronomers using NAQJ facilities as well as
NAOJ scientists have produced many outstanding science results over the past five years. In fact, the
entire Japanese and East-Asian astronomical community is on a steep upward trajectory, and is now at
the forefront worldwide, as evidenced by their publication and citation records, their invitations to
speak at major astronomical meetings, their leadership in large projects, their organization of major
conferences in Japan, and their vibrant and active young community.

This success is largely the result of the investments in, and operation of, the biggest ground-based
telescopes, most notably Subaru and ALMA. NAOJ and the Japanese community made the wise decision
more than a decade ago to put a significant amount of time into Large Programs that are designed to
address major science questions, involve a significant fraction of the community, and deliver data
products that can be harvested by all astronomers. An excellent example is the Hyper Suprime Cam
(HSC) Subaru Strategic Program wide field imaging survey and the spectroscopic follow ups. ALMA is
enabling an increasing number of large international programs with active Japanese involvement, and,
more recently, also Japanese-led large programs. Large simulations pushing the NAOJ supercomputers
to their limits are another example. All these large programs have significantly raised the visibility of
Japanese astronomy across the globe. Moreover, they provide Japanese astronomers with an entry
point for involvement in other major worldwide projects such as Euclid, Rubin and Roman.

More than 2500 refereed papers with a NAOJ lead- or co-author have been published in the reporting
period with a total of more than 90,000 citations. A few science highlights are listed below. The high-
quality NAOJ Science news website provides an excellent overview of many more high-impact results.

Science highlights include:

e The deepest wide-field map of the three-dimensional distribution of matter in the Universe
made by the Subaru HSC collaboration, also constraining the properties of the “dark energy”
that dominates the energy density of the Universe.

e The detection using ALMA of the most distant oxygen ever, in a galaxy located 13.3 billion light-
years away. This implies that star formation in this galaxy started at an unexpectedly early stage,
only 250 million years after the Big Bang. More such galaxies have been detected with ALMA
since, and the rise of oxygen in the Universe is now also being pursued using brand-new JWST
data, illustrating the scientific synergy of different instruments.

e Discovery of a supermassive black hole in the early Universe that could provide the missing link
in the evolution of quasars using Subaru. The object GNz7q appears to be a black hole just
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starting to overpower its host galaxy in the process of becoming a quasar. Using ALMA, a
gigantic galactic wind driven by a supermassive black hole was found in a distant galaxy at 13.1
billion lightyears, a telltale sign that huge black holes have a profound effect on the growth of
galaxies from the very early history of the Universe.

e Contributions to high-profile Event Horizon Telescope observations, of which ALMA is a crucial
component, describing the first detection of the shadow of the supermassive black hole at the
heart of Messier 87 and of the Milky Way in a series of highly cited papers.

e New computer simulations that suggest that massive black holes are not only created by
swallowing interstellar gas but smaller stars as well. Using artificial intelligence, cosmological
simulations on the origin of how the Universe created its voids and filaments can now be
studied within seconds.

e 3D hydrodynamic simulations for a core-collapse supernova of a 27 Mg star, including
predictions for neutrino and gravitational wave emission, stressing the importance of multi-
messenger astronomy.

e Detection of filaments of gas connecting galaxies in a large proto-cluster in the early Universe
using Subaru and ESO-VLT. In accordance with computer simulations, the filaments are
extensive and provide the fuel for intense star formation and the growth of super massive black
holes within the proto cluster.

e Importance of filaments in feeding and building high-mass star clusters within our own Galaxy
using data from ALMA and Nobeyama, with ALMA and KaVA also showing complex outflow
structures. Unique polarimetric observations with JCMT-BISTRO reveal the role of magnetic
fields in supporting clouds against collapse.

e Astrochemical surveys with ALMA of low- and high-mass star-forming regions, out to the edge of
the Galaxy, that reveal chemical similarities and differences in abundances of complex organic
molecules and carbon chains.

e Transformational images of dust and gas structures in protoplanetary disks around pre-main
sequence stars using ALMA and Subaru suggesting that planet formation is well underway at this
stage. In contrast, such disk substructures are much less prevalent in the earlier embedded
stage of star formation, as demonstrated in a recent East-Asian led large program, helping to
pinpoint the onset of planet formation.

e New supercomputer simulations for interpreting these substructures, showing for example that
a planet can move away after creating a ring and leave it behind. Award-winning theoretical and
polarimetric observational studies of dust growth in protoplanetary disks, proving that most
dust grains are smaller than previously thought.

e Development of a new direct and robust way to directly measure the amount of gas in
protoplanetary disks without needing to make assumptions about the relative amounts of
different types of gas.
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e Use of isotopologue abundances of molecules (D, 13C, 15N, 180) observed with ALMA to
elucidate the physical and chemical history of molecules from cold clouds to planet-forming
disks and comets.

e Discovery of two brown dwarfs orbiting Sun-like stars using Subaru’s Extreme Adaptive Optics
System, joining the few known directly imaged substellar sources orbiting on solar-system
scales. These objects are expected to be benchmarks for the study of the evolution of giant
planets and brown dwarfs and their atmospheres.

Exoplanet science

Exoplanet science represents one of the fastest growing areas of astronomy and therefore warrants a
separate discussion. Many in the global scientific community consider exoplanet science, together with
cosmology, to be of the highest fundamental intellectual importance in astronomy. It is therefore driving
major scientific and technical projects at all current major facilities with which the Japanese community
collaborates including TMT (other examples: Subaru, ALMA, ESO VLT, ESA Ariel, NASA/ESA HST and
JWST). NAOJ should therefore have strong interconnected exoplanet science and instrumentation
expertise.

However, the advent of the NINS-sponsored Astrobiology Center (ABC), which contains a significant
cluster of exoplanet scientists, appears to have created confusion regarding which group is being
directed and funded to lead in which area. Most notably, the bulk of the exoplanet instrumentation
effort is currently led by the ABC. The ERP notes that astrobiology is a very broad topic, in which Solar
System searches for life, studies on the origin of life on Earth and elsewhere in the Universe, geobiology,
atmospheric science, extremophile, evolutionary biology, and molecular biology are dominant
components. Meanwhile, current ground-based observational studies of exoplanet systems are focused
on characterization of exoplanets and their host stars as probes of their joint formation and evolution. In
short, exoplanet science is much more than astrobiology, and astrobiology is much more than exoplanet
science.

A clear strategic vision for the NAOJ and ABC missions in these connected areas is needed to resolve
expertise and resource contention and ensure Japanese leadership within the international community,
most notably for TMT.

Recommendations

1. Maintain the strategy of having high-impact large (key, strategic) programs at the major
observatories that benefit a large fraction of the community.

2. A high-level panel should be formed by NINS to facilitate the development of a Japanese
community-based strategic vision for the related endeavors of astrobiology and exoplanet
research. This panel should define a strategic vision for Japan in the international context as well
as a roadmap for how specific activities should be assigned to NAOJ, ABC, and the Japanese
university community to satisfy that vision. NAOJ should seek pathways to better integration
within NAOJ of exoplanet research and TMT instrumentation development.
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[2-B] Is the open-use concept at NAOJ properly promoted?

Key documents
1. Overview of NAOJ, NAOJ-REV2023-0003-A
2. Research Activities of NAOJ, NAOJ-REV2023-0004-A
3. Various presentations and interviews with SAC chairs

Observations

The open use of the facilities enabled by NAOJ is very well promoted among the Japanese scientific
community (and beyond), as evidenced by the high oversubscription factors both on the major
telescopes (Subaru, ALMA) and on the supercomputers of the Center for Computational Astrophysics
(CfCA), by factors of a few up to six. As an example, a record of 2000 proposals were submitted to ALMA
in 2021, of which 389 were led by the East Asian community, many of them by the young generation
(including even MSc students). Even the VLBI, although at a relatively lower rate, is oversubscribed by a
factor of ~1.5. Students make up 36% of the ~300 CfCA users.

The NINS goals of open-use have all clearly been achieved by NAOJ: the research transcends university
boundaries; it enables network-type joint research that contributes directly to universities; and it
provides international open research that strengthens the research capabilities of universities. This is
demonstrated by the high fraction of collaborations and joint publications between Japanese
researchers from different institutes and universities, as well as between Japanese and international
researchers.

An excellent example is the Subaru telescope. A large amount of Subaru telescope time was allocated
over the past decade for the highly successful Hyper Suprime-Cam (HSC) survey. While this allocation
has driven up the oversubscription rate for the small programs, the data from the HSC survey provided
abundant research opportunities for astronomers in Japan as well as the rest of the world. This open use
of survey data has increased the annual publication rates and further raised the scientific impact of
Subaru. In recent years, the oversubscription factors of the Subaru telescope are getting smaller,
however, even though the latest factor of ~2 is still significant.

Communications with the larger domestic Japanese communities for the open-use programs seem to be
working well, and the different scientific advisory committees (SACs) play adequate roles in advising
both NAQOJ and the Boards of major international facilities (directly or indirectly) on a variety of issues
regarding their use and strategic plans. These SACs also have an active role in promoting the use of the
different facilities nationally, including among the younger generation and in boundary fields like physics
and geophysics.

Recommendations
1. NAOIJ should continue its current efforts that maintain proper communications with the
community through their SACs. For the specific case of TMT, it is important that the Japanese
community continues to speak with one voice.

2. Perform an analysis of the decreasing oversubscription on Subaru in recent years, whether
actions should be taken to change the time allocation model or adapt the instrumentation
portfolio to changing users’ demands.
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[2-C] Is NAOJ capable of carrying out large international projects (both in space and ground-based) in
terms of human resources, organization, and key technologies?

Key documents
1. Overview of NAOJ, NAOJ-REV2023-0003-A
2. Organizations and Development Plans of the NAOJ Large International Projects, NAOJ-REV2023-
0007-A
3. Handover Report for FY2024 from Director General and Directorate, NAOJ-REV2023-0008-A
4. Presentations: various

Observations

NAOIJ is an excellent and reliable international partner. This has been demonstrated admirably on ALMA
where NAOJ (and as a result, East Asia) is recognized unequivocally as an equal partner with North
America and Europe. This is true in all aspects of the relationship, scientific, technical, and managerial.

NAOJ is a major part of the TMT that is an even more expensive undertaking than ALMA was. Not only is
NAOJ providing the TMT telescope (through a contract with Mitsubishi Electric) and a significant fraction
of the primary mirror segments (through a contract with Ohara and Canon), but the DG has also
personally played a pivotal role in helping to try and resolve the difficulties of the TMT project in
Hawai’i.

International projects have been and are severely impacted by exchange rate changes. This has
massively reduced NAOJ’s spending power in real terms and threatens the ability to carry out large
international partnership projects. For a very large project, even a small change in the exchange rate can
have a debilitating effect on the domestic program of NAOJ.

The committee heard that recruitment and retention of software engineers is difficult due to the strong
salary competition from industry. This could severely impact NAOJ’s ability to deliver on its
commitments to ALMA for example. Although in theory for fixed term staff a special allowance could be
considered, this has not happened so far.

The way the big industrial contracts for ALMA and TMT for the antennas/telescope have been managed
to date has been via contracts that provide a specification and then rely on the engineering expertise of
the company to find a technical solution that meets the performance requirements. This was no doubt
true also for the original NRO telescope and for Subaru as well. Such a process has clearly delivered
products that not only meet the requirements, but which have also met the demands of international
partnerships. However, it also resulted in a high reliance of the original vendor for long term
maintenance. It has taken quite some effort to move the Subaru telescope organization to being more
self-sufficient. It would be beneficial if the ATC had the expertise to be able to follow these large
telescope (and similar) contracts much more deeply at an engineering design and analysis level. On the
TMT project a “point design” was done in the US to develop a viable concept as input to the design
process. NAOJ should have the internal expertise to be able to carry out such activities in-house. This
would not only allow NAOQJ to interact with industry as an intelligent customer, verifying the designs,
challenging industry to innovate and adding even more value to large international projects, it would
also mean more independence from the contractor in terms of understanding the long-term
maintenance needs.
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Recommendations
1. To be able to carry on and expand its role in large international projects, NAOJ needs to expand
its number of staff capable of working at project manager and lead systems engineer level. It
would be logical to locate such staff in the ATC and provide their effort to the projects via matrix
allocations.

2. Consideration should be given to increasing the size and remit of the ATC engineering staff to
include the expertise needed to both carry out conceptual designs of major new facilities (e.g.,
the TMT telescope) and be able to interact closely during the execution of the contract, acting as
an intelligent customer, checking design calculations, maintaining the top-level error budgets,
etc.

3. NAOIJ should conduct a salary comparison survey every few years to understand which areas of
science and engineering are most difficult to compete with industry on salaries. Consideration
should be given to the use of retention allowances for fixed term contracts in areas such as
software engineering.

4. More office and technical space required (as well as renovation of existing space) for new major
projects on Mitaka campus.

5. NAOIJ should work with NINS / MEXT / MOF to explore mechanisms to mitigate exchange rate
risks.

[2-D] Is NAO!I yielding enough effort in the investment of human resources and training of the younger
generation for the future development of astronomy, such as time-domain science, data science, and
soon?

Key documents
1. Research Activities of NAOJ, NAOJ-REV2023-0004-A
2. Presentations: Science training, Division of Science, CfCA

Observations

NAOJ accommodates multiple types of research fellows, postdocs, and graduate students from the
Graduate University for Advanced Studies (SOKENDAI) in different divisions, including in the ADC and
ATC. Various efforts are in place to maximize the scientific outcomes, to train younger generation and
invest in the future development of astronomy. The total number of young scientists at NAOJ is large (50
postdocs and 70 students), although not compared with number of staff (the ratio of staff to student or
postdoc is roughly 1:1). The opportunities for hosting visiting joint researchers and scholars are much
appreciated by the staff. NAOJ is also supporting young staff at universities with research grants for
piloting new research initiatives and formation of new groups.

A major problem, however, is that there are not enough opportunities for researchers from different
fields to gather in person, resulting in a lack of inter-departmental and intra-departmental research
exchanges. In particular, the Division of Science (DoS) was established with the aim of promoting active
exchanges among researchers not only in theory but also across multiple wavelengths and messengers.
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Insufficient space to accommodate the increased number of members, following two pandemic years
without any meetings, is hindering natural mutual interactions. It is particularly unfortunate that the
graduate students and younger researchers' offices are scattered across various buildings.

The NAOJ Postdoctoral Fellowships, including NAOJ Fellows and EACOA Fellowships, present valuable
opportunities for young scientists to engage in high-quality independent research under favorable
conditions (limited or no project duties) and in a stimulating environment. On the other hand, after their
term ends, it is expected that individuals will progress in their careers and secure better positions such
as tenured faculty without term limits. While a fraction of the fellows indeed makes this next step in
their career, there are also instances where individuals either continue as fixed-term researchers or, in
some cases, leave academia to take up fruitful positions elsewhere in society (e.g., in data science).
Project postdocs have significant duties (at least 50%), and often find it difficult to have enough time for
their own research, especially during commissioning of a new instrument at a telescope.

A graduate education office for SOKENDAI PhD students was recently established at NAOJ to manage
and coordinate NAOJ’s efforts. Many NAOJ staff are associated either with SOKENDAI or with the
University of Tokyo and provide lectures on a regular basis. Completion rates of SOKENDAI graduate
students appear to be around 70% and for University of Tokyo around 80%.

Currently, a significant portion of domestic theoretical researchers conduct their studies using the CfCA's
computers, and it can be said that CfCA literally supports theoretical research in Japan through its
dedicated astronomical computing resources. These large-scale computers are replaced every several
years, thus maintaining international competitiveness. Following proposal evaluations, these computers
are made available for open use by domestic researchers. During the application process, even if a
proposal is not accepted in a higher-ranking category, it is often accepted in a lower-ranking category,
demonstrating a flexible proposal review process. This is particularly intended to facilitate the use of
supercomputers by young researchers such as graduate students, who greatly benefit from this
arrangement (see also charge 2-B). Additionally, by organizing schools on numerical computations, the
CfCA significantly contributes to the development of young researchers affiliated with other institutions.

To train the next generation of millimeter and radio astronomers, the NAOJ ALMA Support Center, in
collaboration with its East Asian Partners, is regularly conducting data reduction and proposal
preparation workshops as well as interferometry schools. The ATC also hosts many visiting students.

The Subaru HSC surveys as well as the OISTER network of smaller telescopes operated mainly by
Japanese universities serve as fertile platforms for training students and advancing time-domain and
data science. Noteworthy efforts have been made through dedicated workshops and educational
programs, aimed at furthering the understanding and application of time-domain and data sciences. The
OISTER network also benefits amateur astronomers.

Recommendations
1. Enable new and/or additional building(s) for office space and meeting rooms with high priority.

2. Encourage researchers based at the Mitaka campus to participate in observatory-wide meetings
in person as much as possible. Encourage more crossover between Divisions, including attending
each other’s talks. Ensure that DoS is well integrated and interacts productively with other
elements of NAOJ.
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3. Provide appropriate mentoring, including advice on career paths, to incoming young researchers
so they can pursue career advancements after their term ends. Ensure that project postdocs and
young staff have enough time for research.

4. Develop further the activities of the new graduate education office; analyze drop-out rates and
provide enhanced mentoring where needed.

5. Maintain CfCA’s activities, including sustained open use and training. It is particularly important
to replace large-scale computers every several years to provide access to state-of-the-art
facilities in the era of data intensive science.

[2-E] Is NAOJ taking appropriate measures to promote collaborations with the industry?

Key documents
1. Research Activities of NAOJ, NAOJ-REV2023-0004-A
2. Handover Report for FY2024 from Director General and Directorate, NAOJ-REV2023-0008-A
3. Presentation(s): IndustryLiaison

Observations
Collaboration with industry has traditionally been via major contracts such as with Mitsubishi Electric
(NRO, ALMA, Subaru), Ohara & Canon (TMT segments) and Fujitsu (correlator).

The committee heard that NAOJ established the Industry Liaison Office (ILO) in 2020, and the ILO works
well to support collaboration with industry and media relations. To promote new industrial applications
of NAOJ's technology, the ILO created websites and pamphlets, as well as implemented several projects
for exhibiting at exhibitions and disseminating information to journalists. As a result, several new
industrial collaborations have been realized, such as the application of AO technologies to the
communications industry and ALMA superconducting technologies to quantum computing. On the other
hand, several staff members expressed concerns that they were pulled in too many directions by these
extra efforts.

Industrial agreements include clauses on intellectual property. However, the committee heard that the
value of NAOJ's IP is limited by the regulations and does not represent a real “commercial value”.

The committee concludes that NAQOJ is indeed taking good measures to promote collaborations with
industry and to find new industrial applications for its technologies.

Please also see the related discussion in Section 2-C above about building internal expertise in project
management and system engineering.

Recommendations
1. Itisimportant to be careful when selecting industrial collaborations and R&D to ensure that
they continue to add value to NAOJ’s mission, and not dilute it. NAOJ should establish a set of
transparent guidelines for selecting industrial collaborations which are mutually beneficial and
appropriate for NAOJ.

2. NAOIJ should continue to ensure that its Intellectual Property is appropriately managed.
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3. NAO!IJ should continue to disseminate its technology widely and steadily to society to promote
the mutual development of astronomy and new industries.

[2-F] Are scientific findings properly informed to taxpayers and delivered to the younger generation,
who will lead the future?

Key documents
1. Research Activities of NAOJ, NAOJ-REV2023-0004-A
2. Handover Report for FY2024 from Director General and Directorate, NAOJ-REV2023-0008-A
3. Presentation(s): PRC, TMT, Subaru

Observations

NAOIJ has a large and vibrant Public Relations Center (PRC) consisting of 17 full time and 22 part-time
employees. Its mission is to share the latest astronomy findings with the public, to offer people
astronomy information relevant to society and research, and to enrich the lives of people through a
more familiar relationship with astronomy. In addition to its public relations and outreach + education
offices, the PRC also provides public services on time keeping and ephemerides (mandated by law),
spectral management, publications, and maintaining a (historical) library. The PRC is doing an excellent
job in all these aspects and has a leading role in the international arena, as also evidenced by its large
number of newspapers, tv, streaming and social media views.

One of the highlights has been the Galaxy Cruise Citizen Science activity with nearly 10,000 citizens and
amateur astronomers hunting for galaxies of different types in Subaru survey data following training and
practice sessions; a first scientific paper based on their classifications has just been published. Season 2,
“Deep Quest”, was started last year. This project is the culmination of many years of preparation,
starting in 2016. The project sets a new standard for Citizen Science, including gamification, and has
been presented at many international conferences. NAOJ has also invested significantly in its innovative
4D2U planetarium on the Mitaka campus, with public visits and shows readily fully booked out. Another
highlight has been the FUREAI “friendly” visits by astronomers to elementary and junior high schools
across Japan and its more distant islands, with more than 100 lectures per year involving 60-70 active
scientists. The most popular events remain the stargazing nights, with the total lunar eclipse on
November 8, 2022, drawing nearly 2 million live views.

The NAOJ News website contains an excellent set of science highlights by Japanese astronomers,
interweaved with personal stories and interviews. The graphics are of high quality. There are links for
children as well. NAQOJ has also invested in the production of materials for inclusive astronomy, such as
tactile astronomical objects for the visually impaired.

NAOJ hosts the IAU Office of Astronomy Outreach (OAO), which has enhanced its worldwide visibility.
The work of the OAO centers on building bridges with the global astronomy community of outreach
practitioners, educators, communicators, amateur astronomers, and the public through international
collaboration. To do so, the OAO coordinates the network of National Outreach Coordinators in more
than 100 countries, publishes the Communicating Astronomy with the Public (CAP) journal, and co-
organizes every two years the highly successful CAP conference bringing together hundreds of people
active in outreach from across the world and exchanging information on best practices.
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There is also significant outreach taking place in Hawai’i, as part of the TMT and Subaru projects. Most
notably the TMT outreach team is actively interacting with the native Hawai’ian community to improve
relations and build long-term trust, as well as strengthen the local workforce and provide educational
tools (see also charge 1-C).

Given the large number of activities and duties, it is no surprise that the PRC staff is constantly under
pressure to meet all the demands. This stress on the PRC staff is exacerbated by the difficulties in
retention and hiring of PRC staff, resulting also from the large differences in salaries for permanent
compared with fixed term staff.

Recommendations
1. Keep up the excellent public relations and outreach efforts but realizing that prioritization will
be needed if budgetary pressures continue. Strengthen collaborations between different
outreach teams, including between TMT and Subaru.

2. Explore creative ways to mitigate the salary gap for fixed-term staff.

3. Consider increasing the number of 4D2U shows at the Mitaka campus, e.g., with help from MSc
or PhD students.
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RESPONSE TO RESULTS OF THE PREVIOUS REVIEW

[3-A] Has NAOJ responded appropriately to the previous external review?

Key document
1. Response to NAOJ External Review 2015 NAOJ-REV2023-0006

Observations

The NAOJ ER2015 response was reviewed by ER2015 participants (Doi, Omukai, Silva). Individual
responses were appropriate, well-constructed, and in many cases excellent. Some specific situations
have changed significantly. Below we highlight significant accomplishments.

NAOJ made excellent efforts to increase activities and contributions for ALMA. Fund raising by NAQJ
from Japanese government is successful, and NAQOI is contributing upgrades of ALMA receivers and data
transmission system. The NAOJ ALMA Support Center promotes scientific output from Japan, while the
ALMA Joint Scientific Research Program is supporting Japanese universities. Safety/security of NAOJ
Chile is improved.

Contributions and efforts by NAOJ for TMT are also excellent. The NAOJ DG has overseen the operation
of the TIO Board since 2021 as the vice chair. He led the re-organization of TIO as well as improvement
of relations with Hawai'i community.

NAOJ has also responded well to recommendations for the Subaru telescope. Four instruments were
decommissioned, and Pl instruments were hosted with care. Resources for safety/risk are increased.

As an extension plan for Mizusawa Observatory, VERA, the domestic VLBI array, has been extended to
EAVN (East Asian VLBI Network) successfully. Five receivers of Nobeyama Radio Observatory were
decommissioned, and two new receivers focusing on specific science targets are installed. Operation
budget is going to be shared with users.

CfCA successfully completed the replacement of the supercomputer from the previous Cray XC30 to the
Cray XC50 in 2018. Since then, it has been smoothly providing it to the domestic community for open
use.

Other significant and positive changes include:

¢ Increased funding for JASMINE (former small-JASMINE) to study fainter targets.

e Increased number of staff for data processing.

e Okayama Astrophysical Observatory (OAQO) open use mode has been ended, and the 74- inch
telescope transferred to the Tokyo Institute of Technology.

e NAOIJ and Kyoto University are jointly operating 3.8-m Seimei telescope, open-time is available
to the community through NAOJ

e KAGYA and Hayabusa-2 data were used for further publications.

e Human resources of Advanced Technology Center (ATC) were increased.

e The Astronomical Data Center (ADC) has worked well for the HSC archive, which should be good
preparation for data by Vera Rubin Observatory.

e The Public Relation Center (PRC) has started two-way public interactions.

e The Solar Science Observatory (SOL) project was organized in 2017.
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e The Division of Theoretical Astrophysics (DTA) was reorganized into the Division for Science
(DoS) to promote research that integrates theory and observation across multiple
electromagnetic (EM) and non-EM windows into astrophysical phenomena. As compared to the
former DTA, the DoS includes researchers engaged in both theoretical and observational
studies. Before the COVID-19 pandemic, DTA actively hosted activities such as international
visitor programs, workshops, and symposia.

A few recommendations have not been fully implemented, often despite significant effort from NAO..
Three key examples:

e Recommended efforts to enlarge the East Asian community were made, but not yet successful.

e The DTA was requested to consider some scheme to encourage more strongly personnel
exchange with universities (recommendation 9.1.1), such as soft term limits for
assistant/associate professors by verbal agreement and budget reductions after a fixed time
limit. Although there were several personnel exchanges between DTA/DoS and outside after the
previous review, this was just a voluntary effort basis or due to the retirement of DTA/DoS
faculty staff members. No concrete measure to promote personnel exchange has been
introduced yet, partly due to the reorganization of DTA to DoS.

e KAGRA has not yet achieved “first detection” of gravitational waves, despite continuous efforts
to improve sensitivity. Meanwhile, LIGO continues to excel as the international leader, with
recently improved sensitivity.
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OTHER OBSERVATIONS

In this final section, the ERP provides general observations not already summarized above.
Observations

1. The NAOJ Handover Report for FY24 delivered by the Director General and his directorate
colleagues is excellent, both as a summary of current situation and for providing an opportunity
roadmap for the next 3 — 5 years, including a comprehensive list of open action items. The ERP
hopes the next DG will consider it carefully as a starting point for continued NAOJ advancement.
The ERP also encourages NAOJ to provide a similar document at every DG transition as well as to
every future ERPs.

2. The current strategic planning process is very important and is strongly encouraged. It could be
strengthened by connecting the ground-based and space-based research aspirations into a
coordinated strategic discussion involving the entire Japanese community. The current roadmap
exercise under development by the SAC is an excellent step forward. Other models to consider
are the European Astronet and Voyage 2050 strategic planning exercises.

3. Related to Item 2 above, strategic development for 2040 and beyond should be started soon, to
ensure there is enough time to build consensus within the Japanese community of a future
roadmap and then build support within the Japanese funding agencies to implement that vision.

4. Between now and 2040 (and likely beyond), Subaru and ALMA will remain high-impact science
facilities, no matter what happens with TMT. Hence, Subaru and ALMA should remain high
priority within NAOJ and its funding agencies. Related to point 3, planning for the longer-term
future of ALMA by its partners, “ALMA 3.0”, should start now.

5. If TMT is successful, it will be in large part to the leadership by NAOJ in the last five years to
achieve improved TIO governance and relationships with the local Hawai’ian community.

6. ATCand ADC should be sustained and expanded as core capabilities.
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