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Presenting the Findings of the External Review

NAOQJ Director General Dr. Masahiko Hayashi

In February of 2015, an external review was conducted at NAOJ. This booklet is the
Evaluation Report from the External Review. The first sentence of the evaluation report states,
“The most significant development of the last five years must be the growing and highly
successful Japanese participation in major international astronomical projects.”

This refers primarily to ALMA and TMT. That is because these two projects have progressed
greatly in the past 5 years, and because they are qualitatively different from previous projects
in that they are based fundamentally on internationalization. The Subaru Telescope was
established as an observational facility in the best observational site available overseas,
a type of project for which the Japanese astronomy community had no prior experience.
But its construction and operation was the upper limit of what Japan could achieve as a
single country. In contrast, the total budgets for ALMA and TMT are several times that of the
Subaru Telescope. So these projects are proceeding within an international framework from
the planning stage, through construction, and into operation. There were many unknowns
involved in whether or not Japan could succeed in fulfilling an important role within these
kinds of truly international, large projects. From this point of view, it is genuinely gratifying to
have received the above comment in this external review.

NAOJ was formed on July 1, 1988 through the reorganization and merger of the Tokyo
Astronomical Observatory, University of Tokyo; the International Latitude Observatory of
Mizusawa; and part of the Research Institute of Atmospherics, Nagoya University. The 27
years since the founding of NAOJ have passed quickly. In this time, beyond the 3 large
projects mentioned above, new telescopes and instruments have been developed including
Nobeyama Solar Radio Observatory’s Radioheliograph; VERA (VLBI Exploration of Radio
Astrometry) Stations established at Mizusawa in Ilwate Prefecture, Chichi-jima in Tokyo, Iriki
in Kagoshima Prefecture, and Ishigaki-jima in Okinawa Prefecture; the gravitational wave
detector TAMABO0O; and Ishigaki-jima Astronomical Observatory. And we are now cooperating
with ICRR (the Institute for Cosmic Ray Research, University of Tokyo) and KEK (High Energy
Accelerator Research Organization) on the construction of KAGRA (Kamioka Gravitational
wave detector, Large-scale Cryogenic Gravitational wave Telescope) in Kamioka in Gifu
Prefecture. In addition, we are actively participating in research utilizing space-borne
observing instruments as exemplified by the Solar Observatory satellites “YOHKOH” and
“HINODE?”; the space VLBI telescope “HALCA”; and the Lunar Explorer “KAGUYA.” In the
field of simulations, dedicated computers for astronomical research and supercomputers have
been successfully introduced.



At NAOJ, we offer these instruments to researchers at public and private universities and
research institutes throughout Japan through open use and collaborative research. While
contributing to the advancement of Japanese astronomy, we also open the door for overseas
researchers. Considering all of this, we can say with certainty that over these 27 years NAOJ
has become an international research institute with world leading observational and research
facilities. The fact that NAOJ has been able to take these great strides forward is the result
of the efforts made by many of our predecessors, MEXT (the Ministry of Education, Culture,
Sports, Science, and Technology) and the previous Ministry of Education, Science, Sports
and Culture; the support and understanding of the municipalities, first and foremost Mitaka
City, where we have been allowed to establish research facilities both in Japan and around
the world; the support of Universities and research institutes throughout Japan; and the
support of domestic and international researchers. We would like to take this occasion to
thank all of them.

In 2004, NAOJ and 4 other inter-university research institutes were integrated into the Inter-
University Research Institute Corporation, National Institutes of Natural Sciences. But this
did not change our role. To reaffirm this role, in 2014 NAOJ codified our Philosophy: 1) Our
Vision is “to be innovators striving to solve the mysteries of the Universe.” Il) Our Mission has
3 pillars: 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. IIl) Our Products/Deliverables are: to explore the unknown Universe and provide
new insight into astronomy; to make our research outcomes widely known to society and pass
on our dreams to future generations; and to mentor next-generation researchers for their role
on the world-stage.

Internationally, EACOA (the East Asian Core Observatories Association) was founded
in 2005 by the major observatories in East Asia, including NAOJ in Japan. Then in 2014,
the East Asian Observatory was established to provide a framework for facilitating future
international cooperation in East Asia. Through the projects which we are now pursuing and
the development of future projects which we will pursue with a focus on East Asia, it will be
possible to further advance the major themes of modern astronomy: the search for extra-solar
planets and confirmation of the presence or absence of life in the Universe; research into dark
energy and dark matter; clarification of the peculiar celestial bodies such as black holes; and
other mysteries of the Universe.

We would like to request everyone’s continued belief in and support for NAOJ’s activities.
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Organization

Advisory Committee
for Research and
Management

Director General

Project Review
Committee

Research Coordination
Committee

Advisory Committee |» Misc. Sub committees

— Projects

% C Projects

Director : HONMA, Mareki
—— Nobeyama Radio Observatory
Director : SAITO, Masao
—— Solar Observatory
Director : HANAOKA, Yoichiro
+—— Okayama Astrophysical Observatory
Director : IZUMIURA, Hideyuki
I— Subaru Telescope (in Hawai'i)
Director : ARIMOTO, Nobuo
—— Center for Computational Astrophysics
Director : KOKUBO, Eiichiro
—— Hinode Science Center
Director : WATANABE, Tetsuya

— NAOJ Chile Observatory
Director : HASEGAWA, Tetsuo

— Mizusawa VLBI (Very Long Baseline Interferometry) Observatory

| W B Projects

HAYASHI, Masahiko

Vice-Director General

(of General Affairs) WATANABE, Junichi

Vice-Director General

(of Finance) KOBAYASHI, Hideyuki

Director of Engineering  TAKAMI, Hideki

Director of Research

Coordination GOl Nesiisny

Executive Advisor to the Director General

Executive Committee

Planning Board

Finance Board

Technology Committee

Project Chief Meeting, Faculty Meeting,
Engineering Staff Meeting

Other Internal Committees
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Director : FLAMINIO, Raffaele
TMT (Thirty Meter Telescope) Project Office
Director : USUDA, Tomonori

r: Gravitational Wave Project Office

— A Projects

Director : GOUDA, Naoteru

+— Extrasolar Planet Detection Project Office
Director : TAMURA, Motohide

Director : NAMIKI, Noriyuki

— SOLAR-C Project Office
Director : HARA, Hirohisa

— Centers

—— JASMINE (Japan Astrometry Sateliite Mission for INfrared Exploration) Project Office

—— RISE(Research of Interior Structure and Evolution of Solar System Bodies) Projeci

— Astronomy Data Center

Director : OHISHI, Masatoshi
— Advanced Technology Center
Director : NOGUCH,I, Takashi

— Public Relations Center
Director : FUKUSHIMA, Toshio

— Divisions

Division of Optical and Infrared Astronomy
Director : MIZUMOTO, Yoshihiko

Division of Radio Astronomy
Director : IGUCHI, Satoru
Division of Solar and Plasma Astrophysics
Director : SAKURAI, Takashi
Division of Theoretical Astronomy
Director : TOMISAKA, Kohji

| Research Enhancement Strategy Office

Director : KOBAYASHI, Hideyuki

Research Evaluation Support Office
Director : WATANABE, Junichi

Office of International Relations
Director : YAMAGUCHI, Takahiro

Human Resources Planning Office
Director : YAMAMIYA, Osamu

Safety and Health Management Office
Director : TAKAMI, Hideki

Engineering Promotion Office
Director : TAKAMI, Hideki

L Administration Department
Director : SASAKI, Tsuyoshi




NAOJ Facilities

NAOJ Okayama NAOJ Nobeyama ~ NAOJ Mizusawa
M Okayama Astrophysical Observatory B Nobeyama Radio Observatory B Mizusawa VLBI Observatory (VERA)

Seven VLBI Stationsiincluding Four VERA Stations) M Mizusawa VLBI Observatory : Ibaraki Station

B Mizusawa VLBI Observatory : Yamaguchi Station

Takahagi, Hitachi,
Ibaraki Prefecture

Chichi-jima,
Ogasawara Islands

M Mizusawa VLBI

B Mizusawa VLBI Observatory :

B Mizusawa VLBI Observatory : Observatory : Ogasawara Station (VERA) '
Kagoshima Station x’ Ishigaki-jima Station . |
(VERA) 3
s NAOJ Chile
. N BINAOJ Chile Observatory
X & ALMA
.' Ishigaki
| BMURIKABUSHI
. is a 105-cm telescope in
' Ishigaki-jima Astronomical
Observatory.
NAOJ Hawai‘i
W Subaru Telescope (in Hawai'i)
- Hilo Office

Subaru Telescope

The Island
of Hawai'i,
USA.
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Schedule of NAO]J External Review

2015

Feb. 23 (Mon) |16 : 00 NAOJ colloquium (Lecture by Prof. Tyson)

Feb. 24 (Tue) | 9:00 Welcome Speech by Director General and Introduction of the Review

Day 1 Panel members by Vice Director General. (30 minutes)

- 9 : 30 Brief introduction about general outline of NAOJ and Division/Projects/ Rooml

" NAOJ Centers. (30 minutes)

»Core (ALMA) 110 : 00 Presentation & Q/A [NAOJ] (1 hour)

* A Radio 11:00 Presentation & Q/A [Core Project : ALMA] (L5 hours)

* C. Advanced  [ommamaeccame e e
Tech C and 1_2_ _ :_3(2 _ _I:U_n_C}l ___________________________________________________________
Public 13:30 Presentation & Q/A [Group A : Mizusawa = NRO — RISE] R 1
Relations C ( 1 hour and 40 minutes) oom

(10 minute break)
15:20 Presentation & Q/A [Group C : ATC — PRC] (lhour) I Rooml
(10 minute break)
16 : 30 © Summary of Today s Review (1 hour) I Room2
17 : 30 (Break and Preparation)
18 : 00 Welcome Party (Review Panel members, NAOJ Directorate, Project
Managers, Preparatory Committee members) Rooml
20 : 00 (close : move to the Hotel)

Feb. 25 (Wed) | 9:00 Presentation & Q/A [Core Project : Subaru Telescope] (1.5 hours) l Rooml

Day 2 (10 minute break)

* Core (Subaru) |10 : 40 Presentation & Q/A [Core Project : TMT-J] (1.5 hours) I Rooml1

*Core (TMT) (ot sttt sttt sttt it s sttt saa s sssl

-B.Optical &  [12:10 Lwpch

Infrared | 13°: 1) Presentation & Q/A Room1

* C. Astron Data C [Group B : JASMINE — Okayama — ExtraSolar — Grav.Wave] (2 hours)

(10 minute break)
15:20 Presentation & Q/A [Group C : ADC] (30 minutes) I Rooml
(10 minute break)
16 : 00 © Summary of Today s Review (2 hours) I Room?2
18 : 00 (move to the Hotel)
19 : 00 Meeting Dinner (Review Panel members, NAQOJ Directorate)
at KEIO Plaza Hotel in Shinjuku

Feb. 26 (Thu) | 9:00 Presentation & Q/A [Group D : Hinode = SOLAR-C — Solar Radio — R 1

Day 3 Solar Obs] (2 hours) oom

-D.Solar | ______ | (10 minute break)

"E. Theoretical |11 : 10 Presentation & Q/A [Group E : Theoretical Astronomy — CfCA] Rooml

Astronomy (1 hour) oom
12 : 10 Lunch
13 : 10 Hearing from the young researchers (1 hour and 20minutes) R 3
14:30 Q&A Session oom

(10 minute break)
15:30 ©O Summary of Complete Review (Review Panel members and
Preparatory Committee members only) (2.5 hours) Room2

18 : 00 Closing Speech (by Director General Hayashi)
18 : 30 (close : move to the Hotel)

Feb. 27 (Fri)

Each Project holds an internal seminar/meeting with a reviewer in their field.

16 : 00 NAOJ colloquium (Lecture by Prof. Jocelyn Bell Burnell)

* Rooml : Large Seminar Room, Room?2 : Graduate Students Seminar Room, Room3 : Lecture Room
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1 EXECUTIVE SUMMARY

The most significant development of the last five years must be the growing and highly
successful Japanese participation in major international astronomical projects. This is good
for astronomy worldwide and we believe good for Japan also. That Japan is now playing an
international leadership role (e.g. in TMT) is an excellent development. The review panel
wishes to congratulate NAOJ on its successes in these areas, highlighting especially its three
core projects ALMA, Subaru and TMT. Alongside this we acknowledge and welcome the
growing links with other East Asian countries; again this is good for astronomy worldwide.

We judge it important that Japan continues to secure its international profile and provides
appropriate leadership in the worldwide astronomical community. To this end its highest
priorities should be its international projects. To achieve this NAOJ should be clear which
projects only it can accomplish, and which could be accomplished elsewhere in Japan or
East Asia. NAOJ already has good relationships with Japanese Universities and East Asian
institutes which should be built upon. However we hope also that NAOJ can continue suffi-
cient small projects (perhaps in collaboration with universities) that there is opportunity for
creativity, innovation and experimentation with new techniques. We recognise that funding
and staff resources are finite; therefore, relative prioritization will be required in the years
ahead and we comment on that in the individual sections. We also recommend that heads
of units should be made aware of the full staff costs of their unit, even if they do not have
control over all those resources.

NAOJ has also provided leadership in astronomical research in Japan and helped train many
graduate students and young researchers in science and engineering who have gone on to
faculty positions within NAOJ and in the universities. As in many major observatories in
many countries there is a tension here between the service role of an observatory and the
need to retain top class staff who are also stimulated by research and the training of young
astronomers. There is no simple solution here but it is essential that staff remain in contact
with research; we recommend that funding to hire post-docs be protected. It is good that
there is a strong Department of Theoretical Astrophysics (DTA) within the Observatory.

It is now widely recognised in Europe and the Americas that a diverse group (be it a research
group or a business) is more successful than a less diverse group, with better robustness and
flexibility. The Review Committee welcomes the recent appointment of a female member of
the scientific staff and encourages the Observatory to take advantage of the current opportu-
nity to advertise women-only positions to recruit some more excellent female scientists. We
also recommend that in future disaggregated staff numbers are recorded (i.e. the male and
female numbers are reported separately). We further recommend that NAOJ strengthens
the international/cultural diversity of its staff. This will become increasingly important in
the era of very large international projects such as TMT. We note that the leadership of
the East Asian Institutes have English as their working language, and judge that increasing
internationalization of the staff will lead to increased use of English in the Observatory.



2 INTRODUCTION

The NAOJ External Review Committee met at NAOJ Tokyo on February 24, 25 and 26,
2015. The Review Committee membership is given in the Appendix. In advance of the
meeting the Review Committee was given overview material and extensive documentation on
each project. While at NAOJ we received presentations introducing NAOJ and presentations
summarising the major points for each project and had opportunity to ask questions; those
presentations were subsequently made available to us. We had confidential meetings with
Director General Hayashi, a meeting with young researchers, and an opportunity to see some
of the facilities on site.

3 NAOJ’ s CHARGES TO THE PANEL

Our brief was as follows;
‘We would like to ask the panel to review the activities of NAOJ in the past five years,
primarily referring to our missions and expected products.

The specific items we would like to ask the panel to review are the followings:

1. Which of the NAOJ Projects, if any, and what kind of their activities are at the world-
leading level? Please identify the Projects and specify their activities that are evaluated
at the world-leading level.

2. Are the NAOJ Projects or researchers producing outstanding science outcomes? Please
evaluate both the NAOJ Projects (including the outcomes produced by open-use users
of NAOJ facilities) and the achievements by the NAOJ project members themselves.

3. What are the strong and weak points of NAOJ (specific to the top administration, each
Project or Center, etc.) in terms of their governance, management, structure, and use
of resources?

4. What are the issues that NAOJ (specific to the top administration, each Project or
Center, etc.) needs to improve?’

4 REPORT ON CORE PROJECTS

4.1 ALMA

Overall Evaluation - world-leading and with excellent early science
Area needing further attention - staff safety/security

The External Review Committee finds that the performance of NAOJ in the ALMA project
is world leading.

e NAOJ (via NINS) joined the ALMA collaboration in 2004, two years after the NRAO
(via NSF) and ESO signed their Bilateral Construction Agreement. However, NAOJ
was first to deliver an ALMA 12m antenna (2008), first to deliver all of their antennas
which compose the ACA (2013), first to deliver all of their 17 Front End systems
(FEs) (2012) and then 9 more for NRAO and ESO. NAOJ also delivered all of their
219 receiver cartridges (B4, B8, B10) ahead of schedule (2013), as well as the ACA
correlator system.



e NAOJ contributed components which all performed better than the original specifica-
tions in terms of surface accuracy (antennas), and system temperatures (receivers).

e NAOJ has developed key technologies, as evidenced by the 16 patents earned via the
ALMA project, and also the superconducting junction fabrication facilities within the
NAOJ Advanced Technology Center (ATC). They are also leading developments for
the next Band 1 receivers and the Band 11 receivers.

e NAOJ established the NAOJ Chile Observatory, deploying 23 staff members to Chile
(12 serve as international members of JAO, including important management roles as
Project Manager and Chief Scientist at various times). These staff have been contribut-
ing to the commissioning and science verification activities for ALMA. In particular,
they have made important contributions to operations with long baselines, with polar-
ization capabilities, at high frequencies, and for solar studies.

e NAOJ established the NAOJ/East Asia ALMA Support Center (ASC) to continue
maintenance and development of ALMA components, and to support science programs
within the user community:.

e NAOJ forged an East Asian partnership in ALMA, with ASTAA (2005) and KASI
(2012), strengthening their staff and financial resources.

e NAOJ ALMA project has a very robust program in public outreach and education
activities, which is in addition to the general NAOJ outreach program. In particular,
almost 300 news and press releases, almost 200 public talks, and a strong presence on
the social media, have produced high levels of awareness and interest in the public.

e NAOJ promotes science activities and collaboration throughout East Asia, with ALMA
Users Meetings, ALMA Town Meetings, ALMA Workshops, ALMA International
Meetings, and most recently the ALMA Postdoc Symposium. These activities pro-
mote collaborations and more competitive ALMA proposals.

e NAOJ ALMA project has produced excellent early science results, which include the
primordial galaxy merger “Himiko” at z=6.6, gas in GRB host galaxies, the formation
of disk galaxies, infalling gas and chemistry near the protostar L1527, and proto-
planetary disks. These results from the Early Science Operations demonstrate the
increased sensitivity and potentials of ALMA as well as providing a strong indication
that ALMA will fulfil its promise to be “transformational ” . They demonstrate that
the science community in Japan is working at the frontier, and is competitive.

The NAOJ has fully addressed the concern and advice from the last external review in
2008. NAOJ has strengthened their staff and financial resources, by bringing in their East
Asian partners in Taiwan and Korea. They have continued to grow and cultivate both the
scientific and public communities in Japan. The NAOJ ALMA team has worked closely and
smoothly with their international partners, in North America, in Europe, and in East Asia.
The NAOJ enjoys high visibility and support by the public. Their performance has secured
the operational budget for their ALMA project going forward.

Commentary and Recommendations

The outstanding performance of the NAOJ ALMA project team has demonstrated that
NAOJ and the Japanese astronomical community are fully internationally competitive in
astronomical research and development. As one of three core projects within NAOJ, the
ALMA project team has demonstrated leadership in technical expertise, in delivery of sub-
systems on time, on budget, and on specification, in integrating and calibrating the entire
ALMA system, and in working smoothly with industries in Japan. The NAOJ is now clearly



a very reliable partner and a clear leader in global astronomical efforts.

NAOJ continues to be heavily invested in the ALMA project in the future. Both technical
and personnel requirements remain high for operations, maintenance, and future develop-
ment. Integrating the East Asian efforts will be important, as well as future expansion of
this partnership to other countries in the region. The pursuit of, and the publication of
ALMA science results, will require increased efforts and increased investments.

Recommendation 4.1.1: NAOJ continues its major, highly successful role in ALMA,
putting in further resources if required; the involvement of other countries in the region
should be increased.

Recommendation 4.1.2: Although significant effort has already been made, effort to
further improve the safety/security of staff at NAOJ Chile Observatory should be continued
and enhanced in the future.

4.2 Subaru

Overall Evaluation - excellent with outstanding science in several areas
Area needing further attention - staff safety/security, and preventative maintenance
and upgrades.

The External Review Committee finds that the performance of NAOJ in the Subaru project
is excellent.

e By all international standards, Subaru has been and continues to be a very successful
facility.

e Hyper-Suprime-Cam (HSC), Prime Focus Spectrograph (PFS), and their associated
key projects will provide world-best capabilities and datasets until at least 2020.
ULTIMATE-Subaru is a very attractive option for the future.

e The Subaru Strategic Programs (SSPs) create new opportunities to exploit these tech-
nological strengths effectively.

e Engagement with the East Asian scientific community as well as other international
observatories on Mauna Kea seems timely and effective, as does the Subaru public
outreach in Hawaii.

e Over all, Subaru will remain critical for Japanese international leadership in ground-
based optical-infrared astronomy even with the arrival of the Thirty Meter Telescope
(TMT).

e In the 8m class facilities, Subaru continues to play a dominant role because of its
wide-field capabilities.

The stated objectives and plans for instrumentation are appropriately forward-looking. Fi-
nancial support for ULTIMATE-Subaru should be vigorously pursued.

Commentary and Recommendations
To ensure continued success, the committee suggests a number of action items.

Streamlining the Suite of Instruments. The balance between targeted high impact science
such as HSC surveys and the availability of a large suite of instruments depends on the
proposal pressure from the users’ community. The nature of HSC and PF'S science, which
requires large investments of telescope time, will necessarily make it more difficult to have a



large number of instruments deployed on the telescope. The committee therefore supports
the Subaru effort to decommission and replace older facility instruments. The committee
also supports the Subaru effort to move some instruments and science to other available
telescopes. Reducing the number of instrument changes per year will also minimize overall
unscheduled technical downtime. Operating higher impact instruments for more nights,
combined with more survey observing (complementing larger imaging surveys in the 2020s),
will increase Subaru’s impact relative to other facilities.

Engaging University Groups and Support to the Community. The NAOJ and the Subaru
project have the tradition of working with university groups in producing instruments for
Subaru. This has been important for the training of the future generation, and for keep-
ing university groups engaged and supporting the national facilities. A healthy and strong
university community will be important for the future of Japanese astronomy. The num-
ber of Pl-type instruments should be selected with care in consultation with the commu-
nity. The science and technology benefits of supporting Pl-type instruments need to be
weighed against the costs of instrument changes, demands on Subaru staff to help support
non-standard instruments, and night-time taken away from other programs (e.g., Subaru
Strategic Programs). The committee recognizes that the collaboration with the university
community is a strong attribute of Subaru, and should be pushed continuously.

Recommendation 4.2.1: The program to decommission older instruments, reduce the
number of instrument changes, operate more with higher impact instruments and with more
survey mode observations should be pursued. PI-type instruments should be selected with
care.

Engaging the East Asian and International Community. The NAOJ and Subaru project has
been engaging the East Asian community in order to enlarge its users’ community. This
is seen to be important for building support for future operations and instrumentation for
Subaru, as well as for the TMT. Subaru also exchanges time with other Mauna Kea facilities.
This will encourage better coordination and utilization of all the facilities, and also provide
the Japanese community with access to other facilities. The committee recognizes and lauds
these efforts and endorses their continuation.

Recommendation 4.2.2: The program to enlarge the East Asian user community should
continue. Exchanges of time with other Mauna Kea telescopes should continue.

Preventive Maintenance and Upgrades. Because of the high scientific impact of Subaru and
the large recent investments in HSC and PFS, improving telescope efficiency in terms of
minimum technical downtime would have high value. The committee recommends targeted
preventive maintenance and continual upgrades of sub-systems as excellent investments with
high return. The committee recommends continual allocation of well experienced personnel
as well as sufficient budget and effort in this area.

Strengthen safety/risk mitigation. Regular internal staff meeting(s) and improved communi-
cations have already been implemented. The committee recommends a full-time safety /risk
management officer to operate directly as part of the Subaru Director’s office. Consultation
with and utilization of external safety advisors may be very useful.

Recommendation 4.2.3: We urge more resources in terms of budget and staff resources for
(a) safety/risk management; and (b) overall facility preventive maintenance and upgrades.



4.3 Thirty Meter Telescope (TMT)

Overall evaluation - world leading
Area needing further attention - strengthening and extending the organization of TMT-
J.

The External Review Committee finds the performance of NAOJ in the TMT project to be
world leading.

e Overall, the TMT-J activity is in excellent shape. However, funding challenges exist
both internally and at the NINS (and above) governmental level. Neither of these
funding challenges is completely under NAOJ control, adding understandable but also
unavoidable risk to the TMT-J activity.

e Since joining the project in 2008, NAOJ has emerged as a strong scientific, technical,
and financial leader within the Thirty Meter Telescope (TMT) project, now officially
the TMT International Observatory (TIO). Indeed, by the end of construction in 2024,
NAOJ will have made equivalent or greater contributions in all areas than any other
partner, making it the largest partner. Coming after previous successes with Subaru
and ALMA, TMT-J is already another significant international success for the NAOJ
program as well as a major opportunity to further Japanese leadership in astronomy
and astrophysics on a global scale.

e While there are activities within NAOJ that might be accomplished elsewhere within
the Japanese university community, NAOJ appears to be the only astronomical organi-
zation within Japan capable of representing Japan in this major international project
and working with Japanese industrial partners to deliver major TMT components. In
order to keep up with rapidly increasing TMT activities, the organization of TMT-J
should be extended and strengthened. As NAOJ faces hard financial decision in the
years ahead, it is imperative to keep the TMT-J group strong to maintain and extend
Japanese leadership within TMT.

e Technology development for TMT, especially in focal plane instrumentation, creates
a significant opportunity for collaboration between NAOJ, Japanese universities, and
other institutions throughout East Asia. The development of such collaborations has
already begun and should be continued with high priority.

e Science leadership within the TMT International Science Development Teams (ISDT's)
by Japanese scientists from NAOJ and various Japanese universities is highly signifi-
cant. Such international leadership grows from the earlier investments in Subaru and
ALMA as well as close scientific ties between NAOJ and the Japanese university com-
munity. Such intra-Japanese collaboration will remain critical in the years ahead.

Response to the Recommendations of the Last External Review

All specific activities (internal research by the group, collaboration with other Japanese
groups, education and public outreach, and the acquisition of external funding) have been
very successful since the last external review. There were five items recommended in the
2008 Review: (1) to establish the Japanese contributions to TMT; (2) to explore and select
which instruments should be constructed in Japan; (3) to build community support; (4) to
establish a formal partnership and; (5) to prepare the budget request. All five items were
successfully completed.



Commentary and Recommendations

The five-year plan as presented is appropriately ambitious to enforce Japanese leadership.
However, if the overall TIO partnership evolves, opportunities may arise for further Japanese
involvement in development and construction activities.

Recommendation 4.3.1: NAOJ is encouraged to watch for opportunities for further
Japanese involvement and seize them whenever possible.

Given the emergent role of NAOJ within the TMT International Observatory (TIO) on
behalf of the Japanese community and other East Asian partners, NAOJ is encouraged
to take a more active role in TIO governance and high-level policy development. TMT
is not a Californian project with Japanese participation; rather, TMT is an international
collaboration with Japan as its most significant partner. In particular, NAOJ should actively
ensure that TMT is operated in a way that is consistent with Japanese organization, culture
and aspirations. However, since TMT operations will ultimately involve international use of
all instruments, we recommend developing close collaborations with all stakeholders.

Recommendation 4.3.2: NAQOJ is encouraged to take a more active role in TIO governance
and high-level policy development. Close collaborations with all stakeholders should be
developed.

The organization structure of TMT-J is rather complex. In some cases, the same person
shares multiple roles within TMT-J as well as between TMT-J and other NAOJ activities.
This should be reviewed and whenever possible each person should focus on as few activities
as possible. Some groups within TMT-J appear to be too small to carry out their roles.
Hiring experienced personnel will be required.

Recommendation 4.3.3: The organization of TMT-J should be reviewed as a priority and
simplified where possible; it will need extending and strengthening as the project grows.

An intellectual atmosphere will be compromised unless there is innovation. Core projects
such as TMT need to be managed carefully so as not to consume all the resources necessary
for the small projects that are innovators and incubators. To broaden the research and
staffing base, some small projects could be conducted jointly with universities.

5 REPORT ON GROUP A PROJECTS

5.1 Mizusawa VLBI Observatory

Overall evaluation - good
Area needing further attention - The future of Mizusawa VLBI observatory after the
VERA should be planned.

The External Review Committee finds the performance of NAOJ in the Mizusawa VLBI
Observatory project to be good.

e The Mizusawa observatory has kept stable operation of the VLBI Exploration of Radio
Astrometry (VERA) providing about 4000 hours/year observing time and increasing
the number of the astrometry measurements steadily. Open-use observations of VERA
have been conducted successfully.



e The Mizusawa observatory has participated in almost all Japanese VLBI Network
(JVN) observations.

e The Mizusawa observatory constructed the combined VLBI array with the Korean
VLBI Network (KaVA) and started open-use from February 2014.

e The Mizusawa observatory has started VLBI test observations for the East Asian VLBI
Network (EAVN) and fringes were successfully detected.

e The Mizusawa observatory has contributed to the education of PhD students in radio
astronomy; 11 people obtained PhDs based on VERA and JVN research during 2010-
2014.

e The Mizusawa observatory has been keeping the Japan Standard Time.

The NAOJ Mizusawa team has addressed the concern and advice from the last external
review in 2008. The pipelines for data analysis were developed and the number of pub-
lications was significantly improved. It is remarkable that some of the publications have
had high impact on their research field (e.g., Honma et al. 2012). Significant improvement
in international collaboration has been achieved. The construction of KaVA and the start
of open-use observations are especially noteworthy. EAVN is also an important project for
international collaboration. The operation of VERA and other networks with universities is
a new style for NAOJ, one that is successful in supporting research and education carried
out at universities. Keeping Japan Standard Time during the power outage period just after
the huge earthquake in March 2011 is laudable.

Commentary and Recommendations

International collaborations such as KaVA and EAVN are important for the development not
only of instruments but also of human resources in East Asia and should be encouraged. The
potential for more international collaboration should be explored but balanced against other
NAOJ commitments. Since EAVN is operated with Korea and China which are members
of the East Asian Observatory (EAQ), it is worth thinking about future operation of EAVN
by EAO. However, since the future of Mizusawa VLBI observatory after the VERA is not
clear, the plan for the observatory has to be developed.

Recommendation 5.1.1: A plan for the Mizusawa observatory has to be developed.

5.2 Nobeyama Radio Observatory (NRO)

Overall evaluation - good
Area needing further attention - decommissioning of old instruments, solutions to the
remaining single point failures, and the future role of the 45-m telescope.

The External Review Committee finds the performance of NAOJ in the NRO project to be
good.

e NRO provides more than 4000 hours/year observing time on the 45-m telescope for
open-use and internal observations including the Legacy Projects. More than 30 papers
have been published in refereed journal annually in the last 5 years.

e NRO has developed a new observing system which includes the 2-beam dual sideband
(2SB) receiver and new digital backend. The new multi-beam receiver FOREST is also
being developed.

e NRO has implemented a remote observation capability of the 45-m telescope, along
with switching to Linux.



e NRO has completed refurbishments of some critical parts of the 45-m telescope follow-
ing the NRO antenna master plan.

e NRO is developing the ASTE TES Bolometer camera.

e NRO conducts various programs to educate students in mm-wave and radio astronomy.

The NAOJ NRO team has addressed the concern and advice from the last external review
in 2008. NRO developed the new observing system including the new digital backend which
can take over from the old AOS. NRO is also upgrading the multi-beam receiver using 25SB
SIS mixers. The 45-m telescope with the wide band digital backend and the new multi-
beam receiver FOREST will be still competitive in mapping at 3-4 mm. NRO is playing
an essential role in nurturing the next generation for the ALMA era. The committee highly
appreciates the efforts made by NRO to carry out activities with very limited staff resources.
NRO is also an important hub for public outreach by NAOJ. It is remarkable that there are
about 60,000 visitors every year.

Commentary and Recommendations

The committee recommends completion of the solutions to the remaining single point failures
as soon as possible, before they cause serious loss of observing time. The completion of the
development of FOREST should be the first priority among the NRO development items. To
overcome the problem of shortage of staff resources, collaboration with universities should
be encouraged. Including universities in a Legacy Project is a good way to make a big
science impact and educate the younger generation using the 45-m telescope. Collaboration
on the development of instruments with universities is also important, giving their graduate
students the chance to learn radio astronomy using the world-class telescope. To reduce the
burden on NRO staff, the committee endorses the plan to decommission old instruments
which can be replaced by new ones.

Recommendation 5.2.1: Old instruments should be decommissioned as planned to reduce
the burden on NRO staff, and solving the remaining potential single point failures should
be given high priority.

Recommendation 5.2.2: Consideration has to be given to the role that the 45-m telescope
should play in the ALMA era.

5.3 RISE (Research of Internal Structure and Evolution of Solar
System Bodies)

Overall evaluation - good
Area needing further attention - The data from KAGUYA and Hayabusa 2 should
continue to be exploited.

The External Review Committee finds the performance of NAOJ in the RISE project to be
good in adverse circumstances

e The NAOJ RISE project was previously focused on the KAGUYA (SELENE) mission.
This Lunar Orbiter project’s (2007-2009) geodetic survey data are now released, and
many science papers have been published.

e The RISE team developed the VLBI, the large cube mirror for the Lunar Laser Rang-
ing experiment (LLR), and the geodetic telescope for the In situ Lunar Orientation



Measurement (ILOM) for the SELENE 2 Lunar Lander mission. Bread Board Models
(BBMs) were developed, but SELENE 2 was terminated in March 2015.

e The RISE team worked on the laser altimeter (LIDAR) for Hayabusa 2 Asteroid Ex-
plorer mission launched in December 2014. Papers are being prepared for the LIDAR
system.

e The RISE team is exploring participation in future projects such as the Jupiter Icy
Moons Explorer (JUICE) and the Mars Exploration with a Lander-Orbiter Synergy
(MELOS).

e The RISE team is teaching and working with graduate students at various universities.

The NAOJ RISE team has addressed the concern and advice from the last external review
in 2008, by developing various survey data products for KAGUYA. The RISE team has been
developing instrumentation for the SELENE 2 mission. This Lunar Lander mission has been
terminated, but the developments might be useful for the MELOS mission. The RISE team
has also worked on the Hayabusa 2 mission, and their data analysis going forward should be
very useful. The RISE team has a good track record for publishing, and a good track record
for developing components for space missions. This is an asset for NAOJ.

Commentary and Recommendations

The RISE team will continue to have data from the KAGUYA and Hayabusa 2 missions.
They should continue to push their scientific publications. Their track record on working
with JAXA missions should be continually pushed for future missions. They should clearly
continue to work with the various universities.

Recommendation 5.3.1: The data from KAGUYA and Hayabusa 2 should continue to be
exploited.

6 REPORT ON GROUP B PROJECTS

6.1 Jasmine

Overall evaluation - good
Area needing further attention - NAOJ-based data processing, and adaptation to the
small-Jasmine project to enable it to reach fainter magnitudes

The External Review Committee finds the performance of NAOJ in the Jasmine project to
be good.

e The Jasmine project represents the only space-astrometry project outside Europe. By
observing in an infrared passband, it is able to cover a range of sources that is beyond
the reach of the Gaia satellite due to severe reddening. This will allow for the first time
the measurement of parallaxes in areas that at visual wavelengths are largely obscured
by interstellar dust.

e The Jasmine project is split into three satellite missions, the first of which, nano-
Jasmine, has been ready for launch for about 4 years. Launch delays were outside
the control of the Jasmine team. Nano-Jasmine is to be seen as an experiment for
techniques to be deployed in the “small-Jasmine ” , and possibly later in “ medium-
Jasmine ” . The “small-Jasmine” mission has been designed such as to fit within an
ISAS/JAXA small satellite mission proposal.
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e While nano-Jasmine is a two-aperture instrument for measuring absolute parallaxes,
using the same principles as Hipparcos and Gaia, small-Jasmine and medium-Jasmine
are single aperture missions. They can only measure differential parallaxes, which
require calibration to obtain absolute values. It is, however, likely that a reference
frame of suitable accuracy for this calibration can be obtained from the Gaia data.

e Nano-Jasmine is ready for launch; there are clear plans for small-Jasmine, and plans
and alternatives (VERA) for medium Jasmine. The feasibility of medium-Jasmine is
not clear at this stage, but remains the ultimate goal.

Response to the Recommendations of the Last External Review

On technical aspects there has been an excellent response, but on the scientific aims and
possibilities there are still some questions left. Although in the original Jasmine design
the astrophysical impact was expected to be very significant, this is no longer clear in small
Jasmine, with its reduced aperture size. An assessment of the expected performance of small
Jasmine for observing towards the Galactic Centre, compared with the expected performance
of Gaia for the same region, should clarify this.

Commentary and Recommendations

The data processing for nano-Jasmine is foreseen as a collaboration with the Gaia data pro-
cessing centre at European Space Astronomy Center (ESAC). Considering that it now seems
that launch is delayed till 2017, we recommend that the Jasmine team invests in building
up more knowledge of the nano-Jasmine data processing through detailed simulations and
experiments, in order to ultimately being able to do the processing of the nano-Jasmine data
in its entirety at NAQOJ. This requires more experienced regular support on developing data
simulation and processing activities, but will create a much improved understanding of the
astrometric data produced by the mission.

Recommendation: 6.1.1 The Jasmine team develops a more thorough understanding of
the data processing, with the goal of the processing being done at NAOJ.

In order to fit the small-Jasmine mission within the ISAS/JAXA small-mission concept, the
telescope aperture has been decreased to 30 cm. This impacts on the limiting magnitude,
and from the presentations it has not been clear whether under these conditions the original
scientific aims of the mission, such as reaching deeper than the Gaia mission in obscured
regions towards the galactic centre, are still met.

Recommendation: 6.1.2 We recommend adaptations are made to the small-Jasmine
project such that it can reach to fainter magnitudes. Depending on the current mission
limitations, these adaptations could be to the spacecraft and payload design, the detectors
and electronics, or even the data collection and analysis.

The planned international collaboration between small-Jasmine and the SDSS-IV/APOGEE-
2 project is an excellent addition to maximise the scientific impact of small-Jasmine.

6.2 Okayama Astrophysical Observatory (OAQO)

Overall evaluation - good
Area needing further attention - the future plan for OAO

The External Review Committee finds the performance of NAOJ in the Okayama Astro-
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physical Observatory project to be good.

e The main telescope of Okayama Astrophysical Observatory (OAO) is the 1.88-m (74-
inch) telescope, which has been operated since 1960. Open use of the 1.88-m telescope
is smoothly carried out with very limited staff resources, with a moderate oversub-
scription rate.

e The current scientific activity of OAO is not low but limited, since the telescope aper-
tures are relatively small.

e The average number of papers published per year based on OAO data is low.

e Efficient use of the 1.88-m telescope with an optimized instrument (e.g. the High
Dispersion Echelle Spectrograph, HIDES) has been achieved.

e OAO has developed astronomy research activities in some areas together with obser-
vatories in East Asia and others.

Response to the Recommendations of the Last External Review

The last external review committee recommended a simpler, more focused operating
model for OAO to retain much of the scientific productivity with fewer staff and capital
resources. We confirmed that OAO has made significant efforts to meet the recommendation,
focusing on, for example, Doppler measurements of extra-solar planet systems with HIDES.

The previous committee expressed concern about the range of motivations the different
stakeholders have for building the 3.8m telescope, and suggested that NAOJ and Kyoto
University needed to agree to explicit performance requirements, a project schedule and the
division of the operating costs so that the project team can focus on specific goals. We found
that the project schedule has now a clear target year (2018) and that Kyoto University is
the central institute to build the telescope, but operating cost discussions are not completed
yet.

Commentary and Recommendations

It is very important for NAOJ to mentor the next generation of world leading researchers,
and local telescopes should play important roles for innovative activities and new ideas.
NAQJ, as an intra-university institute, should take a key role to integrate activities not only
by Japanese large universities but also by other universities.

Although open use of the 1.88-m telescope is carried out well, not many graduate students
are involved, partly because the telescope aperture is not very large, and also because the
instrument has been rather focused on relatively few science programs. OAO is involved
in the Optical and Infrared Interuniversity Cooperation Program, but the outcome is not
significant. The 91-cm telescope is not yet used for a NIR wide-field survey. These issues
should be improved together with the future plan of the observatory.

When we consider that “back-yard” optical-infrared telescopes inside Japan are very limited,
OAO could be extended and be operated possibly by Kyoto University together with a new
3.8-m aperture telescope, which could be the central telescope for Japanese intra-university
domestic telescopes. This may require reducing or terminating other OAQO activities.

As significant time on the 3.8-m telescope is going to be open to the Japanese community, it
is natural that NAOJ will support a part of the operation of the observatory. However, the
unusually complex design (relative to other 4-m class telescopes built in the last 10 years)
of the new 3.8-m telescope may lead to high annual operations costs. Careful consideration
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is required to find the balance between the back yard activities at OAO and the frontier
activities elsewhere within the NAOJ program.

Recommendation 6.2.1: An overall operations, maintenance, and development plan for
OAO should be developed. In particular, the 3.8-m operations phase agreement with Kyoto
University should be worked out.

6.3 Extrasolar Planets

Overall evaluation - world leading with outstanding science in IR imaging of extrasolar
planets and imaging of circumstellar disks
Area needing further attention - an increase in FTE level

The External Review Committee finds the performance of NAOJ in the Extrasolar Planets
project to be world leading.

e The Extrasolar Planet Project Office (ESPO) has been highly successful over the re-
porting period, with new techniques being developed and applied, and a wide range of
exciting results. The output of this relatively small group of researchers is very high
in both professional refereed papers and outreach.

e The IR imaging of extrasolar planets is particularly impressive, as is the imaging of
features in circumstellar disks. These results well-justify the large award of Subaru time
to the Strategic Exploration of Exoplanets and Disks with Subaru (SEEDS) project.

e Plans for future developments are well thought through, realistic, and promise further
exciting results. There are clear, well defined instrumental development plans that
promise further exciting data - the Infrared Doppler Instrument (IRD) for Subaru, the
Second Earth Imager for TMT (SEIT), and WFIRST AFTA COronagraph (WACO).

e While this group is facing increased international competition in the area of high-
contrast imaging from the (e.g.) Gemini/GPI and VLT/SPHERE groups, the ESPO
group has built a strong foundation for continued international leadership, especially
if they can bring their TMT and WFIRST plans to fruition.

Recommendation 6.3.1: We recommend an increase in FTE level for the scientific in-
terpretation of the data and continuation of the developments and exploitation of the IR
imaging techniques as planned.

6.4 Gravitational Waves (KAGRA)

Overall evaluation - good
Area needing further attention - contribution to the GW network

The External Review Committee finds the performance of KAGRA project to be good.
Progress since the last external review

The last NAOJ External Review Committee recommended “The GW (Gravitational Wave)
group stands at a crossroads. To remain at the forefront they should either pursue LCGT
or engage formally in one of the other next generation detectors. ”

Since 2009 the Gravitational Wave Project Office at NAOJ along with colleagues at ICCR
(U Tokyo) and KEK have:
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Got approval and funding for the LCGT, now known as KAGRA

Excavated the tunnels and caverns

Almost completed the infrastructure

Started the detector installation

Planned initial observations starting at the end of 2015 (although still without the full

sensitivity)

e Exploited the existing MOU with LIGO for full sharing of data and joint data analysis;
helped with LIGO science runs and data analysis.

e Technical collaboration is also foreseen, as is another MOU with VIRGO

Commentary and Recommendations

Gravitational waves allow us to view the universe from a new perspective and are expected
to give unique astrophysical insights. Pulsars in binary systems have provided precision
(part per thousand) measurement of gravitational waves at the level predicted by Einstein.
However reliable detection by an array of Earth-based detectors of the GW waveform from
in-spiraling compact objects will enable a test of gravitation in the strong field limit. The
next five years will be crucial for Gravitational Wave Astronomy; if at the end of that period
neither the ground based interferometers (primarily Advanced LIGO, Advanced VIRGO,
GEO and KAGRA) nor the Pulsar Timing Arrays have made a direct detection there will
need to be a major critical review and re-evaluation of the entire international GW effort.
The ultimate predicted sensitivities are that the inspiral and merger of a pair of 1.4 Mg
neutron stars could be detected by Advanced LIGO out to a distance of 200 Mpc (by 2019),
by Advanced VIRGO out to 130 Mpc (by 2021)and by KAGRA out to 150 Mpc (by 2019).
If these sensitivities are achieved KAGRA will make a substantial contribution to the field.
If then 3 or more detectors are operating simultaneously at good sensitivity for several years,
there will be some chance that the GW waveform from in-spiraling black holes or neutron
stars can be measured and localized on the sky sufficiently for quick follow-up imaging in
the optical. Such follow-up is required to understand the nature of the source and refine the
distance to the event.

Recommendation 6.4.1: We recommend that over the next five years the KAGRA project
(as a whole) has sufficient funds and staff so that:

(i) The strength of directly detected gravitational waves (or an astrophysically meaningful
upper limit on the strength of gravitational waves) is well determined

(ii) The position of any source is localised as well as possible when combined with all other
operating detectors

(iii) The contribution of the special features of KAGRA to its sensitivity - i.e. under-
ground operation to improve the low frequency response, the cryogenic mirrors and
the vibration isolation system - is understood and recognised

(iv) The contribution of KAGRA to the GW network (primarily sky location and sensitiv-
ity) is recognised and understood

We further recommend that future developments are contingent upon the direct detection
of gravitational waves (via multi-detector coincidence) so that the likely number of sources
and their fluxes is better established at a signal/noise ratio enabling sky accurate location
which could support multi-wavelength observations to identify the nature of the sources.

Recommendation 6.4.2: Future developments are contingent upon the direct detection
of gravitational waves (via multi-detector coincidence).
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7 REPORT ON GROUP C PROJECTS

7.1 Advanced Technology Center (ATC)

Overall evaluation - world leading
Area needing further attention - smooth changes in the staff

The External Review Committee finds the performance of NAOJ in the ATC project to be
world leading.

e The NAOJ ATC is one of the best in the world, and compares favourably to instru-
mentation groups at the largest institutions worldwide. Their engineering expertise
covers the range from microwave radio (ALMA receivers) to optical cameras (Subaru
Hyper Suprime-Cam). The successful production of the ALMA receivers and Subaru
telescope’s Hyper Suprime-Cam is excellent.

e The ATC facility encompasses machining for fabrication, measurement equipment, and
clean rooms. A large instrument bay supports assembly of major space and ground
instruments. The ATC is a center for Japanese astronomy technology development,
and is widely utilized by research organizations and universities in Japan. State-of-the-
art capability exists in the key areas for the new astronomy: microwave engineering,
mechanical engineering, optics, space instruments, clean rooms, thin film coating, and
optical-IR detectors. Of particular interest for the future is the microwave kinetic
inductance detector (MKIDS) array instrumentation.

e The ATC has a very good record of building astronomy instrumentation, often in
collaboration with universities and institutes in Japan and abroad. The ATC has
developed and built the ALMA receivers on-schedule. These receivers have met and
exceeded specification. The ATC built the HSC mechanisms, dewar, and electronics,
and are working on new instruments.

e [f the TMT plans solidify, the ATC will become involved in building some TMT in-
struments.

e Plans for space instrumentation are also exciting, particularly LiteBIRD.

e [t is good that collaborations with other institutes in Japan and international collab-
orations are increasingly relied on. One example is the East-Asia collaboration.

Future plans for the next 5 years are necessarily ambitious. Development of TMT instru-
ments (IRIS, WFOS), and the ALMA receivers are top priorities for the ATC future plan.
The development is ambitious and ATC should try to get enough resource (personnel, bud-
get) for it in close collaboration with the projects.

Response to the Recommendations of the Last External Review

Good progress is seen in some of the recommendation of the last external review. How-
ever, further progress is required for some other recommendations. It will be very effective
to pair an instrument scientist with a professional project manager engineer - particularly in
the large technical construction projects. We note that this has been done in the ATC radio
group, but was not yet realized for the optical /infrared detector development group. Because
the development of IRIS and WFOS is the most important task of ATC (and TMT-Japan)
in the near future, appropriate personnel should be employed. We recommend NAOJ-ATC
to continue to develop a strategy to support space projects.

Commentary and Recommendations
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We understand that ATC properly gives first priority to the strategic programs and the
advanced development program, and must continue to do so. However, we consider that
open-use user support is also important and ATC should try to support various kinds of
technology development as much as possible especially for outside of the observatory. This
includes not only offering open-use of unique equipment, but also for the technical support
by experienced experts. We feel that this is an important role of ATC as the center of
Japanese astronomy technology development.

Recommendation 7.1.1: There is a continuing need to focus staff resources (including
hiring professional engineers) on the scientifically highest ranked projects which will have
the broadest impact in astronomy. This will be critically important in the next 5 years.
ATC should work with NAOJ closely to make smooth changes in the staff.

Additional Comments

(1) The Review Panel is not aware (and failed to ask at the time) how new R&D projects
are initiated and how stakeholders might be involved. We encourage NAOJ management
to ensure that there is a transparent process and that the process is widely known in the
Observatory.

(2) High priority development (strategic) programs, such as the ALMA receivers and TMT
instruments, are conducted in collaboration with the ALMA and TMT projects. We under-
stand that the development tasks are shared between ATC and the projects, but are unclear
how the task share is determined. NAOJ management is encouraged to ensure that there is
a mechanism to optimize the task share between ATC and projects.

7.2 Astronomy Data Center (ADC)

Overall evaluation - world leading
Area needing further attention - more collaboration with similar astrophysics efforts
world-wide

The External Review Committee finds the performance of ADC project to be world leading.

e Both data volume and data complexity are growing exponentially. Data centres have
many roles: organizing and storing raw data; serving those data to the world; pro-
cessing data and populating catalogs and databases; and extracting science from data
by providing computation on the stored databases. This last role is perhaps the most
useful, but it encounters the challenge of data complexity. This is because data is
increasingly multi-wavelength and high dimensional, so that correlations over the data
become computationally challenging at a faster rate than computing and storage tech-
nology is improving. The firm prediction is that if data centres at observatories are
to deliver useful science value, they will soon become a major activity - larger than
traditional departments of observatories.

e The NAOJ ADC does much of this, and they do it very well. The international
community thinks highly of ADC. Comparing the data access portal Subaru Mitaka
Okayama Kiso Archive System (SMOKA) with the world standard HST’s Mikulski
Archive for Space Telescopes (MAST), SMOKA retrieves raw data up to 50 times
faster.

e The ADC multi-data portal Japanese Virtual Observatory (JVO) with its visualization
tools is also impressive. It should link to SMOKA (once their metadata structures are
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stable).
e Overall ADC has good product design and management. Their plans are necessarily
ambitious, with more support required.

Commentary and Recommendations

It is a testimony to the quality of the people that the ADC is able to do this with only a few
people. Soon their job will become more expansive: astro data centres of the future will also
serve relational databases which incorporate reduced and analysed multi-wavelength data.
JVO will move to this model; it will require more R&D and more staff. With the arrival
of hundreds of petabytes of data from upcoming surveys, ADC could position themselves
as a data base for East Asia. ADC has anticipated this by beginning activities toward
data-intensive astronomy.

Recommendation 7.2.1: We recommend that the expected growth of this area is moni-
tored and the extra resources necessary to keep this key centre functioning are anticipated.
We recommend more collaboration with other data-intensive astrophysics efforts worldwide.

7.3 Public Relations Center (PRC)

Overall evaluation - excellent
Area needing further attention - more effort at developing two-way public interaction
including using social media tools

The External Review Committee finds the performance of NAOJ in the PRC project to be
excellent, but efforts to interactively engage the public are highly desirable.

e The PRC has a staff of 40 (10 permanent plus 30 contractors) and a budget of 300
MYen/year plus grants. This is comparable to the biggest astronomy public relations
organizations worldwide. The PRC has seven offices: General Affairs, Public Relations,
Outreach, Museum Planning, Ephemeris, Publication, and Library under a director.

e Their stated goal is to publicize NAOJ findings, communicate the wonder of the uni-
verse, provide calendar/ephemeris, distribute astronomical literature and material, and
host events on astronomy. They engage in multiple outreach activities ranging from
hosted events to web pages, including regular star-gazing parties at Mitaka campus,”4
Day Experience Program as an Astronomer (Kimiten)”, etc. The visitor’s area of Mi-
taka Campus is open daily to the public and they have special two-day Open Campus
event every year.

e By their measure (web hits) their impact is the top of Japanese science institutes and
more than 8% of the University of Tokyo, the Japanese leading university hosting all
fields of research. On the other hand, their English page has less hits than those of
representative observatories in other countries.

e Most of their activities are uni-directional (only outward going). While they do have
a facebook page, there is not much use of blogs or social networking. Virtually all
activities are aimed at Japanese audience.

e A highlight is the Nobeyama + 188cm telescope. Their visitor program has great
contact with the public (locally) and impact. Such open and hosted events are cost
effective and should continue. However, they are no substitute for effective use of the
web as a way of engaging curious minds of all ages.

Commentary and Recommendations
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We feel that NAOJ could be more cost effective by leveraging the web and social media in
new ways, making the PRC more 2-way and multi-way. They are missing an opportunity:
engagement. An example of a successful astronomy engagement project is the Zooniverse,
where the web and social networking are used multi-way to engage the public in “ citizen
science ” . The future of NAOJ (and astronomy worldwide) will involve larger and richer
data sets in easily searchable databases; already interested members of the public are able to
participate in research on-line. We recommend that NAOJ consider inviting Chris Lintott
[Zooniverse PI] for a visit. Another idea is a virtual astronomy town meeting, where new
phenomena in the sky are discussed. We feel that these would be very effective in Japan,
given the high level of interest in astronomy and science generally.

Recommendation 7.3.1: The PRC should make more effort at developing two-way public
interaction including using social media tools to interactively engage the public.

Note - the IAU s OAQ is hosted at NAOJ but its work was not part of the Review Committee’s
remit.

8 REPORT ON GROUP D PROJECTS

8.1 Division of Solar and Plasma Astrophysics

The Division of Solar Physics and Plasma Astrophysics (DSPA) consists of four projects, the
Hinode Science Center (HSC), the SOLAR-C Project Office (SCPO), the Solar Observatory
(SO), and the Nobeyama Solar Radio Observatory (NSRO). We have combined the four
programs into one overall evaluation in this report, since there is often considerable synergy
between them and the staff involved in the different projects partly overlaps.

Overall evaluation:

- the Hinode Science Center: world leading with outstanding science

- the SOLAR-C Project Office: excellent

- the Solar Observatory: excellent

- the Nobeyama Solar Radio Observatory (NSRO): good

Areas needing further attention -

a) If SOLAR-C is selected size of the group needs urgent attention,

b) ensuring continuity of the time series being obtained at the solar observatory

The External Review Committee finds the performance of Division of Solar and Plasma
Astrophysics to be good to excellent, with Hinode being world leading and with outstanding
science.

e The great success and the enormous science output of the Hinode mission is impres-
sive; it is on course to become one of the most successful solar space missions. A
comparatively low-cost mission, it has produced a disproportionately large number of
papers. Most of the funding has been provided by ISAS/JAXA, which has greatly
leveraged the funding provided by NAOJ.

e Researchers at Japanese universities have been involved in key publications; here NAOJ
has provided the infrastructure for successful research at Japanese universities. There
has also been international collaboration, with important contributions to the hardware
as well as to the science output coming from the USA and Europe.
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The Hinode science center (HSC) appears to be efficiently run and the plan shown to
the committee to hand over increasing amounts of Hinode operations to external users
(both in Japan and abroad) seems appropriate.

The DSPA has also been developing and building the highly innovative CLASP (Chro-
mospheric Lyman-Alpha Spectro-Polarimeter) rocket experiment, to observe the po-
larization in the hydrogen Lyman alpha line in the solar spectrum. If successful, this
experiment could open up an important new channel for measuring the Sun ’ s poorly
known chromospheric magnetic field. CLASP is to be launched in August 2015 and
is currently being calibrated in a cleanroom facility of the ATC. Impressively, this
experiment has been the work of mainly young scientists (students and post docs).

A detailed proposal for the SOLAR-C mission, which can be seen as an extremely
powerful follow-up to Hinode, has been written and submitted to ISAS/JAXA. The
selection process is underway. If selected by ISAS, SOLAR-C is set to become an even
greater asset than Hinode, taking over as the leading solar space observatory. Unlike
Hinode, which has significant gaps in its coverage, SOLAR-C will sample the whole
solar atmosphere. Like Hinode, SOLAR-C is planned to be a highly international
mission, with strong contributions from Europe and the USA, but under Japanese
leadership.

The committee notes that the investment into SOLAR-C has led to a significant reduc-
tion in the publication rate by the staff of the Hinode Science Center in recent years,
although it remains at an internationally competitive level compared with other solar
physics groups. This reduction is regrettable, but reflects the conscious decision of
this group to invest in the future at the expense of continuing to maximize the science
return from Hinode at NAOJ.

NAOQOJ will be the major player in the development of SOLAR-C by being responsible
for the assembly, integration, verification (AIV) and calibration of the 1.5 m main
telescope of SOLAR-C, the Solar Ultraviolet Visible and Infrared Telescope (SUVIT),
which is basically the heart of the mission. The group at NAOJ will also have the
PI-ship of the main post-focus instrument, the Spectro-Polarimeter, which will be the
key to measuring the magnetic field and the flows in the denser parts of the solar atmo-
sphere. These are major contributions that are in many ways even more challenging
than the contributions to Hinode made by the DSPA. This committee is concerned
that if SOLAR-C is selected, then the relatively small solar physics group at NAOJ
will have to handle not only the Hinode Science Center (in the absence of any acci-
dents probably at least until the launch of SOLAR-C), but will also be responsible for
designing, developing (including further development of critical technologies), building
and testing major parts of the SOLAR~C mission. If SOLAR-C is selected a strength-
ening of the team by 2 experienced managers (one for the Spectropolarimeter, one for
the main telescope, both of which are complex and highly challenging systems) and a
group of dedicated engineers is important. Some strengthening will already be needed
during the JAXA study phase starting with the down-selection to 2 missions to be
studied in detail from the beginning of the next fiscal year.

The ground-based Solar Observatory in Mitaka runs small solar telescopes that are
being constantly upgraded and partly replaced but partly also maintained to keep
continuity in the long-term datasets being recorded there. The two main goals of the
Solar Observatory, following various important aspects of solar activity over multiple
solar cycles as well as the development of technologically new instruments for ground-
based solar observations (often together with other institutions in Japan, an example
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is the adaptive optics system), are well achieved.

e [t is important that time-series that have been compiled over decades are not inter-
rupted, particularly given the increasing realization that solar variability influences
the Earth in a variety of ways (e.g. via heliospheric disturbances and variations of the
solar radiative output). Breaking off such time series can lead to serious disruptions
in our knowledge of the evolution of solar activity, e.g. because the data from another
observatory may not be completely comparable. The committee therefore strongly
recommends that the time series being gathered at the solar observatory be continued.

e The committee also encourages the Solar Observatory to play an enterprising role in
leading the universities’ educational and innovative activities.

e The Nobeyama Solar Radio Observatory (NSRO) will have closed this March,
2015. However, the operation of the Nobeyama Radio-heliograph (NoRH) will be
continued by Nagoya University with international cooperation. The other main in-
strument at NSRO, the Radio Polarimeters (NoRP) will also be maintained, with
technical support by the Nobeyama Radio Observatory (NRO) and with data archival
support by the Astronomical Data Center (ADC). As with the solar observatory at
Mitaka, it is important to maintain the observation of solar radio flux because of its
decades-long history and the information it provides on the long-term variation of solar
activity. The committee notes that the transition of the administration of the solar
radio instruments to other groups, i.e. Nagoya University and NRO, is a constructive
choice both for the community and NAOJ.

e The committee also positively notes the activity by NAOJ staff working to enable
observations of the Sun by ALMA which will complement the capabilities of SOLAR-
C. However, should SOLAR-C be selected the absence of experienced scientists then
working for ALMA will be keenly felt.

Commentary and Recommendations

There were five items recommended in the last external review in 2008: For Hinode, (1)
a reduction of the operation duty of the staff, (2) support for raising the next-generation
researchers; for SOLAR-C, (3) the involvement of specialist project management and engi-
neering staff; for the Solar Observatory, (4) the preparation of a roadmap for ground-based
optical solar research with emphasis on collaboration with the future SOLAR-C. All these
specific activities have been successfully completed since the last review.

Recommendation 8.1.1: The main recommendation by this committee for the DSPA is
that if the SOLAR-C project is selected, then NAOJ should provide the DSPA with the
necessary personnel, in particular 2 project managers and the necessary engineers, to ensure
that this major project can be successfully completed.

Recommendation 8.1.2: The committee strongly recommends that the time series be-
ing gathered at the solar observatory be continued. The committee also encourages the
Solar Observatory to play an enterprising role in leading the universities’ educational and
innovative activities.
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9 REPORT ON GROUP E PROJECTS

9.1 Department of Theoretical Astrophysics (DTA)

Overall evaluation - world leading and with outstanding science in several areas
Area needing further attention - stronger encouragement of personnel exchange with
universities; more vigorous support for the international visitor program.

The External Review Committee finds that the performance of NAOJ in the DTA project
is world leading.

e The DTA has a long history at the NAOJ; it is now the largest group in theoretical
astrophysics in Japan. Since its inception, the DTA has been particularly strong in the
area of computational astrophysics, and continued strength in this focus area should
be a major goal for the future.

e Scientists at the DTA are world leaders in several research topics, for example studies
of star/planet formation, radiation hydrodynamics, and numerical simulations of core
collapse supernovae. Both the publication and citation rates for work performed at
the DTA are very high. Scientists at the DTA are very successful at getting external
funding for their work, another indication of excellence.

e The reviewers judged the interaction and synergy of the DTA with rest of NAOJ to
be very good. For example, theoretical research on the formation of protostellar cores
has motivated new observations of molecular cloud cores with ALMA, while work on
planet formation is closely aligned with projects on the Subaru telescope to find and
characterize exoplanets.

Commentary and Recommendations

One of the most important roles of the DTA is to train the next generation of theoretical
astrophysicists in Japan. Since members of the DTA have less service roles than members of
big projects at NAOJ, we judge it important that the DTA continues to lead training through
workshops and symposia. The reviewers applaud the leading role the DTA has played in
the SOKENDALI, and in the graduate education program at NAOJ in general, and this must
continue. The NAOJ encourages personnel exchanges with universities, and indeed many
young researchers at the DTA have in fact moved to permanent positions at universities.
However, so far this has been accomplished by voluntary effort. To more strongly encourage
personnel exchanges, it may be advisable to introduce soft term limits for assistant and
associate professors, for example by verbal agreement, or budget reductions after a fixed
time limit if necessary.

Recommendation 9.1.1: The DTA should consider some scheme which more strongly
encourages personnel exchange with universities.

Overall, we recommend the NAOJ continue strong support for the DTA as a national center
for theory. Over the past two years, the number of international visitors has dropped, and
this should be reversed. Instead, the DTA should support the international visitor program
more vigorously, as it represents one of the best ways for young Japanese scientists to interact
with leaders drawn from the international community. We also strongly recommend the DTA
continue to host workshops and symposia for the entire Japanese community. We see no
reason for the DTA to focus its resources on large, strategic projects, but recommend that
members be allowed to pursue their own science. At the same time, it would be wise for
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the DTA to prioritize hires in strategic areas related to areas of importance to NAOJ, for
example in Big Data relevant to upcoming surveys. Hiring a code developer, perhaps in
collaboration with the CfCA, would be an excellent leverage of the strengths of the DTA in
computation; however such a programmer must be targeted in an area of science important
to the Japanese community. Perhaps the open Associate Professor position could be filled
with a hire in these areas. A position to liaise with other groups in NAOJ, which was
recommended in the last external review, seems less well motivated by this panel, since
one person cannot cover the diversity of projects at the NAOJ.

Recommendation 9.1.2: The DTA should support the international visitor program more
vigorously and continue to host workshops and symposia for the entire Japanese community:.

9.2 Center for Computational Astrophysics (CfCA)

Overall evaluation - world leading with outstanding science
Area needing further attention - replacement of the XC30 and stronger encouragement
of postdoc research and publications.

The External Review Committee finds that the performance of CfCA project is world leading.

e From its inception, the NAOJ has provided strong support for computational astro-
physics, and the CfCA is a visible outgrowth of that support. The CfCA is now one
of the leading computational astrophysics facilities in the world, whose members are
not only world-class scientists in their own domains, but also support access to state-
of-the-art hardware as well as training and outreach programs for the entire Japanese
research community. The CfCA is now a crucial part of the research infrastructure in
Japan, and must continue to be supported.

e The list of world-class science projects supported by CfCA resources is impressive. The
reviewers took particular note of the fact that 60% of all papers published by Japanese
researchers in the area of computational astrophysics used CfCA resources.

e The senior scientific staff at the CfCA are productive and world-leaders in their fields.

e However, in comparison with the DTA, postdocs in the CfCA appear less productive
in terms of publications. In order to support their future career path, research and
publications by postdocs at the CfCA need to be encouraged more strongly.

e The reviewers judge the interaction and synergy of the CfCA with rest of NAOJ to be
outstanding.

e One of its important roles is as a service organization, providing computational support
not only for NAOJ, but also for the whole Japanese research community. In these roles
it excels, based on the number of users of its machines, throughput of jobs, and number
of papers published using CfCA resources.

e Another core role of the CfCA is education and training of young researchers, as well as
public outreach. Again, in these topics we judge the efforts of the CfCA as outstand-
ing. The annual schools for programming on High Performance Computing (HPC)
systems and scientific visualization are important for Japan to maintain its excellence
in computational astrophysics. The CfCA must strongly support these efforts in the
future.

e The 4D2U project is impressive, both as a research tool for advanced visualization of
results, as well as an outreach project for the public. The demonstration of the facility
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was one of the highlights of the review. We applaud the CfCA for undertaking this
initiative, and recommend it keep close track of the usage statistics to measure its
success.

Commentary and Recommendations

The response of the CfCA to the recommendations of the last external review have met or
exceeded expectations. For the future, it is crucial that the XC30 be replaced in 2018, or the
CfCA runs the risk of becoming obsolete. It is certain that computation will only continue to
grow in importance as a tool in theoretical astrophysics, and the NAOJ must work to ensure
the resources provided to the national community through the CfCA remain world-leading.
The plan to develop an open code in Japan for Japanese researchers (perhaps in collaboration
with the DTA) is a worthy goal, but must be motivated by specific science goals. In the
meantime, the CfCA should provide support and training in other open source numerical
codes. While the development of the GRAPE hardware for N-body simulations stands as
one of the greatest success stories of the CfCA, changes in commercially available hardware
(particularly Graphics Processing Unit, GPUs) has made this project less attractive. The
CfCA did not provide a compelling argument for continued support of this project, and we
recommend it be phased out.

Recommendation 9.2.1: The XC30 should be replaced in 2018 and NAOJ should ensure
that the resources provided by CfCA remain world-leading.

Recommendation 9.2.2: In order to support the future career path of postdocs at the
CfCA, their research and publications need to be encouraged more strongly.

10 RECOMMENDATIONS (Merged)

10.1 Core Projects
ALMA
4.1.1: NAOJ continues its major, highly successful role in ALMA, putting in further resources

if required; the involvement of other countries in the region should be increased.

4.1.2: Although significant effort has already been made, effort to further improve the
safety /security of staff at NAOJ Chile Observatory should be continued and enhanced in the
future.

Subaru

4.2.1: The program to decommission older instruments, reduce the number of instrument
changes, operate more with higher impact instruments and with more survey mode obser-
vations should be pursued. PI-type instruments should be selected with care.

4.2.2: The program to enlarge the East Asian user community should continue. Exchanges
of time with other Mauna Kea telescopes should continue.

4.2.3: We urge more resources in terms of budget and staff resources for (a) safety/risk
management; and (b) overall facility preventive maintenance and upgrades.
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Thirty Meter Telescope (TMT)

4.3.1: NAQOJ is encouraged to watch for opportunities for further Japanese involvement and
seize them whenever possible.

4.3.2: NAOJ is encouraged to take a more active role in TIO governance and high-level
policy development. Close collaborations with all stakeholders should be developed.

4.3.3: The organization of TMT-J should be reviewed as a priority and simplified where
possible; it will need extending and strengthening as the project grows.

Mizusawa VLBI Observatory

5.1.1: A plan for the Mizusawa observatory has to be developed.

Nobeyama Radio Observatory (NRO)

5.2.1: Old instruments should be decommissioned as planned to reduce the burden on NRO
staff, and solving the remaining potential single point failures should be given high priority.

5.2.2: Consideration has to be given to the role that the 45-m telescope should play in the
ALMA era.

RISE (Research of Internal Structure and Evolution of Solar System Bodies)
5.3.1: The data from KAGUYA and Hayabusa 2 should continue to be exploited.

10.2 Group B Projects
Jasmine
6.1.1: The Jasmine team develops a more thorough understanding of the data processing,

with the goal of the processing being done at NAOJ.

6.1.2: We recommend adaptations are made to the small-Jasmine project such that it can
reach to fainter magnitudes. Depending on the current mission limitations, these adaptations
could be to the spacecraft and payload design, the detectors and electronics, or even the data
collection and analysis.

Okayama Astrophysical Observatory (OAQO)

6.2.1: An overall operations, maintenance, and development plan for OAO should be devel-
oped. In particular, the 3.8-m operations phase agreement with Kyoto University should be
worked out.

Extrasolar Planets

6.3.1: We recommend an increase in FTE level for the scientific interpretation of the data and
continuation of the developments and exploitation of the IR imaging techniques as planned.
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Gravitaional Waves (KAGRA)

6.4.1: We recommend that over the next five years the KAGRA project (as a whole) has
sufficient funds and staff so that:

(i) The strength of directly detected gravitational waves (or an astrophysically meaningful
upper limit on the strength of gravitational waves) are well determined

(ii) The position of any source is localised as well as possible when combined with all other
operating detectors

(iii) The contribution of the special features of KAGRA to its sensitivity - i.e. under-
ground operation to improve the low frequency response, the cryogenic mirrors and
the vibration isolation system - are understood and recognised

(iv) The contribution of KAGRA to the GW network (primarily sky location and sensitiv-
ity) is recognised and understood

6.4.2: Future developments are contingent upon the direct detection of gravitational waves
(via multi-detector coincidence).

10.3 Group C Projects
Advanced Technology Center (ATC)

7.1.1: There is a continuing need to focus staff resources (including hiring professional en-
gineers) on the scientifically highest ranked projects which will have the broadest impact in
astronomy. This will be critically important in the next 5 years. ATC should work with
NAOQOJ closely to make smooth changes in the staff.

Astronomy Data Center (ADC)

7.2.1: We recommend that the expected growth of this area is monitored and the extra
resources necessary to keep this key centre functioning are anticipated. We recommend
more collaboration with other data-intensive astrophysics efforts worldwide.

Public Relation Center (PRC)

7.3.1: The PRC should make more effort at developing two-way public interaction including
using social media tools to interactively engage the public.

10.4 Group D Projects

Division of Solar and Plasma Astrophysics

8.1.1: The main recommendation by this committee for the DSPA is that if the SOLAR-C
project is selected, then NAOJ should provide the DSPA with the necessary personnel, in
particular 2 project managers and the necessary engineers, to ensure that this major project
can be successfully completed.

8.1.2: The committee strongly recommends that the time series being gathered at the solar

observatory be continued. The committee also encourages the Solar Observatory to play an
enterprising role in leading the universities’ educational and innovative activities.
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10.5 Group E Projects
Department of Theoretical Astrophysics (DTA)
9.1.1: The DTA should consider some scheme which more strongly encourages personnel

exchange with universities.

9.1.2: The DTA should support the international visitor program more vigorously and con-
tinue to host workshops and symposia for the entire Japanese community:.

Center for Computational Astrophysica (CfCA)

9.2.1: The XC30 should be replaced in 2018 and NAOJ should ensure that the resources
provided by CfCA remain world-leading.

9.2.2: In order to support the future career path of postdocs at the CfCA, their research and
publications need to be encouraged more strongly.

10.6 Other Recommendations

10.1: We recommend that heads of units should be made aware of the full staff costs of their
unit, even if they do not have control over all those resources.

10.2: We recommend that funding to hire post-docs is protected.

10.3: We encourage the Observatory to take advantage of the current opportunity to ad-
vertise women-only positions to recruit some more excellent female scientists. We also rec-
ommend that in future disaggregated staff numbers are recorded (i.e. the male and female
numbers are reported separately). We further recommend that NAOJ strengthens the inter-
national/cultural diversity of its staff.
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Appendix B Abbreviations and Acronyms Used

ACA
ADC
AFTA
ALMA
AOS
APOGEE-2
ASC
ASTAA
ASTE
ATC
BBMs
CfCA
CLASP
DSPA
DTA
EAO
EAVN
ESA
ESAC
ESO
ESPO
FOREST
FTE
GPI
GPU
GRAPE

GRB
GW
GWPO
HIDES
HPC
HSC
HST
[IAU
ICCR
ILOM
IR

IRD
IRIS
ISAS
ISDTs
JAO
JASMINE
JAXA

Atacama Compact Array (Morita Array)

Astronomy Data Center

Astrophysics Focused Telescope Assets (of WFIRST)
Atacama Large Millimeter/submillimeter Array
Acousto-optical Spectrometer

APO Galaxy Evolution Experiment 2, a component of SDSS-IV
NAOJ/East Asia ALMA Support Center

Academia Sinica Institute of Astronomy and Astrophysics
Atacama Submillimeter Telescope Experiment
Advanced Technology Center

Bread Board Models

Center for Computational Astrophysics

Chromospheric Lyman-Alpha Spectro-Polarimeter
Division of Solar Physics and Plasma Astrophysics
Department of Theoretical Astrophysics

East Asian Observatory

East Asian VLBI Network

European Space Agency

European Space Astronomy Centre

European Southern Observatory

Extrasolar Planet Project Office

FOur beam REceiver System on 45m-Telescope
Full-time equivalent [staffing level]

Gemini Planet Imager

Graphics Processing Unit

GRAvity PiPE; special-purpose computer dedicated to
gravitational computations

Gamma Ray Burst

Gravitational Wave

Gravitational Wave Project Office

High Dispersion Echelle Spectrograph

High Performance Computing

Hinode Science Center or Hyper Suprime-Cam

Hubble Space Telescope

International Astronomical Union

Institute for Cosmic Ray research (University of Tokyo)
In-situ Lunar Orientation Measurement telescope
Infrared

Infrared Doppler Instrument for Subaru

Infrared Imaging Spectrograph (for TMT)

Institute of Space and Astronautical Science; now part of JAXA
International Science Development Teams (of TMT)
Joint ALMA Observatory

Japan Astrometry Satellite Mission for INfrared Exploration
Japan Aerospace Exploration Agency
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JUICE Jupiter Icy Moons Explorer (Proposed ESA mission to Jupiter’s Icy Moons)
JVN Japanese VLBI Network

JVO Japanese Virtual Observatory

KAGRA Kamioka Gravitational Wave detector

KAGUYA SELENE’s Japanese name

KASI Korea Astronomy and Space Science Institute

KaVA The joint KVN and VERA Array

KEK High Energy Accelerator Research Organisation

LCGT Large Scale Cryogenic Gravitational Wave Telescope (now KAGRA)
LIDAR Light Detection and Ranging

LIGO Laser Interferometer Gravitational Wave Observatory (USA)

LiteBIRD Proposed Japanese satellite to study B mode polarization of Cosmic
Microwave Background

LLR Lunar Laser Ranging experiment
MAST Mikulski Archive for Space Telescopes
MELOS Mars Exploration with a Lander-Orbiter Synergy - proposed Japanese
Mars Lander/Rover
MKIDS Microwave Kinetic Inductance Detectors
MOU Memorandum of Understanding
Mpc Megaparsec = one million parsecs or 3.26 million light years
NAOJ National Astronomical Observatory of Japan
NINS National Institutes of Natural Sciences of Japan
NIR Near Infrared
NoRH Nobeyama Radio Heliograph
NoRP Nobeyama Radio Polarimeter
NRAO National Radio Astronomy Observatory (USA)
NRO Nobeyama Radio Observatory
NSF National Science Foundation (USA)
NSRO Nobeyama Solar Radio Observatory
OAO Okayama Astrophysical Observatory
or IAU’s Office for Astronomy Outreach at NAOJ
PFS Prime Focus Spectrograph
PI Principal Investigator
PRC Public Relations Center
R&D Research and Development
RISE Research of Internal Structure and Evolution of Solar System Bodies
SCPO SOLAR-C Project Office
SDSS Sloan Digital Sky Survey
SEEDS Strategic Exploration of Exoplanets and Disks with Subaru
SEIT Second Earth Imager for TMT
SELENE Also known as KAGUYA; lunar orbiter spacecraft
SIS Superconductor-Insulator-Superconductor (mixer)
SKA Square Kilometer Array
SMOKA Subaru-Mitaka-Okayama-Kiso Archive System
S/N Signal to noise ratio
SO Solar Observatory

SOKENDAI Graduate University for Advanced Studies
SPHERE Spectro-Polarimetric High-contrast Exoplanet REsearch instrument
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SSPs
SUVIT
TES
TIO
TMT
TMT-J
VERA
VIRGO
VLBI
VLT
WACO
WFIRST
WFOS
XC30
2SB
4D2U

Subaru Strategic Programs

Solar Ultraviolet Visible and Infrared Telescope
Transition Edge Sensor (bolometer)

Thirty Meter Telescope International Observatory
Thirty Meter Telescope

Thirty Meter Telescope Japan project

VLBI Exploration of Radio Astrometry

European Gravitational Wave Interferometer (located in Italy)
Very Long Baseline Interferometer

ESO’s Very Large Telescope

WFIRST AFTA COronagraph

Wide Field Infrared Survey Telescope

Wide Field of View Optical Spectrometer (for TMT)
Supercomputer " ATERUI” nicknamed by CfCA
dual Sideband

Four-dimensional Digital Universe project
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