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Astrobiology Center of National Institutes of Natural Sciences

International External Review Committee Report in FY 2020

Chair: Prof. Kazunari Shibata &

Vice Chair: Prof. Taishi Nakamoto

with extensive inputs from

Professors Michel Mayor, Mary Voytek, Chas Beichman,
Hiroko Nagahara, Kiyokazu Agata, & Kintake Sonoike

The Astrobiology Center (ABC) of the National Institutes of Natural Sciences (NINS) had an
international external review on March 2, 2021, JST. The review was conducted online because of the
COVID-19 situation. The ABC’s report Astrobiology Center Report for External Review was
circulated on February 16, about 3 weeks before the review date and the reviewers were asked to read
it beforehand (see Appendix; all the acronyms used here are summarized in the ABC report.).

The review committee is composed of astronomers including exoplanet and solar system experts,

biologist including photosynthesis experts, and astrobiologists. The full list is shown below.

ABC external reviewers (name/affiliation/position/major and note):

- Kazunari Shibata, Kyoto University, Professor Emeritus & Chandrasekhar Prize Laureate 2019,
sun and stars/astrobiology (Chair)

- Taishi Nakamoto, TITECH. Professor, solid earth and planetary physics (Vice-Chair)

- Michel Mayor, University of Geneva, Professor & Nobel Laureate in 2019, exoplanet

- Mary Voytek, NASA HQ & ELSI Executive Director, aquatic microbial ecology and
biogeochemistry

- Chas Beichman, Caltech/NASA Exoplanet Science Institute (NExScl), Executive Director,
exoplanet/infrared astronomy

- Hiroko Nagahara, JSPS/ELSI, Fellow, cosmochemistry/meteoritics

- Kiyokazu Agata, National Institute for Basic Biology, Director General, regeneration biology

- Kintake Sonoike, Waseda University, Professor, photosynthesis

The review presentation proceeded as follows. Firstly, the ABC’s director, Professor Motohide
Tamura, presented a summary of the ABC’s report in the order of the report chapters. Secondly, several

ABC members (Drs. Teruyuki Hirano, Masayuki Kuzuhara, Kenji Takizawa, Takayuki Kotani)



presented a summary of each research/project activity. Thirdly, the Q&A time among reviewers and
ABC attendants was held. Finally, several general comments and impressions are expressed by the
reviewers. The duration of the meeting was about 3 hours. Since Dr. Voytek could not attend the
meeting, she watched the meeting recorded by zoom.

The reviewers provided their individual detailed reports by the middle of March. Then the
Chair/Vice-Chair summarized this grand summary report, based on the individual reports. To keep
the “raw voice” from each reviewer, we intentionally use many of the sentences described in the

individual report. The grand summary report was also circulated and agreed among the reviewers.

This report is composed of the evaluations of the following items:
Summary
Mission
Organization
Major projects
Research activities and research highlights
Open research and young researcher developments
Public education and outreach

Future plans

v ©® N 0k w D=

Overall impressions
10. Recommendations

Appendix

1. Summary

ABC is a new institute established by NINS in 2015 and the only Japanese inter-university
astrobiology institute that serves the astrobiology community in Japan. It consists of about 25
researchers; one Director and two foreign middle/senior researchers (equivalently 3 professors), 2
associated professors, 9 assistant professors, and 8 postdoc-class researchers, of which 2 young
members were successfully moved to the permanent positions at universities. Appropriate numbers of
administrative persons work both at Mitaka and Okazaki, and closely working with the NAOJ’s
administration office. Its budget is currently about 3M USD and relatively flat in the last 3 years.

Despite its relatively limited manpower and budget, its activities both in science and
instrumentation are extremely high and have grown significantly over the last 6 years of 2015-
2021.

ABC has developed 3 major exoplanet instruments for current telescopes. (1) IRD for Subaru

is an infrared radial velocity planet-hunting instrument and has already published spectacular results



on the characterization of small-planets around red dwarfs and young stars. (2) SCExAO/CHARIS for
Subaru is an exoplanet/disk direct imager/spectrometer and producing not only technical innovations
but also leading the world direct imaging exoplanet community. (3) MuSCAT 2 at Canary Island and
MuSCAT 3 at Maui Island as well as MuSCAT 1 at Okayama is a series of multi-channel optical transit
exoplanet instruments for NASA/TESS planet candidate follow-up and already published many results
in major journals including Nature and Science. Those Subaru instruments are also used for the open-
use, thus serving to the Subaru users all over the world.

ABC has also contributed to providing a new “picture” and published on the possible
photosynthesis on red dwarfs based on its basic biological analysis, computer simulations, field
works, and laboratory experiments.

As aresult of these activities, the number of published refereed papers is doubled and 324 in total
as of 2021 February. ABC has also started to be heavily involved in future instruments, such as
TMT/PSI and Keck/HISPEC-TMT/MODHIS under international collaboration. Furthermore, as an
inter-university institute, ABC has supported 171 open use research projects, 77 young researchers
between FY2016-2019, about 20 international/domestic workshops, and many open-uses at Subaru

and other observatories.

The reviewers are extremely impressed with these high activities that they accomplished

only in 6 years and evaluate very high in general.

Among recommendations, it is important that with appropriate raising both fund and
manpower, ABC should grow further as a unique international and inter-university COE of
astrobiology research and instrument developments and to achieve its final mission of

“establishment of universal biology”.

2. Mission

ABC's vision, mission, and value (top to bottom in this order) are summarized at the bottom of
this chapter. All the reviewers agree that the ABC mission and its strategy are highly rated.

To find life in space is one of the ultimate scientific purposes of natural science. It is quite
appropriate that ABC aims to approach the purpose with two different aspects, exoplanet observations
and biosignature studies. Unlike existing academic disciplines, there are many possible directions for
promoting research in astrobiology. Exoplanet science has grown rapidly as new technologies and
facilities both on the ground and in space have returned data on thousands of planets. The long-term
goal is to detect and characterize signs of life on temperate Earth-like planets and relies on the

relatively new field of “astrobiology” to give an improved understanding of how organism might



evolve in different environments and affect the appearance of a planet via remote sensing.

Unlike existing academic disciplines, there are many possible directions for promoting research
in astrobiology. Among the many options, ABC’s mission statements reflect the exciting new research
directions. ABC stands on NAOJ and NIBB, which enables them to develop unique and most advanced
sciences on astrobiology.

Note that not all astrobiology areas, such as life of the solar system planets and the early evolution
of life on the Earth, are covered by ABC, but ABC is collaborating with other
universities/institutions and supports open projects and contributes to the community even in
those uncovered areas. Therefore, this kind of selection is reasonable.

The strategy based on 3 complementary paths offers a perfect synergy to approach that very
ambitious goal: (i) the development of innovative instruments with a special focus for infrared ones,
(i1) extensive observational surveys for the detection of many planets suitable for the eventual
development of life, and (iii) building the scientific background to recognize biosignatures and to
design future instruments for their detection. The different achievements and research activities

carried out on the last 5-6 years are perfectly in line with this strategy.

Summary of ABC’s vision, mission, and value.

VISION

- Toward the creation of a universal study of biology in the universe,” or Z-UEHI L) F DB in
Japanese.

MISSION

- “exoplanets and life there”

VALUE

- Advance the astrobiology field by combining multiple disciplines within NINS.

- Promote research into extrasolar planets and life both outside and within our solar system.

- Develop large observational instruments for these purposes.

- Develop young researchers.

- Cooperate with foreign astrobiology institutes and invite foreign researchers.

3. Organization

It was quite important that both NAOJ and NIBB collaborated to create a multi-discipline
institute on astrobiology within their mother institute, NINS.

The organization of ABC consists of three project offices that work under the leadership of
the ABC Director: Exoplanet Exploration, Exo-Life Search, and Astrobiology Instrument

Development. The first two project offices are closely related with the Astrobiology Instrument
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Development Office charged with developing instrument technologies and new instruments which
then feed into the Exoplanet Exploration Office for use on existing and new telescopes.

Each project has distinguished or young “foreign researchers”. They are expected to play a role
of reinforcing the fields that are relatively weak in Japan but critical for ABC’s mission (extreme
adaptive optics and exoplanetary atmospheres). Each project has permanent staffs that are moved from
NAOJ and NIBB. This scratch-and-rebuild is also important to create a new institute. It is worth
noting that most of the full-time scientists are young and very active. This is one of strong points
of ABC. It is expected that ABC will be one of top institutes in international astrobiology
community probably at least a decade.

The core mission of ABC is clearly a multidisciplinary domain. This point is fully recognized
by linking several NINS major institutes. The role of ABC as an inter- university institute is a
perfect structure to coordinate and support the richness and diversity inside Japanese

universities. ... A very efficient structure.

Some concern is addressed that almost all scientists are Japanese and many of them also belong
to NAOJ or NIBB. This situation may apparently lower the independent activity of ABC. However,
this cross-affiliation is singly for the administration purpose because ABC is too small to have
completely independent administration office. Therefore, to be cost effective within the same NINS
institutes, the cross-affiliation seems inevitable.

The combination ABC faculty and external collaborations enabled by ABC support
provides a robust base for research and student training in the astronomical and biological
aspects of astrobiology. The primary gap in the organization is the lack of a foreign leader in
exoplanet research who would serve as the counterpart to the foreign researchers. Given the
international breadth of the field, this is an important position to fill to ensure that the Japanese

community stays abreast of and fully engaged in the dramatic growth of exoplanet research worldwide.

4. Major projects

ABC's effort has been significantly devoted to instrumentations for existing and near-future
telescopes as well as studies on biosignatures concentrating on photosynthesis. These are emphasized
as “ABC’s major projects”. These are:

(1) IRD for Subaru is designed to observe planets in habitable zones around M dwarfs, which
are located much closer to central stars than the Earth around the Sun and which are brighter in the
near infrared. They have already succeeded in observing stellar obliquity of TRAPPIST-1 and the
mass-radius relationships of many planets with high precision for small planets. The results are

exciting in that planets with the rotation period less than one day are finely observed with a ground



telescope. Observation of the obliquity of the central stars would give important information to model
spectra of the planets. Early IRD-SSP results are also encouraging and exciting; they will explore the
Earth-like planets around late M stars where TESS cannot explore. REACH has been developed to
attach to Subaru and succeeded in observing exoplanet atmosphere, which is expected to give
important information about several molecules that have not been observed yet. REACH is based on
the success of IRD and SCExXAO.

(2) SCExAO/CHARIS for Subaru have been developed by ABC, NAOJ, and Princeton
University, which have already succeeded in directly imaging a planet embedded in a protoplanetary
disk around LkCa 15. The instrument with information by longer waves lengths observations will
contribute to understand evolution of protoplanetary disks and formation of planet and further to
formation of habitable planets.

(3) The MuSCAT series multi-band CCD camera for smaller telescopes have been developed
and operated by ABC to make a network of exoplanet transit in the world and are extensively following
up planet candidates detected by TESS. The project has already published many results in major
journals including Nature and Science.

(4) Unique instruments (SIRPOL, SAND) for IRSF and the PRIME telescopes in South Africa.
The former is extremely unique infrared polarization survey facility that provides a clue to understand
the origin of homochirality in space.

(5) ABC has started to be heavily involved in future PSI for direct imaging and characterization
of Earth-like planets around M stars on 30-m telescopes and in future HISPEC/MODHIS

spectrometer under international collaborations.

There are many comments and suggestions from the reviewer on this item and we list those
comments below. Most of them are very positive and some recommendations are also suggested

for future developments.

(a) It is extremely clear and well-matched with the ABC’s vision that the research scheme to
combine two major themes on astronomy (exoplanet) and biology (photosynthesis,
biosignatures) with major instrumentation.

(b) On the short or medium future, clearly the planets in the habitable zone of very low mass
stars will offer the first targets offering the possibility to search for a possible Life. Most
of the instrumental developments are oriented towards that category of targets. This priority
is also evident among different projects of nucleosynthesis on the surface of such planets.
This is excellent as the claim for habitability on planets hosted by red dwarfs must be
explored. One of the most important comments related to the ABC’s projects and

current instrumentation: it is immensely impressive.

11
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Photosynthesis study is another critical scientific target of ABC, and the project has
already been reported an interesting result that the photosynthetic environment within
water on exoplanets around M-dwarfs would be the same as that in water on the Earth. The
prediction was against a previously believed idea that plants on planets around M dwarfs
might be controlled by NIR and that their red edge might be at longer wave lengths than that
of the Earth.

The discovery of green algae that can use low-energy light is an achievement that breaks
the common belief that eukaryotes cannot use the energy of far-red light for
photosynthesis. In the report, the description of this achievement was rather modest, and the
importance of this achievement could be emphasized more. In addition, the fact that
photosynthesis by far-red light can be achieved only with chlorophyll a is a result that
provides insight into the early evolution of photosynthetic organisms, and a broader
discussion of this topic might be possible.

The diverse instruments already in operation or in development: IRD, REACH , SAND,
SCExAO/CHARIS and MuSCATs offer probably one of the best set of instruments to
detect and characterize exoplanets. We are obviously eager to learn more on the future
detections of REACH and CHARIS. A very general comments for several of ABC
instrumental developments is the mention that they have a role to play as precursor of
similar instrument for TMT. We certainly endorse such a strategy. Concerning SAND,
we are extremely pleased to see that you will have the possibility to feed that instrument with
several telescopes. Large telescopes are crucial for some specific topics as spin orbit
alignment measurements or transit spectroscopy. But for surveys, the large sampling of RV
offered by medium size instruments as the 1.8 meter telescope offer the largest efficiency for
planet detection.

The suite of hardware projects in which ABC is engaged is very impressive and
represents a major contribution to exoplanet science. Indirect, semi-direct and direct
methods are represented with multiple techniques: IR Precision Radial Velocity currently
with Subaru/IRD and Keck/HISPEC and TMT/MODHIS in the future; microlensing with
PRIME; transits with MUSCAT; and high contrast imaging/spectroscopy currently with
SCExAO and REACH and with Keck/HISPEC and TMT/MODHIS, TMT/PSI in the future.
Japan is either leading or playing key roles in these and other initiatives which will pay
scientific dividends over the next decade. While TMT may still be many years away, the
opportunity to engage with Keck instrumentation as a precursor to TMT provides valuable
experience for Japanese instrument builders and scientific opportunities for ABC researchers.

Of particular relevance to collaborations with space mission are: 1) MUSCAT which could



provide important ephemeris data for transit targets for JWST and ARIEL; and 2) PRIME
which will provide critical precursor and follow-up opportunities for the Roman

microlensing survey.

5. Research activities

The scientific efficiency of ABC is certainly measured by the very large number of publications.
They look very high, considering its scale, budget, and manpower. However, looking on the
selected highlights is still more significant. The coordinated action of ABC and the synergy with
the Japanese universities offer an impressive view of the diversity of outstanding results. Once
again, we particularly appreciate the coordinate efforts (astronomy and biology), interstellar prebiotic
chemistry, mechanism of self-organization, high resolution spectroscopy and much more. That
diversity of domains is remarkable and the most convincing argument of the success of ABC.

The research activities are impressive. The publication record shows the growing number of
ABC-sponsored articles. The number and content of workshops, both local and international, is
equally impressive. The international community is looking forward to a vibrant, in-person Protostars
and Planets meeting. The individual topics were all of high quality. The topics spanned wide
breadth within astrophysics (observation and theory) and biology (experiment and theory) and
showed the critical linkage between these two disparate areas which is, of course, the goal of an

Astrobiology Center.

One area of concerns is the flat budget. The number of planets, the number of exoplanet
researchers, and the number of exoplanet papers is growing dramatically world-wide. If Japan and
ABC are to continue to keep pace with this growth, there must be a commensurate increase in
the number of Japanese researchers to lead and to take advantage of these opportunities. Grad
students, postdocs and the senior scientists needed to mentor them must be identified and supported.
This growth can be accommodated through the research and satellite programs, but some growth
within ABC itself is critical.

ABC members have successfully obtained competitive grant, KAKENHI, of which total amount
corresponds roughly to a quarter of the annual budget of the center. Although the situation is not bad,
the number of grants is not high enough for the average selection rate of ~30% for KAKENHI and for
the number of researchers in ABC. We are not sure whether this is because the annual budget fully
supports researchers and development of new observation instruments or it is simply results of granted
applications.

It is also noted that comparative studies will be beneficial to evaluate the ABC’s activity. In future

reviews it is recommended to present such a benchmark on activities.

13



14

6. Open research and young researchers' developments

Two types of open research programs, satellite research and project research, are
successfully supporting the activities of ABC. For the satellite research, top-notch astrobiologists
who focus on the inner solar system are selected to work with ABC, which specializes in extrasolar
research. By sharing the research areas, they complement the research of ABC very effectively.
Simply looking at the number of results obtained from satellite research, the significance of its
existence can be fully appreciated. On the other hand, the main role of project research seems to be
to expand the base of astrobiology rather than to directly promote research. The project research seems
to be functioning effectively as a mechanism to encourage a wide range of researchers who are
interested in astrobiology but have not had a chance to actually start their own research to enter
into astrobiology. Since the project research is a one-year award, it cannot be expected to produce
significant direct results, but it will play a very important role in establishing astrobiology research
in Japan.

Some reviewers learned for first the time and very impressed that ABC significantly supports
astrobiology young researchers with the ABC’s budget. This is an important decision of ABC and its
impact to the astrobiology community is highly rated and it is excellent to know that not only ABC
itself but also these projects also produce many exciting results. Some reviewer has a little question
about the effect of Project Research for only one year, which replaces the fundamental role of
universities or institutions.

Some of the growth of astrobiology in Japan described above can be achieved by expanding these
programs and ensuring that mid-career and higher-level positions become available for these young
researchers as they gain experience and seniority.

With regard to the development of young researchers, the main focus is to support their travel
expenses to international workshops or for visiting ABC. In this regard, I should note the fact that
relatively young staff members introduced their own work in the presentations related to this external
evaluation. Such ordinary details may be also leading to the development of young researchers.

It is also recommended that future reviews provide a comparison with those of other foreign

astrobiology institutes.

7. Public education and outreach
According to the ABC’s report, the word “astrobiology” in Japanese appears to have become
more popular after the establishment of ABC. The number of hits for “astrobiology” (all) in Japanese

has been increasing since 2015, when ABC was established, Therefore, ABC must have played a



significant role in the general media. A reviewer describes that this demonstration seems very

interesting.

ABC issued 38 press releases so far, of which about 1/3 was initiated by ABC. The number of

press releases is increasing steadily.

There are several important recommendations on the ABC’s outreach as described below. These

could be also true and useful to other NINS institutes.

(a)

(b)

(©

(d)

Science does not always have a positive appreciation in the public. With the domain of
exoplanets and astrobiology, ABC has a very privileged situation, having a huge interest by
people. ABC must use that special situation to stimulate the interest of children for science.
Outreach is part of the “duties” of ABC.

Although outreach activities do not seem to be one of ABC's strengths, there is no doubt that
its existence has led to the spread of astrobiology in Japan. Compared to the earth science
field, the publication of educational books for the public does not seem to be as active, and
further efforts are required. However, it may be more realistic to support the activities of
suitable researchers/writers by including publication awards for textbooks and educational
books in the project research, rather than making efforts in the activities of the ABC itself.
This item is relatively weak; a lack of commitment and resources devoted to public outreach
and education. Public outreach and education are an area where ABC can play an important
within Japan. The excitement of exoplanet research can play a critical role in the development
of scientific literacy. Indeed, at least in the US, politicians regard the ability of astronomical
research to reach the public as one of its most important societal functions. Exoplanet science
and the search for life can inspire future generations to pursue careers in science and
technology. An area of growth for ABC could be 1) working with education professionals to
infuse K-12 education curricula with simple but essential astrobiological concepts related to
the search for life; and 2) developing public-accessible material on a regular basis. This effort
should go beyond the press releases and would require a commitment of a few professionals
with relevant experience who could interact with outside groups at NAOJ, JAXA/ISAS, and
the appropriate universities.

This activity must be well balanced with the research/development effort, considering the
institute scale. However, in general the efforts and results of ABC public outreach are rated

high.

8. Future plans

ABC is advancing toward its ultimate goal of astrobiology research. It is “one toward the creation
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of a universal study of biology in the universe,” or @14 DA in Japanese.

The first 6 years (2016-2021), corresponding to the 3rd mid-term planning phase, are in fact
devoted to preparation of many best-in-class exoplanet detection for exo-life studies for the current
and near-future telescopes. With many of the instruments on these telescopes now operating steadily
for observations, the reviewers fully agree that ABC has successfully reached this goal. ABC has
also conducted various astronomy and biology research projects and promoted broad
astrobiology research and young researchers through open research. ABC has also started the
conceptual design of exoplanet/astrobiology instruments for telescopes in the 2030s.

The next 6 years (2022-2027), corresponding to the 4th mid-term planning phase, will be devoted
to conducting extensive observations of the best targets for exo-life detection. These use various
instruments developed by ABC including IRD, the MuSCAT series, PRIME/SAND, SCExAO. ABC
will also complete the detailed design of the astrobiology instruments for telescopes in the 2030s and
construction of some early instrument (HISPEC/MODHIS) will begin. ABC will also accelerate the
studies of photosynthesis and planetary atmosphere.

The following next 6 years (2028-2033), corresponding to the 5th mid-term planning phase, will be
devoted to completing the construction of exoplanet/astrobiology instruments and starting
observations for various biosignatures around nearby M dwarfs. ABC will also be involved with
NASA'’s next flagship missions, such as HabEx and LUVOIR (2030s launch), on instrumentation for

exo-life studies around solar-type stars.

The reviewers very positively rate these ambitious future plans and note several caution

and recommendation.

(a) Nothing to add to the future plans. A convincing and realistic program.

(b) Generally, the plan appears to be reasonable if we consider the construction of next
generation telescopes. It is pointed out that ABC needs to have a new strategy for exo-life
observation, because the current plan seems to stand on oxygen and red-edge, which have
been targeted by the astrobiology community since the first finding of an exoplanet in 1995.
Almost all projects aim to observe oxygen in atmosphere, and it is under severe competition,
which is even not a unique scientific target. Thus, ABC should proceed research on new
strategy of exo-life observation, which needs further research on biological activity under
near-infrared light, new idea for observations, and deeper understanding of geological
development of planets. Earth’s life has evolved with a strong interaction with geological
evolution, but has not evolved independently.

(c) The ongoing six-year planning phase is positioned as a preparatory phase for the full-scale
exploration of living planets. The next six years will be a developmental phase. As for the

direction of the research in the new phase, the reviewer could have a somewhat concrete



image of how ABC will further develop the measurement equipment. However, it seems that
it is still at an abstract stage in terms of how the measurement results will advance the
academic field of astrobiology. The reviewer expects that the direction of the research will
become more concrete in the future.

(d) The plans are impressive in their ambition for making revolutionary progress in the search
for life beyond the solar system. These plans primarily concern future hardware activities,
but the ABC review document gave little indication that the relevant funding will be available
to realize these ambitions. We trust that the success of ABC’s instrumentation projects to date
will provide a strong foundation for future funding requests.

(e) One area missing from these plans which should be developed in parallel with the
observational programs is theory and advanced computation. Astrophysical and biological
theory programs, machine learning, and data pipelines are critical to the interpretation of the
data returned by the ever more sophisticated instrumentation. For example, retrievals of
atmospheric properties from medium (JWST) and high resolution spectroscopy (REACH,
HISPEC, MODHIS) rely on sophisticated computation of 3-D models of spatially and
temporally varying atmospheres in or out of chemical equilibrium. Progress in these areas
relies on expertise from researchers in global atmospheric modeling for the Earth and other
solar system bodies, as well as from computer science and statistical methods.

(f) It is also encouraged to explore the planetary habitability around M dwarfs taking into
account their magnetic activity. The effects of flares and coronal mass ejections from M
dwarfs should be taken into account for the exoplanet habitability. In Japan, the research on
magnetic activity around M and G dwarfs are very active using 3.8-m SEIMEI telescope.
Therefore, we recommend ABC to collaborate with those researchers and study the effect of
X- /UV-rays and high-energy particles on atmospheric changes, and survival and evolution
of life.

9. Overall impressions

We list the overall impressions of the reviewers here.

(a) After 5 years, ABC must be proud of the outstanding quality of the efficiency. It is always
difficult to mention a specific activity as being most rated. On the contrary, the most
important feature is the complementarity of all these research themes. This is the outstanding
characteristics of ABC. The strong instrumental development (existing or in project) is in my
mind a fundamental point to be highlight. Discoveries are more and more the result of new

instrumentation.
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(b)

(©

(d)

(©)

Overall, ABC has progressed steadily as planned, which is better than they planned, and the
results have steadily published. It has played a central role in astrobiology study in Japan. It
is expected that ABC will be one of international centers of astrobiology at the next step.
The most important research objective of ABC currently seems to be the discovery of
habitable planets for life. Vigorous efforts are being made to achieve this goal, and steady
progress has been made over the past six years. If the ABC can maintain the same level of
activity over the next six years, it should be able to lead the world in the search for life on
exoplanets. On the other hand, to establish astrobiology as a new academic field in Japan, it
is also necessary to consider not only the habitability of planets, but also the possible modes
of life on such planets, the origin of life, and the evolution of life. Such considerations can
only be generated through the interaction of the ideas of astronomers, biologists, and
geoscientists, given the difficulty of supporting them with direct experiments. In the next six
years, the reviewer hopes that the ABC will be able to make progress that reflects the
characteristics of the multidisciplinary characteristics of astrobiology, and not just the
execution of individual research projects.

It seems that the collaborations between astronomy field and biology field is still limited and
can be improved. We understand the current phase is the exoplanet search phase for future
life detection. However, once the data for exoplanet atmospheres and surface are obtained,
the close discussions with biology researchers are indispensable. ABC should take an
initiative well before such a phase. For this purpose, more close collaborations and structures
are desirable.

It will be beneficial if the most striking results are more visible, which makes the evaluation

easier.

10.Suggested recommendations

Although several recommendations are already addressed in each of the above items, we

summarize the points first and then list several additional recommendations suggested by the reviewers.

(a)

(b)

Science and Instrumentation: It is essentially important for ABC to continue the current
style of both conducting the cutting-edge science and instrumentation in astronomy and
biology. Their milestones and goals are clear.

Budget and manpower: One area of concern is the flat budget. The number of planets, the
number of exoplanet researchers, and the number of exoplanet papers is growing
dramatically world-wide. If Japan and ABC are to continue to keep pace with this growth,
there must be a commensurate increase in the number of Japanese researchers to lead and to

take advantage of these opportunities. Grad students, postdocs and the senior scientists



(©

(@

(©)

®

(2

(h)

needed to mentor them must be identified and supported. This growth can be
accommodated through the research and satellite programs, but some growth within
ABC itself is critical.

Open research: Depending the community’s demand and the ABC’s available fund, it is
recommended to keep the Open Research at some level. Similarly, the support of young
researchers is also to be continued.

Organization: It is worth noting that most of the full-time scientists are young and very
active. This is one of strong points of ABC. It is expected that ABC will be one of top
institutes in international astrobiology community. It is also critically important to increase
the number of foreign researchers at least set as a goal (20%), in particular to lead the
international collaborative observations.

Future: The ABC’s long-term goal might need collaborations with many institutes and
facilities. Since the latter is also affected by external factors, it is important to have a
flexibility to change their goal and system.

Future: Since astrobiology is an extremely multidiscipline research including biology,
chemistry, physics, astronomy,, planetary science, and so on, reviewers recommend ABC
to make a concrete future plan on budget and manpower of about 10 times of the
present ones to achieve the mission goal of “exoplanets and life there”. The plan should be
submitted as one of the maters plans of the Science Council of Japan.

General: It is also important to appeal various communities why ABC is necessary outside
of NAOIJ. The reviewer guesses that astrobiology’s multidiscipline is suitable for a
compact and flexible institute like ABC rather than big NAOJ. In fact, there are no major
exoplanet observation/instrumentation groups within NAOJ now.

General: In the future reviews it will be important for reviews to compare ABC with other
astrobiology institutes, groups, researchers. This will make clear the ABC’s stance and

sharpen the reviews.

Three areas come to mind on future plans and public outreach:

Generally, the long term involvement with space missions (Roman, HabEX/LUVOIR) is
promising. However, a significant gap in the research program is the lack of involvement with
the enormous research potential of the James Webb Space Telescope (JWST). Particularly,
for transit spectroscopy, JWST opens revolutionary new capabilities building on Spitzer and
HST. ABC should be encouraged to expand in this area which could unite the remote sensing
expertise of its astrobiology arm with the observational expertise of its astronomers. All that
is required to grow this area is to identify and support one or two researchers or groups who

could develop successful proposals both for Japanese-led projects and through collaborations.
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iii)

The new foreign lead of the Exoplanet Office could play a key role in initiating this activity.

ABC should keep a close eye on is the rapid growth of an Extreme Precision Radial Velocity
(EPRV) Initiative in the US along with similar efforts in Europe. A key observational
challenge of the 2020s will be the detection of Earth-sized planets orbiting solar-type stars
via EPRV and ultimately their direct imaging and spectroscopic study with HabEX/LUVOIR.
Because of the higher stellar temperatures of solar type stars and the deleterious effects of the
Earth’s atmosphere, the required observations will be in the visible and deep red. NIR
observations from IRD or HISPEC will play only a niche role. ABC should assess whether it
wants to develop any capability for PRV at visible wavelengths. One possible avenue might
be to develop an AO-fed, single mode fiber EPRV instrument for visible wavelengths. Even
a small telescope (2-3 m) could be used to study the brightest stars (V~5 mag) which will be
the targets of HabEX/LUVOIR. The availability of facilities in South Africa could result in a
significant role of Japan in a world-wide EPRV Initiative.

There is an opportunity for ABC to play a stronger role in education and public outreach.
ABC should consider requesting funding for 1-2 professionals who can interact with the
relevant educational and public affairs organizations to bring the inspiring message of the
search for life to the public.

Finally, there is considerable room to grow in the area of advanced computational expertise.
Increasing sophistication of the data will require a commensurate increase in the increase in

the sophistication of data analysis tools.
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