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Here we prese t \Vol. 04 of the “People Advancing the TMT Project” special

editions. This time We_focus on the community supporting TMT science. N .
We introduce the diverse re chers taking part in roles ranging from the o
Science Advisory Committee Mternational Science Development Y
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IN THE TMT PROJECT, THE TELESCOPE
ITSELF, THE SCIENCE CASE, AND FUTURE
OBSERVATIONAL INSTRUMENTS WILL ALL
BE DEVELOPED AND PRODUCED THROUGH

INTERNATIONAL COLLABORATION. THIS
ISSUE INTRODUCES RESEARCHERS
INVOLVED IN VYARIOUS TYPES OF

INTERNATIONAL EXCHANGE THROUGH THE

TMT PROJECT.
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Every year the TMT Japan Project Office arranges many
domestic/international astronomical meeting, workshops,
and symposiums to interact with the TMT community. In
2013, we coordinated an international science workshop
combined with the SAC meeting. In 2016, Japan hosted the
TMT Science Forum in Kyoto. These are a part of community
explorations, and always quite successful, attracting 100-200
attendees. We have received much positive feedback from
the community. We plan to have similar symposiums in the
future.

The Japanese community has been developing the scientific
case, including key observational projects and instrumentation
plans, in cooperation with the TMT ISDT’s. There are
currently nine ISDT’s, each focused on a different scientific
topic. Currently, 32 Japanese researchers are working in the
ISDT’s. One of the major activities of the ISDT’s is to update,
expand, and maintain the TMT Detailed Science Case (DSC).
The latest TMT DSC was published in 2015.

We sometimes had discussions in cooperation with GOPIRA
(Group of Optical and Infrared Astronomers) about the
science cases provided by a synergy between TMT and future
Japanese mid-sized projects to make our concrete road map
to the next decade.
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The activities, including liaising with universities, exploring
the community, building synergy with other projects, etc.
have been planned and executed in cooperation with the
TMT-J SAC (Science Advisory Committee). The TMT-J SAC
edited the document “New astronomy explored by TMT (in
Japanese),” which was published in 2011 to raise awareness
of TMT in the Japanese astronomical community.

TMT-J has tried to identify candidates for 2nd generation
instruments, whose development will be primary led by
Japanese researchers with international collaboration. TMT-J
expects that instrumentation will be a good opportunity for
more Japanese researchers to contribute practically to the
TMT project, because many instrumentation groups belong
to universities in Japan. This instrumentation plan is also a
natural extension from Subaru Telescope instrumentation,
and we could have strong synergy between TMT and the
Subaru Telescope.

Finally, outreach to the general public, not just to scientists, is
a core part of TMT’s mission. We hope that one day people
worldwide will find joy in TMT'’s discoveries.
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TMT's International Scientific Community
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TMT Science Advisory Committee
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Planning the Scientific Future of TMT
TMT ORFERADKKZZEZ S

Mark Dickinson

Associate Astronomer at the U.S. National
Optical Astronomy Observatory (NOAO)
Science Advisory Committee Member
Convener for the International Science
Development Team on Early Universe,
Galaxy Formation, and the Intergalactic
Medium

L: Could you please explain the role of the TMT SAC?

D: Sure. The Science Advisory Committee (SAC) for TMT
is a group of scientists from the various TMT members and
associates, who come together to provide scientific advice to
the project and the Governing Board. We look after the scientific
development of the observatory, plan for its scientific future,
and in a sense, think ahead to how to maximize the science that
people will be able to do with TMT a decade from now.

There are science groups within different countries that may
internally advise, say the TMT-Japan or TMT-China efforts
(please refer to pg 15). But the SAC is an actual entity within
the structure of the TMT project. The SAC is appointed by the
TMT Board and consists of scientific representatives from all of
the partners who then provide scientific oversight of the entire
project.

And then there are things that the SAC carries forward on its
own. Particularly things where money isn’'t involved. The ISDTs
were essentially a creation of the SAC, and the SAC oversees
the ISDTs. That’s not advice to the project or advice to the
Board. That’s taking a scientific leadership role within the TMT
community and organizing new activities within the TMT science
community.

L: Could you say a little more about the ISDTs and why they were
established?

D: The ISDTs are the International Science Development Teams
(https://www.tmt.org/page/isdt). The SAC looks ahead to the
needs and interests of the broader scientific user community,
the future scientific user community, of TMT. But, it makes sense
to start engaging that broader community now, even if TMT is a
long way off.

When an observatory’s off in the future, you have to actually
make an effort to get people engaged in it and provide some
kind of structure and a set of motivations for them to do so. So
the ISDTs were created as a kind of organizational structure for
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involving a broader segment of people in planning future science
with TMT.

The ISDTs are divided into topical areas, such as Fundamental
physics and cosmology; Early universe, galaxy formation and the
intergalactic medium; Formation of stars and planets; Exoplanets;
Our solar system; things like that. And the idea was to get groups
of astronomers throughout the partnership who are interested in a
particular science area to work together to think about future TMT
science.

L: What is the current status and budget of the SAC?

D: I didn’t know the SAC had a budget! (Laugh) There not really
much money that goes into the SAC itself. Except maybe paying for
some people’s travel to get to the meetings or something like that.

But, yes, most of the science activities, whether it’s the SAC or the
ISDTs are by-and-large the voluntary effort of the scientists in the
communities. But we’re not being paid to be on the SAC and we
don’t really have a budget.

Now sometimes the partners can find sources of funding to support
some ISDT activities. You know, one example is the annual TMT
Science Forum. That’s not just for ISDT members, but we really
try to encourage ISDT members to come to those meetings. There
is no project money per se, but sometimes the partners can find
resources to help support say, travel by ISDT members to go.

L: How are the members of the ISDTs chosen? If someone would
like to participate, what should he do?

D: We have an annual call for membership in the ISDTs and
typically the applications to join are due in January. There’s a
description of this on the TMT website (https://www.tmt.org/page/
isdt#how-to-join), under ISDTs. Essentially, people are asked
to send a CV and description of their research interests and
particularly to explain how they feel they can contribute in some
useful way to planning for science with TMT.

Those applications are evaluated first by the ISDT conveners, and
ultimately the membership is approved by the SAC. That’s not
because it is a competitive process. It's not. It's just that we have
scientists getting involved from this big international partnership,
and we don’t know everybody. So the application sort of serves as
a kind of introduction.
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Group photo from the 2016 TMT Science Forum in Kyoto.
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L: How will the SAC’s role change once TMT construction and
observation start?

D: We'll all be so much happier. (Laugh) | don’t think there will
be an immediate change. As far as | know, there will continue to
be a Science Advisory Committee that fulfills the same role that
it has now. As things move forward, there will always be issues
that arise that then have an impact on the future development
of the project. And the SAC will give advice about those choices
from the scientific perspective.

L: So what difficulties have you had to overcome in your TMT
SAC related activities?

D: | guess there are a couple of things. One, as | alluded to
earlier, for many people involved in the SAC, this is a voluntary
effort. And so they have to find time for it among all the other
things that they do.

The other challenge that | think is not unique to the SAC,
everybody in TMT feels it, is the challenge of keeping momentum
and energy for moving things forward in the circumstances that
TMT has been facing for the last few years where construction
was stopped and the site was uncertain.

And that on the one hand, led to a lot of SAC activity. So for
example, the SAC spent the better part of a year considering
the merits of alternate sites for TMT other than Hawai'i and
ultimately gave its advice to the project and the Board who then
selected La Palma as the alternate site. So that was a lot of effort
on the part of the SAC.

L: What do you expect from TIO in the future, both in terms of
science and other aspects?

D: Well, I'm incredibly excited about the potential of a 30 meter
telescope. For my area of research, galaxy formation and
evolution, I'm just always interested in things that are just beyond
the horizon of what | can do right now.

There’s lots of great science to be done with the telescopes we
have, but there are certain things that you know a giant telescope
will enable that are just impossible in any other way. Seeing
galaxies at very high angular resolution and being able to study
their internal structure, and the dynamics and chemistry within
galaxies in the early Universe, are things that are beyond any
telescope that we have now. And so | expect that scientifically,
TMT will revolutionize many areas of astronomy.

In terms of other aspects, | expect that the science community
itself will grow as TMT moves into its construction phase and
starts getting closer to first-light. It will grow both because more
scientists within the current partners will become more engaged
and get more involved. But it can also grow because other
partners get involved. | personally, very much hope that the U.S.
astronomical community at a national level will become an actual
member in the TMT partnership.

The parent organization of NOAO, AURA, which is the
Associated Universities for Research in Astronomy, is an
associate member of TMT International Observatory. That
means that we participate in the scientific planning for TMT, but
we’re not yet full partners; we're not paying for the construction of
TMT at the moment. Here at NOAO, one of my roles is to engage
the U.S. scientific community in TMT with the idea that hopefully
in the future there could be U.S. federal investment in TMT on
behalf of the U.S. national astronomical community.
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Considering Science Themes for
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L: Please tell us about your TMT related activities.

T: In TMT, there are groups called International Science
Development Teams (ISDTs). Scientists from each TMT partner
meet in these groups to discuss important science themes.
Within the ISDTs I’'m a convener, something like a chair, for the
Time-domain Science ISDT.

L: What influence has TMT had on your own research?

T: Right now am | doing anything to prepare for TMT? Actually,
| don’t think like that. Now I'm doing the most interesting
research that | can do right now. And it’s just natural to think
about even more exciting things in the era after TMT is
completed based on the current results.

L: What research are you doing aside from TMT?

T: Normally, | try to pursue observational research themes and
theoretical research themes simultaneously. My observational
research is primarily the search for gravitational wave sources
and time-domain survey observations using instruments like
Hyper Suprime-Cam on the Subaru Telescope. Then, at the
same time, | use supercomputer simulations to investigate
questions like, “what kind of light do gravitational wave sources
emit?” or “how do supernovae emit light?” Even though it’s
called theoretical research, many of my simulations are
connected to observables.

L: What difficulties have you had to overcome in your TMT
related activities?

T: In my role as convener, the hardest part is maintaining the
focus and motivation of the people participating from all of the
different partners. I'm doing my best but | sometimes feel a little
powerless.
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Also, when you try to hold a discussion with about 20 people
scattered all around the world, it’s impossible for everyone to
gather in one place. Talking over a TV conference system is
just not the same as having a face to face discussion. That’s
being a little difficult. This is why it’s so important for the ISDT
members to attend the annual TMT Science Forum. When we
can get together and talk there, the discussion bounds forward.

L: What do you expect from TMT in the Future?

T: Naturally, my biggest hope is that TMT will get built. After
that, | think it would be good for the telescope usage to be as
flexible as possible. | feel this way because | do time-domain
science. When we say “If we observe right now we can catch
something interesting!” if the reply is, “We’re sorry but today
isn’t Japan’s time for observations.” that takes a bit chunk out of
the scientific results. | think it would be good to have something
like a Target of Opportunity (ToO) observing mode where it is
possible to change the schedule outside the framework of each
partner’s time allocation.

L: Do you have any final comments?

T: Going forward, TMT will be Japan’s most valuable optical/
infrared astronomy telescope. Please think of it as your own
and take part in the project. If all researchers believe in their
hearts that, “Without TMT, science won’t be able to advance
in the future!”, TMT’s activities and course will become much
easier. Please don’t think that someone else will carry the
project forward for you, so you can just wait for 10 years; you
need to think of it as your own and start collaboration now.

L: Please tell us about you TMT ISDT activities.

N: The first TMT Science Forum was held in 2013 in Kona on
Hawai'i Island. The ISDT’s (International Science Development
Teams) were established around that time. Since then I've been
serving as a convener for the Exoplanet ISDT.

Scientists from the various countries perusing TMT participate
in the ISDT’s. There are mailing lists corresponding to different
fields. On the lists we discuss what topics to examine at the
annual TMT Science Forum and consider what science input
to discuss. We also consider subjects like the observational
instruments for TMT.
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L: Aside from TMT, what other research are you conducting?

N: Now, I'm primarily engaged in extrasolar planet observations
and instrument development. When TMT is completed in the
future, we’ll be able to observe extrasolar planets in detail. So
right now we are using existing telescopes to find new planets,
particularly ones near the Solar System that fall in habitable
zones or have other interesting features, and investigate their
characteristics.

Of the MuSCAT and MuSCAT2 instruments | developed,
MuSCAT was an instrument to be used with the 188-cm
Telescope of the former Okayama Astrophysical Observatory.
It had first light in December 2014. After that | developed an
instrument called MuSCAT2 for the 1.52-m telescope on Tenerife
in Spain’s Canary Islands. We shipped that instrument and
achieved first-light in August 2017.

The reason | develop instruments like these is that a new
transiting exoplanet survey satellite called TESS was launched
in April 2018. The Kepler space telescope has already found
thousands of extrasolar planets, but the planetary systems
discovered by Kepler are far from the Solar System so we
can’'t observe them in detail. For that reason TESS, planning to
observe almost the entire sky, was proposed by researchers at
MIT, adopted by NASA in 2013, and launched this year. | think
that starting from 2019 there will be many interesting planets
near the Solar System among the planet candidates found by
TESS.

L: What influence has the TMT project had on you own research?

N: At first, | felt that TMT was a long ways off in the future, but
now it’s only about 10 years off. TESS has been launched,
so we have entered the phase where here for a while we’ll be
discovering very interesting habitable planets near the Solar
System. So it is important that TMT will be ready when it comes
time to investigate those planets we discover. Without TMT,
the plan for detailed studies of those newly discovered planets
collapses. You could say that having TMT to look forward to
motivates us to try harder in our current research.

L: What do you expect from TMT in the future, both in terms of
research and other aspects?

N: Among the TMT first generations instruments, there aren’t
really any instruments primarily targeting exoplanets, but there
are multiple instruments primarily targeting exoplanets under
consideration for second or third generation instruments. If
we are able to realize instruments like those, it will be possible
to obtain a more detailed picture of the planets and detect
biomarkers, in other words molecules or features indicative of
life. This is going to be interesting and | have great expectations
for TMT.

In terms of other aspects, | conduct lectures for the general
public as part of outreach efforts. In those lectures, | try to
convey to people that in the near future astronomy and the study
of extrasolar planets will be very interesting. | hope that they will
lend us their strength.
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L: What is WEPOC?

S: WEPOC is a new acronym we developed for Workforce,
Education, Public Outreach, and Communications.

B: The focus for communications is to elevate TMT’s mission
to advance scientific knowledge while fostering a connection
among partner countries and their citizens. TMT partner
countries represent almost half the world’s population, so it's
ambitious.

S: TMT is going to revolutionize the way we see our Universe
and our place in it. And that enables a tremendous opportunity in
the realm of WEPOC.

L: What is the role of WEPOC in TIO?

S: WEPOC is part of the core mission of TMT. TMT will not only
enable scientific excellence, but also foster a next generation
workforce; create opportunities for formal and informal
education, as well as invite the public to be part of that story. So
those functions are at the heart of our role.

There’s a second part also. We've learned that observatories are
not separate from the communities they are located in; they're
members of the community. And in particular, in Hawai'i we
inherited an environment that had some challenging history. And
so part of the role of WEPOC really is to help TIO become an
authentic member of the community. We asked things like, “How
can we join your community?” “What do you need?” “How can
we be a good neighbor?”
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An example of what we heard in Hawai'i was, “Well, we love
astronomy, but there are no jobs for people in the community in the
astronomy industry; it’s all people from abroad coming in. Can you do
something about that?” So, in response and in coordination with the
community, we committed to a workforce program. Our neighbors in
the commnity in Hawai'i helped us define what that would look like.

B: Yes, there’s been a real interest in increasing workforce capacity
and skills for all our TMT partners. And there’s a value and interest
around technology advancements that can be shared across the
partnership; all of which will be the result of building TMT.

L: What difficulties have you had to overcome in your TIO WEPOC
activities?

S: Like a lot of aspects of the TMT Project, these particular partners
have never attempted something like this before; coming together
and building a telescope like they’re doing. Similarly, they've
never attempted to come up with a WEPOC plan for a project and
partnership like this. And there’s no model for what a WEPOC plan
should look like that could be relevant and meaningful to each TMT
partner. So that has been a challenge.

Then there’s a history of Hawai'i, and issues that far transcend TMT
or even astronomy in Hawai'i. We find the TMT Project in the midst
of those issues in Hawai'i, and understand and respect it very much.
But as we've gone through the process over the last many years in
Hawai’i, a large number of Native Hawaiians have been supportive or
become supportive of TMT. And one reason they gave is that “what
you’re doing in the realm of education is making a difference to our
children, and that's why we want you here.” And | would argue that
there would be no TMT Project at all, at this stage, if it wasn’t for the
actions, activities, and strategies the WEPOC team has contributed.

L: There aren’'t any 30 meter class telescopes in the world yet, so how
do you train next generation researchers and engineers?

B: So as the instruments and technologies are developed the
training will be developed in parallel. But at the same time, how
do you manage a project and how do you work with collaborators
across country boundaries? These are important factors to having
a successful project too. So in many cases we're training a future
workforce for those skill sets also; skills such as project management
and leadership.

TMT WEPOCRR2016F2E6DEEDII—TER,
TMT WEPOC Tokyo 2016 meeting group photo.
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L: Could you please tell us about TMT-J’s domestic and
international outreach activities?

I: TMT is a telescope which will be completed in almost 10 years
from now. So in our outreach activities we need to think about
sustaining long term interest and cultivating the next generation
who will actually use the telescope after it is completed.

For the first point, we work to improve TMT’s visibility through the
webpage, etc.

We report on the regular meetings of the TMT International
Observatory (TIO) Board of Governors (please refer to the March
2017 TIO Special Edition) and Science Advisory Committee (please
refer to page 06) in a (Japanese Language) newsletter geared
towards researchers.

For the second point, we are actively supporting activities like
lectures and the FUREAI (Friendly) Astronomy classroom visits to
build an interest in TMT among children.

It is also important to have interaction with the local community in
Hawai'i where TMT will be built. The Subaru Telescope is playing a
leading role in these activities but TMT-J Project members are also
traveling to Hawai'i Island for classroom visits, etc. to discuss the
Subaru Telescope and its continuation to TMT (http://tmt.nao.ac.jp/
blog/755).

L: What difficulties have you had to overcome in your TMT outreach
activities?

I: TMT is an international project. In many cases, it is necessary to
coordinate the content and timing of information releases with each
international partner. When we’ve prepared English web release
from the TMT-J Project Office sometimes we have had to revise
them to suit the other partners.

But | find international outreach more engaging than difficult.
L: What do you expect from TMT/TIO in the future?

I: I think that if we can build TMT, it will vigorously produce
observational results which will revolutionize our view of the
Universe. For example, | get giddy thinking that it could actually find
planets which harbor life like the Earth. | also expect that the global
exchange of young researchers will proceed through international
activities like WEPOC (please refer to page 12). And | think it would
be good for astronomical observations conducted with TMT to be
shared throughout the world.

L: Do you have any final comments?

I: So that more people can learn about the mysteries of the Universe
which TMT will solve, the TMT-J Project Office accepts lecture
requests. You can ask questions or request lectures by email or
telephone (http://tmt.nao.ac.jp/office/access.html).
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Promoting the Discussion within Japan
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Professor in the Tohoku University
Astronomical Institute

Chair of the TMT-Japan Science Advisory
Committee

Co-chair of the TMT Science Advisory
Committee
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TMT Science Advisory Committee 0 co-chair

L: Please explain the role of the TMT-Japan (TMT-J) Science
Advisory Committee (SAC).

A: In the TMT-J Science Advisory Committee, researchers in
Japan from a variety of fields come together to share information
about the progress of the TMT project; consider the functions of
the telescope and observational instruments from the science
perspective as the researcher community; discuss ways to get a
broader range of researches interested and involved in the TMT
project; and so on.

L: What is the relationship between the TMT-J SAC and the TMT
SAC?

A: The TMT SAC is comprised of representatives from the
member nations and organizations of TMT. Our circumstances
are different; our research fields of interest are different.
For example in the TMT SAC, we discuss new observation
capabilities which should be introduced in TMT. The direction of
the required capability changes depending on which fields hold
the highest interest.

The TMT-J SAC has the role of collecting the discussion within
Japan. And in the case of debate in the TMT SAC, to express our
views on the results of that debate.

On the other hand TMT-J SAC can suggest matters which
need to be addressed by the TMT SAC. For example, the
observational data processing pipeline or the archive might be
discussed first by the TMT-J SAC.

L: How will the TMT-J SAC’s role change when TMT construction
or observations start?

A: For large observational instruments like the ones for TMT,
it is important that they be used by not only optical/infrared
astronomers, but also by a broader range of researchers to
produce a variety of observational results. | think it would be
good if we can act as a window for domestic researchers in many
fields to use TMT.
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L: What is the current status and budget of the TMT-J SAC?

A: Currently, we meet in Mitaka once every few months. The
TMT-J SAC only has a budget for covering traveling expenses.
But there is other support for domestic research groups
developing fundamental technology for observational instruments
to realize new observing capabilities under the TMT-J SAC.

L: Who are members of the TMT-J SAC ?

A: We want researchers in fields like theoretical astronomy
or Earth and planet sciences to participate, not just scientists
advancing research in optical/infrared astronomy. People
from NAOJ and various Japanese universities have become
members.

L: What difficulties have you had to overcome in the TMT-J SAC
activities?

A: The project timescale is very long, and we can’t predict
how research will evolve in the future. We’ve considered the
capabilities of the telescope and instruments based on the
evolution of science we've seen up to now. It’s possible that when
observations start, research topics that haven’t been thought up
yet will demand something completely different. It is exciting to
think that discoveries beyond our imagination are waiting, but
that is a difficult point in the practical discussions.

TMT #E )\ EER DT
Scenes from a TMT-J Science Advisory Committee meeting.
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Investigating Supermassive Black Holes with Large Telescopes
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L: Please tell us about your research.

A: | research the origin and evolution of
supermassive black holes found in galaxies
or galactic nuclei. In particular, through
direct observation | want to figure out what is
happening in galaxies and supermassive black
holes in the distant Universe.
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L: What do you expect from TMT in the future?

A: For example, now when we use the Subaru
Telescope or other very large telescopes to
observe galaxies in the distant Universe, each
galaxy is imaged as a point; basically the entire
galaxy in one dot. We observe/measure what'’s
happening in that galaxy all lumped together.
When TMT is complete, we should be able to
resolve what is happening in those galaxies.

L: What difficulties have you had to overcome in
your TMT related research?

A: The TMT instrument development schedule
timeframe is pretty long; and the instruments
will be large. We think that it will take a long time
to complete a second generation instrument;
starting from now, about 15 years. Also the size
of the instruments to be mounted on TMT is
huge: 3 m x 4 m x 5 m! As a university research
lab, how to realize such an instrument is one
issue.

L: Do you have any final comments?

A: TMT project itself is a long term plan, 10
or 15 years. But while you’re at a university,
| think it would be a good idea, for example,
while developing an instrument to be used
on the Subaru Telescope, to start thinking
about ways to connect that to the development
and production of TMT second generation
instruments or other future instruments.

RIEXZD51 cmRKBERALRE (). EHOXEICHTS
RUBRBHEHZOICODBEE LY —DTO N1 TERUE
A E T

The 51-cm telescope of Tohoku University (Left).
Experiment of a wave-front sensor prototype for next
generation multi-object adaptive optics (Right/below).
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Nearby Galaxy Science with TMT
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Tohoku University Astronomical Institute,
Research and Education Employee
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Interview in the Tohoku University Graduate School of Science and Faculty of Science
Buildins.

RIAKXFEAREMRLEER HAEHRE

L: Please tell us about your research.

C: My research is about the formation and evolution
of galaxies. For nearby galaxies at distances where
individual stars can be resolved, | research how each
galaxy formed, evolved, and reached its present
structure, based on the physical properties of the
various stars.

TMT will be able to see an only vaguely understood
region of space, namely dim galaxies in the Local
Group which haven’t been observable before.
Furthermore, with TMT we will be able to resolve the
individual stars in these galaxies and understand the
physical properties of each star. From the type and
composition of each star we can figure out the history
of the galaxy. Also, from the movement of the stars,
we can investigate the gravitational potential around
the galaxy, in particular the detailed distribution of dark
matter.

TMT is very important for these research themes,
especially for the chemistry of stars. It is difficult to take
the spectra of faint stars. We expect that by using TMT
to investigate the chemical composition of faint stars
in the Milky Way, Andromeda, and other galaxies in
the Local Group, a yet unknown concept of the galaxy
formation history will emerge.

TMT will also have extremely good spatial resolution,
capable of capturing the proper motion of individual
stars. This will be a very important clue to understand
the gravitational potential of the dark matter which is
responsible for the motion.

For these reasons, we have high hopes for TMT.

L: What difficulties have you faced in your TMT related
research?

C: If TMT is completed 10 years from now, it will be
just before | retire. But if it is delayed a little, | will have
retired. That might become a problem. (Laugh.)

L: Do you have any closing comments?

C: TMT is a big project carrying the hopes of
astronomers in many countries, not just Japan. | think
that TMT will prove useful to us in a variety of roles,
producing big discoveries and a new outlook on the
Universe.
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L: Please tell us about your research geared towards TMT
(both science and instrument development).

H: I'm continuing protoplanetary research originally
started using the Subaru Telescope. | think we could make
great strides by using the higher spatial resolution and
sensitivity of TMT. Related to instrument development,
| am interested in the mid-infrared band which contains
information about solid particles. Originally | was part of
the group for the Subaru Telescope’s mid-IR instrument
COMICS. And in the course of that research | came to be
involved in the mid-IR instrument MICHI, which is a TMT
second generation instrument candidate. As introduced in
Dr. Chris Packham’s article (November 2017 TIO Special
Edition, page 14), MICHI is being led by U.S.-Japan
collaboration, but also involves researchers in the other
TMT partner countries as well: India, Canada, and China.
Right now we are conducting fundamental development for
the oscillating mirror known as the cold chopper.

2016F10B(ICTbNIcA Y R EDMICHI #EMEZ B89 B1-bDkick off meeting Dk
Scene from the MICHI cooperative research kickoff meeting held in India in October 2016.
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[RIGREFRMAHD142527 DEFRINIBLID HBRE LIAOKD3.1 pm TR K,
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Scattered thermal-infrared light from the protoplanetary disk around
HD142527 observed in the water ice 3.1 um absorption band. For more
details please refer to the Subaru Telescope press release.
https://www.subarutelescope.org/Pressrelease/2009/02/17/index.html
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Picture taken during a visit to the Southwest Research Institute (SwRID)
lab in September 2017. SwRI researchers are helping advance the MICHI
collaboration.

L: In addition to TMT, what other research are you working on?

H: I’'m continuing disk observations using ALMA and 8 m class
telescopes including the Subaru Telescope. By studying the
evolution and distribution of solid particles (silicates and water
ice) found in disks, | hope to learn the story of how the modern
Solar System objects like planets and meteors came to be. In
particular, there is a deep connection between water and life, so I'm
interested in how water is distributed in disks.

L: What difficulties have you had to overcome in your TMT related
research?

H: The timescale until completion is very long (over 10 years). So
it is difficult knowing that our work won’t produce any astronomy
results soon. But it has given our research a long-term direction.

Also, for international collaboration, it is tricky setting up meeting
times. Right now we'’re preparing a white paper to be released
shortly, in March 2018, so we're holding progress report video
conferences among the core members once every two weeks.
The time difference between India and Texas (U.S.A.) is 11 hours
and 30 minutes, almost exactly opposite, so it's tough scheduling
the meeting times. We usually start around 8:30 in the morning
India time, which is 12:00 noon in Japan, 17:00 in Hawai'i, and
21:00 in Texas. It must be hard on Chris Packham in Texas when
the meetings run late into the night for him.

L: What do you expect from TMT in the future, both in terms of
research and other aspects?

H: Right now, | hope that construction will resume quickly.
Once the project’s progress becomes more visible, | expect the
community will also flourish.

HD1002546

(Honda et al. 2016, ApJ, 821:2 (6pp))

BIDRB[REFRAEDHD 100546 DETRIMIENB %R, Pl U ABEELHD DIOK
3 pmEIRERE UTc,

Scattered thermal-infrared radiation image of another protoplanetary disk,
this one around the star HD100546. Here also, 3.1 um water ice absorption
is detected in light scattered from the disk.
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L: To start, please tell us about your work related to TMT.

N: We are developing an instrument which aims to investigate
extrasolar planets through direct imaging and characterization.
We’re considering an instrument system incorporating elements
like adaptive optics, a coronagraph, and high dispersion
spectrometer. As our science targets we want to detect Earth-like
planets in the habitable zones of late-type M-stars and ultimately
look for biosignatures on them.

M: Taking pictures of an exoplanet isn’t just normal imaging
observations. We also need to use techniques like adaptive optics
or various devices to increase the contrast collectively referred
to as coronagraphs. Our work started with the idea of gathering
leading experts in high contrast techniques to think about how
to realize this concept on a ground-based 30-m telescope and
propose an instrument for TMT from Japan.

Kotani-san is an instrument development expert; he started with
developing interferometers and recently has been developing
a high dispersion spectrometer. Murakami-san is, more than
actual observations, performing coronagraph experiments in
the laboratory. And Kawahara-san has a strong theoretical
background. Taro Matsuo-san in Osaka has also been
participating in the discussion.

The interests of these young researchers fit well with the goals of
the former Extrasolar Planet Detection Project Office at NAOJ,
now the Astrobiology Center. So we’ve decided that we want to
build a TMT instrument for the direct observation of exoplanets,
particularly Earth-like planets.

T: By the way, this instrument is called SEIT, pronounced “sight,”
an abbreviation for Second Earth Imager for TMT.

L: Could you tell us about your research other than TMT?

H: In addition, I’'m working on light curve analysis and data
analysis to look for planets and other objects, using telescopes
like the Kepler satellite.

T: I'm developing an instrument called “IRD.” Development is pretty
much finished; it's already mounted on the Subaru Telescope.
Now we’ll use the Doppler Effect to search for Earth-like planets in
the habitable zones around M type stars.

I’'m also performing direct imaging observations of planets using
the Subaru Telescope. For example, with Kawahara-san we tried

to observationally confirm if planets emit Ha radiation.

H: That'’s right, we did. I'd forgotten.
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Wavefront control experiment in Kawahara's laboratory.

M: Now IRD, the InfraRed Doppler instrument led by Kotani-
san, has finished the primary development phase and is looking
to start concentrated observations. It has reached the point of
being available for strategic plan observations and open-use
observations.

In addition, we're also considering participating in the next
generation WFIRST mission being led by NASA. For example,
we’re examining the possibility of Japan participating in developing
part of the coronagraph. Right now we’re thinking that Murakami-
san will make that component and test it on WFIRST.

N: As part of coronagraph general development research, |
propose many different types of coronagraphs, including new
types, in addition to the one | proposed for SEIT. | primarily
perform laboratory experiments for performance evaluation, but
some components have been installed on the Subaru Telescope
and | hope that they will be used for actual observations in the
future.

L: What difficulties have you had to overcome in you TMT related
research?

M: To start with, it’s all fine and good for us to say, “we’d like to
do it this way.” But to get to the stage of carrying it out through
international collaboration, that’s a really big jump. You could say
TMT’s instrument for investigating Earth-like planets is still in its
infancy. Even the name. Japan has named it SEIT, but overseas
teams might prefer a different name. We need to establish a way
to resolve issues like this; that’'s going to take much negotiation
and | think it's probably going to be difficult.

H: Difficulties? When | have meetings with overseas collaborators,
we have to match the time. Generally, I'm forced to shift my
schedule to American times. That’s really being a problem.

T: Is it OK to say that here?

H: It needs to be said here because this article will appear in
English.

L: Don’t worry; the same complaint has come up in other articles.
H: Ha! | knew it.
L: What do you expect from TMT in the future?

H: Expectations? | really hope they don’t demolish the Subaru
Telescope. Even after TMT is complete, if we lose the Subaru
Telescope, that’s going to cause many problems.

T: Also, we'd like a variety of support to maintain the infrastructure
necessary for development.

M: There is a need for funding requests to support not only the
design phase, but also in the future development and construction.
Those need to be administrated well or it won’t work. | think it
would be good if we can make budgetary requests, of course for
the places building the actual TMT telescope itself, but also for the
places developing observational instruments.

N: | also hope that they will talk up Japan’s activities in the TMT
Headquarters.
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As part of international collaboration, I'm working on the
TMT science case and public outreach activities. Up to now,
I’ve researched star and planet formation, primarily using
the Subaru Telescope. As a preliminary step in connecting
that experience to TMT science, I'm participating in GTO
(guaranteed time observations) with JWST, which is scheduled
to launch in 2020. JWST is a 6.5 m aperture space telescope.
Because its aperture is comparable to the Subaru Telescope,
its spatial resolution will be much worse than that achievable
with the 30 m aperture TMT. On the other hand, because it isn’'t
affected by the Earth’s atmosphere, it will have unprecedented
high sensitivity. By experiencing the kind of science enabled by
high sensitivity, | can then start to think about what else will be
possible when we add to that TMT'’s high spatial resolution.

Also, TMT is scheduled to be completed in 2028, a time when
students who are now in junior high or high school will be
young researchers. I'm conducting outreach activities so that
those future researchers (and everyone else) can experience
astronomy and learn about TMT. This has been a valuable
chance to reflect on my own research.

I'm working as a specially appointed research staff member in
the TMT-J Project Office. My responsibilities include science
case updates; support for TMT-J office meetings; managing and
updating the TMT ETC (Exposure Time Calculator); and public
relations support by dispatching speakers to lecture appointments.

One of the research fields with high expectations for TMT is galaxy
evolution. Observations in recent years have shown that the shapes
and other characteristics of distant galaxies differ greatly from
those of modern galaxies. | hope that observations of the shapes,
dynamics, and stellar population characteristics of distant galaxies
using the high light gathering power and high resolution of TMT will
elucidate how modern galaxies evolved. Through galaxy evolution
research using observations of distant galaxies made with large
telescopes such as the Subaru Telescope, | am improving the
science case for TMT.
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Global Hands-on Universe
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%03 CAP

Comunicating Astronomy with the public
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http://platon-project.eu/

%05 Go-Lab
http://www.go-lab-project.eu/project
%06 Eratosthenes Experiment
http://eratosthenes.ea.gr

%07 STORIES of Tomorrow
http://www.storiesoftomorrow.eu
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