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@1 2E1—W#: FLEAS - T2 Ky (Ramsey Lundock) NAOJ
@157/ ENLRXE TMT #EZE (NAOJ TMT-J Project Office)

EZLRXE/NT 1 &RIFR (Subaru Telescope)
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.Here we present Vol. 03 of the “People'Ad\./ancing_ the TMT Project” series.

Vol. 01 (March 2017) collected interviews with TIO (TMT International
Observatory) executives and representatives of the member nations. Vol. 02
(April 2017) continued with interviews from concerned parties in Hawai'i.
Now in this special edition.we present interviews with staff actively involved

© in developing observational instruments through international collaboration.
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INSTRUMENT DEVELOPMENT THROUGH
INTERNATIONAL COLLABORATION

HaSIbG

WAKO ACKI
(TMT §EEE)

SHEIDIRATREZEHTLVBINT TR, HRFEIS
HBBh. HET-2%ELBHOBAREDFHF-
RELERBATEDHSKTEY, INTEEICSES
WT, EREREBARBERRICSESETLETH
HMOIHRELLERNLET.

IN THE TMT PROJECT, DEVELOPMENT

AND CONSTRUCTION OF INSTRUMENTS TO
OBTAIN SCIENTIFIC DATA, AS WELL AS OF
THE TELESCOPE ITSELF, ARE CONDUCTED
BY INTERNATIONAL COLLABORATIONS. THIS
ISSUE INTRODUCES RESEARCHERS WHO
ARE WORKING AS PROJECT LIAISONS AND
INSTRUMENT DEVELOPERS IN A VARIETY OF
ASPECTS OF THE TMT PROJECT.

B | ERPOATIMBENHREBRAD/NN—VY DO ED (—p092R)

The construction of TMT is advancing through close cooperation
between institutes in five countries: Canada, China, India,
Japan, and the U.S.A. TMT International Observatory (TIO)
was established in 2014 as the organization that manages the
project. The members of the observatory, including Japan,
make decisions on the plan of the project and operation of the
observatory, and at the same time the member institutes also
work with TIO to actually develop, design, and construct each
component of the telescope system. TMT-J is responsible
for the telescope structure and the primary mirror segments.
To construct these components, interactions with TIO and
the member institutes are essential. NAOJ has a new office
in Pasadena, California, where the TIO office is located, to
promote cooperation with TIO and its member institutes. (—p06
See the interview with Dr. Terada.)

The instruments to obtain scientific data with TMT are also
manufactured by international collaborations. Three instruments
are planned as the so-called First Light Instruments, which will
start operation when the telescope construction is completed.
TMT-J is responsible for a part of the design and construction
of the Infrared Imaging Spectrometer (IRIS) and the Wide Field
Optical Spectrometer (WFOS) in cooperation with overseas
institutes. IRIS is now in the final design phase, following the
successful preliminary design review this year. (—p09 See the
interview with Dr. Hayano.)
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Discussion about the second generation instruments, which
will be installed after the first light of the telescope, is heating
up. International collaborations for such instruments are even
wider and deeper, with personnel exchange between member
countries. It is expected that technologies developed for
instruments on other telescopes, like the Subaru Telescope, will
be useful in the development of TMT instruments in the future.
(—p12/14 See the interviews with Dr. Guyon and Dr. Packham.)

Many researchers in Japan, including staff and students in
universities, are involved in the discussion and development of
second generation instruments for TMT. Through such activities,
the TMT project will contribute to education and researches in
universities. Activities at universities in Japan will be reported in
subsequent issues of this series.

TMTZ70Y =7 bO2#FE#R (TMT Project Overall Organizational Chart)
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NAOJ Pasadena Office
EiEXXB/NNYTF 714X

Sharing Information at TIO Headquarters

TIOAEB TOREIER & ERERR

N

Hiroshi Terada FH

NAOJ Pasadena Office, Associate Professor
Former Science Operations Division Chief at
Subaru Telescope

L:EBSEXEY. DUTHNLVZT - RYFHICA T 1 X &H
HUERZSEILE S,

T:HEHETMTEWNS TRV M. REDAHY T+ 0=
TIFKE (#)7 7[Caltech) A Y T+ =FKF (UC)
PEZEREL. 7y 7EREICHPH D [RIHAERE] B
EFEELTHRELELE, ZOR. IN\—bF—%F1), §XH
F4, BAR, FE, 1> F Z L TRKEEZED5»EICED
TOPT I MIBE-oTWET, AT I DU TH I ZTKZE
P70z bENELS) - RLTEAELEVWSEEHNRED
»->T. ZDAE (TMT International Observatory ; TIO) &4
D73 IWZTONYFHIZELN, TOT 7 NEEDTHN
TWET,

IN— b F—EHELTIE, BEIOBERTY 1 > DESEED T,
BELALBEREZBALTIORBERBETZZEPBOTEEL
ZET BIRXAELTH, REBEREAD D, REO—
BEEHIRL [$FEMNYTFH] EVWOHDEFRELAEEN
S ElERVWET,

L:FHEARIEETENL S AEELESINTNBDTT P,

T: RAGEIRLENEE & L TTIOARSICESRT. BADE
BEfESKE DI 7 a er, ErmEYI NERDZNTA
EDAX T aLEERU-ERENLAEEEZLTVWET, &
DM THREFNPIMILL T LE > TRHADERDBLEVD T, N7
1TDBEZLANIVDF=B EHIERTBEMP S LV & D DH#E
TWEd, —FT. BAODXXII2Z71—DEIAELDNE
PHIEARBRLABEDT, SHEIVRERVWETEDL S ICEI N
DHERBLTVWELVWTT R,

TMT Tk, B/X— b F—EPS5DIESESDF—LICLZE
CEDTOEREVOIBELTHIAZVWTT, ZEED/N—
F—HF—LEHATERICP > TV, —DOEBEEEIC
BMPr-> TRAEA%ZH A CESHERATS. EVWOIRREMEY
HIRETT, ZORBNGERHBEOEEZESREICAW T, &
IPSREALALTETEBRLETRIEVWTEEA, AEE
PZTOXFEDOIAREE#RLSHEITNIE. EEATVET,

L: KEDHET, BRRVAEHA TS0,

T: KETOREES S>EMKTIE, FAIX1999F H 5 ZDEIZR -
TETC. ToPWEBELTVWET, BID16ERIENT A
HEL., TIEI2ERBECORERR - #IFEHNFERET-T
EE LA ZO%, IMT7OY 7 MCEEL2015FDEICH
JITANZTABSDITT, NTADEY TT71F 2 RiE

EMRXE/NYTFF - 71 2 #HTR
JTNT A BEET - REERTPE

v iz
L: Why did NAOJ establish an office in Pasadena California?

T: Originally, the project now known as TMT was proposed
by the University of California (UC) and Caltech, which are
located in California U.S.A., with the goal of constructing a
“next generation telescope” to follow the Keck telescopes.
Later it grew beyond Pasadena, becoming a project extending
into 5 countries: Canada, Japan, China, India, and of course
the U.S.A. Given that historically Caltech and UC have led
the project since the beginning, the TIO (TMT International
Observatory) Headquarters was established in Pasadena
California to manage the project.

For the partner countries in TIO, it is very important to
thoroughly share assorted information, including the design
progress in each location, with TIO HQ. At NAOJ as well, we
felt that for close information sharing we needed to establish a
“local Pasadena office” in a corner of the headquarters.

L: Could you please describe your job here?

T: As an NAOJ employee in the TIO HQ, | fulfill an important
role as a liaison with contacts in the TMT-Japan Project
Office and in Hawai'i, where the telescope will be built. There
would be no point for me to be here isolated. | make sure that
information exchange continues with the people on-site in
Hawai'i also. On the other hand, the connection to everyone in
the Japanese astronomy community is insufficient, so I'm trying
to find better ways to communicate with them.

We need to avoid at all costs a situation where TMT is a
collection of independent teams from the various partner
countries. Instead we need a setting where the international
partners put together teams organically in order to coherently
pursue a common goal. With that kind of operations model as
the ultimate goal, we need to work towards creating the right
type of atmosphere. | feel it is my role to serve as an example
setting the trend.

L: What has living in the U.S.A. been like?

T: If we talk about “living in the U.S.A.,” then | first came to this
country in 1999 and have lived here a very long time. The first
16 years, | lived in Hawai'i, working on instrument development
and maintenance as well as science operations at Subaru
Telescope. After that, | transferred to the TMT Project and
then in the summer of 2015 and | moved to California. The Big
Island of Hawai'i is an isolated island surrounded by ocean. It's
not very expansive; you can drive all the way around it in 1 day.
Unlike Hawai'i, California can be said to be almost borderless.
As expected for part of the mainland, it can be said to be
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very vast, in many different senses. If you stretch your legs a
little, you can sample many different atmospheres, in terms of
research environments as well. Right now, | am enjoying this
exceeding diversity.

L: Currently, what kind of international exchange is taking place
within TIO?

T: As | said earlier, the TMT Project itself is being pursued by
partners consisting of 5 counties. But that doesn’t automatically
mean that there are systematic exchange activities within TIO.
Actually the only partner which has assigned staff to the TIO
HQ is Japan.

However if we talk in terms of the native countries and
nationalities of the individual staff members comprising TIO,
then we have people from France, from China, from India, and
of course Canada, as well as the Czech Republic, Iran, and
Ireland. In this way, if we talk about everyday exchange, then in
casual conversation we can hear the voices of various countries
and many different ways of thinking based on different cultural
backgrounds. In contrast, on the research front, there is still
no formally defined “exchange between the 5 partner countries” to
advance this project. That’s something which may start in the future.

L: Do you have time to do research?
T: Yes. For example since the second half of 2016, | have been

working on research related the science case for JWST (James
Webb Space Telescope). | was invited to a conference jointly
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supported by experts on different types of astronomical “ices”
at Leiden University in October 2016. We pursued discussions
about the fundamental science JWST should achieve regarding
“ice” in protoplanetary disks. Through this discourse | was able
to expand my contacts with new researchers at our neighbor
Caltech (including the NASA Jet Propulsion Laboratory, JPL)
and researchers involved in E-ELT and JWST. | hope to further
develop this plan along with the TMT science case. At Subaru
Telescope, | have been pursuing observations for the ice
and gas in protoplanetary disks through my own instrument
upgrades. In the future, | want to investigate this topic further.

We need to think more than a decade ahead when considering
the science we want to achieve with TMT. In order for TMT to
produce superior results, the science goals need to continue
to evolve as time progresses. | need to continue to hone my
scientific skills while considering things like, “What will be
required of telescopes at that time?” “What will we need to
prepare in order to produce cutting edge results?” As someone
near the hub of the TMT project, | can’t allow myself to become
detached from science. It is important for me personally to
pursue research that is personally interesting to me.
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L: What are your hopes for the future?

T: It's a continuation of what | said earlier, but right now I'm the
only person from Japan, as a way of maintaining our right to be
here. Up to now NAOJ has been thinking about how to create
this TIO HQ team. The concrete form has still not been defined
clearly enough that we can say, “Let’s proceed this way, with
this kind of team.” But | think that sometime in the near future
we will need to create the team.

Thinking about that, even though NAOJ has created this
“box” to support people, unless they start to gather people
who seriously want to give it a try, the project isn’t going to
move forward. Because TIO’s Pasadena HQ is geographically
close to Caltech, JPL, and UC, particularly from a research
perspective, to participate in seminars or to have scientific
discussions, etc., many possibilities open up to develop high
level activities relatively easily if one wants to. In that sense,
| think there is a large benefit. When NAOJ decides “we
want to increase the number of people and build a team” and
starts moving, | hope that many people, in particular young
researchers, will apply enthusiastically.
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TMT’s Near InfraRed Imaging Spectrometer (IRIS)

Enabled by Adaptive Optics

WEXFEEDL L TMT OEFRHAHFEGZS KEFREIRIS
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Yutaka Hayano

NAOJ, Advanced Technology Center,
Associate Professor
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L: Could you please explain the TMT first generation
instruments?

H: TMT will have 3 first generation instruments. I'm involved in
IRIS (InfraRed Imaging Spectrometer), an instrument focusing
on near infrared wavelengths. The other instruments are WFOS
(Wide-Field Optical Spectrometer) and IRMS (InfraRed Multi-
object Spectrometer). TMT will be completed in about 10 years,
so simultaneous with developing the telescope, we also need
to already be developing the instruments we want to use at first
light.
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L: What are IRIS’s strong points?

H: IRIS receives light which has passed through the adaptive
optics system. Using adaptive optics, we will be able to
take pictures with extremely high spatial resolution near the
diffraction limit of the Thirty Meter Telescope. High spatial
resolution achieved through the combination of adaptive optics
and a 30-meter aperture is one of the “selling points” for TMT;
IRIS will excel at observations maximizing that “selling point.”
In particular, we will focus on “astrometry”, determining the
positions of stars with high precision.

By greatly increasing the precision of astrometry and continuing
observations of objects like stars for 10 years or so, we will
be able to track miniscule movements of stars that have been
unobservable before. In particular one of our main objectives
is to study the movement of stars around the black hole at the
center of our Galaxy in finer detail than is possible with the
accuracy of 8-10 meter class telescopes. For reasons like this,
IRIS was judged to have a high priority as a first generation
instrument for TMT.
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L: How many people are in the IRIS project team?

H: The IRIS project itself consists of 4 main groups: Canada
(NRC-H, National Research Council Hertzberg, in Victoria),
the University of California (Los Angeles, Santa Cruz, San
Diego, etc.), California Institute of Technology, and NAOJ. All
together there are about 30 people in these groups involved in
the development. Right now at NAOJ, a team of 11 people is
advancing the project.

L: How far has IRIS development progressed thus far?

H: Work on IRIS started at the beginning of the TMT project;
if memory serves, 2006 or earlier. Of course | wasn’t involved
then. The project has been led for more than 10 years by the
Principal Investigator, James Larkin, who has been one of the
members since the beginning.

The first phase was the feasibility study, continuing on to the
conceptual design, and several years ago we entered into
the new basic design phase. In this phase, starting from the
basic instrument concept we considered things like the optical
design defining how to arrange the lenses, mirrors, etc.; the
mechanical design defining how to support those optics; the
kinds of electronics needed; the kinds of software and control
systems needed; and so on. We just passed the final review
for the basic design phase in September of this year. From
October, we will enter the final design phase, considering the
design in greater detail.
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L: What difficulties have you had to overcome in your IRIS
related research?

H: For this IRIS instrument to observe with very high
angular resolution near the diffraction limit of the Thirty
Meter Telescope, it requires a higher level of accuracy and
performance than what has been needed for observational
instruments on 8 meter class telescopes. It is not easy to
satisfy those requirements. But rather than a “difficulty,” I'd call
this the “biggest challenge” of developing a new instrument. As
such | think it increases everyone’s motivation.

L: Are you currently involved in any other projects?

H: In addition to the TMT project, | have continued my research
with adaptive optics. One project is supporting the ULTIMATE-
Subaru next generation adaptive optics plan for the Subaru
Telescope. In addition in recent years, cross-disciplinary
research has been strongly encouraged. Adaptive optics
techniques have advanced greatly and we are now applying
them to microscopic and biological research.

L: Finally, what are your hopes for the future?

H: Everyone, even though the completion of TMT is still 10
years away, it is time to start thinking about what we can do
with it. I'm sure some of those ideas can start with an 8 or 10
meter telescope. Please charge ahead with those ideas so that
when the 30 meter telescope is completed, we'll be ready to
start using it immediately without any compunction.

ETRMEIREDHEB IRISDICODFH LOERE, SOXHPHL VDB,
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L: Could you please tell us about your work geared towards
TMT?

G: Yes, so large telescopes are extremely exciting for us
because they are really the key to being able to take images
of planets like Earth around other stars. What | do here at the
Subaru Telescope, and also with my work at the University of
Arizona and NASA, is develop the technologies which will allow
us to do that. Specifically on the Subaru Telescope, we are
developing an instrument which is really a precursor, you can
see it as a test, a prototype, of an instrument that would be able
to take images of planets like the Earth around other stars. The
instrument is named SCExXAO “Subaru Coronographic Extreme
Adaptive Optics.”

And there are a few key words in that name that really tell what
it's about. One of the key words is coronograph. Coronographs
are optical systems that are optimized to block the light of a star
but keep light from planets that would be right next to the star.

And the other key word is Extreme Adaptive Optics. When we
do this from ground based telescopes we have to overcome the
atmosphere. The atmosphere blurs the image. A technique to
solve this problem is called adaptive optics. We need adaptive
optics to work in the most extreme performance regime to do
this because the planet is so much fainter than the star which it
orbits.

The TMT Project is really the driving force behind SCExAO.
It is our long-term goal. We are of course very excited about
taking images of Jupiter-like planets, but the excitement level to
take images and study habitable planets, planets like the Earth,
is considerably higher. We are going as fast as possible to be
ready near first light of TMT to deploy an instrument that will be
taking images of potentially habitable planets.

L: And in addition to this research, what other research are you
pursuing?

G: So | work on a range of optical techniques to discover
and learn about exoplanets. And | spend roughly half of my
time working on applying those techniques on ground based
telescopes, such as the Subaru Telescope, and soon the
TMT, and also space based telescopes. One of the research
groups | work with closely for example is at NASA JPL and
we are looking at exoplanet imaging for future space based
telescopes. Another research group | work with is at the
University of Arizona, where we are building a system which is
not too different from SCExAO on a different telescope, on the
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Magellan Telescope. And | also work on a few other smaller
projects.

| started a few years ago with a few colleges on a project
which is a little bit different from what | do here at Subaru. It's
trying to get citizen scientists and schools to actually discover
exoplanets. And we found out that there is a way to do that,
which is with the transit technique. The transit technique is
staring at stars and waiting for that specific time when a planet
will pass in front of a star. And what you will see is that there
is a little bit of light missing. The name of the game to do this,
to discover exoplanets with this technique is to follow a lot
of stars, a lot of the time, because we don’t know when and
where those transits happen. We started PANOPTES, a citizen
science project using commercial digital cameras to make
transit measurements.

There is also Starshot. This is the most ambitious project | work
on, but it's extremely exciting. The Starshot project, which is
led by the Breakthrough Initiatives, is trying to send probes to
exoplanets. So we're looking at another way to do high-speed
travel where you build a high-power laser on Earth, and you
have a very light-weight spacecraft which you push with this
laser. So | hope one day we will be able to do that and take
beautiful close-up pictures of exoplanets.

L: So what are the challenges of working on so many different
projects at once?

G: I'd say it may be a little bit easier than it sounds because
there is a large technical overlap in those projects. So
even though | work for different projects and organizations,
the challenges, technologies, and solutions are often the
same. The different projects actually feed into each other in
unexpected ways, where a new approach developed for one
project brings solutions to other projects. This process is very
rewarding and benefits all projects by frequently injecting new
insights and perspectives that would otherwise be missed.

| would say that everything we do here at Subaru on the
SCEXAO instrument is directly applicable to TMT. The long
term goal of what we do is being able to image habitable
planets with the future generations of large telescopes. So |
would say we are already in one way working for TMT.

L: What are your expectations for TMT?

G: TMT, | think will be very instrumental into evolving beyond
what we are currently doing, which is cataloging exoplanets,
finding where they are. What | see the next couple of decades
going into is really life finding. And this is extremely important
because it connects us to a very important question that we
all care about: are we alone? And it touches on philosophy,
religion, and really the meaning of our lives and our long term
future.
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L: Could you please tell us about your work geared towards
TMT?

C: So my primary work on the TMT is to think about mid-infrared
instruments and the science we can do using the huge aperture
of the TMT. So, a few years ago | was visiting Japan and | talked
with some leading researchers based at JAXA and Ibaraki
University. They were thinking about mid-infrared science and
what they could do on the TMT, and they asked me to participate
in their discussions. Over several years, the group began to
become solid with each other as well as expand, inviting in a
large number of astronomers here in Japan as well as the U.S.
And indeed over the last couple of years, we’'ve begun to expand
that collaboration into working with astronomers in China and
now India and Canada.

Currently we're concentrating on an instrument called MICHI
(Mid-Infrared Camera High-disperser and IFU), which is a
candidate (a strong candidate, we hope) for a 2nd generation
instrument on the TMT. Optimized to operate at 3 to 13 microns,
it will allow us to probe galaxy centers, disks around new stars,
and planets as they form.

MICHI is a complex instrument as it has various modes. One
mode will produce very high quality mid-infrared images; 4 or
5 times finer quality than the James Webb Space Telescope
(JWST). But JWST will be far more sensitive because it is in
space. The synergy of those observations is what’s going to be
key. So | want to be involved on both JWST and MICHI to take
advantage of that.

Another aspect of MICHI is we’'ll be able to split the light up into
its colors, the so called spectra. The spectra of the light will
tell us how that light is being produced, it will tell us about the
emission process, or perhaps some of the absorption between
us and the object. Particularly important is that very high
spectral resolution. That mode is opened up only because of the
huge TMT aperture.

L: You said MICHI is a 2nd generation instrument candidate.
TMT has not even broken ground yet, why are we already
considering 2nd generation instruments?

C: We expect the 2nd generation competition to start very soon.
The development phase for these instruments can be very, very
lengthy. It is a notional 10 years. So it's important to get started
now, rather than waiting for the telescope to be quite advanced.

Science moves quickly. We're in a friendly competition with other
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telescopes who have similar or perhaps larger apertures. So it’s
important that we don’t lose too much ground and we have the
next generation of instruments ready as soon as possible.

L: What effect has the TMT Project had on your own research?

C: The effect of TMT has been really dramatic. For about 20
years I've had close connections to NAOJ, especially, but also
the University of Tokyo, Kyoto University, and other universities
within Japan. By even thinking about working on the TMT and
working for MICHI, these collaborations have gotten much,
much stronger. For the last few years, | have spent 3 or 4
months a year in Japan working on these instruments and
working on the science that the instruments can deliver. I'm
hoping that in the very near term future | will be able to sign a
memorandum of understanding between my university back
in Texas and NAOJ with the view that, if we can find some
funding, we will exchange graduate students, post-docs, and
faculty between Texas and Japan. Critical to making the TMT a
success is to make sure that there is a community around the
TMT. Exchanging students, graduate students, post-docs, and
faculty between the partner institutes of the TMT will help to
ensure that that community is realized.

One of the other aspects with MICHI, and indeed my career,
is optimal access to large telescopes. In order to maximize
the scientific return from the time on those large telescopes it
is typical to form science teams. Our science team is having
meetings with researchers in Japan to understand how we
can best optimize our observations now in order to prepare for
JWST. Again this is another outcome of working on MICHI,
working with the TMT, that we're getting Japanese researchers
involved on a large multinational collaboration and | hope that
will provide increased access to JWST for our collaborators in
Japan.

L: What are you expecting from TMT in the future, both in terms
of research and other things?

C: The TMT is going to be a revolutionary telescope. The
increase in light gathering capacity is so enormous, compared to
the current 8-m class telescopes, that it will enable completely
new science. One aspect of the TMT and MICHI is we'd like to
do very high spectral resolution observations. On the current set
of telescopes right now, to do the same observation that we’'ll
do on the TMT, we’d need approximately 1 night; the TMT will
do it in a few minutes. So the step-forwards this light gathering
capacity enables are truly staggering.

| view it as very important that as we reflect on changes in
astronomy over the last 20 years, what we’ve seen is that
astronomy is becoming more and more internationally based.
As we look at how to best engage internationally, there are
challenges: we speak different languages; we have different
cultures; but ultimately we’re all doing the same scientific
method. What’s important is that we exchange students,
postdocs, and faculty as much as possible, and particularly as
early in our careers as possible. Exchanging students between
the universities or institutes, | think is the optimal way to begin
to glue things together. As we move toward a more international
based focus in astronomy, exemplified through the TMT, making
sure that we increase those links even more is going to be more
important.
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