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Ql What is the ALMA's main purpose?

ALMA is exploring millimeter waves of spectra. The simplest thing we
can say is that the history of astronomy teaches us that each time we go
to a new part of spectrum, we discover new things that we didn't know
about before. So perhaps most exciting possibility is that we will discover
completely new phenomena which we know nothing. But of course |
cannot tell you what those are, what they will be, now. On the other hands,
saying that does not get you billion dollars developing telescope. ALMA
would not have been built, if some preliminary exploration of the millimeter
spectrum had already been done. In particular as you know Nobeyama
has been pioneering millimeter wave spectrum for the last 30 years, so the
important discoveries already been made by millimeter wavelength.

At first of all that, when you look at the space between the stars, it
contains gas. Now, we knew that the gas is there, but we thought the
gas with extremely simple just consisted atoms, hydrogen atoms, a few
carbonate atoms, a few oxygen atoms and so on. What was discovered
when the people first tried millimeter wave observations is that the gas is
actually very complicated, and there is very rich chemistry in these gas
cloud.

The atoms are actually tied up and formed molecules and those
molecules are complicated. With the existing telescope we can see that
those molecules are there that but we find very confused pictures that
we cannot tell where the different substances are, what leads to different
chemicals been present.

With ALMA we will be able to look at picture of gas cloud and see the
detail of inside, of all the different substances. That is important subject
because those gas cloud is where the new stars and the new planets
are formed. So the planets when they were formed contain all these
chemicals. This is no doubt very important to investigate whole new
subject of formation of stars, planets, in order to understand where our
own solar system came from.
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OK? | don't know how some going too much detail about, OK? So,
that was probably the first leading important discovery about millimeter
wave, what we can do with millimeter waves. However, | think that still be
not enough to build the telescope as big and expensive as ALMA.

So the next exciting discovery, OK? was that not only can be looked
at these gas clouds. Those are in our own Milky Way galaxy, and we can
see what is going on in the formation of new stars and new planets.

But we can actually look at some of the most distant objects in
the universe. We actually see millimeter wave signals from galaxies
with millions, thousands of millions light years away. So going back to
early stages in the universe, maybe a few less than billion years after
the universe was first created, we see that millimeter waves given off
from objects which we cannot see the visible. These objects are called
"submillimeter galaxies".

They must be object which is starting to form when gas is go
together, and must be stars or something that generates heat. But it is so
surrounded by dust and gas, so the light doesn't get out. Now we think
that most of the big galaxies, when the big galaxies form, they go through
this period where it essentially not visible in another wavelength. So in
order to understand properly what is happening in the process of forming
galaxies, we thought making the observations at millimeter wavelength
and so that we have to use ALMA. We can detect these galaxies with
existing telescopes, like Nobeyama, but in order to study them and make
images of them, we have to have a telescope as powerful as ALMA. So
they are able to make observation of those galaxies, process of forming
new galaxies which is not happening today. One thing important to realize
is that, although in our Milky Way new stars have been formed today not
very far, a few light years away, but there is nowhere in the space around
us the new galaxies been formed. The space between the galaxies
is empty and there is nothing to form the new galaxies. So the all the
galaxies have been formed back in the early history of the universe. We
can observe those objects very very far away, so the signals are very faint,
the objects look small. We need really powerful telescope to do that, but
ALMA will able to do that.

®

| really could not say that just one difficult. One of the things very
remarkable about ALMA is that almost every part of the system requires
advanced technology that did not exist when the project started. So the
most obvious thing is first you come to the antennas themselves that
correct the signals. Our antennas are more accurate both in the surface
and the way that you point in the sky than any existing telescopes, existing
antennas. So the development of the antennas is very difficult and required
quite a lot of work. And also they have to work in a much more difficult
environment than most other observatories with high altitude, high wind,
and low temperature, so the antenna design was difficult. The next thing
you have to do is receivers that actually detect the signals. And we need
to have receivers that work over very wide range of frequencies, goes to
very high frequencies, and have wonderful sensitivity. The sensitivity of
the receivers is much better than the receivers which have been done until
then. So that was a lot of work in the development of the receivers. And
then to bring the signals together, we have to use fiber o hi
which again did not exist when the proj |

What was the most difficult point in building this huge
observatory?
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has been developed for communications in the rest of the world. So we
were able to use that technology. And then of course when the signals
are combined, we have to get the timing in very accurate. We have the
most accurate system for relating the time of one place to the time of
the other place, that | think anybody had never developed. We measure
the differences in time at the level of about 107" seconds between the
different antennas. That required a lot of development. And then the next
step is the correlation of the signals. Looking the signals come from the
antennas, you have to find the part of the signals actually coming from
the distant galaxy, because most of what you received is just a random
noise. So we do that in the correlator and looks for the correlation. The
development of the correlator was another big development that required
a lot of work. We have two correlators. One of them, built in Japan and
that is extremely specialized, extremely powerful machine. Finally, you
cannot do anything with all this data until you have the software, both to
control the system, to analyze the data and to convert it to the images.
A huge amount of work was gone into the development of the software.
| have to say all of these were difficult developments. It's only done by
hundreds and hundreds of people who were working very dedicated and
for many years. We managed to get these things altogether.

Q 3 What is your personal interest in the ALMA research?

Well, for me, the first goal, first thing | would like to see with ALMA
would be really clear image of a new star with disk of gas around. We all
believe this is what is there, showing the evidence that new planets have
been formed in a disk. I've been working on those types of objects over
the years, and so far we always had to make very indirect analysis of the

data in order to discover the properties of these young stars and disks

surround them. So to be able to make a really clear image for the first tinr
would be a very important step of ALMA, so | think that is the biggest g
But of course it is also true that we make a first really good image
object that is forming new galaxies. That would be a very d
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Ql How do you feel the expectations of the scientists in the world?

Yes, we got a lot of proposals, of course. we got more than 900
proposals and the oversubscription rate by the number of proposals is
more than a factor of nine. It has been a lot of interests from astronomical
communities to use ALMA which is very positive for us. We have 50
science assessors going through the proposals, now we have final rank
list of all these proposals through the directors council. Right now we are
preparing for phase 2, that is now to prepare the project and scheduling
blocks, of course it's been a lot of interest from the astronomical
community.

Q

I think main difference is that scientists have been preparing for ALMA
for many years. It's been lots of workshops, it's been lots of conferences,
people everybody is very excited by ALMA. So everybody prepared to
submit proposals, submit high interests for this Cycle 0. When | worked at
APEX, we had lot fewer proposals in the beginning. It increased with time,
but the number of people is much less compared to ALMA.

Q

Yes, four science categories. It's cosmology, galaxies, interstellar
medium and star formation, protoplanetary disks, and the fourth category
s stars, evolved stars, and solar system. We got a lot of proposals
covering all these areas four category in particular we got a lot of
proposals about solar system.

Compared with your experience in the past, for example,
APEX or SEST, what is the difference in the case of ALMA?

Which genre of the scientific proposals is popular? | think we
have four categories.
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| see. Solar system, that's right. | think, this Cycle 0 is the only a start.
But eventually a hundred times deep in either resolution or sensitivity, |

. think anything looked at by ALMA would be a discovery.

Yes, if we have all antennas, it will be that sense.

Q4

| have been mostly working on evolved stars, and AGB stars,
planetary nebula, and also star formation and the structure of the Milky
Way. '

®

Yeah, | would éay to keep on producing very good proposals for
ALMA. d

In which field are you, yourself, interesting in science with
ALMA?

Do you have any message to the Japanese scientist and
astronomers?
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