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Kunio Inoue is Director of the Research Center for Neutrino Science (RCNS), Tohoku
University, and a principal investigator at IPMU. He is a leading scientist in the fields of
neutrino astronomy and neutrino physics. He received the 5th JSPS Prize for “Precision
Measurement of Reactor Neutrino Oscillations” (for FY2008). He received his Ph.D. from
the University of Tokyo in 1994. He became a research associate at the Institute for
Cosmic Ray Research, the University of Tokyo in 1992. He moved to Tohoku University
as Associate Professor in 1998. He became Professor in 2004. Since 2006, he has been
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Director’s Corner

Receiving "S" Grade

IPMU has been through an interim evaluation by
the MEXT this year. It is a part of the process in the
WPI program that supports six research centers in
Japan including IPMU, given that four years have
passed since the launch of the initially selected five
research centers. The result of the interim evaluation
was announced on December 14, 2011, and IPMU was
given the highest grade "S" (superior). According to
MEXT, the definition of this S grade is "Progress being
made in establishing the center exceeds its initial goals.
Even greater progress in developing itself as a 'top
world-level research center' is anticipated.” It sounds
great!

I'm so happy to receive the highest grade after

the rigorous review process from the summer to the
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Director of IPMU
Hitoshi Murayama

fall this year. It is a very ambitious goal for young

WPI centers to attain a high visibility in the world
comparable to world-leading research centers with
long traditions. We have focused intensively on
building an attractive and exciting research institute
that pays a lot of attention to accommodate
researchers comfortably, especially those from other
countries. This strategy seemed to have paid off
handsomely. This would not have been possible
without a strong support from the University,
competent administrative staffs, and from the public at
large. We have been ramping up several big projects
that are coming to the phase of producing data and
science. The next five years are when we have to work

Director’s
Corner

hard to truly shine.
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KamLAND-Zen Project

Dirac or Majorana?

The average neutrino density is about 300/cm’
and it is the most abundant known matter particle
in the universe. It rarely interacts and thus it is not
very familiar in our daily lives. It also took a long
time to investigate its properties for the same
reason. Its root is the theoretical invention by Pauli
in 1930 for explaining the energy and angular
momentum conservation in beta decays. Neutrino
is the first particle which is theoretically introduced
before an experimental discovery. The Majorana
neutrino hypothesis, the main subject of this article,
already appeared in 1937, but it is not established or
excluded yet. Even after the successful observation
of neutrinos, it always puzzled researchers with the
solar neutrino problem, the atmospheric neutrino
anomaly, and so on. These problems have been
solved in several years after 1998 through the
observations of neutrino oscillations. The studies of
the neutrino oscillation in which neutrinos change
their kinds during their propagation have extensively
developed the understating of neutrino properties
such as neutrino flavor mixing and squared mass
differences. An experiment, KamLAND, has also
contributed and measured the parameter Am3, at a
precision of 2.6% using the reactor anti-neutrinos.

Neutrino oscillation is the definite evidence of the

Principal Investigator KUHIO |nOue

Research Area:Experimental Physics

mass of neutrinos and it requires a theoretical
framework beyond the standard theory of particles
in which the neutrino mass is assumed to be zero.
At the same time, the upper limits of neutrino mass
provided by cosmological observations and beta
decay experiments showed a significantly lighter
mass of neutrinos than that of quarks and the other
leptons. Neutrino mass confronts a big problem

in two meanings, finite but extraordinary light
mass. Moreover, only left-handed (rotating to the
left) neutrino and right-handed anti-neutrinos are
found so far, in spite of the fact that the rotational
direction of the massive (slower than light speed)
particle changes in the faster coordinate system, as
special relativity states. Thus, the right-handed state
of neutrinos and left-handed state of anti-neutrinos
must be considered as the neutrino oscillation
measurements established masses of neutrinos.
Charged particles and anti-particles are apparently
distinguishable as their charges are opposite. On
the contrary, neutral neutrinos have two choices
for their relation between neutrinos and anti-
neutrinos. One is the Dirac neutrino and another

is the Majorana neutrino. If neutrinos are Dirac
particles that are the same as charged particles, the
undiscovered right-handed neutrino should have the
same mass with the known left-handed neutrino

and its interaction should be considered to be much

4 IPMU News No. 16 December 2011
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Figure 1. Left: Energy level of a double-beta decay nucleus. Right: Feynman diagrams of double beta decay and neutrinoless

double beta decay.

smaller than ordinary neutrinos. It is also known that
a particle and its anti-particle have the same mass.
Consequently, four states of neutrinos (particle, anti-
particle and right-, left-handed for each of them)
should have the same mass. On the other hand, the
Majorana neutrino doesn't distinguish neutrinos and
anti-neutrinos other than their rotational directions
and a right-handed neutrino means a right-handed
anti-neutrino. In this case, we can separately define
a right-handed neutral particle with different mass
in the same category. In a so-called Seesaw model,
a very heavy right-handed “neutrino” at the mass
scale close to the grand unified theory is introduced
and it explains why ordinary neutrinos are so light.
The Majorana nature of neutrinos also includes

an apparent violation of B-L (difference of baryon

number B and lepton number L) which is necessary

for explaining the matter domination of the universe.

And the heavy light-handed neutrino introduced

in the Seesaw model may also play an important

role in creating a non-zero baryon number of the
universe through its decay in the early universe as

actively discussed with Leptogenesis theory.

Neutrinoless double beta decay

Despite the fact that the Majorana nature of
neutrinos is a key to addressing the big open
questions of cosmology and particle physics, “matter
dominance in the universe” and “light neutrino
mass,” concrete examination has not been achieved.
A naive way would be to look for anti-neutrino
interaction by shooting neutrinos, for example. It
is not feasible, however, because the fraction of
alternative helicity is only about 1/2(m/E)’, whereas
we know mass is very small and energy should be
high to gain the interaction cross section. Luckily,
there is one good system in nature. The so-called
double beta decay nuclei with which single beta

decay is energetically forbidden can go to two
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Figure 2: Possibilities of three neutrino mass hierarchies. There are three types of neutrinos, electron
neutrino (v,), muon neutrino (v,), and tau neutrino (v,). From the results of neutrino oscillation
experiments, they are known to be linear combinations of the three mass eigenstates, v, v,,
and vs;, which have definite masses m;, m,, and mj, respectively. Though the absolute values
of m;, m,, and m; are yet unknown, Am,,* = m,” - m,” and Am,” = | my* - m,”| have been
measured by neutrino oscillation experiments, indicating the three possible relations between
the neutrino masses m;, m,, and ms: normal (m; <m,<<mj), inverted (m;<<m,<m,), and

degenerated (m; ~ m, ~ ms) hierarchies.

simultaneous beta decays. In the nucleus, two anti-
neutrinos are created in the very small region, and
they can annihilate only if neutrinos are massive
Majorana particles (see Fig. 1). The annihilation
probability is proportional to the squared neutrino
effective mass under a popular assumption that light
Majorana neutrino exchange dominates the reaction.
Thus, the discovery of neutrinoless double beta
decay (Ov2B hereafter) is evidence of a Majorana
neutrino and also that an effective neutrino mass
can be derived from its decay rate. This is so far the
only feasible method to investigate the Majorana
nature. In spite of the vigorous searches motivated
by its physical importance, there is no established
evidence for Ov2p except for the one (KKDC claim)
with °Ge nuclei, which claims an effective neutrino
mass of about 320 meV at 6c confidence level.
However, possible background candidates and

a strange behavior of the signal are argued and
further investigation is still necessary. On the other

hand, precise measurement of neutrino oscillation

provided three possibilities of a three-neutrino-
mass hierarchy, degenerated, inverted, and normal
hierarchies (see Fig.2). And the effective neutrino
mass ranges > 60 meV, 20 — 60 meV and < 20 meV
in the three hierarchies, respectively. Based on the
possibilities, recent major projects are designed to
have sensitivities well below the KKDC claim, to
cover the degenerated mass hierarchy, and also to
have the potential for an extension to cover the
inverted hierarchy. In order to investigate a lifetime
of 10°°?® years for such targets, it is necessary to
contain 100 — 1000 kg of double beta decay nuclei
which is much more massive than the previous

experiments with only up to about 10 kg.

KamLAND-Zen

Searching for rare phenomena with massive
target nuclei is a method common to a proton
decay search and neutrino observation. Considering

the Q-value of double beta decay is only up to
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Figure 3: A schematic of the KamLAND-Zen detector.

4.3MeV, the search should also have a feature of
ultra-low radioactive impurities. KamLAND detects
low energy anti-neutrinos with 1,000 tons of ultra-
low-background liquid scintillator (LS) and such

an environment is adequate for the 0v2p search.

In order to maximize the feature, deployment of
unnecessary material in the detector should be
avoided. Among various double beta decay nuclei,
Xenon-136 (°Xe) is soluble in the LS up to 3wt%
and centrifugal isotopic enrichment and purification
methods are well established. The Q-value of ®°Xe
is 2.476 MeV and is not the highest energy. But the
problematic background candidates with high-Q
nuclei, ?“Bi and *"*Bi, can be rejected by delayed
coincidence with " *"?Po. KamLAND as a big active
shield captures entire signature from *°*Tl, 2.615
MeV and 0.583 MeV gammas and additional beta,
and the total energy from “°*TI decay becomes
much higher than that of 0v2p signals. The other
worrisome backgrounds are cosmogenic '°C, solar

neutrinos, and ordinary double beta decays (2v2p).

The former two are proportional to the target
volume and dissolving isotopically enriched *°Xe
at the highest concentration is effective. In order

to reduce 2v2B backgrounds, energy resolution

should be improved. But the light yield of the xenon-

loaded LS cannot be increased independently with
KamLAND LS in order to have uniform energy
response around the boundary.

Under these considerations, it was decided
to suspend a mini-balloon containing ®°Xe-LS
(enriched from natural abundance of 8.9% to more
than 90%), see Fig. 3. Its light yield is adjusted with
the KamLAND LS and also the density is controlled
to slightly heavier than the KamLAND LS in order
that the mini-balloon does not float nor receive
stress. The balloon film is very thin, 25um, in order
to minimize radioactive impurities in the material
and in order to increase the efficiency to detect
alphas from Bi-Po sequential decays. Production
and installation of the mini-balloon become difficult

by using the thin balloon. The new dead-time-
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free electronics with 1 GHz flash ADC is used for
tagging muon-neutron-"°C coincidence where '°C
backgrounds accompany neutrons at more than
90% when created from “C by muon spallation.

The project is designed to cover the degenerated
hierarchy first and later modified to cover the
inverted hierarchy. In order to cover the degenerated
hierarchy in two years, it turned out by a simulation
study that about 400 kg of **Xe is necessary but
light yield of KamLAND is good enough. At the
time of the design stage, 2v2p half life was known
to be very long, more than 10* years, and only
moderate energy resolution was required. It was
rather shocking when the EXO-200 experiment
in the United States reported that the 2v2p half
life is 2.11x10”" years (factor five contradiction!).
Luckily the impact was not very big. For covering
the degenerated hierarchy, 3 to 4 years of data
accumulation is necessary or the sensitivity with two
years became about 80 meV. Anyway, demand for
the better energy resolution became stronger.

We named the project as KamLAND-Zen. Zen

primarily stands for Zero neutrino double beta decay

Figure 4. The logo of the KamLAND-Zen project. A kanji, logographic
Chinese character, indicating ‘Zen' is surrounded by
alphabetical characters.

search. It also contains the sound and meaning

of “then” and “Xenon.” And searching for a truth
of the universe (Ov2p) at nothingness (ultra-low
background environment) just matches with the
word Zen (see Fig.4). The experiment started in
September with about 330 kg of Xenon and we are

expecting to publish a result shortly.

Future plans

Better sensitivity requires more light-yields. But
replacement of the KamLAND LS is a big and costly
effort. So, we are going to attach light concentrators
to PMTs at the same time (see Fig. 5). We expect 2.5
times more light combining with the LS replacement,
and 2v2B will be suppressed by a factor of more
than 10. The upper entrance will also be enlarged
to deploy various instruments. Once Ov2f is found,
measurements with higher statistics and different
nuclei become important for reducing uncertainty
from a theoretical calculation of the nuclear matrix
element and for identification of underlying physics

mechanisms. Also, a direct search for dark matter

8 IPMU News No. 16 December 2011



Figure 5. Schematic of the KamLAND2-Zen detector (left)
and photomultipliers with light concentrators
(right).

with Nal, for example, will become possible. This
future upgrade is called as KamLAND2-Zen, and
initially KamLAND2-Zen is planned to contain 1,000
kg of enriched **Xe which will be dissolved in the LS
at 80% higher concentration by pressurizing Xenon
up to 1.8 bar (balances with 10 m LS depth). The
expected sensitivity is about 20 meV, covering the
inverted hierarchy.

Some challenging developments are also going
on. Scintillating film, for example, will be effective
to improve the BiPo tagging efficiency in the mini-
balloon, and an imaging device will be useful to
distinguish multi-vertexes events such as °C and
multi-compton gamma rays. Employing these
technologies, it may be possible to access the normal
hierarchy. Among these future plans, pressurizing
Xenon is cost effective and an intermediate phase
with 800 kg of Xenon before KamLAND2-Zen
is considered. Currently, 450 kg of Xenon is in
hand and additional procurement is going on. The
estimated sensitivity with this phase is about 30 —

40 meV, in the middle of the inverted hierarchy.

Closing

Rapid growth in neutrino research has created a
very special observational environment. The ultra-
low radioactivity environment established at a huge
underground cavity, with ultra clean materials, are
developing a new research field of rare phenomena
search. The target mass of the double beta decay
study has already exceeded 300 kg; it was only up
to 10 kg just a few years ago. By using an existing
apparatus, the project can keep costs down and
have very high scalability. The start-up time can be
also reduced. For a detailed study, measurements
with various nuclei and of angular distribution are
necessary. But such high technology apparatuses
often become expensive and single purpose. For the
continuous growth of research, a strategy of starting
and finding with a general-purpose detector at first
and then deepening the research with a dedicated
detector seems to be beneficial.

Feature



Toshiyuki Kobayashi

Principal Investigator

My research interests focus on the analysis
of “symmetries” in mathematics. Currently | am
working on representation theory and a theory of
discontinuous groups including the following topics:
(D Analysis of minimal representations:
Minimal representations are special irreducible
representations, which are a building block of linear
symmetries. My guiding hypothesis

minimal representations (algebra)

= maximal symmetries (function spaces)
is a driving force for a new theory of global analysis
based on non-commutative symmetries of minimal
representations.
2 Spectral analysis on locally symmetric spaces:
For spaces of indefinite metric, intrinsic differential
operators (e.g., Laplacian) are not necessarily elliptic.
As a first step of spectral theory in this new general

setting, | am working on the construction of discrete

Research Area: Mathematics

spectrum of such operators, and studying its stability
under the deformation of geometric structure.

My research achievements include
3 pioneering works on the theory of discontinuous
groups for homogeneous spaces beyond the classical
Riemannian setting,
@ pioneering works on the theory of discretely
decomposable restrictions of representations
(discrete symmetry breaking), and
® an original theory of visible actions on complex
manifolds, and its systematic and synthetic
application to multiplicity-free theorems on both

finite and infinite dimensional representations.

10 IPMU News No. 16 December 2011



JyOtlrmoy BhattaCha rya Research Area: Theoretical Physics

Postdoc

| am broadly interested in quantum field theories,
super-conformal field theories and string theory. |
have primarily focused on the understanding and
applications of the AdS/CFT correspondence, which
is one of the outstanding theoretical insights that
has emerged out the study of string theory. In my

research, | have tried to exploit this correspondence

Valentin Tonita Research Area: Mathematics

Postdoc

My interests lie in Gromov-Witten theory, in
particular in its K-theoretic version which associates
invariants to a complex projective manifold X by
taking Euler holomorphic characteristics of certain
(orbi)bundles on the moduli spaces of stable maps to
X. Among the interesting problems in the field are:
the computation of these invariants (which turns out

to be more difficult than in cohomological theories),

MarCUS We FNEI  Research Area: Astrophysics and Mathematics

Postdoc

Understanding the dark sector of the universe
is one of the most challenging problems in current
cosmology, and gravitational lensing is among the
principal tools to investigate it. | am a theoretical
astrophysicist interested in the mathematical theory
of lensing, as well as in general relativity and its
modifications. Recently, | studied the origin of certain
magnification invariants underlying the flux-ratio

anomaly with Lefschetz fixed point theory, and

to study exotic and new phenomenon in fluid

dynamics, condensed matter systems and gravity.

the study of the structures arising (e.g., quantum
K-theoretic product) and the connections with mirror

symmetry.

Our Team

the Randers-Finsler structure of the Kerr optical
geometry. Joining IPMU from the Mathematics

Department of Duke University, | hope to create
some more links between the mathematics and

astronomy communities here.



Talking IPMU:

Three Years at IPMU

Hirosi Ooguri
Principal Investigator

Susanne Reffert’
IPMU Postdoctoral Fellow

Oogquri: First, | would like to
congratulate you on successfully
completing the 3 years of postdoctoral
study at IPMU. You have been very
productive in research and expanded
the area of your study significantly.
Now, you are moving on to the next
position at CERN, which in this age of
the LHC experiment is one of the best

places for a high energy theorist to be.

So, congratulations. | understand this
is essentially your last week at IPMU,
and you must be busy with packing
and moving. | very much appreciate
your sitting down with me for an
interview during this busy week.

Deciding to join IPMU

Ooguri: | thought that we should
reflect upon your 3 years at IPMU and
talk about your experience here.

But, before we even start with you
arriving at IPMU, | want to hear how

" Now at CERN.
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you had decided to come to IPMU.
IPMU was officially established on
October 1,2007. We were notified
about the approval of its funding

less than a month before that date,
so we had to scramble to launch the
Institute. | remember that, within

a month after IPMU had started, |
received an email from you saying
that you heard about a job opening
and asking whether it's possible to
have two positions for both you

and Domenico Orlando, who is your
husband. At that time, you were still in
the middle of your first postdoctoral
appointment at the University of
Amsterdam. How did you hear about
the position and why did you decide
to contact me?

Reffert: | heard about it from you,
actually, because | received a message
that you had sent to colleagues about
job openings at IPMU. It said there
were 20 postdoc positions. | thought,
well if there are so many of them,
maybe there are two, for both my

IPMU News No. 16 December 2011

husband and me. Many institutes
have at most one opening per season
in String Theory, so it’s very difficult
to find something for two people
together.
Ooguri: When the institute started,
we needed to attract a lot of young
talent, especially from abroad. So,
we sent out a massive amount of
emails to scientists all over the world
announcing the job opening, and |
guess, Robbert Dijkgraaf,” who was
your advisor, must have received my
message.
Reffert: |1 don't remember who
forwarded it, but it arrived in my
mailbox.
Ooguri: Good, so our plan worked.
We pay attention to diversity in the
workplace, and we recognize that
the two-body problem” is one of the
? Distinguished University Professor at the
University of Amsterdam and President of
th_e Royal Netherlands Academy of Arts and
Sciences.
° The difficulty for an academic couple to find

two positions at the same place so that they
can live together.



serious issues for academic couples,
often making it difficult, especially
for female scientists, to advance their
careers. You and Domenico were
people we wanted to have here as
scientists, and we were very happy
to have been able to attract both

of you to come to IPMU. But, | am
also curious; was there any hesitation
about moving to the part of the
world which would be different
from what you were used to, leaving
the comfortable research group in
Amsterdam?

Reffert: Not really. Of course, moving
to a new institute, when you don't
know how it will develop, is a risk. But,
since excellent scientists like yourself
backed it, it sounded like it was a

risk one can take. Of course, Japan is
very far and our parents prefer us to
be closer to home, but we thought

it would also be a very interesting
experience and an adventure to go
somewhere completely different, so
we were excited about that.

Ooguri: | am glad to hear that.

Starting at IPMU

Ooguri: You arrived here in September
of 2008, exactly 3 years ago. | heard
you took the Trans-Siberian Railway to
come to Japan. Is that true? That must
have been an adventure in itself.
Reffert: Yes. Since we had the

chance to go all the way to Tokyo,

we really wanted to do it properly.

On the airplane you wouldn’t even
notice what happens. You get on
somewhere, you get off somewhere
else. But, if you go by train, you really
have this experience of going far.
Ooguri: That must have been an
interesting trip. After arriving in Tokyo,
was there any difficulty in getting
settled, for example, finding housing
and setting up your apartment?

Reffert: No, it was actually very

easy because people from the IPMU
Administrative Office took very good
care of us here. They organized
everything, and they helped us find an
apartment, so it was very smooth.
Ooguri: | see. How about paperwork,
such as immigration, registration,
opening a bank account?

Reffert: All of this was very smooth
because all the documents were
prepared for us in advance and we
just had to sign them. When we had
to go to the town hall or to the bank,
a translator was sent along with us.
So, it was very easy, much easier than
in some European countries. In Europe,
they know that you can do it yourself,
so they don't help you.

Life at IPMU

Ooguri: IPMU also offers Japanese
language courses, and | remember
you took some classes.

Reffert: Exactly. We are still taking
classes, but less frequently. In the
beginning, we had 6 hours per week,
and now we're down to 1 and %2
hours per week. But, we are always
interested in learning the language to
experience the country more directly.
Ooguri: It helped you to get to see
various parts of Japan that you would
not have seen otherwise.

Reffert: | think it helps a lot. If you
just want to stay at IPMU, of course,
you don’t need to speak Japanese
because everyone speaks English. But,
if you want to experience life in Japan,
then it’s really useful if you speak the
language a little.

Ooguri: It opens doors, | guess.
Reffert: | think so, yes.

Ooguri: Since we're talking about

life in Japan, | would like to hear

your impressions of life in Tokyo. |
understand you had an apartment in

Asakusa”’ and commuted from there
every day.

Reffert: That's correct.

Ooguri: Have you been plugged

into the community of expatriates in
Tokyo?

Reffert: Not so much, because most
of our friends are actually at IPMU

as well, in different disciplines but
still mostly at IPMU. But, we also

met some other expats through our
hobbies like attending karate classes.
Ooguri: You took karate classes?
Reffert: Yes. Here on campus.
Ooguri: Oh, do they offer karate
classes on campus?

Reffert: Yes.” We also attend some
yoga classes, where they are mostly
expats. This way, we met some other
people as well.

Ooguri: | see. Not only you met

and socialized with scientists within
IPMU, the Kashiwa campus offers
opportunities for you to meet with
people from other institutes.
Reffert: Actually, what’s also very
nice is that the International Office of
the University of Tokyo on Kashiwa
campus organizes very interesting
outings to experience Japanese
culture. For example, there was the
Kabuki Theater, some excursions, and
events like calligraphy classes or the
tea ceremony, which you can attend
for free, and we have made use of
this as well. You meet a lot of other
expats there that work on campus as
well.

Ooguri: That is great. It serves two
purposes. You get to learn Japanese
culture, but through that you also
meet with interesting people.
Reffert: Exactly.

Ooguri: | know that you have a
popular blog® that chronicles your life

* One of traditional downtown areas in Tokyo.

® Hakumon Karate Club (http//hakumonkarate.
web.fc2.com/english/index.html).

® http://chipango.wordpress.com/

Talking
IPMU



in Japan. Have you got any response
on that?

Reffert: Yes. What's interesting is that
| had started the blog to be in touch
with friends and family back in Europe,
but it turns out that many Japanese
people are also reading it. | get
feedback from them, which surprised
me at first because - why would they
be interested in a foreigner’s view?
They already know what Japan is like.
| thought it was more for people back

in Europe to see what it’s like in Japan.

But actually, Japanese people also
enjoy seeing a different point of view
on their culture.

Ooguri: | see. | am also a reader of
your blog. From that | learned that
you have traveled extensively within
Japan.

Reffert: That's correct.

Ooguri: You have covered all the four
major islands.

Reffert: AlImost, yes. We have not
managed to go to Okinawa, though.
Ooguri: Right, but | meant Hokkaido,
Honshu, Shikoku, and Kyushu. You
have just been to the Tottori Sand
Dune, and you are going to Kyoto one
more time before leaving Japan.
Reffert: Yes, we enjoy traveling in
Japan really a lot because it's a very
interesting country—it’s very different
from where we come from. It’s very
suitable for traveling because the train
system is so convenient. You can go
very far in a short time, and all the
facilities are very good. It's easy to get
to the tourist attractions, which are
really very interesting. | think that, if
one just comes to Japan and doesn’t
travel, one really misses out on a very
interesting experience.

Ooguri: Indeed, by reading your blog,
| felt that | should visit these places.
You have been to many interesting
places in Japan that | myself have
never been.

14

Reffert: But that's usually the case. In
Switzerland, where | am from, many
tourists know more sightseeing spots
than | do because when you live in

a country, you take it for granted.
But, if you are new to the country,
everything seems very interesting.
Ooguri: That is true in general. But,
in your case, your curiosity to explore
this country is palpable in your blog,
and that is what makes it interesting
to read.

Research at IPMU

Ooguri: Now, | would like to also talk
about your research activities at IPMU.
You have this very widely cited paper’
on the Horava-Lifshitz gravity. Could
you tell us about that?

Reffert: What happened was that a
topic that we had worked on before,
namely stochastic quantization,
turned out to be very relevant to

this new theory of gravity, which

was suggested by Petr Hofava.” We
understood that we could successfully
apply some of the knowledge we

had gained on this topic and answer
some important questions about his
theory, in particular about its quantum
behavior. We proved that the theory is
renormalizable. It was very fortunate
that we could apply our previous
knowledge to a new and hot topic.
Ooguri: | understand that you

were drawn to this area of research
because of your interest in integrable
systems, is that correct?

Reffert: That's correct, yes.

Ooguri: In Japan, there is a large and
active community of people who are
working on integrable models, both

7 D. Orlando and S. Reffert, “On the
Renormalizability of Hofava-Lifshitz-type
Gravities,” Class. Quant. Grav. 26 (2009) 115.

® Professor at the University of California at
Berkeley and a member of the IPMU Satellite
at Berkeley.
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in physics and mathematics. Have you
had any contact with these people?
Reffert: Yes, indeed. There are some
very distinguished scientists in this
subject like, for example, Professors
Jimbo and Miwa, and we were lucky
to be able to meet and discuss with
both of them.

Ooguri: Jimbo was a principal
investigator at IPMU when you arrived
here.

Reffert: That's right. We discussed
with him when he was at IPMU.
Later on, we met Professor Miwa at a
conference in Kyoto.

Ooguri: | see. You also collaborated
with Nicolai Reshetikhin,” who is also
in this general area of integrable
systems. He visits IPMU frequently
since he is on our external advisory
board. That must have helped you to
pursue this research.

Reffert: Yes, it's always much easier
to finish a paper when it is possible
for your collaborator to be with you
or the other way around. That was
very helpful.

Ooguri: One of the memorable events
for me was to organize the Focus
Week entitled “New Invariants and
Wall Crossing” with you, Domenico
and Yukinobu Toda, who is an IPMU
mathematician. At that time, Wall
Crossing was just emerging as an
exciting new area, both in physics
and mathematics. | was also writing a
paper on this subject with Masahito
Yamazaki, a graduate student at IPMU,
and | thought that we should have
more activities in this area at IPMU.
Then, you and Domenico approached
me and proposed exactly what we
should be doing — that we should
have a Focus Week. So, we joined
forces and organized this meeting,

° Professor of Mathematics at the University of
California at Berkeley and a member of the
external advisory board of IPMU.



which was a great success.
We had an almost equal
number of mathematicians
and physicists, as lecturers
as well as participants, and
they interacted very well,
communicating at a deep level.
How was your experience in
organizing this?
Reffert: It was very interesting
and, luckily, not very tiring at
all, because the support staff
from the IPMU Administrative
Office took care of most of
the heavy tasks of organizing.
So, we could essentially just
interact with the scientists
we had invited. We were very
happy that it was possible
to attract very high caliber
scientists to come to this
workshop—to Japan.
Ooguri: | myself was amazed. We
wanted to seize the opportunity in
this emerging area and organized
this event in a very short period of
time. | remember contacting Hitoshi
(Murayama) saying, “there is a
breakthrough — we should have a
workshop quickly.” He approved it
instantly.

It was sometime in February,
2009, and a meeting was held in
May. We had only 3 months to
prepare. Usually, an international
conference of this scale takes a year
of preparation. Despite that, many
of the leading mathematicians and
physicists accepted our invitations. The
International Office of IPMU helped us
put together the conference on very
short notice. We did it at the right
time, and it was very successful.

| am not sure whether you
remember or not, but the Focus Week
was held in the midst of the HIN1
influenza pandemic, and it added a
twist to this event.

Reffert: Absolutely. | remember
being very worried that the meeting
might have to be cancelled because
international travel had to be
restricted. We were nervous about
that, but in the end we were able
to hold the conference as planned,
thanks to some additional security
measures, such as checking the
temperature of participants and
providing hand sanitizers and masks,
et cetera.

Ooguri: That's right. When our
conference was taking place, Japan

was not yet infected by the swine flu,

but there were countries which were
officially declared as infected. The
Japanese Government was nervous
about lots of foreigners coming to
international conferences. Indeed,
when our meeting was taking place,
there were many other conferences
that had to be cancelled.

One of the reasons that we
were able to go ahead and hold
this workshop was that people at
the IPMU Administrative Office did

a lot of work in complying with
requests from the Government and
the University Administration, and
they took necessary measures, as
you said, to ensure the health and
well-being of the participants. That
included handing out surgical masks
and making sure that everybody
knows how to wear and dispose of
them properly. We also installed an
infrared thermographic camera at the
entrance of the conference room to
monitor the body temperature of the
participants. Participants took these
steps with a sense of humor. In the
end, it worked very well, | think.”
Reffert: Absolutely.

Ooguri: For me, this workshop was
very helpful for my own research. It
inspired me to work on a couple of
new directions too.

Reffert: We were very fortunate to
be able to interact directly with some
of the mathematicians who naturally

Talking
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have a bit of a different take on the
problems than the physicists, so that
was very helpful for us as well.
Ooguri: Talking about interacting
with mathematicians, how was your
experience at IPMU in this regard?
Reffert: It has been very good. First of
all, we have a joint seminar where you
can really attend the seminars for both
physicists and mathematicians and ask
questions. We have this introductory
half hour at the beginning, before the
actual talk. This | found very helpful
for myself.

Ooguri: Yes, we have this rule that
each speaker is asked to give a thirty-
minute general presentation that is
accessible to both mathematicians
and physicists, and we then have a
five minute break.

Reffert: Exactly.

Ooguri: During the short break,
people are allowed to leave if they
wish, and then we continue on to

a more technical presentation. That
seems to have been very popular.
Indeed, we also used this format for
the Focus Week we just talked about,
and people liked it.

Reffert: Yes, | think it is very helpful
to learn and understand the language
of other fields better.

Ooguri: It is very important for us to
make efforts to communicate with
people in other areas of science and
mathematics. | heard you interacted
especially with Kyoji Saito'" on various
occasions?

Reffert: Yes, in fact Kyoji is very
helpful. You can always just appear
at his door if you have some
mathematics questions, and he is
always very happy to help you out.
Ooguri: Happy and enthusiastic.
Reffert: He is great.

" Principal Investigator and Professor of

Mathematics at IPMU.
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Outreach Activities at IPMU

Ooguri: Now, changing gears a little
bit — you have helped IPMU a lot
in the outreach activities. You gave
talks at various levels. Could you tell
us about your experience with these
activities?
Reffert: | participated in a number
of events, mostly geared towards
students — even elementary school
students, but also high school students
— who have a special interest in
science or mathematics. | think it's
important to interact with these
people. When | was in school, it was
hard to see what it is really like to do
research, because the way it is taught
in school is much less interesting
than it is in real life. So, I think maybe
students don't get a good enough
opinion of how interesting it would
be to be a researcher. | think it's very
important for young people to meet
researchers and see that there is much
more than what you are taught in the
classroom.
Ooguri: | agree. Miyazoe-san" also
has a blog. In her blog, she was
describing one of the talks that you
gave to, I think, high school students
at a mathematics camp at the IPMU.
Miyazoe-san wrote that she was
impressed by your presentation on
the scientist’s life, and that it sounds
like a very interesting life to have. |
think it is wonderful that those young
students had the opportunity to meet
scientists in person and learn what life
in science is like. That is something
we should be doing in order to attract
young talent to science.

| also enjoyed watching your short
video “Ask a Scientist.” It was very
well prepared. How did you do it?
Reffert: It was actually a challenge to

" Fusae Miyazoe, a public information and

outreach coordinator of IPMU.
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explain String Theory in 2 minutes. |
tried to do justice to the subject and
at the same time be understandable
for everyone. But, it was fun. A lot
of people from other institutes on
campus told me that they had seen it.
Ooguri: | was very impressed by
the way you presented the difficult
material in just 2 minutes, and using
a chalkboard. It is a very interesting
video to watch.”

Great Tohoku Earthquake

Ooguri: In the last year of your stay
at IPMU — sadly - the Great Tohoku
Earthquake struck on March 11. My
heart goes out to people whose lives
have been seriously affected by it.
Both you and | were in Japan at the
time of the earthquake. Could you tell
us your experience?

Reffert: We were actually on a

train going towards the Kashiwa
campus when it happened. The train
made an emergency stop before the
earthquake struck.

Ooguri: So, the early warning system
worked.

Reffert: Yes, the train suddenly
stopped in the tunnel. After it
stopped, the ground started shaking.
Oogquri: | see.

Reffert: Then, we didn’t really know
what had happened. We were asked
to wait on the train for about 2 hours.
We didn’t know if the train was going
to proceed, or whether the earthquake
had been very bad or not, because on
the train it was hard to tell.

Ooguri: Was the train in an
underground tunnel?

Reffert: Yes. Finally they asked us to
evacuate on foot. Everyone had to
walk to the next station between the
tracks. In the end, it was already late

" Available at http//www.ipmu.jp/drupal/
webfm_send/121



afternoon and we were about 20
kilometers away from home. We had
to stay overnight in the emergency
shelter that they opened up in the
town hall of a very small town.
Ooguri: | see. | myself was working at
IPMU on that day. | couldn’t go home
either.”

Reffert: Many people couldn’'t go
home.

Ooguri: You're right. There is a word
for that. Kitaku nanmin in Japanese,
which means refugees who cannot go
home.

Reffert: Exactly. We were treated
very well at the shelter because the
emergency procedures at this town
hall were very efficient. They handed
out emergency blankets and mats,
so we could sleep on the floor in an
auditorium. In the morning, they even
made breakfast for us.

Ooguri: Wow.

Reffert: They must have made it at
home. They had all sorts of things,
like miso soup and onigiri. They also
tried to give us some information
about what trains were running
because the train system was still...
Ooguri: On the next day, not all the
trains were running.

Reffert: It was a bit difficult to return
home and it took several hours, but
we managed eventually.

Ooguri: Was there any damage to
your home?

Reffert: Not really damage. A lot

of things had fallen down because
we live on the 8th floor. Everything
that was on top of some surfaces
had fallen down and also —inside
the cupboards— stuff had moved
and was like falling down when you
opened the doors. But, there was

* Serguey Petcov describes his experience of
the earthquake and aftermath at IPMU in
his article in IPMU NEWS Vol 14 (http//www.
ipmu.jp/webfm_send/508).

almost nothing broken.

Ooguri: That is fortunate. Has your
life changed after the earthquake?
Reffert: For a little bit, of course there
were changes, because the supply
chains did not work so well and there
were power shortages.

Ooguri: In the week immediately after
the earthquake?

Reffert: Yes. The first week
afterwards you could tell that there
were problems, but it wasn't like a real
problem. We always had enough food
and water so we were okay. | think it
was exaggerated on international TV
how bad things were in Tokyo. Tokyo
was essentially all right.

Ooguri: It is almost half a year since
then. How are you feeling now?
Reffert: Luckily, in this region you
don't feel much anymore. Of course,
it is different in Tohoku. There are

still some power-saving measures in
Tokyo also. But, | don’t think they are
disruptive at all. I do not have any
more trouble from them at all.
Ooguri: Yes, there was some concern,
when the summer months started,
when demand for electricity was
expected to rise because of air
conditioning, whether the electric
company has enough capacity to
supply electricity. In the end, | was
amazed that the City of Tokyo
functioned with 75 - 80% of

the electricity that they normally

use, without impacting life in any
significant way.

Reffert: That's true. In fact, the
changes are minimal, and | also find
that, for example, it'’s not necessary to
cool down the interior so much.
Ooguri: In some cases, it turned out
to be better. For example, it used to
be that when | go to a department
store in summer in Tokyo, it was
freezing cold inside.

Reffert: Yes, absolutely. | find this to

be an improvement as well.

Reflecting upon Three Years at
IPMU

Ooguri: Now, you are departing from
IPMU. Of course, we are sad that you
are leaving us. But, on the other hand,
we are very happy and proud that
you are moving on to this wonderful
position at CERN. To make it even
better, both you and Domenico found
positions at the same place. Could you
tell us about your new positions?
Reffert: We are very excited, not only
that we can be together again, but
also that we can go to CERN, which

is now a very exciting place to be
because the LHC is running, and the
search for the Higgs is really in full
swing. Maybe during our time, we
will witness the discovery. It's a very
exciting place to go.

Ooguri: Congratulations. That is great.
Reffert: We are very happy that our
time at IPMU has prepared us for this
new position.

Ooguri: Thank you. Any final
reflection or departing thoughts?
Reffert: Of course we are both sorry
to leave because we enjoyed our stay
at IPMU and in Japan in general very
much because IPMU has a really nice
and open working atmosphere. We
were able to be very productive here.
Also, Japan is really such an interesting
country that we will miss it very much.
We would really like to encourage
other people to come to Japan and
have this kind of experience, which is
really enriching both scientifically and
also on a personal level, | believe.
Ooguri: Thank you for joining us and
being with us for the last 3 years.

It was great to have both of you at
IPMU. I wish you all the best for your
next adventure.

Reffert: Thank you very much.

Talking
IPMU



Special Contribution

Heisenberg's Hand-Written Manuscript

— Heisenberg and Nishijima

Masataka Fukugita

Principal Investigator

Straight through the entrance door
of the IPMU library you will find the
display of a handwritten manuscript
of Werner Heisenberg, one of the
two or three greatest physicists of the
twentieth century.

All physicists agree that the two
most revolutionary concepts to
emerge in the last century were
relativity and quantum mechanics.
Today, one cannot think of physics
without either of these. These two
show a marked contrast in their
development. The former was
created and developed by a single
genius, Albert Einstein, through the
pursuit of logical consistency and
aestheticism in the foundations
of physics, without any pressing
motivation from experiments. The
latter, on the other hand, resulted
from the work of a number of leading
physicists in Europe, starting with
Max Planck in 1900, forced to provide
consistent explanations for newly
discovered experimental results.
During this development Heisenberg,
in Gottingen, took the decisive steps
towards the final theory of quantum
mechanics.

Heisenberg discovered the rule
that governs the motion of electrons
in atoms and the emission of light

from the atom. Immediately after his
discovery (July 1925) his “strange" Figure 1. The first page of a Heisenberg’s handwritten manuscript, displayed at the IPMU library.
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rule turned out to be the very one
that mathematicians called matrix
multiplication (Born, Heisenberg &
Jordan, November 1925). Physicists
were absolutely unfamiliar with this
mathematical concept, in which
the multiplication of two numbers
does not commute, and it should
be stressed that Heisenberg did
not know this mathematics, but
discovered it by pondering deeply
on the empirical characteristics of
atomic physics. A year later, Erwin
Schrédinger discovered a wave
equation that seemed to govern the
dynamics of atoms; Schrédinger’s
equation was apparently completely
different from Heisenberg’s matrix
mechanics, but the two methods
yielded the same answers. It took less
than a year for physicists to realize
that these two formulations are
mathematically equivalent (it is said
that David Hilbert knew this all along).
This work formed the theoretical
basis not only for atomic physics but
also for nuclear and elementary-
particle physics. (Incidentally, Einstein's
theory of general relativity was based
on Riemannian geometry, another
mathematical concept that was
entirely new to physicists at the time.
When Einstein started to develop
general relativity, he was ignorant
of Riemannian geometry until his
colleague-friend Marcel Grossmann
told him about it. These are two
examples in which new mathematics
was crucial in the development of
physics.)

This single discovery would be more
than sufficient to raise Heisenberg
to the top rank of physicists, but his
first-rate contributions continued.
These include the discovery of
Heisenberg’s uncertainty principle
(key to understanding and the heart
of quantum mechanics), that nuclei

consist of protons and neutrons
rather than protons and electrons, the
concept of isospin, the principle of
the ferromagnet, and (with Wolfgang
Pauli) the foundation of quantum
field theory, which is the fundamental
theory that describes elementary
particles and their dynamics. All of
this was done before he became
some 30 years of age. He later also
proposed the fundamental concept

of the scattering matrix to describe
interactions of elementary particles.
During World War Il, Germany and
its science were annihilated not only
by the Allied raids but also by its own
regime. So was the Kaiser Wilhelm
Institut fur Physik in Berlin to which
Heisenberg belonged. Heisenberg,
who remained in Germany in the
hope that he could help to rebuild
post-war science in Germany,
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Figure 2. The first page of the published Heisenberg’s paper corresponding to his handwritten manuscript
shown in Fig. 1. (The photographed material is owned by Ochanomizu University.)



endeavoured to reestablish the KWI
in Gottingen, but the use of the

name “Kaiser” was forbidden by the
British occupation forces (Gottingen
was in the British sector). Together
with colleagues, among them Otto
Hahn, Heisenberg succeeded in
re-establishing the institute, with,
however, the new name “Max-Planck-
Institut.”

Heisenberg devoted himself from
1953 onward to developing non-
linear spinor field theory with the
hope that it would describe the
world of elementary particles and
their interactions. During the course
of this work he became impressed
by the research done by Nishijima,
and in August 1955 he enquired in
a letter to Tomonaga, who was a
disciple of Heisenberg just before
the war, whether Nishijima would
be interested in coming to Gottigen
for a year. Nishijima happily accepted
his offer and arrived in Géttingen in
January 1956.

Kazuhiko Nishijima (b. 1926)
was educated at the University of
Tokyo and then recruited by Sachio
Hayakawa to a group of particle
physicists at the newly founded
Osaka-City University upon the
request of Yuzuru Watase. The new
group included Yoichiro Nambu
as professor, Hayakawa himself as
associate professor, Yoshio Yamaguchi
as lecturer, and Kazuhiko Nishijima
and Tadao Nakano as research
assistants. This was a powerful group
that had great success in interpreting
the new experimental results that
were flooding the field. For example
they explained the basic properties of
the new particles now called strange
particles by hypothesizing that
they are always produced in pairs.
Nishijima went further and boldly, but
correctly, conjectured that the new
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particle, the K meson, should have
isospin 1/2 rather than integer. He
then introduced the quantum number
of n charge (strangeness, in later
terminology), and proposed what is
now called the Nishijima-Gell-Mann
rule. This is in fact a general rule when
symmetry of a higher rank is broken
to lower symmetry, so it applies to
many concepts that were unknown in
Nishijima’s time. Nishijima eventually
left work on the phenomenology

of new particles to study the more
mathematical elements of field
theory.

While Heisenberg was developing
field theory, the work of Nishijima
published in Progress of Theoretical
Physics (1953) came to his attention,
and hence his invitation via
Tomonaga in August 1955. Displayed
in the library is the first page of
Heisenberg’'s hand-written manuscript
entitled “Bemerkungen zur ‘neuen
Tamm-Dancoff-Methode’ in der
Quantentheorie der Wellenfelder”
published in Nachrichten der
Akademie der Wissenschaften in
Gottingen, Math.-Phys. Klasse lla, S.
27-36 (1956). (The entire manuscript
of this paper is retained at IPMU).
This paper aims at a non-perturbative
treatment in non-linear spinor theories
with some truncation, which he called
the ‘Tamm-Dancoff method, and a
calculation of the fermion mass and,
as a fermion bound state, the boson
mass in the lowest approximation for
a simplified model. Here the separate
treatment of the covariant and
contravariant representations of the
state vector was important in treating
the bound state in field theory; this
treatment had been an invention
in Nishijima’s paper that dealt with
the scattering matrix for composite
particles.

We may presume that Heisenberg
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gave this manuscript to Nishijima
to ask for his opinion before the
presentation at the Academy.
Nishijima kept it until he passed
away at age 82 in February 2009 of
leukaemia.

Nishijima extended his stay at
Gottingen by half a year, as seen
in a letter in which Heisenberg
asked Watase for permission for
this extension. He then went to
the Institute for Advanced Study in
Princeton; there his work with Rudolf
Haag and Wolfhart Zimmermann on
the scattering matrix of composite
particles led to what is now called
the HNZ construction. Frequent
communications between the two
scientists continued for the next two
years, in particular about the role of
ys and the surprising recent discovery
of parity violation in field theory.
Nishijima returned to Osaka-City
University in 1959, but then went to
the University of lllinois at Urbana-
Champaign where he remained until
1966. During that time he wrote a
well-regarded textbook, Fields and
Particles (W. A. Benjamin, 1969). He
worked at the University of Tokyo
until 1985 when he was asked to
direct the Yukawa Institute of Kyoto
University.



Research Report

The First Phase of the XMASS Experiment

Kai Martens

IPMU Associate Professor

Dark Matter is one of the big
mysteries of our universe. Tallying
up gravitational forces we find that
Dark Matter makes up roughly
a quarter of ALL there is in the
universe. Normal matter - like stars,
galaxies, and us - only accounts for
less than 1/20-th of all there is. So
Dark Matter is a code word for a
pretty big gap in our knowledge.
And “Hey, it’s got to be WIMPS”
is the cheerful answer to this
challenge by some of our best
theorists. But WIMPS are not the
only “theoretically” motivated
candidate for Dark Matter particles,
and experiment will have to be the
arbiter.

Underground here in Japan at Kamioka an exciting
experiment is being commissioned for this purpose.
In its current incarnation its name XMASS stands
for “Xe detector for weakly interacting MASSive
particles.” In modern physics jargon the latter
abbreviates to “Xe detector for WIMPS.” 800kg
of xenon are liquefied at -100°C and kept at its
center. The innermost 100kg are used as a target for
WIMPS to scatter on. Lowering background from
radioactivity is paramount to its success and was

the major concern during its construction. And the

The heart of the XMASS detector after its assembly in February of 2010.

beauty of its design is ready scalability.

If successful a new detector with 10 tons of liquid
Xe in its target (24 tons total) may be built to open
up new physics reaches. Then its name XMASS
will take on new meanings: “Xe neutrino MASS
detector” as it searches for neutrino-less double
beta decay in **Xe, and “Xe MASSIVE neutrino
detector” as it records low energy neutrinos from the
sun. The key to these new experiments is the proof
of its experimental concept in its current smaller

incarnation as Dark Matter experiment.
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IPMU Interview

with Jerome |. Friedman

Interviewer: Kaoru Hagiwara

Interests changed from art
to science at age 16

Hagiwara: Jerome, thank you
very much for the inspiring
lecture which we all enjoyed.
Please let me start my
interview with your biography.
I learned that you were born
in 1930, and that you were
interested in art and music
when you were very young.
Friedman: Yes, primarily in
art. | did take violin lessons,
but | had to make a choice
between the violin and
painting. It was during the
Great Depression and my
parents could not afford
to give me lessons in both
music and painting. | chose
painting, and then, of
course, things got so bad
economically that | even
had to stop lessons in
painting. As a child, |
would spend quite a bit of
time drawing and painting,

Jerome I. Friedman is Institute
Professor Emeritus of MIT. He,
together with R.E. Taylor and HW.
Kendall, received the 1990 Nobel
Prize in Physics "for their pioneering
investigations on the inner structure
of protons and neutrons, which have
been of essential importance for the
development of the quark model

in particle physics." He received his
Ph.D. from the University of Chicago
in 1956. He joined the MIT Physics
Department in 1960, and became a
full professor in 1967.
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and I really thought | would
possibly become an artist
when | grew up. | went to a
high school that had an art
program that permitted me to
draw and paint 3 hours a day.
Hagiwara: Three hours?
Friedman: | took very little
mathematics, a course in
algebra and one in geometry.
| never had trigonometry. |
had one course in physics
that was so bad that all |
could remember was that the
teacher burnt his sleeve on a
Bunsen burner. | was happily
on my way to a career in art,
and | was reasonably good

in it. | won a national prize

in art; and when | graduated
from high school, | got a
scholarship to the Museum
School of the Art Institute of
Chicago, which was the best
art school in the area.
Hagiwara: | know the Art
Museum, a landmark in
Chicago.

Friedman: Yes. | was on my
way to a career in art, but |
decided not to accept the

art scholarship and go to the
University of Chicago instead.
My interests started to change
at the end of my third year in
high school.

Hagiwara: Third year in high
school is about 15 years of



age or 16?

Friedman: Yes, about16 years.
It happened as a result of a
trip to the Museum of Science
and Industry. You must know
that Museum.

Hagiwara: Sure, of course,
that's another landmark.
Friedman: | went there, and

| bought a little book by
Einstein. | had heard what

a great man he was and

had also heard about all the
tremendously interesting
things he had predicted about
shrinking meter sticks and
clocks that slowed down. |
thought that this was really
interesting and | really wanted
to understand how it works.

| spent the whole summer
going through this book.
Hagiwara: | remember about
the same age | also read a
book written by Einstein and
Infeld.

Friedman: This was a book
very much like the book

that you read. Supposedly if
you knew algebra, which |

did know, you could derive
the Lorentz transformations,
which | did. But | never really
understood them, because
the real issue in the derivation,
which is a very deep issue,

is why the velocity of light
should be invariant in all
inertial reference systems. As a
teenager with no background,
it didn’t make any sense to
me. | didn’t understand it,

and | decided that | would
like to pursue that question
and others like it. It was kind
of audacious because | had
an art scholarship and yet |
decided to go to University of

Chicago instead.

Hagiwara: | see, so you
declined the scholarship

from the art school and then
decided to go to University of
Chicago.

Friedman: Yes.

Hagiwara: Was it easy to
enter the University?
Friedman: Yes, it was very
easy. | was quite good
academically. I got very good
grades in all the courses |
took. As a result of that, |

got a full scholarship to the
University of Chicago. | never
paid a penny for my entire
education.

Hagiwara: That's great.
Friedman: My parents had
such economic problems that
that was the only way | could
go to the university.
Hagiwara: | see. When you
went to University of Chicago,
did you already know that
Professor Fermi was there?
Friedman: Oh, yes.
Hagiwara: | see. He was very
popular.

Friedman: Everybody in
Chicago knew about Professor
Fermi. | felt very lucky because
| couldn’t afford to go to a
university anywhere else. First
of all, I lived at home, and

| took the streetcar to the
University. | lived in the west
side of Chicago. It was a long
trip, but | went every day. For
the first two years, | had the
Great Books Program—a set
of courses in which you read
many of the great books of
Western Civilization.

Kaoru Hagiwara is Professor at KEK
and Senior Scientist at IPMU. He is a
theoretical particle physicist.
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Hagiwara: Western
Civilization? That was what
you first had about 2 years of
liberal arts studies.

The days with Fermi at
Chicago

Friedman: Yes, that’s it.
Then | went into the physics
department, and initially that
was very difficult for me.
Fermi had the point of view
that everybody who wanted
to get into physics, could
enter the Department with
almost no restrictions. That's
why | could get into the
physics department, but | had
to catch up in mathematics
very rapidly. There were very
difficult examinations and
the flunk out rate was very
high. At the beginning, |

was struggling. | remember
the first course | took; it was
physics 105, 6, and 7. They
covered in only 1 year what
we used to cover in 2 years
at MIT; and every Friday,
there was a very difficult
examination.

Hagiwara: Every Friday
examination?

Friedman: Every Friday, and
the average was about 20

to 30 out of a 100. There
were times that | got a very
low grade and | wondered
whether | had made the right
choice. About 125 people
started in this course and
about 35 people finished.
Hagiwara: Only 35.
Friedman: The reason most
of them left was because they
couldn't take it. It wasn’t that
they were forced to leave.
You would take a test every
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Friday and you would get less
than 50% of the test correct
almost every time. These were
all good students. They just
couldn’t take it.

Hagiwara: Did Fermi make
those examinations?
Friedman: No. The individual
who taught that course said
in the first lecture, “most of
you are not smart enough to
be a physicist.” What saved
me was that if | got a bad
grade on an exam, | said to
myself, | don’t know anything.
What do | expect? | caught
up, and | was able to pass

all my exams. And so | was
able to stay and continue my
physics education. After 2
years they gave a long exam
called the qualifying exam,
and then another one called
the basic exam after the third
year, which was the Ph.D.
qualifying exam, and that was
a 3-day exam, 6 hours a day.
About 50% of everybody
who took each of those
exams failed out. Basically
one quarter remained, and

it was really tough, but it
was really enjoyable in the
following sense: it was a

very active place. Fermi was
such a brilliant man, and the
best physicists in the world
would come and visit and
then give talks. We heard

the talks, and | saw some of
the great physicists. Among
those who visited were Pauli,
Heisenberg, and Feynman,
and a very young Gell-Mann
taught at Chicago at the
time. And of course, there
was Fermi. Here is where |
had a lot of audacity. | said

to myself, “Look, maybe | am
not the best student in the
department, but | want to
work with the best professor.”
So I went to see Fermi, and

I asked him if | could work
for him. I thought he would
say, well, tell me how you
did in this course and that
course. Tell me how you did
in the basic examination. He
didn’t ask me one thing. He
just said yes, and | couldn’t
believe it. It was like | won
the lottery. | worked for him
until unfortunately he passed
away during my thesis. He
was a wonderful man, and it
was just fabulous to see him
think about physics problems,
and do them in front of you
and explain things. He was a
brilliant man and a very kind
and nice man. In addition,
there were wonderful doctoral
students in the Department.
One of my fellow students
was Tadao Fujii who was a
good friend of mine. At this
time, Koshiba was a young
postdoc at Chicago, working
in Marcel Shein’s cosmic ray
group. | often met him and
would converse with him.
Hagiwara: Have you met
Nambu?

Friedman: Yes, Nambu was

a young assistant professor
when | was a student. Even
at that point, he had a very
high reputation, and it just
continued to go up. He is an
incredibly gifted theorist, and
I was so happy when he got
the Nobel Prize because it
was a wonderful recognition
of the wonderful works he
has done. | never had a course
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with Nambu, but | heard him
give lectures, and | talked

to him on a few occasions.

He is very friendly, but very
shy. You have to go up and
approach him to talk to him
because he is so shy. But | did,
and he was always extremely
friendly. Fermi had assembled
an extraordinary faculty. Being
a student in the department
was an absolutely wonderful
experience.

Hagiwara: Yes. | can imagine.
Friedman: | was so lucky. |
was incredibly lucky.
Hagiwara: | have a next
question. According to your
biography, your research
thesis work was on proton
polarization in the emulsion
experiment.

Friedman: Yes, that is correct.
Hagiwara: The subject was by
using the polarization of the
scattered proton, you wanted
to learn if it is coming from
elastic or inelastic scattering.
Was it the subject which
Fermi gave you or..?
Friedman: That's right. It
turned out that in those days,
it was noticed that if you
scattered protons off a carbon
target, they had a high degree
of polarization.

Hagiwara: | see.

Friedman: One didn’t know
what the process was,
whether you were actually
breaking the carbon up,
exciting carbon, or scattering
elastically. Fermi wanted to
know, but what | didn’t know
was that he already had made
a calculation of this process.
But he didn't tell me about

it because he didn’t want



to influence my results. His
calculation indicated that
there was a very high degree
of polarization in elastic
scattering. He always had a
great interest in the effects
of spin. In fact, Maria Mayer
got the idea of LS coupling,
which was basically the key
to unlocking the shell model,
from Fermi. He thought

that the LS couplings could
produce this polarization. He
did a calculation in which he
put in a real and imaginary
potential, an LS coupling, and
he got a very high degree

of polarization in elastic
scattering. It turned out that
when all results came in,
they matched his calculation
beautifully.

Hagiwara: Really.

Friedman: I did my own
scanning of the exposed
nuclear emulsions. | looked
at 300 meters of track, 150
microns of field of view, and
you can imagine what that
was. My progress was very
slow. When | was in the
middle of my measurements, |
got a troubling surprise. Segré
did the same experiment
using counters, and the results
confirmed Fermi’s calculation.
| felt that | had wasted the
year and a half because | had
been scooped. | went to see
Fermi, and he was very kind
about it. He said, “Don’t be
upset. You can also look at
the inelastic scattering and
make a comparison, and

you can publish both sets

of measurements,” which

I did. | was able to get a

Ph.D. as a result of that, but

unfortunately by the time |
finished my thesis Fermi was
dead. He died very tragically.
He went to Europe one
summer, the summer of '54,
and developed a very rapidly
advancing cancer of the
stomach. When | saw him in
the previous spring, he looked
very robust. When he came
back to Chicago in the fall, |
saw him at a distance walking
in the hall. | looked at him,
and | could barely believe
that was Fermi, because he
looked so gaunt. | waved to
him and he waved back to
me, and then he went into

his office. The next day, he
went into Billings Hospital

for exploratory surgery, and
they found that the cancer
was inoperable. They sent him
home to die. But | want to
give you an idea of what kind
of man he was. When he was
in the hospital, Herb Anderson,
and Chandrasekhar, the great
Indian theorist, went to see
Fermi for the first time after
the surgery. It was a very
awkward situation, what do
you say to a man who you are
seeing for the first time after
he has been given a death
sentence, what do you say to
him? They came in, and they
were obviously at a loss for
words, and Fermi noticed this.
He said, “Chandra, tell me,
when | die will | come back as
an elephant?”

Hagiwara: Elephant?
Friedman: Yes. They all just
broke out laughing. That
broke the ice and then they
had a wonderful conversation.
He was obviously concerned

about their feelings, and
though he was on his death
bed, he made a joke to get
them to feel at ease. That's a
real human being.
Hagiwara: | see, yes. It's a
wonderful story of him. Thank
you very much. Now, let me
go ahead. After you got your
Ph.D., you worked at Chicago
and then you moved to MIT
and...

Started working on electron
scattering

Friedman: No, | went to
Stanford first before MIT.

I worked for 3 years with
Hofstadter at the High Energy
Physics Laboratory.

Hagiwara: Where you started
working on electron scattering?
Friedman: Yes, | learned
electron scattering there. It
was a very fortunate move for
me because | had been doing
emulsions, and by the time

| finished my thesis, it was a
dying technique. | decided |
didn’t really want to go into
bubble chambers because |
had had enough of images. |
had looked at images so many
times | was tired of looking

at them. I wanted to learn
how to make measurements
electronically.

Hagiwara: Starting from
emulsion and then you moved
up to counter...

Friedman: Yes, so | got a job
with Hofstadter’s group in
electron scattering. There |

did a number of things, but
the experiment | remember
the most, one that played a
role in my later thinking was
a measurement | made using

a result of Drell and Schwartz.
They did a calculation in
which they showed that if you
measure electro-disintegration
of deuteron and you sum
over all inelastic states, you
could find out something
about the exchange force

of the deuteron. That struck
me as an interesting result. |
was really fascinated by the
idea that by looking at all the
inelastic states, you can learn
something about the ground
state.

Hagiwara: | see. So is that the
first time you learned about
inclusive measurement?
Friedman: Yes, and | learned
how to do the radiative
corrections from that, and
found them to be quite
complicated. In electron
scattering, the radiative
corrections can occur in two
ways. The electron can emit a
photon before scattering, in
which case you are scattering
at a lower energy than your
beam energy, and you have
to make a correction using a
cross section you have never
measured. Or the photon can
be emitted after scattering,
and that is relatively easy

to correct for. But emission
before scattering means that
you have to learn something
about lower energy cross
sections, and every time you
do that, you have to go to
lower and lower energies.
Hagiwara: That is true, yes. Interview
Friedman: It's a problem,

and you have to learn how

to do that. The other thing

this measurement told me

was that there might be
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something you can learn from
the sum over states. When
we decided to do inelastic
inclusive measurements at
SLAC, | already had done
that with a deuteron, and |
said to myself, | am not sure
what we are going to learn
about the proton, but it could
be interesting. That electro-
disintegration of the deuteron
experiment turned out to

be a very significant one for
me. Now, was | successful in
finding the exchange forces
of the deuteron? The answer
is no. | am going to tell you
what happened. | did this
experiment and evaluated
the results, and | realized that
there were some terms that
Drell and Schwartz left out of
their calculations. | went to
see Sid Drell, and | talked him
about it. He said, “Oh, yes, you
really should check them...”
and | sat down and spent 6
months calculating the effect
of these so called gauge
terms. | put the gauge terms
into the calculations, and it
turned out that they made
the results inconclusive. [ still
published the result because

| was able to show that the
gauge terms are important
and you had to put them

in. I wasn't able to provide
new information about the
exchange force, but two
things | did learn. | learned
about radiative corrections
and | learned about sum rules.
Hagiwara: Yes, | understand,
because that's directly related
to your very important work.

| see. Then you went to MIT?
The Cambridge Electron
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Accelerator (CEA)?

Friedman: Yes, the CEA. Henry
Kendall and | were colleagues
at that time and we led a
group together. We wanted
to do electron scattering from
the proton at the CEA, but we
weren't permitted to do that
because somebody else was
using the spectrometers for
an extended period of time.
Hagiwara: | see. That is
actually the reason why you
went to SLAC.

Finding the magic to do
research at SLAC, 3000 miles
away, and yet teach at MIT
Friedman: Yes. We realized
that if we wanted to study
the proton, we had better

go elsewhere. So Henry and |
decided to try to go to SLAC
and that was a difficult thing
because how do you teach
and do research 3000 miles
away? That was an incredibly
crazy idea that Henry and |
had.

Hagiwara: How could you
manage?

Friedman: There was

a wonderful man who
was Head of the physics
department at MIT at the
time. His name was Bill
Buchner and | am eternally
thankful to him. Henry and |,
we went to see him, and we
were perplexed as to what
we could do. But we thought
we should ask him what
could be done to allow us
to do research at SLAC. We
thought the answer would
certainly be no, that we better
continue working at the CEA.
We told him what research
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we wanted to do, and he said,
“Simple, | know how to fix
it” We were very surprised.
What was this magic that
could fix this problem? He
said to Henry and myself, “You
two will teach one course.
Each of you will get a salary,
and Henry can be away for

2 weeks and Jerry can teach
and Jerry will go away for 2
weeks and Henry will teach,”
and that's what we did. For

a number of years, | would
be in California for 2 weeks
and he would teach and then
| came back to teach and he
would go to California; and
we built up a group there. In
fact, in the United States, |
think we were the first group
that did research more than
1000 miles away from our
University, establishing the
first distant user group.
Hagiwara: Yes, that's really
hard.

Friedman: It's true that
Columbia would go to
Brookhaven to do research,
but that's relatively close.
3000 miles is a different thing.
Hagiwara: Yes, completely
different.

Friedman: We set up a
group. We moved postdocs
and students to SLAC, and
before we knew it, we were
a presence there, and we
played a role in building up
the spectrometer complex,
preparing experiments and
carrying them out. It was
really a good time.
Hagiwara: | have a question
about your deep inelastic
scattering experiment. You
said that first you measured
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proton form factor, elastic
scattering, and after finishing
this, you could of course
measure the form factor to
really short distance, but that
nothing was really interesting.
Friedman: We didn’t really
learn anything new from
measuring the form factor,
and we decided to abandon
it. There was no point in trying
to do it more precisely.
Hagiwara: You then proposed
to do inelastic scattering.
Friedman: Yes.

Hagiwara: At that time, you
said that absolutely nobody
believed that you can find
anything by doing this, but
you should have had some
picture probably or...
Friedman: | did. | can’t speak
about the motivation of
Henry or Dick or the others.

| can only speak of mine. My
motivation came from the
deuteron experiment.
Hagiwara: Yes.

Friedman: That's where it
came from.

Hagiwara: You probably
wanted to learn something
about the force which makes
up the proton.

Friedman: You could learn
something because in analogy
to the deuteron experiment
the sum over exited states
could provide information
about the ground state.
Hagiwara: | see. It was really
important.

Friedman: That was a lesson
to me. I didn't know what
we were going to find. We
were certainly not looking
for quarks, and Henry

may have had a different



motivation. | don’t know what
Henry’s motivation was. He
probably told me, but | can’t
remember anymore, and |
don’t remember what Dick
said, but | can tell you what

| remember about myself.

But, the program committee
wasn't very happy about our
going in this direction. What
we promised to do was to
measure the inelastic excited
states, namely the resonances.
Of course, if you do that, you
have to also measure the
continuum because these
resonances are sitting on the
continuum.

Hagiwara: Excuse me, so

the PAC approved your
experiment because they
thought that you can measure
resonances.

Friedman: Yes. They weren't
very happy about our just
measuring the continuum.
Hagiwara: At summing up.
Friedman: Yes, summing

up. We measured both. We
measured the resonances,

but we never published these
results.

Hagiwara: Never published?
That’s a revenge.

Friedman: No. Because

what happened was that

the inelastic became so
interesting and important,
that we didn't take the time
to publish the resonance
results. | will tell you how we
found out that the continuum
spectra were so interesting. |
went to a few theorists and
asked them if they would give
us some predictions of what
we could expect in measuring
the continuum. Nobody was

interested. They thought it

was garbage. After all, in the
continuum you have all these
processes, and how do you
include them? Nobody would
calculate it.

Hagiwara: Did you ask
Bjorken?

Friedman: Bjorken did not
calculate the cross-sections at
all. He calculated sum-rules.
Hagiwara: | see.

Friedman: Now, Bjorken

was possibly talking to Dick
and to Henry, and | don’t
know exactly what Bjorken
was doing, but | can tell

you what | did. After having
watched Fermi approximate
complicated phenomena, |
said to myself, why not just
try to calculate a very crude
model. | will tell you what my
crude model was, and you'll
see that it was actually not
terribly unreasonable. If you
have electron scattering, you
have the virtual photon, right?
Hagiwara: Sure.

Friedman: If you have an
inclusive process, it's the total
cross-section for the virtual
photon. So, the first thing that
will come in is the total photo
production cross-section at
the energy of the photon. But

there has to be a correction
because the photon is virtual.
If you look at the Feynman
diagram, there is a vertex
correction, which is a function
of Q°. You don't know what
that function of Q” is, but
there’s one thing you do
know, it can’t be a function of
only Q* because Q” has units.
You have to have something
else. You have to have Q’
times a distance squared so
that it is a unit-less number.
This means you have to put a
distance in it.

Hagiwara: Is that the proton
size?

Friedman: That's exactly right.
Hagiwara: You knew it from
your form factor experiment.
Friedman: Yes. That contains
the proton size. In fact, the
most efficient thing is to

just put in the proton form
factor, because that’s the

best reflection of proton

size. Calculating the inclusive
cross section from the proton
form factor along with the
total photo production cross-
section provided a template
for what we could expect. So
we then could simulate what
we would measure, by putting
in the radiative corrections.

We started measuring, and at
one point, the measurements
were a factor 5 bigger than
this calculation.

Hagiwara: Yes, when your Q*
is not too large.

Found point-like objects in
the proton

Friedman: We thought, well,
it's okay. A factor of 5 is not
surprising for such a rough
calculation. Then we observed
a factor of 10, then a factor
of 100, then a factor of 1000,
then a factor of 10,000, and
we knew there was some
new physics here.

Hagiwara: Is that the detector
which you showed us in your
lecture? With its rail you
gradually start from the low
angle to the large angle?
Friedman: Yes, that's right. |
didn’t show you a distribution
because it was supposed to be
a popular lecture. But if you
look at the structure function
as a function Q’, it’s flat. It has
a little turnover because it has
a kinematic limit. To me that
suggested point-like structures
immediately. If there is a

finite size, it has to come in
and the structure function
begins to fall with increasing
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four momentum transfer. If
you look at inelastic electron
scattering from a carbon
nucleus it has a spectrum like
that of the proton. You get
excited states and then you
get a broad continuum. If
you look at the momentum
transfer distribution in the
range of the maximum of the
carbon continuum, you get
the form factor of the average
nucleon. It's called quasi-
elastic scattering. Basically, in
the same way you can talk
about quasi-elastic scattering
off some tiny objects in the
proton.

Hagiwara: You measure
electron scattering off carbon
atom nuclei and the size of
the carbon nuclei matters at
very low momentum transfer.
Beyond it, you start measuring
the proton...

Friedman: That's right,
exactly. Because it is no longer
coherent scattering.
Hagiwara: You already knew
that.

Friedman: That's right and

it becomes incoherent
scattering. Once you get

into the incoherent range,
you are looking at the form
factor of the nucleon, and

of course, you have both the
neutron and proton. So you
are looking at the average
form factor for the nucleon.
It became quite clear, and we
were already getting the idea
of point-like objects in the
proton. At about the same
time, Henry was looking at BJ
scaling, and it appeared that
scaling was working. | don’t
think we really understood
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what scaling meant at that
time. In retrospect, it is clear
that scaling implies point like
behavior, but at that time
we didn’t understand it. | am
sure it was in BJ’s mind, but |
don’t remember that he ever
discussed it with us.
Hagiwara: If there were no
other scales...

Friedman: Yes, right, exactly.
Hagiwara: ...and then that
should depend only on a ratio
of kinematical scales.
Friedman: Exactly. If there

is no size for @, it has to

be a ratio; but at that time

| didn’t understand that.
By1968, some of us had the
point of view that there was
possibly point-like structure
in the proton, and the Vienna
Conference was coming

up. | was going to be the
representative for the group
at that conference.
Hagiwara: Vienna?
Friedman: Yes. Before | left,

| had to talk to the group to
find out what they would
permit me to say. Henry and
I and few others, wanted to
mention the idea that there
could be point-like structure
in the proton. The rest of the
group objected, saying that
such an interpretation was
too bizarre. The group took a
vote, and we lost.

Hagiwara: You lost!
Friedman: When | gave my
paper, | never mentioned
the possibility of point like
structure. | just showed the
plot of the Q” dependence.
Panofsky gave a plenary

talk on our sessions. In the
plenary talk, he said about

IPMU News No. 16

two sentences about our
experimental results indicating
the possibility of point-like
structures within the proton.
He said nothing more and
nobody paid much attention
to it. It was just like dropping
a stone in water, you get few
ripples, and then nothing.

[t was so far from people’s
thinking because first of all,

it implied a field theory. In
those days, field theory was
thought not to be valid for
the strong interaction. Nuclear
democracy was the prevailing
theory, and nobody wanted
to talk about the possibility

of point-like structure. But

we kept on working on that
possibility. Then, we used

the Callan-Gross sum rule
and found that if there were
constituents in the nucleon,
their spin was one half. We
then used another sum rule
which when combined with
neutrino-nucleon inelastic
scattering demonstrated that
these constituents have the
fractional charges of quarks.
That was it. It took a number
of years, but it was a very
exciting time and | had a great
time doing it. That's a long
answer to your short question.
Hagiwara: Thank you very
much. That was a very, very
fascinating story. | entered
graduate school after all your
works were completed.
Friedman: Where did you

get your graduate school
education?

Hagiwara: | went to Tokyo
Metropolitan University, and it
was in 1974 when J/y particle
was discovered.
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Friedman: Yes.

Hagiwara: Even in those days,
at least in my small university,
field theories were not at all
popular.

Friedman: They weren't
popular at all.

Hagiwara: Actually, my
Professor (Tetsuro Kobayashi)
was doing a Regge
phenomenology for pion-
nucleon scattering physics, but
after this J/y discovery, he told
me that | should not really
study what he is doing, but
instead his recommendation
was that | should read all the
preprints coming from SLAC.
Friedman: He was a wise man.
Hagiwara: Yes, indeed. That's
how | started my graduate
studies. | was just reading and
reading and reading. In those
days, | read many articles
written by Bjorken, Feynman,
Glashow... | really learned
from those physicists.
Friedman: Things were
changing so rapidly. The
whole standard model was
coming into play at about
that time.

Hagiwara: Yes, | know that
was all based on your work
and many theorists” work.
Let me see what else | should
ask you. | have already asked
the most important questions.
Actually, | prepared two last
questions.

Friedman: Sure.

Hagiwara: They may not be
so kind.

Friedman: That's okay.

The whole high energy
physics is now global

Hagiwara: My first question



is this. When | was studying
in the 70’s, most high energy
physics results were obtained
in the United States, and it
was in ‘82, when | was in
Madison as a postdoc, the

W and Z were discovered at
CERN. Now it seems almost
everything at highest energy
is coming from Europe. Do
you have any picture for the
future of high energy physics
in the United States? What is
your opinion?

Friedman: | think in general
the whole high energy physics
has changed, and it's now
global, and every facility will
have to be multinational. |
think CERN is a good example
of what it is, and it’s hard

to know what will exist in a
country in 10 or 15 years. |
would say that in the near
future it will be difficult

to build any new facility
because of what's going on
in terms of the economic
meltdown and deficits. When
the countries come out of

it, and they will come out

of it because we have been
there before, it's not clear
where the next big facility
will be. But wherever it is, it

is going to be multinational.
The Super B-factory you

are going to have will be a
national project because it

is still of a magnitude that
can be paid for by a single
nation although | am sure you
would like to get international
participation, which | am sure
will happen.

Hagiwara: Yes, of course.
Friedman: But if you start
getting into an ILC or CLIC or

something like that, we are
going into TeV region and
we are talking about multi-
billions of dollars. It's going to
be multinational and where
it goes will be less important
than having it in some place
and having international
participation. | think whether
a nation will be in the field
will depend on whether it
wants to join multinational
efforts. Even though the

US will not have a large
accelerator after the Tevatron
shuts down, we have a large
number of physicists working
at CERN, well over a 1,000,
which is pretty substantial.
Hagiwara: Yes, so that's

an extended version of

your commuting between
Massachusetts and California.
Friedman: But things have
gotten a lot better since
those days because now

we can communicate much
easier. Now we can have real
meetings at a distance, which
we couldn’t have in those
days; and that is happening
all the time. You are going to
move bits. You are not going
to move people, and people
participating in an experiment
will be participating from
home.

Hagiwara: The location of the
lab doesn't matter.
Friedman: Yes, it's great. It's
changing, and as time goes
on, it's going to change even
more.

Hagiwara: | can imagine.

Do you have any comments
about Japanese High Energy
Physics? We have been kind
of concentrating on efforts

towards flavor physics.
Japanese community has been
quite successful in flavour
physics experiments, such

as B-factory and neutrino
experiments.

Friedman: Those are very
important areas, and Japan
has always had a very high
level of physicists. | have been
interacting with Japanese
physicists since my very early
days as a student because, as
I said, | went to school with
Tadao Fujii and knew Nambu
and Koshiba at Chicago.
Hagiwara: Yes, you told us.
Friedman: Tadao was a
classmate of mine. He

was a terrific fellow and

a very capable physicist.

Look at what Koshiba has
done. Nambu is one of the
greatest theorists of our time.
Japan has a great array of
physicists who have done
extremely important things.
The B-factory and neutrino
programs have been a great
success, and | think Super-
B-factory and the programs
at J-PARC will also be great
successes. You do things in a
careful, thoughtful manner;
and you are willing to try
difficult things and you make
them succeed.

Hagiwara: Yes, | think so. |
was amazed also.

Message to the political
leaders, both in Japan and in
us
Friedman: The Belle and
Kamiokande programs were
very impressive, and got
beautiful results. | think Japan
has done extremely well, and

it will continue to do well as
long as it keeps on investing
in research. Even though
particle physics does not
have known applications, the
spin-offs of its technologies
will provide the nation with
economic benefits. The
training of your students in
the new technologies utilized
in particle physics will give
rise to innovations that will
be enormously beneficial to
the economy, and that’s the
message you have to convey
to your political leaders. We
have to do the same thing

in the US. We have the same
problem. As budgets get
tight and problems develop,
there is a tendency to want
to spend money primarily

on projects that can provide
immediate economic benefits.
But if you stop spending
money on basic research, you
are going to lose a lot. That's
the message you have to get
across. If your government
keeps giving good support to
your science, you will continue
to do wonderful things.
Hagiwara: Okay, | understand.
This is my last question. If you
have anything...

Friedman: No, | think | have
said enough.

Hagiwara: Okay, well, then,
thank you very much.
Friedman: Oh, you're very
welcome. It was a very
interesting interview because
you made me think about Interview
things | haven't thought about

for some time. Thank you.
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Workshop Report

2011 IPMU-YITP School and Workshop on
Monte Carlo Tools for LHC

Mihoko Nojiri

IPMU Principal Investigator

The 2011 IPMU-YITP School on Monte
Carlo Tools for LHC was held for the
first time outside Europe, at the Yukawa
Memorial Hall of Kyoto University, on
September 5-10, 201 1. This series of
schools has been annually organized by a
group developing crucial computational
tools for analyzing the physics of LHC
experiments. Kyoto was selected as
the main venue because, at the time
of planning, there were non-negligible
effects of the great earthquake on March
11, 2011. As the school was held in Asia,
about 80% of the 50 students who
participated were from Japan, China,
India, and Korea.

The purpose of this school is to familiarize
students with the why, what, and how of the tools
with which one can compute various physical
processes occurring in the LHC experiments aiming
at exploring the ultimate structure of elementary
particles. Using these tools it is possible not only
to compute particle production rates at LHC, but
also to simulate interactions occurring at LHC and
to look into them in detail. In recent years, better
agreements have been obtained between the
computed results and the experimental data by
taking higher order QCD corrections more strictly
into account. Typically these tools are utilized for
physics studies in the LHC experiments which have
high background event rates.

At the school, together with a series of lectures,

students ran these computational codes for training
of simulations and analyses of real LHC events.

Within a week they experienced all of Herwig*™,
PYTHIA, and Sherpa, which are the main codes to
produce the Standard-Model processes at LHC.
They also got MadGraph training, with which they
can incorporate interactions and generate events

in physics beyond the Standard Model. There were
about 10 lecturers and tutors for 50 students.
Software installation was efficiently performed

on the pre-installed VirtualBox virtual computer.
Through a questionnaire survey carried out after the
school, it was observed that the students were very
satisfied. This school was effective for Asian students
who had no access to Monte Carlo tools so far to
explore the exciting physics of the LHC experiments
from now on.
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IPMU Was Given the Highest
Grade S in the WPI Interim Review

The five WPI centers including
IPMU were selected by the Program
Committee in FY 2007 aiming to
establish internationally opened and
globally visible institutions in Japan,
and they were launched in October
2007. This year, these five initial WPI
centers were subjected to an interim
evaluation after four years since their
launch.

The result of the interim evaluation
was announced on December 14,
2011 by MEXT; only IPMU was given
the highest grade “S” (superior). The
criterion for “S™ is defined as: Progress
being made in establishing the center
exceeds its initial goals. Even greater
progress in developing itself as a
“top world-level research center” is
anticipated. The report comments
on the achievements of IPMU: We all
highly evaluate IPMU's past 4 years of
activities and scientific achievements.
During a short period, IPMU has
established itself as a world-
renowned institute from scratch.
IPMU has demonstrated outstanding
progress toward achieving the goals
of the WPI program in all areas —
quality of science, globalization,
interdisciplinary approach, and
organizational reform. The leadership
of Professor Murayama is highly
appreciated. At the same time,
however, the report points out
some actions required as well as

recommendations. Among others, the
most notable is the following one,
which is directed to the IPMU’s host
institute, UT (the University of Tokyo):
With the establishment of TODIAS,
UT is in a position to give a certain
number of tenured positions to

IPMU. The committee anticipates that
researchers may be concerned about
their futures and leave IPMU for more
secure positions. We recommend

that UT should put some care into
adopting a globally accepted meaning
of “tenure.”

The interim evaluation report from
the MEXT is available at http://www.
jsps.go.jp/j-toplevel/data/08_followup/
FY2010result_e.pdf. Also, please
visit the Director’s Corner written by
Hitoshi Murayama on page 3 of this
IPMU NEWS.

First Stars Were Heavy, But Not
Monstrous
Up to now, astrophysicists

thought that the first stars could
grow huge “monstrous” stars with
mass as heavy as a few hundred
times the sun. However, a group of
international researchers, Takashi
Hosokawa ( JSPS fellow at NASA
Jet Propulsion Laboratory), Kazuyuki
Omukai (Associate Professor at Kyoto
University), Naoki Yoshida ( IPMU
Associate Professor), and Harold Yorke
(NASA Jet Propulsion Laboratory)
reported the result of a new large-
scale computer simulation of the
formation and evolution of one of the
first stars in the universe, showing that
there is a mechanism with which the
first star regulates its own growth;
there remained a star with a mass of
about 40 times that of the sun. So,
contrary to expectations, the first stars
were not monstrous. The research
article appeared in Science Express
on November 10, 2011 as an online
version, and was published in Science
334 (2011) 1250 — 1253 on December
2,2011.

Masaomi Tanaka Receives 2011
Inoue Research Award for Young
Scientists
IPMU Postdoctoral Fellow Masaomi

Tanaka (from December 1, 2011

he is at the National Astronomical
Observatory of Japan, see Personnel
Changes on page 33) won the 28th
(2011) Inoue Research Award for
Young Scientists for his doctoral thesis
“Supernovae in Three Dimensions.”
The award ceremony will be held on
February 3, 2012.

1990 Nobel Laureate J. Friedman

Gave a Public Lecture

Jerome Friedman, 1990 Nobel Prize
Laureate in physics, gave an open
lecture entitled “Exploring the Universe
at the Largest and Smallest Distances”
at an auditorium in the Chemistry
Department Building on the University
of Tokyo Hongo campus on October
6, 2011, jointly hosted by the IPMU
and the University of Tokyo's Division
of International Affairs, and co-hosted
by JST (Japan Science and Technology
Agency). He, together with R.E. Taylor
and HW. Kendall, received the 1990
Nobel Prize in Physics for their discovery
of the inner structure of protons and
neutrons—the first experimental
evidence for the existence of
quarks. Professor Friedman spoke to
about 200 audiences in English, but
Professor Hiroaki Aihara, of the Physics
Department at the University of Tokyo
and IPMU Deputy Director, interpreted
Professor Friedman’s talk in Japanese
at short intervals.

You can also find IPMU Interview
with Professor Friedman on pages 22
— 29 in this issue of IPMU NEWS.

1990 Nobel Laureate Prof. Friedman, giving a lecture
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2011 Open House at UT Kashiwa
Campus

An open house on the Kashiwa
Campus of the University of Tokyo
was held on October 21 and 22, 2011.
The IPMU took part in this open house
with a number of programs in addition
to the usual poster presentations,
etc. These included a lecture by IPMU
Associate Professor Taizan Watari
who spoke on a “Close-Up Look at
Elementary Particles,” a Japanese
play presented by IPMU foreign
researchers “2011: A Space Odyssey,”
a Digital Space Theater “Let’s Go On
a Journey into Space” which utilizes
a 4-Dimensional Digital Universe
viewer “Mitaka” released by the
National Astronomical Observatory
of Japan, and IPMU Building Tours
in Commemoration of the AlJ
(Architectural Institute of Japan) Prize
2011 (see IPMU NEWS No. 14, p. 28).
During the two days, a total of 6000
people visited the Kashiwa campus,
and the IPMU attracted more than
1700 people.

Taizan Watari giving a lecture

WPI Research Center Joint
Symposium “Leading Science and
Your Future”

On November 12, 2011, a Joint
Symposium of the six WPI research
centers entitled “Leading Science
and Your Future” was held at
Fukuoka Bank Hall in Fukuoka City,
hosted by Kyushu University’s I’FCNER
(International Institute for Carbon-
Neutral Energy Research), a WPI center
newly launched in 2010, and co-
hosted by other 5 WPI centers. An
audience of about 600 comprised
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mostly high-school and junior high-
school students invited from Kyushu
and Yamaguchi Prefecture, with

some other participants. The research
activities of each WPI center were
presented; from IPMU, Director Hitoshi
Murayama spoke on “The Dark Side of
the Universe.” He and other speakers
also engaged in a panel discussion
where they responded to questions
from the representatives of the
participating students.

A scene of the panel discussion

5th IPMU-ICRR Joint Public
Lecture “Decoding the Universe”
Also on November 12, 2011,
IPMU-ICRR (Institute for Cosmic Ray
Research) joint public lecture entitled
“Decoding the Universe” was held
at the Koshiba Hall on the Hongo
Campus of the University of Tokyo,
with an audience of about 150 people.
IPMU Associate Professor Tadashi
Takayanagi gave a lecture entitled “The
Mystery of the Black Hole Investigated
by Means of Superstring Theory.”

Tadashi Takayanagi givin'g‘ a lecture.

A Program to Encourage Female
Students to Study Science “Look
into the Universe!”

On November 23, 2011, a Program
to Encourage Female Students to Study
Science “Look into the Future!” was
held at IPMU, jointly hosted by IPMU

IPMU News No. 16 December 2011

and ICRR, and about 30 high school
and junior high school female students
participated. This is an attempt to
encourage female students in studying
science as their future path by inspiring
their interests in the fields of science.
The students listened to a lecture
given by IPMU Postdoctoral Fellow
Takahiro Nishimichi, “Challenging

the Mystery of the Accelerating
Universe,” experienced either
theoretical calculation or experimental
measurement of the zenith-angle
distribution of cosmic rays, and had

a pleasant talk with female IPMU
Postdoctoral Fellow Alexie Leauthaud
and other researchers.

Alexie Leauthaud and female students talking at
lunchtime

IPMU Joined the WPI Presentation
at “Science & Technology Festa in
Kyoto 2011"

On December 17 and 18, 2011, the
“Science and Technology Festa in
Kyoto 2011" was held at the Kyoto
International Conference Center. It was
well attended with a total of more
than 5,000 participants. All six \WPI
centers jointly exhibited their research
activities. IPMU ran an entire single
booth. A visual demonstration, called
“Digital Space Theater,” and video
presentations related to the IPMU
research activities were very popular.
IPMU also distributed for free 1,000
specially designed paper bags on
which mathematical equations were
printed against a dark background.
They were very popular and sold
out. Both days, IPMU Director Hitoshi
Murayama volunteered his services as
a booth staff member.



IPMU Director Murayama spoke with Mr. Masaharu
Nakagawa, Minister of Education, Culture, Sports,
Science and Technology at the IPMU booth
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IPMU Director Murayama spoke with Mr. Motohisa
Furukawa, Minister of State for Science and
Technology Policy at the IPMU booth

IPMU Seminars

1. "Did galaxies reionize the Universe:
progress and challenges”
Speaker: Richard Ellis (Caltech)
Date: Oct 03, 2011

2. “Gregory-Laflamme as the
confinement/deconfinement
transition in holographic QCD”
Speaker: Takeshi Morita (University
of Crete)
Date: Oct 04, 2011

3. “Cosmic Dawn: The Quest for the
First Stars and Galaxies”
Speaker: Richard Ellis (Caltech)
Date: Oct 05, 2011

4. “Jet substructure and new physics
searches at the LHC”
Speaker: Biplob Bhattacherjee (IPMU)
Date: Oct 06, 2011

5. “Observational probes of dark
energy: the role of HSC and PFS”
Speaker: Richard Ellis (Caltech)
Date: Oct 06, 2011

6. “Gamma-ray probes of dark matter
annihilation
Speaker: Shin‘ichiro Ando
(Amsterdam)
Date: Oct 11, 2011

7. “Millimeter Survey of Distant Dusty
Starburst Galaxies”
Speaker: Bunyo Hatsukade (Kyoto)

Date: Oct 13, 2011

8. “Constraining the Complete Star
Formation History of Observable
Galaxies from z=0 to z=8"
Speaker: Peter Behroozi (Stanford)
Date: Oct 13, 2011

9. “On the Taxonomy of Holographic
Fermi/Non-Fermi Liquids”
Speaker: Norihiro lizuka (CERN)
Date: Oct 14, 2011

10. “Linking Star Formation Histories
with Galaxy Assembly”
Speaker: Amanda E. Bauer (Australian
Astronomical Observatory)
Date: Oct 20, 2011

11. “Measurement of the neutrino
velocity with the OPERA detector
in the CNGS beam”
Speaker: Masahiro Komatsu
(OPERA Collaboration (Nagoya))
Date: Oct 20, 2011

12. “Lagrangian Floer theory on
compact toric manifolds (Part 1)”
Speaker: Kaoru Ono (Hokkaido)
Date: Oct 24, 2011

13. “Lagrangian Floer theory on
compact toric manifolds (Part 2)"
Speaker: Kaoru Ono (Hokkaido)
Date: Oct 24, 2011

14. “Electromagnetic duality from
integrable spin chain”
Speaker: Peng Zhao (DAMTP,
Cambridge)
Date: Oct 25, 2011

15. “A Matter Bounce By Means of
Ghost Condensation”
Speaker: Chunshan Lin (IPMU)
Date: Oct 27, 2011

16. “On a classification of irreducible
modulo p representations of a split
p-adic group’
Speaker: Noriyuki Abe (Hokkaido)
Date: Oct 27, 2011

17. “The Origin of the Elements in the
Universe”
Speaker: Johannes Andersen and
Birgitta Nordstrom (The Niels Bohr
Institute, Copenhagen)
Date: Oct 28, 2011

18. “Supermassive Black Holes and
Galaxies”

Speaker: Scott Tremaine (Institute
for Advanced Study, Princeton)
Date: Nov 02, 2011

19. “Seminar on Supermassive Black
Holes”
Speaker: Scott Tremaine (Institute
for Advanced Study, Princeton)
Date: Nov 04, 2011

20. “Towards the Next Generation of the
CFHT: a dedicated, 10m, wide-field,
highly-multiplexed spectroscopic
facility for Mauna Kea”
Speaker: Alan McConnachie (NRC
Herzberg Institute)
Date: Nov 07, 2011

21. “Two lectures on the extrasolar
planet: observational and
theoretical (1)
Speaker: Scott Tremaine (Institute
for Advanced Study, Princeton)
Date: Nov 07, 2011

22. “Two lectures on the extrasolar
planet: observational and
theoretical (2)"
Speaker: Scott Tremaine (Institute
for Advanced Study, Princeton)
Date: Nov 07, 2011

23. “On Donaldson-Thomas theory for
quivers with potentials (Part I)”
Speaker: Aleksandr Ivanovich Efimov
(Steklov Mathematical Institute)
Date: Nov 07, 2011

24. "On Donaldson-Thomas theory for
quivers with potentials (Part Il)”
Speaker: Aleksandr Ivanovich Efimov
(Steklov Mathematical Institute)
Date: Nov 07, 2011

Personnel Changes

IPMU Postdoctoral Fellow Masaomi
Tanaka moved to The National
Astronomical Observatory of Japan as
an Assistant Professor. He was at IPMU
from October 1, 2009 to November
30, 2011, first as a JSPS Postdoctoral
Fellow until March 31, 2010.

IPMU Postdoctoral Fellow Kenneth
Shackleton resigned IPMU at the
expiration of his term, October 16,
2008 - October 15, 2011.

33

News



34

Holographic Principle

TadaShi Takayanagi IPMU Associate professor

The entropy of a black hole, which was discovered by Bekestein and Hawking, is
proportional to its area instead of its volume. In this way, the effective degrees of
freedom in gravity theories, such as the general relativity and superstring theory,
look like those live in one dimesion less. This is called holographic principle. Thanks
to this idea, we can compute physical quantities in complicated quantum many-
body systems using differential geometry. For example, we can calculate the
entanglement entropy, which measures the degrees of freedom in a given region of

a quantum many-body system, as the area of minimal area surfaces.

Quantum
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Bemerkungen zur , neven Tamm-Dancoff-Methode'
in der Quantentbeorie der Wellenlelder

Von Werner Helsenhery, Giatingen

Vorgelegt In der Btrang vos 27, Janur 1934

Zur quantenthecroticken Bedandlung relativistischer nichtlisesrer Wellen.
ghichungen bat sich die wogenaante , seoe Tamm- Dancofl-Methode’ fitr manshe
Zwecke als besonders geeignet erwiesen. Diese Methode chamkierisiers die
2etinde, d. h, die Veltoren im Hilbertesums, durch dis U
der Produkte vea Feldoperatoren vea dieses Zusthnden mum Valksum. Im
Falle eines Spinocfoldes y,(2) setat man 2. B

Ni¥a- ) = (| Tylndyled - primdytlvd 1) (1)

und betenchtet dem gaspon Satz der r-Funktionen als Durstellung des Zastandes
@, Fur die r-Funktionen kann man dann aus der Feldgleichung Systese vou
Differential. oder Integralglelchungen herleiten, die sor Bedtimmung der
Eigenwerte ausgenitat werden kinnes.

Nowerdings hat Niskijima' nooh eine zweite Gruppe von Funktiosen sin-
gefuhirt, die cbenfalls zur Charakterlslerung des Zustandes verwendet wenden
koanen. Sie verhalten sich m den s Funkticaen dlmlich wie die komtrs
varianten xu den kovarianten Koaipomsnten eltes Vektors. Mas kann ademlich

LU L R

setgen:

@) = (felzlly(x) dz + [e(y)y*(sdy
# foln 7)) Tyle)ple) dnday o e
Der Satz der Punktionen o(z)), 0(2; #,) wor. karm ebenfalie ale Darstollsng
dos Zustandes @ geltet. Eine ahnliche Darviellzsg ist schon fraher von Becker
utd Leibfried® verwendet wordetr. Die
4 K

m den ko- baw, &

Asalogie der v bew, o-Fenkticnen

blFAy h— - N—V s HIZFRAOE
BEEER UK, T OZadEH 7%
[Ry IR - TSVIRRBH] Eliotz,

1953F L%, NAEIRILT(ZIERR
R/ IWGERIRNFOHEREZD
HEER%Z R T2 THAS EHFED
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TIEZDMMREEDBHIHIZ, FABIZK
STIHOLNIATICBOEHIRE =T
7o, BHBERTICHEICENE LIc8oKIC
5 L1955F8FICFMMAEZ LT, AEN

. 2

elnes Vektors wind besonders

deutlich an der Pormel fiir das Normierungsintegral (4 h. fir die Lings des

Vektons), dio aus (1) und (2) folgt:

(D) = folziirialldz + [ellyiriindy )
4t f'(‘l'ﬂ'(’n‘tn"t"l res

In dee Tamm-Dancoff-Methode werden die r-Fenktionen Ses gevushiten 2a-

standes ame cinems linearen
samer N

vemierungsfaktor wnbostizams beibt. Wenn e aelegt, i dnem
‘ geebenen Sats voo 1 Funktionen die tugebicigen o Punktiooen u bestimmen,

bestimmt, wobei elst gemeln-
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