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Kohno: Professor Eisenbud, 
it is a great pleasure for me to 

have this opportunity to talk 

with you about the Institute for 

the Physics and Mathematics 

of the Universe.
　As you might have seen 

on our web page, one of 

the main issues for us at our 

institute is to create new 

research fields that go beyond 

traditional boundaries between 

disciplines; especially between 

mathematics and physics. 
It is therefore essential that 

mathematicians and physicists 

get together for discussion 

and work together. Could 

you tell us your viewpoints 

on the collaborations of 

mathematicians with physicists, 
astronomers, and scientists 

in other areas?  What roles 

can mathematicians play in 

collaboration?  

Eisenbud: It’s an interesting 

question. It’s not so easy 

to organize collaborations, 
as I’m sure you know. The 

history is very interesting in 

mathematics and physics, and 

in the other sciences, too. Very 

many of the great problems of 

mathematics have come from 

applications. Mathematics is 

deeply enriched by its contact 

with the applications. Many 

other very important ideas 

in mathematics come from 

pure imagination. Somehow, 
they’re just thought up by 

mathematicians because they 

are curious about mathematical 

things. The surprising thing, I 
think, is that both of these turn 

out to be equally applicable 

afterwards. So while there 

are these two very different 

sources, the way they look in 

applications is the same. 
　Riemannian geometry was 

in some way an applied and 

in some way a pure interest 

IPMU Interview

with David Eisenbud 
Interviewer: Toshitake Kohno

David Eisenbud is a professor of 

mathematics at the University 

of California, Berkeley, and was 

Director of the Mathematical 

Sciences Research Institute 

(MSRI) from 1997 to 2007. 
He was President of the 

American Mathematical Society 

(AMS) from 2003 to 2005. 
Eisenbud’s research interests 

include commutative algebra, 
algebraic geometry, topology, 
and computational methods in 

these fields. He established the 

AMS Leonard Eisenbud Prize 

for Mathematics and Physics in 

2006 in memory of his father, 
Leonard Eisenbud (1913-2004), 
an eminent mathematical 

physicist. The first prize was 

awarded to Hirosi Ooguri, 
Andrew Strominger, and 

Cumrun Vafa in January 2008. 

IPMU News　No. 1　March　2008

Mathematics and physics 
provide each other with 
sustenance
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of Gauss and Riemann, and 

became the basis for relativity. 
The noncommutative algebra 

of infinite dimensional matrices 

became somehow the basis 

of quantum mechanics. These 

were completely unanticipated 

developments. I think that is 

a pattern which will continue 

in the future. The best guide 

we have to the future in this 

regard is the past. One can 

learn some lessons from this. 
　One is that it is very 

important for mathematics 

to be exposed to and interact 

with experimental and 

theoretical science. I think 

this kind of exposure is a 

wonderful thing the new 

Institute can bring about. 
That’s where some of 

the problems that enrich 

mathematics will emerge. 
It’s also very important 

to maintain the strongest 

possible purely disciplinary 

capability so that it can 

feed the interdisciplinary 

capability. You cannot have 

interdisciplinary science if you 

don’t have disciplinary science. 
And I think that this university 

has such a strong tradition in 

mathematics, that it is well 

placed for that.
　The current development 

of mathematics and physics 

is really very striking, because 

I think theoretical physics 

and mathematics are closer 

together today than they 

have been for 100 years. The 

development of string theory 

and the very intense work in 

quantum mechanics in our day 

is highly dependent on the 

tools that the mathematicians 

develop. Physicists are 

extraordinary and voracious 

consumers of these ideas. As 

soon as they hear anything, 
they quickly apply it, and 

it becomes high fashion in 

physics and very exciting. 
　In return, the mathematicians 

get problems which they 

cannot solve because 

physicists are liable to do 

things with their mathematics 

that mathematicians would 

never dream of doing. And the 

physicists are much better than 

we are in computing things. 
They make computations, 
and if the computations 

are successful they know 

that what they did must be 

fundamentally correct. In 

many cases this is enough for 

them, whereas for us it’s not 

enough and we need to go on 

and develop the mathematics 

behind this. So I think it’s a 

very fruitful time of interaction 

there. 

That’s of course only one side 

of the interaction with physics 

today. There’s another side to 

it, and the situation is common 

to the other sciences, as well. 
Biology has led the way here, 
but it’s very much across 

the board. That is, we are 

now capable, with electronic 

instruments and computers, 
of producing much more data 

than we can handle. 

Toshitake Kohno is a professor 

of mathematics at the University 

of Tokyo, and he is a principal 

investigator of IPMU.

How to decipher mountains 
of data
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　I remember the physicist 

Robert H. Dicke coming to 

speak once at a colloquium 

many, many years ago. He 

talked about measurements 

of the oblateness of the sun. 
The sun is not perfectly round, 
and exactly how much it fails 

to be round is important if you 

think about the verifications 

of general relativity by the 

bending of light around 

the sun. So he was very 

interested in this question of 

the oblateness of the sun. He 

collected data－at that time, 
in those early days, it was still 

only a tiny, tiny fraction of 

what we do today－but the 

data sat in his laboratory. Each 

day there would be a pile of 

printouts. Who could read all 

these things? 

　This is widely recognized 

as one of the fundamental 

problems of experimental 

science today: our ability to 

produce interesting data is 

far greater than our ability 

to absorb and understand 

it. The mathematicians are 

the only ones, I think, who 

have the tools which will 

begin to be effective in 

this way, mainly through  

statistics and combinatorics 

and computer science. One 

sees this very much in the 

study of the genome and the 

matching algorithms we have 

developed there. This bleeds 

over into computer science. 
By the way, I think one should 

regard computer science, 
mathematics, and statistics one 

subject for this purpose. These 

are very important trends. 

Kohno: Research in statistics 

and experimental physics is 

also an important aspect of 

our institute.
　You mentioned 

interdisciplinary research. 
Let’s talk about this. As a 

former director of MSRI, you 

have organized a number 

of activities in various fields 

of mathematics. I was very 

impressed by a program of 

MSRI in the mid-eighties. Two 

very different programs, one 

in topology and the other in 

operator algebras, started 

in parallel and then were 

unified to create a new field 

of mathematics, the discovery 

of the Jones polynomial. In 

your opinion, what makes 

interdisciplinary research 

possible at the Institute level?

Eisenbud: I have to say luck 

plays a big role. Since you

can’t control luck, you have to 

control the other things around 

luck. The great biologist Louis 

Pasteur said: “Chance favors 

the prepared mind.” In the 

same sense, chance favors the 

prepared institute.
　One thing that MSRI does 

regularly is to bring programs 

together which are in some 

way related, in the hope that 

this will make interaction more 

likely. Of course if you have 

very smart people working on 

related things and one group 

has the chance to learn from 

the other, then this makes 

the luck possible. One way to 

inhibit interaction is only to 

have very technical, specialized 

discussions. Then one of the 

groups will have no chance 

of getting into the ideas of 

the other group. I think it is 

very important to have an 

organized forum in which 

each group is supposed to talk 

to the other group. It’s quite 

hard for them to do, so unless 

you push hard they don’t do 

it. But if they do it, then they 

are quite pleased afterwards, I 
think. So it’s worthwhile. 
　There are various ways that 

one can do social engineering. 
Of course it’s important simply 

that they meet each other, 
talk to each other, and know 

each other’s names. This is 

difficult enough. I think it’s 

also important to have series 

of elementary lectures by one 

group for the other group to 

make it possible for people to 

learn things they didn’t know 

about already. Then there are 

new ideas, and it’s exciting, 
and people talk to each other. 

“Oh yes! I have a tool that 

might fit your problem.” And 

this then goes forward.

Kohno: Recently there have 

been very close relationships, 
again, between geometry and 

physics; for example, mirror 

symmetry. Could you tell us 

about your prospect for future 

developments in synergy 

between mathematics and 

physics?

Eisenbud: I think the 

possibilities are very 

bright. In some ways, the 

mathematicians are still 

working on physics circa 1950. 
We have really understood 

the mathematics of the kind 

of quantum mechanics that 

people were doing before 

1950, but the kind of quantum 

mechanics that was done in 

the second half of the 20th 

century is still very hard for 

mathematicians to understand, 
and I think for physicists to 

understand, too. 
　The most accurate 

predictions in all of physics, 
in some way, are those in 

quantum electrodynamics. 
They are made by summing 

the first few terms of a 

series which is known to be 

divergent. This is not a happy 

situation. Despite lots of work 

I think this remains a difficult 

problem. People in physics 

integrate over nonexistent 

spaces all the time perfectly 

happily, and I think the 

absorption and understanding 

of that material will be very 

important for mathematics, 
and ultimately for the progress 

of physics, as well. 
　On the other hand, the 

problems of string theory 

involve the deepest parts of 

mathematics. I think physicists 

have made very good use 

of many surprising tools and 

results from mathematics, 
and have often led the way.  
There’s a great interchange 

between the two fields. I think 

this is a very happy time for 

mathematics and physics in 

that regard.
Kohno: Thank you very much 

for your valuable comments. 

Chance favors only the 
prepared institute

Approaches to string
theory
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　The University of Tokyo’s newly 

founded Institute for the Physics and 

Mathematics of the Universe (IPMU) ,
was launched on October 1, 2007. 
IPMU has been approved as one of the 

World Premier International Research 

Center Initiatives (WPI) of the Ministry 

of Education, Culture, Sports, Science 

and Technology (MEXT). IPMU is an 

international research institute. Hitoshi 

Murayama, MacAdams Professor of 

Physics at University of California, 
Berkeley, was appointed as its founding 

director. The goal of the institute is 

to discover the fundamental laws of 

nature and to understand the universe 

from the synergistic perspectives of 

mathematics, statistics, theoretical and 

experimental physics, and astronomy. 
On January 1, 2008, Hitoshi Murayama 

became the full-time director of IPMU. 
 

　The first international workshop 

hosted by IPMU was held on 17 - 21 

December 2007. The workshop, “Focus 

Week on LHC Phenomenology”, was 

organized by Mihoko Nojiri (PI of IPMU) 

and held at the IPMU, Research Center 

Building, on the Kashiwa campus. 
　The Large Hadron Collider (LHC) at 

CERN in Switzerland will start operating 

in 2008. The aim of the meeting was to 

bring together leading experimentalists 

and phenomenologists working on LHC, 
to come up with new idea on physics 

beyond the standard model. To reach 

this goal, it is necessary to understand 

phenomena in the standard model: 
deep theoretical understanding of the 

standard model, and thus processes 

and responses involved in the LHC 

experiments, is essential to identify 

effects of the new physics in the 

experiments.  
　The following invited speakers with a 

range of expertise were invited. Patrick 

Meade and Maxim Perelstein are from 

the new physics side; Jay Wacker, Tilman 

Plehn, and Chien - Peng Yuan have 

strong backgrounds in both new physics 

and QCD (Quantum ChromoDynamics); 
Steffen Schumann is a QCD expert; 
Giacomo Polesello and Tomasso Lari are 

experimentalists who provide ideas on 

experimental reality, and Teruki Kamon 

puts the LHC experiments into the 

cosmological context. 
　It is all too often that workshops 

gather scientists to present their 

results yet leave no time for fruitful 

discussion. To overcome this, the focus 

week followed the format propose 

by Hitoshi Murayama. In the morning 

the participants had a few long talks, 
and in the afternoon they had time for 

intense discussions. On the second day 

the workshop was held with 11 talks by 

contributors. “The format worked very 

well,” commented Murayama, “many 

found the discussion extremely useful 

for their research, and indeed came up 

with new projects. The success of the 

workshop also clarified the importance 

of follow-up visitor programs, such as 

one month stays to finalize the projects 

started in this meeting.”
　Many theorists found the discussion 

with experimentalists extremely 

important, and vice verse. “We 

developed a consensus that it is 

important to set a series of workshops 

to understand phenomena at the LHC 

and to maximize the performance of 

the new physics searches,”remarked 

Nojiri. 

　The American Mathematical Society 

(AMS) announced on January 7, 2008, 
that Hirosi Ooguri, a PI of IPMU, is a co-

recipient of the first Leonard Eisenbud 

Prize for Mathematics and Physics. 
　The AMS Eisenbud prize was 

established to honor work that has 

strengthened the connection between 

mathematics and physics, and is 

awarded only once every three years. 
Ooguri became the first winner of the 

prize, together with Andrew Strominger 

and Cumrun Vafa of Harvard University. 
The award ceremony on January 7 was 

held during the Annual Meeting of the 

AMS in San Diego, California. 
　The prize was awarded to them for 

their study on properties of black holes 

using string theory and the forefront of 

six-dimensional geometry. 
　In 1974, Stephen Hawking of 

Cambridge University shocked the 

Launch of IPMU

News

Focus Week: LHC Phenomenology

Hirosi Ooguri wins the Eisenbud
Prize
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physics community worldwide by 

predicting that mysterious black holes 

are not entirely black but emit their heat 

in the form of light or particles and may 

even completely evaporate. However, 
the origin of their heat remained a big 

puzzle.
　Ooguri, Strominger, and Vafa used 

string theory and the forefront of 

higher-dimensional geometry to study 

properties of small black holes that 

were beyond the reach of Hawking’s
theory. They showed that the unseen 

six dimensions of space explain the 

origin of the mysterious heat of black 

holes. Their achievement demonstrated 

the close connection between 

the frontiers of mathematics and 

fundamental questions in physics. “This 

prize is exciting since it reaffirms my 

belief that we need both mathematics 

and physics to understand our universe, 
and encourages our efforts to jump- 

start research activities at IPMU,”said 

Ooguri. 

　On February 1, 2008, Keiichi Maeda, 
an assistant professor of IPMU, and an 

international team including Ken’ichi

Nomoto, a principal investigator of 

IPMU, reported that they had uncovered 

the shape of core-collapse supernovae. 
They found that supernovae are 

not round, but rather pencil-like. The 

result sheds light on actively debated 

unresolved topics in astrophysics: the 

explosion mechanisms of supernovae 

and gamma-ray bursts. 
　They used the Subaru Telescope to 

perform spectroscopy and to divide 

the light from supernovae into different 

colors. The strength of the light as 

a function of its color then told the 

researchers what the shape of the 

emitting supernova material should 

be. A pencil-like explosion predicts a 

characteristic feature -- a combination 

of slightly bluer and redder lights than 

its original color -- when viewed from 

the equatorial direction perpendicular 

to the direction of the strong explosion. 
They found that at least five among 

18 supernovae showed this feature. 
Another four supernovae also showed 

hints of such a characteristic feature. 
　Considering that pencil-like explosions 

look round if they are viewed head-on, 
the probability of seeing the feature of 

pencil-like explosions viewed sideways 

indicates that all supernovae are not 

round. This is the first observational 

confirmation that supernovae are in 

general not round. The original work 

was published in the January 31, 2008 

issue of Science Express (the online 

edition of Science). 
 

　The Opening Symposium of IPMU 

is to be held on March 11 and 12, 
2008, at the Media Hall, Kashiwa 

Library, the University of Tokyo. The 

symposium aims to address all areas of 

research at IPMU and to discuss future 

directions, especially on how to realize 

the synergism of different research 

areas the physics, mathematics, and 

astronomy. 
　For this purpose, IPMU has succeeded 

in gaining the participation of leaders 

in the related fields from all over the 

world. John Ellis at CERN will address 

particle physics. Kenji Fukaya of Kyoto 

University will cover topics on algebraic 

topology and physics. Richard Gaitskell 

from Brown University will discuss direct 

dark matter search. Gian Giudice of 

CERN will address particle physics. David 

Gross, Nobel Laureate at Kavli Institute 

for Theoretical Physics, University of 

California, Santa Barbara, will give 

overviews on string theory. Masahiko 

Hayashi of the Subaru telescope, NAOJ, 

will present various programs at the 

Subaru telescope. Karl Jakobs of Freiburg 

University will address particle physics, 
focusing on the LHC. Art MacDonald 

from Sudbury Neutrino Observatory 

will discuss neutrino physics. Nicolai 

Reshetikhin from University of California, 
Berkeley, will talk on integrable systems 

and physics. Yoichiro Suzuki from the 

Institute for Cosmic Ray Research, the 

University of Tokyo, will review neutrino 

physics and dark matter. Simon White 

from the Max-Planck-Institute for 

Astrophysics will provide astrophysics 

background related to IPMU researches. 
Shing-Tung Yau, a Fields medalist 

from Harvard University, will describe 

differential geometry and physics.  
James Siegrist from Lowrence Berkeley 

National Laboratory will mention on 

collaborations including IPMU.
　The symposium is preceded by 

a reception on March 10, that will 

celebrate the foundation of IPMU. 

　IPMU has announced that they 

will host the second “Focus Week” 

organized by Hitoshi Murayama of 

IPMU, on March 17 to 21, 2008. The 

topic of the Focus Week is “Neutrino 

Mass.” It will follow the format of the 

first Focus Week, i.e., intentionally leave 

plenty of time with no schedule so 

that participants can exchange ideas, 
understand each others’work, and 

spawn new collaborations. 
　The “Focus Week: Neutrino Mass” 

is devoted to the elusive questions of 

neutrino mass, and will gather experts 

from various different areas. The 

following speakers are scheduled to 

take part. Pasquale Di Bari will give a 

talk on Leptogenesis. Andrea Giuliani 

will address Neutrinoless Double Beta 

(bb0nu)- Decay Experiments. Alex 

Kusenko will discuss Sterile Neutrinos 

IPMU scientists discover that
supernovae are not round

Opening Symposium

Focus Week: Neutrino Mass
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in Cosmology. Hitoshi Murayama 

will review Neutrino Oscillation 

Phenomenology. Elena Pierpaoli will give 

a talk on the Galaxy Power Spectrum. 
Serguey Petcov will address Neutrino 

Masses, Mixing, Majorana CP-Violation, 
bb0nu-Decay and Leptogenesis. George 

Raffelt will give a talk on Supernova 

Neutrinos. Hamish Robertson will 

describe the KATRIN (Karlsruhe Tritium 

Neutrino) Experiment. Vadim Rodin will 

address bb0nu Nuclear Matrix Elements. 
Anze Slosar will discuss the Lyman 

Alpha Forest Power Spectrum and its 

Use in the Cosmological Context. 
　In addition to these talks, one 

afternoon will be set aside for 

contributed talks aimed at encouraging 

participation. 

　IPMU frequently hosts seminars 

given by researchers from all over the 

world. IPMU seminars are regularly held 

on every Wednesday, 3:30 pm at the 

IPMU, Kashiwa campus. IPMU Komaba 

seminars on Mathematical Physics 

are held in the Mathematical Science 

building, Komaba campus. We also 

frequently hold seminars which do not 

follow the regular schedule. 

　Please contact the following 

organizers for further details: Fuminobu 

Takahashi, Keiichi Maeda, and Yukinobu 

Toda. The following seminars have been 

held or are scheduled to be held (as of 

12 February 2008). 
1. “String Theory and QCD”
 Speaker: Shigeki Sugimoto

 (Nagoya Univ.)
 Date: 30 October 2007

2. “Gravitational lensing and dark 

 matter and dark energy”
 Speaker: Masahiro Takada

 (Tohoku Univ.)
 Date: 8 January 2008 

3. “Structure formation in the early 

 Universe”
 Speaker: Naoki Yoshida

 (Nagoya Univ.)
 Date: 9 January 2008

4. “Holography and entanglement 

 entropy”
 Speaker: Tadashi Takayanagi

 (Kyoto Univ.)
 Date: 10 January 2008

5. “Discriminating spin through 

 quantum interference”
 Speaker: Matthew Buckley

 (UC Berkeley / IPMU)

 Date: 16 January 2008 

6. “BOSS-The Baryon Oscillation 

 Spectroscopic Survey in SDSS-III”
 Speaker: Jim Gunn (Princeton Univ.)
 Date: 28 January 2008 

7. “The mass function of local active 

 black holes”
 Speaker: Jenny Greene

 (Princeton Univ.)
 Date: 1 February 2008 

8. “AGNs and suppressed star for-

 mation in massive galaxies at z ~ 2.5”
 Speaker: Mariska Kriek

 (Princeton Univ.)
 Date: 1 February 2008 

9.“Moduli stabilization, F-term uplifting 

 and sequestering in supergravity 

 models”
 Speaker: Hiroyuki Abe (Yukawa Inst.)
 Date: 6 February 2008

10.“Ultralight Gravitino at the LHC”
 Speaker: Koichi Hamaguchi

 (Univ. Tokyo)

 Date: 13 February 2008

11. “Direct and Indirect Dark Matter 

 Search Experiment”
 Speaker: Yuki Shimizu (Waseda Univ.)
 Date: 14 February 2008

12.“GADZOOKS! A Potential Super-

 Kamiokande Upgrade”
 Speaker: Mark Vagins (UC Irvine)

 Date: 19 February 2008

13.“Gauge Theory, Gravity and Twistor 

 String Scattering Amplitudes”
 Speaker: Mohab Abou Zeid (KEK)

 Date: 20 February 2008

14. “TBD”
 Speaker: Alexandre Kozlov

 (Tohoku Univ.)
 Date: 28 February 2008

　Please contact the organizers for 

further details: Akishi Kato and Toshitake 

Kohno. The following seminars have 

been held or are scheduled to be held 

(as of 12 February 2008). 
1. “Topics on string theory, mirror 

 symmetry, and Gromov-Witten 

 invariants” 

 Speaker: Shinobu Hosono (Univ. Tokyo)

 Date: 15 October 2007 

2. “Some examples of triangulated 

 and/or A∞-categories related to 

 homological mirror symmetry”
 Speaker: Hiroshige Kajiura

 (RIMS / Kyoto Univ.)
 Date: 29 October 2007

3. “Kontsevich quantization of Poisson 

 manifolds and Duflo isomorphism”
 Speaker: Michäel Pevzner

 (U. Reims / U. Tokyo)

 Date: 26 November 2007

4. “Deligne conjecture and the Drinfeld 

 double”
 Speaker: Dmitry Kaledin

 (Steklov Inst. / U. Tokyo)

 Date: 10 December 2007

5. “Analytic torsion for Calabi-Yau 

 threefolds”
 Speaker: Ken-ichi Yoshikawa

 (Univ. Tokyo)

 Date: 17 December 2007

6. “How to lift a construction by Hiroshi 

 Inose to conformal field theory”
 Speaker: Katrin Wendland

 (Univ. Augrburg)

 Date: 12 February 2008

Seminars

IPMU Seminar

IPMU Komaba Seminar
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Black holes have been important sources of 

inspiration in our quest toward unification of 

general relativity and quantum mechanics. I am 

grateful for the recognition by the American 

Mathematical Society, which encourages our 

endeavor to discover fundamental laws of nature 

and to understand the universe by the synergy of 

mathematics and physics.

Hirosi Ooguri　Principal Investigator of IPMU

On winning Inaugural 
prize from the American 
Mathematical Society, for 
research on black holes

Black hole thermodynamics and 6-dimensional geometry are

related by string theory. 

The Ooguri-Strominger-Vafa formula relates the number of quantum 

states of a black hole (on the left-hand side) to the Gromov-Witten 

invariants of a Calabi-Yau manifold (on the right-hand side).
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JR常磐線
柏駅

松戸へ 土浦へ

つくばエクスプレス

柏の葉キャンパス駅東武野田線

江戸川台駅
常磐自動車道

国立がんセンター
東大前

正門
柏キャンパス

流山おおたかの森
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