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Director’s Corner

Director of Kavli IPMU

Dawn of Physics of the 21" Century  Hitoshi Murayama

[t was announced that the Nobel Prize in Physics
this year will be awarded to Profs. Peter Higgs and
Francois Englert. The citation is unusually long: “for
the theoretical discovery of a mechanism that
contributes to our understanding of the origin of
mass of subatomic particles, and which recently was
confirmed through the discovery of the predicted
fundamental particle, by the ATLAS and CMS
experiments at CERN’s Large Hadron Collider” The
discovery of the particle they predicted, aka Higgs
boson, is the completion of physics of the 20"
century, and also the dawn of physics of the 21*
century.

Higgs boson is frozen into the entire Universe, and
is stuck very tightly. Without it, electrons would shoot
out at light speed, and our body would evaporate
in a billionth of a second. It does an incredibly
important job, taming the electrons, allowing for
atoms to form, and creating an order in the Universe.
Now that this particle is discovered as predicted, the
standard model of elementary particles that was
built over seventy years since the beginning of the
20" century appears complete.

However, the discovered Higgs boson is faceless,
unlike any other elementary particle we have seen
before. Namely it does not have spin. It is hard
to believe that there is only one such elementary
particle. We don’t know why it got frozen into
the Universe either. Most likely it has siblings and
relatives, and it should have very peculiar properties.
It may well have deep connections to dark matter
and dark energy. The Nobel award is only the

beginning of this research.

| had an honor to interview my old friend and
famous theoretical physics, John Ellis for the current
issue of the Kavli IPMU News. It took place in June,
four months before the Nobel announcement. It was
right after ATLAS and CMS experiments released
their latest result in March; CERN announced “Having
analysed two and a half times more data than was
available for the discovery announcement in July,
they find that the new particle is looking more
and more like a Higgs boson, the particle linked
to the mechanism that gives mass to elementary
particles. It remains an open question, however,
whether this is the Higgs boson of the Standard
Model of particle physics, or possibly the lightest of
several bosons predicted in some theories that go
beyond the Standard Model. Finding the answer to
this question will take time.” Also in this issue, our
Associate Professor Kai Martens describes the latest
development of the XMASS experiment, his own

Director’s
Corner

hunt for dark matter. Enjoy!
(Manuscript received 22 October 2013)
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The Why and How of Catching WIMPs

Introduction

The Kamioka Observatory is located under mount
lkeno between the cities of Toyama and Takayama
here in Japan. It is not the kind of observatory that
Dark Matter was discovered at, but it may be the
kind of observatory that the nature of Dark Matter
is revealed at. And XMASS is one of the experiments
that try to accomplish this. The why and the how
are what we will be discussing over the next few
pages. You will have to forgive me though: It is a
vast subject and | will take the liberty to cherry pick
examples and feature choices that are designed to
motivate the path we took with XMASS.

We are the Kavli Institute for the Physics and
Mathematics of the Universe. Let us start with that
Universe.

Dark Matter and the Universe

One of the great scientific success stories is how
particle physics and astronomy were integrated to
provide a self-consistent narrative for the history
of our Universe. The Lambda Cold Dark Matter
paradigm and the Big Bang are at its core, and the
Standard Model of elementary particle physics is one
of the foundations on which this scientific edifice
is erected. Together they make sense of a vast

catalogue of astronomical observations. This is the
first time in the history of humankind that such a
narrative is purely based on science.

Our narrative successfully tracks astronomical
observations through this history of the visible
Universe. We can watch this history unfold as our
telescopes zoom out from ever older objects at ever
higher redshifts. Our narrative even reaches beyond
the earliest moment of which electromagnetic
radiation keeps a record when it explains the relative
abundance of the chemical elements as well as the
rich structure we see in the distribution of galaxies
across the sky.

That is not to say that there are no more problems
to be solved. There are misfits: The abundance of
"Liis off by at least a factor three. And while the
large scale structure of the matter distribution
in the universe is very well reproduced in our
models, its small scale structure seems to deviate
from expectations. But by and large our narrative
meaningfully and successfully relates the relative
abundance of chemical elements as it persisted till
the first stars were born to the patterns imprinted
on the afterglow of the moment when light in the
Universe first broke free and the distribution of
galaxies today. A stunning success and a towering
achievement.

There were a couple of real surprises embedded
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in the understanding that came with this successful
narrative. The biggest one concerns the future more
than the past: Since Edwin Hubble we know that the
Universe is expanding in some way. That in and of
itself is not too surprising: Since the discovery of the
cosmic microwave background radiation we have to
assume that it was borne in a Big Bang. What we did
not expect is that its expansion is accelerating. Our
narrative attributes this feature to a component of
the Universe that we call Dark Energy - the Lambda
in our paradigm. At present Dark Energy contributes
about two thirds of all the content of the Universe.

But we shall not concern ourselves with Dark
Energy here. XMASS is looking for the second
largest contributor to the contents of the Universe:
Dark Matter. It weighs in at slightly over a quarter
of everything. Only about a mere twentieth of the
Universe is like the stuff we know, like the Sun that
shines on us, the friend whose hand we shake, or the
computer we run our simulations on. That twentieth
is the stuff that we see through our telescopes: the
tip of the iceberg as far as matter is concerned. This
twentieth is also the stuff that we particle physicists
think we know quite a bit about: it is the stuff that is
described by our Standard Model of particle physics.
Despite much energy and treasure spent we have yet
to find any significant deviation from the predictions
of this Standard Model.

Yet theorists do not consider the Standard Model
to be without blemish. To ensure its success it
requires a plethora of input parameters and some
careful balancing acts that seem too good to just
be accidental. Thus theorists are vying to design
the next big thing, a theory that encompasses the
Standard Model and provides some mechanism
to at least reduce the perceived arbitrariness in its
internal workings. These theories typically contain
new particles that help alleviate one or more of the
shortcomings the Standard Model has in the eyes of
our theorists.

The Nature of Dark Matter

The assumption that Dark Matter should also be
particulate matter seems natural - at least to particle
physicists. From astronomical observations and model
calculations involving Dark Matter we can extract
some constraints on the properties of Dark Matter
particles. None of the Standard Model particles fit
this bill of requirements. Now that is exciting news:
Dark Matter exists in our Universe, and theorists see
strong reasons to expect new particles - some of
which could fit the bill. In fact there are two main
experimental efforts that were spawned by this
complicity of cosmological necessity and theoretical
aspiration. Axions are a theorist’s elegant way of
solving what we call the strong CP problem. If axions
exist and depending on their specific properties
they could be the Dark Matter particle. They are
searched for through their possible conversion to
real photons. WIMPs are another sort of candidate
and generically are just some unknown massive
particle that partakes in no interaction stronger than
the weak one: Weakly Interacting Massive Particles.
Since observations clearly show that Dark Matter
does not interact with normal matter through the
strong or electromagnetic interaction the familiar
weak interaction is indeed the strongest of the
known interactions that it could have with either
normal matter or itself. If on the other hand a Dark
Matter particle had some form of weak interaction,
that means that it should reveal its presence through
weak interaction with the normal matter around
us. Looking for signs of this happening in dedicated
experiments is called making a direct detection
experiment. XMASS in its current form is designed to
be such a direct detection experiment for WIMPs.

Motivation for thinking of Dark Matter particles
as WIMPs comes from a calculation that shows that
a particle annihilating with its own antiparticle at a
rate determined by the weak interaction scale would
naturally result in the Dark Matter density that we

Feature



The XMASS hall with its water shield tank

observe in today’s Universe. Intriguing indeed. This
quantitative coincidence is known as the "WIMP
miracle”.

For completeness | should mention that there
are of course attempts to explain the Universe we
see without Dark Matter. None of them has come
anywhere near the success the cold Dark Matter
paradigm has in explaining the many different
aspects of our observations. Typically such attempts
are addressing on particular problem (like galaxy
rotation), but unlike cold Dark Matter fail to
simultaneously solve the other problems they were
not specifically designed to solve.

Before | delve into the specifics of what we are
doing here in Kamioka let me also comment on
the fact that there are now a few experimental
signatures that have been attributed to WIMP

interactions in direct detection experiments. As most

experimentalists warily argue about the closeness to
experimental thresholds (where backgrounds take
over) of these alledged Dark Matter signatures, some
theorists are already vying to provide a scenario that
accommodates all those supposed observations (plus
the reported non-observations). It will take time and
strenuous effort to discover the truth about Dark
Matter. Ultimately we will not believe any WIMP
signal until we get consistent results on a variety

of different target materials. The weak interaction
acting on matter is after all well understood, and
theorists can calculate the expected interaction rate
on a different target material once a cross section is
inferred from even a single positive measurement.

Our Kamioka Experiment

XMASS stands for an experimental program that
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is built around a unique detector concept as well

as a unigue target material. The program was first
laid out in 2000 by Kavli-IPMU’s deputy director
Yoichiro Suzuki presenting at the LowNu workshop
in Sudbury, Canada. As an acronym XMASS can

be read as Xenon detector for weakly interacting
MASSive particles, Xenon MASSive neutrino detector,
or Xenon neutrino MASS detector. This variety points
to the versatility of the experimental program: In its
current incarnation with a total mass of 835kg of
xenon in its active detector volume it was designed
to be a discovery machine for WIMPs in the sense of
the first reading of the acronym. In its final version
XMASS will have a fiducial mass of ten tons, ten
times the target mass of the next generation of
detectors that the community is currently preparing
for. At that point the detector’s physics reach will
cover the search for neutrinoless double beta decay

XMASS 800kg detector inner surface: photocathodes and copper

in **Xe, as referred to in the neutrino mass detector
reading. At the same time such a massive detector
will detect solar pp and 'Be neutrinos from the sun,
acting as a massive neutrino detector. In that final
version of XMASS the solar neutrino signal will
actually become the limiting background for the
detector’'s WIMP detection capabilities.

Background is the main concern in all rare
event searches—not only the WIMP part of the
program. To avoid cosmogenic activation of our
detector materials (from penetrating high energy
muons created in the atmosphere) we have to go
underground; as deep as possible. The Kamioka
laboratory allows easy 24/7 access to its experiments
for researchers, and provides substantial overburden
to shield against those muons. XMASS is the first
Dark Matter detector to use an active water shield
to flag and veto cosmic ray muons. Passively this
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XMASS collaborators and their sphere

water shield also absorbs external gamma radiation
and thermalizes fast neutrons emerging from the
surrounding rocks. The experiment thus has a
deeply layered defense against external sources
of background. Its experimental hall is lined with
a radon retardant and flushed with outside air to
suppress radon, a common scourge in underground
environments. As in Super-Kamiokande the air
volume at the top of XMASS’ sealed water tank is
supplied with specially prepared radon free air.
Inside the active volume of our detector the high
density of liquid xenon itself provides the innermost
layer of defense against external background. If in
our data analysis we use data only from a reduced
innermost volume near the center of all the xenon
contained inside the detector, the “unused” outer
shell of liquid xenon absorbs external gamma
rays and further reduces the background in that

innermost volume, which we call the fiducial volume.
In that sense the active volume of our detector is
self-shielding, an important aspect of our detector
design.

The central idea of our XMASS detector concept
is to maximally exploit the scintillation signal from
recoiling charges in a radiochemically very clean
environment. Liquid xenon with its high scintillation
light yield and high mass number is the active target
material of choice. Unlike argon and krypton it
has no long lived isotopes that would contribute
intrinsic backgrounds in the active volume. Yet even
trace amounts of krypton mixed into our xenon
would be detrimental to the experiment. XMASS
developed a highly efficient distillation system that
reduced the remaining krypton in our xenon to the
parts per trillion level. Contaminants that are not
chemically inert noble gases can easily be removed
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with commercially available “getter” units. We found
that we could maintain optimal detector conditions
even without continually passing the xenon through
those getters. We have succeeded in building a
detector that can operate very stably with optimal
performance yet without the need for any active
circulation. Once it is operating and initial cleaning
procedures are completed, all our detector needs is
some refrigeration to balance the various sources of
heat entering the liquid xenon. This is a remarkable
achievement and an important endorsement of our
strategy.

The largest sources of background found in the
commissioning phase of our current XMASS 800 kg
detector were beta-emitting radioactive isotopes on
or near the inner surface of our detector. The specific
sources were identified and are being addressed in
a refurbishment effort which is now coming to its
conclusion. Yet despite this background we have
published limits on low mass WIMP interactions
and axions from the Sun during our commissioning
phase for the detector. We are looking forward
to much improved background conditions in the
refurbished detector.

Our focus on scintillation light is reflected in
the symmetry of our detector geometry and the
highly optimized lining of its inner surface with the

photocathodes of 642 high quantum efficiency
photomultiplier tubes (PMTs): their photocathodes
constitute 60% of this inner surface. Indeed our
current detector’s hallmark is its superior signal yield
for scintillation light. Electrons with a kinetic energy
of 122 keV on average produce 14.7 photoelectons
per keV of electron energy in our PMTs. This is the
best performance among xenon based Dark Matter
experiments.

XMASS relies solely on the scintillation signal
generated by recoiling charges in its inner volume.
The pentakisdodecahedral geometry of our detector
reflects the spherical symmetry of scintillation light
emission. Scalability of this straightforward geometry
is a big advantage resulting from our choices. As our
competitors are moving towards ton scale detectors
we too expect to take the next step in the XMASS
experimental program with another Dark Matter
detector at the one ton scale: we call it XMASS 1.5.
A total liquid xenon mass of 5 tons will be filling that
detector, and we want to start building it next year.
Our experimental hall in the Kamioka Observatory
and our water shield inside that hall are already big
enough even for the final step in our experimental
program, the experiment with a ten ton fiducial
mass. To get there, work is to be done and physics is
to be extracted along the way - let’s get to it.

Feature



Research Report

Ready to Go for “Cosmic Census™ Project
with the World’s Most Powerful Camera,

Hyper Suprime-Cam

Masahiro Takada

Kavli IPMU Professor

Naoki Yasuda

Kavli IPMU Professor

The HSC international collaboration released
stunning images of the Andromeda Galaxy (M31)
which are among the first to emerge from a new
wide-field prime-focus camera installed on the 8.2
m Subaru Telescope at the 4,200 m summit of Mt.
Mauna Kea in Hawaii. The camera is called the Hyper
Suprime-Cam (HSC), which has been promoted
by an international collaboration between NAOJ,
Kavli IPMU, other Japanese institutes, Princeton
University, and Taiwanese institutes. The HSC camera
is designed to take advantage of the full accessible
field-of-view of the Subaru Telescope, 1.5 degrees
in diameter, which is about 7 times wider than the
current camera Suprime-Cam. The HSC is 3 meters
tall, weighs 3 tons, and has about 9 billion pixels—
the largest camera in the world. The combination of
the HSC with the Subaru Telescope's sharp imaging,
wide field-of-view, and large mirror represents a
giant step into a new era of observational cosmology
and astronomy.

The HSC team is planning to conduct a “cosmic
census” of hundreds of millions of galaxies over

a wide solid angle of the sky in sufficient depth

to probe the distant Universe. By measuring the
distortions in the shapes of distant galaxies due
to the gravitational pull of dark matter, we can
reconstruct the distribution of dark matter, the
invisible material that makes up about a quarter of
the mass and energy of the Universe. In turn, we
will study how the distribution of dark matter has
evolved with cosmic time in an expanding universe,
enabling us to explore the nature of dark energy
that is thought to cause the cosmic acceleration
expansion. The HSC capabilities allow the galaxy
survey (cosmic census) project to be carried out for a
5-year duration, starting from early 2014. This survey
is the largest-ever galaxy survey carried out with the
Subaru Telescope, and it is only possible with HSC
within a timescale of 5 years, because it otherwise
requires more than 35 or 1,000 years for the current
Subaru camera or the Hubble Space Telescope,
respectively.

The Andromeda images are truly exciting. The
sharp images of stars across the entire region of the
field of view demonstrate the HSC's outstanding

power. The Andromeda Galaxy, also known as
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The 8.2m Subaru Telescope and the HSC camera. The image on
the left shows the position of HSC (without the filter exchange
unit or FEU) when mounted on the inner, top ring of the Subaru
Telescope. This location is at prime focus, and HSC is 15 meters
above the primary mirror. (Credit: NAOJ). The image on the right

is the 3m tall HSC camera. (Credit: NAOJ)

Messier 31 (therefore called M31 in short), is 2.5
million light years from Earth and is the spiral galaxy
nearest to our own Milky Way Galaxy. It is visible

to the naked eye on moonless nights, even in areas
with moderate light pollution. Astronomers find it
interesting because it is similar to the Milky Way
and can provide valuable information about how
our own galaxy formed. Since the entire galaxy is
visible in the new images, it is possible to determine
from the color of the galaxy's stars how those star
populations change from the interior to the edge
of the galaxy. The image was reduced with the
sophisticated data processing software pipeline
that has been developed in preparation for the

HSC galaxy survey project, under the initiatives of

researchers at Princeton University, Kavli IPMU, and

NAQJ. The exposure times for g, r, and i-band filters
—each of which selectively transmits light in a
particular range of wavelengths—were 10, 12, and
16 minutes, respectively; and these three colors have
been allocated to blue, green, and red, to make the

Research
Report

color image.

HSC is also the first step of the Subaru
Measurements of Images and Redshifts (SUMIRe)
project, where our Kavli IPMU Director Hitoshi
Murayama is the Principal Investigator. Another
component of SuMIRe is a multi-object spectrograph,
the Prime Focus Spectrograph (PFS), which is currently
in the process of development and instrumentation.
The PFS will share the wide field corrector of HSC,



and plan to make a spectroscopic observation for
a few millions of galaxies selected from the galaxy
catalog provided by the HSC survey, where the
spectroscopic data can determine distances to

the galaxies and study the physical properties of

stellar and gas compositions in each galaxy. The

combination of imaging and spectroscopic galaxy
data for the same region of the sky is extremely
powerful to study mysterious nature of dark matter
and dark energy. We are finally about to start our
long journey of the massive Subaru cosmic census
project.

The full view of the Andromeda Galaxy taken by HSC. The HSC mounted on the Subaru Telescope can observe an extremely wide
field of view, equal to 9 times the area of the full moon. The color image was made by combining the data of three filters (g, r, and i),
each of which selectively transmits light in a particular range of wavelengths. Note that some parts at the edge region appear to be
strange color since the boundary area of the image circle is hard to process and observed area is not perfectly coinciding between the
3 bands. (Credit: HSC Collaboration / Kavli IPMU)
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2, 8, and 32 magnified images, respectively.
Individual stars in the Andromeda Galaxy can be
identified, and galaxies behind the Andromeda
are also identified. (Credit: HSC Collaboration /
Kavli IPMU)
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Interview

with John Ellis

Interviewer: Hitoshi Murayama

“A” Higgs Boson or “the”
Higgs Boson?

Murayama: Great to see you
three times in a month. It was
in Berkeley, the BrunoFest,'
then the Nobel Symposium,”
and now here.

Ellis: Yeah. It's great to be
here at Kavli IPMU. It's been a
really exciting time in particle
physics recently. It's great to
catch up on a few things.

At Berkeley, obviously, the
focus was on supersymmetry
which is one of our best
hopes in physics beyond the
Standard Model. At the Nobel
Symposium, the focus was on
the Higgs boson.

Murayama: Right.

Ellis: We should be a little bit
careful —on ‘a’ Higgs boson.

John Ellis is Clerk Maxwell Professor
of Theoretical Physics at King's
College London since 2010. He

was Staff Member at CERN from
1974, and served as Division Leader
of the theory (“TH") division in
1988-1994. He received his Ph.D.
from Cambridge University in 1971.
He was awarded the Maxwell Medal
and the Paul Dirac Prize by the
Institute of Physics in 1982 and 2005
respectively. He is Fellow of the Royal
Society of London (FRS) since 1985
and of the Institute of Physics since
1991. He was appointed Commander
of the Order of the British Empire
(CBE) in 2012 for services to science
and technology. He has been

serving as a member of the External
Advisory Committee of Kavli IPMU
since March 2008.
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Murayama: Okay. That's
right, according to the official
statement...
Ellis: ..they discovered at the
LHC.
Murayama: Yeah, so let
us actually follow on that.
Now that ‘a" Higgs boson is
discovered, what is the future
for the field? What shall we
be working on?
Ellis: | think one thing
obviously we want to
understand is whether this
is just ‘a” Higgs boson or
whether it really is ‘the’
Higgs boson as predicted in
the Standard Model. There're
a number of theories that
suggested that something,
some sort of scalar particle
might appear in the LHC
but with properties rather
different from the Standard
Model Higgs boson; some
composite models for
example.

| think one can say that all
those possibilities are ruled
out, unless you adjust the
parameters of your composite
models to be rather similar
to the Standard Model. |

'BrunoFest 2013, Celebrating Bruno
Zumino's 90th Birthday, Berkeley,
May 2-4,2013

Nobel Symposium on LHC resullts,
Krusenberg Herrgard, Sweden May
13-17,2013



mentioned supersymmetry
earlier. Well, supersymmetry
is an example of a theory
that says that there would
not just be one Higgs boson
but actually more than five of
them in total and one of them
would look very much like the
Higgs boson of the Standard
Model, but not exactly

the same. | think that the
differences between some
characteristic supersymmetric
predictions and the Standard
Model are too small to have
been seen in the data so far.
So, we want to refine the
measurements at the LHC,
maybe other accelerators,
and try to figure out how
closely this resembles the
Higgs boson of a Standard
Model, or whether there’s
some difference.

Murayama: What are the
hopes for supersymmetry
being discovered at the LHC,
in your mind?

Ellis: I think that some of

my friends get a little bit
discouraged but it's always
coldest just before the dawn.
The LHC is currently in a
shutdown period. The energy
is going to be increased by
almost a factor of 2. The
collision rate will go up as
well. I think there’re good
prospects for discovering
supersymmetry there. There
are all sorts of reasons for
thinking that supersymmetry
might show up in the LHC
energy range.

One of them, for example,
is dark matter. There are many
theories according to which
dark matter is some sort

of stable particle that was
originally in equilibrium with
all the regular particles in the
universe. In such a theory,
you would expect that dark
matter particles themselves
would weigh less than about
a TeV, less than about a 1000
times the proton mass, and
hence should be within the
range of the LHC.
Supersymmetry is one
example. There have been
other examples as well. | think
that in order to really probe
this possibility, we need to go
to the maximum LHC energy,
and ramp up the collision
rate, increase the luminosity,
and see what we find.
Murayama: A lot of people
are curious about this
question. What if the LHC
wouldnt find anything other
than what looks like the
Standard Model of Higgs
boson? What are the paths
for the field beyond that?
Ellis: I think in that case
clearly one would like to build
an accelerator which would
study the Higgs boson in
more detail than it’s possible
with the LHC. | should hasten
to say that | think, in my
opinion, it's premature to
decide on this because we
need to see what the LHC
finds at maximum energy.
But if indeed it didn’t find
anything at maximum energy,
then clearly | think a lot of
priority would go to building
an accelerator that could
study the Higgs boson in

Hitoshi Murayama is Director of Kavli
IPMU. He is also Professor at the
University of California, Berkeley.
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more detail than the LHC.
But remembering that the
LHC has lots more capabilities
for exploring a Higgs boson
than have been done so far
—as the energy goes up, also
the production rate goes up,
the collision rate goes up,
and there’s many other decay
modes of the Higgs boson
that would come within
reach, and the ones that have
been seen so far could be
measured more accurately—
one shouldn't forget that, in
some sense, we already have
a Higgs factory in the form of
the LHC.
Murayama: Some people
even argue that maybe the
accelerator particle physics is
coming towards the end. We
have to think of something
totally different to probe
physics beyond the Standard
Model, dark matter and other
things. What is your take of
this question?
Ellis: I think that that's
premature. How many times
have physicists said that the
end of theoretical physics or
experimental physics is within
sight?
Murayama: Like even in the
19th century by Lord Kelvin.
Ellis: Right. One or two minor
little details could be figured
out which, of course, led to
quantum mechanics and
relativity.
Murayama: Exactly.
Ellis: 1 am sorry. | don’t buy
that argument. | actually
think, in contrast, this is now
a very exciting period because
the LHC already, in its initial
operation, has revealed a new

particle that is completely
different from anything else
you've ever seen before. It's a
boson, but it is the first boson
without spin.

Murayama: Right.

Ellis: All the other bosons
have a unit of spin. This Higgs
boson is certainly unique in
that respect, and that way

it has all sorts of theoretical
issues, theoretical problems.
Also, the Higgs boson could
be linked to some of the
solutions of some of our
cosmological problems. So,

| think this is opening up

an entirely new era in both
theoretical and experimental
particle physics.

Murayama: So, speaking of
the theoretical side, | know
that couple of young people
may be sort of disappointed
these days that there’s no
signal of new physics yet, and
all the progress you really
talked about are pointing

to more experimental
activities trying to measure
the properties of this ‘a’
Higgs boson and something
beyond. What are the
theorists’ roles at this stage
in the development of the
field?

Ellis: I think that previously
people could have had
reasonable doubts as to
whether such a thing as an
elementary scalar particle
existed.

Murayama: Right, myself
included.

Ellis: Of course when we

say elementary, it’s always
provisional. It's something
that looks like that down to

some scale. Now, something
has been discovered which
looks like a point-like scalar
particle, at the level that has
been probed so far. | think
this really focuses attention.
So, many of these composite
models, one could now put
on one side. | think it just
focuses much more clearly
the question many of us
have been worrying about,
including you, the problem
of naturalness. It also offers
perhaps the prospect as |
mentioned of the connections
with cosmological issues,
inflation for example, and it’s
a very challenging suggestion
that actually cosmological
inflation might be due to
‘the’” Higgs boson; | don’t
think that works.

Murayama: Right, that's very
ambitious.

Ellis: It's very ambitious but,
nevertheless, you know,

one has to be ambitious in
order to get anything done.

I think that just in probing
that outrageous suggestion,

I think we may learn a lot
more both about scalar
boson physics and also about
cosmology.

Murayama: You do think that
theory has a role to play in
here.

Ellis: It's certainly keeping me
busy!

Flavor is one of the Big
Issues in Particle Physics

Murayama: Oh yeah,

that’s good. That’s very
important. Another thing
we're getting involved in
now actually—based on your
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recommendation actually
that we have to be involved
in accelerator-based particle
physics. We are actually
taking part in Belle Il, that’s
the forthcoming B-factory
experiment. What is your
view on this direction in
accelerator-based particle
physics?
Ellis: One of the big issues in
particle physics is what we
call the problem of flavor.
Why it is that there're so
many different types of
quarks and leptons and why
they mix in the ways that
they do. The Belle Il project is
very definitely aimed at trying
to understand that better.
There’s also work being done
on that at the LHC. | think
that Belle Il and what can be
done at the LHC complement
each other very, very nicely.
There are some experimental
measurements that you can
make at the LHC that you
can’t make at Belle Il and
vice versa. | think it’s great
that Belle Il is going ahead.
It's worth mentioning that,
perhaps, the second most
important discovery at the
LHC in the first phase of its
operation was actually in
the area of flavor physics
and that is the rare decay of
bottom strange mesons into
w'w, which is expected in the
Standard Model. Evidence
for that has now emerged
from the LHC, which is
quite conclusive. It's roughly
in agreement with the
Standard Model. | think that’s
something that we have to
push on to see whether it



really does agree at the level
of theoretical accuracy that
we can make a prediction

or whether there’s some
discrepancy.

Murayama: Right. | was also
very impressed by the B,
oscillation study by the LHCb.
It's such beautiful data that
clearly shows the oscillatory
behavior of the B-mesons.
That's fantastic.

Ellis: Right. | think that the
decay of the B, meson into
Wy is a success, so far. Well,
certainly a success for the
experimentalists, but also so
far a success for the Standard
Model. But, there were a
number of other puzzles.
There may be matter-
antimatter asymmetry in
charm meson decays above
the level which might be
expected in the Standard
Model, although both the
theory and the experiment
are unclear on that point.
Therere a number of other
sort of anomalies in the
physics of b quarks and
charm quarks, which Belle II
can address.

Murayama: One of the
criticisms that had been in
the community is that we
have been making actually a
huge stride in understanding
forces, in symmetries, by
going to energy frontier,

but on the flavor side we
actually have gained relatively
little new grounds in our
understanding because we
still don’t know the origin of
the patterns of the quark/
lepton mass and mixings. Do
you think this would lead to a

sort of a breakthrough down
the line or what do you think
is the future in the flavor
physics era?

Ellis: I think it’s certainly clear
that our experimental friends
are, in some sense, well ahead
of us. First, | don’t think we
have good ideas about flavor.
We got lots of ideas, but
there’s nothing which is very
convincing. | think it’s true in
the quark sector. | think it’s

in a way even more true in
the neutrino sector because
neutrinos seem to mix in

a way which is completely
different from quarks. Well,
you've got ideas about what
might be going on but...
Murayama: Which you didnt
like.

Ellis: Which | don't like
because basically your model
is to say there’s no model.
Murayama: Right, exactly.
Well, I am testing the
hypothesis that some very
peculiar type of model is
really needed to understand
the data. So far the data don't
show any sign of that. That's
how | am using this idea of
random matrices.

Ellis: Yeah. | think that we
really need more clues.

You might have thought

we got enough clues by

now because lots of flavor
mixing parameters have been
measured. But, we feel it’s
apparently too stupid apart
from you to come up with.
Murayama: Especially me, |
guess...

Ellis: To come up with models
for what’s going on, | think
the way to go is to look to

see whether the paradigm for
mixing that we have in the
moment really works at the
next level. | think this is where
on the one hand LHCb, the
LHC is taking this, and on the
other hand Belle Il will take
this.

Murayama: One sort of a
frontier on the side is the
lepton flavor violation, which
you worked quite extensively
on in the past—like p — ey,

u — e conversion. Do you
think that it’s also a fruitful
direction to pursue?

Ellis: Yeah, well, I think that’s
in some sense the unexplored
frontier in flavor physics.
We've seen the flavor mixing
amongst the quarks, we've
seen flavor mixing amongst
neutrinos. In fact, we've

seen flavor mixing amongst
different types of quarks—
those with charge two-thirds
and those with charge minus
one-third— we've seen mixing
and flavor effects everywhere
except for the charged
leptons.

Murayama: Right.

Ellis: The lepton, the p, and
the t. It is clear to me that this
is something that one has to
push to the very limit of what
one can. That's a place where
Belle Il could have something
to say because SuperKEKB
will produce, you know,
enormous numbers of t
leptons, for example.
Murayama: Right.

Ellis: There’s also possibilities
that at J-PARC in a fixed
target experiments of using
muons, to offer muon flavor
violation. Yeah, those are

things that | am excited
about.

Connection between Particle
Physics and Cosmology

Murayama: Now, you also
mentioned the connection
between particle physics

and cosmology. Clearly, dark
matter is the prime topic

of discussions in trying to
connect these areas. How do
these fields go together? Is
dark matter the only thing?
Is there anything else?

What is the future of this
intersection?

Ellis: I think that to really
resolve the dark matter

issue is going to involve

a collaboration between
accelerator physicists and
non-accelerator physicists. |
can well imagine that non-
accelerator experiments
might find some sort of signal
for some sort of dark matter
particle. But depending on its
nature, | think that you'll need
to study it in the laboratory.
That's where the accelerator
experiment comes in.
Conversely, | can imagine that
some accelerator experiment
might observe events with

an anomalous amount of
missing energy.

Murayama: That'll be exciting.
Ellis: That will be exciting. It
would be exciting anyway.
Murayama: Right.

Ellis: But if you really wanted
to identify that as dark
matter, then you'd need to
pin down that this is a very
long lived particle which is
obviously not possible in an
accelerator experiment.

Interview



Murayama: That's right.

Ellis: You know, 50
nanoseconds and it's gone
right and you can't tell
whether it lives for a 100
nanoseconds or 10 billion
years.

Murayama: Right.

Ellis: You really need to
correlate what you see in

the accelerator experiment
with what you see in the
dark matter experiments. In
the dark matter experiments,
there're different types. One
of them is looking directly for
scattering in an underground
laboratory. Then, there’s
looking for annihilations of
these dark matter particles
that are supposed to be flying
around the galaxy. Maybe,
some will get stuck inside the
Sun or the Earth and they
annihilate. They form particles
that you can perhaps see.
There’s a whole range of
different non-accelerator
experiments. As | say, they
really have to work in tandem
with the accelerator ones.
Murayama: Speaking of

that kind of signal, AMS

has reported a tantalizing,
actually beautiful piece of
data, looking at the positron
fraction in the cosmic rays.
What is your take on this
piece of data?

Ellis: I think it’s really very

PHYSICISTS
HAVE

FEW
[ (=]

difficult to think that it has

a dark matter interpretation.
You could get a spectrum
that has that sort of shape in
some dark matter annihilation
models. The trouble is that
the signal is just very, very
big. A signal had been seen
by previous experiments. The
AMS experiment has done

a fantastic measurement
which really pins down the
shape of the spectrum and
tells you that some of those
dark matter models are ruled
out just on that ground. But,
the magnitude is | think very
difficult to understand.

If you take the very general
arguments about how big
the annihilation cross section
could be, and if you take
the conventional estimate
of what the density of these
dark matter particles is you
cannot reproduce the data.
| think the only way to do it
would be to postulate that
these dark matter particles
are clumped, but clumped to
an unbelievably big extent.
Murayama: Right, like packs
of 100.

Ellis: A pack of 1,000, 10,000...
So, I think that’s really tough.
| think that probably it's due
to some sort of astrophysical
source. | guess there're two
schools of thought on that.
One school of thought is that

there may be some sort of a
nearby astrophysical source
that is pumping in additional
positrons that are not taken
into account in conventional
models of cosmic rays. The
other possibility is that those
conventional models of
cosmic rays are somehow
inadequate and the number
of positrons that you see

is due to some interplay
between how they diffuse
out of the galaxy and how
rapidly they lose their energy.
It may be that one should
tweak those parameters

and in that way, one could
perhaps get a spectrum that
rises in the way that’s seen. |
think the jury is out on that.
Murayama: One thing that’s
not clear about this question
is when or how we can
actually settle these potential
interpretations because
relatively very little we

know about the cosmic ray
propagation, the origin of the
positrons and pulsars and so
on. What exactly can we do?
Ellis: One thing that clearly
could be done looking at
the positrons is to look for
some sort of anisotropy. |
think that if you had nearby
sources then, at some level,
you would expect the arrival
directions of these positrons
to remember that. As they
wander around through

the galaxy they forget from
where they came from, but
there should be some sort of
statistical memory. AMS and
other experiments so far don't
see any sort of anisotropy.
Murayama: That’s right.
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Ellis: But that’s something
which should be pushed on.
| think that's a potentially
interesting signature.
Another thing, obviously, is
to look for other types of
particles that might come
from astrophysical sources
or dark matter sources. One
obvious thing is antiprotons.
And in fact many models of
the AMS signal-even if you
forgot about the fact that the
rate is very, very big—predict
that there should also be
antiprotons, which have not
been seen.

Murayama: That's right.

Ellis: AMS will presumably
sometime in the relatively
near future come out with

a new measurement of the
antiproton spectrum. That
may give us more information.
Another possibility which
some people have suggested
is looking for anti-deuterons
in the cosmic rays. There,

the signal from dark matter
annihilations, if there is one,
might be easier to pick up
from the background from
normal cosmic rays. That's
another thing which we’'ll be
looking out for.

Murayama: Obviously,
another big major puzzle in
cosmology is dark energy.
What do you think we

might learn by studying dark
energy?

Ellis: Difficult to tell. Clearly,
there’s the density of dark
energy itself and then there’s
a question of how that
density might have varied as
a function of time. | think that
we're getting—and you are



getting through the activities
here at Kavli IPMU-tools
which could measure the
dependence of that energy
density over a large range of
cosmological time, extending
from the present day back to
when the red shift was similar
to one—maybe even more. It
could be that the dark energy
density is absolutely constant.
Then that really would be
cosmological constant that
will be somehow-well, |

was going to say the most
boring possibility. From the
experimental point of view,
it's maybe boring but from a
theoretical point of view, it’s
maybe the most challenging.

I mean a number for that...
Murayama: Right, featureless
number.

Ellis: How could you explain
that? Right. I think many
theorists like the idea that
this dark energy density is
actually varying slowly. Maybe
eventually, it's going to relax
away to zero and that's a very
seductive idea. | think the
ongoing experiments should
tell us whether that really
works or not.

How Can We Make Secure
the Future of Kavli IPMU?
Murayama: Excellent. Now
switching to gear to why
you are here this time, and
you come for the External
Advisory Committee for Kavli
IPMU, and you've actually
been on this committee
already from the very
beginning, and you saw how
this institute has got started
and evolved and where

we are today. What is your
impression about this?

Ellis: There’s a technical term
for that which is gangbuster.
I think that Kavli IPMU
certainly established a very
enviable brand. | think that
people recognize that it's
indeed a worldwide center
of excellence which was your
mission that was given to you
by the Japanese government.
Murayama: That's right.

Ellis: I think that Kavli IPMU

is driving many of the
interesting theoretical and
experimental developments,
and not just here in Japan
but also in international
collaboration. | think that the
Japanese government should
be pretty happy. They got
quite a lot of bang for their
yen.

Murayama: Okay. That’s great
to hear. Of course, one thing
we are still worried about is
how we can make secure the
future of this institute when
the WPI funding may ramp
down, possibly, in 4 years
from now, maybe with a 5
year extension. What can we
do actually to strengthen our
position to the government
and what should we be
working on?

Ellis: What should you be
working on? At the purely
scientific level, | think that
Kavli IPMU has a very good
program of being in the
most exciting developments
in particle theory and also
particle experiment, both

in accelerators and non-
accelerator experiments.

In addition to the things

that are already happening,

it's also getting involved

in other things like we
already mentioned, Belle
Il, improvements to Super-
Kamiokande, and the dark
energy experiments.

It's not clear to me at the
moment what more you could
do in terms of the science.
But, there’s another aspect
of our work and of your
work; | think that we need to
convince governments and
other funding authorities
that fundamental science is
not something that you can
dip your toe in for 5 minutes
and then go off and do
something else.

Murayama: That's right.

Ellis: Fundamental science is
something that has payoffs
on the timescale of decades.
Murayama: Maybe even
centuries.

Ellis: Well, maybe even
centuries but | mean if you
look at 20th century physics,
so quantum mechanics, there
is some anecdote out there
on the internet that over 30%
of the US economy at the
beginning of the 21st century
was based on 20th century
physics.

Murayama: Interesting.

Ellis: 1 don’t know whether
it's true or not and | am sure
you can get a big fight about

it, but it is certainly true

that all of electronics, lasers,
etcetera, etcetera, you could
make a big incredibly long
list depends on 20th century
physics and, in particular,
guantum mechanics. Even
relativity is now used in
satellite navigational systems,
GPS, and so on. Antimatter,

a very abstruse discovery,
postulated by theorists in

the late 1920s, discovered in
cosmic rays, and now is used
routinely in medical diagnosis.
Thousands of people every
year have PET scans.

| think these examples
show that advances in
fundamental physics do
benefit society in general
and the economy but on a
timescale of decades. | think
it's the role of government
to support that. | think it's
unreasonable to expect
an industrial company to
do so. | think the Japanese
industrial companies are
maybe further sighted than
European or American
industrial companies. But,
you can't expect them to be
looking much further than a
decade in terms of their R&D
program.

You have to look to
governments to take the
longer view. The fact that the
payoff takes a longer time

Interview



also means that the research
programs are not things that
are done in 5 minutes or 5
months or 5 years. Right.
They take longer.
Murayama: Right.

Ellis: 1 mean we're talking a
lot about the LHC. The LHC
was first conceived in 1984,
and it's probably going to go
on for at least one, maybe
two more decades. All these
other projects that we're
mentioning, these also have
long time scales. | think that
the Japanese government
like any other government
has to come up with a
mechanism for funding long-
term forefront research in
fundamental science. Physics
is not unique. We're talking
about physics but it's not the
only example. Govenment has
to understand that it's not
something that you can leave.
It's not like a quickie divorce.
It's something that you're in
for the long run.

Engaging with the Public
Is an Essential Part of a
Scientist’s Work

Murayama: So, we have to
communicate these benefits
of basic research and, as you
say, not just in physics, but
in all areas as a long term
benefit to the society and
human kind which needs

to be supported by the
government. How effectively
can we communicate these
points to higher levels,
politicians, governments, and
the general public? How do
we do that?

Ellis: I think one thing is
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the message, and we just
discussed what | think the
message is. But then | think
that we have to get out
the message. | think it'’s an
absolutely essential part of
a physicist’s or a scientist’s
work to engage with the
public. We can’t just all sit in
our ivory tower and expect
yen to rain down. We have to
explain what it is that we’re
doing, and we have to learn
to explain it in terms that
the person in the street can
understand.

Sometimes it happens.
I think that in Europe and
at CERN, we've been very
fortunate that the person
in the street has noticed
about the Higgs boson.
| think we've got the ear
of governments. They are
basically sympathetic. But, |
am sure that in Japan that’s
the case to some extent also.
Murayama: Yeah, absolutely.
Ellis: | know that you,
personally, have been very
much engaged in that. | think
we just have to, perhaps, also
convince our colleagues that
they have to — some of them,
maybe work harder on this.
Murayama: That’s true.
You spend a lot of time
communicating the
importance of science as
sort of scientific ambassador
to the general public. I'm
sure that has a huge impact.
Somebody told me that
enrollment for young students
in science, in mathematics
in Europe, overall have been
improving like 20% or so,
partly thanks to this impact of

CERN, showing up in media
and being very visible.

Ellis: I think that there
probably is an LHC effect. In
fact, it was interesting that a
few years ago, the UK science
minister came to CERN, and
he said that he thought that
LHC startup could have an
impact similar to the Apollo
moon landings.

Murayama: Wow!

Ellis: Then | thought this is
bullshit. But, now | think

he was right. | think history
has proven him to be more
or less correct. I mean, |
certainly know that in the
UK enrollment in physics
generally has gone up.
Murayama: Wonderful.

Ellis: The quality of the
students has gone up. In fact,
I was just talking with one
of my colleagues at King’s
College London. He was
marking exam scripts earlier
on this week. | walked into
his office. He said, “These
kids are too good.” Not only
are their numbers but also
that the quality is going up.
Certainly at King’s, we have
decided to increase the
threshold for students to
come in to study physics.
Murayama: Good. Sounds
like that your advice to us is
basically the same, namely,
“Do great science and get the
word out.”

Ellis: Yeah, but | think that
you and | have to, like | said,
convince our colleagues to
participate in this.
Murayama: That’s tricky
actually.

Ellis: Yeah, you can't just rely
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on one or two “ambassadors”
to do the job. | think it’s
particularly important

that the young people get
involved. The young people
obviously have a lot of
credibility with other young
people. Well, after all it's
people that we're trying to
influence. | mean one of

the things that-one of the
deliverables, | think, that we
have is an increased interest
of young people in science,
technology, engineering, and
mathematics. Are you talking
to a bunch of young people?
That's one thing. But, | got

a lot of gray hair. You're
beginning to have some
grays...

Murayama: Yes, | do.

Ellis: It'd be good if we could
find some young people who
don’t have so much grey hair,
who also are naturally very
energetic to join in this effort.
Murayama: Right. That's
something we should be
working on. Great. Any sort
of last message you would
like to give to us?

Ellis: I don’t think so. | think
that Kavli IPMU is doing a
great job. | think that you
should have confidence

in what you're doing. You,
personally, certainly have
confidence in what you're
doing. | think that let’s go
out and communicate our
excitement to the rest of the
society.

Murayama: Okay, let’s do
that. Thank you, John.

Ellis: My pleasure.



Our Team

Nao Suzuki

Kavli IPMU Assistant Professor

Research Area: Astrophysics

How does the scenery look like beyond that
mountain? What kind of world may we encounter
beyond the horizon? Our adventurous nature and
curious mind has led us to observe the universe
since ancient times. | am one of the drifters setting
out to discover a new world in this long history
of exploration. At the University of California, |
have been studying the cosmological parameters
that shape the universe today. We measured the
baryon to photon ratio at one second after the Big
Bang using the latest instrument on the 10-m Keck
Telescope. With the Supernova Cosmology Project
team, | studied dark energy using distant supernovae
with the Hubble Space Telescope. We observationally
proved the existence of non-zero dark energy
with a 99.999% confidence level and probed the
expansion history of the universe; its expansion

turned into the acceleration from the deceleration
about 7 billion years ago. At Kavli IPMU, | would like
to study the mysteries of dark energy and explore
the deepest universe, which no one has seen before
using the new instruments on the Subaru telescope. |
am fascinated by the fact that all of the genius minds
around the world come together as one mind and
attempt to unlock the mysteries of the universe, and
| find that the future of mankind is full of hope. | do
believe that the next generation telescope will find

a life form in the universe that would change the
world in the near future.
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Ra n H UO  Research Area: Theoretical Physics

Postdoc

My research interest is in particle physics beyond
the standard model. Supersymmetry that roughly
doubles the particle content is by far the most

promising extension of the standard model, which
predicts physics up to a fundamental scale where

all three interactions are unified into a single one. matter/anti-matter asymmetry in the universe can be
Dark matter should have a particle physics origin, interpreted through particle physics mechanisms such
and it can be interpreted in many models. Also the as electroweak baryogenesis and leptogenesis.

Tirasan KhandhaWit Research Area: Mathematics

Postdoc

My research interests are in low-dimensional
topology and geometric topology. Especially, my
research has been focused on the Seiberg-Witten
Floer theory of 3-manifolds and 4-manifolds.

My current work is to extend Manolescu’s and

Kronheimer-Manolescu’s construction of the Floer homology, to general 3-manifolds. Furthermore, | try
homotopy type, a stable homotopy object whose to extend Bauer-Furuta’s stable homotopy invariants
appropriate homology gives back monopole Floer to general 4-manifolds with boundary.

Jonathan MaltZ Research Area: Theoretical Physics

Postdoc

My work has focused on formulations of de Sitter
space and early universe cosmology, through FRW-
CFT and dS-CFT. My interests include Mathematical
physics, Liouville theory, and Non-Critical String

Theory as well as extending the formulations of an interest in the non perturbative aspects of field
M-theory and the web of Dualities that tie the theories and M theory.

various String Theories together. | am also working | think the IPMU is the perfect place for my first
on Vasiliev Higher Spin Gravity as well as its relation postdoc as it continues the interdisciplinary and
probing new limits of the AdS-CFT correspondence multi varied research experience that | had in my
and various aspects of Matrix Models. | also have graduate studies at Stanford.
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RyO Namba Research Area: Cosmology

Postdoc

My major research interests have been the
effects from particle interactions during inflation.
Couplings between different fields can lead to
particle production, and the produced quanta can
in turn interact with cosmological perturbations,

leaving visible imprints on the non-Gaussianity and | also studied models of vector fields that break the
gravitational-wave (GW) signals. In some cases, GW rotational invariance of space, which can result in
signals from this mechanism can be large enough to broken statistical isotropy in the cosmic microwave
be detectable even at the terrestrial GW detectors. background and large-scale structure.

NObUhirO Oka be Research Area: Astronomy

Postdoc

A statistical weak-lensing study for clusters,
based on the exquisite Subaru Hyper Suprime-Cam
(HSCQ) lensing data, measures properties of the dark
matter distribution in clusters in great detail, such
as spherically averaged radial profiles, halo shapes,

subhalo masses, and their redshift evolutions. It very interested in these lensing studies as well as the
enables us to make a stringent test of the CDM interplay between dark matter and baryons based on
structure formation scenarios on small scales. | am multiwavelength data-sets.

JameS Wa”bridge Research Area: Mathematics

Postdoc

My current research is focused on understanding
more about physical field theories using tools from
derived algebraic geometry and higher category

theory. In particular, | am studying what it means
to geometrically quantise a classical field theory in
order to construct its associated extended quantum

Our Team

field theory. Understanding quantisation from a at a quantum level but address some problems
higher categorical point of view is expected not with theories that have so far resisted a meaningful
only to illuminate parts of known physical systems guantisation.
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Workshop Report

The Kavli-IPMU focus week workshop on
Cosmology with Small Scale Structure

Alexie Leauthaud

Kavli IPMU Assistant Professor

Surhud More

Kavli IPMU Postdoctoral Fellow

Masahiro Takada

Kavli IPMU Professor

The Kavli IPMU focus week workshop on
“Cosmology with Small Scale Structure” was held
from July 22 to July 26 and brought together
participants from all over the world interested in
probing cosmological parameters of the Universe and
modifications to gravity from small scale astrophysical
observations of weak lensing, galaxy clustering,
redshift space distortions, and galaxy clusters.

The main challenge in realizing the true potential of
these probes is our limited understanding of galaxy
formation. The focus of the workshop was to discuss
ways to best marginalize over these uncertainties and
tease out the cosmologically interesting information
from these observables.

The workshop was held as a moderated round
table discussion on the current developments in the
field and challenges that lie ahead. The discussion
on the first day revolved around designing sensitivity
tests to identify a combination of observables that
could be used to learn about galaxy formation
phenomenologically, and simultaneously learn
about the cosmological parameters. Numerical
simulations of cold dark matter are the workhorse
for cosmological studies from small-scale structure.
The second day focused on the accuracy and large
volume requirements on numerical simulations. The

third day was devoted to the topic of redshift space
distortions, which reflect our inability to measure
the exact positions of galaxies due to their motions.
There was a discussion on the progress in modelling
these distortions. The fourth day examined how
baryonic processes can cause a back-reaction on the
dark matter and understanding parameters that can
capture these processes. This is essential to exploit
the statistical power of measurements of cosmic
shear which several ongoing and large upcoming
surveys will provide. There was also a discussion

on modifications to gravity, novel probes on large
scales, and the ensemble of simulations of specific
modifications to gravity currently available. The last
day was devoted to identification of galaxy clusters
in large imaging surveys, and their use as probes of
cosmological parameters.

The last day also featured two summaries of the
workshop, an optimist’s summary delivered by Frank
van den Bosch and a skeptic’'s summary delivered
by Martin White. The optimist’s summary presented
some of the difficulties in modeling of small scale
structure that were discussed during the workshop,
but also showed that these small scale probes are
significantly constraining even after marginalization
over a large number of galaxy formation and
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modeling uncertainties. It also highlighted the current proton machines) are excellent tools for discovery

tension between cosmological parameters obtained than precision. It highlighted the importance of
from the cosmic microwave background experiment demonstrating the resilience of small scale probes
Planck, and a number of small-scale structure to uncertainties in galaxy formation physics. It also
probes on the matter density and the amplitude of suggested the need to perform sensitivity studies
density fluctuations in the Universe. The skeptic’s (some ideas discussed during the workshop), to help
summary included a parallel to collider experiments design observational campaigns in the future.

in particle physics. The suggestion was that precision The topics discussed during the workshop are
measurements of cosmological parameter should central to guide the research directions necessary
perhaps be left to clean probes such as baryon to exploit the potentials of the upcoming Hyper
acoustic oscillation experiments or CMB experiments Suprime-Cam survey and the Prime Focus
(analogous to electron machines in particle physics), Spectrograph survey.

while small scale structure probes (analogous to

Workshop
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Workshop Report

The Kavli IPMU School on

The Future of Collider Physics

Satyanarayan Mukhopadhyay

Kavli IPMU Postdoctoral Fellow

The Kavli IPMU School on the
Future of Collider Physics was
successfully conducted during
July 16-19, 2013. Having a
school dedicated to the future
prospects of collider physics was
a very timely idea for three main
reasons: the recent discovery of
a Higgs-like boson at the CERN
Large Hadron Collider (LHC) and
the subsequent measurement
of some of its properties in the
early LHC run, the promise of
gathering a wealth of new information on the Higgs
in the next runs of the upgraded LHC, and finally, the
prospects of having an International Linear Collider
(ILC) in the near future as a Higgs factory and a
precision machine. All of the three broad areas were
covered at great depth in the school, which included
12 lectures by leading experts in the field, one poster
presentation session by the participants and a panel
discussion session on the big questions and promising
directions in this subject.

It was no surprise that most of the lecturers focused
on different aspects of Higgs physics, with topics

ranging from an effective field theory framework

Mew Era
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to parametrize the deviations of Higgs properties
from the Standard Model and the current status of
its measurements, to important concepts in statistics
necessary to properly interpret the data presented by
the ATLAS and CMS collaborations. The current status
of theoretical calculation of Higgs cross-sections, the
next-to-leading order event generators and future
goals in improving the higher order QCD calculations
and parton distribution functions were also reviewed.
New techniques in top quark physics were discussed
as well, which might prove to be crucial in new
physics search at the LHC.

The school was kick-started by an opening lecture
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by Kavli IPMU Director Hitoshi Murayama, where he
gave a broad overview of the physics behind a high-
precision machine like the proposed ILC with its
associated challenges, and the accuracy with which
it can determine the properties of new particles at
the weak scale including the Higgs boson. Hitoshi
also informed us about the current status of Japan
hosting the ILC in the near future. This was followed
up in the subsequent days with very thorough talks

by experimentalists on the high-luminosity LHC
programme and details on the ILC accelerator and
detector developments and physics goals.

The participants included around 45 graduate
students and postdocs from all over Asia, most of
them being from Japan, India, South Korea, Taiwan

and China. They also presented their recent work in

a poster session, during which very intense and lively

discussions took place.
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FY2013 WPI Site Visit

A FY2013 WPI site visit was
conducted on September 5 and 6
at the Kavli IPMU on the Kashiwa
campus (the first day) and Ito Hall on
the Hongo campus (the second day).
In addition to the usual observation
of the state of progress as a WPI
center, this time the delegation
discussed with the University of
Tokyo's Executive Vice President for
Research Yoichiro Matsumoto and
the Kavli IPMU administration on
how the University of Tokyo, which
hosts the Kavli IPMU, considers to
perpetuate this institute after the
expiration of the supporting period
by the government. Partly because
of this, the delegation of observers
consisted of as many as 25 members;
WPI Program Director (PD) Toshio
Kuroki, Program Officer (PO) in charge
of the Kavli IPMU Ichiro Sanda, newly
appointed Deputy PD Akira Ukawa,
members of the Working Group in
charge of the Kavli IPMU, some of the
WPI Program Committee members
(Hiroo Imura, chair, Hiroto Ishida,
Robert Aymar, Richard Dasher, and
lan Halliday), MEXT officers from the
Research Promotion Bureau (Yoshiaki
Ando, Director, Basic Research
Promotion Division, Hideki Iwabuchi,
Director, Office for the Promotion of
Basic Research, the Basic Research
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Promotion Division, and others), JSPS
officers, and other scientists.

On the first day of site visit, PO Ichiro Sanda giving
an introductory talk to the delegates and Kavli
IPMU researchers.

Sixth Meeting of the Kavli IPMU
External Advisory Committee
The sixth meeting of the Kavli

IPMU External Advisory Committee
was held on June 6, 2013. From this
meeting, Steve Kahn (Stanford/SLAC)
chaired the Committee, taking over
Roberto Peccei who had stepped
down as a committee member.
John Ellis (King's College London),
Sadayoshi Kojima (Tokyo Tech),

David Morrison (UC Santa Barbara),
Sadanori Okamura (Hosei), and Nigel
Smith (SNOLAB) were in attendance.

This time, the Committee was

specifically asked advice on how

the Kavli IPMU as a WPI center can
secure a five year extension of the
support from the government after
the initial 10 years, and on how it can
plan its continuity as a permanent
entity in the University of Tokyo. The
committee gave valuable suggestions
for its future.

Director Murayama reporting to the Committee
members, (from left to right) S. Kojima, N. Smith, J.
Ellis, S. Kahn (chair), S. Okamura, and D. Morrison.
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Toshitake Kohno Awarded the
MSJ 2013 Geometry Prize

Toshitake Kohno,
Professor at the
Graduate School
of Mathematical
Sciences, the
University of Tokyo,
and Principal
Investigator at the
Kavli IPMU, won the Mathematical
Society of Japan’s 2013 Geometry
Prize for “A Series of Works in
Geometric Representation Theory
for Quantum Groups.” The award
ceremony was held on September 25,
2013 at the MSJ autumn meeting at
Ehime University, and Professor Kohno
presented a special lecture.

It is noteworthy that Kavli IPMU
mathematicians had won the MS)J
Geometry Prize also in 2011 (Kyoji
Saito, see IPMU News No. 15, p. 22)
and in 2012 (Yukinobu Toda, see Kavli
IPMU News No. 19, p. 26).

Toshitake Kohno

Science Café 2013 “Approaching
the Mystery of the Universe with
Mathematics and Physics”

The Science Café 2013
“Approaching the Mystery of the
Universe with Mathematics and
Physics,” fifth in this series, was held at
the Tamarokuto Science Center (TSC)
in Nishi-Tokyo City, jointly sponsored
by the Kavli IPMU and the TSC.

This year, Tetsuo Hatsuda (Chief
Scientist at RIKEN and Visiting Senior
Scientist at Kavli IPMU) gave the first
lecture, entitled “Structure of Matter:
The World of Quarks,” on June 15.

In the lecture room, which was filled
to capacity, he started his lecture by
discussing fundamental concepts
like “What is physics?” and “What
is matter?” He then explained the
Standard Model of particle physics
using colored balls that represent



the quarks. His lively talk occasionally
made the audience laugh. This lecture
was video recorded and it is open

to the public on the web site of

the Japan Science and Technology
Agency (JST) at http:/sc-smn.jst.go.jp/
playprg/index/M130011063.

S

Tetsuo Hatsuda giving a lecture.

The second lecture, entitled
“Geometry and Symmetry of
the Universe,” was delivered by
Kavli IPMU Associate Professor in
mathematics, Yukinobu Toda, on June
22. He started with an explanation of
the basics of geometry, and the latter
half of his lecture touched on the role
that geometry plays in theoretical
physics, such as superstring theory.
He conveyed how the research at
Kavli IPMU is conducted through the
cooperation of mathematicians and
physicists aiming to elucidate the
mystery of the universe. Many of the
audience were taking notes with a
serious look, which was impressive.

Yukinobu Toda giving a lecture.

Since the last lecture was delivered
in the evening of July 6, the day
before the Star Festival (Tanabata),
the venue was specially chosen as
the TSC’s planetarium dome, known
as the “Science Egg,” and Kavli IPMU
Associate Professor Keiichi Maeda
(who is now associate Professor

at Kyoto University) talked on
“Supernovae — Gigantic Explosion
Connecting Stellar Evolution and
Cosmological Evolution.” He explained
the important role of the supernova
explosion in the history of the universe,
with the use of images, such as an
impressive simulation of a supernova
explosion, projected onto the
planetarium dome. After the lecture, a
Q&A session was held with all people
moved to the TSC’s café corner. Even
after the Q&A session, many people
were standing in line to ask questions
till the closing time of TSC.

The first and second lectures were
delivered in a room with a capacity of
80 people, while in the third lecture
the number of people admitted into
the planetarium dome was 100. Many
junior high school and high school
students attended each time. This
seems to indicate their keen interest in
mathematics, physics, and astronomy.
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Keiichi Maeda in a Q&A session.

Kavli IPMU Researchers Talked at
the SSH Students Fair 2013
Kavli IPMU ran a booth, exhibiting

its research activities, at the Super
Science High School Students Fair
2013 held on August 7 and 8, 2013 at
Pacifico Yokohama. Also, two young
researchers working on the SuMIRe
Project (FIRST Murayama Project, see
IPMU News No. 10, p. 20), Kavli IPMU
Assistant Professor Masamune Oguri
(now Assistant Professor at the School
of Science, the University of Tokyo)
and Kavli IPMU Postdoctoral Fellow
Jun Nishizawa, jointly presented a

mini lecture, entitled “Dark Universe
‘Seen’ with the Subaru Telescope” in
“FIRST/WPI Researchers Live! Youngx
Young” Program, on the second day.
Their mini lecture was well attended
by as many as 230 students, with
many of them standing. There were
many questions from the audience,
such as on the future prospects of
research using the Subaru Telescope
and HSC (see, pp. 10 — 13), and the
lecturers’ motivations for becoming
researchers as well as their high-
school days. It was a great success.

o+ g s
A student of the high school, from which Oguri
graduated, asking a question to the lecturers,
Masamune Oguri (left) and Jun Nishizawa (right).

Kavli IPMU Seminars

1. “Gravitational collapse in Horava-
Lifshitz theory of Gravity”
Speaker: Anzhong Wang (Baylor U)
Date: Jun 19, 2013

2. “Killing-Yano symmetry of higher-
dimensional black holes”

Speaker: Tsuyoshi Houri (Rikkyo U)
Date: Jun 20, 2013

3. “On the higher Chow group of
product of curves”

Speaker: Satoshi Kondo (Kavli [IPMU)
Date: Jun 20, 2013

4. “Counting disks in toric varieties”
Speaker: Hsian-Hua Tseng (Ohio
State U)

Date: Jun 24, 2013

5. “High Energy Scattering in AdS/CFT
— Applications to N = 4 SYM and
to low-x QCD”

Speaker: Miguel S. Costa (U Porto)
Date: Jun 25, 2013
6. “Progenitors of Type lbc supernovae”
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1.

12.

13.

14.

15.

16.

30

Speaker: Sung-Chul Yoon (Seoul
National U)

Date: Jun 26, 2013

“New applications of de-Sitter
geometry in astrophysics II”
Speaker: Marcus Werner (Kavli IPMU)
Date: Jun 27,2013

“Natural GUT scale mass ratios”
Speaker: Martin Spinrath (SISSA)
Date: Jun 27, 2013

“The Andromeda Galaxy:
Hierarchical Galaxy Formation,
Stellar Populations, and the
Interstellar Medium”

Speaker: Puragra Guhathakurta
(UC Santa Cruz)

Date: Jun 27, 2013

“Orientation data and quantization”
Speaker: Zheng Hua (U Hong Kong)
Date: Jul 01,2013

“Cellular structure on the Hecke-
Clifford superalgebras”

Speaker: Masaki Mori (U Tokyo)
Date: Jul 02, 2013

“Evolution of the most massive
asymptotic giant branch star as

a progenitor for electron capture
supernovae”

Speaker: Koh Takahashi (U Tokyo)
Date: Jul 04, 2013

“Embedded contact homology of
circle bundles”

Speaker: David Farris (Indian Inst
of Science)

Date: Jul 04, 2013

“CP and Flavor Symmetries: Ideas
and Models”

Speaker: Claudia Hagedorn (U Padua)
Date: Jul 08,2013

“New Views of Galaxy Evolution:
The Young and The Dusty”
Speaker: Matt Malkan (UCLA)
Date: Jul 08, 2013

“Universal hydrodynamic
description of quantum critical
points with Lifshitz scaling”
Speaker: Bomsoo Kim (Tel Aviv U)
Date: Jul 09, 2013

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

“Higher Spin 3d Gravity: Beyond AdS”
Speaker: Michael Gary (TU Wien)
Date: Jul 10, 2013

“Dimer models and homological
mirror symmetry”

Speaker: Kazushi Ueda (Osaka U)
Date: Jul 11,2013

“SYZ for local mirror symmetry”
Speaker: Kwok-Wai Chan (CUHK)
Date: Jul 12,2013

“Topological defects and
generalised orbifolds”

Speaker: Nils Carqueville (Simons
Center)

Date: Jul 16, 2013

“Gauss-Bonnet braneworld redux:
A novel scenario for the bouncing
universe”

Speaker: Hideki Maeda (Rikkyo U,
CECs)

Date: Jul 16, 2013

“Mass hierarchy and physics
beyond the Standard Model”
Speaker: Ignatios Antoniadis (CERN)
Date: Jul 17,2013

“Cosmic sound, near and far”
Speaker: Martin White (UC Berkeley)
Date: Jul 17,2013

“How Galaxies are Made, from
z=0t0 z=8"

Speaker: Peter Behroozi (Stanford U)
Date: Jul 18, 2013

“Phase structures of Chern-
Simons matter theory on S'xS””
Speaker: Tomohisa Takimi (Tata)
Date: Jul 18, 2013

“B-twisted sigma-model and
Calabi-Yau geometry”

Speaker: Si Li (Boston U)

Date: Jul 22, 2013

“Symplectic cohomology and duality
for the wrapped Fukaya category”
Speaker: Sheel Ganatra (Stanford U)
Date: Jul 23, 2013

“Higgs characterisation framework”
Speaker: Kentaro Mawatari (Vrije
U Brussel)

Date: Jul 24, 2013
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30.

31.

32.

33.

34.

35.

36.

37.

38.

“Non-abelian theta functions

and unitarity of the hitchin
connection”

Speaker: Joergen E. Andersen
(Aarhus U)

Date: Jul 24, 2013

“Floer theory on Lefschetz
fibrations and empty symplectic
manifolds”

Speaker: Maksim Maydanskiy
(Stanford U)

Date: Jul 25, 2013

“Nonabelian Hodge theory in
positive characteristic”

Speaker: Mao Sheng (USTC)

Date: Jul 25, 2013

“New Insights regarding the
Stellar Mass Assembly of Galaxies
across Cosmic Time”

Speaker: Frank Vandenbosch (Yale U)
Date: Aug 01, 2013

“A master solution of the quantum
Yang-Baxter equation and classical
discrete integrable equation”
Speaker: Vladimir Bazhanov (ANU)
Date: Aug 05, 2013
“Inhomogeneous Holography”
Speaker: Moshe Rozali (U British
Columbia)

Date: Aug 05, 2013

“Primitve forms for affine cusp
polynomials”

Speaker: Yuuki Shiraishi (Osaka U)
Date: Aug 06, 2013

“Black Holes and the Generalized
Uncertainty Principle”

Speaker: Bernard Carr (Queen
Mary, U of London)

Date: Aug 07, 2013

“A uniqueness theorem for
Frobenius manifolds and Gromov-
Witten theory for orbifold
projective lines”

Speaker: Yuuki Shiraishi (Osaka U)
Date: Aug 08, 2013

“Branching laws for discretely
decomposable restrictions”
Speaker: Yoshiki Oshima (Kavli IPMU)



39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49,

Date: Aug 15, 2013

“Triangulated surfaces in
triangulated categories”

Speaker: Mikhail Kapranov (Yale U)
Date: Aug 23, 2013

“Dunkl operators”

Speaker: Anatol Kirillov (RIMS,
Kavli IPMU)

Date: Aug 26, 2013
“Young-Baxter algebras and
Quantum Cohomology”

Speaker: Vassily Gorbounov

(U Aberdeen)

Date: Aug 27,2013
“Nucleosynthesis beyond iron:
supernovae vs. neutron star mergers”
Speaker: Shinya Wanajo (NAQJ)
Date: Aug 27,2013

“How Does Galaxy Environment
Influence AGN Activity?”

Speaker: Emil Khabiboulline (Caltech)
Date: Aug 28, 2013

“The Evolution of Star-Forming
Galaxies over Cosmic Time”
Speaker: Josh Speagle (Harvard U)
Date: Aug 28, 2013

“BPS spectrum of Argyres-Douglas
theory via spectral network”
Speaker: Chan Y. Park (Caltech)
Date: Sep 10, 2013

“SUSY searches based on long-
lived particle signatures at the LHC”
Speaker: Shimpei Yamamoto
(ICEPP/CERN)

Date: Sep 11, 2013

“Affine Artin groups”

Speaker: Todor Eliseev Milanov
(Kavli IPMU)

Date: Sep 12, 2013

“Spectra of coset sigma models”
Speaker: Vladimir Mitev (Humboldt U)
Date: Sep 17, 2013

“Calabi-Yau 3-folds with infinite
fundamental group and mirror
symmetry”

Speaker: Atsushi Kanazawa (U of
British Columbia)

Date: Sep 24, 2013

50. “Electroweak Baryogenesis beyond
the high temperature expansion”
Speaker: Ran Huo (Kavli IPMU)
Date: Sep 25, 2013

51. “Reconstruction and convergence
results in quantum K-theory”
Speaker: Valentin Tonita (Kavli IPMU)
Date: Sep 26, 2013

Kavli IPMU Komaba Seminars

1. “Elliptic genera and two
dimensional gauge theories”
Speaker: Richard Eager (Kavli IPMU)
Date: Jul 08, 2013

2. "Homological Mirror Symmetry for
toric Calabi-Yau varieties”

Speaker: Daniel Pomerleano (Kavli
IPMU)
Date: Jul 17, 2013

Personnel Changes

Reappointment
Former Kavli IPMU
Postdoctoral Fellow
Yu Nakayama was
reappointed on
February 1, 2013. He
told “I've returned to
Kavli IPMU after
my one-year leave at Caltech.
My recent research interest is the
renormalization group and the
structure of space-time. I'm also an
editor for IJIMPA and MPLA. | welcome
your submission for publication from
Kavli IPMU."

Yu Nakayama

Moving Out

The following people left the Kavli
IPMU to work at other institutes. Their
time at the Kavli IPMU is shown in
square brackets.

Chang-Kee Jung [January 16, 2013
— August 31, 2013] has been on a
leave of absence from Stony Brook
University, and has served as a Kavli

IPMU Professor during this period.

Kavli IPMU Associate Professor
Keiichi Maeda [December 16, 2007
— December 15, 2012 as an IPMU
Assistant Professor, and then — August
31,2013 as a Kavli IPMU Associate
Professor] moved to the Graduate
School of Science, Kyoto University as
an Associate Professor.

Kavli IPMU Assistant Professor
Masamune Oguri [April 16, 2011
— August 15, 2013] moved to the
Department Physics, the University of
Tokyo as an Assistant Professor.

Kavli IPMU Assistant Professor
Masahito Yamazaki [June 1, 2013
— August 31, 2013] moved to the
Institute for Advanced Study as a
postdoctoral member. (He will be
reappointed as a Kavli IPMU Assistant
Professor in a year.)

Kavli IPMU postdoctoral fellow
Yoshiki Oshima [April 1, 2013 —
August 31, 2013] moved to the
Institute for Advanced Study as
a postdoctoral member. (He will
be reappointed as a Kavli IPMU
postdoctoral fellow in a year.)

Kavli IPMU postdoctoral fellow
Hanindyo Kuncarayakti [April 1,

2013 - July 30, 2013] moved to the
University of Chile as a postdoctoral
fellow.

Kavli IPMU postdoctoral fellow
Charles Steinhardt [September 1,
2010 — Augusut 31, 2013] moved to
California Institute of Technology as a
postdoctoral scholar.

Kavli IPMU postdoctoral fellow
Emir Gumrukcuoglu [September 10,
2010 — September 30, 2013] moved
to the University of Nottingham as a
postdoctoral researcher.

Kavli IPMU postdoctoral fellow
Brian Feldstein [September 1, 2010
— September 30, 2013] moved to
the University of Cambridge as a
postdoctoral fellow.
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Solar Neutrinos
Masayuki Nakahata

Principal Investigator of Kavli IPMU

Around 1970, the Homestake experiment conducted by R. Davis et al. suggested that
the observed solar neutrino flux is smaller than that expected from the standard solar
model, which had been called “the solar neutrino problem”. In 1988, the Kamiokande
experiment confirmed the problem using neutrino-electron scattering with the real time
experiment. The solar neutrino problem was eventually solved in July 2001 by comparing
the fluxes measured by the SNO experiment at Canada and the Super-Kamiokande(SK).
It was found that the solution to the problem is neutrino oscillations. Precise observation
of solar neutrinos has been continuously running at SK. Recently, it was observed that
the nighttime flux is a few percent larger than the daytime flux because of the matter
effect of the earth. And SK is now trying to observe the energy spectrum distortion due
to the matter effect in the sun.
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