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same time, although there had been some earlier work
in statistics, its underlying mathematical structure was
developed by Chinese mathematician Hua. Since then
random matrix theory has been applied to many fields
including mesoscopic physics, topological insulators,
Dirac spectra in quantum chromodynamics, string
theory, and quantitative finance.

FALL 2015
PROGRAMS,
WORKSHOPS &
SEMINARS

T

he 2015-16 academic year has been off to a great
start with new developments in the Simons
Center for Geometry and Physics. This fall the
Center had two semester-long programs. The first one
was Moduli Spaces and Singularities in Algebraic and
Riemannian Geometry organized by Simon Donaldson
(Simons Center), Henry Guenancia (Stony Brook),
Hans-Joachim Hein (Maryland), Radu Laza (Stony
Brook), Yuji Odaka (Kyoto), Song Sun (Stony Brook),
and Valentino Tosatti (Northwestern). It ran from
August 17 to November 20, 2015.
The over-arching theme of the moduli spaces
program was the interaction between two different
approaches to geometry: one based on algebra and
one on calculus. Over the last decade there have been
fundamental advances on both the algebro-geometric
and differential geometric sides, opening up new
vistas, which formed the background for the program
activity in the Simons Center for Geometry and Physics.
The program attracted many experts in both areas of
the study leading to significant new interactions and
understanding of these different points of view.  There
has been a regular series of seminars over the period,
with extra concentrations of activity in the weeks of
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related workshops. The series of Simons Lectures in the
Mathematics Department by János Kollár, which ran
October 20–22, were also very closely fitting with the
program.
In addition to the weekly seminars, three workshops
coincided with the Moduli Spaces Program. The first
one, Collapsing Calabi-Yau Manifolds (August 31 September 4), was a large activity concentrating on
Calabi-Yau manifolds and particularly on the GrossSiebert approach to “large complex structure limits”.
The program was fortunate to have Helge Ruddat (JGU
Mainz) give a series of introductory lectures in the
week prior to the workshop, which helped establish
the background for the more specialized talks in this
exciting area. The other two workshops were organized
on a smaller scale, with about 10 visitors in each. The
Toric Kahler Geometry workshop (October 5-9), had
a focus on the differential geometry of toric manifolds
and a series of talks by Bohui Chen, An-Min Li, and
Li Sheng (Sichuan) on their work on toric extremal
metrics. The final workshop, Riemannian Convergence
Theory (November 9-13), had a differential geometric
focus on singularity formation in Riemannian
geometry.
Foundations and Applications of Random Matrix Theory
in Math and Physics was the second program this
semester, organized by Alexei Borodin (MIT), Peter
Forrester (Melbourne), Yan Fyodorov (Queen Mary),
Alice Guionnet (MIT), Jon Keating (Bristol), Mario
Kieburg (Bielefeld), and Jacobus Verbaarschot (Stony
Brook). It ran from August 24 to December 18, 2015.
Since its inception, random matrix theory has been at
the interface of mathematics and physics. It was applied
to nuclear physics by Wigner in 1952 and around the

One of the aims of this program was to bring together
mathematicians and physicists working in the area
of random matrix theory. On a weekly basis there
were three seminar talks and over the course of the
semester there were two associated workshops. The first
workshop, Random Matrices, Random Growth Processes
and Statistical Physics (September 7–11), focused on
mathematical aspects of random matrix theory, mainly
Tracy-Widom distribution. The second workshop,
Physics, Random Matrix Theory and Topology
(November 2–6), focused on the applications to physics,
with connections to topology as its main emphasis.

CONVERSATION WITH
NIGEL HITCHIN
Savilian Professor of Geometry,
University of Oxford.
Interview by Maria Shtilmark

Y

our first encounter with Stony Brook
occurred in 1983, when your interest in
hyperkähler geometry “was dominated by
the twistor approach”.1 In 2012 you co-organized
the Hyperkähler Geometry workshop at the Simons
Center. Could you compare the subject’s present
state of the art to that in 1983?
Actually the workshop was dominated by Hurricane
Sandy. I was evacuated from the house that the Center
had put me in and moved to the Three Village Inn in
Stony Brook on the grounds that at least I could walk
to the Simons Center. Most of the participants were at
Danford’s Inn in Port Jefferson and after the storm we
were both cut off from SCGP (and each other) so the
talks were held in Danford’s Inn with, I believe, candles
and takeout pizza. The Director became a house guest
The Many Facets of Geometry. A Tribute to Nigel Hitchin. Edited by Oscar
Garcia-Prada, Jean-Pierre Bourguignon and Simon Salamon. Oxford University
Press, 2010. Pg.4.

1

One of the themes of the Foundations and Applications
of Random Matrix Theory in Mathematics and Physics
program has been to connect very diverse phenomena
using the language of random matrix theory. Among
others, the program has held seminar talks on random
tilings, the theory of L-functions, products of random
matrices, band matrices, topological insulators, and
cross sections in nuclear physics. Other work of the
program has been inspired by such subjects as the
application of Zirnbauer’s color-flavor transformation
to quantum chromodynamics and the structure of the
density matrix in quantum information. Despite the
broad spectra of topics the program experienced lively
discussions that continued over lunch after seminars
ended, which, in several cases, was the starting point of
new collaborations.
All talks have been video recorded and are available on
Simons Center’s new video portal at: scgp.stonybrook.
edu/video_portal.
of one of the other organizers. After a couple of days we
all got back to the University where mercifully they had
power.
To their credit, the staff at the Center did a wonderful
job providing some form of hot meals (and hot water—
the sight of eminent mathematicians queuing outside
the washroom, holding towels and waiting for a shower
was notable!).
Mathematically the emphasis in 2012 was on algebraic
geometry and Lagrangian fibrations—on the study of
compact examples supporting these metrics. In 1983
we were developing tools for constructing the actual
metrics, but on non-compact examples.
Another event at the Center was The Complex
Geometry Program in 2011, when you stayed in
residence for the entire semester. Could you share
some memories about that?
This was where I and my family were provided with a
house overlooking the water close to where we stayed in
1983. It brought back memories and indeed we renewed
acquaintance with our next door neighbour after 28
years. Sir Michael Atiyah was also visiting for a couple
of months and I spent many mornings in discussion
with him and with Claude Lebrun from the Math
Department. I got a good feel for how the Center caters
for long-term visitors, where there is time to gradually
let ideas evolve rather than the hurried exchanges that
occur in workshops.
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is compatible with what you already know. I suppose
one example are the Higgs bundle equations – gaugetheoretic equations on a Riemann surface which in 1983
I was convinced had a future, if only that they were
analogues of the monopole and instanton equations I
had worked on earlier. But it was the link with minimal
surfaces (actually not quite the same equations) that
kept me going. Once I could see that the 19th century
result on associated families was the same as the twistor
approach I was familiar with, I could start investigating
in earnest.
I suppose another example is my earlier work on
magnetic monopoles where I was convinced that the
complex structure on the space of straight lines in
Euclidean space was the right framework. Probing
around I could see that minimal surfaces again had a
natural role here (I didn’t realize at the time that it was
a geometric reformulation of Weierstrass’s theorem in
1866!) and that made me realize that it was a profitable,
and natural, approach to pursue.

Nigel Hitchin. Photo by Elyce Winters
(...Continued)
As one of the Simons Center’s trustees, how do you
see the role of the Center? Any future programs
caught your eye? Does the Center feel even closer to
you now that one of your numerous notable former
research students, Simon Donaldson, is here?
Geometry and theoretical physics have always
complemented each other and more so in the last 40
years, as I know in my own research. Despite their
increasing proximity, it is still true that mathematicians
and physicists develop with different sets of intuitions.
Research often involves analogies with known areas
and if you are familiar with, for example, quantum
field theory from your student days, it gives a different
window on pieces of mathematics from someone like
me with a conventional mathematical training. But
conversely, mathematicians are equipped with the
formal knowledge of many abstract areas which when
applied to a problem coming from physics can yield
new techniques and suggested avenues of research.
What is important for the Center is to find individuals
who have the patience to explain things in a way which
crosses the borders and have the imagination and talent
to capitalize on that exchange of ideas. Permanent
members form the core of this activity, but they also
provide part of the background atmosphere in which
young researchers can probe and invent new areas.
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I was very pleased when Simon Donaldson joined
the Center—even a few words over lunch during the
Trustees’ meeting can convey something of the areas he
is thinking about at the moment, and which will surely
mature into something big.
There are two workshops coming up I hope to be
involved with. One is Generalized Geometry2 where I am
one of the organizers, and another is on Higgs bundles3.
Both in fact have their roots in what I was thinking
about in Stony Brook all those years ago.
Could you speak a little about the ‘Miss Marple’
approach? (“...seeking to learn about an area
of mathematics by seeing how it impinges on a
particular problem, which by itself might seem
unimportant”4)? What are the most favorite
examples?
You know, when Miss Marple is faced with a murder
to solve, she always refers back to some relatively
trivial issue in her home village of St. Mary Mead. My
approach to research is usually based on understanding
how relatively simple examples or features can represent
in miniature far more general theories, if looked at
in a novel way. You need both the vision to attempt
something new but also the confidence to see that it
Generalized Geometry & T-dualities: May 9 -13, 2016
New Perspectives on Higgs Bundles, Branes and Quantization: June 13 – 17, 2016
4
The Many Facets of Geometry, pg.8.
2
3

String theory provides an abundance of
mathematical challenges. Do you think other
physics disciplines could develop stronger
interaction with mathematics?
This is the perennial question. I think it requires
exceptional individuals to make it work and we have
been fortunate in having people such as Edward Witten
in string theory talking to us mathematicians over
the past four decades. It’s an important question for
the Center too, not to be type-cast in the long term.
Currently the most important thing is to produce
excellent science, whatever the subject.
How important in science is taste?
I think the communication of ideas is the most
important aspect, and it is made easier if the two people
involved have the same taste. I can recognize that there
are areas of mathematics which are vitally important
but I know I can make no contribution there because
they are not to my taste. This is partly because of the
choices I made in my education, but every individual
looks at things in a different way and I see no harm
in that if it means you do better work and present it
more convincingly. Of course not everything you do in
writing a paper is necessarily attractive or tasteful—
you sometimes have to make compromises and get
your hands dirty—but if the result is natural, easily
understood and useful in some context one usually feels
it was worthwhile.

What else, besides physics, helps you in the process
of mathematical research?
I am attracted by simply-stated questions about very
concrete objects which nevertheless have a trail which
leads back into some serious mathematics. I wrote
a paper a few years ago about nodal sets of spherical
harmonics and the icosahedron which was really a
question about vector bundles on elliptic curves. Or the
paper I wrote about Poncelet’s theorem and Einstein’s
equations. The first paper was an observation which as
far as I know has never been used, the second actually
provided the basis for a new example of a positively
curved manifold. Something in a completely different
area.
You mention your interest in cinema—what is
your opinion on the recent filmmakers’ interest in
science, and did you enjoy its results, such as The
Theory of Everything or The Imitation Game?
When a scientist reads a newspaper report about
something he or she knows it inevitably is wrong
on several accounts, and that’s why I don’t really
like biopics about mathematicians. I didn’t like The
Imitation Game because it seemed to suggest that
everything was done by Turing and his close circle
when there were thousands at work in Bletchley Park.
I began to learn about this from my undergraduate
mathematics tutor at Jesus College before everything
became publicly known. What the film did do for me
was to make me read the biography of Turing written by
my colleague Andrew Hodges which is very good5.
I did like The Theory of Everything, though Roger
Penrose here in Oxford (who is portrayed in the film)
told me all about the facts they got wrong (“that lecture
was not in London”, “I wasn’t there at that time”).
In Cambridge I shared a College room with Stephen
Hawking and knew him quite well, which meant that
I found Eddie Redmayne’s portrayal of him utterly
amazing. It also made a good story, since there was a
coherent view—that of his wife.
So, I don’t really go to the cinema for science or science
fiction. Except maybe when Woody Allen quotes the
second law of thermodynamics! (Twice in fact: “Hannah
and her Sisters6” and “Whatever Works7”).
Hodges, Andrew. “Alan Turing: The Enigma”. Burnett Books, 1983.
Hannah and Her Sisters. Dir. Woody Allen. Perf. Woody Allen, Mia Farrow,
Dianne West, Michael Caine. MGM, 1986.
7
Whatever Works. Dir. Woody Allen. Perf. Larry David, Evan Rachel Wood. Sony
Pictures Classics, 2009.
5
6
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THE HIDDEN MESSAGE
OF GEOMETRY AND
PHYSICS OF PINE
CONES1
By Nikita Nekrasov, Professor
Simons Center for Geometry and
Physics

T

he very existence of life as we know it is based
on a few seemingly fine-tuned coincidences
between the parameters determining the
strength of fundamental interactions. One of such
remarkable coincidences is the existence of a resonance
state in carbon-12, due to which a triple of alpha
particles (nuclei of helium) can fuse in the interior of
stars to give rise to most of the carbon in the Universe.
Since organic chemistry is based on carbon, and we
as living beings are based on organic chemistry, the
fact that a tiny change in the energy of resonance state
would lead to the disappearance of most of the periodic
table of elements seems like a hint from heaven.

of the set of parameters of the Standard Model (the
theory describing electroweak interactions, responsible
for electricity, magnetism, light and β-decay). For
example, the strength of the electromagnetic force
at low energies is characterized by the fine structure
constant α ≈ 1/137. The fact that it is much less then 1
helps physicists do the calculations involving electrons
and photons. But why is it so small? And what is the
significance of number 137? Also, it turns out that the
strength of electromagnetic force (and every other
force observed in Nature) depends on the distance and
the characteristic energy. So why is α ≈ 1/137 for the
purposes of the organic chemistry? Another prominent
example of the unexplained constant is the value of
the cosmological constant, Λ. It determines the rate
at which galaxies run away from each other due to the
expansion of the Universe.
In most models of theoretical physics the parameters,
such as α or Λ, were chosen by Nature spontaneously,

Based on the lecture “From Pine Cones to Pin Codes” given by the author at
the SigmaCamp in August 2015. SigmaCamp is a summer camp, with faculty
attending mostly from the Stony Brook University and Brookhaven National
Laboratory, as well as from NYU, MIT, UPenn, and IHES. In 2015 it welcomed
more than hundred science-curious children aged 12-16 from all over the globe.
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It seems hopeless to find a principle selecting one
set of such parameters over another. This led some
physicists and philosophers to abandon the quest for
understanding the origin of the parameters of Nature,
resorting to the so-called anthropic principle: these
parameters are such that the sufficiently complex
organic life is possible to form to observe these
parameters. In some versions there is not one Universe,
but rather a multitude of co-existing multi-verses, with
different physics in different baby universes, and we
happen to be in one, in which we can exist.
Yet Nature might be giving us other hints as to why it
prefers some parameters to have their observed values
over possible others.
In 200BC Indian mathematicians tried to measure
poetry by numbers. They were enumerating possible
patterns built out of two types of syllables (long and
short in duration) and arrived at a curious sequence of
numbers:
1,1,2,3,5,8,13,21,34,…

Physicists working out the details of the microscopic
world eventually face the questions of the naturalness
1

when the Universe was
cooling down after what
seemed like a violent
explosion known as the
Big Bang. Most models
postulate that in addition
to the observed four
spacetime dimensions,
the three dimensions of
space and one time, there
Fig 2. A caricature of a
are six or seven hidden
Calabi-Yau threefold
dimensions, which are
compactified on a special geometric object, a CalabiYau threefold, or a G2 – holonomy manifold. The
simplest example of the Calabi-Yau manifold, although
that of physically unrealistically small dimension,
is the 2-torus. It can be hand-made starting with a
parallelogram and identifying the sides (see Fig. 1). The
geometry of the 2-torus is determined by the lengths
of sides of the parallelogram and the angle between
them. The Calabi-Yau manifolds, which are believed by
some to hold the secrets of the Standard Model physics,
typically have hundreds of such length and angle
parameters.

Fig 1. Making a 2-torus out of a rectangle (pink):
First, glue two opposite sides into a cylinder.
Then, glue together the opposite circle ends of the latter.
Making the skewed rectangle (blue) into a torus by twisting.

Fifteen hundred years later the interest of scientists
turned from counting the number of verses to the
quantity of food. The same sequence of numbers
was found to solve the following problem: how fast

a population of an
idealized family of
rabbits would grow.
The assumption is
that they mate every
month, and produce
a pair of a male and a
female rabbits a month
later. The resulting
sequence of numbers
is now called after
the author of the 1202
treatise on rabbits,
Leonardo of Pisa,
Fig 3. Leonardo da Vinci
known as Fibonacci.
Actually, his book on arithmetic, Liber Abaci, was one
of the first in Europe to use the Hindu-Arabic numbers,
now commonly referred to as simply the Arabic
numbers.
The Fibonacci sequence is presented there as an
example of application of the number system. The rule
for generating this sequence is very simple: each term,
starting with the third, is
the sum of the previous one
and the one before, with
1, 1 as the two first ones.
Fast forward to 1503, when
another Leonardo, da Vinci,
wrote in his notebook that
arrangements of plant leaves
seem to follow the Fibonacci
pattern: the floral petals form
spirals, and the number of
petals along one such spiral
Fig 4. The spiral
contained between two
arrangement of leaves.
vertically displaced petals is
one of the Fibonacci numbers (Fig. 4).
Numerous botanists subsequently observed similar
phyllotactic patterns2. A recent study of pine cones in
Norway showed that 90% of them have the number of
left and right spike spirals given by the two consecutive
Fibonacci numbers, with the remaining 9% following
the sequence of Lucas numbers 2,1,3,4,7… (it is
generated by the same rule as in the Fibonacci case
except that the starting pair is 2,1 instead of 1,1). For
Phyllotaxis is the study of the floral elements, such as petals, leaves, spikes,
arrangements in flowers, plants, pine cones, etc.

2
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(Continued...)

DELLA PIETRA
LECTURE SERIES

example, these numbers
are 8 and 13 on Fig 5.
One can repeat these
experiments with
sunflower seeds and other
plants (Fig. 6-7). Despite
numerous attempts to
explain the Fibonacci
phyllotaxis using
evolutionary, biological or
chemical arguments, the
puzzle remained pretty
strong until the end of
the last century, until
Fig 5.
physicists Levitov (1991)
and Douady and Couder
(1992) and others found both physical arguments and
physical systems exhibiting similar behavior for the
similar reasons.
To present the argument of Levitov let us simplify the
problem by assuming the pine cone has the shape of
a cylinder. The spikes
grow one at a time,
linearly, and arrange
themselves in a spiral
around the cylinder.
Now, the important
physical assumption
Fig 6.
is the hierarchy of
time scales: it takes a long time to grow another spike
(it must contain the seed of a future pine), so during
that time the spikes which are already on the cone
have time to re-arrange themselves so as to minimize
the discomfort, caused by stress. The latter can be
quantified as a sort of energy function, which depends
on the geometry of the arrangement of spikes (Fig. 8).

Fig 7. Spiral arrangement
of seeds on a sunflower
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Mathematically, a sequence
of points on cylinder
aligned along a spiral is the
same thing as a lattice on
a two-plane (Fig. 9). The
latter determines a twotorus, by cutting the plane
along the lattice edges and
identifying the opposite
sides. The idea of Levitov
(which we shall not present

Fig 8. Spike spirals on a pine cone

in full) is that the configuration of spikes minimizes
their mutual discomfort, which can be quantified as the
energy depending on the conformal structure of the
two-torus: the ratio of the lengths of the sides and the
angle between them.
Such energy function, generically, has a minimum for
the tori corresponding to the hexagonal lattices, and
a saddle point for the square lattices. Moreover, the
growth of new spikes acts effectively as the vertical
compressing force. Levitov’s argument: for a fixed area
of a fundamental domain the lattice, which is changing
slowly due to the pressure of the newcoming seeds, rearranges itself, passing near the saddle points and the
local minima of the
energy function.
The numbers of
the spirals change
sequentially
passing through all
the Fibonacci pairs
(m,n) [(n, m+n).
Fig 9. Cylinder with a winding
spiral and its unwrapping: a lattice
on a plane

Returning to the
most important
question of the
inner workings of the Universe, the message hidden in
the shape of the pine cones still needs to be deciphered
further. The numbers of spirals may correspond to
the charges of some extended objects (D-branes in
string theory) wrapping non-contractible cycles in the
internal Calabi-Yau, forcing its shape to assume one
of the attractor values (the local minima of the energy
function). What plays the role of the compressing
force? Perhaps, it is the cosmological expansion of the
Universe?...

T

his past Fall the
Center enjoyed
yet another
sensational addition to
the Della Pietra Lecture
Series, made possible by
a generous donation from
the Della Pietra families.
The series aims to bring
world-renowned scientists
to the Simons Center for
Geometry and Physics
in an ongoing effort to
Dr. Bonnie Bassler
enhance
the Center’s
Photo by Alena Soboleva
intellectual activity and
bring greater awareness
of recent and impactful scientific discoveries to the local
community. Each edition of the series includes a technical
talk, a high school lecture, and a lecture for the general
public.
For this edition of the series, the Center was pleased
to invite the “Bacteria Whisperer,” Dr. Bonnie Bassler,
Squibb Professor in Molecular Biology and Chair of
the Department of Molecular Biology at Princeton
University, to give the lectures. Dr. Bassler is a member
of the National Academy of Sciences and a Fellow of the
American Academy of Arts and Sciences; she has received
special recognition from the World Cultural Council,
was named L’Oreal-UNESCO For Women in Science
Awards Laureate for North America in 2012 and was one
of the American Society for Microbiology’s USA Science
and Engineering Festivals’ Nifty Fifty Speakers in 2010.
This year, Dr. Bassler and Everett Peter Greenberg of the
University of Washington were awarded the Shaw Prize in
Life Science and Medicine for their discovery of quorum
sensing, the topic of her series of lectures.
Dr. Bassler’s visit to the Simons Center began on October
1, 2015 with the high school and general public lectures
titled “How Bacteria Talk To Each Other.” In these lectures,
Dr. Bassler aimed to convince an audience of nearly 250
high school students and teachers, and an audience of
150 members of the community that, despite 400 years of
believing that bacteria were nothing more than single-

minded, asocial recluses, they can in fact communicate
with each other, they are multi-lingual, and that devoting
one’s life to studying bacteria is rewarding.
Dr. Bassler opened her talk by humorously informing her
audience that a human body contains about ten times
more bacterial cells than human cells and in regards to
DNA, a person has 100 times more bacterial genes than

Dr. Bonnie Bassler described quorom sensing to high
school students. Photo by Brianne Schmidt

human genes. She laughed with the audience as she said
“at the best, you’re 10 percent human, but more likely
about one percent human, depending on which of these
metrics you like.”

Bacteria produce and secrete certain signaling
molecules (inducers) as well as detect such
molecules with a receptor. Higher densities produce
more inducers and stimulate a positive feedback
cycle of bacterial communication.
Slide image courtesy of Dr. Bonnie Bassler.

Dr. Bassler went on to describe how bacteria achieve
communication. They secrete small chemical molecules
into the environment for surrounding bacteria to detect.
The detection of these molecules enables them to respond
by determining whether their species is in the majority
or minority. This process of cell-to-cell communication is
called quorum sensing. Quorum sensing allows bacteria
to synchronize their behavior and act as a multi-cellular
organism to complete tasks that they would not be able to
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Pictured: SCGP Professors Simon Donaldson and
Kenji Fukaya, with Deputy Director, Alexander
Abanov, Bonnie Bassler, and Director, John Morgan.
Photo by Brianne Schmidt.

complete individually. Dr. Bassler’s studies disprove what
scientists have believed for centuries, and suggest that
bacteria were in fact the first social creatures on Earth.
Once the audience understood the concept of quorum
sensing, Dr. Bassler shared further studies proving that
bacteria communicate with two different chemical
languages. The first, a chemical language that says “me”,
allows bacteria to communicate with others in their

species, and the second, a language that says “you”, allows
bacteria to achieve interspecies communication. The two
languages allow bacteria to count how many of “me” and
“you” there are and synthesize the information to carry out
a task based on which party is in the majority.
By the end of her lecture the audience was surely
convinced that bacteria could communicate, but how is
devoting one’s life to studying bacteria practical?
Dr. Bassler enthusiastically shared her hopes for the
future, that scientists could interfere with quorum sensing
and create new medicines and antibiotics. Her thoughts
opened the eyes of her audience to the huge implications
that these studies can have on medical science and
engineering. She closed the lecture by encouraging her
younger audience to pursue a life of science, calling it “the
greatest life in the world,” which was followed by a roar
and applause from the audience.
The next edition of the Della Pietra Series will be held
from February 8 - 10, 2016 featuring Professor Tadashi
Tokieda, University of Cambridge.
For more information about this lecture series, or to
watch the videos, please visit: scgp.stonybrook.edu/
archives/17238.
For more information about the Della Pietra Lecture
Series, please visit: scgp.stonybrook.edu/della-pietralecture-series.

PUZZLE TIME xzqtxzqtxzqtxzqtxzqt
THE DRUNKARD AND POLICEMEN
Adapted by Alexander Abanov, Deputy Director, Simons Center for Geometry and Physics

The Drunkard and Policemen

The problem
following
problem isofafamous
modification
the
“drunkard’s
walk”
The following
is a modification
drunkard’sof
walk
problem.
The problem
is puzzle, a famous lore in the mesoscopic physics
he lore in
mesoscopic physics
community.the
It illustrates
of “rare fluctuations”
—important idea in statistical mechanics and solid
community.
It illustrates
conceptthe
of concept
“rare fluctuations”
— an
an important
in statistical
mechanics and
and solid
state physics.
and discussion
stateidea
physics.
Its solution
discussion
willIts
besolution
presented
in the next issue of the SCGP newsletter.
will be presented in the next issue of SCGP news.
PROBLEM:

Problem:

A drunkard
walks
randomly
in The
an idealized
city. infinite
The city
infinite and its streets are arranged in a square
A drunkard
walks randomly
in an
idealized city.
city is e↵ectively
and is
itseffectively
streets
gridin(e.g.,
Manhattan
without Broadway).
At every
intersection,
are arranged
a square
grid (e.g., Manhattan
without Broadway).
At every
intersection,the drunkard chooses one of the four possible
he drunkard
chooses
of theprobability.
four possible routes
equal probability.
Let us assume
routes
withone
equal
Let uswith
assume
that the length
of each block in the city is L and the time it takes for
hat the length of each block in the city L and the time it takes for the drunkard to go
the
drunkard
to
go
from
one
intersection
to
another
is
T
.
The
drunkard keeps wandering until he meets one of
rom one intersection to another is T . The drunkard keeps wandering until he meets one of
the policemen
who are
stationary
and positioned
randomly
at some intersections. Assuming that the fraction of
he policemen
who are stationary
and positioned
randomly
at some intersections.
Assuming
hat the intersections
fraction of intersections
with policemen
is small
andequal
equal c ⌧ 1, compute
compute thethe probability of the drunkard still walking around
with policemen
is small
and
probability
the drunkard
walking
around the city in large time t ⌧ T .
theofcity
in largestill
time
t (t>>T).

PENROSE
TILING
By Anthony Phillips
Professor of Mathematics
Stony Brook University

T

he paving pattern outside the ground entrance to the
Simons Center for Geometry and Physics follows
a design invented by Roger Penrose in the early
1970s; the design comes from his solution to the problem
of finding the smallest number of tile shapes that can only
tile non-periodically: the entire pattern never repeats,
no matter how far it is extended. Starting in 1984, X-ray
diffraction patterns from some minerals, mostly aluminum
alloys, revealed crystalline structures with the local 5-fold
symmetry of this pattern; these are called quasicrystals.

Penrose tiling as seen at the Simons Center for
Geometry and Physics. Photo by Joo Yun Lee
It had long been suspected that more than three dimensions
were necessary for the theoretical analysis of some crystals.
Mathematical confirmation came from the work of Nicolaas
Govert de Bruijn, who proved that a tiling like this one
comes from:
1. Drawing a plane in 5-dimensional space making certain
irrational angles (related to the golden mean) with the
coordinate axes.
2. Approximating that plane with a surface made up of
unit squares, each parallel to one of the ten 2-dimensional
coordinate planes.
3. Projecting that irregular polygonal surface onto the
original plane.
De Bruijn’s work explains the non-periodicity of the Penrose
tiling, the 10 possible shapes that occur (2 rhombuses, each
with 5 orientations), and this optically intriguing feature:
any three tiles around a vertex look like three faces of an
ordinary cube in some perspective (as shown here on the
left); but that perspective cannot be extended beyond those
three.

Remark: It is important to average over the “ensemble”, i.e., possible placements of the
Remark:
It one
is important
to average
over thestarting
“ensemble”,
i.e.,
possible placements of the policemen.
policemen.
Therefore,
might think about
many drunkards
their walks
at various
For example,
might
drunkards
startingafter
their
points throughout
the cityone
and ask
aboutconsider
the fractionmany
of drunkards
who “survived”
timewalks at various points throughout the city and ask
.
about the fraction of drunkards who “survived” after time t.
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Simons Center Gallery. Photo by Joo Yun Lee

THE SIMONS CENTER
GALLERY AND ART PROGRAM

MANFRED MOHR:
PIONEER OF
ALGORITHMIC ART

T

his past Fall the Simons Center Gallery featured
a solo exhibition of work by Manfred Mohr,
internationally acclaimed pioneer of digital
art, which was on view from September 10th through
November 12th, 2015. Curated by Dr. Lorraine Walsh,
Artistic Director and Curator of the Gallery, this
exhibition was honored to feature Mohr’s early digital
drawings, produced at Brookhaven National Laboratory
in 1969, alongside some of Mohr’s newer works, which
were produced specifically for this exhibition. The
approximately 2,000 visitors to the exhibition included
students and faculty from Stony Brook University,
visiting scholars and researchers at the Simons Center
for Geometry and Physics, and local community
members.
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Works on view in the Simons Center Gallery were on
loan from the bitforms gallery in New York City, the
artist himself, and notably, Mohr’s seminal early digital
drawings P-018-mf_1-10, produced at Brookhaven
National Lab, are on loan from the Anne and Michael
Spalter Digital Art Collection. These drawings represent
some of the first digitally executed art ever created.
Manfred Mohr is one of the most celebrated names
in algorithmic art, a visual art of which the design is

Manfred Mohr, (left)P-1640_581 & (right) P-1640_506, 2014,
Pigment-ink on paper, 59 x 44” (150 x 112 cm)
Courtesy of the artist and bitforms gallery, NY.
Photo by Joo Yun Lee

generated from an algorithm. During his talk “Rhythm
to Algorithm” just before the opening reception on
September 10th, Mohr admittedly told his audience that
while his works are not easily understood, they offer an
interesting visual experience.
Mohr spoke in depth about his studies, works, and
inspiration. His career began in the early 1960’s as an
action painter and jazz musician. Enlightened by the
logic behind music, Mohr set out on his mission to
make logical art. Encouraged by other intellectuals
and inspired by technological advances of the time,
Mohr began using the computer as an artistic tool in
the late 1960’s. He taught himself programming and
experimented with algorithms and geometric shapes.
After much trial and error, Mohr found success in 1969
when Dr. Peter Kemmey from Brookhaven National
Laboratory ran his program. Mohr, expressing his
delight, stated, “Dr. Kemmey… sent me some 30
fantastic results. For the first time in my life I saw
something that had never been experienced in an
artistic environment: I could look at multiple results
generated from one and the same logic.”
For Mohr geometry was rational, so he continued to
use mathematics as an artistic tool. Pressing forward he

Manfred Mohr, P-018-mf_1-10, high res computer output, 1969, 12x12cm/each. Photo by Joo Yun Lee

found that he was most fascinated by the cube. Aspects
of the geometric shape have been an inspiration in
many his works. By breaking the symmetry and using
only pieces of the cube in his representations, Mohr
found what he thought to be a whole new world. He
first experimented with two dimensions and has since
expanded his work into hundreds of dimensions.
Over the years Mohr has received many honors and
awards for his work, including the 1990 Golden Nica
from Ars Electronica in Linz, an Artists’ Fellowship
from New York Foundation for the Arts, the d.velop
digital art award [ddaa] for digital pioneering, and most
recently the 2013 ACM SIGGRAPH Distinguished Artist
award for Lifetime Achievement in Digital Art.
The exhibition’s opening reception on September
10th coincided with the Fall 2015 Art Crawl at Stony
Brook University. The Art Crawl is a collaborative
event with other galleries on the Stony Brook campus.
Other events included Mohr’s lecture “From Rhythm
to Algorithm,” Dr. Walsh’s Gallery talks for local high
school and university students, and the lecture by Anne
Spalter and Michael Spalter, from the Anne and Michael
Spalter Digital Art Collection at the exhibition’s closing
reception on November 12th.

Manfred Mohr, P1411-H, parallelResonance, 2009 - 2011.
A computer-generated real time algorithmic animation, LCD
Screen, computer, custom software, Screen: 17.7 x 17.7 x 4.3”
(45 x 45 x 11 cm). Photo by Joo Yun Lee

For more information or to propose an exhibition,
please visit: scgp.stonybrook.edu/art.

15

UPCOMING
EVENTS

SCGP CAFÉ’S
CULINARY MASTER
SERIES
Photo by Bob Giglione

Photo by Paolo Fontana

SCGP CAFÉ PRESENTS		

LAUREN’S HONEY BUTTER BISCUITS
One of my favorite food memories with my wife happened while visiting her brother at Camp Lejeune, North Carolina.
The main road leading to the military base was lined with all of the familiar chain restaurants a homesick Marine
could ask for. We took a short drive into a rural community that catered more to the local palette, and stumbled upon
a biscuit and chicken shop. This recipe recreates the biscuits we had. They are quick and easy to make, and they are
perfect hot out of the oven. - Chef Paolo Fontana

Join us at the SCGP Café on the following dates:

FEBRUARY 9TH 2016
OUR FAVORITE THINGS

METHOD

INGREDIENTS

Preheat oven to 450° Fahrenheit.

Yield: 8 Biscuits

In a large glass or metallic bowl, sift all of the dry ingredients
together. Set aside.

2 Cups 		

All Purpose Flour

4 Teaspoons

Baking Powder

1 Teaspoon

Kosher Salt

1 Teaspoon

Cream of Tartar

½ Cup		

Unsalted Butter, cold

2/3 Cup		

Whole Milk

2 Teaspoons

Sugar

MAY 3RD
SPRING FORWARD

½ Cup		

Honey

For $35.00 per person, you will have a chance to taste
the dishes and enjoy wine pairings. Space is limited so
reserve your spot now!

½ Cup		

Butter, melted

Using a sharp knife, cut butter into small die sized pieces.
Using a hand washing motion, rub butter and flour mixture together
until shaggy, being careful not to overwork and melt butter.
The shaggier, the better.
Add milk, and knead just to incorporate the ingredients. This will
look very uneven and sloppy, but it works.
Using a spoon, ladle a small amount of the batter on a parchment
lined, and greased sheet pan. Bake for approximately 20 minutes or
until very golden brown.
A few minutes before the biscuits are ready, in a heavy bottomed
saucepot, melt the butter and the honey glaze over a low heat. The
mixture should bubble slightly. Be very careful, as this is very hot.
Set aside.
Remove biscuits from oven, let cool for a few minutes, and carefully
drizzle the tops with the glaze. Sprinkle with raw sugar, and enjoy!
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T

he Simons Center for Geometry and Physics
is pleased to announce the 3rd edition of
the Culinary Master Series. The Spring 2016
series will be made up of four themed cooking
demonstrations by Executive Chef, Paolo Fontana.

GLAZE

Like the SCGP Café on Facebook or visit
their website for the daily changing menu:
www.scgpcafe.com

MARCH 8TH
COMFORT FOODS
APRIL 12TH
THE INCREDIBLE EDIBLE EGG

For more information please go to: scgp.stonybrook.
edu/scgp-culinary-master-series.
For questions, call 631-632-2881.

JANUARY – JUNE 2016

WORKSHOPS
Six-vertex Models, Dimers, Shapes, and all
that: March 14 - 18, 2016
Flat Holography: April 4 - 8, 2016
Geometry of Quantum States in Condensed
Matter Systems: April 18 - 22, 2016
Generalized Geometry & T-dualities:
May 9 - 13, 2016
Stochastic Partial Differential Equations:
May 16 - 20, 2016
Between Dynamics and Spectral Theory:
June 6 - 10, 2016
New Perspectives on Higgs Bundles, Branes
and Quantization: June 13 - 17, 2016

PROGRAMS
Geometric Representation Theory:
January 4 - 29, 2016
Statistical Mechanics and Combinatorics:
February 15 - April 15, 2016
Complex, P-adic, and Logarithmic Hodge
Theory and Their Applications:
March 6 - April 29, 2016
Geometry of Quantum Hall States:
April 18 - June 17, 2016

GALLERY EXHIBITIONS
Through a Looking Glass:
December 3, 2015 - February 18, 2016
Form and Line: March 3 - April 21, 2016
Buckminster Fuller: May 5 - August 25, 2016

To watch videos of past classes, please go to:
scgp.stonybrook.edu/archives/12752.
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STAFF NEWS
Among the many milestones
in the Center this semester,
some of our faculty and staff
experienced milestones of their
very own. Congratulations to
Research Assistant Professors
Tankut Can and Aliakbar Daemi
on their marriages; Tankut Can
and Annie Toa, surrounded by
family and friends from Turkey
and China, were married on July 31, 2015 in Big Sur, CA.
Aliakbar Daemi and Ghazaleh Ashrafi were also married
this past summer on August 14th, 2015 in Tehran. We’d
also like to congratulate Chef Paolo Fontana and his
wife, Lauren Fontana, on the birth of their baby boy.
Paolo Anthony Danger Fontana was born on August 21,
2015 at 3:34am weighing 9 pounds, 10 ounces and was 21
inches long. Congratulations all!

SCGP Staff: Janell Rodgers, Maria Shtilmark, Lorraine Walsh,
Timothy Young, Melissa Wessler, Brianne Schmidt, Joshua
Klein, Elyce Winters, Teresa DePace, Jason May.
Photo by Bob Giglione

To find out about upcoming events,
get our latest news and updates, join
our mailing list at scgp.stonybrook.
edu/mailing-list.

SCGP SABBATICAL ENRICHMENT PROGRAM
The Simons Center for Geometry and Physics encourages mathematicians and physicists to spend time at
the Center while on sabbatical leave from their faculty positions at home institutes. Visitors to the SCGP
enjoy maximal research freedom and have many opportunities to participate in the activities of the Center
and to collaborate with the Center’s other visitors, faculty, and members of Stony Brook University’s
departments of Math, and Physics and Astronomy.
We invite those interested to contact the SCGP by providing a C.V., an explanation of their reasons for
wanting to visit, desired dates, and their financial needs. Preference will be given to extended visits and to
organizers and participants in the Center’s programs.
Please contact Elyce Winters at ewinters@scgp.stonybrook.edu
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SIMONS CENTER FOR GEOMETRY AND PHYSICS
STONY BROOK UNIVERSITY, STONY BROOK, NY 11794-3636

(631) 632-2800
scgp.stonybrook.edu/contact

