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The goal of the Collaborative Research Group on
String Theory is to incubate significant new research on
string theory.

Elementary particle physics seeks to discover the most
fundamental constituents of nature and the laws which
govern their behavior. Current understanding of funda-
mental physics is in terms of the standard model. This is
a beautiful, enormously successful model which describes
all known particles and gives a partially unified picture
of their interactions. The dynamical framework of the
standard model is quantum field theory.

One of the problems of current interest in fundamental
physics is to explain the origin of the standard model,
particularly the patterns of particles and interactions
seen there and to resolve a subtle mathematical incon-
sistency, the hierarchy problem.

One approach to this is to search for a theory which
lies beyond the standard model and encompasses it. It
is hoped that such a theory would have a more unified
picture of the origin of elementary particles and their in-
teractions. The standard model itself could be regarded
as the first successful step in finding such a theory in that
it describes the current non-gravitational interactions as
gauge field theories and contains a true unification of the
electromagnetic interactions and the weak nuclear force.
The hope is that identification of the correct unified the-
ory would resolve some of the remaining puzzles of the
standard model.

Another long-standing problem is to understand gravi-
tational interactions in regimes where quantum mechan-
ical effects would be important. The present model of
gravity is Einstein’s general theory of relativity which is
a classical field theory. The problem of quantum gravity
which asks how to reconcile general relativity with quan-
tum theory has vexed theorists for over half of a century.

String theory is dynamical framework which could si-
multaneously address both of these problems. It is appar-
ently a consistent theory of quantum gravity. It also has
solutions with structures tantalizingly close to the stan-
dard model of elementary particle physics. Its promise
and excitement have captured the attention of a large
fraction of the world’s community of theoretical particle
physicists for the past twenty years.

Theoretical particle physics is well represented in
Canada with many institutions having a long tradition
for research in the subject. On the other hand, although
it has been a major research area in the international
arena for some time, string theory is a relatively new
subject for Canada. Following recent faculty hiring ini-

tiatives, there are now groups of string theorists at the
University of British Columbia, the University of Toronto
and the Perimeter Institute, as well as a number of peo-
ple with interests close to the subject in other institutions
nationwide.

Part of the mandate of the Collaborative Research
Group on String Theory is to nurture this nascent group
of string theorists. It has the aim of seeding collaborative
research both at a national and international level and in
helping Canadian string theorists to exposit the results
of their research to the international community. The
Schools, Workshops and Conferences in particular serve
these goals while raising the profile of Canadian groups
in the international community.

Another essential goal of the program is to expose syn-
ergy between string and particle theory and other fields
of physics, most notably cosmology and condensed mat-
ter physics. String theory, being a theory of quantum
gravity has obvious applications to cosmology where it
makes predictions about the initial state of the universe.
In fact, understanding how string theory dynamics of the
initial state might be printed on the present cosmos is
now one of the best suggestions for detecting observable
manifestations of strings. Theoretical condensed matter
physics and string theory have a large number of com-
mon mathematical techniques, particularly in conformal
field theory and the study of dissipative systems. This
overlap has not been exploited to any great extent so far
and it is a direction in where the program can make an
important contribution.

The benefits of this program are many. As an at-
tractive asset of the local environment, the infrastruc-
ture assembled by the Collaborative Research Group has
been instrumental in recruiting and the excellent ap-
pointments of junior faculty made at the University of
British Columbia over the past five years. In string
theory, these are assistant professors Moshe Rozali and
Joanna Karxzmarek and CRC chair Mark van Raams-
donk (who is also a Sloan Fellow). These researchers form
the core of the UBC node of this group. The existence of
the CRG also played a role in attracting Andreas Karch
to the University of Washington. Andreas continues to
be an enthusiastic participant in the programs.

The second great benefit of the Collaborative Research
Group infrastructure has been the enhanced educational
environment for graduate students and postdoctoral fel-
lows that the activity generates. Both the UBC and
University of Alberta group have produced outstanding
Ph.D. graduates during the last few years. Also, the suc-



cess rate of postdoctoral fellows who have been involved
in the program in finding faculty jobs is high.

Conferences, Workshops and Schools

The Collaborative Research Group on String Theory
has organized a significant number of workshops, confer-
ences and schools. The main aim of these events is the ef-
ficient dissemination of novel research results and the en-
couragement of collaborative research. A secondary pur-
pose is to bring together the string theorists in the Cana-
dian community, to encourage synergy between their re-
search programs and to enhance their profile in the in-
ternational community by sponsoring world class events.
This activity has been made possible through the gen-
erous funding of PIMS, who supported it as a “Period
of Concentration in String Theory” between the years
2003-2005. Since then, PIMS has continued to support
this group through their contribution to the funding for
the series of Summer Schools.

e Pacific Northwest String Seminar,

— March 2001

— March 2002, Vancouver

— November 2003, Vancouver

— December 2003, Seattle Washington
— January 2005, Vancouver

The Pacific Northwest String Seminar is a small
meeting which has been held on either the campus
of the University of British Columbia or the Uni-
versity of Washington. It is usually over a week-
end, during the academic year. It consists of be-
tween 5 and 10 one-hour seminars, mostly by in-
vited speakers, about recent developments in string
theory. The prime purpose of these meetings is to
update and inform the string theory researchers in
the collaborative research group, particularly grad-
uate students and postdoctoral Fellows working in
the Vancouver and Seattle areas, about the latest
results in the field. These events typically cost 5000
dollars and have been supported by PIMS with
some help from other sources, such as the PITP.

e APCTP Winter School,

— Pohang, Korea, December, 2001.
— Peongchang, Korea, February, 2002
— Seoul, Korea, February, 2005

The APCTP Winter Schools have occurred dur-
ing the past several years, typically for a week in
mid-Winter in Korea. They are aimed at educat-
ing young researchers, graduate students and post-
doctoral fellows and they draw students from Asia,

mainly, Korea, China, Taiwan and Japan. With the
help of PIMS, we have managed to have a strong
presence there a number of times. G. Semenoff,
G. Grignani, R. Myers, M. van Raamsdonk and
M. Rozali as well as other senior members of the
collaborative research group have been speakers at
the school on at least one occasion. A number
of graduate students and postdoctoral fellows from
Canada have been able to attend this school. Fi-
nancial support from this program comes almost
entirely from the Asia Pacific Center for Theoreti-
cal Physics and the Korean Institute for Advanced
Study, both based in Korea. Members of the col-
laborative research group, G. Semenoff, Taejin Lee
and S. Nam are also organizers of the string pro-
gram at the APCTP. Travel expenses of some stu-
dents from Canada to attend the school were paid
by PIMS.

e Summer Schools on “Strings, Gravity, Cosmology”

— July 2003, Vancouver
— August 2004, Vancouver

— June 2005, Perimeter Institute, Waterloo, On-
tario.

— August 2006, Vancouver

— Planned for Summer 2007, Perimeter Insti-
tute, Waterloo.
These summer schools are our major event.
They are a two-week long training program
consisting of approximately sixty hours of lec-
tures by prominent experts on the latest devel-
opments in string theory and are intended for
young researchers. They have drawn students
from the U.S. as well as Europe, Asia and
Canada. The attendance is limited to eighty
students and in the past two years they have
been heavily oversubscribed. Financial sup-
port totalling about 50,000 dollars comes from
PIMS (10,000), APCTP (15,000), Perimeter
Institute (10,000), PITP (10,000), Institute
for Particle Physics (IPP) (2500) the Depart-
ment of Physics and Astronomy and the Fac-
ulty of Science of UBC (5000) and some other
sources. These events have been enormously
successful. As a pedagogical venue in an ad-
vanced field like String Theory, they have no
real competitors on the North American Con-
tinent. They have therefore been able to draw
the very best speakers and students from ma-
jor institutions worldwide. They are now es-
tablished as a series of events that students
look forward to each year.

e Frontiers of Mathematical Physics Summer Work-

shops

— “Particles, Fields and Strings”, Simon Fraser
University, Burnaby, BC, August 2001.



— Braneworlds and Supersymmetry, July, 2002,
Vancouver
Before we had Summer Schools, our major
Summer event were research workshops. They
occurred each year between 1994 and 2002 and
involved top physicists from the string the-
ory and theoretical particle physicists from the
international community speaking about and
collaborating on their ongoing research. Fi-
nancial support came from PIMS (15,000), the
Perimeter Institute (15,000) and the APCTP
(15,000).

e Five-day workshops at the Banff International Re-
search Station (BIRS)

— “Recent Developments in String Theory”,

March, 2003

— “New Horizons in String Cosmology”, June,
2004.

— “Developments in String Theory”, February,
2006.

These are high profile events located at the new
Banff International Research Station. Our “Recent
Developments in String Theory” workshop was the
first ever five-day meeting at that institution. All
of our workshops there have been extremely suc-
cessful. They attract the elite of the world’s string
theorists and cosmologists as participants. They
had an intense program of seminars and sessions
meant to encourage discussion and collaborative
work. These workshops have become well known
in the worldwide community as one of the best
places for the dissemination of new results and a
unique atmosphere which encourages informal dis-
cussions. Financial support for local expenses were
borne by BIRS. Some support for travel was ob-
tained from the Canadian Institute for Advanced
Research (CIAR), the Institute for Particle Physics
(IPP) and the National Science Foundation (NSF).

e “String Field Camp”, Focused Research Group
at the Banff International Research Station, July,
2004

This was a small gathering of 10 people who spent
two weeks in Banff collaborating on research in
string theory. It brought together researchers from
Eastern and Western Canada, Japan, Korea and
the United States. It was intended to encourage
research contacts between scientists in Canada and
the Pacific rim region and it was quite successful
in doing so. A number of research papers have
resulted, including some good collaborative work.
Financial support for local expenses was supplied
by BIRS. Encouraged by our success this time,
Amanda Peet (U. of Toronto) and I have proposed
to hold another focused research group next Sum-
mer. Participants in the 2004 event were:

— Yoshi Kitazawa, KEK Lab, Japan
— Yutaka Matsuo, University of Tokyo, Japan
— Taejin Lee, APCTP, Seoul, Korea

— David Berenstein, University of California
Santa Barbara

— Anastasia Volovich, KITP, Santa Barbara
— Marcus Spradlin, KITP, Santa Barbara

— Gordon Semenoff, UBC

— Mark van Raamsdonk, UBC

— Andre Mikhailov, Caltech

— Amanda Peet, University of Toronto

— Washington Taylor, MIT

— Shiraz Minwalla, Harvard University/Tata In-
stitute

PIMS Postdoctoral Fellows

e Konstantin Zarembo (UBC) (Professor at Uppsala
University)

e Sumati Surya (Alberta) (faculty, Raman Research
Inst., Bangalore)

e Kazuyuki Furuuchi (UBC) (now at Taiwan Na-
tional University)

e Udi Schreiber (UBC) (financial industry)
e Dominic Brecher (UBC) (financial industry)

e J. Rasmussen (Lethbridge) (now at Melbourne Uni-
versity)

e Vardarajan Suneeta (Alberta) (now at New
Brunswick U.)

The activities of this collaborative research group have
been greatly enhanced by the presence of a number of
PIMS Postdoctoral Fellows.

Other Postdoctoral Fellows

e Domingo Luis-Martinez (UBC) (now faculty at
UBC Science 1)

e Andre Dubin (UBC) (senior scientific staff, ITEP,
Moscow)

e Roberto Scipioni (UBC) (material science at Ox-
ford University)

e Emil Akhmedov (UBC) (senior scientific staff,
ITEP, Moscow)

e Paul Koerber (UBC) (research position at Max
Planck Institute, Munich)



e Kazumi Okuyama (UBC) (permanent faculty posi-
tion in Japan)

e Todd Oliynyk (Alberta) (now at Max Planck Insti-
tute, Potsdam)

e Mohammad Akbar (Alberta)

Graduate Students
UBC:
Philip de Boer M.Sc.
industry
Henry Ling, M.Sc. 2003. Ph.D. student at UBC
Mark Laidlaw, Ph.D. 2004. Lecturer at University of
Victoria
Donovan Young, M.Sc. 2003, Ph.D. student at UBC
Bojan Ramadanovic, M.Sc. 2003, Ph.D. student at UBC
Shirin Hadizedeh, M.Sc. 2005, Ph.D. student at UBC
Jaffer Gardezi, M.Sc. 2003, Ph.D. student at McMaster
University
Matheson Longton, M.Sc. 2006
Matthew Hasselfield, M.Sc. 2006
Simon Yewchuk, M.Sc. 2006
Brian Shieh, M.Sc. 2004, Ph.D. student at UBC

2002, Ph.D. 2005. financial

University of Alberta
Murarri Vasevudean, Ph.D. 2006, Postdoc at Stanford.

PIMS Distinguished Chairs

e 2003: Ashoke Sen, Harish Chandra Research
Institute, India: Professor Sen gave a series of
lectures on unstable D-branes in July and August
of 2003. All lectures were on the UBC Campus.
He also participated as a lecturer in the Frontiers
of Mathematical Physics Summer School in 2004.

e 2004: Washington Taylor, Massachusetts In-
stitute of Technology, USA: Professor Tay-
lor gave a series of lectures on his work on ma-
trix model formulations of M-theory and on Open
String Field Theory. These lectures took place on
the UBC Campus during July and August of 2005.
He was also a lecture at the Frontiers of Mathemat-
ical Physics Summer School and he participated in
the Focused Research Group at BIRS in July 2004.

Other Distinguished Visitors

e David Gross, (2003) KITP, Santa Barbara
e Lisa Randall (2004,2005), Harvard University

e Hirosi Ooguri (on three occasions 2004,2005,2000),
Caltech

e Nathan Seiberg, (2002) TAS Princeton

e Micheal Duff (2004) Imperial College, London

e John Schwarz (two occasions 2004,2005) Caltech
e Igor Klebanov (2002), Princeton University

e Hermann Verlinde (2005), Princeton University
e Tohru Eguchi (2005), University of Tokyo

e Leonard Susskind (2002,2003,2004,2005), Stanford
University

e Steven Shenker (2005), Stanford University

e Alexandre Polyakov (2001), Princeton University

International Collaborations

The greatest success of the Collaborative Research
Group is in spawning productive collaborative research.
The following are some examples of research collabora-
tions which resulted from activities supported by the
CRG.

e M. van Raamsdonk (UBC), O. Aharony (Weiz-
mann Institute, Isreal), S. Minwalla (Harvard Uni-
versity): This collaboration has generated one sub-
stantial high-impact work on phase transition in
high temperature gauge theory and its mirror in
string theory duals of gauge theory, that is collapse
to black holes [41]. This collaboration was greatly
aided by participation of some of the collaborators
in Banff events as well as a visit of both Shiraz
Minwalla and Ofer Aharony to UBC. The latter
visits were supported by the Period of Concentra-
tion which PIMS awarded the CRG in the period
2003-2005.

e M. Rozali (UBC), K. Okuyama (University of
Chicago), R. Lee (University of Illinois, Urbana):
This collaboration began when Okuyama visited
UBC to participate in a Pacific Northwest String
Seminar. This visit was supported by the Period
of Concentration. It generated a high impact pub-
lication [58] Since then, Okuyama has joined UBC
as a postdoctoral Fellow.

e M. Rozali (UBC), B. Pioline (University of Paris),
M. Berkhooz (Weizmann Institute, Isreal): This
collaboration grew out of a the participation of
Micha Berkooz of the Weizmann Institute in Is-
real as a speaker in the Frontiers of Mathematical
Physics Summer School in 2003. It generated a
very good publication exploring the nature of some



exotic cosmologies which are solutions of string the-
ory [33]. As testament to its importance, it was
presented by Berkhooz in a plenary lecture at the
Strings 2004 conference in Paris in 2004.

M. van Raamsdonk (UBC), A. Volovich, M.
Spradlin (KITP, Santa Barbara): This collabora-
tion resulted from interactions at the BIRS Focused
Research Group which occurred in July, 2004. It
has generated a research paper [63] which is con-
sidered an important input to its subject.

G.W.Semenoff (UBC), Ch. Kristjansen (Niels Bohr
Institute, Copenhagen), J. Plefka, N. Beisert, M.
Staudacher (Albert Einstein Institute, Potsdam):
This collaboration began with Period of Concen-
tration sponsored one-month visits by J. Plefka and
M. Staudacher of the Albert Einstein Institute in
Pottsdam to PIMS in the Spring of 2002 and con-
tinued with a subsequent visit of G. Semenoff to the
Albert Einstein Institute for one month. It pro-
duced a new approach to computing string inter-
actions in string theory on a certain background.
As a measure of its importance, it produced two
100+ citation papers [53, 57]. In fact, the first one
[57] achieved 100 citations within a year of its first
appearance on the hep-th archive, and was among
only six papers in the entire field of elementary par-
ticle physics to have done so at the time.

G. W. Semenoff (UBC), Yu. M. Makeenko, A. Mo-
rozov, A. Marshakov, A. Mironov (ITEP, Moscow),
J. Ambjorn, (Niels Bohr Institute, Copenhagen):
This is a long-time collaboration which has existed
for fifteen years. It has examined various aspects
of random matrix theories and their applications
to gauge field theories and string theory. It has
been supported by visitor fellowships at the Niels
Bohr Institute and a NATO Collaborative Research
Grant. The collaboration occurred in the Summer
of 2003 during a visit by Y. Makeenko to UBC as
a speaker in the Summer School.[26]

G. W. Semenoff (UBC), G. Grignani, V.Forini, M.
Orselli, G. de Risi (University of Perugia, Italy):
This has been an ongoing collaboration for the past
ten years. It focuses on issues in quantum field the-
ory and string theory and has generated a number
of published works [22, 49, 55]. Tt is presently work-
ing on a project in string theory. Financial support
from the Italian INFN and a crucial element of the
collaboration has been a number of visits to PIMS
by G. Grignani and M. Orselli.

G. W. Semenoff (UBC), K. Zarembo (Uppsala,
Sweden): This collaboration has been ongoing for
almost ten years. It began in 1995 with a visit
by G. Semenoff to Moscow where K. Zarembo and
continued when Zarembo joined UBC as a NATO
Postdoctoral Fellow and then a PIMS Postdoctoral

Fellow. It produced a number of results in string
theory [59]. The collaboration has continued at a
slower pace since Zarembo moved to Uppsala Uni-
versity in Sweden in 2002. It presently has some
results which will eventually be published.

G. W. Semenoff, Philip Stamp (UBC), Taejin Lee
(APCTP and Kangwon University, Korea): Fermi-
onization of the rolling Tachyon boundary confor-
mal field theory. We found exact boundary states
for a decaying unstable D-brane and used them to
confirm a number of speculations about the behav-
ior of the system. The work was supported by a
year-long visit of Taejin Lee to PIMS in 2004. With
the participation of Philip Stamp, it was then ex-
tended to cover some condensed matter systems
where the exact solution of the boundary confor-
mal field theory that we found has interesting ap-
plications to the motion of particles in a dissipative

environment.[31][28].

Participants from PIMS Sites

The following is a list of faculty members of the PIMS
member universities who actively participate in this

program.

University of British Columbia

Moshe Rozali

Gordon Semenoff
Mark van Raamsdonk
Joanna Karczmarek
Don Witt

Kristen Schleich

Jim Bryan

University of Alberta

Eric Woolgar

Don Page

Valeri Frolov

Bruce Cambell (Now at Carleton)
Terry Gannon

University of Lethbridge
Mark Walton

University of Washington

Andreas Karch
Matt Strassler
Charles Doran
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