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* The exceptional Lie group E8

Mathematicians Map E8

Mathematicians have mapped the inner workings of one of the most
complicated structures ever studied: the object known as the exceptional
Lie group E8. This achievement is significant both as an advance in ba-
sic knowledge and because of the many connections between E8 and other
areas, including string theory and geometry. The magnitude of the calcu-
lation is staggering: the answer, if written out in tiny print, would cover an
area the size of Manhattan. Mathematicians are known for their solitary
work style, but the assault on E8 is part of a large project bringing together
18 mathematicians from the U.S. and Europe for an intensive four-year col-
laboration. “This is exciting,” said Peter Sarnak, Eugene Higgins Professor
of Mathematics at Princeton University (not affiliated with the project).
“Understanding and classifying the representations of Lie Groups has been
critical to understanding phenomena in many different areas of mathemat-
ics and science including algebra, geometry, number theory, Physics and
Chemistry. This project will be valuable for future mathematicians and
scientists.”

Bigger than the Human Genome
The magnitude of the E8 calculation invites comparison with the Hu-

man Genome Project. The human genome, which contains all the genetic
information of a cell, is less than a gigabyte in size. The result of the E8
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calculation, which contains all the information about E8 and its represen-
tations, is 60 gigabytes in size. That is enough space to store 45 days of
continuous music in MP3 format. While many scientific projects involve
processing large amounts of data, the E8 calculation is very different: the
size of the input is comparatively small, but the answer itself is enormous,
and very dense. Like the Human Genome Project, these results are just
the beginning. According to project leader Jeffrey Adams, “This is ba-
sic research which will have many implications, most of which we don’t
understand yet. Just as the human genome does not instantly give you
a new miracle drug, our results are a basic tool which people will use to
advance research in other areas.” This could have unforeseen implications
in mathematics and physics which do not appear for years. According to
Hermann Nicolai, a director of the Max Planck Institute in Potsdam, Ger-
many (not affiliated with the project), “This is an impressive achievement.
While mathematicians have known for a long time about the beauty and
the uniqueness of E8, we physicists have come to appreciate its exceptional
role only more recently — yet, in our attempts to unify gravity with the
other fundamental forces into a consistent theory of quantum gravity, we
now encounter it at almost every corner! Thus, understanding the inner
workings of E8 is not only a great advance for pure mathematics, but may
also help physicists in their quest for a unified theory.”

The E8 Calculation
The team that produced the E8 calculation began work four years ago.

They meet together at the American Institute of Mathematics every sum-
mer, and in smaller groups throughout the year. Their work requires a
mix of theoretical mathematics and intricate computer programming. Ac-
cording to team member David Vogan from MIT, “The literature on this
subject is very dense and very difficult to understand. Even after we un-
derstood the underlying mathematics it still took more than two years to
implement it on a computer.” And then there came the problem of find-
ing a computer large enough to do the calculation. For another year, the
team worked to make the calculation more efficient, so that it might fit on
existing supercomputers, but it remained just beyond the capacity of the
hardware available to them. The team was contemplating the prospect of
waiting for a larger computer when Noam Elkies of Harvard pointed out
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an ingenious way to perform several small versions of the calculation, each
producing an incomplete version of the answer. These incomplete answers
could be assembled to give the final solution. The cost was having to run
the calculation four times, plus the time to combine the answers. In the
end the calculation took about 77 hours on the supercomputer Sage.

Beautiful Symmetry
At the most basic level, the E8 calculation is an investigation of symme-

try. Mathematicians invented the Lie groups to capture the essence of sym-
metry: underlying any symmetrical object, such as a sphere, is a Lie group.
Lie groups come in families. The classical groups A1, A2, A3, · · ·B1, B2, B3,
· · ·C1, C2, C3, · · · and D1, D2, D3, . . . rise like gentle rolling hills towards
the horizon. Jutting out of this mathematical landscape are the jagged
peaks of the exceptional groups G2, F4, E6, E7 and, towering above them
all, E8. E8 is an extraordinarily complicated group: it is the symmetries
of a particular 57-dimensional object, and E8 itself is 248-dimensional! To
describe the new result requires one more level of abstraction. The ways
that E8 manifests itself as a symmetry group are called representations.
The goal is to describe all the possible representations of E8. These repre-
sentations are extremely complicated, but mathematicians describe them
in terms of basic building blocks. The new result is a complete list of these
building blocks for the representations of E8, and a precise description of
the relations between them, all encoded in a matrix with 205,263,363,600
entries.

The Atlas of Lie Groups Project
The E8 calculation is part of an ambitious project known as the Atlas

of Lie Groups and Representations. The goal of the Atlas project is to
determine the unitary representations of all the Lie groups. This is one of
the great unsolved problems of mathematics, dating from the early 20th
century. The success of the E8 calculation leaves little doubt that the
Atlas team will complete their task. The Atlas team consists of about 20
researchers from the United States and Europe. The core group consists
of Jeffrey Adams (University of Maryland), Dan Barbasch (Cornell), John
Stembridge (University of Michigan), Peter Trapa (University of Utah) ,
Marc van Leeuwen (Poitiers), David Vogan (MIT), and (until his death in
2006) Fokko du Cloux (Lyon).
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More Information:
http://www.liegroups.org/AIM−E8/technicaldetails.html

* Portal de Investigación

La Dot.Lib ha puesto a disposición una bases de datos adicionales a las que
pueden accederse a través de la Biblioteca Electrónica de la SECyT. Para
ello debe ingresarse a la siguiente dirección:

http://www.dotlib.com/portaldeinvestigacion
Las bases de datos Dot.Lib están agrupadas en estas áreas:
- Investigadores Cient́ıficos y Acadêmicos en General
- Salud/Medicina
- Astrof́ısica/Qúımica/Matemática/Computación
- Biociencias/Geociencias/Mineraloǵıa/Oceanografia
- Agricultura/Agronomia/Medio-Ambiente
- História/Sociologia/Politica - Artes/Música/Cine

INVESTIGADORES CIENTÍFICOS Y ACADÉMICOS EN GENERAL

* COS Funding Opportunities: Base de datos que ayuda a acadé-
micos, investigadores y otros a encontrar recursos financieros y fondos para
sus trabajos y instituciones. Contiene más de 22.000 registros, represen-
tando más de 33 billones de Dólares en recursos. Presupuestos disponibles
para todas las áreas. Recursos para diversos propósitos, tales como investi-
gación, colaboración, viajes, desarrollo de hoja de vida, conferencias, becas,
posiciones pos-doctorado, adquisiciones de equipamiento, gastos operacio-
nales. Actualizado diariamente, todas las informaciones verificadas con los
patrocinadores, editadas para la consistencia y optimizada para búsqueda
exacta. Editora CSA.

* COS Scholar Universe: Base de datos más completa para búsqueda
enlazada de expertos. Ofrece búsqueda de cuerpo docente y investigadores
académicos internacionales activos. Investigue más de 1.000.000 de perfiles
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únicos de expertos y organizaciones enlazados a colecciones de documentos
relevantes a través de todas las materias académicas. Editora CSA.

** Papers Invited: Servicio de alertas multidiciplinarios de llamada
para papeles para futuras conferencias y números especiales de publica-
ciones cient́ıficas. Desarrollada para investigadores, sobretodo pos-graduados
y el cuerpo docente. Es especialmente útil para los académicos que están
buscando presentar sus trabajos y desean que éstos sean publicados en
conferencias. Editora CSA.

Más Información: http://www.dotlib.com/portaldeinvestigacion


