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Particle Physics

o Fundamental Interactions of Nature
e Strong interaction : su(3) Lie algebra
e Weak interaction : su(2) Lie algebra
o Electromagnetic interaction : u(1) Lie algebra
o Gravitation theory : Geometric deformation of the univers

@ Gauge Theories
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Cartan matrices

Secrets of Nature are hidden in Lie algebra structures J

The main problem is the gravity theory J

M. Green, J. Schwarz and E. Witten, Superstring Theory, 2 Vols.,
Cambridge U.P.1987.
A. Belhaj, Introduction to String Theory, arXiv:0808.2957.
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The action of the classical theory

1 oOXHFoX, OXHoX,
/dT 0(87' or  do 80)

2ma!

Quantum theory

@ The quantization gives

(8uvs Buvy Ay 6, -....)
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@ Two configurations
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© Heterotic superstring theory with Eg x Eg gauge group
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@ Four dimensional models
RLD*I N R1,3 % XD74

XP~=4=(D — 4)-dimensional compact manifolds.
@ String theory lives in D = 10

e 10= 4+6

@ M-theory lives in D =11
o 11=4+47

© F-theory lives in D =12
o 12=4438
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@ Orbifolds : T°/G, G € SU(3)
@ Hypersurfaces in CP*(zy, 25, 23, 4, z5) projective space

Ps(z1,22,23,24,25) = 0

© Hypersurfaces in toric varieties, using toric geometry method.
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QT ..
@ G, manifolds (Standard model)
@ G manifolds
@ 7-dimensional real manifolds
@ G, holonomy group
© Special 3-form
w = f,'jkdX,'dXJ'ka

e Octonian algebra
titj = —0j + fiitx
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© D-brane physics

@ 2001 : Intersecting branes : Madrid group
@ Intersection theory
@ D-brane physics

@ 2008 : New method based on F-theory : Vafa group
@ F-theory
@ Varieties with elliptic fibrations.

D. Joyce, Compact Manifolds with Special Holonomy, Oxford U.P. 2000.
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