Chapter 11

Modern Symmetries and Beyond the Standard
Model

11.1 Introduction

Although the Standard Model has been extraordinarily successful, physicists continue to search for
deeper symmetries that may unify all known interactions and explain phenomena beyond the
Standard Model.

11.2 Supersymmetry (SUSY)

Supersymmetry proposes that every fermion has a bosonic partner and every boson has a
fermionic partner. If realized in nature, SUSY could help stabilize the Higgs mass, improve coupling
constant unification, and provide candidates for dark matter.

11.3 Conformal Symmetry

Conformal symmetry extends ordinary scale invariance by preserving angles as well as local
shapes. It plays a central role in conformal field theory, critical phenomena, and the AdS/CFT
correspondence.

11.4 Dualities

Dualities reveal that seemingly different physical theories can describe the same underlying reality.
Examples include electric-magnetic duality, S-duality, T-duality, and mirror symmetry in string
theory.

11.5 Higher-Form Symmetries

Modern quantum field theory has generalized the concept of symmetry beyond point particles.
Higher-form symmetries act on extended objects such as strings, flux tubes, and surfaces,
providing new insights into confinement and topological phases.

11.6 Non-Invertible Symmetries

Recent research has introduced non-invertible symmetries, which cannot always be reversed like
ordinary symmetry transformations. These structures are reshaping modern views of quantum field
theory.

11.7 Emergent Symmetry

Some symmetries are not fundamental but emerge only at low energies or large distances.
Condensed matter systems and effective field theories provide many examples of emergent
symmetry.

11.8 String Theory and Exceptional Groups

String theory naturally incorporates many advanced symmetry concepts, including supersymmetry
and exceptional Lie groups such as E6, E7, and E8. These groups are candidates for deeper
unification.

11.9 Open Questions

Do supersymmetric particles exist? Are higher symmetries fundamental? Can gravity be unified
with the Standard Model? These questions remain at the forefront of theoretical physics.

11.10 Looking Toward the Future



The history of physics suggests that deeper symmetries often lead to broader understanding.
Future discoveries may reveal an even richer mathematical structure underlying the known particles
and forces.

Chapter Summary

Modern theoretical physics continues to extend the concept of symmetry beyond the Standard
Model. Supersymmetry, conformal symmetry, dualities, higher-form symmetries, and string-inspired
ideas illustrate the ongoing search for a unified description of nature. Whether these symmetries
describe the physical universe remains one of the great unanswered questions of science.



