
Introduction to Effective Lagrangian Field Theory

An introduction to effective Lagrangian field theory is provided covering both par-
ticle and condensed matter physics. We refrain from rigorous proofs and derivations
of theorems, but rather explain and illustrate the important concepts directly by
considering examples in the nonrelativistic and relativistic domain.

Contents

1 Motivation

2 On the Nature of Effective Theories

3 Spontaneous Symmetry Breaking

4 Goldstone Theorem and Effective Degrees of Freedom

5 Construction of Effective Lagrangians

6 Nonrelativistic Kinematics: Ferromagnet

7 Relativistic Kinematics: Antiferromagnet

8 Why some nonrelativistic systems are Lorentz-invariant

9 Chiral Perturbation Theory

10 Perturbative Expansion – Feynman Diagrams

11 Finite Temperature

12 Two Selected Applications

12.1 Ideal Ferromagnet in Three Spatial Dimensions

12.2 Dispersion Relation of an Antiferromagnetic Layer

13 Universality

14 Guide to Condensed Matter Applications

1



References

[1] C. P. Burgess, Phys. Rep. 330, 193 (2000).

[2] T. Brauner, Symmetry 2, 609 (2010).

[3] H. Leutwyler, in Hadron Physics 94 – Topics on the Structure and Interaction of

Hadronic Systems, edited by V. E. Herscovitz, C. A. Z. Vasconcellos and E. Ferreira
(World Scientific, Singapore, 1995), p. 1 and arXiv:9406283.

[4] S. Scherer, Adv. Nucl. Phys. 27, 277 (2003).

[5] J. L. Goity, Czech. J. Phys. 51, B35 (2001).

[6] G. S. Guralnik, C. R. Hagen and T. W. B. Kibble, in Advances in Particle Physics,
edited by R. L. Cool and R. E. Marshak (Wiley, New York, 1968), Vol. 2, p. 567.

[7] H. B. Nielsen and S. Chadha, Nucl. Phys. B 105, 445 (1976).

[8] H. Leutwyler, Ann. Phys. (N.Y.) 235, 165 (1994).

[9] H. Leutwyler, Phys. Rev. D 49, 3033 (1994).

[10] C. P. Hofmann, Phys. Rev. B 60, 388 (1999).

2


