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SELECTION RULES AND SYMMETRY BREAKING*
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Abstract

A brief precis is given of group theory aspects of two major
theoretical approaches to symmetry breaking in phase transitions in
solids: the thermodynamically based Landau theory and the Renormaliz-
ation Scaling methods. A connection is made with the type of selection
rules discussed in my other paper at this Conference (see these Pro-
ceedings) . Results are given for some important physical systems
such as high temperature superconductors with space group Pm3n ex-
hibiting a structural phase transition, and systems in the perovskite

Pm3m family, such as PrAlO3 which show a sequence of phase transitions.
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1. Introduction

This report has as a major purpose to provide an introduction to
the use of group theory - particularly representation theory of crys-
tallographic space groups - in the investigation of symmetry breaking
in "continuous" or Ehrenfest "Second Order" phase transitions in crys-
tals. For these transitions the system is always characterized by a
single thermodynamic quantity: the Gibbs Function, or Thermodynamical
Potential ¢. It is assumed that the system is a "single" homogeneous
crystal whose symmetry is characterized by a crystallographic space
group G, when the external conditions such as temperature and pressure
or external fields or generalized stresses are specified. If the ex-
ternal conditions are changed to some new temperature and pressure,
the Gibbs Function ¢ will change continuously. This defines a con-
tinuous phase transition. According to the Ehrenfest classification
the order of a phase transition is the lowest ordinal derivative of ¢
which is discontinuous. A second order transition then means con-
tinuous ¢, and first derivative, with ¢" discontinuous,

At a phase transition point, however, symmetry changes discon-
tinuously. For example, discrete elements of symmetry may be lost,
or gained. The crystal symmetry group changes to a subgroup of the
initial group. Landau was the first to attempt to reconcile these
apparently mutually contradictory features, and we shall give a syn-
opsis of his thermodynamically based theory in what follows. This
theory is still in active use, and has been validated by recent micro-
scopically based theories which demonstrate its domain of validity.

One of the most powerful of the modern theories of phase trans-
itions is the Renormalization or Scaling Theory. This theory was
developed mostly by Kadanoff, Wilson and Fisher. It is concerned

with a microscopic, quantum, theory of the properties of the crystal
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particular attention to the Group Theory aspects of the theory.1

I refer the reader to that report for many details. Here I shall

give a precis of that paper paying particular attention to the selec-
tion rules appropriate to the Landau Theory as applied to crystals,
since this paper can be viewed as closely related to my other con-
tribution in the present volume, An illustration of structural tran-
sitions will be presented.

Several reviews have appeared recently2 on the Renormalization
Scaling methods of obtaining "critical" behavior of the physical
response functions in the vicinity of the phase transition point.

The reader is referred to them for details about this method and its
applications.

We reiterate for clarity that the continuous change of "physical"
properties of the system undergoing second order transition refers to
the energy, or free energy. The abrupt change of the
system regarding symmetry implies that at temperature T > T, the system
is "discrdered": if cJ is some order parameter, its average value‘or
expectation value <cj> =0. Por T < Tc, the expectation value < cd s

# 0. Thus . some "order" is present and the previous isotropy in the




















































































