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[0 O Aimed at graduate physics and chemistry students, this is the first comprechenslve monograph covering the
concept of thegeometric phase in quantum physics from its mathematical foundations to its physical applications
and experimental manifestations. It contains all the premises of the adiabatic Berry phase as well as the exact
Anandan-Aharonov phase. It discusses quantum systems in a classical time-independent environment (time
dependent Hamiltonians) and quantum systems in a changing environment (gauge theoryofmolecular physics).
The mathematical methods used are a combination of differential ggometry and the theory of linear operators in
Hilbert Space. As a result, the monograph demonstrates how non-trivial gauge theories naturally arise and how the
consequences can be experimentally observed. Readers benefit by gaining a deep understanding of the
long-ignored gauge theoretic effects of quantum methanics and how to measure them.
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(0 O 6.1 Introduction] [ In the preceding chapter, we have developed the parts of the theory of fiber bundles
which are relevant to our study of geometric phases and briefly described gauge theories. We introduced abstract
gauge theories as generalizations of the Abelian gauge theory of electromagnetism. There is also another Abelian
gauge theory which we encountered in Chap. 4. We call the latter the Abelian gauge theory of quantum mechanics.
The parameter space of this gauge theory is the projective Hilbert space P0 HI associated with a Hilbert space H,
the matter fields are the pure state vectors which belong to H, the gauge or symmetry group is the group U] 100 of
the phases of the state vectors,and the gauge potential is the Aharonov-Anandan [0 A-AC] connection.[J [0 The
defining PFB associated with this gauge theory is the A-A bundle n whose structure is determined by the Hilbert
space H. The A-A connection defines a natural geometric structure on n. The associated vector bundle to[] [J that
yields the state vectors as its global sections is the one defined by the standard representation of ULJ 10 . Thusitisa
complex line bundle over 901 HO .00 O In this chapter, we shall present a detailed description of the mathematical
structure of the Abelian gauge theory of quantum mechanics. In particular we offer different holonomy
interpretations of the Abelian geometric phase and reveal their relationship.CJ [ 6.2 Holonomy Interpretations of
the Geometric Phase[] OJ In Chap. 4, we outlined a holonomy interpretation of the geometric phase."This
interpretation used the UL 100 PFB n [0 4.3300 and identified the phase with the holonomy of a particular
connection which we called the AharonovAnandan [ A-AL] connection. We shall devote this section to a more
systematic discussion of the holonomy interpretations of the geometric phase. We shall start our analysis by first
describing an alternative interpretation of the adiabatic phase.
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