CHAPTER VI
DISCUSSION AND CONCLUSION

A system slowly transported round a/circuit will return in its original state, this

is the content of the adiabatie theorem. In-Bemy’s paper, he assumes that the energy
J
eigenstate undergoing adiabatic €volution is non-degenerate. If this is so, then a cyclic

variation C of the cxtefhgl parameter\s will return the system to its original state,
multiplied by a compiéx r}ufﬂ_bﬁ of }unitf_rquulus, the product of a dynamical phase and

a geometric phase. Hgsﬁows that the-total phase of the transported state
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is dominated by the'dynamical part, because the time T o in the adiabatic limit, and

it might be thought that this must overwhelm the geometrical phase v, and make its

physical effects difficult to detect.

The phase factor experienced by a Bom=Oppenheimerawave function under
traversal by the nuclei of a closed path was discussed in.a more general way by Mead
and Truhlar, who showed that the resulting multiple-valuedness of the electronic wave
function can be removed, but only at the cost of introducing a vector potential like effect
was analogous to that of Aharonov and Bohm, the name molecular Aharonov-Bohm
effect was proposed for this phenomenon. If we will change the Berry phase. This is

akin to making a gauge choice in electromagnetism.




49

n(R)) - expli A(R)]In(R))
then the vector potential will change and with it ¥, (C),
A,(R) » A (R)+VgA (R)

In the context of the Bom—Oppenheimér,f;pproximation. Kuratsuji and lida were
found the Berry’s phase in a path in't"égral framework, as opposed to a Schrédinger
description. Such a framc‘Wofk Iends litself well to the study of Born-Oppenheimer
systems, where one w" ntei‘ested 1n slparatmg the integrations over fast electronic
variables and slow gm:leﬂr ymablcs J yplcally, one performs the electronic path
integration first, in a fi)jé’cf 9i‘1c1car backgéound, and making the adiabatic approximation
that electronic u-ansmonj do not occur Th'é result is an effective action involving only
the nuclear coordinates. Tﬁey have prese“fé&ha path integral including the topological

structure associated with the gl_lar_f m am@nq .process. By considering the trace of the

evolution operator 'iTr‘exp‘ == T} ) in adiabatic apéthirnate, they show that it is
- et .
given by - |
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where R(T) = R (since for the trace’ we want to return to the samestate at t = T), and

where v, is now evaluated over closed loops Ry — R(t) = R(T) = R in parameter

space (R-space).

1 (C) = if (n(R)|VRn(R))- dR = § A (R) - dR
C

C
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Here Berry’s phase has a strikingly direct effect on the energy levels. If C is a closed
classical path and (P(t), Q(t)) the corresponding trajectory in phase space, then they find

the following quantization rule
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The form of this pha;se 1§ particularly simple near a point in parameter space
where two eigenstates beoorne degenerate In this case, the two states acquire phase
equal to plus or minus oue h»alf the sohd angle Q(C) subtended by the Hamiltonian
trajectory at the degcn;l‘acy And can sh&ws that geometrical phase is the flux though C
of the magnetic field of & mc»nOpole stren,gth 1/2 located at the origin of magnetic field

id .f,.
space (at the degeneracy).
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This‘is further ¢onfirmation of the geometrical nature of Berry’s phase. By using this
result, we were able to rederive Dirac’s famous relation between electric and the
magnetic charge (Holstein, 1989; Kuratsuji and Iida, 1985). One should extend the
present treatment to the spin 1/2 charged particles circling a magnetic field where

adiabatic not hold.
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Now, the geometrical phase has been generalized in various ways. Wilczek and
Zee showed that even for a system with degenerate states, where the adiabatic theorem
does not hold, it is possible to define and calculate a geometrical phase (Wilczek and
Zee, 1983; 1984). Berry developed a method of calculating the relevant phase when the
change in the Hamiltonian is not sufficiently slow for the adiabatic approximation to
hold (Berry, 1985). A nonadiabatic procés{@as discussed by Bulgac (1987) in path
integral framework. An important generalization was made by Aharonov and Anandan
(1987). They showed that ihe geom;ctrical phase is‘ directly related to the cyclic
evolution of the wave f:lpeﬁzm and noéito the change in the Hamiltonian. In particular,

adiabaticity is not necés_sai"fy'ﬁ)rvﬁﬁs'phas‘c‘to appear.

—_ =

]
- H
¥ 5
: vdl
ddd v ik




	Chapter 6 Discussion and Conclusion

