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SECKSON SUKKHASENA : CLOSED-TIME PATH IN QUANTUM
PHYSICS AND QUANTUM FIELD THEORY. THESIS ADVISOR : PROF.
EDOUARD B. MANOUKIAN, Ph.D. 220 PP.

QUANTUM DYNAMICAL PRINCIPLE/ CLOSED-TIME PATH FORMALISM/
EXPECTATION VALUE FORMALISM/ FUNCTIONAL DIFFERENTIAL TREAT-
MENT OF QUANTUM FIELD THEORY/ COUPLING OF QUANTUM SYS-
TEMS TO THE ENVIRONMENT/ EXTERNAL SOURCE TECHNIQUES/ QUAN-
TUM GRAVITY/ GRAVITON PROPAGATOR/ NON-CONSERVED EXTERNAL
ENERGY-MOMENTUM TENSOR/ EXPECTATION VALUE FORMALISM AT FI-
NITE TEMPERATURE/ SCHWINGER TERMS.

After an explicit derivation is given for the quantum dynamical principle (QDP)
for the closed-time path formulation, involved in computing directly expectation val-
ues and probabilities, paying special attention to the sudden change of the dynamics
from the positive sense to the negative one, a systematic analysis is carried out of the
expectation formalism in quantum physics and quantum field theory in the functional
differential treatment pioneered by Schwinger. In quantum physics, a functional dif-
ferential treatment is developed, via the QDP, for the coupling of quantum systems to
the environment. As one is involved in taking the trace over the dynamical variables
of environment, the analysis necessarily deals with transition probabilities rather than
with amplitudes. It is shown that the functional differential treatment is quite suitable
for such a study as it involves in carrying out functional differentiations, with respect
to classical sources, on functionals describing decoupled physical systems from the en-
vironment. In quantum field theory, with particular emphasis on the quantum aspect of
gravitation, that is, on quantum gravity, a general novel expression is derived for the
graviton propagator from Lagrangian field theory, which includes 30 terms, by taking

into account the necessary fact that in the functional differential approach of quantum



v

filed theory, in order to generate non-linearities in gravitation and interactions with mat-

ter, the external source 7,

w»> coupled to the gravitational field, should a priori not be

conserved 0"T),,, # 0, so variations with respect to its ten components may be varied
independently. The resulting propagator is the one which arises in the functional differ-
ential approach and does not coincide with the corresponding time-ordered product of
two fields and it includes so-called Schwinger terms. The quantization is carried out in a
gauge corresponding to physical states with two polarization states to ensure positivity
in quantum applications. After establishing the positivity constraint and spin content
of the theory for gravitons interacting with a necessarily, and a priori, non-conserved
external energy-momentum tensor, the expectation value formalism of the theory is de-
veloped at finite temperature in the functional differential treatment of quantum field
theory. The necessity of having, a priori, a non-conserved external energy-momentum
tensor is an obvious technical requirement. The covariance of the induced Riemann cur-
vature tensor, in the initial vacuum, is established even for the quantization in a gauge
corresponding only to two physical states of the gravitons as established above. As an
application, the induced correction to the metric and the resulting underlying geome-
try is investigated due to a closed string arising from the Nambu action as a solution
of a circularly oscillating string as, perhaps, the simplest generalization of a limiting
point-like object. Finally it is discussed on why the geometry of spacetime may, in gen-
eral, depend on temperature due to radiative corrections and its physical significance is

emphasized.
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