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ABSTRACT

This paper introduces a new category of nonclassical radiation states. To
achieve this, it first clarifies the applications of displaced number states and
underscores the importance of noiseless signal amplification. Subsequently,
amplified displaced number states are introduced. The study then examines
some of the most crucial nonclassical criteria, including Mandel's
parameter, the second-order correlation function, Vogel's characteristic
function, and the Wigner distribution function, to assess the nonclassical
nature of these quantum states. In each case, the roles of the gain factor and
the number of photons in the number states are discussed in relation to the
aforementioned physical quantities. Numerical results reveal significant
sub-Poissonian statistics of the field and photon antibunching. Furthermore,
the behavior of Vogel's characteristic function is analyzed as the necessary
and sufficient condition for the nonclassicality of a quantum state. It is
observed that the Vogel function for the quantum states of interest
surpasses the value of the characteristic function of the ground state,
indicating the nonclassicality of the introduced states. Additionally, the
negativity of the Wigner-Weyl distribution function, as another
manifestation of the nonclassical nature of the studied states, is also
observed. Consequently, the presented evidence suggests that the amplified
displaced number states can be considered promising candidates for
nonclassical light.
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