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Evolution of the quantum fidelity in a system of
multimode light field interacting resonantly with a
two-level atom through degenerate
multi-photon process®
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(Engineering Research Center of Photoelectric Detection, School of Physics and Electric Engineering, Weinan Normal University,

Weinan 714099, China)
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Abstract

The time evolution properties of the quantum fidelity in a system of multi-mode coherent light field resonantly
interacting with a two-level atom via any N;-degenerate N> -photon transition process are studied by the fully quantum
theory and numerical calculations. The analytical expressions of the quantum fidelity of field and atom, and the numerical
calculation results for three-mode field interacting with the atom are obtained. Our attention focuses on the discussion
of the influences of the initial average photon number, the atomic distribution angle, the phase angle of the atom dipole,
the field excitation angle, and the atomic degeneracy on the evolution of the quantum fidelity. The results obtained
from the numerical calculation indicate that the above factors lead to the quantum fidelity changing with oscillation
behavior. The quantum fidelity of field and atom will drastically decrease as the initial light increases, which is correlated
sensitively with the fidelity. The speed change of quantum fidelity is strongly dependent on the atomic degeneracy and
the intensity coupling between atoms and fields. The value and frequency of the quantum fidelity change lightly with
the atomic distribution angle and the angle of light field excitation as well. The phase angles of the atom dipole almost
have no influences on the quantum fidelity of field and atom. According to these properties of the quantum fidelity, we

can control the speed and value of quantum fidelity in the system by these constraint conditions.

Keywords: quantum optics, degenerate multi-photon process, quantum fidelity, evolution property

PACS: 42.50.-p, 03.67.-a DOI: 10.7498/aps.63.184203

* Project supported by the National Nature Science Foundation of China (Grant No. 11304230), the Natural Science Founda-
tion of Shaanxi Province, China (Grant No. 2013JM1006), the Scientific Research Fundation of the Education Department
of Shaanxi Province, China (Grant No. 2013JKO0634), the Foundations of the Natural Science of Weinan, China (Grant
No. 2012KYJ-2), the Integration between Military and Civilian Research Fund Project of Shaanxi Province, China (Grant
No. 12JMRO02), the Nature Science Foundation of Weinan Normal University, China (Grant Nos. 11YKF013, 13YKS010,
13YKS012), and the Special Subject Construction of Weinan Normal University, China.

1 Corresponding author. E-mail: wjx@Qwnu.edu.cn

184203-8


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.7498/aps.63.184203

	1引 言
	2模型及其精确解 
	3保真度的理论计算
	4多模光场保真度的演化特性
	Fig 1
	Fig 2
	Fig 3
	Fig 4
	Fig 5


	5二能级原子保真度的演化特性
	Fig 6

	6结 论
	References
	Abstract

