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Stark位移对混态J-C模型中熵和纠缠的影响

胡要花

洛阳师范学院物理与电子信息学院，河南 洛阳 471022

摘要： 

考虑一个二能级原子与单模热光场经由双光子过程耦合，采用量子约化熵研究了原子和场的约化熵变化规律，用共

生纠缠度(Concurrence)研究了原子与场之间的纠缠演化。借助于数值计算方法，详细分析了在混态J-C模型中，

Stark位移和平均光子数对约化熵变和纠缠的影响。结果表明在Stark位移影响下，原子和光场的约化熵变化量均减

小。选择适当的原子初态，可以使得原子的约化熵和光场的约化熵发生交换。此外，考虑Stark位移时，原子与光

场之间纠缠的最小值增大，原子与光场不再出现退纠缠态。 
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Influence of Stark shift on entropy and entanglement in J-C model with mixed 
states

HU Yaohua 

College of Physics and Electronic Information , Luoyang Normal College, Luoyang 471022, China 

Abstract: 

A two-level atom coupling with a single-mode thermal ?eld through two-photon processes is considered. 
It is studied that the reduced entropy change of the atom and the ?eld by using quantum reduced 
entropy, and entanglement between the atom and field measured by using Concurrence. By mean of 
numerical computation method, The e?ect of the Stark shift and the mean photon number in the J-C 
model with mixed states on the reduced entropy change and entanglement is investigated. The results 
show that reduced entropy changes of the atom and the ?eld decrease under the influence of the Stark 
shift. When the initial parameters are suitable, the complete exchange between the atomic and field 
reduced entropy occurs. In addition, the minimum values of the entanglement raise in the presence of 
the Stark shift, which means that the atom is no longer disentangled from the field.

Keywords: quantum optics   entanglement   concurrence   reduced entropy   Stark shift   Jaynes-
Cummings model   

收稿日期 2012-02-07 修回日期 2012-03-12 网络版发布日期 2012-07-01 

DOI: 

基金项目: 

国家自然科学基金青年基金(10905028), 河南省科技计划(102300410050)资助项目 

通讯作者: 胡要花（1979～），女，博士，讲师，主要从事量子光学和量子信息处理方面的研究。

作者简介: 

作者Email: huyaohua1@sina.com 

参考文献：

[1] Briegel H J, et al. Quantum repeaters: the role of imperfect local operations in quantum 
communication [J]. Phys. Rev. Lett., 1998, 81: 5932-5935.
[2] Alsingh P, et al. Collapse and revivals in a two-photon absorption process [J]. J. Opt. Soc. Am. B, 
1987, 4(2): 177-184.
[3] Chotorlishvili L, et al. Two-photon-driven nonlinear dynamics and entanglement of an atom in a 
nonuniform cavity [J]. Phys. Rev. A, 2011, 84: 013825.
[4] Wu Ying, Yang Xiaoxue. Strong-coupling theory of periodically driven two-level systems [J]. Phys 
Rev. Lett., 2007, 98: 013601.
[5] Fang Maofang, et al. Influence of the Stark shift on the evolution of field entropy and entanglement in 



two-photon processes [J]. Phys. Lett. A, 1996, 210: 11-20.
[6] Tang Zhixiang, Chen Qiucheng, Zhang Dengyu. Elimination of the two-level atom’s decoherence of 
two-photon Jaynes-Cummings mode with Stark shift [J]. Chinese Journal of Quantum Electronics (量子电

子学报), 2004, 21(6): 819-823 (in Chinese). 

[7] P hoenix S J D, et al. Fluctuations and entropy in models of quantum optical resonance [J]. Ann. 
Phys. (N.Y.), 1988, 186(2): 381～407. 

[8] Boukobza E, et al. Entropy exchange and entanglement in the Jaynes-Cummings model [J]. Phys. 
Rev. A, 2005, 71(6): 063821.
[9] Zhang Jian, Shao Bin, Zou Jian. Entropy Exchange and Entanglement in Superconducting Charge 
Qubit Inside a Resonant Cavity with Intrinsic Decoherence [J]. Commun. Theor. Phys., 2008, 49(6): 
1463～1467. 

[10] Hünkar K. Entropy Correlations and Entanglement of a Superconducting Charge Qubit in a Resonant 
Cavity in the Presence of Noise [J]. Commun. Theor. Phys.,2011, 56(1): 139～143. 

[11] Zhang Yuqing, Tan Lei, Zhu Zhonghua, et al. Partial entropy change and entanglement in the mixed 
state for a Jaynes-Cummings model with Kerr medium [J]. Chin. Phys. B, 2010, 19(2): 024210.
[12] Guo Jinliang, Sun Yubao, Li Zaidong. Entropy exchange and entanglement in Jaynes-Cummings 
model with Kerr-like medium and intensity-depend coupling [J]. Opt. Commun., 2011, 284: 896– 901. 

[13] Nielsen M, Chuang I. Quantum Information and Computation [M]. Cambridge: Cambridge 
University Press, 2000.
[14] Yu T, Eberly J H. Finite-time disentanglement via spontaneous emission [J]. Phys. Rev. Lett, 2004, 
93: 140404.
[15] Abdel-Aty M, et al. Sudden death and long-lived entanglement of two trapped ions [J]. Phys. Lett. 
A , 2007, 369: 372-376.
[16] Fan Zhaoyang, Wang Zhongjie. Influence of laser intensity fluctuations on entanglement of two 
trapped ions [J]. Chinese Journal of Quantum Electronics (量子电子学报), 2011, 28(5): 577-582 (in 

Chinese).
[17] He Daiguo, Dong Yuli, Fang Jianxing, et al. Entangled coherent states:generation [J]. Chinese 
Journal of Quantum Electronics (量子电子学报), 2011, 28(4): 407-413 (in Chinese). 

[18] Wang Zhongchun, Shen Fahua, Liu Chenglin. Sudden death and sudden birth of atomic 
entanglement in double Jaynes-Cummings model composed of two coupled cavities [J]. Chinese Journal 
of Quantum Electronics (量子电子学报), 2011, 28(1): 65-72 (in Chinese). 

[19] Nasreen, et al. Effect of the dynamic Stark shift on dipole squeezing in two-photon processes [J]. 
Phys. Rev. A, 1992, 46: 4161-4166.
[20] Bose S, et al. Subsystem purity as an enforcer of entanglement [J]. Phys. Rev. Lett., 2001, 87(5): 
050401.

本刊中的类似文章

1．朱勋 王干全.一种新的关于两电子纠缠的判据[J]. 量子电子学报, 2009,26(3): 297-300

2．邢晋晶 王中结 张侃.高Q腔中Stark效应对两原子纠缠的影响[J]. 量子电子学报, 2009,26(3): 313-319

3．邹艳.V型三能级原子与双模奇偶纠缠相干光场相互作用的量子态保真度[J]. 量子电子学报, 2009,26(3): 320-

326

4．臧学平 杨名.二项式光场中运动的Ξ型三能级原子偶极振幅平方压缩[J]. 量子电子学报, 2009,26(3): 327-332

5．王帅 .数-相量子化及介观电路在自由热态下的量子效应[J]. 量子电子学报, 2009,26(3): 333-337

6．黄正逸 金铱 马骥 徐雷 陈宪锋.一维光子晶体的全向反射特性[J]. 量子电子学报, 2009,26(3): 338-341

7．张仲 周波 王培吉 陶冶薇.各向异性n维耦合谐振子能量本征值的代数解法[J]. 量子电子学报, 2009,26(4): 

405-412

8．周锐 朱玉兰 聂义友 黄亦斌.不完全依赖仲裁的量子签名协议[J]. 量子电子学报, 2009,26(4): 442-445

9．李冬梅.利用线性光学器件实现三体纠缠相干态的纠缠交换[J]. 量子电子学报, 2009,26(4): 446-450

10．杨庆怡 易施光.普遍意义下介观RLC并联电路的量子化及在真空态下的量子涨落[J]. 量子电子学报, 2009,26

(4): 451-455
11．额尔敦朝鲁 王宝昌.温度对非对称量子点中强磁耦合极化子声子平均数的影响[J]. 量子电子学报, 2009,26

(4): 477-481

12．胡桂玉 杨振 叶柳.在离子阱中实现量子SWAP门的方案[J]. 量子电子学报, 2009,26(5): 555-559

13．吴张斌 陈光 杨伯君.基于BBM92协议的量子密钥分发系统改进方案[J]. 量子电子学报, 2009,26(5): 560-

564

14．熊狂炜 艾剑锋.利用非最大纠缠态实现未知原子态的受控传递[J]. 量子电子学报, 2009,26(5): 565-569

15．陶蕊 郑小虎 曹卓良.用约瑟夫森结量子比特制备簇态[J]. 量子电子学报, 2009,26(5): 570-576

Copyright by 量子电子学报


