N L L
356 H 1 ot - - il Vol. 35, No. 1
20154 1 A ACTA OPTICA SINICA January, 2015

Al GV Il 2 B T A= 252 WP e

L

DHOBE R =Y S o 15 B 2# B, 80 3EM 241000

TEE O T EIT AL AN B ik v X TS RO R SR H BEE o Mr BB T AR 4 A R O s F O T — R R
PO e[ 22 Y Vs o T £ 1 O e 4 N A 5 I /a0 (IS 3 VA | SR 20118 9 [ 1 I o A O <8 -0
(Wigner) PR £ o H{HAHLSE SR B B 45 Lamb—Dicke 280U S A% B 35, JE L M R 2 19 7 B0k 7808 In L i
P 2285 i 3R 1 D' 37 1) S AFVR 43 A7 RIS 446 250007 52 B 8058 o R AR AR LR PR 19 Lamb-Dicke Z280F1 8 N2 80H X8
PR 28 LRy A BH W 1 52

KB O dEL MBS WA 4 A 5 PR 46 RN 5 Wigner PR AR

mESEES 0431 SCEEARIRED A

doi: 10.3788/A05201535.0127001

Nonlinear Circular States and Their Non-Classical Properties

Fang Xu Wang Zhongjie
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Abstract In order to study the influence of nonlinearity and superposition on quantum state, by applying
theoretical analysis and numerical computation, a new quantum state, namely nonlinear circular state, is
studied. The nonclassical properties of the state are analyzed such as average photon number distribution, sub-
Possion distribution and squeezing effect, and its Wingner function is calculated. Through numerical analysis,
the results show that with the increase of the Lamb— Dicke parameter and superposition number of quantum
states, the average photon number of nonlinear circular state is increased and the sub— Poisson distribution
and squeezing effect of the state are both weakened. The nonclassical properties of the state are very sensitive
to nonlinear effects which are characterized by the Lamb- Dicke parameter and superposition number of
quantum states.
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Fig.3 Relation curves between squeezed quantity S, and parameter « . (a) n=0.5; (b) N=1

4 ZERS 9N pREL
HOR T 503 % F 1 4k 4% 40 5680 24

W(z,z*)= %exp(2|z|2)f< —BlZ‘n> <n‘p2‘m> <m‘,3>exp[— Z(Bz* —B*z)]dz,B, (11)
Kb 22 ABH, BARAER, m NIEEEH,
p= a,N><a,N. (12)
FH (4R F(12) =K, 7775
W)= 3 Zespl@lsf) e fexp(-| B8 expl-2(ps -8 gxLlpyy el
2( f N ;Z/m L f(n)!f (m)!
. . . - 2 1w Q@)
exp(i2mkn/N)exp(i2mhn/N)d B=,l;0;exp 2|z ‘, ' 'NDO kzl )] exp(lZ’lTkn/N)eXp(lZTrhn/N)
[exp(=|BNB" (=B expl-2(Bz - 2)1d’ B, (13)
L fexp(~| BB (B expl-2(8s B H1dB= L [exp(~| B[lexp(Br-B T2 B+2:8)B| =
T w ar"(T) o
L fexplBr-2)+B Q=T B| = ——explir-25) -7 =
T L 7" (7" o
ex - Z : am”l expl— ! y4 Z+ ! = Z Z* ex - V4 ’ . 14’
xp( 4"%fm@y p(=77' + 227 +2 T{jw H,,(22,2z )exp(~4|z]) (14)
X H, (22,22 J&— DRI E R 20 8 (14) A (13) 20, 7] 45
o o B . 1 , aks\“(a*)h:\‘ )
W(zz)= ”;OZGXp( 2|z| ,(hN)!(kN)!NDOf(kN)!f(hN)!H,L\,,H,(zz,zz ), (15)
A
o (kN (hN) ! IN-1 KN -1
Hyy o (22,22) > TN = DN - 1)( 'z (22"

0127001-4



]2
2

ot il

5 45

BIAT AR MEZS , D5 T8 09 dE 2 MU b, O ELTFR I T8 MO 4E RS a0 BB, 198 T IRk M I 25 7 1
ST L Q B BOR T 45 5007 25 0 78 45 AR [) 09k 7 25 28 0 BRI 2 2 5010 56 W o 25 16 38 B 75 AL LA
2 SRl 2 T 2 1T B0 T K O 95 10 725k 28 3 0 S5 K A 5 2 2 I A R A
745 I A 4 A R 55 B A 5 TS B A A TR A T AR £ S MR S T 4
7=k

& % X #k
1 G S Agarwal, K Tara. Nonclassical properties of states generated by the excitations on a coherent state [J]. Phys Rev A, 1991, 43
(1): 492-497.
2 Xin Zongzheng, Duan Yunbo, Zhang Huimin, et al.. Excited two—photon coherent state of the radiation field [J]. J] Phys B: At Mol
Opt Phys, 1996, 29: 4493-4506.
3 V V Dodonov, A Korennoy Ya, V I Man'ko, et al.. Non-classical properties of states generated by the excitations of even/odd
coherent states of light [J]. Quantum and Semiclass Opt, 1996, 8: 413-427.
4 Yang Qingyi, Sun Jingwen, Wei Lianfu, et al.. Wigner functions for the photon—added and photon—depleted even and odd coherent
states [J]. Acta Physica Sinica, 2006, 54(6): 2704-2711.
W PG, IV, F5 6 AR, 5. 38 806 T A AR T A A9 Wigner pR LT P24 3], 2006, 54(6): 2704-2711.
5 Tao Mengxian, Lu Hong, She Weilong. Statistical properties of photon—added entangled coherent states [J]. Acta Physica Sinica,
2002, 51(9): 1996-2001.
P AL, Uk, A R SO F Al g AR T A A G R R (1], P EEAE 4R, 2002, 51(9): 1996-2001.
6 Q Dai, H Jing. Photon—added entangled coherent state []J]. Int J Theor Phys, 2008, 47(10): 2716-2721.
7 Zhang Kefu, Wang Zhongjie. Statistical propertities of excited entangled coherent states [J]. Acta Photonica Sinica, 2009, 38(2):
425-431.
sk, gl Bk A gEAR T AR ST T (1), 622, 2009, 38(2): 425-431.
8 Zhang Kefu, Wang Zhongjie. Photon—added circular states and their properties [J]. Atca Optica Sinica, 2008, 28(5): 992-996.
R FEAR, T BO6 T R S R M  [J]. St 2E ), 2008, 28(5): 992-996.
9 Zhang Kefu, Wang Zhongjie. Generation and properties of two—mode circular states [J]. Commun Theor Phys, 2008, 50(15): 1101-
1104.
10 Lu Daoming. Quantum properties of a new three—mode squeezed vacuum state [J]. Acta Optica Sinica, 2014, 34(8): 0827001.
JEIE B . — BB Y R R AR LA A AR (T B, 2014, 34(8): 0827001
11 Meng Xiangguo, Wang Jisuo, Liang Baolong. Wigner functions and tomogram functions of even and odd pair coherent states [J].
Acta Optica Sinica, 2008, 28(3): 549-555.
A AR, B AT T A T 2 ZE A% 2 R BRI PR R (D). R 2T, 2008, 28(3): 549-555.
12 R L de Matos Filho, W Vogel. Nonlinear coherent states [J]. Phys Rev A, 1996, 54(5): 4560.
13 Meng Xiangguo, Wang Jisuo. New even and odd nonlinear coherent states and their non— classical properties [J]. Acta Physica
Sinica, 2007, 56(4): 2154-2159.
g AE L ARG B R AT AR L AR TS R AR M T ()], W BRI, 2007, 56(4): 2154-2159.
14 Wang Xiaoguang. Two—mode nonlinear coherent states [J]. Opt Commun, 2000, 178(4-6): 365-369.
15 Dabao Yang, Ying Chen, Fulin Zhang, et al.. Geometric phase for nonlinear coherent and squeezed state [J]. J] Phys B: At Mol Opt
Phys, 2011, 44(7): 075502.
16 H Bagheria, A Mahdifarb. Thermal nonlinear coherent states on a flat space and on a sphere [J]. ] Math Phys, 2013, 54(5): 052104.
17 S R Miry, M Shahpari, M K Tavassoly. Nonlinear elliptical states: Generation and nonclassical properties [J]. Opt Commun, 2013,
306(1): 49-56.
EEEE: £ #K

0127001-5



