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Fig. 1. Under the stability condition Im[E,] = 0 (a) for B = 2 case the relation curves of parameters A and C;

(b) for A = 0.5 case parameter C as a function of the static field strength B.
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Fig. 2. Probability density distributions of stationary states 1 (x),n = 0, 1,2 for (a) the PT symmetry case with
parameters A = B = 0, C' = 0.3, and (b) the PT asymmetry case for B =2, C = 0.3, and A = 0.2702, 0.2193, 0.1851

determined by Eq. (14).

3.2 PTAXMNMEBEMMNERES A

BT

YRR ARG N T RN, RAFIAERE
WFE. N T RGO AT R B R S H B AR
KA, BRI 1) XA (12) REH L (n = 0) 5
RE T [ DL S 5 20k 7 1) R A i 1, an 18 3 s, 1
W IR R H S B0 0 B — 2k S — R R 2k AE
Kl 3 (a) FTE 3 (b) H, 45 e HoAh 2 4, R e & 5K
RN A KR E, K (a) BB =1, (b) H
B =2. WEFRHSELMMEL T HERC =0
N (1% fit 2 S 3 R R 0 11 R 5 145, T 4 S 42 AN 4
RN C = 0.5 B FHBLI R B EIE. R B, 78
B3 (c) FIE 3 (d) o, R SEEBAIEE N C 1R
B, M&EB=1J&B =2 MWEPHHETZLE
R R 2870 ROk A = 0 B A RE B Sz 5 AR 348,
HSCEE MU E 2k K om A = —0.5 I AE B S2 A
REH. 3 IR AT R TR A bR i S AT BASK
RIS AR 2 5O B RE R S RN R,
ul, %t Fn=0 B=2 C=05 A%HO0.1,
0.2, 0.4 X =AME, HHXT R §E & /8 #8 Im[E,] 5
H2M —0.7795, —0.5512, —0.1174; AERSLHE Re[E,]
2N —1.1548, —1.4927, —1.45167. K3, fE
B MARAEE AL ST AL T AR B
A=C =0, RGMHEINRELLKE; 4T SAE
Al bRl R b, 2245 B RTSCHE K B PT REFR A X
PRI A8 E E A M SERE RHAE.

St F AN R G HIAE S ] s SRy B3]

Puury(t)

=D (n(,0)[ibn (2, 1))

= D 1{Wn(@)n())[? e I (15)

H A, (z,t) = Yp(x)e Bt & B & T &,
Y (7,0) VT~ HIZS. M (15) Rl LLE H
IR 2 N ) 10 4 R 2, i R T 1 R /N LR
SO R GATE MR R . X T Im[E,] > 0
B, RGAATEM AR KT 1, JF B B a5 i
TR, REME ERKAE R XK. 1E
Im(E,] = 0 1578, fFEMEESET, RELT
FEES. Im(E,] < 0 B ZH X O T K 3
Ey = 0L F R EISH, EROX S HIN, R
FF IR RGBS () 3208, X AT RIS, iR
K B . [ B3 W, R TR — A
18, BRI || B X LT 80K 47 R B g 35 1 246 )
E. SFR—CHE, BN gaEs A4
SHEIEA G, S Re S MR A 3 T 3 8 R 4
MRERCE 3G N, Rtk o7 LLE R RS Hck
BE it 5 MO P N NN illB =2 R ey 7 S
(AR, T 2 AT R R AR ) KN KA 1
TEPREFE IR, BLA = 0.4,0.2,0.1 F1C = 0.5
T ZEIRAS o (, ¢) 17 375 ME 26 5 B 1] 11 V5 14 1,
WME AR, WSNT B = 1HE 4 (a) fTxt BT
B =214 (b) h Al LU, X T [F— B1H, MR
T A K (AR, ZERAS FAE S BE R b
o )32 A S AR, BRI, AT DOE T RS HCk
T S YRS 1) S VRO

233701-4


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

M8 F iR

Acta Phys. Sin.

Vol. 66, No. 23 (2017) 233701

B3 (IR A RERAGLE Bo 199500 (S22k) MU (4%) 5 A R C 2 MPEHKR (a) B=1,C =0,
0.5, A y%HE; (b) B=2, C =0,0.5, ANEHE; (c) B=1, A=0,—0.5, C A%H; (d) B=2, A=0, — 0.5,

—1.0

O it

Fig. 3.

Ey as functions of A or C for (a) B =1, C = 0, 0.5, A changed; (b) B =2, C =0, 0.5, A changed;
(¢) B=1, A=0, —0.5, C changed; (d) B=2, A=0, — 0.5, C changed.
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A2

] DL, 25 i BH T2 32 2 77 FE AN A JE K G 25 i B
BIRHERES A LR —FE.
4 (21) 5 (1) A—F, /BB T RA:
v = — (Im[Eo] + Im[E1]), A(t) = N'(t),
w? = (Im[Ey] + Im[E,])?
+ (Re[Ey] — Re[E1])% (23)
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B, R R — A 32 BIE ) RS 22 B e 18 8,
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Quantum damping motion of a single trapped ion*

Li Jin-Qing Luo Yun-Rong Hai Wen-Hua'

(Synergetic Innovation Center for Quantum Effects and Applications of Hunan Province, Key Laboratory of Low-dimensional

Quantum Structures and Quantum Control of Ministry of Education, Department of Physics, Hunan Normal University,

Changsha 410081, China)

( Received 26 August 2017; revised manuscript received 13 September 2017 )

Abstract

Classical motion of a single damped ion confined in a Paul trap is usually described by a damped harmonic oscillator
model. We report the treatment of quantum damping motion of the system via a non-Hermitian Hamiltonian with dipole
and quadrupole imaginary potential. By deriving and analyzing the exact solution of the system, we obtain the different
real energy spectra and stable quantum states for the PT symmetry and asymmetry cases, as well as the imaginary
spectrum and decaying quantum state for the PT asymmetry case. The corresponding imaginary energy parameter
region and the survival probability are investigated. We find that the non-Hermitian system parameters of the external
filed uniquely determine the quantum stable states and lead to the new characteristic of the morphology of wave function.
Based on these properties, we propose a method of incoherently manipulating quantum transitions between the quantum
stable states. By setting the decayed expectation value of ion position to be the same as the decayed displacement of the
classical damped harmonic oscillator, we obtain the correspondence between the imaginary potential strength and the
classical damping parameters. The results will enrich the quantum dynamics of the damped trapped ions, which may be

useful in a wide application field.
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PACS: 37.10.Ty, 46.40.Ff, 03.65.—w DOI: 10.7498/aps.66.233701

* Project supported by the National Natural Science Foundation of China (Grant No. 11475060), the Hunan Provincial
Innovation Foundation for Postgraduate and Graduate Degree Thesis, China (Grant No. CX2017B222), and the Hunan
Provincial Natural Science Foundation of China (Grant No. 2017JJ3208).

1 Corresponding author. E-mail: whhai2005Qaliyun.com

233701-9


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.7498/aps.66.233701

	1引    言
	2囚禁阻尼单离子非厄米哈密顿系统的精确量子态
	3能谱与非厄米势能参数区域
	3.1 PT对称和不对称情形不同的实能谱与稳定量子态
	Fig 1
	Fig 2

	3.2 PT不对称情形的虚能谱与衰减的量子态
	Fig 3
	Fig 4

	3.3 虚能量的参数区域
	Fig 5


	4衰减量子态与经典阻尼谐振子解的 对应
	5结    论
	References
	Abstract

