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Abstract; The decoherence dynamics of a two-level atom coupled into a vacuum electromagnetic field
are studied. The analytic solution of the Schrodinger equation has been given, and then the reduced den-
sity matrix for the motion of the atomic center of mass has been derived. It is shown that spontaneous e-
mission induces the entanglement between the atomic spatial motion and the atomic electronic states,
which induces the spatial quantum decoherence of the atom. The decoherence factor is given, and its
properties, such as dynamical evolution with time and evolution for different atomic positions, are demon-
strated by some figures.

Key words: quantum decoherence; spontaneous emission; motion of the center of mass; two-level atom

« Wi HES: 2014 -01 - 17
E€TR: Wd AAREESTIIE (201115007) 5 E5 AAREESIHE (11105021, 11175044)
EEBE . 230 (1971 48E4), 2o BARAE: 0%, BWIESE: I, E - mail: shengli@ dlpu. edu. cn;
HZ#EE; E - mail; zhengty@ nenu. edu. cn



439

LB [ BRGS0 I8 SR AR T R B I 53

ST E T AW, T s T
ORI, HIE, 81 J7 51 o W) B 1 B AR L
e, WALZIE T TR, R LZ T 2 i R
A AR RGO . 7 H AP ) — 4R T —
MRGFRPIT . AR, BB RIE LRI A
I MILARIPATIERIR, TG T ROETRAR R
W, IS A G WL e Iy Ao X2 Bohr
XEREIE R, AN, BT IO AT YRR
HA PR =G0, ZWIRBAGISN, BIRH B
WL ) BRI e B2 WP 1A oA A0 T
ERAMIE S Ses IR 12 W A i &1
TR XU T i1 2 5 S Y O A P
J&, BN AR L2 5, HURAARY .

XTI A A ML A 2 W R i) AR Tk
REIWTTE, ACAT AT B AT 7 i B 1 A
SRR, T E B E R R A
BHRBEELY M G 2 [
XA, WD T AFAR S, HRA B
IR T EUS RERT X — RS IR R R, %
THRTBHT RS, AMNTE G T VF a8 A
B TR T T AR S R R R
REFRRIT A3 B0 R AR T Y
KAWL . JLA4Ek, BT RIBLH R R T
FEAAHE TR, Wy B2 58 RS B s s Ak BIL A
TR AER A T AR AR . H
HEAANIBESE T 45 b 25 B B 05 5 5 18 A 1 f) A 28 B
T IR T A A A A TR A
T

ARSCRAEIA LS TR AR T A S, BF5E T 84
TRSR T HAS R TR, 4R EM,
JEF 1 B AR 2217 S T I B0 Lz S 25 [ 4 1
AR 2%, DTS B0 ) AR S 7 B 5[] SRy Ja
E.

I RGEHIREE 75 e SRS A

IR T HESUR T IOMORA RIESBH |e) i
| &) ST BRI w0y, ST B HSE mo , EHYZ
(L« Fm, MBI po 505 E—
AR B, R AR

B, TERFEPOERIY, —REFR T S AR
WS S

hZa)ka;ak+th[aka'+eik’*+H.c] (1)
T T

o, , o Mo, BETFEN, of Ma, 530 HA
bR TR b A RS, ELBC A
BN o, = c|k], g BB

R1% IR R Sz 1, B0 = 0 2,
RGEMWIRBEB TSR [00)) = |¢(0))®
) ® [0y o HUETHINHL TALTFRES, b
LT R0, R IECT % ] F o ) B
%, EERTHE RS, CATE N SR
AGER | p) H9BI

9(0) = [_dpC, [ p)dp (2)

Ko, €, BB RAGERS | p) MBS L, JEH
WAL [ dplc, P = 1. BEBCEA RS
0 B R T BB

() = e [dp[A,(D)|p.e,0) +

S B, () ]p - hk,g,1,)] (3)

ZHA, (1) FB,, (o) SR A 5, 5@ sk
iR 5 0 B, WA E] (il it Weisskopf-
Wigner JT101) :

Ap(t) = Aoe_JZ_t_i(wA_wo-*Aw)t

-i(wp-wo)t [ 1 _ e—%t—i((uA—wR-%-A(u)t :l

B[J,k(t> :_inge
5 +i(w, —w; +Aw)

(4)

A, = C,,
hw, = p°/(2m) + hw,,
hw, = (p = hk)>/(2m) - hw/2 + ho,,
KT = % +idw oy BT o) A KEHE

o) AHEAEH, Ao & lamb 4F, %185 0L
AT EIBRITIR o, f1, 7 F RGPS 1 IR0 145
AR
2 AMCE R

Bt A OB S A IR el T BT
Oy o[k CLOPRBOBEIIE) AR HE Btk
kAL i T RT B % S  09 3 E  fR
W/ (2m) B AT MR, T 1T L 20

At BRI E ST R/ N E R S Y
HAR, X (3) g AR R G AL A I ek R



54 bR E e (HARBHERR)

553 &

A I X LR S T AR ZCR P8, A5 21 1o
DI AE BERERE  (FEARPRESR )
pla,x’,0) = (x,0)¢p” (x,0) F(x,2",1) (5)
PR LA R, ¢ (x + hk,t) 7E x BRI 5
T, HEE 0, >1T o
(5) b, Fla,o',0) EBHTRHT, HEX

H
S (Zﬁg)z(l _ C_W2>2Jo[%(x —x’)]
Flxx't) = 5 ¢
" (21Tg> (1 _ef'yt/Z)Z
Y
(6)
x B Jo[%(x—x’)]%% 2K bessel PE %, M

(6) SRATLIFM, F(x' = x,0) =1, 1 F(x' =~
x,) DU B A BE080, s LSEAT T 0, K2
2y Inl1 + /(e = 1)y/(2mg)] o T LI F i1 B
SESRITG, ST R B, TR
K, BATREHE (LA 1),

| Fx'=-x,1) |

B SEATFET | F(x = - 0 | R
Fig. 1 Schematics of decoherence factor | F(x' = - x,1) |
(a) | F(x' = - x,0) | Bl FIA B2 ALTT AT,
(b) S AR 2R RS T K T

| F(x' = - x,t) | B x AR R

738k, FAPHIBAMH TR T F(x' = - w,0) BR
JAF A E A HRE R, B2, AT

SACOREE S OUT , IRAE T PR B 1] ) A
B, FTLVEH, BAHT5IEFr96 2y REEA
X F RS B R KN ERVIRER, TERAEN
T, R aEsis kAR T, BRAHET
HFSTEA BRI N e 28 A E, MR T,
JRF )78 s s R RARB T IBA T o X 2B 40m]
DA B SR R B AT B s, B3 A T
A = R R, BB TR T F(a' = - x,1)
B[R] AIA B B SRR . 8] 3 g5 i B e A R A
SREETS, BAHTHEF F(x' = - x,0) B [E RS
frErEE R, B AAE 3 (a) 2E3 (d),
A EE g AR, LA, a5 N,
s R AH T B R, B R 5 3 A A A

55, WA s shpgAR TR, TN S
ey S0 B TR VA= Y= e S R T
0 1 2 3 4 5

=-x,1)
'.ﬂ'-'-l—"‘
(=
W

0.5

F(x'=-x,
-

B2 BMHTHEF |F(s' =-x,1)]
TEAN [ i RUBE 155 00 T BE I T A s 2 8
Fig. 2 Evolution of | F(x' = — x,¢) | for different x

B EEZE X v = 0.50 , SN « = 1420,
SEERNTN & = 0. 8A
3 JRF s sl AS A s R AT

B (2) AP AYIE T BLas 3 190 1A 25 U e
By (0) BPINEHRLALE B a5 - a BRI
BN, WFE « FRh, HERKAY

$(2,0) = ——[6. (x) +C_(x)] (T)

V28
) 1 12 (x+x0)
;H\:LJF' Gi (x) = (\EAxO) [ 4A x; ]
5 =1+ expl - x/(2Ax) ], 16 BT 5 it 2 % 1h

6.y TS s R F R AGES | p) BRI
e
6= [ _doC. (p) 1p)dp (8)
o, €. (p) SEENEAER | p) HINLHI 5 55
IRIRA—EAM [ dplc, () =1



439

LB [ BRGS0 I8 SR AR T R B I 55

IR
SRR

SRR \\\‘
= G
50.5| QNN
fos)
=
X0

B3 BT F(a' = - a,0) BRI E AL EDR .

Fig. 3 Demonstration for the evolution of F(x'

= - x,t) with time and the atomic position

(a) g=0.1; (b) £=0.5; (¢) g=2; (d) g=5

B4 45 T AR LR p (oo, 2", ) Bl ] 5
AR 7R TR (53068 R PR AS [ 15§ B0 T 189 = A
[FImFE]) , —FRfs S0 0 A AR aisfe, 75—
FRAFAE B R G AL TS O . BATRT LI BIFEA
HAESTRTEOLT , B el iy iogamil,
P BEAL Y 25 8] AR P Bl A I )T 8, 2 >y

W, WE « = -« J7 1 BP0 a] UTEA R 3 i
BN ELFAE, IFEASR I TR
DI TIE R B HIR . R T AL
o, AR RS A E S B R R A A
AN, T T SO ST R s ] B R R AR
T

B4 50000z Sl ) 20 P JRE R e I ek 1] ) A s R
Fig. 4 Schematics of the reduced density matrix for the motion of the atomic center of mass

CE—HEEGO A B RS s o0 58 = B drisi AL i1 00)

5 B %

ARSCEZ T TR ER B i X G
S AT PR, a2 R T R
TESHEARUNES, WHe TR T RiEshig
BT 3 J12% . A5 weisskopf-wigner JTL N, g
RIGEEE TSI, S 1 S W ) AT e A
WIFE T BULis s A R . ELEERE |, oF
—AHe T HE TR T3 2 e s il . |1k
B, TR ARRANER TR RS a3 A

JEF B TS B W G R B A, T
T B bis s AR

SE k-

(1] #H, HAY). CdSe 73 REHFECHEAEHRER
RGP LT]. AR ez 2A 40 A ARBEA2 IR, 2004,
43(4) .38 -40.

(2] MRLikk, Z7fiF, XU6ET, 4% AlGaAs/GaAs Z i 1B
I EHDE R R AR R [T ], ka2 4. AR
Bl2ER,2004,43(6) .73 - 76.

(FHEH 61 11)



439

S RAE - AR ] AR5 A I AR DR ST 122 RS Noether i B 61

(8]

(9]

[10]

[11]

(12]

[13]

[14]

[15]

[16]

T12E2EdR, 1994, 26(3) : 380 —384.
M. A A A BO0 29 sR y2 RGERI R [ M.
Jbmt: Bleg L, 1999.
Mg, 205 )2 RGE MR FRE S apE s (M), b
50 LA T TR, 2004,
RO, R A 5 R R S TR AR
AN (V). A A 2B I, 2002, 41
(6):10-13.
FU J L, CHEN L Q, CHEN B Y. Noether-type theory
for discrete mechanico-electrical dynamical systems with
nonregular lattices[ J ]. Sci China; Phys Mech Astron,
2010, 53(9) . 1687 - 1698.
KB ARTERE S E R GERY Hamilton XPFRIELT ], HIE
Bl ERAE J)2p 3%, 2010, 40(9): 1130 -
1137.
FKEL. HHAS A 2R L 3 1] ) Noether X FR4E:
HepEE T PiloRse sk A AR, 2013,
52(4) . 45 -50.
JERERT SRR FE TR LS WA R A o B B
972 73 [ LY Noether g B[ J ] H LR 242244
RBL AR, 2013, 52(5) : 51 -56.
LUO S K, LI L. Fractional generalized Hamiltonian e-
quations and its integral invariants[J]. Nonlinear Dy-
namics, 2013, 73(1/2) : 339 —346.
ZHANG Y, ZHOU Y. Symmetries and conserved quan-
tities for fractional action-like Pfaffian variational prob-
lems[ J]. Nonlinear Dynamics, 2013, 73(1/2): 783
-1793.

(17]

[18]

[19]

(20]

(21]

[22]

(23]

[24]

(25]

EL’SGOL’C L E. Qualitative methods in mathematical a-
nalysis[ M]. Providence: American Mathematical Soci-
ety, 1964.

HUGHES D K. Variational and optimal control problems
with delayed argument [ J]. J Optim Theory Appl,
1968, 2(1): 1 -14.

PALM W J, Schmitendorf W E. Conjugate-point condi-
tions for variational problems with delay argument[J].J
Optim Theory Appl, 1974, 14(6): 599 - 612.
ROSENBLUETH J F. Systems with time delay in the
calculus of variations: a variational approach[J]. IMA
J Math Control Inform, 1988, 5(2) . 125 - 145.
CHAN W L, YUNG S P. Sufficient conditions for varia-
tional problems with delayed argument[J]. J Optim
Theory Appl, 1993, 76(1) . 131 —144.

LEE C H, Yung S P. Sufficient conditions for optimal
control problems with time delay[J]. J Optim Theory
Appl, 1996, 88(1): 157 —176.

FREDERICO G S F, TORRES D F M. Noether’s sym-
metry theorem for variational and optimal control prob-
lems with time delay[ J]. Numerical Algebra, Control
and Optimization, 2012, 2(3) : 619 - 630.

KB, SR SRR R R G
Noether JE 3¢ [ J]. 4 H1 % #ft, 2013, 62 (21):
214502.

JIN S X, ZHANG Y. Noether symmetry and conserved
quantity for a Hamilton system with time delay[ J]. Chi-
nese Physics B, 2014, 23(5) : 054501.

R e e e e e A e e e e A

( 14256 55 50)

(3]

(4]

(5]

(6]

[7]

(8]

(9]

LA AR BT AR. T2 P T AL A RS B A
JRELI] AilReE 24 A AR RE 2R, 2007 ,46 (4) <22
-25.

ZEH H D. On the interpretation of measurement in quan-
tum theory[ J ]. Found Phys, 1970,1(1) :69 -76.
ZUREK W H. Pointer basis of quantum apparatus: Into
what mixture does the wave packet collapse[ J ]. Phys Rev
D,1981, 24(6) :1516 - 1525.

ZUREK W H. Environment-induced superselection rules
[J]. Phys Rev D,1982,26(8) ;1862 —1880.

BOSE S, JACOBS K, KNIGHT K L. Scheme to probe the
decoherence of a macroscopic object[ J]. Phys Rev A,
1999,59(5) :3204 -3210.

SUN C P, LIU X F, ZHOU D L,et al. Localization of a
macroscopic object induced by the factorization of internal
adiabatic motion[ J]. Eur Phys J D,2001,17(10) :85 —92.
ZHANG P, LIU X F,SUN C P. Consistent approach for
quantum measurement [ J |. Phys Rev A,2002,66 (4) .

(10]

[11]

[12]

[13]

[14]

042104.
BRUNE M, HAGLEY E, DREYER ], et al. Observing
the progressive decoherence of the “Meter” in a quantum
measurement [ J]. Phys Rev Lett,1996,77(24) :4887 —
4890.
MYATT C J, KING B, TURCHETTE Q A, et al. Deco-
herence of quantum superpositions through coupling to
engineered reservoirs[ J ]. Nature,2000,403 (1) ;269 —
273.
FRIEDMAN J R, PATEL V, CHEN W et al. ,Quantum
superposition of distinct macroscopic states[ J]. Nature,
2000,406(6) :43 —46.
ZHENG L,LI C, LI'Y, et al. Localization of the relative
position of two atoms induced by spontaneous emission
[J]. Phys Rev A,2005,71(6) :062101.
ZHENG L, YANG C P, NORI F. Quantum dynamics of
spatial decoherence of two atoms in a ring cavity [ J].

Phys Rev A, 2010,82(6) :062106.



