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Controlling quantum coherence by circularly polarized fields
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In terms of analytical results, we demonstrate that, within most parts in parameter space for a two-level
magnetic system, suppression of quantum coherence can be induceddictiterrly polarized fieldsLow-
frequency driving yields a dynamical localization opposite to the case of intermediate-to-high-frequency driv-
ing. The intrinsic relation between coherent suppression and the dressed-state level-crossing resonance is
revealed[S1050-294®7)51112-1

PACS numbdps): 33.80.Be, 03.65-w

By the principle of superposition, linear combinations of has been investigated for the case of linearly polarized driv-
eigenstates are physically legitimate states. If the involvedng fields [3-5]. Can an appropriate CPF also induce de-
eigenstates are not all degenerate, then the superposed stageaction of coherence in a TLS? If yes, what is the mecha-
vary with time. This effect is generally referred to as quan-nism underlying localization? We will answer these
tum coherence. As one can imagine, the simplest model exguestions from both dynamical and quasienergy points of
hibiting coherence is a two-level systgfiLS). Such a TLS view. The effect of quantized fields will also be addressed.
typifies many physical systems in diverse fields. For in- First let us explain the mathematical structure of localiza-
stance, it can model either exactly a spin-1/2 particle or aption for a periodically driven TLS. The generic Hamiltonian
proximately the chiral states of an optically active molecule.is
Moreover, a particle in a double-well potential can also be
approximated as a TLS in the regime of low excitation en- ~ [ —A/2 V(1)
ergies. As a consequence, coherence and destruction of co- v Ag/2)’
herence in this case are better interpreted as tunneling and

localization, respectively1]. In the following, both tunnel- \yhere V(t) is a periodic function of time, i.e.V(t+T)

ing and coherence will be used interchangeably. ~ =V(1). In the following we seth=1. The wave function
Based on numerical calculations, coherent suppression 9fy(t)) can be written as

tunneling of a charged particle in a double-well potential was

reported seven years agd]. The driving force was chosen |(t)y=cL(t)|L)+cr(t)|R), (3)

to be a linearly polarized electric field with well-adjusted

parameters that lie on a one-dimensional manif8ld Simi-  where ||_>:(|1>+|2>)/\/§ (left stat¢ and |R)=(|1)

lar results were obtained for the linearly polarized drive TLS_|2>)/\/§ (right stat¢ are the two superposefocalized

that approximately describes the double-well sysf@m5].  states of interest. The system is exactly characterized by the
Many applications resulting from this discovery are, amongyector
others[6], the laser-induced trapping of an electron in a
guantum-well structure and the control of electron transfer c.(t)
reactiond 7—11]. According to Hund’s theory, the change of C(y= CR(t))'

chirality, or an intramolecular rearrangement in a more gen-

eral sense, may be regarded as a tunneling process ofRom the Schidinger equationid|(t))/at=H(t)|¥(t)),
(charged particle in a double-well potentill2]. Therefore, one readily derives

one can employ appropriate electric fields to localize the par-

()

ticle, hence stabilizing one configuration of the molecule. dC(t)

How about localization for a circularly polarized field T:M(t)c(t)' 4
(CPB driving? Let us consider a spin-1/2 particle of mag-
netic dipole momenju in a constant fieldB,. The Hamil-  where

tonian isHy=—Ay0%2, whereA,=uB,. The eigenstates

of the system are denoted k%) and |2). With a driving (1

circularly polarized(magnetig¢ field whose direction rotates M(t)=i 2 Ago*+Im{V(t)} oV —ReV(t)}o* .

in the plane perpendicular to axis, the Hamiltonian thus

reads This is a linear dynamical system with periodic coefficients.

We can employ Arnold’'s geometric approach to study the
time-evolution dynamic$13]. To this end we definé\(t)
=Texd [Ldt'M(t')], where T is the time-ordering operator.
(1)  The most useful property is

1 , Vo . ) B _
H(t)Z—EAOO' +7[0' expliot)+ o~ exp —iwt)],

whereVy=—uB and o™ =c¢**ioV. Localization in a TLS C(nT+t)=A(t)A"C(0),
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where A=A(T) is the T-advancing map. Becausdd(t) is a(t)=cog Qt/2)coq wt/2) + cos 6 sin(Qt/2)sin( wt/2),
anti-Hermitian,A(t) is unitary, such that
b(t)=sin 0 sin(Q)t/2)coq wt/2),

A:

a -—c
c*  a* ) ©) c(t)=sin 6 sin(Qt/2)sin(wt/2),

where|a|?+|c|2=1. d(t) =cog Qt/2)sin(wt/2) — cos 6 sin(Qt/2)cog wt/2)

Although there is not a general definition, by localization > ) ]
we mean that the probability of finding the system in theWith Q=\(Ao—w)“+4V; being the Rabi frequency and

initial state will always stay large. Noting thAtis a unimo-  tan 6=2Vp/(w—Ay).

dular matrix, we can use the Caley-Hamilton theoreme, We readily calculate th&-advancing mag over a single
e.g.,[14]) to obtain period T=2n/w. Recall the general treatment given
above. The necessary condition for localization is
A"=P,_(a)A—P,_,(a)1, (6)  arccos(TtA(T)}H2)=mm. Because  HA(27w/ w)}=

— 2 cosf)7/w), we obtain{)/w=n (n any positive integer

where P is the Chebyshev polynomialP,(a)=sin(n  The probability of the system in the left stdte) is
+1)a]/sin @, with a=arccos(TA/2) and 1 is the identity

matrix. Let the system initially evolve from the left state P (t)=a?(t)+b?(t)
|##(0))=|L). Localization requires thatg(t) be always

farl?na;l. Consider stroboscopic times; using Eg), one ob- _ % [1+Sir? 6 cog wt)+cos f sin(wt)sin(nwt)
Ic| +cog 0 cogwt)cognwt)]. (10)
|cr(NT)| = =——=5== Isin(na)|. (7 o .
VI[Im(a)1?+]c|? We now prove that localization is possible only for

=1. To this end let us consider the time averagePef,
Localization results fromc|<|Im(a)|. This is a trivial con-  genoted ad, . Simple algebra yields
sequence because this condition means that one of the two

localized states has much less enefiggalization via bias —  w (27 ) )

Nontrivial localization occurs whenever sinf) is small for Pi=5_ fo dt[a“(t) +b=(t)]

anyn, being possible if and only if sia)=0. Therefore we

have a=*ma (m intege) [5]. In this case, bothc, (t)|? 1  sin(2nm)

and|cg(t)|? evolve periodically{5]. =5+ Ia(ni=1) (n cos’ 6+cos 6). (13)

Let us build the time-advancing ma(t) for the Hamil-
tonian given by Eq(1). Because it can be solved explicitly one readily finds, =1/2 for alin#1. That is, the system is
[15], we will derive A(t) from the propagatorC(t,to):  always delocalized if the Rabi frequency is a higher-order
|(t)) = K(t,to)|#(to)), instead of by solving the dynamical myltiple of the driving frequencf) =nw, n>1. Therefore,
system itself. Using a gauge transformatiof)(t))  localization may take place only if the Rabi frequency coin-
=U|y(t)), whereli=exp(—iwto?2), we arrive a{16] cides with the driving frequency. Far=1, then, we thus
~ find the very relationship between the period and the ampli-

() o au ()~ ~ tude of the acting field:
= o ) iU = =Hlu), @) ?
2 2

Ag+4Vy

where Q=w= oA, (12
H=uHU +i %’ufz _ (ﬁ_ w o+ V" T_h_is is the_ central result of the CPF dr_iving. With this con-
ot 2 2 dition we find forP (t) and P, respectively,

is time independentThe energy eigenvalues a@t= 1 x2—1
= J(Ro— )24+ VE.  Noting that |¢(t))=u"|9(t)) PL(t)=5 | 1+ a5 Si(wt) + cogwt)

=U" exp(=iHt)|y(0)), we have

4x? (x>—1)? 13
K(t,0)=U" exp( —iA). X oere T ez coden | (19
The quantum mag(t) is nothing but a representation of the and
ropagator in the basis of) and|R). After some algebra
\F/)ve F?in?j ¢) R J — 1+x2+2x* 14

R
a(t)—ib(t) —c(t)+id(t) L
- c(t)+id(t) a(t)+ib(t) |’ ©) wherex=2V,/A,. A plot of P vsx is depicted in Fig. 1.
On the one hand, absolute localizatidh,— 1, will be
where realized forx—o. This requires an infinitely strong field

A(t)
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From the consideration of time-dependent dynamics, it
has been demonstrated that the CPF may induce localization.
We next use the Floquet theory to reveal the localization
mechanisni3]. The theory is based on the eigenvalue prob-
lem of the Hermitian operataH(t)=H—id/dt: H(t) D (1)
=¢,P,(t). The eigenfunctions are called Floquet modes
and the corresponding eigenvalues are called quasienergies.
One can show that the Floquet mode is periodic, i.e.,
P, (t)=®,(t+T) and the quasienergy,, is unique up to
multiples of the driving frequency [16]. The quasienergies
in our model are

P

€+ n=[€++(n+1/2)w] modw.

The condition of localizatiolf) = w coincides with the exact
level crossing:e, g=€_ ;. This may be understood as fol-
lows. When driven by the periodic CPF, the two eigenstates
are surrounded by the field to become the dressed states with
with an infinite high frequency, as determined by Eig). the quasienergi_es as their energies. As in_the bare case, when
On the other hand, strong localization will be achieved aI—the level crossing happens, coherence is suppressed. Real
: ! ) — i localization is expected when the level crossing takes place

ready for intermediate-to-strong fields, becalerapidly  fequently in the manifold of the dressed system. It should be
assumes the saturation value dsee Fig. 1. For instance, gyessed again thahe level crossing of the quasienergies
setting Vo=2A, and 0=17A¢/2 (i.e., x=4), we find P_  yjelds a necessary (but not sufficient) criterion for suppres-
>0.91. Forx=4, a continuous time evolution oP, is  sjon of coherencé3]. Therefore, just as for the linearly po-
shown in Fig. 2. larized cas€3], a similar interference mechanism applies for

An interesting effect appears for<<1. In this case, the the circularly polarized field to induce coherent suppression
system slightly tends to occupy the right stg®, although  of tunneling.

it initially evolves from the left stat¢L). The minimum of Concerning the effect of a quantized field, the correspond-

FIG. 1. Time average of the probabilia of the system re-
maining in the initial statdL) as a function ok=2V,/A, under
the localization condition.

P_is ing Hamiltonian reads
~min 1 z T - T .+
PI"=2, (15) H=-3 Ago’*+wa'at+g(ac +a'o"), (16)

whereg is the coupling constant, which is assumed to be real
for simplicity. This is the one-mode Jaynes-Cummings
model in quantum optics and it exhibits several interesting
features such as collapse and reviVEf]. Recognizing that
the interaction couples only the TLS-field stadsn+1)
=|1)®|n+1) and|2,n)=|2)®|n) for each value of, one
can readily evaluate the energy eigenvalues

which corresponds to

wmin:EAo Vmin:iAo X= i)
37 70 o3 V3

Figure 2 also displays the variation Bf""(t) with time.
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The corresponding eigenvectors or dressed states are

|+n)=sin 6,|1,n+1)+cos 6,|2,n),

= \ / 4 i |—n)y=cos 6,/1,n+1)—sin 6,]2,n),
0.4 ‘\\ / ‘\\% (b): z=1/v3 /’ - ] ]
) where 6, is determined by
02| NN, NS A 29 \/m
tan 20,=———.
AO —w
0 1 1 1
0 5 10 15 20

If E.,_1=E_,, then level-crossing resonances take place
FIG. 2. Time evolution of the probability of staying in the left [18]. In the semiclassical limih—ce, one 'dem'f'e_Sg_\/ﬁ

localized stateP, (t) [P, (0)=1] under the localization condition, =VoandQ,=Q, so that fromk ., ;=E_, one again finds

Eq. (12): (a) strong localization corresponding to=2V/Ay=4 O=w. Therefore,.the observable level-crossing-resonance

and w/A,=17/2; (b) weak localization in the other state{"'"(t), reflects suppression of quantum coherence. The same

corresponding tox=1//3 and w/A,=2/3. Dimensionless time is conclusion can be drawn for the linearly polarized fields
measured in terms dfy; t—t(Ay/A)=t. [18-20.



RAPID COMMUNICATIONS

R4400 JIUSHU SHAO AND PETER HAIGGI 56

The CPF can choose one of two helicities, which corredis weak, however, the system slightly tends to occupy the
spond to positive and negative One can show that only the other localized state. It should be pointed out that preparation
CPF with positivew is able to induce localization. This is not of a superposedocalized state is in general a subtle prob-
surprising because only the clockwise CfE., the rotating-  lem[7]. For a spin-1/2 magnetic particle placed in a constant
wave terms of the linearly polarized field driventeracts field B,, however, this can be realized by using a strong
effectively with the TLS. We should also point out that lo- Static magnetic fieldin a direction different from the axis)
calization within our characterization is a quasistatic propthat is suddenly switched off before the circularly polarized
erty (long-time average It does not necessarily mean a re- field is turned on. The Iocahzz_;ltlon effect is closely related to
duction of tunneling rate. the dress_ed-state level-crossing resonance and may be tested

In summary we have demonstrated that—as in the case & experiment$18].

linearly polarized fields—appropriate circularly polarized 35 \would like to thank W. H. E. Schwarz for useful
fields can induce suppression of quantum coherence in gscussions. This work was supported by the Alexander von
driving two-level magnetic system; cf. Eqel2)—(14). The  Humboldt-Stiftung, the National Natural Science Foundation
condition is that the Rabi frequency coincide with that of theof China, and the Deutsche ForschungsgemeinscRaift)
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