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Accelerating decay by multiple 27 pulses
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We show how a control of the dynamics of a decay process can be achieved by the application of a series
of 27 pulses on an auxiliary transition. TherZulse changes the phase of the ground state tashile leaving
the phase of the excited state unaltered. This produces quantum interferences between the transition amplitudes
for evolution in the short interval, just before and after the RBulse. Such an interference under suitable
tailoring of the density-of-states of the bath and the tirrleads toaccelerateddecay.
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In a recent letter Kofman and Kurizkil] have demon- We consider the following scheme, which is similar to the
strated the opposite of the quantum Ze(soippression of one proposed in Ref13] in connection with the inhibition
decay effect[2—8]. They show, by a number of calculations, of decay. In the present paper we operate in a different re-
that the accelerated decay is much more ubiquitous. Thegion of parameters so as to produce acceleration of the de-
derive the following expression for the net decay rate incay. Initially the atom is prepared in the excited state and we
terms of the coupling constagi w); and the final density- consider its decay to the ground stég¢. We consider sys-
of-statesp(w) tematic application of ultrashort72 pulses on a long-lived

transition|g)«|l). We also assume that during the Bulse

_ * 2 duration the evolution of the statps),|g) due to the vacuum
R_ZWL dolg(w)|"p(w)F(w), @ field is negligible. The puf)es >are applied at
=727, ...,N7. In between the pulses the system evolves
where the functior-(w) is related to the measurements atdue to interactiorH, with the vacuum field. We will show
the intervals ofr how this scheme can lead to the acceleration of the decay

process if the transition frequency and the density-of-states
5 of the bath are appropriately chosen.
2) Let us assume thatis small enough so that we can apply
first-order perturbation theory as far as the interaction with
and w, is the frequency of the excited state. They show thathe vacuum field is concerned. The interaction Hamiltonian
both the quantum Zeno effect as well as the quantum antin the interaction picture is
Zeno effect follow from Eq.(1) depending on the relation
between the width'g of p(w) to the measurement rate * st
and the relative separation between the peaksof p(w) Hl(t):ﬁzk |e)(glgkaxe'*+H.c,
andw, of F(w). In particular if|w,— w,| 71, i.e., if w, is
detuned from the nearest maximumg(fw), then one finds
accelerated decay by frequent measurements i.e., the quan-
tum anti-Zeno effecf1,9]. We further note that continuous _ o _
measuremen{s.0] should be distinguished from a series of a Herea is the annihilation operator for the vacuum field and
large number of discrete set of measurements. Explicit caldx is the coupling constant. Depending on the model of the
culations[11] have shown that in such measurements, invacuum field(free space, photonic band gap, gtthe index
contrast to quantum Zeno effect, the state of the system irk can also include the polarization index. The first-order per-
variably evolves. The classic work of Mishra and Sudarshafurbation theory gives the evolution of the stet® as
[2] on quantum Zeno effect and the recent work of Kofman (1% 1)
and Kurizki[1] on quantum anti-Zeno effect invoke in an . e K-
important way the idea of frequent measurements and con- |qf(t)>5|e>_§k: i9icl9, L) (—id) )
sequently these predictions are dependent on the projection
hypothg3|s. In the present report we examineaiarate which on application of the 2 pulse att = 7 transforms into
scenariowhere we do not make use of frequent measure-
ments, however we use a kind of coherent contt@l]. We
report how coherent control can lead to both acceleration and W (7)) =|e)+ >, igl|g. 1)
inhibition of decay depending on the structure of the density- k
of-states of the bath. In our scheme the system evainés
tarily under the influence of a series of ultrashost pulses  Here we use the notation’ to indicate the state just after the
applied at intervals of on an auxiliary transition. application of the Zr pulse. Note that the effect of then2
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FIG. 1. The two frames show the probability of occupation as ag tas The solid curve is fipr,
function of n (time) for a continuum with Gaussian density-of- N

states. The solid curve is f(ﬁl’eg/ZWFpo and the dashed curve is for

Peg27I po. The value ofA is given in the frames andl’=1.

pulse is to change the std to —|g). This 7 phase change

is crucial for our argument. The system evolves unider

from 7" to 27 leading to

(e—iékf_ 1)
(=i

(e—i ST l)
(=i

e* i 5kT

Illf(27)>=|e>—i2k 951, 1)

+i§ 9519, 1) (6)

which on the application of the secondrZoulse at 2 be-
comes

(e—iﬁkr_ 1)2

2
(—iag 9

I‘I’(27+)>E|e>+i; gr 9,1
(7)

We note in passing that the standard resiét, without 2=
pulses will be obtained from Eq(7) by replacing €%

—1)? by (1—e 2%, We can now continue this evolution

till time 2N7" and ask what is the probabilifyge of finding

the atom in the statgg) with the emission of one photon.

Clearly pye is given by

Pge= 2 [(9, 1 W (2NT")I. ®
Our calculation leads to
- 87\ Sirf( 8, 7N)
= 2tanz(—)—. 9
pge zk |gk| 2 (5k/2)2 ( )
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FIG. 2. The two frames show the probability of occupation as a
function of n (time) for a continuum with exponential density-of-
¢27T py and the dashed curve is for
Peg27I po. The value ofA is given in the frames andl’=1.

We note that if we had not appliedn2pulses on the auxil-
iary transition/g)« |I) then the result would be given by Eq.
(9) withoutthe factor tah( 5,7/2). Evidently, now we have a
handle formanipulating decay characteristidsy suitably
choosing the function t&(5,7/2). We will call such a func-
tion the interference function, which arises from the interfer-
ence between the transition amplitudes in the intervais 0
<7 andr"<t<2r. This is clearly seen from Eq$6) and
(7). We note in passing that several proposals exist in litera-
ture [13—19 for the inhibition of decay using pulses. The
actual decay characteristics are quite sensitive to the param-
eters of the pulses. For example Viola and LI¢$8] in their
work on the interaction of a spin with an Ohmic bath also
discover accelerated decay when pulses are not applied very
frequently compared to the correlation time of the bath.

In order to understand the effect of the interference func-
tion, i.e., application of Z pulses, we consider a one-
dimensional continuum limit of9):

Bge: J:

where p(x) contains the effect of both the density of final
states as well as the transition matrix element. The probabil-
ity of finding the atom in the ground state has a form similar
to the rateR appearing in the work of Kofman and Kurizki.
We now evaluate Ed10) for a structured continuum defined
by both Gaussian and exponential density-of-states

p(X)=poexp{—[x—A[*/T?},
p(X)=poexp{—|x—A|/T},

where A is the difference between the transition frequency
weq and the central frequency of the structured continuum.
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We assume that <w.,. We examine the behavior {,}ge smaller A values(cf. Ref. [13] for A=0) one can obtain

for A/IT=1 and forA7=1. We show in Figs. 1 and 2 the inhibition of decay[Figs. Xa), 2(a)]. Using the ultrashort 2
pulses we have thus achieved a control of the decay process.

behavior ofp. for a continuum with Gaussiafexponential  \ye again emphasize that this control is achieved without
density-of-states as a function bf We also show the be- performing either continuous measurements or a series of
havior of the standard resut,., which is obtained by drop- discrete measurements and thus our control does not involve
ping the tad(x7/2) from the integrand in Eq(10). Figures the postulate of collapse of the wave function.

1(b) and 2b) clearly demonstrate thgiye>pge, i.€., the We thank S. Menon for help with figures and MOS
decay process has been accelerated by the interference fungishes to thank the ONR, the NSF, and the Robert A. Welch
tion tarf(x7/2). At the same time it is also clear that for Foundation for support.

[1] A.G. Kofman and G. Kurizki, NaturgLondon 405 546 4019(2000.
(2000. [10] M. Ueda and M. Kitagawa, Phys. Rev. Let68, 3424
[2] B. Misra and E.C.G. Sudarshan, J. Math. PHy&.756(1977). (1992.

[3] D. Home and M.A.B. Whitaker, Ann. Phy&58 237 (1997. [11] G.S. Agarwal, M.O. Scully, and H. Walther, Phys. STA8,
[4] W.M. Itano, D.J. Heinzen, J.J. Bollinger, and D.J. Wineland, 128(1993.

Phys. Rev. A41, 2295(1990. [12] S.E. Harris, Phys. Toda$0, 36 (1997; M. Shapiro and P.
[5] P.L. Knight, Nature(London 344, 493(1990. Brumer, Trans. Faraday So83, 1263 (1997; M.O. Scully
[6] S. Pascazio, M. Namiki, G. Badurek, and H. Rauch, Phys. Lett. and M. Fleischhauer, Scien@63 337 (1994.

A 179 155(1993. [13] G. S. Agarwal, M.O. Scully, and H. Walther, Phys. Rev. Lett.
[7] L.S. Schulman, Phys. Rev. B7, 1509(1998. (to be published
[8] P. Facchi, and S. Pascazio, Phys. Let244, 139(1998. [14] D. Vitali and P. Tombesi, Phys. Rev. 89, 4178(1999.

[9] A.P. Balachandran and S.M. Roy, Phys. Rev. Leit, [15] L. Viola and S. Lloyd, Phys. Rev. A8, 2733(1998.

044101-3



