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Comment on “New States of Hydrogen in a
Circularly Polarized Electromagnetic Field”

In a recent Letter, Kalinski and Eberly [1] discuss states
of the hydrogen atom dressed by a circularly polarizec
microwave field, localized on an unstable equilibrium
point, stating that their localization is “purely quantum
mechanical in character.” This statement is incorrect
at least for the model discussed and for the numeric
examples shown in the figures. The authors use th
standard pendulum approximation'[Z] for the'descriptionFIG_ 1. Eigenstate localized on the unstable fixed point at
of the resonance between the microwave field and thgcgied amplitudesZ,. = 0.057 = 4.6, (left) and E, =
electronic motion. There are two fixed points theno.o7 = 5.6Z., (right). The scale is=5000 Bohr radii in both
(one stable and one unstable) in the rotating frame—directions.
corresponding to circular periodic orbits in the laboratory

frame—and the whole dynamics is integrable. In such.an pe ghserved. However, the quoted condition (5) is
a system, localization around the unstable point is Of,correct. Our tests, performed by an “exact” diagonal-
purely classical origin: If the total energy is close 10 jzati0n of the Hamiltonian using a Sturmian basis ex-

the energyE, of the unstable equilibrium position, the n4ngi0n and complex coordinate rotation (for details, see
motion slows down near the unstable point.  The timeq4) jndicate that “scarred” localized wave packet eigen-

averaged probability density of the pendulum is stronglysiates persist up to much higher microwave amplitudes.
peaked near it, simply because it spends more time therﬁxamples are presented in Fig. 1; the corresponding mi-

In quantum mechanics, the eigenstates of the pendulu}qyave amplitudes are several times bigger t&anfor
essentially have the same localization properties (as cafe casen, = 60, far in the semiclassical limit. Similar

be seen from the semiclassical WKB approximation):plots are commonly observed for a wide variety:ef and

The states with energy close 1, are strongly localized ' \aiues. far above the condition of [1].
around the unstable fixed point—even in the liriit— Let us note finally that [1] gives a wrong condition

0—since this localization is classical in character. ¢4 the stable point turning unstable which should read
The authors of [1] present the condition for the exis-g - (1/3)*3/2 = 0.11556 instead of 0.1068, and

tence of “purely quantum-mechanical” stabilized states,inat in the expressions df, p. 2422, one should read
Eqg. (5) of [1], namely that the scaled microwave am-  4/3 instead ofw —4/3. ’
plitude E,. should satisfyE,, < E., = 3/4my for suf-

ficiently large my (mo is the projection of the angular pominique Delandé,Jakub ZakrzewsK,and Andreas
momentum on the axis). As an example, they present Buchleitnet

in Fig. 2(b) a localized state at very lo&,. = 0.0064 lUniversité Pierre et Marie Curie
(where the localization is classical in character, see above) F-75252, Paris Cedex 05, France
for my = 18. ZInstytut Fizyki UJ

The quantum scar effect refers to an increased proba- PL-30-059 Krakow, Poland .
bility density around an unstable periodic orbit (or here an ~Max-Planck-Institut fir Quantenoptik
unstable fixed point) embedded in a large chaotic sea [3]. D-85748 Garching, Germany
While the classical motion is delocalized, some quantunk ..ived 19 November 1996 [S0031-9007(97)04372-X]
states are scarred by the unstable periodic orbit because 9k -5 numbers: 32.80.Rm, 03.65.Sq, 31.15.—p, 42.50.Hz
quantum interferences. This quantum phenomenon disap-
pears in the semiclassical limit [3]. Hence the description o
of the classical localization observed for the pendulum [] M. Kalinski and J.H. Eberly,
system or the hydrogen atom in low amplitude circularly (1996).
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