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Role of “Scars” in the Suppression of Ionization in
Intense, High-Frequency Fields

In a numerical study of a one-dimensional model of an
atom with potential —1/(1+x2)"2 in a high-frequency
field Fcos(wt), Su, Eberly, and Javanainen' found that
the ionization decreases when F becomes large and that
the electron probability exhibits a double-peak structure
which they associated with the ‘“‘dichotomous” wave
function in the time-averaged atomic potential studied
by Pont et al.> However, the peaks of the dichotomous
wave functions were predicted’ to be separated by a dis-
tance 2F/w? while Su’s peaks are only F/w?=ag apart.

Our analysis indicates that these multiply peaked wave
functions result from the diabatic excitation of wave
functions that are localized to the vicinity of unstable
and weakly stable periodic orbits embedded in the chaot-
ic classical phase space. These “scarred” wave functions
provide a new mechanism for the high-field stabilization
that accounts for the reduced spacing of the peaks and
relates this problem to other strongly perturbed quantum
systems® where scars play an important role.

In the high-field, high-frequency limit, the classical
motion of a free electron in the oscillating field is per-
turbed during the short times when the electron is mov-
ing slowly in the vicinity of the atomic potential. Conse-
quently, the classical equations of motion in the oscillat-
ing Kramers-Henneberger frame can be well approxi-
mated by a nonlinear, area-preserving map,

xn+l=xn+Tpn+ls (1)
pn+1=pntkf(x,), 2)

where x, and p, are the relative positions and momenta
of the electron evaluated once every period, T =2n/w, of
the field. The “kick” function is

) =—glr)/A+x2)+g(r )11+ (x+2a0) 2134,
(3)

where g(r + ) =E(r+) —0.5K(r + ) is expressed in terms
of complete elliptic integrals with arguments 2r3 =
—x/(0+x2)12 and 2rt =14+ (x+2a9)/l1+ (x
+2a0)21"2, and k =2v2/~/F. The points plotted in Fig.
1, for 100 iterations of the map for a number of different
initial conditions, show that for Su’s field parameters'
the classical dynamics is mostly chaotic in the vicinity of
the double-well kicking potential ¥ (x) = —k [ G (x)dx.
The quantum dynamics is determined by a quantum
map* defined by the unitary time evolution operator for
one period of the oscillating field, U(T) =exp(—iTp?/
2)expl—iV(x)]. In analogy with our previous studies of
the microwave ionization of Rydberg atoms,> we find
that some of the quasienergy (QE) states of U remain lo-
calized to the vicinity of the two weakly stable fixed
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FIG. 1. The level contours of the Husimi distribution (Refs.
3 and 4) for the QE state that scars the unstable fixed point at
x=F/w?=—18.5, superimposed on the classical x-p Poincaré
section for the map with F =5.0 apnd @ =0.52 a.u.

points in the double-well kicking potential at x =0 and
=~ —2F/w?=—37 and also near the unstable fixed
point on the saddle between the wells as shown in Fig. 1.

If a superposition of these scarred QE states are dia-
batically excited by the applied field, then part of the
electron distribution will remain in the vicinity of the
atom with peaks spaced F/w? apart. Moreover, this
dynamical localization is determined by the size of the
classical “‘stochasticity” parameter K =kT «<1/v/Fo
which decreases with both increasing field F and fre-
quency .
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