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The influence of a superposed offset field on the response of highly polarized �quasi-1D� very-high-n
Rydberg atoms to a periodic train of unidirectional half-cycle pulses �HCPs� is investigated, both experimen-
tally and theoretically. It is observed that the presence of an offset field strongly influences the dynamics. The
electronic states become transiently stabilized and trapped near the ionization threshold when the net average
field they experience is near zero irrespective of whether the HCPs, applied parallel to the atomic axis, are
directed towards or away from the nucleus. The nature of this stabilization is explored using Poincaré surfaces
of section. In large offset fields, direct field ionization becomes possible but it is demonstrated that this can be
suppressed by application of an oppositely directed HCP train. The use of such “frustrated field ionization” to
measure the polarization of Rydberg atoms is discussed.
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I. INTRODUCTION

Simple periodically-driven systems can provide valuable
insights into the correspondence between classical and quan-
tum dynamics. This is particularly true for systems that ex-
hibit classical chaos because in this case �1–3� quantum dy-
namics tends to differ significantly from its classical
counterpart. One manifestation of this is quantum localiza-
tion where the quantum wave function becomes localized
while the classical phase space density shows chaotic diffu-
sion. In contrast, when a system undergoes periodic or qua-
siperiodic motion, the corresponding quantum wave func-
tions mimic their classical counterparts. The quantum wave
function stabilizes around the periodic classical trajectories
and becomes localized without dispersion �4–6�. It has re-
cently been suggested �7–10� that such localization around
the classical periodic motion can be used to control and ma-
nipulate wave packets. Thus, not only are simple periodically
driven systems used as a theoretical testing ground to study
classical-quantum correspondence but also their realization
may lead to various applications in atomic engineering.

The periodically kicked Rydberg atom provides an ex-
ample of such a driven system that has now been realized
experimentally. When a Rydberg atom is subject to a pulsed
unidirectional electric field, termed a half-cycle pulse �HCP�,
whose duration Tp is much shorter than the classical electron
orbital period Tn, the HCP simply delivers an impulsive mo-
mentum transfer or “kick”

�p = − �
0

�

FHCP�t�dt �1�

to the Rydberg electron, where FHCP�t� is the field produced
by the HCP �atomic units are used throughout�. The applica-
tion of a train of identical HCPs equispaced in time with
interval TT, described by

Ftrain�t� = �
k=0

N−1

FHCP�t − kTT� �2�

can lead to dynamical stabilization, the Rydberg electron
undergoing �classical� periodic motion that is synchronized
with the train. The resulting electronic wave packets have
been observed experimentally �11,12� as peaks in the
survival probability as the pulse repetition frequency
�T�=1/TT� is varied.

The impulsive limit Tp�Tn can be reached using very-
high-n Rydberg atoms �n�350� and nanosecond-duration
HCPs produced by applying output pulses from a fast pulse
generator to a nearby electrode. Much shorter subpicosecond
HCPs can be produced using photoconducting switches that
are triggered by femtosecond laser pulses �13–16� allowing
studies at intermediate n, n�30. Recently it has been sug-
gested that it might even be feasible to produce trains of
attosecond-duration HCPs by appropriately combining har-
monics generated through high harmonic conversion using a
two-color laser field �17�.

A fundamental difference exists between HCPs produced
by photoconducting switches or high harmonic generation
and those produced by pulse generators. The former ul-
trashort pulses represent freely propagating electromagnetic
waves. As such, the solution of Maxwell’s equations requires
that the vector potential at the conclusion of the pulse vanish,
i.e.,

A�t = �� = − c�
−�

�

F�t�dt = 0 �3�

or, generally, the net momentum transfer to a free electron
�Eq. �1�� must vanish �18�. This, however, does not preclude
the possibility of achieving significant momentum transfer to
an electron in an atom because the atom responds nonlin-
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early to strong external fields due to the presence of the
Coulomb field. For such electrons it is the large field ampli-
tude near the peak of the HCPs that is important, rather than
the integral over the entire temporal field distribution.

For a train of N unipolar HCPs, the momentum transfer to
a free electron is given by �pfree=N�p and is equivalent to
that produced by a constant field

F̄HCP = −
�pfree

NTT
= −

�p

TT
�4�

over the same time interval NTT. By applying an offset field
Foffset during the HCP train the net external field experienced
by the electrons can be varied and will be zero when

Foffset = − F̄HCP =
�p

TT
. �5�

In this case the behavior of a Rydberg atom in the combined
field should mirror that in a freely propagating electromag-
netic field �Eq. �3��. The presence of the offset field can
dramatically modify the dynamical response of the atom to
the HCP train.

In the present paper we investigate the dynamics of highly
elongated quasi-one-dimensional �quasi-1D� Rydberg atoms
in the combined presence of an offset field Foffset and a train
of HCPs, i.e., in the field F�t�

F�t� = Foffset�t� + Ftrain�t� �6�

shown in Fig. 1�c�. We focus on two aspects: the dependence
of the dynamics on the polarization of the Rydberg state

relative to the applied fields, and the suppression of static
field ionization by a sequence of HCPs, referred to in the
following as “pulse-frustrated field ionization” which shows
that application of HCPs can lead to bound-state survival
rather than ionization.

Both behaviors depend strongly on the average field ex-
perienced by the atom, this being especially evident when
the time integral over the total field F�t� �Eq. �6�� vanishes.
Here we investigate this regime through both experiment and
classical trajectory Monte Carlo �CTMC� simulations. In the
case of small fields, i.e., small kicks ��p0=n�p�1�, en-
hanced stability is seen irrespective of the orientation of the
initial polarized state. Pulse-frustrated field ionization is ob-
served for larger fields ��p0�1� when the offset field be-
comes sufficiently strong to classically field ionize the atoms.
We show that pulse-frustrated field ionization can provide a
measure of the degree of initial polarization �i.e., elongation�
of quasi-1D Rydberg states.

II. EXPERIMENT

The present apparatus is described in more detail else-
where �11,19,20�. Briefly, quasi-1D high-n atoms are created
by photoexciting, in a weak dc field of �300 �Vcm−1, po-
tassium atoms contained in a thermal-energy beam to se-
lected low-lying redshifted n=350, m=0 Stark states using
an extra-cavity doubled CR699-21 Rh6G dye laser. Experi-
ments are conducted in a pulsed mode. The laser output is
formed into a train of pulses of �1 �s duration and
�20 kHz repetition frequency using an acousto-optic modu-
lator. �The probability that a Rydberg atom is formed during
any laser pulse is small and data must be accumulated fol-
lowing many laser pulses.� Immediately following each laser
pulse the atoms are subject to the train of HCPs and super-
posed offset field that is generated by applying voltage
pulses to a nearby electrode. The overall applied waveform is
measured using a fast probe and sampling oscilloscope. The
number of surviving Rydberg atoms is determined using se-
lective field ionization �SFI�. For this, a slowly varying posi-
tive voltage ramp is applied to the lower interaction region
electrode. Electrons resulting from field ionization are accel-
erated to, and detected by, a particle multiplier. Measure-
ments in which no HCPs or offset field are applied are inter-
spersed at routine intervals during data acquisition to
monitor the number of Rydberg atoms initially created. The
Rydberg atom survival probability is then determined by tak-
ing the ratio of the Rydberg atom signals observed with and
without application of the pulsed fields.

III. THEORETICAL METHODS

The experimental results are analyzed using CTMC simu-
lations. The �restricted� microcanonical ensemble of points in
phase space that represents the initial mix of Stark states
�taken as a distribution of 36 Stark states centered on the
parabolic quantum number n1=320 �20�� is propagated in
time according to Hamilton’s equation of motion for the
Hamiltonian

FIG. 1. �a� Poincaré surface of section for a train of HCPs de-
livering scaled impulses �p0=0.24 with scaled frequency �0

=�T /�ni
=2.7, and an offset field Foffset=�p /TT �see text�. The sur-

face of section is taken for �� , p����0,0� and is classically scale
invariant under a variation of ni. The dashed lines show the initial
energy manifold for a state of energy −1/ �2ni

2�. �b� Potential distri-
bution in the presence of the offset field. �c� Time dependence of the
field F�t�=Foffset�t�+FHCP�t�.
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H�t� = Hat + V�t� �7�

with

Hat =
p2

2
−

1

r
, V�t� = zF�t� , �8�

where r�= �x ,y ,z� and p� = �px , py , pz� are the position and mo-
mentum of the electron, respectively. Calculations using a K+

core ion potential showed that the use of a simple hydrogenic
Coulomb potential does not significantly influence the theo-
retical predictions. The final energy Ef of the electron is de-
termined at the end of the propagation time, i.e., at the end of
pulse train. The overall survival probability is then given by
the fraction of the initial conditions for which Ef 	0. In
practice, product states with very large values of n above
some cut off nmax are field ionized as a result of field inho-
mogeneities present in the apparatus. Tests suggest that this
cutoff lies in the range 800�nmax�1000 and calculations
are presented for both of these values. Moreover, the se-
quence of HCPs is not perfectly periodic with small random
variations occurring in both the time interval TT between the
pulses and in their amplitude. We therefore include both am-
plitude and frequency noise in our simulations to check for
the effects of nonperiodic driving on stabilization.

We consider in the following the modifications to the ion-
ization dynamics produced by the presence of an offset field
that is �typically� turned on just before the HCP train and
turned off just after it ends. We assume that the kicks are
applied in the positive z direction ��p
0� �see Figs. 1�b�
and 1�c��. Accordingly, the average HCP field F̄HCP �Eq. �4��
is oriented in the negative z direction. When the condition in
Eq. �5� is satisfied, the offset field Foffset is pointing in the +z
direction and the combined field

Fav = Foffset + F̄HCP = Foffset − �p/TT �9�

vanishes.
In order to explore the stability properties when Fav�0

we employ Poincaré surfaces of section. Figure 1�a� displays
one such section for a scaled kick strength �p0=0.24, a
scaled frequency �0=�T /�n=2.7, ��n=1/Tn�, and an offset
field such that Fav=0. It is assumed that the HCP train is
perfectly periodic and that the HCP train and offset field
continue indefinitely. The figure corresponds to stroboscopic
snapshots taken at those times when the field associated with
successive HCPs is at a maximum. Given that the present
atoms are quasi-1D, surfaces of section are taken at �� , p��
	�
x2+y2 , �xpx+ypy� /����0,0�. Since the kicks are di-
rected in the +z direction, electrons with z	0�
0� experi-
ence kicks towards �away from� the nucleus. Figure 1 there-
fore allows the behavior under both these driving conditions
to be examined.

Even though the phase space for a 1D atom subject to
kicks directed away from the nucleus, corresponding to the
�z
0� part of the Poincaré section, is known to be globally
chaotic �21� Fig. 1�a� exhibits quasistable structures near the
nucleus �z=0� �the nearly parallel straight lines to the right
of the origin�. These are due to the finite width of the HCPs
and disappear in the limit of ultrashort HCPs. For kicks di-

rected towards the nucleus, i.e., the z	0 region of the
Poincaré section, quasiregular elongated islands are ob-
served, which are related to stable KAM tori seen in the 1D
system. For the present 3D system, however, we find that
these structures are a manifestation of cantori, i.e., remnants
of broken KAM tori. �Similar behavior has been observed
for Rydberg atoms subject to a periodic train of kicks that
alternate in sign �12,22�.� No tori or cantori are visible in
Fig. 1 in regions of phase space that overlap the initial high
Rydberg states, represented by the classical tori indicated by
the dashed lines in Fig. 1�a�. Rather, these states lie entirely
in the chaotic sea. The enhanced stability of high Rydberg
states when Fav=0 analyzed below is therefore due to the
slowing down of chaotic diffusion rather than to the appear-
ance of stable islands. The phase space structure of Fig. 1
immediately implies that the stabilization will be transient
but robust against noise. Were quasistable islands responsible
for the enhanced survival these would be destroyed by noise
leading to a pronounced drop in the survival probability.

IV. STABILIZATION FOR WEAK KICKS: DIRECTIONAL
INDEPENDENCE

The survival probability for quasi-1D ni=350 Rydberg at-
oms polarized along the +z axis and subject to N=20 HCPs
that provide kicks in the +z direction, i.e., away from the
nucleus, is shown in Fig. 2 as a function of the time-averaged
field Fav for several scaled frequencies �0. Each HCP has a
full width at half maximum �FWHM� duration of
�600 picoseconds and delivers a scaled momentum transfer
�p0=ni�p=0.24. The survival probability depends markedly
on the net time-averaged field peaking near Fav�0 for all
scaled frequencies �0. Figure 2 also includes the results of
CTMC simulations. These show that the enhanced stability
near Fav�0 is insensitive to the presence of noise in the
form of random fluctuations in HCP period and amplitude of
up to ±5%, consistent with the fact that the initial tori reside
in the chaotic sea. Furthermore, the result is only weakly
dependent on the precise value of the cutoff quantum number
�energy� nmax. The overall agreement between the experi-
mental data and the simulations is quite good.

The enhanced stability can be understood in terms of di-
rected chaotic diffusion from the initial bound states �E
	0� towards the ionization threshold. As the mean n in-
creases the atomic momentum pn=1/n characterizing the
motion in the Coulomb field of the nucleus �or, equivalently,
the Compton profile� becomes small compared to the kick

pn � �p �10�

or in terms of scaled momentum pn,0=ni /n, pn,0��p0. In
this limit, the electron behaves as a quasifree particle and
suffers no net momentum transfer. The offset field itself may
be viewed as delivering a series of impulsive kicks to the
excited electron that are in the opposite direction to those
delivered by the HCPs. When these are of equal magnitude,
i.e., when Fav=0, the effect of the impulse delivered by each
HCP is, in essence, immediately canceled by the impulse
from the offset field. On average, therefore, the motion of the
electron is little perturbed by the pulse train and little net
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transfer of energy or momentum to it occurs.
The quasifree limit can also be viewed as the limit of high

scaled frequencies. Although the initial scaled frequencies
�0=�T /�ni

that can be realized in the present experiments are
limited to values �3, the first HCPs in the train rapidly move
the distribution of electron binding energies towards higher
energies, i.e., larger values of n. Because the classical elec-
tron orbital frequency decreases rapidly with n, �n�n−3, the
electron enters a regime where the effective scaled frequency
of the HCPs, �0�=�T /�n becomes very large. This slows dif-
fusion to the continuum and the electron energy distribution
becomes transiently localized and trapped near the con-
tinuum. This is illustrated in Fig. 3 which shows the electron
energy distribution in scaled units E0=ni

2E for quasi-1D ni
=350 atoms following application of a train of N=20 HCPs
with scaled frequencies �0=0.33 and 2.7. Each HCP delivers
a scaled impulse �p0=0.24 and the offset field is chosen
such that Fav=0. The electron energy distributions are
strongly peaked near E=0. Interestingly, the peak in the elec-
tron energy distributions shifts towards higher energies, i.e.,
higher n, as �0 decreases. This results because the values of n
at which the high frequency limit is realized increase as �0
decreases.

Since the tori representing initial states oriented in either
the positive �z
0� or negative �z	0� direction, i.e., uphill
or downhill Stark states in the offset field, both lie in the

chaotic sea, similar transient stabilization is to be expected
for both initial polarizations. This is, indeed, the case as
demonstrated by Fig. 4 which shows the survival probability
for quasi-1D ni=350 atoms polarized along the −z axis fol-
lowing application of N=20 kicks ��p0=0.24� in the +z di-
rection, i.e., directed towards the nucleus, as a function of the
time averaged field Fav �Eq. �9�� for the same scaled frequen-
cies �0, values of nmax, and noise as in Fig. 2. The calculated
survival probabilities are in good agreement with the experi-
mental data. A sharp peak in survival probability is seen near
Fav=0 which, simulations show, is again associated with
trapping of the electron energy distribution near the con-
tinuum. The present results therefore indicate that the sur-
vival probability is governed primarily by the size of the

FIG. 2. Survival probabilities for quasi-1D ni=350 Rydberg at-
oms subject to N=20 HCPs as a function of net average field Fav.
The initial quasi-1D state is polarized along the +z axis, parallel to
the impulses delivered by the HCPs �see inset� which are of scaled
magnitude �p0=ni�p=0.24. The scaled frequencies of the HCPs
are �a� 0.33, �b� 0.5, �c� 1.3, and �d� 2.7. The open squares are
experimental data, the lines the results of CTMC simulations for
�---� nmax=1000, �¯¯� nmax=800, and �—� nmax=800 with ±5%
noise included �see text�.

FIG. 3. Electron energy distributions for quasi-1D ni=350 Ry-
dberg atoms subject to N=20 HCPs when Fav=0. Each HCP deliv-
ers a scaled impulse �p0=0.24 at scaled frequencies of �—� �0

=0.33 and �----� �0=2.7. 5% noise is included. The electron energy
is expressed in scaled units E0=ni

2E. The initial state is polarized
along the +z axis.

FIG. 4. Survival probabilities for quasi-1D ni=350 Rydberg at-
oms subject to N=20 HCPs as a function of the net average field
Fav. The initial state is polarized along the −z axis, antiparallel to
the impulses delivered by the HCPs �see inset�. The scaled frequen-
cies �0 and the scaled impulses �p0 are as in Fig. 2.
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average field Fav rather than by the initial orientation of the
atom.

The universality of the enhanced transient stabilization
near threshold when �T�n or �pn,0��p0 can be analyti-
cally verified. For �T�n the high-frequency limit is
reached, i.e., TT�Tn=2�n3. Stabilization requires that the

total energy transfer �E due to both F̄HCP and Foffset vanishes
to first order in TT. Considering one period of the train ex-
tending from a half period �TT /2� before the kick to a half
period after it, the energy transfer by a kick �p �in the im-
pulsive limit for simplicity� is

�Ekick �
�pz + �p�2

2
−

pz
2

2
= pz�p +

��p�2

2
, �11�

where pz�1/n is the z component of electron momentum
immediately before the kick. The energy change due to the
offset field during the first half of the period prior to the kick

�E�1�
offset � − �zFoffset � − pz

TT

2
Foffset �12�

while during the second half after the kick

�E�2�
offset � − �pz + �p�

TT

2
Foffset. �13�

The energy transfer during one period due to the offset field
is thus

�Eoffset = �E�1�
offset + �E�2�

offset � − �pz +
�p

2
�TTFoffset.

�14�

The resulting total energy transfer during one period

�E = �Ekick + �Eoffset

= �pz +
�p

2
���p − TTFoffset�

= − �pz +
�p

2
�TTFav. �15�

As expected when Fav=Foffset−�p /TT=0, the energy transfer
vanishes. Note that Eq. �15� is only valid to first order in TT
when the linear approximation �z= pzTT /2 in Eqs. �12� and
�13� holds. This approximation is valid in the high-frequency
limit TT�Tn and for local momenta pz of the order of the
mean orbital momentum pz��1/n��p. It breaks down
near the nucleus. Consequently, the electron gains or loses
energy every time it is scattered at the nucleus. It is this
residual random net energy transfer that renders the electron
dynamics chaotic near threshold �see Fig. 1�. However, given
that the orbital periods of very-high-n states are long, the
electron spends much of its time well removed from the
nucleus where it behaves essentially as a quasifree particle
which allows the atom to survive a large number of HCPs
and undergo transient stabilization. When the balance be-
tween the impulses provided by the HCPs and offset field is
broken, i.e., when Fav�0, the energy transfer becomes non-
zero resulting in the marked decreases in survival probability

evident in Figs. 2 and 4. Closer inspection of these data
reveals that, especially for high scaled frequencies, the maxi-
mum in survival probability does not occur precisely at Fav
=0, and that the peak in the survival probability is asymmet-
ric. This results because symmetry is broken by the quasi-1D
initial state. If, for example, Fav
0 the electron must escape
the atom in the −z direction. Thus if the atom is initially
oriented along the +z axis the electron must transit to the
other side of the nucleus before ionization can occur, which
takes time. The same need does not exist if the atom is ini-
tially oriented along the −z axis. �No similar asymmetry is
observed using �unpolarized� K�351p� atoms �19�.�

V. STRONG KICKS: FRUSTRATED FIELD IONIZATION

The threshold field for classical ionization of the downhill
Stark state �EStark=Hat+zF�−1/ �2n2�− �3/2�n2F� is

Fc =
1

9n4 �16�

or Fc,0=1/9. Thus the presence of offset fields larger than
this value will lead to direct field ionization when no HCPs
are applied. Such ionization, however, is suppressed by the
presence of an �oppositely directed� HCP train giving rise to
“pulse-frustrated field ionization” in which the HCPs coun-
teract static field ionization by periodically driving the escap-
ing electron back to the nucleus. Under these conditions the
presence of the HCP train results in an increase in the overall
survival probability. This effect should be observed with any
initial state irrespective of its polarization. It is illustrated in
Fig. 5 which shows survival probabilities for K�351p� atoms
as a function of Foffset with and without HCPs present. The
data refer to N=20 HCPs with a scaled frequency �0=3.3
and scaled strength �p0=0.73. The CTMC simulations as-
sume that product states with n�nmax=1000 are ionized and
include 5% period and amplitude noise on the HCP train.
The theoretical predictions are in good agreement with the
experimental results. In the absence of HCPs, more than 90%
of the parent atoms are ionized in offset fields of

FIG. 5. Survival probability for K�351p� atoms as a function of
offset field Fav. The open circles show experimental results, and the
dashed line CTMC simulations, with only Foffset present. The open
triangles and solid line show results obtained when a train of HCPs
delivering scaled impulses �p0=0.73 with scaled frequency �0

=3.3 is superposed on Foffset. The simulations assume ±5% noise
and nmax=1000 �see text�.
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100 mV cm−1. Application of the HCP train leads to a dra-
matic increase in survival probability, reaching a maximum
of �40% for an offset field of �120 mV cm−1 which corre-
sponds to an average field Fav�0. This observation indicates
that pulse-frustrated field ionization is a direct consequence
of the same transient stabilization mechanism discussed ear-
lier.

While pulse-frustrated field ionization is expected to oc-
cur for any initial state, its effectiveness will depend mark-
edly on its polarization. This is due to the fact that field
ionization of quasi-1D Rydberg atoms is quite sensitive to
their orientation �20,23�. A similar sensitivity to the polariza-
tion of Rydberg atoms has also been observed in ion-atom
collisions �24�. In a given applied field states oriented to-
wards the saddle point, termed “downhill” states, ionize at
much earlier times than “uphill” states oriented in the oppo-
site direction. While electrons in downhill states can cross
the saddle point directly, those in uphill states must precess
to the downhill side before ionization. The dynamics of the
electron therefore is quite different depending on which side
of the nucleus it is initially located. This sensitivity has been
used to measure the polarization of quasi-1D states as well as
the dynamics of field ionization �20,23�. Here we suggest
that pulse-frustrated field ionization might also be used to
probe atomic polarization. To demonstrate this, Fig. 6 shows
calculated survival probabilities for the present combinations
of quasi-1D uphill and quasi-1D downhill states as a function
of the time delay tD between the rise of the offset field and
the beginning of the HCP train �see inset�. The offset field is
turned off after the last HCP. Thus the offset field pulse is
longer than the HCP train. For the results in Fig. 6�a�, the
size of the offset field and the HCPs is set such that Foffset
=−�p /TT, i.e., Fav=0 during the HCP train. The simulations
assume a train of N=20 HCPs of scaled strength �p0=0.73

and scaled frequency �0=3.3, and again include 5% noise in
the HCP train.

The downhill initial state is quite unstable because much
of its electron probability density is located near or beyond
the saddle point. The survival probability decreases rapidly
as the delay time tD increases and the electrons travel further
from the saddle point before the HCP train begins. A small
increase in survival probability is observed at early times and
is associated with the portion of the initial wave packet �or
subensemble of classical trajectories� initially moving to-
wards the nucleus. The uphill state, which is initially local-
ized on the other side of the nucleus, is significantly more
stable. The oscillatory structure seen in the survival probabil-
ity provides direct information on the motion of the electron
in the offset field. Prior to application of the offset field the
electron probability density is greatest near the outer classi-
cal turning point, located at z	0, and the electron has a
binding energy Hat�0�=Ei. After a delay time tD the energy
becomes

E�tD� = Ei − Foffset�z�tD� − z�0�� , �17�

where the second term in this equation is the work done by
the offset field on the electron. Between the time the offset
field is switched on and the time the electron reaches the
nucleus, the work done by the field is positive and the elec-
tron continuously gains energy, consequently decreasing the
survival probability. Conversely, after the electron is scat-
tered at the nucleus and before it again reaches the outer
turning point, the work done by the offset field is negative
and, therefore, the electron continuously loses energy and the
survival probability increases. Application of the HCP train
counteracts the effect of the offset field and tends to suppress
further ionization. The overall survival probability therefore
provides direct information on the electron dynamics in the
offset field during the period up to tD.

The sensitivity to the initial atomic polarization can be
enhanced by arranging the sizes of the offset field and HCPs
such that Fav is small and negative �Fig. 6�b��. Before appli-
cation of the HCP train the saddle point due to Foffset�
0� is
located at z	0 and electrons leave their parent atoms trav-
eling in the −z direction. In contrast, with the HCPs applied,
the saddle point associated with the net average field
Fav�	0� is located at z
0. Consequently the electron must
leave in the +z direction. The stability of uphill and downhill
states is interchanged and both uphill and downhill states
exhibit oscillatory behavior as the delay time tD is varied. In
particular, electrons in the downhill state, after initially trav-
eling towards the saddle point associated with the offset field
must turn around to exit in the opposite direction, their final
energy gain/loss depending on their phase space coordinates
when the HCPs are turned on. In fact, the oscillation in the
survival probability reflects the precession of the downhill
states relative to the offset field which have now become
uphill states with respect to the net average field. Thus, the
stability of a quasi-1D initial state is critically dependent on
any slight mismatch between the offset field and the HCP
train, i.e., on Fav.

FIG. 6. Survival probability for quasi-1D ni=350 Rydberg at-
oms as a function of the time delay tD between the rise of the offset
field and the beginning of the HCP train. The train delivers scaled
impulses �p0=0.73 with scaled frequency �0=3.3. The simulations
assume ±5% noise. The offset field is set to �a� Foffset=�p�T,
i.e., Fav=0, and �b� Foffset=120 mV/cm, i.e., Fav,0=ni

4Fav

=−0.027 a.u.
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VI. CONCLUSION

The dynamics of Rydberg atoms subject to a train of
HCPs in the presence of a superposed offset field have been
investigated. The phase-space portraits show a clear sensitiv-
ity to the polarization of the initial wave function due to the
existence of quasistable islands �cantori� on only one side of
the nucleus. In practice, however, such quasiregular struc-
tures do not play an important role in the dynamics because
most of the Rydberg atom population quickly becomes
traped close to the ionization threshold, which is immersed
in the chaotic sea. The transient stabilization of these ex-
tremely high-n states is essentially independent of the initial
atomic polarization and is governed by the average field
Fav=Foffset−�p /TT, being strongly enhanced when Fav=0.
Since the dynamics occur in the chaotic sea, it is robust
against noise in the HCP train. When the offset field is much
larger than the classical field ionization threshold, application
of a train of HCPs can frustrate the field ionization process
and suppress ionization. By introducing a time delay be-

tween application of the offset field and initiation of the HCP
train, the survival probability becomes sensitive to the polar-
ization of the initial wave function, especially when the net
average field is slightly different from zero. Such sensitivity
can be used to probe the polarization of wave functions. A
quantum analysis of the transient stabilization phenomenon
studied here is of interest but difficult to accomplish because
of the extremely-high-n states involved. Quantum mechani-
cally, the transient stabilization in high-n states might be
even more robust than predicted by classical simulations
�20,22�.
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