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The response of very-high-n strongly polarized potassium Rydberg atoms to a sequence of impulsive per-
turbations provided by a train of short unidirectional electric pulses is investigated. Each pulse, termed a
half-cycle pulse(HCP), has a durationTp!Tn, whereTn is the classical electron orbital period. Pronounced
differences in the survival probability are observed when the sequence of HCPs is directed parallel and
antiparallel to the axis of polarization of the initial state. For impulses directed antiparallel to the initial state,
Poincaré surfaces of section point to a mixed phase space with large stable islands embedded in a chaotic sea
that can lead to dynamical stabilization. Stable islands are absent when the direction of the impulses is
reversed. The system is globally chaotic leading to rapid ionization. We show that noise, i.e., random fluctua-
tions in the temporal pulse-to-pulse spacing as well as in the pulse amplitude, plays a crucial role in the degree
of dynamical stabilization. Reasonable agreement between experiment and theory is achieved.
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I. INTRODUCTION

Simple periodically driven systems that are at the border-
line between classical and quantum mechanics provide valu-
able insights into nonlinear dynamics. Prototypes of such
systems in atomic physics are the kicked rotor[1–3], Ryd-
berg atoms subject to microwave pulses[4–9], and the
kicked Rydberg atom[10–18]. Kicked systems are particu-
larly straightforward to model numerically: their time evolu-
tion can be reduced to a sequence of discrete maps between
adjacent pulses, which allows detailed analysis of the long-
term evolution of the system using both classical and quan-
tum simulations.

The kicked atom has been realized experimentally[12,13]
by exposing very-high-n Rydberg atoms to a train of identi-
cal equispaced unidirectional electric field pulses, termed
half-cycle pulses(HCPs), with durationsTp!Tn, whereTn is
the classical electron orbital period. In this limit each indi-

vidual HCP,FW HCPstd, delivers an impulsive momentum trans-

fer or “kick” with strengthDpW =−edtFW HCPstd to the electron
[19]. (Unless otherwise noted, atomic units are used through-
out.) The kicked atom furnishes an example of a quantum
system whose classical counterpart displays soft chaos, i.e., a
mixture of regular and chaotic dynamics. The phase space
for the kicked atom contains a series of stable islands en-
closed by Kolmogorov-Arnold-Moser tori embedded in a
chaotic sea. With an appropriate choice of strength and fre-
quency of the pulse sequence there can be considerable over-
lap between an initial atomic state and one(or more) of these
islands, leading to dynamical stabilization. On the other
hand, atoms whose initial states reside in the chaotic sea
undergo rapid ionization through diffusion to the continuum.

Many of the theoretical studies of the kicked atom
[11–13,15,17,18] have used a one-dimensional(1D) model
as it provides a conceptually simple tool to explore various

phenomena observed in three-dimensional(3D) systems. In-
terestingly, classical and quantum simulations predict that the
response of a 1D “atom” will depend critically on the direc-
tion of the applied train of HCPs. For kicks directed toward
the origin, Poincaré surfaces of section reveal large stable
islands indicative of dynamical stabilization. No similar is-
lands are present when the direction of the kicks is reversed.
An approximate experimental realization of the 1D model
atom has recently become possible using quasi-1D very-
high-n atoms created by excitation of selected near-extreme
Stark states in the presence of a weak dc field[20–23]. The
dynamics of such elongated Stark states when subject to
trains of unidirectional pulses is expected to mimic that of its
1D counterpart[12–14]. In the present work, the response of
quasi-1D atoms to trains of unipolar HCPs applied along the
atomic axis directed either toward or away from the core ion
is investigated experimentally and theoretically. Pronounced
differences in the survival probability are observed, which
point to very different dynamical behavior. The physical ori-
gin of this disparate behavior is discussed. We show that
such differences can decrease dramatically due to random
fluctuations of the train of pulses, i.e., “noise.” This result is
consistent with studies of the effect of noise in dynamical
stabilization and quantum localization for the kicked rotor
[3,24] and Rydberg atoms subject to microwave pulses
[25–28].

II. THEORY

In this section we briefly review the basic features of the
kicked Rydberg atom(more detailed discussions can be
found elsewhere[11–15,17]). The behavior of an atom that is
subject to a periodic train ofN HCPs with repetition fre-
quencyn=1/T, whereT is the time between adjacent pulses,
is governed by the Hamiltonian
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H =
p2

2
−

1

r
+ zFstd s2.1d

whererW=sx,y,zd and pW =spx,py,pzd denote the position and
momentum of the electron, respectively. The applied electric
field Fstd is given by

Fstd = o
k=1

N

FHCPst − kTd s2.2d

whereFHCP describes a single half-cycle pulse. In the limit
of r=Îx2+y2→0 andpr=sxpx+ypyd /r→0, ther andz de-
grees of freedom are only weakly coupled[12,14] and the
dynamics along thez direction resembles that described by
the 1D Hamiltonian

H1D =
p2

2
−

1

q
+ qFstd. s2.3d

By preparing a highly polarized state with smallr andpr, the
decoupling of the dynamics can be retained for a sizable
number of kicks and the limit of a 1D model “atom” can be
realized. We note, however, that such decoupling is easier to
achieve and maintain when impulses are directed away from
the nucleussDp.0d than when directed toward the nucleus
sDp,0d. In the limit of a periodic train of ultrashort HCPs
(impulses), the field may be written as

Fstd = Dpo
k=1

N

dst − kTd. s2.4d

The response of the system to such a train of impulses
(“kicks” ) can be understood by use of Poincaré surfaces of
section. Because the Hamiltonian is periodic in time,
Poincaré sections can be generated by taking stroboscopic
snapshots ofsq,pd during every period of the perturbation.
Furthermore, because of classical scaling invariance, the re-
sulting classical phase space portrait will be independent of
the initial principal quantum numbern when expressed in

terms of the scaled parametersp0=pn, q0=q/n2, and T0
=T/ s2pn3d, where the subscript 0 denotes a scaled variable.
Deviation from such classical scaling invariance indicates
the appearance of quantum effects.

Figures 1(a) and 1(b) show Poincaré surfaces of section
for the kicked 1D atom for kicks directed towardsDp,0d
and away fromsDp.0d the origin, respectively. ForDp,0
sizable islands of stability embedded in a chaotic sea are
evident. For HCPs with a scaled frequencyn0;1/T0=1.3
the initial state of the electron, denoted by the thick dashed
line in Fig. 1(a), overlaps with a large stable island. Those
atoms whose initial phase space points lie within the island
remain trapped, leading to dynamical stabilization. This is
illustrated in Fig. 1(c), which shows the classical survival
probability as a function of the numberN of kicks. After
initially decreasing, the survival probability becomes essen-
tially constant as a result of dynamical stabilization. For dy-
namical stabilization to occur the electron binding energy
must be unchanged following some integer numberJ of ap-
plied kicks. The energy change resulting from a single im-
pulse Dp is given by DE=sDpd2/2+piDp, where pi is the
electron momentum immediately before the impulse. For a
period-1 fixed pointsJ=1d this requires thatpi =−Dp/2,
which agrees with thep coordinate of the center of the most
prominent island in Fig. 1(a). The impulse then simply re-
verses the electron momentum topf =Dp/2 without signifi-
cant change in kinetic energy. Similar dynamical stabiliza-
tion is also found for other scaled frequencies and is
associated with the overlap between the initial state and other
islands centered at various periodic orbits with periodJ. In
contrast, forDp.0, the system is globally chaotic and the
survival probability decreases monotonically as a function of
N for any value ofn0 [12,18]. Dynamical stabilization does
not occur and, as evident from Fig. 1(c), the survival prob-
ability falls quite rapidly asN increases.

Analysis of the quantum dynamics of the one-dimensional
periodically kicked Rydberg atom has shown that correspon-
dence with the classical behavior depends markedly on the
parameters of the train of pulses and on the initial quantum

FIG. 1. (a),(b) Poincaré surfaces of section for
the 1D kicked hydrogen atom for a scaled fre-
quency of n0=1.3 and scaled kick strength
uDp0u=0.3. In (a), the kicks are directed toward
the origin sDp0=−0.3d and in (b) directed away
from the origin sDp0= +0.3d. The thick dashed
line indicates the unperturbed torus associated
with the initial state.(c) Corresponding calcu-
lated survival probabilities as a function of the
numberN of impulses for kicks directed toward
and away from the origin.
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level of the system. ForDp,0 the quantum system is ex-
pected to approximately resemble the classical system pro-
vided that the size of the stable islands is larger than Planck’s
constant[17] such as to support quantum states. In turn,
classical-quantum correspondence forDp.0 is expected to
appear only for large values of the scaled momentum transfer
Dp0. When the kick strength is small the quantum survival
probability as a function ofN decreases more slowly than its
classical counterpart. This effect is termed quantum localiza-
tion [14,15] and is, in part, associated with localization
around the unstable periodic orbits of the classical system.
The behavior of quasi-1D systems as regards to both dy-
namical stabilization and quantum localization has been
found to closely mimic that predicted for 1D systems
[12,14]. Because of the additional degrees of freedom the
ionization rate(i.e., the chaotic diffusion rate) may be larger
in quasi-1D systems than in true 1D systems.

III. EXPERIMENT

To explore the very different predicted behaviors dis-
cussed above a series of experiments were undertaken using
the apparatus shown schematically in Fig. 2. Quasi-1D high-
n atoms are created by photoexciting potassium atoms con-
tained in a thermal-energy beam to selectn=350 Stark states
(eigenstates of the atom in a weak external dc field) using an
extracavity doubled frequency-stabilized Coherent
CR699-21 Rh6G dye laser. Excitation occurs near the center
of an interaction region bounded by three pairs of large cop-
per electrodes. The HCPs are generated by applying voltage
pulses to a circular copper electrode mounted on the end of a
section of semirigid coaxial cable. This arrangement reduces
the stray capacitance of the HCP electrode, allowing fast
pulse rise timess&200 psd to be obtained. Stray fields in the
experimental volume can be reduced to&50 mV cm−1 by
application of small bias potentials to the various electrodes.
To create the required Stark states a dc bias field of
,300 mV cm−1 is established by application of a small bias
potential to the HCP electrode. The laser is polarized parallel
to the dc field leading to the formation ofm=0 states. Siz-
able excitation is observed but only in the vicinity of Stark-
shifted s, p, andd levels [20,23], which shows that the os-
cillator strength is largest in these regions. This finding is

consistent with theoretical predictions[20]. In particular,
these calculations indicate that with the laser tuned to the
Stark-shiftedd level excitation will result in the creation of
about 36 low-lying redshifted states in then=350 manifold
centered near the parabolic quantum numbern1,320. If the
positivez axis is defined to be antiparallel to the applied dc
Stark field, the electron probability densities associated with
such states are maximal for positive values ofz, i.e., the atom
is oriented along the +z axis. Their average scaled dipole
moment is large,kzl /n2,1.25. These states are thus strongly
polarized and form an ideal starting point for studies of
quasi-1D atoms.

Experiments are conducted in a pulsed mode. The laser
output is formed into a train of pulses of,1 ms duration and
20 kHz repetition frequency using an acousto-optic modula-
tor. (The probability that a Rydberg atom is formed during a
single pulse is small and data must be accumulated over
many laser pulses.) Immediately following each laser pulse
the atoms are subject to a train of HCPs, whose widths and
amplitudes are measured using a fast probe and sampling
oscilloscope. The number of surviving Rydberg atoms is de-
termined using selective field ionization. For this, a slowly
varying positive voltage ramp is applied to the lower-
interaction-region electrode. Electrons resulting from field
ionization are accelerated to, and detected by, a particle mul-
tiplier. Measurements in which no HCPs are applied are in-
terspersed 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 HCP application.

IV. RESULTS AND DISCUSSION

Figure 3 shows Rydberg atom survival probabilities mea-
sured as a function of the number of pulses in the train for a
scaled frequencyn0=1.3 and scaled impulsesDp0= ±0.3.
The scaled widthT0=Tp/Tn of the 600-ps-wide HCPs used
to obtain these data is,0.08, well within the impulsive limit.
Results are included for impulses applied both parallel
sDp.0d and antiparallelsDp,0d to the atomic axis. As pre-
dicted by the 1D simulations(Fig. 1), the survival probability
depends markedly on the direction of the impulses, being
typically a factor of 2–3 larger for negative impulses than for
positive impulses. Figure 3 also includes results obtained, in
the absence of a dc field, using Ks351pd atoms. The mea-
sured survival probabilities lie midway between those ob-
tained using quasi-1D atoms. Similar behavior is evident in
Fig. 4, which shows the Rydberg atom survival probabilities
measured using quasi-1D Stark states and Ks351pd atoms as
a function of scaled frequencyn0. The peaks in the measured
survival probabilities at scaled frequenciesn0,1.3 and 0.7
are associated with dynamical stabilization.

Survival probabilities predicted by three-dimensional
classical trajectory Monte Carlo(CTMC) simulations are
also presented in Fig. 4. Simulations for the time evolution
during the train of pulses were performed using a hydrogenic
potential as well as a model potential to represent the K+

core. (We used a model potential that yields accurate quan-

FIG. 2. Schematic diagram of the apparatus.
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tum defects and satisfies the correct boundary conditions at
small and large distances.) Despite the importance of quan-
tum defects for the photoexcitation process[20,22], no sig-
nificant changes in the model predictions were noted, indi-
cating that over the time scale of the train of pulses and for
high quantum numbersn,350 core effects are negligible.
Classically, this is due to the fact that the electron stays
mostly far away from the core during the time evolution.
Note that the angular momentum forn=351 precesses rap-
idly in a wide range 0, l ,350 due to the average field
associated with the train of pulses, and core effects are im-
portant only in the much narrower range 0, l ,2. Core ef-
fects are also absent during application of each HCP because
the rise and fall times are very short and the electronic wave
function traverses the Stark map approximately diabatically,
following the levels along crossings rather than anticross-
ings.

In the CTMC calculations the ensemble of points in phase
space representing the initial state was propagated in three
dimensions according to Hamilton’s equation of motion for
the Hamiltonian in Eq.(2.1). At the end of the propagation
time the final energyEf of the evolved electron is deter-
mined. The overall survival probability is obtained by calcu-
lating the fraction of the initial conditions for whichEf ,0.
(In practice, final states withn*1200 will be ionized by the
weak dc Stark field but this has only a minor effect on the
overall calculated survival probability.) A single experimen-
tal HCP profileFHCPstd was used as the elementary building
block in modeling the train of pulses, which was taken to be

Fstd . o
k=1

N

FHCPst − Tkd. s4.1d

For a strictly periodic train of pulsesTk−Tk−1=T. Measure-
ments revealed one unusual characteristic of the pulse gen-
erator used to produce the HCP train in that the time separa-
tion between the first and second pulses was systematically
about 16% larger than that between subsequent pulses. This
is taken into account in the present model calculations by
setting T2−T1=1.16T and Tk−Tk−1=T only for k.2. This
unusual characteristic results in a small shift in the positions
of the calculated minima and maxima in the survival prob-
ability as a function of scaled frequency. The survival prob-
abilities calculated for Ks351pd atoms agree reasonably well
with experiment. However, the predicted asymmetry for
quasi-1D states is larger than that seen experimentally. In
particular, the survival probability calculated for negative
impulsessDp,0d is much larger than that actually observed.
In the following we discuss possible origins of this discrep-
ancy.

In comparing model predictions with experimental data it
is necessary to understand precisely which Stark states are
being generated by the laser. The calculations in Fig. 4 were
performed assuming that laser excitation yields an incoherent
mixture of ,36 low-lying redshifted states in then=350
manifold centered near the parabolic quantum numbern1
,320. This is based on a detailed analysis of the excitation

FIG. 3. Measured survival probabilities as a function of the
number N of applied HCPs for a scaled frequencyn0=1.3 and
HCPs with a width of 600 ps and a peak field of 170 mV cm−1,
which corresponds to a scaled momentum transferuDp0u=0.3. Re-
sults are included for Ks351pd atoms (open triangles) and for
quasi-1Dn=350, m=0 atoms subject to impulses applied parallel
sDp.0d (solid squares) and antiparallelsDp,0d (open squares) to
the atomic axis. The lines through the data points are drawn simply
to guide the eye.

FIG. 4. Survival probabilities as a function of scaled frequency
n0 for Ks351pd atoms(a),(b) and for quasi-1Dn=350,m=0 Stark
states subject to impulses applied parallelsDp.0d and antiparallel
sDp,0d to the atomic axis(c),(d). The data in(a) and (c) are for
N=20 impulses while those in(b) and (d) are forN=40 impulses.
All data correspond to trains of 600-ps-wide HCPs with a peak
amplitude of 170 mV cm−1, which yields a scaled momentum trans-
fer uDp0u=0.3. Symbols indicate experimental data. Lines represent
CTMC simulations for the anticipated mix of states created by the
laser.
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process[20] and careful characterization of the product states
using multiply directed probe HCPs[23]. Nevertheless, we
have investigated the dependence of the survival probability
on n1 using CTMC simulations. Figure 5 displays survival
probabilities afterN=20 pulses as a function of frequency
for a variety of initial Stark states with parabolic quantum
numbersn1 ranging from 345 to 175. States withn1=345 lie
close to the bottom of the manifold and are strongly quasi-
1D, having large scaled permanent dipole moments,1.5.
States withn1,175 lie close to the center of the manifold
and have no significant permanent dipole moment and zero
polarization. Each state was modeled by a subset of a micro-
canonical distribution with the orientations of the Kepler or-
bits restricted to that corresponding to the quantum state.
Theory predicts sizable differences in the survival probabili-
ties for positive and negative impulses, the size of the asym-
metry increasing asn1 increases, i.e., as the state becomes
more quasi-1D.

A reasonable fit to the experimental data can be obtained
if it is assumed that states withn1,250 are being populated.
Such states lie close in energy to the center of thes-related
peak in the excitation spectrum. To minimize any possible
excitation of such states, the laser(which has an effective
linewidth of ,10–12 MHz determined principally by the di-
vergence of the laser and potassium beams) was tuned to-
ward the long-wavelength edge of thed-related peak in the
excitation spectrum, under which conditions the Stark-
shifteds states lie well outside the bandwidth of the laser. In
addition, tests were undertaken in which the laser polariza-
tion was set to createm=1 states. This suppresses excitation

in the vicinity of the Stark-shifteds level [23] but no sys-
tematic differences in the measured survival probabilities
were found. This indicates thats-related states are not re-
sponsible for the discrepancy between theory and experi-
ment. Furthermore, the discrepancy cannot be attributed to
production of high-lying blueshifted states in the neighboring
n=349 Stark manifold, even though these are oriented along
the −z axis and would thus undergo dynamical stabilization
when subject to positivesDp.0d impulses. Oscillator
strength calculations[20] and the lack of any significant pho-
toexcitation in the corresponding region of the spectrum
demonstrate that the likelihood for excitation of such states is
very small. The evidence for initial production of quasi-1D
states is thus very strong. It should also be noted that the
quasi-1D nature of the states is not significantly altered dur-
ing the interval between excitation and application of the
HCP train due to the presence of the weak dc Stark field.

A more likely explanation for the discrepancy between
theory and experiment relates to the characterization of the
HCP train. Considering that the simulations contain no ad-
justable parameters, the agreement between the calculated
and measured survival probabilities for Ks351pd atoms[see
Fig. 4(a)] is excellent, especially forN=20 pulses. This
would suggest that there are no gross errors present in mea-
surements of the HCP train. However, minor fluctuations in
the amplitudes and separations of the pulses in the train
could have a considerable effect, particularly for a large
number of pulses. The presence of such noise is suggested by
the fact that the agreement between theory and experiment
deteriorates as the number of pulses in the train increases
from 20 to 40. Moreover, this tendency is confirmed by Fig.
6(a), which shows the survival probability of Ks351pd atoms
as a function of the numberN of impulses in the train. Analy-
sis of the measured pulse profiles has revealed fluctuations in
both the pulse amplitudes and separations of the order of
±5%. The actual fluctuations, however, are difficult to ob-
serve using a storage scope as this does not display a single
HCP train but rather accumulates data over a series of suc-
cessive HCP trains, which tends to average out fluctuations.
To test the possible effects of such fluctuations on the sur-
vival probabilities a series of model calculations were under-
taken. Rather than using Eq.(4.1), we set

Fstd = o
k=1

N

FHCP
k std, s4.2d

with

FHCP
k std = lF

kFHCPSt − o
i=1

k

lt
iTTD , s4.3d

wherelF
k andlt

i represent random fluctuations. Accordingly,
the sethlF

kjkù1 characterizes amplitude noise whilehlt
kjkù1

characterizes frequency noise. For a strictly periodic train
lF

k =lt
k=1.

Figure 6 displays calculations assuming both a “perfect”
HCP train[as described by Eq.(4.1)] and “noisy” HCP trains
with ±15% uniformly random fluctuations inlF

k while main-
taining lt

k=1 and with ±15% uniformly random fluctuations

FIG. 5. Predicted survival probabilities as a function of scaled
frequencyn0 for variousKsn=350d, m=0 Stark states with the val-
ues of the parabolic quantum numbern1 indicated, following appli-
cation ofN=20 impulses directed(a) antiparallelsDp,0d and (b)
parallelsDp.0d to the atomic axis. The calculations use a train of
pulses that approximately represents the experimental profile but
does not include noise. The strength of the impulses isuDp0u=0.3.
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in both lF
k and lt

k=1. The noise amplitude of ±15% was
selected in order to obtain reasonable agreement between
theory and experiment. In the case of Ks351pd atoms[Fig.
6(a)], noise leads to a significant reduction in the predicted
survival probability. For quasi-1D atoms and positive im-
pulses[Fig. 6(b)], the introduction of noise in the HCP train
leads only to very small changes in the calculated overall
survival probability, which is not unexpected given that the
system is globally chaotic. The model predictions are in rea-
sonable accord with all the experimental data for Ks351pd.
Note that were a differentn1 distribution assumed, this
would not improve the agreement with all the experimental
data. The survival probability is most sensitive to noise for
quasi-1D atoms and negative impulses[Fig. 6(c)], indicating
that the presence of noise leads to the destruction of the
stable islands(i.e., noise washes out the stabilization effect
brought about by the islands).

In order to investigate whether quantum effects might
possibly modify the classical prediction, 3D quantum simu-
lations were also undertaken(Fig. 7). The time-dependent

Schrödinger equation was solved using the pseudospectral
method [29]. This combines a discretization of the radial
coordinate optimized for the Coulomb singularity with
quadrature methods to allow stable long-time evolution by
means of a split-operator approach. The pseudospectral
method can be used to simulate the time evolution in the
presence ofd function kicks as well as of an arbitrary time-
dependent electrical field. We simulate the experimental pro-
file as in the classical calculations. Noise is taken into ac-
count by averaging over 400 realizations of the field.
Calculations were performed forn=50 andn1=45, which
gives nearly the same scaled polarization as forn=350 and
kn1l=320 used in the experiment and the classical calcula-
tions. Figure 7 shows that the agreement between the 3D
quantum and classical results is quite good, considering that
they were performed for very different principal quantum
numbers. This strongly suggests that noise(as opposed to
nonclassical effects) is responsible for the observed discrep-
ancy between experiment and theory without noise.

V. CONCLUSIONS

The present data demonstrate that the dynamics of
quasi-1D atoms subject to a train of kicks depends critically
on the direction in which the impulses are applied, the sur-
vival probability being much greater when the kicks are di-
rected towardsDp,0d rather than away fromsDp.0d the
ionic core. For negative impulses the electron is kicked to-
ward the origin where it is backscattered by the Coulomb
field of the core, thereby reversing its direction of travel.
Under appropriate conditions dynamical stabilization can
thus occur, the electron being periodically directed back to
the core by the train of applied impulses. No analogous
mechanism exists if the electron is kicked away from the

FIG. 6. Comparison of calculated(lines) and measured(sym-
bols) survival probabilities as a function of the numberN of im-
pulses for a scaled frequencyn0=1.3 and a scaled momentum trans-
fer uDp0u=0.3. Results are presented for(a) Ks351pd states, and for
quasi-1Dn=350,m=0 states subject to impulses applied(b) paral-
lel and(c) antiparallel to the atomic axis. Calculations are presented
for deterministic HCP trains withlF

k =lt
k=1 in Eq. (4.3) (dotted

lines), ±15% random fluctuations in the peak amplitudes of the
HCPs butlt

k=1 (dashed lines), and ±15% random fluctuations in
both the peak amplitudes of the HCPs and the time interval between
them (see text).

FIG. 7. Comparison of calculated classical(dashed lines) and
quantum (solid lines) survival probabilities as a function of the
number N of kicks for n0=1.3 and uDp0u=0.3 directed parallel
sDp.0d and antiparallelsDp,0d to the initial state. The results
include ±15% noise in the period and amplitude of the HCPs. The
quantum calculations are for a Stark state with quantum numbers
n=50, m=0, n1=45.
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nucleus by positive impulses, which leads simply to chaotic
ionization.

Neglecting the possible influence of noise, significant dif-
ferences between theory and experiment are observed that
become increasingly pronounced as the number of kicks in-
creases. Reasonable agreement between theory and experi-
ment can be achieved with both classical and quantum simu-
lations by including ±15% noise in the spacing and strength
of the individual HCPs in the train. The data thus show that
the dynamics of the kicked Rydberg atom is quite sensitive
to the presence of noise in the HCP train. Indeed, kicked
atoms should provide an excellent laboratory in which to
study the effect of noise on impulsively driven systems.
Work is in progress to better characterize the HCP train and

to introduce noise in a controlled fashion, much as in work
previously done for microwave-driven Rydberg atoms and
kicked cold atoms[3,24–28].
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