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Response of highly polarized Rydberg states to trains of half-cycle pulses
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The response of very-high-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 duratiom,<T,, whereT, 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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[. INTRODUCTION phenomena observed in three-dimensidial) systems. In-
terestingly, classical and quantum simulations predict that the

Simple periodically driven systems that are at the border—response of a 1D “atom” will depend critically on the direc-

line between classical and guantum mechanics provide Vall{i'on of the applied train of HCPs. For kicks directed toward

2b§e£§?r?t§tcly?:i)c n(;]nI|Sri1CeSa;gy?ﬁchi:cskezr?toty%]esRo;_sucqhe origin, Poincaré surfaces of section reveal large stable
y phy qr3], Ry islands indicative of dynamical stabilization. No similar is-

Ei‘i rkge datsn::isbesrubé\?g;ﬁ;%—Téchvivci\g gu;‘;‘i_gérgndartgfu_ lands are present when the direction of the kicks is reversed.
larl straiy htforg\]Nard to modél numericgll : their timg evolu- An approximate experimental realization of the 1D model
y 9 y: atom has recently become possible using quasi-1D very-

tion can be reduced to a sequence of discrete maps betweﬁlrbh-n atoms created by excitation of selected near-extreme

B o e o e onSiar sats i th presence f @ weak d 23, The
tum simulations Y 9 q dynamics of such elongated Stark states when subject to

X . . trains of unidirectional pulses is expected to mimic that of its
b L?(eg;?ﬁeigﬁomihﬁ}sge debne:ea;éergse?opzr;g?:[ﬂ%‘ dleanti- 1D counterparf12—14. In the present work, the response of
Yy €xposing very-nigim Ry 9 o uasi-1D atoms to trains of unipolar HCPs applied along the
cal equispaced unidirectional electric field pulses, terme

. ; ) tomic axis directed either toward or away from the core ion
half-cycle_ pulsegHCPs, W!th durgtlonsTp<T n,_whereTn S s investigated experimentally and theoretically. Pronounced
the classical electron orbital period. In this limit each indi-

] - . i . differences in the survival probability are observed, which
vidual HCPFycp(t), delivers an impulsive momentum trans- point to very different dynamical behavior. The physical ori-
fer or “kick” with strengthAp=-/dtF,cp(t) to the electron gin of this disparate behavior is discussed. We show that
[19]. (Unless otherwise noted, atomic units are used throughsuch differences can decrease dramatically due to random
out) The kicked atom furnishes an example of a quantunfluctuations of the train of pulses, i.e., “noise.” This result is
system whose classical counterpart displays soft chaos, i.e.ca@nsistent with studies of the effect of noise in dynamical
mixture of regular and chaotic dynamics. The phase spacetabilization and quantum localization for the kicked rotor
for the kicked atom contains a series of stable islands en3,24] and Rydberg atoms subject to microwave pulses
closed by Kolmogorov-Arnold-Moser tori embedded in a[25-28.
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 @goemore of these
islands, leading to dynamical stabilization. On the other In this section we briefly review the basic features of the
hand, atoms whose initial states reside in the chaotic seldcked Rydberg atommore detailed discussions can be
undergo rapid ionization through diffusion to the continuum.found elsewher§l1-15,17). The behavior of an atom that is
Many of the theoretical studies of the kicked atom subject to a periodic train o HCPs with repetition fre-
[11-13,15,17,1Bhave used a one-dimensiondD) model quencyrv=1/T, whereT is the time between adjacent pulses,
as it provides a conceptually simple tool to explore variouss governed by the Hamiltonian

II. THEORY
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FIG. 1. (8),(b) Poincaré surfaces of section for
the 1D kicked hydrogen atom for a scaled fre-
quency of »p=1.3 and scaled kick strength
|Apy|=0.3. In (@), the kicks are directed toward
the origin (App=-0.3 and in(b) directed away
from the origin (Apy=+0.3. 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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p? 1 terms of the scaled parametepg=pn, go,=q/n?% and T,
H= 57T +zF(t) (2.1 =T/(2mn3), where the subscript 0 denotes a scaled variable.
Deviation from such classical scaling invariance indicates
wherer=(x,y,z) and p=(px,py.,p,) denote the position and the appearance of quantum effects.
momentum of the electron, respectively. The applied electric Figures 1a) and Xb) show Poincaré surfaces of section
field F(t) is given by for the kicked 1D atom for kicks directed towafdp<0)
N and away from(Ap>0) the origin, respectively. Fohp<0
sizable islands of stability embedded in a chaotic sea are
F(t) = 2 Fucp(t —KT) (2.2)  evident. For HCPs with a scaled frequengy=1/T,=1.3
k=1 the initial state of the electron, denoted by the thick dashed
whereF,cp describes a single half-cycle pulse. In the limit line in Fig. X(a), overlaps with a large stable island. Those
of p=\x+y2—0 andp,=(xp,+yp,)/p— 0, thep andz de- atoms whose initial phase space points lie within the island
grees of freedom are only weakly couplgtR,14 and the remain trapped, leading to dynamical stabilization. This is

; C ; illustrated in Fig. 1c), which shows the classical survival
?g;alglﬁaﬁqlﬁpogm:‘: direction resembles that described by probability as a function of the numbét of kicks. After

initially decreasing, the survival probability becomes essen-
p? 1 tially constant as a result of dynamical stabilization. For dy-
HP = 5 " g TaFw. (2.3 namical stabilization to occur the electron binding energy
q : .
must be unchanged following some integer numbef ap-
By preparing a highly polarized state with smatndp,, the  plied kicks. The energy change resulting from a single im-
decoupling of the dynamics can be retained for a sizablg@ulse Ap is given by AE=(Ap)%/2+p;Ap, wherep; is the
number of kicks and the limit of a 1D model “atom” can be electron momentum immediately before the impulse. For a
realized. We note, however, that such decoupling is easier tperiod-1 fixed point(J=1) this requires thatp;=-Ap/2,
achieve and maintain when impulses are directed away fromvhich agrees with th@ coordinate of the center of the most
the nucleugAp>0) than when directed toward the nucleus prominent island in Fig. (). The impulse then simply re-
(Ap<0). In the limit of a periodic train of ultrashort HCPs verses the electron momentum pig=Ap/2 without signifi-
(impulses, the field may be written as 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 perdodn
contrast, forAp>0, the system is globally chaotic and the
The response of the system to such a train of impulsesurvival probability decreases monotonically as a function of
(“kicks™) can be understood by use of Poincaré surfaces afl for any value ofy, [12,1§. Dynamical stabilization does
section. Because the Hamiltonian is periodic in time,not occur and, as evident from Fig(cl, the survival prob-
Poincaré sections can be generated by taking stroboscopébility falls quite rapidly asN increases.
snapshots ofq,p) during every period of the perturbation.  Analysis of the quantum dynamics of the one-dimensional
Furthermore, because of classical scaling invariance, the rgeriodically kicked Rydberg atom has shown that correspon-
sulting classical phase space portrait will be independent olence with the classical behavior depends markedly on the
the initial principal quantum number when expressed in parameters of the train of pulses and on the initial quantum

N
F(t) = ApY, 8(t—KT). (2.4)
k=1
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consistent with theoretical predictiorf20]. In particular,
these calculations indicate that with the laser tuned to the

PLANAR Stark-shiftedd level excitation will result in the creation of
COPPER about 36 low-lying redshifted states in the350 manifold
ELECTRODES  centered near the parabolic quantum nunter 320. If the
z positive z axis is defined to be antiparallel to the applied dc
|<y Stark field, the electron probability densities associated with
. X such states are maximal for positive valueg,dfe., the atom
=== is oriented along the z-axis. Their average scaled dipole

FOCUSED moment is large(z)/n®~ 1.25. These states are thus strongly

ioleilm/:\TED LASER BEAM polarized and form an ideal starting point for studies of
METAL ME SH - ELECTRON quasi-1D atoms.
BEAM GRID MULTIPLIER Experiments are conducted in a pulsed mode. The laser

output is formed into a train of pulses ef1 us duration and

20 kHz repetition frequency using an acousto-optic modula-
tor. (The probability that a Rydberg atom is formed during a
level of the system. FoAp<0 the quantum system is ex- single pulse is small and data must be accumulated over
pected to approximately resemble the classical system pranany laser pulseslmmediately following each laser pulse
vided that the size of the stable islands is larger than Plancke atoms are subject to a train of HCPs, whose widths and
constant[17] such as to support quantum states. In turnamplitudes are measured using a fast probe and sampling
classical-quantum correspondence Ag>0 is expected to oscilloscope. The number of surviving Rydberg atoms is de-
appear only for large values of the scaled momentum transféermined using selective field ionization. For this, a slowly
Apo. When the kick strength is small the quantum survivalvarying positive voltage ramp is applied to the lower-
probability as a function oN decreases more slowly than its interaction-region electrode. Electrons resulting from field
classical counterpart. This effect is termed quantum localizaionization are accelerated to, and detected by, a particle mul-
tion [14,15 and is, in part, associated with localization tiplier. Measurements in which no HCPs are applied are in-
around the unstable periodic orbits of the classical systenterspersed at routine intervals during data acquisition to
The behavior of quasi-1D systems as regards to both dymonitor the number of Rydberg atoms initially created. The
namical stabilization and quantum localization has beerRydberg atom survival probability is then determined by tak-
found to closely mimic that predicted for 1D systemsing the ratio of the Rydberg atom signals observed with and
[12,14. Because of the additional degrees of freedom thevithout HCP application.

ionization rate(i.e., the chaotic diffusion rafenay be larger
in quasi-1D systems than in true 1D systems.

FIG. 2. Schematic diagram of the apparatus.

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

To explore the very different predicted behaviors dis-scaled frequency,=1.3 and scaled impulsesp,=+0.3.
cussed above a series of experiments were undertaken usihge scaled widthly=T,/T, of the 600-ps-wide HCPs used
the apparatus shown schematically in Fig. 2. Quasi-1D highto obtain these data is0.08, well within the impulsive limit.
n atoms are created by photoexciting potassium atoms corResults are included for impulses applied both parallel
tained in a thermal-energy beam to seles350 Stark states (Ap>0) and antiparalle{Ap<0) to the atomic axis. As pre-
(eigenstates of the atom in a weak external dc figking an  dicted by the 1D simulation@-ig. 1), the survival probability
extracavity  doubled  frequency-stabilized  Coherentdepends markedly on the direction of the impulses, being
CR699-21 Rh6G dye laser. Excitation occurs near the centdypically a factor of 2—3 larger for negative impulses than for
of an interaction region bounded by three pairs of large coppositive impulses. Figure 3 also includes results obtained, in
per electrodes. The HCPs are generated by applying voltagbe absence of a dc field, using361p) atoms. The mea-
pulses to a circular copper electrode mounted on the end ofsured survival probabilities lie midway between those ob-
section of semirigid coaxial cable. This arrangement reducetined using quasi-1D atoms. Similar behavior is evident in
the stray capacitance of the HCP electrode, allowing fasFig. 4, which shows the Rydberg atom survival probabilities
pulse rise time$=<200 p3 to be obtained. Stray fields in the measured using quasi-1D Stark states a(85{p) atoms as
experimental volume can be reduced #5650 uV cm™ by  a function of scaled frequenay. The peaks in the measured
application of small bias potentials to the various electrodessurvival probabilities at scaled frequencigg~1.3 and 0.7
To create the required Stark states a dc bias field oére associated with dynamical stabilization.
~300 VvV cm™ is established by application of a small bias ~ Survival probabilities predicted by three-dimensional
potential to the HCP electrode. The laser is polarized paralletlassical trajectory Monte CarlgCTMC) simulations are
to the dc field leading to the formation ai=0 states. Siz- also presented in Fig. 4. Simulations for the time evolution
able excitation is observed but only in the vicinity of Stark- during the train of pulses were performed using a hydrogenic
shifted s, p, andd levels[20,23, which shows that the os- potential as well as a model potential to represent thie K
cillator strength is largest in these regions. This finding iscore.(We used a model potential that yields accurate quan-

IIl. EXPERIMENT
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FIG. 3. Measured survival probabilities as a function of the SCALED FREQUENCY

numberN of applied HCPs for a scaled frequeney=1.3 and
HCPs with a width of 600 ps and a peak field of 170 mV¢m
which corresponds to a scaled momentum trangfep|=0.3. Re-
sults are included for K351p) atoms (open triangles and for
quasi-1Dn=350, m=0 atoms subject to impulses applied parallel N=20 impulses while those ifb) and (d) are forN=40 impulses.
(Ap>0) (solid squaresand antiparalle{Ap<0) (open squargso All data correspond to trains of 600-ps-wide HCPs with a peak
the aFomic axis. The lines through the data points are drawn Simpl)ﬁmplitude of 170 mV crit, which yields a scaled momentum trans-
to guide the eye. fer |[Apg|=0.3. Symbols indicate experimental data. Lines represent
CTMC simulations for the anticipated mix of states created by the

FIG. 4. Survival probabilities as a function of scaled frequency
vy for K(351p) atoms(a),(b) and for quasi-1Dn=350,m=0 Stark
states subject to impulses applied paralligh>0) and antiparallel
(Ap<0) to the atomic axigc),(d). The data in(@ and(c) are for

laser.
tum defects and satisfies the correct boundary conditions at
small and large distancg®espite the importance of quan- N
tum defects for the photoexcitation procg26€,223, no sig- F) =S Euot=T, 4.1
nificant changes in the model predictions were noted, indi- ® gl Hoel - .1

cating that over the time scale of the train of pulses and for
high quantum.nu.mbere~350 core effects are negligible. g4, 4 strictly periodic train of pulse®,~T, ,=T. Measure-
Classically, this is due to the fact that the electron stay§nents revealed one unusual characteristic of the pulse gen-
mostly far away from the core during the time evolution. erator used to produce the HCP train in that the time separa-
Note that the angular momentum for351 precesses rap- tion between the first and second pulses was systematically
idly in a wide range 6<1<350 due to the average field about 16% larger than that between subsequent pulses. This
associated with the train of pulses, and core effects are imis taken into account in the present model calculations by
portant only in the much narrower range<0<2. Core ef-  setting T,—T;=1.16T and T,—T,_;=T only for k> 2. This
fects are also absent during application of each HCP becausmusual characteristic results in a small shift in the positions
the rise and fall times are very short and the electronic wavef the calculated minima and maxima in the survival prob-
function traverses the Stark map approximately diabaticallyability as a function of scaled frequency. The survival prob-
following the levels along crossings rather than anticrossabilities calculated for K351p) atoms agree reasonably well
ings. with experiment. However, the predicted asymmetry for
In the CTMC calculations the ensemble of points in phasejuasi-1D states is larger than that seen experimentally. In
space representing the initial state was propagated in thrgmrticular, the survival probability calculated for negative
dimensions according to Hamilton’s equation of motion forimpulses(Ap< 0) is much larger than that actually observed.
the Hamiltonian in Eq(2.1). At the end of the propagation In the following we discuss possible origins of this discrep-
time the final energyE; of the evolved electron is deter- ancy.
mined. The overall survival probability is obtained by calcu-  In comparing model predictions with experimental data it
lating the fraction of the initial conditions for which;<0. is necessary to understand precisely which Stark states are
(In practice, final states with=1200 will be ionized by the being generated by the laser. The calculations in Fig. 4 were
weak dc Stark field but this has only a minor effect on theperformed assuming that laser excitation yields an incoherent
overall calculated survival probabilijyA single experimen- mixture of ~36 low-lying redshifted states in the=350
tal HCP profileF,cp(t) was used as the elementary building manifold centered near the parabolic quantum number
block in modeling the train of pulses, which was taken to be~320. This is based on a detailed analysis of the excitation
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Q

2 [0 " B B B B ELE B R in the vicinity of the Stark-shiftec level [23] but no sys-
i ~ = tematic differences in the measured survival probabilities
S e were found. This indicates thatrelated states are not re-
sponsible for the discrepancy between theory and experi-
; ment. Furthermore, the discrepancy cannot be attributed to
IV /\/\\,\ M2 production of high-lying blueshifted states in the neighboring
m=175 n=349 Stark manifold, even though these are oriented along
the -z axis and would thus undergo dynamical stabilization
i when subject to positive(Ap>0) impulses. Oscillator
e — strength calculationg20] and the lack of any significant pho-
i Ap>0 ] 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
1 m=175 quasi-1D nature of the states is not significantly altered dur-
ny=245 ing the interval between excitation and application of the
107F s B HCP train due to the presence of the weak dc Stark field.
r (o) 1 A more likely explanation for the discrepancy between
00 : 0'5 ' 1'0 : 1'5 : 2'0 : 2'5 : 3'0 . 3'5 : 70 theory and experiment relates to the characterization of the
: ' : ’ i ' ' : : HCP train. Considering that the simulations contain no ad-
SCALED FREQUENCY justable parameters, the agreement between the calculated

FIG. 5. Predicted survival probabilities as a function of scaled@nd measured survival probabilities foX361p) atoms[see
frequencyw, for variousk(n=350, m=0 Stark states with the val- Fig. 4@] is excellent, especially foN=20 pulses. This
ues of the parabolic quantum numirgrindicated, following appli- ~ would suggest that there are no gross errors present in mea-
cation of N=20 impulses directe¢r) antiparallel(Ap<0) and(b) surements of the HCP train. However, minor fluctuations in
parallel(Ap>0) to the atomic axis. The calculations use a train of the amplitudes and separations of the pulses in the train
pulses that approximately represents the experimental profile buitould have a considerable effect, particularly for a large
does not include noise. The strength of the impulsdas|=0.3.  number of pulses. The presence of such noise is suggested by

the fact that the agreement between theory and experiment

procesg20] and careful characterization of the product stategleteriorates as the number of pulses in the train increases
using multiply directed probe HCHg3]. Nevertheless, we from 20 to 40. Moreover, this tendency is confirmed by Fig.
have investigated the dependence of the survival probabilit(8), which shows the survival probability of(851p) atoms
on n; using CTMC simulations. Figure 5 displays survival as a function of the numbe\t of impulses in the train. Analy-
probabilities afterN=20 pulses as a function of frequency Sis of the measured pulse profiles has revealed fluctuations in
for a variety of initial Stark states with parabolic quantum both the pulse amplitudes and separations of the order of
numbersn, ranging from 345 to 175. States with=345 lie  #5%. The actual fluctuations, however, are difficult to ob-
close to the bottom of the manifold and are strongly quasiserve using a storage scope as this does not display a single
1D, having large scaled permanent dipole momenfis5. HCP train but rather accumulates data over a series of suc-
States withn; ~ 175 lie close to the center of the manifold cessive HCP trains, which tends to average out fluctuations.
and have no significant permanent dipole moment and zer®o test the possible effects of such fluctuations on the sur-
polarization. Each state was modeled by a subset of a microdval probabilities a series of model calculations were under-
canonical distribution with the orientations of the Kepler or-taken. Rather than using E@t.1), we set
bits restricted to that corresponding to the quantum state. N
Theory predicts sizable differences in the survival probabili- Fi) =S F (1) 4.2)
ties for positive and negative impulses, the size of the asym- o HeR '
metry increasing a®, increases, i.e., as the state becomes

9 ny=320

SURVIVAL PROBABILITY
)
[
°
A
o

more quasi-1D. with

A reasonable fit to the experimental data can be obtained K
if it is assumed that states with ~ 250 are being populated. EK (1) = \KF = ST 4.3
Such states lie close in energy to the center ofshelated repll) = AeFrce 21 e “.3

peak in the excitation spectrum. To minimize any possible ,

excitation of such states, the lasgvhich has an effective Where)\‘; and\; represent random fluctuations. Accordingly,
linewidth of ~10—12 MHz determined principally by the di- the set{Ath., characterizes amplitude noise whilel},-,
vergence of the laser and potassium beamas tuned to- characterizes frequency noise. For a strictly periodic train
ward the long-wavelength edge of tderelated peak in the A<=\K=1.

excitation spectrum, under which conditions the Stark- Figure 6 displays calculations assuming both a “perfect”
shifteds states lie well outside the bandwidth of the laser. INHCP train[as described by E@4.1)] and “noisy” HCP trains
addition, tests were undertaken in which the laser polarizawith £15% uniformly random fluctuations in'; while main-
tion was set to creatm=1 states. This suppresses excitationtaining )\{‘:l and with +15% uniformly random fluctuations
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10°F FIG. 7. Comparison of calculated classi¢dbshed linesand
F quantum(solid lineg survival probabilities as a function of the
C number N of kicks for v,=1.3 and|Apy|=0.3 directed parallel
r (Ap>0) and antiparalle(Ap<0) to the initial state. The results
10E ] include +15% noise in the period and amplitude of the HCPs. The
unaSI-SD qguantum calculations are for a Stark state with quantum numbers
[ AP< n=50,m=0, n,=45.
2 | (C) | 1
1074 10 100 Schrodinger equation was solved using the pseudospectral
NUMBER OF KICKS method [29]. This combines a discretization of the radial

coordinate optimized for the Coulomb singularity with
FIG. 6. Comparison of calculate@ines) and measuredsym-  quadrature methods to allow stable long-time evolution by

bols) survival probabilities as a function of the numkerof im- means of a split-operator approach. The pseudospectral
pulses for a scaled frequeney=1.3 and a scaled momentum trans- method can be used to simulate the time evolution in the
fer [Apg|=0.3. Results are presented fay K(351p) states, and for  presence of function kicks as well as of an arbitrary time-
quasi-1Dn=350,m=0 states subject to impulses appli@iparal-  dependent electrical field. We simulate the experimental pro-
lel and(c) antiparallel to the atomic axis. Calculations are presentedjle a5 in the classical calculations. Noise is taken into ac-
for deterministic HCP trains with=\=1 in Eq. (4.3 (dotted  count by averaging over 400 realizations of the field.
lines), ilS"fu random flugtuatlons in tr01e peak amplltudgs of ,theCaIcuIationS were performed far=50 andn,=45, which
o e ek s P e e el naty thesame scaled polaizaon a8 and

n;»)=320 used in the experiment and the classical calcula-
them(see text . .

tions. Figure 7 shows that the agreement between the 3D
quantum and classical results is quite good, considering that

in both Af and \f=1. The noise amplitude of +15% was they were performed for very different principal quantum
selected in order to obtain reasonable agreement between y P y b pal g

theory and experiment. In the case of3&1p) atoms|Fig. numbers. This strongly suggests that naias opposed to

6(a)], noise leads to a significant reduction in the predictedmndaSSica1| effecisis responsible for the observed discrep-
! I : L. ~rancy between experiment and theory without noise.

survival probability. For quasi-1D atoms and positive im-

pulses[Fig. 6b)], the introduction of noise in the HCP train

Iead_s only to very smr_:lll qhanges in the caICL_IIated overall V. CONCLUSIONS

survival probability, which is not unexpected given that the

system is globally chaotic. The model predictions are in rea- The present data demonstrate that the dynamics of

sonable accord with all the experimental data fdB8Kilp). quasi-1D atoms subject to a train of kicks depends critically

Note that were a differenh, distribution assumed, this on the direction in which the impulses are applied, the sur-

would not improve the agreement with all the experimentalVival probability being much greater when the kicks are di-

data. The survival probability is most sensitive to noise forrected toward Ap<0) rather than away frontAp>0) the

quasi-1D atoms and negative impul$Egy. 6(c)], indicating  ionic core. For negative impulses the electron is kicked to-

that the presence of noise leads to the destruction of thward the origin where it is backscattered by the Coulomb

stable islandgi.e., noise washes out the stabilization effectfield of the core, thereby reversing its direction of travel.

brought about by the islangds Under appropriate conditions dynamical stabilization can
In order to investigate whether quantum effects mightthus occur, the electron being periodically directed back to

possibly modify the classical prediction, 3D quantum simu-the core by the train of applied impulses. No analogous

lations were also undertakdiffig. 7). The time-dependent mechanism exists if the electron is kicked away from the
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nucleus by positive impulses, which leads simply to chaotido introduce noise in a controlled fashion, much as in work

ionization. previously done for microwave-driven Rydberg atoms and
Neglecting the possible influence of noise, significant dif-kicked cold atomg3,24-28§.

ferences between theory and experiment are observed that

become increasingly pronounced as the number of kicks in- ACKNOWLEDGMENTS
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