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In this paper we present an overview of important recent results in the study of a very controversial
topic, the so-called quantum chaos. The theoretical and numerical results are compared with real
laboratory experiments with special emphasis on the problem of ionization of hydrogen atoms in
external microwave fields. €996 American Institute of Physids$51054-150006)01203-7

The search for chaotic behavior in inherently quantum  observation of previous motion, even an infinitely long one!
mechanical systems has been an area of considerable ac- Notice that if the instability is not exponential but, for ex-

tivity and interest recently. A potential case that is theo-  ample, only a power law, then the required information per
retically examined here is a simple kicked rotator. Al- it time decreases inversely proportional to the full previ-
though a .cIaSS|caI kicked rotator displays - chaotic ous length of trajectory and, asymptotically, the prediction
behavior, it is shown that the quantum analog on average becomes possible.

follows the classical chaotic motion only for relative short Th Al bility imoli .
times. The possibility that similar behavior might be ob- e exponential instability implies continuous spectrum

servable in a real system was explored by considering ©f the motion, which, in turn, implies correlation decay; the
experimental results for hydrogen atom ionization in a  latter property, which is called mixing in the ergodic theory,
microwave field. Although experiments results reported is essential for the validity of the statistical description. In-
to date do not display chaotic behavior, it may be possible deed mixing provides the statistical independence of differ-
to tune conditions to observe chaos in this system. ent parts(sufficiently separated in timef a dynamical tra-
jectory, and this is the main condition for the application of
probability theory.

The mixing property implies the approach, on average,

The modifications that quantum mechanics imposes off @ny initially smooth distribution to a steady-state. This
the general picture of classical chaos is a subject of growin§"0Cess is calledtat!stlcal re_laxatlom The relaxation is, _of
interest for its theoretical relevance as well as for differentcOUrse, time reversible, as is the motion along a particular
physical applications. As a matter of fact the study of non-rajectory. However, unlike the latter, the evolution of the
linear dynamical systems has led to a much better undedistribution function is nonrecurrent. Notice that according
standing of the rich complexity of the classical motion. Of 0 the Poincar¢heorem the trajectory recurs infinitely many
particular relevance was the discovery of the deterministidimes, independently of the type of motigregular or cha-
chaotic motion, which is a type of motion indistinguishable 0tic); the difference is that for regular motion the recurrence
from a purely random motion, even if it is governed by time is strictly bounded from above, whereas in the latter
strictly deterministic laws. This motion is characterized bycase arbitrarily large recurrence times are possible. The time
exponential instability of orbits with respect to initial condi- reversibility of the distribution function is related to its very
tions, which leads to exponential loss of memory, decay ofomplicated structure, which becomes more and more
correlations, and approach to statistical equilibrium. “scarred” as the relaxation proceeds. In the case of the ex-

The reason Why the exponentia”y unstable motion isponential |nStab|l|ty of motion the Spatial scale of the oscil-
called chaotic is in that almost all trajectories of such a moJations decreases also exponentially in time. Itis in these fine
tion are unpredictable in the following sense: according tosPatial oscillations that the memory of the initial state is
the Alekseev—Brudno theorérin the algorithmic theory of retained forever, and this is only possible in a continuous
dynamical systems the informatidr{t) associated with a Phase space.

I. INTRODUCTION

segment of trajectory of lengthis equal asymptotically to However, the “true” mechanics of our world is quan-
tum mechanics and therefore as far as the general problem of
im 1(t) h 0 understanding the qualitative behavior of dynamical systems

It is concerned, we need to discover the extent at which the
beautiful variety of classical chaotic motion persists at the
whereh is the so-called KSafter Kolmogorov—Sinaien-  microscopic level, in the domain of quantum mechanics. The
tropy, which is positive for the exponentially unstable mo-interest of this problem lies in the foundations of quantum
tion. This important result shows that in order to predict eactstatistical mechanics as well as in several applications, like
new segment of a chaotic trajectory one needs additionahe distribution of nuclear and atomic energy levels, the in-
information proportional to the length of this segment andteraction of atoms with electromagnetic fields, the problem
independent of the full previous length of the trajectory. Itof localization in disordered solids, the unimolecular reaction

means that this information cannot be extracted from theheory, etc.

==
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392 Giulio Casati: Quantum chaos

Our intuition of quantum mechanics has been largely = However, above a critical valukT=1 all invariant
based on few exactly solvable models and on some approxéurves are destroyed. In such a situation two initially close
mate solutions of the Schdimger equation. Since quantum orbits separate exponentially, the phases go rapidly random,
mechanics is strictly connected to classical mechanics, onend the angular momentum,

may wonder if guantum mechanics is richer than simple per- -1
turbgtlvg app.roac.hes.may. Iea_d us tq suspect. P_rellmmary in- |j:|0+kz sin (9,), @)
vestigations in this direction immediately unveiled a very- n=0

deep difficulty related to the fact that the energy and th.ebeing a sum of random terms, performs a random-like walk.

frequency speptrum of any quantum m9t|on, bounde_d "ndeed it can be showinthat the momentum distribution
phase space, is always discrete. According to the eX'Stmﬂmction £(1,7) of an ensemble of orbits at time(r is the

theory of dynamical systems such motion corresponds to thﬁme measured in a number of kiokis well approximated by

limiting case of regular motion. a Fokker—Planck equation
The prompt conclusion, out of this difficulty, would be q '

the absence of any quantum chaos. For this reason it was df ¢ (1  of
even proposed the use of the term “quantum chaology” 9r ol (5 D ﬁ)'
which essentially means the study of the absence of chaos in
guantum mechanics. If the above conclusion were true, where the diffusion coefficient in the discrete tim&an be
sharp contradiction would arise with the correspondenc@btained from(4) in the random phase approximation
principle, which requires the transition from quantum to clas- K2
sical mechanics for all phenomena, including the new one: D= > (6)
the dynamical chaos. _
Moreover, the ensemble average momentugrows linearly
IIl. A MODEL OF QUANTUM CHAOS with time I%Dr. These quali_tative predictions have been
very well confirmed by numerical experiments.

In order to shed some light on the problem of quantum  We turn now to the quantum description of mod2],
chaos, we start with a very simple dynamical system, whictwhich is obtained from the quantization rules —i# (d/99).
exhibits classical chaotic motion, and compare its classicalhe quantum evolution is described by a unitary operator
and quantum evolution. It is very instructive to consider thethat maps the wave functiof(®9) immediately after one kick
following simple, periodically perturbed system, the so-to immediately after the next kick,

®)

called kicked rotator: o T 2
|2 o P(9)=Ug(=exp —ith k cosﬁ)ex;{iﬁz a—ez)dl(e).
H= > +k cosd _2 S(t—nT). 2 )

This Hamiltonian describes a particle rotating on a ring with The interesting point is how the quantum motion compares
angular momentunh and subjected to periodic kicks of pe- With the classical motion, especially in the regirk@>1,

riod T. Its dynamics is conveniently studied by looking at theWhere the classical motion is chaotic. As already mentioned,
map that describes the evolution over one pefio@ihis map ~ ©n€ of the most important features of classical chaotic mo-
defines a canonical transformation of the phase spade tion is the exponential instability, which means that two ini-

and is therefore area preserving. It is easy to see that iHially close orbits separate exponentially with time_. As a con-
values (,9) just after one kick are connected to the valuesSequence, thehrenfest time scale: , namely the time over

(1,9) after the previous kick, by the relation which a minimum uncertainity packet follows a classical or-
- _ bit, must be very short. Indeed, let us consider two orbits that
I=I+k sin 9, are initially in a region of phase space of areaTheir dis-

(3)  tance in phase, which at time=0 is of order#, increases
exponentially in time, namelyd(7)~#%Y? exp(\7), wherex
By iterating this mam times, we obtain the solution at time is the so-called Lyapunov exponent. Then after a time
t=nT. 7=~ (LU/2\)In(1/k) the distancesdd is comparable with the
The map(3) is well known in the literature as the “stan- whole interval 2r, and therefore it is completely meaningless
dard map” or the “Chirikov map.” It has a very simple form to compare the evolution of the quantum packet with the
but it contains most of the complexity of classical dynamicalclassical orbit. Therefore, for classically chaotic systems, the
systems’ Indeed fork=0 the system is integrablé=const, time 7z is very short since it increases only logarithmically as
and the orbits of the system in phase space are horizonta0 [Figs. 1a)—1(c)].
circles. When we turn on the perturbation, these invariant What happens at later times? One may expect that the
curves remain, albeit in distorted form, and are graduallyevolution of the quantum packet will reproduce somehow the
destroyed by increasing the strength of the perturbationevolution of the classical ensemble initially started in an area
These curves constitute impenetrable barriers for the orbits-# in phase space. In such a case the quantum excitation
which means that the rotator energy remains confined in therill mimic the classical, average, diffusive behavior. It was
vicinity of its initial value. therefore a big surprise when, several years ago, it was

S=9+IT.
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FIG. 1. A comparison between classical and quantum evolution in the kicked rotatié=6r k=25, andT=0.2. The initial quantum state is a coherent
packet. As to the classical evolution we considered 2000 trajectories starting in the same areaf(6f Bizeccupied by the initial quantum state. In the
following figures(b)—(f), the dots represent the classical trajectories while the curves are level curves of the Husimi distribution. For each figure, taken at
different times, we divide by 8 the maximum value of the Husimi distribution and then plot the seven level ¢orwes2; (c) 7=3; (d) 7=10; (e) 7=100;

(f) 7=1000. From this figure, as well as from Fig. 2, the quantum localization phenomenon is clearly evident.
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FIG. 2. Classical and quantum diffusion in the standard map for the same o«
parameters of Fig. 4a) Classical(solid curve and quantunidotted curve |A '3 12 '1 o ‘Il é

unperturbed energyn?(7))=2E as a function of timer (number of map
iterations. (b) Classical(solid curvg and quantunidashed curveprobabil- ] ] n k
ity distribution after timer=1000. The stars give the Husimi distribution

integrated over the anglé. o . o .
FIG. 3. Localization length of the stationary distribution as a function of

the parametek. The dots are obtained from the numerical integration of the
guantum map. Each dot gives the average value ofdwer 11 different
. L . very close values ok. The dashed line is the theoretical estimbtek?/2
found' that the quantum motion mimics the classical oneghtained in the localization regim&=1). In the perturbative regimke<1,

only up to a given timery, while, for 7>75, the quantum  a fitting of numerical data givels=a/|In Bk| with a~1.11, 3=0.29.
diffusive motion, unlike the classical, stops and enters a sta-
tionary oscillatory regim¢Figs. 1d)-1(f), Fig. 2].

We have now a quite satisfactory understanding of this  \we would like to remark also that theynamicallocal-
phenomenon, even if a rigorous mathematical proof is stilization must not be confused with tiperturbativelocaliza-
lacking. At the informal level one may say that, in the clas-tjon, Indeed, as is well known, in the perturbative regime, for
sical case, the evolution of the initial ensemble develops 0Bmg|| k, the populationP(m) on unperturbed statem cor-
separate independent orbits. In the quantum case instead, thi&ponds to exponential distribution with localization length
different dynamical possibilities interfere, and this leads to ~1/|In k|. This has to be compared with dynamical localiza-
the suppression of the diffusive process. A quantitative estition in whichl ~ D ~k2/2. A numerical check is presented in
mate of thediffusive time scalep was obtained in Ref. 5 on Fig. 3.
the assumption that the quasienergy specttien, the Flo- We think that the conception of characteristic time scales
quet spectrumis discrete. The idea is that according t0 of quantum dynamics is a satisfactory resolution of the ap-
Heisenberg uncertainity relations the quantum motion folparent contradiction, with the correspondence principle men-
lows, on average, the classical motion up to a time of thgjoned in the Introduction. Some physicists, however, feel
order of the inverse of the average quasienergy levels spagat such an explanation is, at least, ambiguous because it

ing. This estimate givésrp~D/#?. . includes two limits that do not commute:
To summarize, for classically chaotic systems, a coher-

ent state follows a classical orbit only for a very short time
m=~In(1/A). For ie<7<m, the quantum motion follows the

classical only in the average. The diffusive timgis much  While the first order leads to the classical chaos, the second
larger thanz and grows to infinity as 7. For 7=, the  one results in an essentially quantum behavior with no chaos
system reaches a steady state characterized by the momet-all. The general structure of quantum dynamics on the

lim lim#Ilim lim.

m—mo h—o0 fi—o |t‘—>oo

tum probability distributio{ Fig. 2(b)], plane ¢,t) is outlined in Fig. 4.
The limit |t| — is related to the existing ergodic theory,
1 2|n—ng| which is asymptotic irt. Meanwhile the new phenomenon of
f(n)~ 1 exp( ] ) quantum chaos requires the modification of the theory to a

finite time, which is a difficult mathematical problem still to
To be more precise, it is necessary to mention that the abovege solved. On the other hand, the practical importance of
is the “typical” behavior. For particular, resonant values of statistical laws even for a finite time interval is in that they
period T the behavior is completely different. Indeed it can provide a relatively simple description of thessentialbe-
be shown that ifT is a rational multiple of 4/4 then the havior for a very complicated dynamics.

quantum rotator energy increases like However this ex- In any event, if quantum mechanics is the universal
ceptional, resonant behavior is a quantum phenomenon aritleory, as commonly accepted, then the phenomenon of the
has no classical analog. “true” (classical-lik¢ dynamical chaos, strictly speaking,
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A v threshold higher than the classical value, to overcome the
In [t 2 occurrence of quantum localization. This effect vanishes
LOCALIZATION while approaching the main resonant regiong~1, and this
may explain why classical mechanics works so well at lower
values ofwn3.
PSEUDOCHAOS The dimensionless classical Hamiltonian for a hydrogen
atom interacting with a time-periodic microwave field in the
dipole approximation is

2
ps 1
TRUE CHAOS H(z,p,t,)Z?—FJrez cofwt) (z=0). 8
The unperturbed Hamiltonian describes both boun@eéth
> negative energyand unbounded motions. As it was shown
Ing in Ref. 10 the main qualitative features of the motion are
given by the one-dimensional model; moreover, since we are
, . . _ interested in exploring the dynamics that precedes ionization,
FIG. 4. Time scales of classically chaotic quantum motion: curve fi . . di d dinal
1—random time scalexz~In q; curve 2—relaxation time scale,~q*; Welcon Ine to n?gat've energies, ar_] ) Introduce accordingly
g>1 is the quasiclassical parameter. action-angle variable@, 6), thus obtaining

1
L . H=— ==t €z(n,)cos wt. 9
does not exist in nature. Nevertheless, the conception of 2n2" € (n,8)cosw ©

“true” chaos is very important in the theory as the limiting

pattern to compare with the real quantum chaos. By integrating the equations of motion over one period of the

unperturbed orbit, in first order ia, we obtain an approxi-
mate map for the canonical variable&,¢), where
lll. EXPERIMENTAL EVIDENCE v=Elw=—1/2nw is the number of photons exchanged by

The next question now is whether the interesting phe!n€ atQmmW'th the field andg is the field phase at
nomena described above are a general occurrence in quapgrinelion™ o
tum mechanics and not a peculiar property of the particular A I|ne2ar|zz_;1t|on of the map around the initial value
model chosen, namely the kicked rotator. Another interestingo=—1/2now yields, once again the Standard midp:
q_uestion is_whe_ther_ or not the quantum sqppression of clas- =, 4k sin b,
sical chaotic diffusion can be observed in real laboratory (10)
experiments. d=d+Tv,
One of the most significant cases where classical and .
quantum chaos confronted each other was in the explanatiodherek~2.6e/w>" andT=6mrwng. _
of an experiment on Hydrogen atoms, first performed in In spite of .the.varlous S|mpI|f|cat!ons so far introduced,
1974 by Bayfield and Koch Single atoms prepared in very the map(10) still gives a good description of the mean be-
elongated states with high principal quantum numbegavior of the sy;tem and gllows interesting conclusmpg. In-
(ng~63-69 were injected into a microwave cavity and the deed, the condltlorkT~_1 gives the_ th_res_hold for transition
ionization rate was measured. The microwave frequency wal® classical chaos leading to fast ionization:
9.9 GHz, corresponding to a photon’s energy well below the 1
ionization energy of level 66 and even lower than the tran- e, ~ —=—p.
sition from state 66 to 67. Much surprise therefore followed 50nge

the diSCOV.ery. that.a Very efficient ionization occurred When|n the Corresponding guantum model we expect Simi|ar|y to
the electric field intensity exceeded a threshold value othe kicked rotator, exponential localization of the wave func-

about 20 V/cm(for ny=66), much lower than the static Stark tjon in ». After the relaxation timer, the system reaches the
value. More surprisingly, a numerical simulatioshowed steady state

that classical mechanics could reproduce quite well the ex-
perimental data. The subsequent analgisil in classical (V)~£ ox _2|V—Vo| (12)
terms, of a related model of an electron trapped by the image 9 '

charge on liquid helium, explained the threshold intensities h h dicted localization | hin th ber of ph
as critical values for the onset of chaotic diffusion in action'VNe"e the predicted localization length in the number of pho-

5/3

11

Is Is

space. A condition for the occurrence of full chaotic diffu- tons is
sion is that the microwave frequency is greater than the fre- k2
quency of the electron’s motion, namebn3>1. However, |s%?%3-3€2w_1°/3,

the hydrogen atom is a quantum object: The quantum me-
chanical evolution was investigated in the one-dimensiona&nd equals the diffusion coefficient inspace. Ifi  is greater
approximatior?, and forwn3>1 was predicted an ionization than the number of photons required to ionize the atom
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tive explanation of this apparent paradoxical result. If one

0.08 rewrites the Hamiltoniar{8) in cylindrical coordinates one
obtains
9 oo H p§+ pé + m’ ! + €z cos wt (19
X == A P R— € wl,
'\9004 202 20° o+ 7
u® where z is the direction of the linearity polarized external

field andm is the projection of the angular momentum on the
field direction. For large values af and p, the z motion is
dominated by the driving field~(e/w?)coswt. One can then

. L : I : perform an average over ttemotion and look on thep
motion, which will be described by the average Hamiltonian,

— p; m? 202 (sz)

0.02

(15

FIG. 5. A comparison at identical parameter values of experimental and H= 7+ 202 +—=1In
guantum-mechanical values for the microwave field strength for 10% ion- e e €

ization probability, as a function of microwave frequency. The field and-l—he position of the minimum of the potential 15 in-
frequency are classically scaledy=n3w and e;=nge. lonization includes

excitation to states with aboven. The theoretical points are shown as solid CI€aS€s Wi.th the fi(?ld; the Phy_Sical reason is quite clear: the
triangles. The dashed curve is the one drawn through the entire experimentéirge amplitude of field oscillations leads to a decrease of the
data set shown in Fig. 2. Valuesof, n are®, 64, 114;x, 68, 1140, 71, attractive Coulomb force while the centrifugal potential re-

114;0, 76, 114;0, 80, 120;A, 86, 130;+, 94, 130;¢, 98, 130. Multiple : - :
theoretical values at the samg are for different compensating experimen- mains the same. ObVIOUSIy the averaged Hamiltori{Es)

tal choices ofn, andw. The dotted curve is the classical chaos border. Thedives @ good description of the real three-dimensi¢8eD)
solid line is the quantum 10% threshold according to localization theory formotion if the frequency)~w?em of the oscillations irp is

the present experimental conditions. much less than the external frequeryw. This condition
leads to the stabilization border

w
|:=(2wn3) "%, then localization cannot prevent ionization. €> ES@b:gﬁ’ (16)
This condition leads to thquantum delocalization border
_ where§is a numerical constant. In order to check the above
€q~0.40"ng . (13)

estimates we investigated the process of ionization of the
Unexpected though these predictions may have been at theifassical atom by numerical solution of the exact Hamil-
first appearancel® they were confirmed by recent experi- tonian systeng14). The initial distribution of classical trajec-
mental results on the microwave ionization of hydrogentories was chosen to model a quantum state with fixed values
atoms 12|t was found that experimental and numerical dataof principal quantum numben, (action, orbital momentum
fairly well agree with localization theory and at the samel, and its projection on the field direction (magnetic quan-
time appreciably deviate from classical predictigrfy. 5). tum numbey. Therefore the classical trajectories had the
The experiments described in Ref. 12 were precisely desame initial value of,l,m, and the phases conjugatedrio
signed for the purpose of checking localization theory; as andl were homogeneously distributed in the interh@P].
matter of fact, special care was taken in order that numerical he field was smoothly switched on and off during a number
computations could simulate as closely as possible the exf field periodsT,=wq, and the total interaction timg@um-
perimental conditions. Therefore, they provide experimentaber of field periodswas chosen a$;,,=500wq (so that the
evidence of the quantum suppression of the classically chgshysical interaction time was always fixed and equal to 500
otic diffusion due to the localization phenomenon. unperturbed periods of the electjoifferent values ofw,
were considered, frormg=1 up to wy=30. We numerically
investigated the dependence of the ionization probability

IV. STABILITY OF HYDROGEN ATOM IN STRONG Wi, (or stabilization probabilityV,;=1—W,,,) on the field

EXTERNAL DRIVING EIELD: THE MAGIC MOUNTAIN strengthe. The ionization probabilityV,,, was determined as
the relative number of trajectories with positive energy after

From the theoretical and experimental results presentethe field pulsethe total number of trajectories for each run
in Fig. 5 one naturally expects that by increasing the intenwas taken equal to 100The numerical results foN,,,are
sity of the external field a larger and larger fraction of thepresented in Fig. 6. The most remarkable fact is the appear-
atoms will be ionized until complete ionization takes place.ance of a large fraction of nonionized trajectories with in-
By further increasing the field one expects this process to bereasing field intensity.
even faster. However strange it may seem, this expectation Notice that the stabilization bordét6) is relevant only
turns out to be false! A careful analysis of the classical moif wm®<3. Indeed, in the opposite case the electron passes
tion shows that at very high field values the atoms becomsufficiently far from the nucleus and the change of energy
stable again. For details we refer to original pap&rs (see  during these passages are exponentially small and atoms re-
also Ref. 16. It is, however, instructive to present an intui- main stable up to very high field$:!* This fact is in agree-
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ment with the numerical simulations. In Fig. 7 we present a

1.0 t L general picture of the stability diagram in they,wy/mg)
- _ plane. The most impressive result of our analysis is the
0.8 L 1 “magic mountain” of stability in the upper rightmost part of
L i the figure that emerges from the chaotic sea and, coming
I~ T from infinity, approaches, but does not touch, the familiar
0.6 L i territory of KAM stability. The latter is delimited by the full
2 r y curve in the lower part of Fig. 7. Quite obviously the details
= i ] of the classical motion depend separately on all parameters
0.4 L - m,e,w, as well as on the initial conditions, however Fig. 7
- ] gives the correct main qualitative behavior.
02 [ 8 One of the important conclusions of our investigations is
L 7] that stabilization can be obtained not only when the size of
- — the electron oscillationa=€/w? is larger than the size of the
0.0 L VIR atom 2h3, but also in the other limiting case when<n3.

Our conclusion differs from other resulifsn which stabili-
zation is predicted to occur only whenis larger than the
size of the atom. Also, a condition considered as necessary
FIG. 6. Dependence of stabilization probabilMy.{Wo.—1— W) on for.sta.bilization is that the gxtemal frequency is Iarggr than
field strengthe, for wy=1(*), 3(+), 10(¢), and 100A) with initial values  IONization energy. According to our results stabilization
m/n=0.25,1/n=0.3. The interaction time is equal to 589field periods.  takes place even fdrwy, much less than the coupling energy.
(Sets of numerical points are jointed by segments to guide the Egethe A point we would like to stress is that the Rydberg sta-
gifgg’f:l we have computetlVyg, also for smalley down to the chaos i ation presented here is a very interesting phenomenon,
' which we consider more important than the stabilization of
atoms in very strong fields, with field strength and frequency
larger than the corresponding atomic vallegy>1). The
reason is that in such large fields the ground state is strongly
modified and therefore the frequency of transitions between
axl  ns2 a4 =B =16 n=32 n=64 states of a stabilized atom cannot be larger than the atomic
l l ' I unit of energy. Instead, in the case of Rydberg stabilization,
'magw;noum . the field, which is strong enough to stabilize the Rydberg
st A7 state, does not modify the ground state, sia€d, v<<1, and
e ‘ P it acts as a small perturbation. Therefore the electron energy
4t Al . A in the ground state remains approximately the same as for
. . e the unperturbed atom while in the Rydberg stabilized state
3 Y . ] the electron energy can be very high due to fast oscillations
runaway region . / 7 . in the driving field. Indeed the difference in energy between
. aa | these two states is of the order éfw?. For example, for a
’ / T | CO, laser withw~1/300 (0.1 eV) stabilization of the Ryd-
. . e berg state wittn,=40, m=2 takes place foe~2x10® V/cm
0 . . ’ and the transition frequency between the stabilized Rydberg
. . < chaotic sea state and the ground state 41000 eV. It would be very
f important to estimate the transition rate for the above radia-
tive process. However, we think that this rate will be com-
KAM stability region parable with the transition rate in the normal Rydberg atom,
. ) ) ) ) ) since the size of the atom is the same as for the unperturbed
4 3 2 -1 0 1 2 3 4 5 Rydberg stater=e/w’<2n3,
log;o(we/my) The possibility of radiation of photons with very high
energy makes Rydberg stabilization a very interesting phe-
FIG. 7. The stability borders for Hamiltoniafl) at fixed ®«=0.001 and nomenon.
m=0.4. The lower «curve is the usual chaos border

€~1/5003°=1/50(wm®)Y%(my/ wo) Y. For smallw, this border approaches

the usual static bordeg;~0.13. The “magic mountain” of stability is de- \/, CONCLUSION: SOME RANDOM REMARKS ON

limited from below by the stabilization bordesy~12(wym,) and from QUANTUM CHAOS

above by the destabilization bordeey~(16L/m)(wy/my)? with L

= In(y2/em(\/eo/ womy)). The border below which the Kepler map descrip-  So far there is no common agreement, even among

tion is valid is given, in the present case, with fixedand w, by the line . e
€=0.2(wy/my) (not drawn in the figure the present picture is drawn at phySI'CIStS., as tg .t.he definition of quantum . chaos. .The
fixed w andm. If instead we keep,, fixed, then the system will always be classical-like definition related to the exponential instability

stable in the region to the right of the dotted vertical line givendgyg=3.  iS completely not adequate since such chaos is possible only
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in very exotic examples and does not describe the typicahtervention produces here the macroscopic effect. The im-
guantum behavior. On the other hand, the most popular defportance of chaos for the quantum measurement is in that it
nition, as some specific quantum properties for classicallylestroys the coherence of the initial pure quantum state to be
chaotic systems, seems to us also unaccept@nd even measured converting it into the incoherent mixture. In the
somewhat helpleggrom the physical point of view. For ex- existing theories of the quantum measurement this is de-
ample, such a “chaos” may happen to be a perfectly regulascribed as the effect of the external not&&@he chaos theory
motion in the case of perturbative localization discussed irallows to get rid of the unsatisfactory effect of the external
this paper. noise and to develop a purely dynamical theory for the loss
It is quite natural in physics, unlike mathematics, first toof quantum coherend€. Unfortunately this is not yet the
study a new phenomenon, like dynamical chaos and only atahole story. Indeed, besides the loss of coherence the most
later stage, after understanding it sufficiently, to try to clasimportant effect of the quantum measurement is the redistri-
sify it, to find its proper place in the existing theories andbution of probabilitiegyi? according to the result of the mea-
eventually to choose the most reasonable definition. surement, the famoug-collapse, which remains to be ex-
In attempts to construct such a reasonable definition oplained. It seems that any dynamical explanation of the
guantum chaos, we would like to emphasize the most striki-collapse requires some changes in the existing quantum
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