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Abstract, The intoraction of distomic molecules with sn
ac eleeteie feld is described by & periadically driven rigid
rotor model Hamiltonian, Numenca! studies of the clas-
sical and guankem dyrsmies reveal o remarkably close
correspondenee berween classically chaotic dynamics
and quanium lime evolution. Unlike the periodicalby
Ricked rotor all the quasienergy stales lovated in the
fhounded) chaotie region in phase space me extended
states. Dapanded ip the freg rotor basis, their coeflicients
B Ll chie stasistical predictions for random veclars, Con-
sequently, even i off resonance condition the probabiliny
for transfering angular momentam 1o the diatomic
molecule is large and cventuably the fiest f, excited rota-
tionasd states will be “demecraccally™ poputated. The wil-
ue of i, s determiced by the bounded chaotic region in
phisse space. The rotational eccupudion probabibity
shows an erratic behavior with Bucruadions following the
statistieal prodictions fec rndom quasium states.

PACS: 0365 - w0545 + 6 3350 Be

[. Entrodection

The imierrelation of quantum and Classical dyvnarmics Moy
switemss which wre chaotic in the classicsl imb s exlen-
sively studied (see. e g the textbooks by Guveitler [1]
and ltaske [2]. the collection of ariles on imrepular
dromic svstems [ 3] and recent conference proceedings (47,
For time-independent Hamsitoniaps the main fingerpring
ol chaos s in the level statistics of bound states 13] Fos
systems with time-dependent Marsshionians the classic
chaotic metion can b hounded or unbounded m ophase
space. So Tar most of the studies wore carricd out Tor
penodicatly kicked swstems with unbounded elassical mo-
tion in phase space. 10 was shown that o many such
swsbeanns like o kicked plipar rotor {6-11]0 surlace-sige
electrons [ 127 and hvdrogen aloms in manochromstic
Ficleds [13. 14], the classical chaocs &5 supprossed inoquan-

tn mechanics by a mechanism siesibae o Anderson lo-
vadization in disordercd sodubs [13] (nete. however. that
Andecson Jocahzation 15 s necessanby found for all
kiched systems [1G10 This type of quantea lmitation of
chaos 15 reflected in the exponential Jocalization of (e
guasienergy states in the febd-free cnecoy (o7 gromentund
space. rven when the svelem 35 off esonance, Lo for
iwrational vakues ol the ratio between the rotor and the
driving frequency. We have found recently that the dy-
namics of 2 periodically driven snharmonie oscillalor,
where the clussical chaolic motion 15 bounded in phase
space [ 7= 1%] 15 murkedly dfferent from kicked svstems
wilh unbounded olassical chaotic motion i phase space
[ 23], As we demonstrate i Sect. IF the dyvaamics of the
preriodivally driven tator is stenctwrddly very simider 1o the
dynsgmics of the peoodically drven anharmonic oseilla-
tor. In Sect 1LE we show that the guasieneroy slates of
the periadicably driven retor - unlike the solutons of te
kickod rotor - are extended states bounded ondy by the
classicat KAM -confinement [21, 22] Conseguentiy. even
udes ol sesonance conditions the probability Tor trans-
Fering angular momentum (o the rotor is large and even-
tally the first j, excited rotatiomal stages will be almos
equally populated, The value of j . o delermined by the
Pounded chaete region in phase space. As the chawtic
region beeores larger, eog by varving the eld inensiy

parameler, §, B incredsed and the diatomie moteculs can
be found in higher excited states. Hohud aleeady been
poanted out by Biime! eval (23] that under specific con-
ditions an almost cqual population of f-stares wpy to some
manimum value f st be expected tor such driven ro-
tator systems. They did, bowever, ma present ogsilis for
The rotationat distribsrion,

lex Sect BV the <arsticat properies of hoeh 1he ex-
prmsion cocflicents of the gquasienergy stales in the free-
retor basts amd the thme-dependent excitstion probakbil-
s e analyvsed i omore detwit,. The guesiensrgy stabes
can be regarded as randony orlbogons] vectors inoan -
dimensignal reaf veelorspaws (A )0 The value o & iy
determmed by the arca of the chaclic region of phase
space. The ratational ocoupatim prohahilsies show gn




almaost rancom behgwior as g function of (tme, which can
be modelled by 2 random motion of the state vector on
the unit sphere 1o an N-dimensional complex voclor space,
The observedd quantam uctustons are found o be in
close agreement with statislical predictions.

The perodically doven rotor provides a reasonable
mode] for field excitation of diatomic molecules and, as
discussed In Sect. ¥, it is expected that the experimentally
measured rotational energy spectra of diatemic molecules
like Csi or Ph¥Te under the influence of strong electro-
magnetic felds (e, g sirong Laser felds} will be chaotic,

E}. Classical dynamics
of a periodically drven 2 rigid rotor

The Hamiitonian of our model in dimensionless wnits i
given by

-
Iy

)
Hity= 3

— foos fcos ot (E}

{rote, that one of the two parameters, f and o, can be
reereoved by rescaling. eog =’ fer T ) The ro-
tatiopat momentum |J/| 5 equivalent to Af in quantum
mechanics, where § is the rotational quantum number.
The classical driven rotor {1) has been studied by several
authors, both theoretically [24] and experimentally [23),
madeting magnetie dipols in oscillating magnetic ficlds
studying almost exclusively the bifurcation propertics of
stable periodic orbits. On the other hand, Beetnan et al.
(26} realized Unl this systermn can serve #s a maodel for
studying effects of averlapping resonsnees, thus being of
fundamental mrerest. Rewriting Hamikonizn (1} as

s,
H{r}w—w%—ig feosid — )t oos{@ 1w, (2]

one mamcdiately recognizes two fundamental resonances
with winding numbers £20J J=w and 2{f )= —cw
tying symumetrically in the upper and lower J-halfplane,
respectively, When one of the daving lerms is negtected
the svstem is integrable. For smalf values of the parameter
£ the width of the two resonances is small compared to
their distance and perturb each other only shghtly leaviag
the systemn abmeost miegrable, Increasing the parameter f
the widths of the resonances grow and the measure of
the phase space oceupied by chaotic trajectonies increnses.
The Chirikov eriterion [27] states that the transition to
plobat stochasticity occurs when eesonances overlap, De-
tails about the overlap pararmcter for the system asder
mvestigalion and the ellects on the gquantum dynamics
of the system can be found in [26] In the present cal-
culations we will use =1 and w = 1. where 1he reso-
nancss have clearly overlapped and the classical motion
between the two resonances s aimost entirely chaotic.
The classical dynamics is elucidated by the steobo-
seopic Poinceré section of phase space at titmes (=sa T
{F=2nm 15 the perod of the driving Torce), which is rep-
resented in Fig. | (note that becawse of symmetry this and

Fip. |. Synoptic Poincacd seddion of classical phase space at t=a T,
fr=g E 2,00 Oaly Lhe upper region, f2{), i shown becavse of
symmetry. All points In the chactic region resalt fram 4 simgle
classinl traieciory

ihe following graphs show only the positive J-region).
The Poincars section shows a large bownded chaolic zone
oblained from following & single classioal trajectary with
# small embedded repular island which is the centre of
the resonance mentioned above. The transition between
the inner chactic and the cuter almost regular regime
is extremely sharp as observed before for a chass of con-
tinuously driven arharmonic oscillators [F7-19. 28]
The outside reguker region deseribes (he rotaling maetion
of a hmmdered rotor. Heee the tmotion fodlows almost
adiabatically the Hamiktoniazn ¢2) and the momenta
at Li;n_g r=q 7" are approximaicly piven by JS=J4(#)=
172 Ficonst ~sin 8/2), Le. they have maximum or
minimem values when the molecwlar axis i3 paralhed to
the direction of the [eid st this e, The inoer regualar
island describes a rotor which exhibits at ¢ = n T an almost
periodic librational motion. In the center of the island al
(6.07=(11.29) there i3 a stable - periodic ttajectory.
Smalfer island strucruees can be detected by choser in-
spectiocn. The most prominent opes are o period-three
chain  appearieg at (6, S1=(L 20 (- 144 071
(144 6.7} whick are, however, not visible in Fig. b The
chaotic sea, deseribes an ervatiy motien, where the an-
gular momentum varies from & to 2.6, The shape of the
chaoic sea shows that there i an almost eqeal probabality
of finding the erratic rotor at |J| < (.8, and the prob-
ability s gradually reduced o zero as J approaches the
vaboe oF 2.6, The size of the bounded chagtic regeon and
of the inner regular ane depends on the vaiwe of the
paramater . The details of the inner slund stiructure are
sensilive Lo F amd show rich bifurcaiion phenomena when
F s vaned. For energies of the ficld-free Hamifloman
sxeecding H,=3.3 e || =0 =2.0% the dynamics s
talmost) completely regular. Numerical integralion pro-
vides a phase space area of § Jdg =035 for the inner
regular island. The phase space area of the bounded
chaotic region including the embedded stability island{s}
vields a value of § Jdfl = 12.06.

in order 10 study chassical vi, quantum Jynamis we
caloututed J{r) and #(1) as fenction of Ume for &. ¥
equidistantly distributed phase space points with F{r=11)
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Fip. 2. Poincurs sections of ckassical phase spage ats=nF{n=1,23)
vesulting  From 8- B classical trajectories for initinb values
Hr=0y=10 uniforedy covering the inteeval D2 F3a. On the keft
the clnsticaf probability distribations for excilation of {he maially
DOD-COLALRE FOLOE, pjr{n}. are shown as Wstograms {f o S/ A with
fre OLGE)

trimics a diztomic mobecule in ks rotabonal ground state,
which is rotationally excited due to the interaction with
a OW laser. The classical stroboscopic Poineard section
of phase space at times =2 an {Ix is the period of the
driving fickd) represented in Figs. 2-4 show the itcrates
of the initial curve [#, =0} ia the positive J-half of the
cylmdrical phase space during the {irst few time-periods,
n= b _._ 6, as well as in the asymptane imit p— o0, In

g} tn) -t 0 T

Fig. 3. Poincard sections of chussical phase space at r=n T {n=4, 5 4}
resulting from B 107 classical leojeciories for indtial  vabues
Hi=0=0 uniformly covertng the interval 0356 52 &, On the left
the classical probability distributions for excitation of the initially
fE-totating roto, p:"{n}, are shown as bistograms (f =J/ with

Ao 031}

addition, on the left hand side the probability pi'(s) o
find the classical rotor in state § (Le with rotational
memmnentarn in the interval (7 <0 Fled/h <0 7+ 1) at time
f=2xn iz shown as a histogram using a box-length of
A==007 m order to compare with the guantum results
Below. Mote, that these distributions are converged re-
sults based on a much larger number of classical trajec-
torics, whersas 1 the corresponding phase space plots in
Fips. 2-3 only 8000 initial points are used.

Fig. 4. The Pomcaré section of classical phasa space for
r—r o, On the fefl the asymplotic dassical excitation
probabiiity for an nitially pon-rolating roor, (o), s
shown as a histogram {7 =J/A with k(.02




Several features of the classical excitation dynamics
deserve discussion: First, we see that the initigl disto-
bution fies entirely inside the chaotic region and the it
erates untforrmdy fill the chaotic sea with increasing num-
ber of periods ». The probability distribuation rapidly ap-
proaches the asymptotic result, which is simply the pro-
rection
i 1y +il4

j a4 f dé 'En;h.n.-:-h-; ik ‘\3}

ia

ﬁ;f“'h

of the area of the chaotic sea shown in Fig. | onto the
discretized J-axis, normalized as

Lpm N, (4)

We find pif=p A/ 4 to be almost constant for 0« J
<08 (057 £45) and deceasing to zero at J = 1.6
o=, =130 (see Fig. 4). Clearly visible in the dis-
tribution is the large stability island reducing the prob-
aiity. The tiny dip close 1o j = 36 is due to sl perod-
Yistands which are hardly visible in the sarface of section.

Second, during the first fow excitation periods pro-
nounced structures 1n the rotational excitation probahili-
ties are abservable. These are due io horizontal projec-
tions of f=F{8_ nY, which 15 the curve of 7% iterstion of
the intteal paint at a rotor oricntation &, producing square
rook singulanties in the glassical excitation probability
{note, that the singularities are smoothed by taking his-
tograms}. Such singularities are well known in the field
of collisional rotational excitation of molecular or nuetear
targets and widely known as rotalional rainbows (for
detuils see, e.g., the reviews [33]) and J{8, 1} is known
a5 the rotalional excitation function. For colhisional sys-
tems this excitation function typically shows only a small
number of maxima, depending on the topology of the
interaction potential and the number of impaces, whereas
in the present case the mumber of rolational rainbows is
much larger and increases exponentially fast with n. After
n=15 periods the rainbows are no fonger clearly distin-
gueshable from each other with exception of one or two
which are still dominant (see below?. For s = 10 the struc-
ture is aleeady very similar to the long-time limit. A rough

estimte of the proliferation of the rotational rgnbows 1t
immiediate. Let us recall that the classicat chaotic spread-
ing 1s roughty determined by 8 single number, namely the
Lyapunov espoment A, which has been computed nu-
roeripalty g5 A = 1065 in the present case. Propapaiing &
closed curve in time (e.g. the Hne defined by J=0) it s
subsequently stretched and folded and its fength, £, grows
exponentially fn time as L= L, Tn our case where
the spatial extension of phase space i3 2n the number of
rainbows generated by the curve is roughly given by the
number of sheels, L/2x, e by ¢'" at tume Zan. This
yields an estimated number of 205 rainbows after n= %
apticat eycles, half of them lying in the upper momenium
plane. For the value of A=0.02 used in the quantum
cothputations below there are onty 30 different cota-
tional momeniam states (in classicn] considerations @ boxes
dividing the momentutg axis? accessible for a chaotic tra-
jectory, This means that for v = 5 there s, on the average,
approvimately one raighow in each box, Thus it 15 no
longer possible 1o distinguish the rainbows from each
other. Adter n=12 optical cyeles the number of rainbows
hins exceeded the number of states by a fectar of about
1830, This large number of rainbows adds up 1o a smooth
distribution allowing only for small fluctnations as shown
i Fig 3

Maore formally, if A is the phase space srea available
for the classical motion, at time

(*F 1 A
T _;{ In (ﬁ> {5}

the phase space siructure of the classical phase space
density evolving from the specilied initial distribution (the
ling § /=0!) kas become so complicated that guantuen
mechanics canrot resobve the details any fonger. This time
is referred to by other authors as “Zuslavsky time” or Ylog
time’ [34), in discussions of semiclassical time-evolution
under chaotic dynamies,

Third, there 15 an exceplional intensity peak, which
can stitt be detected for bonger Gmes up 10 n=24, This
peak is of a different origin than the rotationat rainbows,
in particular it does oot bifurcate mle more and more
peaks a8 time increases. [t can, however, accidentally
coincide with a rainbow, in which case it is strongly am-

Fig. & The Paincard scetion of classiesl phase space for
f= (2T, On the left the asymprotic chssics] exsitation
probability of an indtislly Roo-rotating mtor, #7120 0s

shown as 8 histogram {f = J/f with fr=0102}



plified. A Brst hint towards an enderstanding of 1his new
lealure is obieined by closer inspection of the rotational
excitation functions S8, ) shown in Figs, 2 and 3. The
density of the poiats on the curve moadors roughly the
intensity along the curve. One observes in alt these plots
an intensiky concentration in g certain region, This can
he explained by observing thar the above considerations
about stretehing are niod valid for o segment of the curve
which is parablel to the so-calied stable direction, which
ean e assigned to any point i the chaotic phuase space
regime. In almost every point an arbiteary closed rurve
inbersects the stable direction with 2 nonzero angle. In an
exceptional point, Bowever, this apgle 5 2ero and the
curve describes a parabolic tangent curve in the local
coardinate frame of stable and unstable manifolds. For
such a point one capr find (for each n) a meighbourhood
on the curve which is Bot stretched but contracied. This
results (0 an extra peak in the probebility disiribution at
this Fvalue. Fixing g lenpth, 8, a curve segment of size
d, has after n opticat cycles, one obviowsty sees that, for
a segment containing such a special point, 4, decreases
exponentinfy with # by hatf {1y of the Lyapunov exponent
in contrast o any other segment of the carve, (A detailed
anabysis includes the curvature of the stable manifold at
this particular pome 55 a propoertionality factor), Such a
special point causes an intensity peak which finally over-
runs ull the rotational rainbows, A clear example is the
sharp peak in Mg 3 for n=46. 1t showkd be moted, that
the exceptional points at time »T azre, of course, the
werates of the exceptional pomls on the initial phase space
distribution, i.e. those points where the stable direction
is paraliel to the line J =0, There are two such points at
=195 and 8=2x — 1.9 but only one of the merates
of these points show up in the upper half plane.

M. Quantum dynamics
of a periodically driven 3D rigid rolor

In gquannem mechanics the three dimensiopal time-
pericdic Hamiltontan in the interaction eepresentafion
is obtained when the sigenfunctions of the free rotor
Hamiltenian, ¥, ., are used as a basts set. Sinoe the field
is directed along the z-a3xis (chosen as guantization axis),
the z-component of the angular momentum 15 conserved
and m es a good quantum aumber, The resufts presented
here are for s~ The Hamiltonian matrix {when the
momeni of inertia of the molecuke 15 scaled our) 1s given
by

Hy =5 jG+1)0, .
i N 57
+ (l"xgj;mzw::w;gv & I bi,zc;m:\‘;_::viu {S IR ])
® froswl, {6

Or acalvsis is based on gquasienergy states, which are
discussed in the following section.

A, Loealized and exiended guoasienergy sines

The time evolution matrix I7(7) is obtained by sobving
the tme-dependent mairix problem

. . 7

He U{g|y=ih ‘-("r-!"‘--gf-j-‘f}-; e, T (7)
with the initial condition

O m=1. {8

The propagation of I7¢ 017} 1s carried out by the Adams-
Muoulton predicior-corrector method {357 using sphericud
barmonics 25 a bass set, The quasienergy states {34] are
the Floguet sofutions of the time-dependent Schridinger
e ualion

w, (8, 0)= D0, (8,0 %
such that

W @, )= g (8,1) { Hi)
whers

G (8, 1=, (8, 1+ 0T {11}

amd £, = hen are the guasienergies. Note, thatl in the pres-
et case the quasicnergy spectrum is pure point as proved
recantly by Mowkand [37] The periodicity T=2n /@ is
gssociated with e, the freguency of the monochromatic
electromagnetic fietd. From {%-11) we see thal the varia-
tiomal guasienergy stales are obtaioed by caleulating the
cigenvalues and eigenvectors of the time-evelution matrix
U propagated to r=T,

{J’{Dl TYC, =e™ ™ T, {E2)

and

¢,{H,G}=Z§ i Yoo it
I

The guasienergy states are labeled by x =1, 2, in -
creasing ouder of the corresponding expectation value of
Hy= k= F272, when Jis the (dimensionless) angular mo-
meniim operalor.

MNumerical computations have been carried out using
a value of A =0.0F, which was small enough o demon-
sitale the quantem-classical correspondence and also nu-
merically tractable fconverged results could be obtained
expunding in 200 bases lumictions ). As shown in Fig, 6 for
there are 90 states {with «w, T values covering slmost
uniformiby the interval [9, 2r 1), which provide atmost de-
geterate states (ie o if“reiq) =(). 75} as the field 15 sud-
denly turned ofl, Indecd the fotal classical phase space
area inside the chaoiic boundary including the regular
island Enside is 12.06 {compare Fig 1), which provides
exactly 1206 =96 (i =2 k) states accociated with this
phase space region as obtained in cur quantum calcula-
tions.

Moreover, the other quasiesergy states, « = 96, pro-
vide expectation values o |.F-f!'[I |2, which are very close
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Fig. 6. Expootation wvalues of the field-free Hamillomian (e the
froe rotor), | B, a0, whers § |u’ ) are the quasicnsrgy states
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Fig. 7. A charscteristic example of an extended quasieneryry stale
(=) expanded in the basis of the free rodor states, Shown are
the projection probabilities p, = |C, |* o0 a logarithemic scals

to the highly excited snergy values of the free rotor snd
sre therefore associated with the outer stability region in
the classical phase space as presented in Fip. 1.

The area of the inner stxbility island is detennined as
.55 = 4.4 h. We would hence expect four or five among
the 9% states to be related to the inper stability region.
These stzles should be localized whereas the remaining
91 or 92 sheuld be extended. The absolut squares of the
variational coetficients C, defined in (£2-13) are the pro-
lections of the quasienergy states onto the free-rotor states
and give the occupation probabilities of the free-rotor
stales by the quasienergy states.

Cobe Zag=t {14)

pz._,l' =

The j dependence shows whether a state |27 is localized
or extended in the free rotor energy space. As an example
Fig. 7 shows the p, ; for the quasiencrgy state a = 90,
which 5 an exlended state. One observes & sharp {ex-
ponential) decay for § = =130 due 1o confinement by
the classical KAM-boundary [21, 22]. Free rotor states
with j = j_ are populated with almost equal probabelity
fon a logarithmic scaje), This i3 in agreement with the
prediction of 130 populated f-states obtained classically
in Sect. 1. These guasiencrgy stales arg - in phase space
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Fig. 8. Expectation value {x { 8 e > of the field-free Hamiltonian
plotted versys emropy S, for the guesienerey states ¢ s |, 114
Patemded stales and two classes of localized ones can be distin.
guished. Some valees of & for fow values of the sntropy are expli-
citefy specified

- spread over the entire chaotic domain, This will be
anabysed n detall in Sect. 1V,

Several quaniities have been introduced for 4 quan-
titative description of the statwstical distribution ol a state
with respect to some basis. The first is the number of
relevant states, applied first by Haake et al. {38 the
second is the mean inverse participation ratio J39)

¢« t=ypls {15)

Here we use the Shannom entropy defined as

*S|*=_Zp:x,,finpa_j‘ 1:16)

A

which is & measure of the vocertainty of & state |«
when only the occupation probabilities p, . are known
{compare [40]). In Fig. 8 the entropy is pfoued VOTRLS
the value of (x| H,la) for the quasienergy states up to

=114, Such a plot one can be Belpful in order to
distingrish between extended states and localized omes
fihis t5 in the spirit of Fig § in [30] or Fig. 4 in [3])
One observes 2 “cloud’ of slates centered at 8, = 4.08 and
o | Hyla» = 0752, Above this cloud we observe a clearly
separated siving of states with entropies decreasing almost
linearty with (x| H,|x>. These are the states w 296 ac-
covialed with the cuter stability region, which are In phase
space supparted by myvanant corves allowing only for the
population of a confined number of free rotor states. This
number of states depends on the shape of the invariant
curves and decreases o uaity in the JHmit g -so0,

A second sering of states appears for an almost con-
stapt value of (o] A2 =083, which aprees with the
classical vatue of H,, For the stable fixed pomt in the conter
of the inner stabibity island. We can hence assign thess
fouor states to the inper satability region. The remaining
92 gquasienergy states belonging to the ‘cloud’ can be re-
Iated o the chaotic classical phase space reglon. A Guan-
tum estimate for the rumber of states captured by a res-
onance Js given in [32].

In Fig 9 the quantum mechanical rotationat proba-
bility
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Fig. 9. Quantum mechanical densities progected onie the free-rotoer
statles sammed over Lhe 92 endended states (@) w compasdson with
the classical deastty oblained by projecling the chaofn plisse space
Chistopram), The el shows us a typical example of ¢ locabized
Ui sizte the projecton onto the free-Totor bases Tor the sixe
with hwest entropy {x = B4}

2=, S5 (17

where the prime mdivetes that the suen rens over all =492
chaotic gquasienergy states (note, 1hat g% satistles
2 o7t =N=92) The agreement with the discrete clas-
sical demsity is quite remarkable. The contribation of the
state with the lowest entropy in the insert of Fig. 9 shows
very chear the localization of this state,

B. Rotatiown! mormennon iransfer

In order o study the probability 1o transfer angular me-
mentumt 1o the rgd retor {which describes the 3D ro-
tational motion of a diatomic molecule) we should cal-
culate the time-dependent sobution of the Schridinger
equalion, <@{d, ) with the inital condition of
@{ﬂ$ﬁ)=i.»"1,-"2fr Cwhich implies that the rotor (distom)
is th its rotational ground state as the feld is suddenky
turned on. The probabeliey to excite the mitially noa-
rotating diztomic molecule (0 rotational state § resulting
Feom the interaction with the clectromagnetic field after
i oplicat cycles {le. r=nT) is given by

P ={{@i=nT}| ¥, >} (18}

2, ()= |Z {ar*| CopURpE — fera, T”:r (19}

where expi — fw, T} oand O, are, correspondingty, the
cigenvalues and eigenvectors of C(0| 7)) {see {12)}.

The results presented in Frgs. 10-13 clearty show that
there s mo quantum limitation to the clhassical dynamics.
We can, howsver, aotl exchude that there could be dy-
narmicat locahzaton n dGfferent parameter ropimes (farper
value of &, larger amplitude of the driving foree). 1o this
case the absence of localzation for vee chowe of param-
eters would e a consequence of the fact that the locali-
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Fig. 19. The probability g (a] (8] to cacie the non-redating rater
toits 7™ cotationul excited slate after one apticat eycle {n = ), when
fr={.02. The histogram gves the classical result
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Fig. 1. The guanlum probubilily @ (73 () o excie the non-
riating rator 1o s J™ rotational excited stale after o oplicad
cyclas (nn=2], when fr = (.02 The histogram gives Lhe clssieal result
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Fig. 12. The quantwmn probabilicy p (u) (@ to excite the ron-
rolsting rolor 10 is 7' rotiionsl excited stae after three optcal
eveles (= 33, when = (0L.02, The bstogram gives the classical result

zation length is targer thane the lmitation due 1o KAM-
horders. Recently, Grakam and Kevmer and Grabam o
ab [291 detected and analysed this phenomenon in a lo-
sephson juncticn model. Such an investipation for our
model, however, 18 beyond the scope of this paper ard
wonld be a study for (tself
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Fig. 1} The yusntum probability g, (r) {@} 10 excile the non-
roraling to its J™ rotational exeited stade afier fome oplical cycles
(=4} when f=0.0 The histopram gives the classical ressh
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Fig. 14. The quantum probatdlity g in) (8 to cacite the non-
Eolatitg foe 1o its §Y eslationsl exwciled state ufler fie optical
cyctes {m = 5h when f =002, The histogram pives the clussical resule
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Fig. 15. The quandwm probabidity p,(s) (8 w0 eacite the non-
rotacing 10 lts ' rerational excited slate after six optical cycles
{0 =06} when A =0.02, The bistogram gives the classical resufl

Dwuring the first periods the quantum j disteibution
shows the rotational ramnbow siructurncs which were ob-
twined in the classical calewlations discussed above, The
Fzer that there sre two rainbow strectures and the sup-
pression of rotational excitation in the regon 45 < <75
can be related o the existence of the inner regaiar eskand
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Fig. 16, Survivil probabitily g, (v (=0-1 us lunetion of the nombes
soof opties] cwedes (B at tme f= 2 w0} when A= 002, Also shown
are the classical resufts (8-

embedded in the chaotic sez. In addition to the main
rainhow maxima the quantem disiribations also show
characteristic secondary maxima ared minima, Known as
rotaticng] rainbow oscilations, which can be interpreted
sermiclassically by constructive or desteuctive interference
of & stral]l number of comtributing classical paths {331

After about three oplical oycles {see Figs, 12-15) the
clear classice] and quantum correspondence disappears
and the disteibutions are apparently different, which re-
sulls from a pure phase interference effect due to the
prodiferatian of the oumber of imerfering classical paths
which increases exponentially a5 discussed in Sect, I1. The
ouly exception are the extraordinary eainbows described
in &ect. I, Pue to their domenpgnee they cause also high
guantummechanical excilation probabilities which can be
distinguished from Puctuations up 1o times n=4a. For
larper times the quantum probabilities are dominated by
strong Noctuations resulting from abmost random phase
interferences 05 analyzed w owore detid 1o Sect. 1V,

Finally, the guantum vs, classicel resulls presented in
Fig. 16 clearly show that the probabiity o find the di-
atom in the ground rocational state f =05 on the aversge
ahont 2.5% and always less than 25% during the first 50
periods, which is moch larger than the value of about 1%
obiained classically, This wibl be analysed in more detail
in the following section.

A 3D plot of the p, {n) obtained from numerical cal-
culations for A=0.07 is presented in Figs. 17-18 as
funciion of [ and 7. First one can sec thal the rotational
rainbow Struchieres obtained after one optical ovele ds-
appear rapidly as time increases and all rotaticnal states
feom ;=00 j= L0 are populated. The conflinement of
the cccupation probahilities of the angulsr momentum
states of the rotor 1o 02 f = 130 can be clearty scen also
from the surface of seclion al p, = 1/92 represenied in
Fie. 19, where the dark arca denotes occupation prohi-
bilities of § where p, = 1/92 and the white area where
p; 5 1/592. The density of the dark arga is abmost constant
far § =7 %0 which is an exceflent agreement with the clas-
sical reselts {sew Figs. | oand 4), which show sn egual
probability p,==1/%2 to find the rotor at J < 0.9 (i.e
Fa45 for A=0.00 and pradually reduces to zero as
Fee 130 (Le =26 for A=002 gy shown i Fig. £).



Fig. 17, 1D representation of the guanimm exciiation probabibily.
p (e} of the anpolay momentam f at tme f=rT when F=2a 13
the periodicity of the field {(A=#.02). At 1=1) (not shown in the
Pl p i =4, . A number of 130 states ate strongly populated

Fig. 18. Samwe a5 Fig. 1), however seen Irom the opposite direction
demeonstrating the smoomth decay to zero for & = 136
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Fig. 10, Surfuce of section of g, {7} shown in Fips. 17 and L&, Begions
of streag excitation (g ()2 1/92) are coloved black

1

The visua] impression {from Figs. F7-19 15 & surprising
degree of randomness in the behavior of p {(x), which
reminds one very much of grass growing erratically in &
mreadow. The basis ideg & that any pure state (here the
state |/ =082) will become a random state upder the
uritary time evolition afler a time of the order of the tog
time, whose fluctuations can be described purely statis-
tcally a3 discussed in the next section in detail. it shouolkd
finally he noted that the numerical results prosented here
have been obtained for & time scale shorter than the so

calfed 'Heisenberg time’ or *break time’ Inh/ds, where
Ag = R Aw T is a typical bevel spacing, vielding  break
time of about ¥ T in the present case.

I¥. Statisiics of elgenrecior components
and intensity flucheations

Dluring the last two decades several wavs were found in
which classical chaotic dyaamics manifests itself o quan-
tee dynarrics, the mast prominent among them being
the kevel siatistics of classical chaotic systems predicted
ot the basis of random reatrix theory (see [ To order
o understand more about tocal” features of the guantum
dnalog of chaolic systeras an approach was mzde o an-
alvse statistics of gigonvector components. Especially in
the case of systems, which are not entirely chaoiic and
where chaos shows up 1 leyers coexashing with regular
maotion, 1his seems to be more nsefull than analysing the
spectrum as & whole, The basis wdea behind this approach
is 1o repard the eipenvectors as random unit vectors in
an N-dimensions] vector space, where & 13 detertuined
by the undedying classioal dyvesmic and the valee of &,
The basic theory of random vectors can be found in
P42, 43, 41, 40, 44, 43]. In the folfowing a bnel outhne
of the theary 1s given and the statistical praperties of both
the squares of the expansion cosfficients €, | and the
gusnium rotational exeilstbion probsbilites g, (1) for 1he
driven rotor are analysed in more detajl !

Suppose we have a d-dimensional real vector space
and a normalized vector | 5 chosen at random with
respect 1o the wniform distribution over the unit sphere
i this spatce. The basle gquantifies of interest ate the sta-
tistical distributions of the expectation value p of & pro-
jection of |w) onto g vedimensional subspace. This is
the basis for studying fluctuations In vector components
and expectation values of observables. The distributions
can be obtained by ciementary integration {seg e.2. Jim-
mermann et ab [41]} vielding

i) P £ owei1e
P . U S Wil “ - }l-! T2 )
PO FRT T v g 0y
where mean and variznee are given by
LW 2vid— v}
e AR = T b
P APV iy (2t

In the limit of latge 4 and smalt ratio g=v/d the P {p)
i (203 approaches a x 2 distribution:

Poipixiip}

v iz E . o v.p
= (é‘}f) j;vf;:;gs P'{ pr ( ................ ) {22}

The x ! distribution describes the statistics of a sum of v
shsoduie squars of independent Gawssian variables, Thus,
approsimating the rigorous distribution (20} by the .
distribution means neplecting correlations between vector
camponents due lo the copstraint of st Jength, Thas 13
Justiled e the mit Jf— oo [see eog the discussion by
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Wootees [43]). The »2 distribution can alse be derived
directly using the wmaximum entropy principte {43]. For
the case of ¥ 2 distributions the relation

— 2 .
i 5 o
Fe (V+E)p {23}

is valid yielding & variaecs of

v

e (24

. 3
(4pf== =
L

This variance 18 kerger than for the correct distribution
{20}, but with the relative difference to (21} 15 of order
v/d and hence vanishes in the it f— o

For the system under investigation here, we have 1o
assume that the Hithert space can be separated into
‘chaotic’ one of dimenston &, sparmecd By oxteonded
Fiogoet states associated with the chaotic rogime, and a
reglar one spanncd by the tocalized states. In the pre-
ceding section we have shown that this separation works
guite well yielding a dimension of A= 92, which is de-
termined by the skze of the chaotic phase space, Within
this "'chaotic’ subspace the system may be deseribed by
an gircular ensemble of random matrices, The syrnmetry
class ol the system determines whether the orthogonal,
unitary, of symplectic ensemble should be applied and
hence which of the ¥ 2 distributions describes the stalistics
of the eigenvectol components coreectly [2, 40, 48 46}

In our case we have a system with time reversal sym-
metry, hence the Flogeet stgles Forme an orthogonal sel
and their compoenents should Follow the ¢ distribeastion
with e = N p = ]

1 y
i — MOT
x {_ID} TS R £ £y N (25}
‘ W 2npN

which is known as Thomas-Porter distribution. The time
evatution, however, 15 to be deseribed by an umitury en-
gembie such thyt compoenents of g tme propagsied state

should foltow the x f distribution with =2 ¥, v = 2 being
simply the exponeniial distribution
X3{py= N #v 28]

b this cage vector componerts aee regarded as complex
oumnbers, whose real and imagnary parl are independent
random CGaussian variabbes,

In the following we witl check these statistical predic-
tions for two gquantities of interest: First, the weight co-
efticients p, , = | C, | * of individuat quasienergy stules
i the free rotor bass (14) as o test case for x;. and,
second, the dynamicst time evolution of a stale vectar in
terms of the excitalion probability g, {»} of rotational
state f afler m optical cycles (18} as a test case for y3.
Before doing s0, we refer to some very useful results For
the entropy. As Jones {43] has shown, the distribatiion
{201 abiows for an analbviics] evalugtion of the integral

5= =1 phpP,dp, (27)

4]

which is the mean value of — plnp with respect o the
P distribution. The entropy {B6) of & rando sertor with
N componsnts it e the entropy averaged over all vectors
o the unit sphere in the N-dimensional vector space} is
hence &, = Ny, The reselts is

S =W {wN/ 2 1~ Fiv/Ta ]}, (38

where # is the digamma lunction, Zycekowski [44] and
Wooters [ otained approximations by repacng the
exact distribution P, in {27} by the x 7 disiribution {26}
vielding

S, =laN+{nv/I—-¥(v/li1}), (2%}

vabd m the lmmitieg case of lerge N For the two pactiewtar
cases considered above the results are [40]:

S =Ny =InN—(2-In2-¢)
=g N—{.729637.., [ 3
S=Ni Nt —e)=In N (422784, ., (31}

where ¢ 18 Eulee’s congtan, t e the entropy of a randosi
vector with V commponents is the maximum available en-
Lzopy, In &, lowered by a constant not depending on ¥
but only on the type of the 2 distribution.

Applying these results 1o the weight coefficients g, |
of the 92 extended Floguet stales found for the driven
rotor g spoctlicd 1m Sect. 131 one has to take into con-
sideration that the free-rodor basis (13) is overcomplete
on the vectorspace of the & =492 extended Floquet states,
The projection 29 (17} of a state |} is smaller than
unity depending on the value of . Conseguently, lhe
mean vifue of the coefficients g, | & J-dependent:

1
Prm i 2 P Ty BN {32}

Here and in the following the prime indicates that the
sumy only rung over the U2 extended guasietergy states.
When the coefficierts can be considered as independent
randoee vadables, o generalization bo this case is straight-
Forward by replacing 1/8 in (250 by the individual eeeun

I i .
F,.- (F N e TSR [33)
U VamplE,
and )
(Ap, F=2pF=2(p N}, {34)

Iz cur case the expansion coefficients for [ 247 can be
expected re foflow the same statistics, since they have
almost the same mesn value (compare the discussion of
the resubts shown in Fig. 9). The resulting statistics of the
Bilnp)=| p/2nge *7F versus p {43] because of the
singular character of the Thomas-Porter distribution. In
such a plol the disteibution shows a gobal maximim at
—tn & with & widih depending om the Iype v of the dis
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Fip, 0. Statstics of the projection probabilities p, o= |7 of
the extended guasienerpy states on the free redor basis For 547,
Fhe probability density for finding o vadue of to p, | i shewn 25 3
histopram tpgether with the predicied Thomas-Porler cerve

tributions, MNeote, that such a plot directly describes the
visual tmpression from Fig 7, where the maximum of the
disteibution appears as i platess, The obained histogrsm
15 in very gooad agrement with the predicted x 7 curve, in
particular in regard of the relatively small sumber of data.
Even more impressive 15 the comparison of the refgtive
varianee (Ap ) 7= 1 9033 obtuined from the datu with
the predicted valae of 7 from {34}

In the preceeding chapter we have already plotied the
enteapy of the Floguet states (see Fig. 8} The mean value
of the entropy over the extended states

.o ! 1
|5‘= ,h;' Z" ..q.l__' . .'Ivr Z'r Z F:’__j. Ef! pﬂ._." {33}
! - ! P

“

can be approxdimated by replacing the o swmmgtion by
an integral over the distribution (33}

S=—=3%{ptnpg P ipidp;
!

|€':hlr J lj:l'-'.'
= Zp{r (h‘] (P};}”).,j.{g_{_.],)

P

e —Zﬁ;inﬁ_;—{i -}
i

= 8P Py b—El =) (363

Here we have apain substituted /N in (30} by p,. This
resull nicely connects the mean value of the ertropy with
the entropy of the mean probability g= g9 /N, which is
of cowese Targer, Sinoe i our oase the mean density g*™
agrees wilht the discrete projection p*f of the classical
phase space deasity, the entropy S(f,. p,.... bof the mean
probability can be caleulated fully classicalty. Tn this way
{36} separates the entropy in a value determined by the
classical phase space projection and & constant due to the
fuctuations, Note thatl in the mit f—  the entropy grows
asvenpledically as bn A making the constans difference 1 — ¢
negligiblie. Due to Wooters [40] it is possible to find an
anglvtical formula foe Lhe mean devistion of the entropy
from the mean value 5 only in 1he case v =2, However,
it any case the mean relatve fuctuation will depend on

N as |/}/N thus going to zero like {4 in the classical
liemit B—=10, In our example we obtained for the mean of
the entropies of the 92 extended states a numerical valuc
of S=4.0686 and For the entropy of the mean densily
S Pl.. =4 TG yighding a difference of (713
whick is in gaite good sgreement with the predicted
vatie of 1 —e=0722. The classical counterpart of
S o b= 4 TRG obtained from the disceste clagszeal
phase space projections p;‘." viekds & value of 4774 (com-
pare apain Fig. %) in good apreement with Yi{p,. 7,....}
s expected,

Rather than evaluating the stalistics of veclor oom-
ponents, Muctuations in matrix elements of operators have
been anafysed (see, e.g., {463} 14 13 stared ehat the relative
fluctuations of such matrix clements shouwld also be de-
seribed by g x? distribution. Here we will confine ourselfs
to a brief analysis of 1he expectation values of the feld
free Hamiftonixn in (ke extended Floguet ststes in order
1o explein the effect of quasi degeperation ohserved in
Sece. 11,

Starting from the Huctuations of vector components
one is able to derive resulls For the wmcan aad the flue-
tuation of expectation values of hermitian oporators not
commuting with the guasiensrgy operator. Suppose our
overcomplete basis {15, j=1,.., M= N is chosen as
the elgenbasis of an hermitian operator 81

Bliy=hiy. J=1,..M (37

The expoctation value of B for a state | wr > is then given
by

ity L)
B={w,Byy= 3 (w dlwib,= 3 pb,. (383

F=1 i=1

where /1, denotes the projection onte the state |/ and

1, ils expeclation value, Averaging aver all unit vectors

in the N dimenstonal veclor space using {32) shuws that

the reean is simply the average over the sigenvalues

weighted by the profection of the corresponding eigen-

veolor onfo the N-dimenstoel subspace:

- Ad 1 M

— o — i i

B- % b=y I o7 (39)
Tl ' F=1

Furthermore, using retation (24} for the variancs of the

x Fdistribution, 2 short cafeulation yields for the variance

of the expectation value

2 A . 2 M .
{ﬁﬁ}? = " E {_P_lr !I?J. }?=;—v3 Z fﬂc'..:”' -f?’r- ", £401

it A

i g, is distributed according to a ) disttbution. (40
was derived assaming independent Hluctuations in the (n-
dividuat p, . The correlutions between Lhem. though they
are smadl, will in any case reduce the Buctualions i the
expectation vafues. Hence, {43} provides only an uppor
estireaie for the fuchation of the expectation valees.
Fneerestingby, (39) has & classical analog, namely the mean
of the classical analog of B over the microcanonical en-
sembple, 1e the averape with respect to the classical in-
varant density [47), Thare 15 no clpssical analog of (40).



However, it s just » penersl form of the well known
statistical result, that the Nuctuations of an average gver
N independent variables is reduced by a factor of
t/V'N compared with the fluctuations of (he single
variables.

Ome cxpeets that an operator B will provide almost
the same expectation value for any state, which is ex-
tended in the eigenbasis of B, with decreasing fluctuations
if the dimension N 1 increased. Semiclassacally, the di-
mensions & and f, scale inversely with A. Thus, in the
limit A0 the pumber of contributions to the sum in (44
increases as |k, with the single contributions converging
1o the classical value. This implies, that the variance de-
creases as AR~} A In the clagsical limit, A =0, complete
degeneration is achieved

In our example the hermitian operator can be 1aken
as the free rotor Hamiltonian /. In Fig. & the expecta-
tion values of K for the Floguet states are shows For
A=0.02 The results from {39) and (40} are A, =.752
and A{HQ =012 Witb ﬂxception Grlht state s =1 all

mEue In parbicular the mesn vahee ni Ejsc 32 extended
guasicrergy states agrees precisely with My, and also with
the classical average over the chaotic arca. The predicted
vafue of the mean doviation, kowever, is almost a fctor
of 2 too large, the mwan deviation of the 92 expeciation
values of {H,> iz actually onty 0.80. As alrcady antici-
pated sbove, this devistion is due Lo the neglected cor-
relgtions between the imdividus] fluctuations in {40),

in the following we evaluate the rotaional excitation
probabitities shown in Figs, 17-19 in more deteil,

A claoser analysis of these excatation probabilities starts
with scparating them into their mean value and the foe-
teation. {19} allows for determining the long lime average
of the excitation probabilities from the expansion coef-
ficients:

B Em Z piik}
T ko= ih
rz |('-:..' C&Ulzzzpz.jpa.ﬂ' {'¢l}

Since the initia] state s almost entirely located in the
space spannend by the N=92 extended states we expect
this sum i have ¥ relevant contributions. The value of
this sum can be roughly estimated by replacing p, o by its
mean value 1/ and recalling relation {233 for the
¥ i-distribution. We obtain

E :
-P.f -ﬁ-,n' 'Djul 4 *D

A N (42}
o= o T 70

and, smee the quanium densities 4™ ugee with the dis-
crete classica] phase space projections gy, we expect, al
least in the limit A—0, the guantum excitation probuabil-
wies Lo be close to the normalized discrete classical den-
sities, i e the averaged classical excitation probabilities
P ot N They should hence be almost constant
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Fig. 21. Mean cxcitation probadility 7™ {-0-1 comperad with the
mormabioed quanium densily ,sr'”‘,- Ni-i-}

fonr =547 (see again Fig. 9%, which agrees with the rough
optical impression ong can get from Fig. 19 Remarkable
is that ihe average survival probabibity p,7 s expected 1o
be thres times farger than the others with a comparahle
t'EEHQit} @17, This Tactor of three 1s due to the faet tha
the C, ; =<a |7 satisty the statistios of an orthogonal
vector ensemble as well 2s the coefficients of the initial
state |wie=0p=|i=0>=5%, |#». For more

general cases the expansion coefficients are chosen from
& unitary vector ensemble leading 1o & factor of 1we in-
stead of three [42].

The long timg average excifation probebidities p=
plotted in Fig 21 show a considerable oscillatory serug-
Feeee agrecing on the average with the normakized classical
density g9 /N The value for the survival probahitity is
found to be B, =2.15/92

Thea impression from Figs, 1708 &5 that the escilation
probubilities p, (#) fluctuate slmost randomiy at least for
tirrees farger than the log-time, Due to the unitarity of the
time evolution these fluctuations should foliow 1he
¥ 3-distribution (22):

Poip e omhin (43)

.'

T Fig. 22 the probability distribetion For Anding a ro-
tational excitation probability p for the combined diste-
Butions poin) f=1 47 and n=46,___, 3} is shown on
g togarthmic scale, 1o only Hmes larger thar the tog-
time are considered. Though the mean values p, are sol
eqgual as shown in Fig. 21, ong nevertheless observes an
oversll exponential decay P, {p, pxp " e 57 with slope
/5292 moagreement with the nwnber of extended states.

These findings show thut the deterministic time propa-
gation can be considered as practically random for times
exceeding the tog-timse, This s cemusrkable, 1n particudar
because the predicted statistics is valid when averaging
ovier ail unit vectors of the underlyving complex vector
space, which is zetually & Mdimensional complex space.
When propagating one vector in time, however, only N
real parameters fihe phases) are varied, whereas the ab-
sebite values of the vector componenls in the guasienergy
basis are fixed forever.
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Fig. 22 Statistics of the votational exctation probabrbities g, ()
shewe tn Figs, 17-19 The probubidity density for Mnding @ value
of p (n]=p is shown ai 3 bistogram o fegarithmic scale. Chaly
data 157247 and $ 505 50 are teken inle socount. Alse shown
is the prediceesd sxponential decay (ie. a straight hne) with sloge
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Fig. 23 Time dependence of the entrapy S{¢) {-0-) delined in {16)
as Tenction of the time t=Fwe, wlere 23 05 the peaodicity of the
Dedd (= 0028 Also sliown s the claggieal eatropy | -8- ) celovdawed
Trom the classicat probabilities festograms)

Finalty, in Fig. 23 we show the entropy

Siny= —Zp;{n}lnpim]. {4}
A

of the time propagated state as a function of time, Stagt-
ing lrom zero, the entropy rapidly increases and oscillates
with an average vaiue of 5 =4.386 for 7 2 3, Also shown
is the classical entropy 5,{m) of the classical excitation
probabilities p,(n) which converges {o a wvalue of
SN =477 in the long time,

Again, this can be understood within this approach
of random vecior theory, As for the entropy of the guasi-
enerpy states discussed above, one cat apsio relate the
long titne avergue of the enlropy

$= = fim - 3 S{k) (45)
memin S

o the entropy of the mean probabilitics

SR )= - Y Ing (46}

Since in this case the fluctuations follew a ¥ 3 distribution
one expects from (36) a difference of

S{F )~ 8 =4I (47}
Az alvendy anticipated in the discussion of the entropy
of the guasenergy states, this formula expresses the es-
pectation vakue of the enteopy in a term which allows for
a classica] computation which scades ke In d and 5 con-
stant difference due 1o the Buctuations which is negiigible
m the dlasseal famit. In the example studied here, the
etttropy of the averape prababilties was Found numerically
o be S{p,". 7", 0= 4759, which compares well with
the value of 4,756 calculated from the normalized quan-
tumm  density N as owelb as the clzssical Jimic
Sx=8{p . py....1=4T76. The long time limil calcu-
lated as an averape of the 5{w) for g=6. 3 vickds
S 4,38, which is 0.3% smaller than the $ again in good
agreement wilth {47},

¥, Cosclading remarks

We presented # Jdetaibed guantitative analvss of the guisse-
energy states and the rofational excitation dynamics ina
conttuously driven rotor system. The fact thal 92 ex-
lended quasienzrpy states were abtained, exacely as pre-
dicled on the basis of the classical calculations, and all
of thew provide abowt the sgme peobalbility (on logarith-
mic scake) to excite the free rodor to § 5130 (again as
predicted from the classical caloulations) show that there
g no #eomg quantum hmitation of classieal chaos, As 5
consequence, the guantum evolution foltows the classieal
eyodution reveahng rotetional ranbow structures i the
spectrum for the first optical cyeles, which are rapidly
quenched in time. For times larger than a charactenistic
tiae ¥ the rotational spectrum abflows lor a purely sta-
tistical describtion,

Hoth the expansion cocfficrents of the quasienergy
states in the free-rotor basis and the rotational excitation
probabilities can be nndorstood as projections of random
veetors whose mean values are dotennined by the classical
phase space. The flucteations of these cocfficients are in
rernarkable agreemient with statistical predictions of run-
dpen vector theory, 1 particular it was demonstrated thie
the tme evolutlon generates a random veclor. Relsted
examples of systerms where puee states bebuove fike gan-
dom wectors are rare. Notable examples are the kicked
top studied by Haake @ at, [38] (see alse the extensive
discussion in [2]) and the related perturbed dynamics
[48]. For the driven rotor stiedied heee the randonness
appears to be most clearty observable.

Further stadies are, however, indicated, o partiovlar
realistic systems, which allow cxperimental Investiga-
teoes, This seerns 10 be possible for the doiven rotor,

As proposed by Blimel, Fishman and Smitansky [23]
diatomic melecules with urge rotational constant such
as Csl, KI, Phie and PhTe will provide high enough
densily of states (oo small cocugh A on our moded
Hamiltonian) to enable efficient rotational excitation. In
order (o get cfficient rotatrona] excitation &l a Geld n-



tenstly which is small as possible one should choose a
mofectle with a sufficiently large dipole moment, Blimel
ef ab seggesied Osl as the most promising candidate.
Therefore, rotational excertation of Cst s expected 1o show
# broud step-like probability distribution in the extended
case when a CW laser & used {as proposed bere) and
esxponential focakization of CsI at § =0 as well as random
iime evolution when penodic microwave pulses are used
as proposed by Blimel, Fishman and Smikensky [231
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nicn, #ted By the 5 and N, Gieand Rescarch Fund, We are grateful
to the EHRK &t Kaiscrsfautera for allocsting computig time
cn the wvesior machine U is 2 pleasure to thank 5 Fishman,
K. Zvezkowski, and AR, Kolowvsky Tor holpiub] discussions.
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