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Abstract

A computer simulation method is used to investigate
excitation of a hydrogenelike atom in the field of an
elsctromegnetic wave from the states with n~50 and pa-
rabolic guentum numbers ng n, (or ng«n,). It is shown
that diffusion over levels 1a much slower than in the
classical case, A significant part in atom excitation
is played by multiphoton resonances with the number of
photone k310,

I, Introduction

For the last few years a number of interesting expe-
riments wes carried out on ionization and excitation of
hydrogen atoms by the microwave fisld from the states
with the main quantum munber n-~50 /1-3/, The first of
these experiments showed at the frequency ¢/29=9.9 GHz
& ptrong icnization of atoms with n=z65 at the electric
field € & 0.06n™" and adiabatic tunneling parameter ¥ =
mw fEn=T/4/ (wsd,43n” )W, To sxplain the results of the
H:Eurimnt & diffusion mechaniem of atom ionization was
offered in /5/. The cause of electron diffusion arising
in an atom due to the purely monochromatic field sffect
can be understood in the following way. It is quite pos-
gible to mssume /6/ that at n=50»1 quasiclassical
approximation is good snough and to pase on to investise
gation of the classical system. The latter is substanti-
ally nonlinear and at field E»E.there arises a stochas-
tieity leading to a diffusion excitation of an electron

*) ﬁira and below we use atomic unite; n,l,m are prin-
cipal, orbital and megnetic quantum numbers.

S7/- In case of linear and circular polarizations andet=
= =n"* the eatimetion for E« was obtained in /7,8/ on
the grounds of the overlaep criterium/9/, Dependeces of
eritical field and diffusion rate on frequency are glven
in /10,11/. Despite all attrmctiveness of this classical
approach, its only justificatiom is the ccincidence of
the relative portion of ionized atoms at E£n=0,06 /1/
with the pruh&bilitg of icnization obtained ‘thruu‘;h -
mputer simulation of clessical sastum'ﬂ dynemics /6/.
The accuracy of coincidence is about 30%.

At the same time a number of numerical experiments
with simple quantun systems /12,13/ have shown that ate-
tistical prngartiua of guantum dynamice are much weaker
than those of classical ene. Moreover in the course of
time the effect of quantum corrections increases /14/
and leade to di:t‘fuagan*a glowing down end its final al-
most complete stopping, Firet this effect of guantum
diffusion limitetion was observed in the model of quan-
tum rotator /12/. The smame phenomencn can take place at
diffusion ionization of atom with n¥» 1, Freliminary es-
timates /11/ show that relative magnitude of the quan=-
tum corrections can be compared to unity end so there
mey be & significant distinction between quentum dymemics
of atom excitation and classiocal one.

II. The Model of Surface-State Electrons

When investigeting quanfum and claseical dynamics we
employed the computer rimulation method, We chose an ex-
tem{efielﬂ. linear polarized along the axis z. The atom
was initially excited into atates with quantum numbera
which satisfied the follcwing conditions n~ 50, m=0,
nwn, (or 15 1«n%), For tiese states the ratio
af  cross-size %o lemgiiudel ocne is small and that is

it's possible to disocr. be the dinemics of excitation
in this cese by the one=din nsional Hemiltondien

Ha;_lﬁ+:zca et 1)
with the boundary condition '~(0)=0, which corresponds
to a infinite, potential wall 1t 2=0. This Hamiltonian
also describes the excitation of states of atom with
1=0 in the extermel field witl the potential Vs El¢[cosut.
Consequently for (1) metrix elomenis Zey=Tps . T9 prove
the fect that euch & medification of the initiel Hamil-
tonian won't lead to any significant of the dyme-
mics we can present the followlig argumo% Bi

1. When 1¢ l<<n¥the matrix eloments z%&* don't depend
on 1 /15/, a8 a regult of which “hedr sum zy that de-
termines the probability of transition from one shell
into another in dipole epproximation to within several




per cent ia equal to r.. (n , n'~50). So, for n=40, n'=
=41, 1la2 the ratio zp/T.y==0,996 (here we use for z,
ite quasiclassical value).

2, Due to Coulomb degeneration the transition freque-
ney between adjeining sublevels of one and the same shell
prove much smaller than Kepler frequency: 3en/20ls 0,1
«1 for £,= En*< 0,06, 5o, despite the fact that the
width of Stark multiplet exceeds the distance between
the shells a4/l 1 the motion of sublevels proves sym-
hronized and it's poasible to substitute the whole shell
for one level., Aproof of psuch approximation is given
h{ the axglrimmtn f2,3/, whers obeserved resonant
picture of excitation in the field with £.=0.06 corres—
ponded to theunperturbed spectrum of atom levels.

3. In the classical system when l=n the dependence
of £¢ and the rate of diffusion on 1 Eruﬂu in fi=
cant /11/. The Hamiltonimn (1) describes precisely the
motion for the orbits with eccentricity e=1 stretched
along the field. In the gquantum system the states with
parabolic gum‘h.u numbers ny=n-1, n,=0 (or vice veraa)
and close to them (ny %< n;)correspond to such classical
orbite. Let's pee if thie condition will be violated in
the course of time, To do this we shall consider unper-
turbed (E=0) phase-action variables corres to
parabelic quentum numbers. For these variables

Z=3n(nng) + 2 B explitmd+m:),)]
gy
SO

il ’ (2
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dig g=lngg (n-ng )/nt]1%; A, A;~ phases conjugated to ngng
where the derivative is taken over the argument of Bes-
sel function, According to the correspondence ;rinipli
the values Bum,mdetermine matrix elements zyi% of the tran~
sition between the unperturbed levels with s -1, s .
:ﬁg r:ﬁw n, (m=0) ?trh: 't:l:l...nn“ for the transitions

¢ chengs of ny; con a supplementary small pa=-
rameter ng/n, The e magnitude of n, can be estima-
ted in the course of + in the following way, For =
=fland € > €, there ptarte a diffusion electron excita-
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tion. Accord to the theoretical estimates /11/ the
rate of diffusion over n and the value of £. are:
dian)* _ 4  2.%, i

D= ry =13 en; Eep = Pont (3)
When £”E., the phase J; changes rendomly in the courae of
time, which mekes it possible to estimate the rate of
diffusion over nz : Dn,~(nz fn)fnn. . From the above we
gee that in the course of & numerical experiment ¥ =
= wt/2% £ 50 st E£n%= 0.04, ny~1 the change an;~1 and
so the cne=dimensional approximation is not violated.
It's interesting to note that when En*n,+1 the dynamica
over ths second degree of freedom (ng; A, ) proves subs-
tantially quentum, since in this case the perturbation
theory can be used /16/: Bmmfl << 1 (m,d0). Let's point
out the fact that when m, +m;=const ~1 e matrix elements
By With m =m,»1 are exponentially small., This proves
atill more rigorously the effect observed in the expari-
ments where the a.hgli shows itself ss one level/2,3/.

To determine in quantative terms how good is the se-
lected one-dimension approximation we mede & comparison
with the results of mumerical experiments for & real atom
in & linear polarized field carried cut by P.M.Izreilev.
The initial condition was given by paraboliec quantum
numbers n;sn,=1, ny=0, The compariscn was mades for n,=
19,9 and showed a good agreement with the resulte obta-
ined in & one=dimentional approximation. Se,for instence,
the probabilities of axcitation W_. into etates with
n>n, coincide with the accuracynnfn!ﬂ-ﬂt}%.

Hence, proceeding from the above arguments we can
conclude that the system (1) will describe in qualitative
and quentitative terms the dynemics of Rydberg atom ex-
citation from states n._'}n,,nr n; «n,(and qualitatively
from 15 1=n", Besides, this model describes examctily the
dynamice of surface-state electrons excitation /17/ in
& variable field, directed perpendicular to the surface
of liquid helium and that is why its investigation is of
interest in itself, It was offered to carry out an ex-
periment with such a system in reference /18/%,

I1I, Humerical Experiments

Simulation of quantum dynamics of system (1) was car-
ried out in the following way. At the initisl moment of
time one level of the unperturbed system with n,~50 was

#] We note that the functional dependence E fdin /18/
was not found correctly (there is & mistake in £.(8)).
See for a correct answer 11/,




excited, The field frequency was olose to the Kepler one:
e nie w1 and the field gn¥se,~0,06, Purther on we
earried out a numerical integration of equations for am=
plitudes C, of the unperturbed Hamiltonian's states.

s Hm
R - *;E..,f“”‘ Lo (4)

Thus; levels with haun< ¥ were involved in the
dynamica, Since at the cited walues of parameters £
and « diffusion in the classical system moves up along n
11/, levels with n< njare waﬂ.klg excited and that is why
the accepted n.-neg10 proved sufficient. During all the
time the probability W =|CawJ%as at the level 10, and
a further decrease of n.. didn't influence the dynemics
of excitation., The working value of Ne,equal tos=Zn, waa
gelected in most cases. At the same time a number of
control experiments with n, 2 2,Tn, was carried out, A
good aﬁ;aamn‘h of working and control points (see below)
showa st in order to investigate eleciron excitation
into states of the discrete spectrum withing the time
T = 40 periods of an external field we can restrict oure
gelves to & finite number of levels with 2n,. At va=
lues n,»2n,, n,+50 ande».Lto come out into a continuous
gpectrum it's necessary to absorb five photons more as
compared to states n= - That is why it is te na=-
tural to expect that the probability of multi ton
ionization will be relatively small, Besides, the main
aim of the experiments wes to investigate the diffusion
mechenism of excitation, occurring for discrete states
only.

In ghe procesa of numerical intggntinn probabilities
Wy = |G fwere found, accord to which the first My=<n-np/n,
and the second My<(n-n,)*»/n% momente of distribution
were determined as well as Wy he probebility of ex=
citation in states with nen.+4 and W= atates
with n »([1.5n,] where breckets indicate a "integer part.
The step of integration 24t was determined from the con-
dition g = & 0:3 and it usually was =200 times less
than an exte field period, When it was reduced two
times the relﬁgiﬂ- change of cited values and proba-
bilities We*10"during the time 7 =40 was less than 1%
(for 107% W< 10 the change reached 10%). The accuracy
of conaervation of the complete probability W= X W,=1
was not worse than 0,1%, The calculation of matrix ele=
MENtE Epg'=r,cvwas done numerdeally according to the for-
males given in f19/., At n =40 theiy agreement with claas-
sical values was 2=3%. The time of integration of cne
pericd of external field at n,=30, Nm. =63, = 0.04,
we =1 was = 15 peconds of computer ES-1060,

Together with the gquentum dynamics simulatien a nu-
meriecal investigetion of the classicel system was cor-
ried out., To exclude the peculiarity &t the point ==0
it turned out suitable to pass on from unperturbed phase=
sction variables (n,)) to new variables (n,§) end to &
naw “tima"! ; Where the equations of motion are: 4

%;-:-Eu'cﬂsdis-'u? . ﬁ ={-cos}¥ (5) !

g-! = -n s 2encoswit{i-cos3), A=F-sin

The initial distributiom of classical trajectories in
the phase space was & line: n=n, and equipartiticn
distribution along the phase variable ) , which corres-
onded exactly to the initial conditions in the guantumeas
)E'ong level with n=n )., The complete number of trejecto-
ries Ne1000, In view of the fact thet in the classical
system there was & finite number of levels & reflection
boundary condition at the cqrresponding n.wes introduced
the classical model. Howewer,this had & weak effect on
the valueaWmrnsgand Wnilisnea . 5o, for instance for £,=0.04
tdy=1, ¥ =40 when reflection was replaced by absorbtion
their chnge proved less than one standard deviaticn, The
value of the latter was found by four groups, comaisting
of 250 classical trajeciories equally distributed along
A . A% the selected integration step the acouracy of
consam}mn of energy in & congtant field, e.i. atwa(,
t£ BOFn} ,¢m=0.06 was better than 107, It should be
mentioned that the classical di-nm.:i.ca depends on scale
variables only €.=€nf ,w=wn? and st fixed velues of
the latter ones doesn't depend on n. /6,20/,

IV. The Results of the Experiments

a) One-frequency Excitation

The main group of experiments was conducted for va-
lues n,=30,45,66 in the range of parameters £,,, where
a strong stochasticity cceours, which leads to a diffusion
excitation of a classical electron, However, despite the
fact that n.%1 the obteined results show thet the exci-
tetion of an atom is of a fundamentally quentum nsture,
In fact, as one can see in Pig.1, gquantum averages are
close to classical ones Dnl% for a very short time %<
<¥'z5periocds of an external field, When T >*™a quantum
diffusion limitation is obgerved, becauseof which the
excitation of & quantum stom proves much weaker than
thet of a classical one. We note that the givem effect
is not related to the finite number of selected levels,



Indeed, for n,w45 when n.in,in reduced one time and o
half (10 nu,=80) the relative chonge I, increases from 45
wvhen + =10 to 24% when =40 and the ratiec of the clos-
gical value Mz to the quantum one chowgres from 2 to 6,
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Pig.1, Dependence of the moments of distribution on
time for clasasieal (1) and quantum (2)atoms with £, =
=£n] =0,04, w, =} =1, N =45, Dpu=97.

Besides the effective width of distribution an==F <<
Dpyy=Ne=32 8nd the probabllity on levels with n e Deee=97
ig ~ 107%, The classienl yalue (an)®*ssrees well with the
theoretical catimate (3) (an} a2 £2n*r.Bui to cheek 1t
uﬁ in a more detailed way it's necessary to calculate
the lecol coefficient Dn, that goes boyomd our paper.
It should be noted, however, that the proximity of
the firat and the second moments of uantum distribu-
tion to their classical values doean't et all mean that
the excitation ccourras due to diffusien. in example of
thiz iz the excitotion from n,=30 nt &, =0.04, 3, =1,
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In thias case for < 30 the difference between guantum

moments and classicel onea iz emaller than 20%

axceps

the values ¥ =4,5,6,7, whers it comes up to 100% for ky).
Hevertheless, in the cquantum case the dependence of ex-
clitation probebilities Wwsngeds Ynpcismgon frequency i,
iz of a propcunced rescnence character emnd differs fun-
dumentelly from the classical one (Fig. 2a,c). For

Fig,Z. Dependence of
probabilities of
atom excitationWhin+
end Whynragon freque-
ney e in the guantum
I{r?; and clasaical (&)
caze, For (a),(c)-
Ee=0,04, nLa=30, n.=
=63 {{+5-c{:-n‘trul
poinks for the guan-—
tun system with heS
=50); (b),{d)=- Eum
=0.04y Ne=40; Dma=5T
((+1-Npa=122)5 (@)=
quentum end (X}=-cla-
asical values for
Eom(, 0d, N,=bb, Nwk
143 (£or Vg loa-
gical veluez (A} are
given in Fig.2c);
the wvealues of pro-
babilities are iaken
at the moment of
time T = /2 8 =30,
For (e},(f)- &=0.06,
ne=45, T=12, 1,597
({+)= the control )
pint with 122
rrovws poﬂil-:“?; the
pogition of reacha-
neas and figurea
alongside to the

nmumber of photons and thepumber of 3 resonent level., The
curves are given to complete a graphic picture,

wh=0,9975, + =30, n% 34 maximms of probability distri-
bution fall on levels with n=36,37,39,41,44,47,49,52,
53,66,Theae values (n#36) approximately correspeond to
wiperturbed resonant transitions from the initial lewvel
n,=30. For the last three wvalues of n the necessary num=
ber of photons k is equal correspondingly to i0,11,12
{cee Flg.2). For &% =1,002, ¥ =30 the main contributicn




{63%) into the probability Wasmsy comes from levelas with
n=35(33%),36(18%),3T{(12%). Despite the fact that close
to the resonence WawclL es up abgat 20% of the comp-
lete probability, control experiments have shown that
WHETL Dme=0s increased one time and a half, the change
of probabilities of excitation proves insignificent
(see Fig.28,c).

us, in the investigated case the mechanism of exci=
tation proves mot & diffusion but a multiphoton one., At
that up to k=10 photons can be effectively asbsorbed. For
wy =0,9975, ng=30, ¥ =30, 0.03%5 £, 0,037 the experimen-
tal value k=9,9T73+40.006,

For n.=45%, £, =0,04 excitation &lsc is of & proncun-
ced rasenant character (Fig.2b,d). However, we cannot
connect the observed resonances with multiphoton tran-
gitions between unperturbed levels, For «3=0,974, n »49,
+ =30 levels with nn50-55.5?,59,63,5?172,35193 are the
most excited. Even in resonance absolute wvalues of pro=
babilities of excitation happen to be much smaller then
their classicel values (Fig.2). However, so far aa the
field €, grows this difference decreases and at £,=0.06
the probabilities become comparable (Fig.3). Neverthe-.
less, as is seen in Fig,2e,f, even if £,=0.06 the mecha-
nism of exeitation is of & rescnant nature and resulfs
in a more effective execitation than clessical diffusion
doea.

W Fig.3 Dependence

4+ of the probability
of atom excitation
on field £ foreipi
Na=45, ¥ =30, n
E-ﬁ. E;rmhula’[-ﬁ*}

[]3"' correspend to quan-
tum probabilities
Wralsng, Wa>ngy and
(a),(# ) to clasai-

[1?, cal ones.

04t =01

-
L]
0 2104 E,

003 004 005 006
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The dependence of the probability of exeitation on
thie frequency of an external field gruﬂmﬂ rather strong.
o, or midh, E;e0,03,aL=1,1.3 for * =40 the value
WinaoenF 210~ end the prohability of excitation is two
ordera of magnitude higher for =9=1 =0,T0T, = =30,

In the classical system Wejlisndchenges in order of mag-
nitude from 0.016 at «h=1, = =40 to 0,12 at edae 0, TOT,
+ =30, However, despite the fact that at 20,707 the
probebilities of excitation end the moments of distri-
bution My and Ms are close to their classical values (for
Myl at T< 30 the difference < 30%),. the dependence
Wnpnghy Wn n the fregquency & differs grestly from
the clagsical one, As it is evident in Fig.4 the exci=-
tation of levels with n267T cccurs in a resonant way,
levels with n=6%,76,78,79,8081,82 for &fb=00T7 being the
most excited., A1l of them except n=76 (Wa*0.03) have
about the seme probability W.= 0.014, For the frequency

1"err-'u.r'h:lw. wn;[_j.'hnul
0.6t 0.37

04+ 0.21

02¢ Ot

o O]

Fig.4. Dependence of probabilities of atom excitation

om the frequency &b W Ne=45, Nmex=37. Points (=) are
antum veluea for Ee=0,03, ® =30, (4)-classical valuea
e control point (+) corresponds 0 Ny =122. Quantum

(*) end classical (4 ) values corresp to g, =0.04,
r '151

1



tds =0.697 the probebilities of excitation of these lewels
gre one order less and do not corregpond to the positios
of mAaximums W . An emergence of such a group of strong-
ly excited close =tates can be gqualitatively explained
in the following wvmy. 4fter a =mall mumber of periods (=
= 5) the inditlel distribution spreads quickly. The width
of sproading is equal an=7T, and <nr=4§9, .6 when nei-
ghbouring levels are nearly equidistant for all of them
a simultaneous multiphoton excitetion can take fdoce,
Howeway, it should be noted thaet the mumber of photons
necegsanry for that is rather great: ks(Bge =Ber)fw = 22,
is the field increases up to E, =0.04 the probability

of excitation Waypsgygrows sharply from 0,062 to 0.26 (u=
=0,TOTy T =15). When the frequency changzes the values
Wnmgare close to classical ones, but for -Ju-,g_r.ﬁ rES0-
nance dependence on e, iz atill observed, &nd e dif-
%‘gi;nz? from the clapsical value of probebility is 100%

Lz the frequency grows, the probability of quantum
gyetem excitation becomes smaller than in the classical
caze, 8o, when n.=45, £ =0.04, & =2i1,3, * =50 in the cla=-
szicel aystem Wasng=0.359£0.013, W 9?0.13610.003 and
in the quantum one (N.=9T7)-0.181 ?.u% .05%1 correspon-
dingly, Quantum moments of distribution My end K are
2,5 times smaller than clossical ones, The seme is wvelid
fora,=1,25,

The growth of the mumber of initially excited level
up to ne=66 doesn't lead to a gualitative change of dy=-
namics. S0, for Ee=0.04, &h=1,01, ¥ =35 the moments cg
qhui-ntwn distribution are rether (=4 times) smwaller than
the clapeical ones, Besidea, the quantum distribution
breaks sharply at n>T76, This is its fubdumental distin-
ction from the classical one, which diminishes very slow-
ly at great n., is a resalt the clasaical value of Wawfieng
is about 5 timez greater than the quantum one (Fig.2d
and Weyw=0.23 iz 5.4 times greater. The dependence of
the probability of excitation on i‘requenc¥ alse differs
from the classical one (Fig2b,d). & significant rolelelangs
here to the multiphoton mechanism of excitatiom. So, for
&h=1, T =20 maximums of distribution Wa 8t n=560,76,89
approximately correspond to k=T,8,15=photon tranasitions
from initinl lewvel (Fig.5).

b) Two=frequency Excitation

A& mamber of experiments was carried cut for the case
when an externs]l field has two harmonics: €)= Efcorawis
+eosye)} , One frequency has been fixed o' n; =af=1 and
the second was being changed in & small renge near the

values & = Vnd =0,7,1.3. For the former cne & wviai
excitation of the classical system oceurs nt = Elg%;
2 0.015. For smaller values apreading of the classical
packet during the time = = wi/ 2#52% proves inaignifi-
cant (Fig.6a). But at £,=0,02, * =20 there already ap-
pears & developed stochastisity, leadi to 8 subaten-
tial excitation of the system Pig.bb,cj. In the quantum
casewhen E grows the width of distribution grows as
well (Pig.6) which mgrees qualitatively with the idea of
the diffusion mechanism of excitmtion, The probability
of excitation of levels close to ne (Wrmge) iz close to
the classical one (see Fig,Ta) snd the probability of
excitation of high levels Wrynsngis much greater than
that =nd is of & marked resonance nature Pig.Tc). The
letier points to the fact that multiphoton excitation
mey alsc be rather substantisl in the case of & wide
distribution over lewvels (Fig.6b). In all the investign-
ted cases the quantum distribution turned out to be more

W

0%

} ; Y AN n
R
Fig.5. Distributicon over levels in the classicel and

quantum cazes when E,=0,04, @p=1, ng=bb, T =20, ng =143,
The broken line is the quantum dlstribution: points cowe
respond to cells of histogram of classicnl distribution
with an/n,=0,05, the smooth curve iz glven 4o complete
a grephie picture,.
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cutting than the classical one, peaks We in & weak field
correspond to resonance transitions (e,g. In Fig.6a the
peek et n=51 corresponds to S5-photon repomance with n,=

=d5).
For en=1.3, n. =45,

€, =0,02 the guantum system 1s

less excited than the classical one (Fig.Th,d). So, for
instance, for c4=1.2T7, Ne=45, £, =0.02 the claszical value
Ky i 3 times lasa than the clessical one, end M, ias
300 times less. When n,comes up to 66 probabilities of
exoitation are close to clasaical ones (see Fig.Th,d for

ml.37,

2 =40) , but the first moment of

guantum dis-

tribution at *» 10 differs 2 or 4 times from the clesai-
cal ome and at 10 <T< 15 has enother sign. Shep peaks

14

[L1}]

14

Pigb. The same a5
in Pig.5 but in
cage of the two-
frequency excito-
tion for nn-4-5p‘-¥‘
=1, t = et/ 20=20,
nmax=2T7, (B) E =
0.01, cym,TOT113
(b) €0 =0,02, &s=
=0,T7355 (c) £=0.02,
y=0,T0T11.
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Fig.7. Dependence of the probability of atom exeitation

on frequency in case of two-Tre
Ne=d5, h=1, Nmer=9T. (H},{C}

(*) and clessical (@ ) velues; for £,=0,02 correspo
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V. Diacussion

Thus the carried out experiments have shown that the
diffusion excitation of atom ine field of the momochro-—
matie wave from states with n~50 ia rather sﬁpressad,

A gimple eatimate of values n, sterting with which on

the diffusion excitation will be eclose to the classical
cne, can be obtained in the following way/13/. According
to EB) the number of diffusively excited levels an grows
with the number of pericds 7+ (waR) according to the law
‘{ana=Dr=2(gn, . 4t the same time an determines an
effective number of lines in the spectrum of the wave fu-
netion Hig~4n, The spectrum can be considered continuous
ag far as Nyp ¥, As diffusion needs s contiruous spect-
rum the time of quantum diffusiom limitetion iz deter=
mined by the condition N, (2™)~+* which gives

Tt* ~2(€n)° ~ D, (6)

At £.~Ee, this time T'=<niwhich agrees with the esti-
mate given in /11/, Since 2+ 1, E.2 f:r a8 well ae E.%
> 1/ng (or E2n %) are the necessary conditions for
diffusion, which correaponds tot%oing beyond the per=
furbaticn theory and exceeding the gquantum border ofsta-
bﬂit{uﬂﬁf. Thue , for the diffusion to go over a large
time interval % 31 in the field & (at a%=1) the fol-
lowing values are needed

ne > 1/, (N

At &> 0,03 this condition is satd@fied by n.» 30. Let's
note that the number of levels in one non-linsar reso—
nense is (4 n} % 1 for £ nf /11/., For & =0.04, n,=
=45 the wvalue "6 agrees well with the results of a
numerical experiment (Fig.1). But for +* to become com=
parable with the characteristic diffusion time 23 ~ nZ/Dg
~1/2¢% we need to satisfy this condition it's necease=
ry to increasse either the number rﬁ level n,or £ . At
ng45 the necessary value £, ~(2n,)""* . 0,1, Computer expa-—
riments really point to the fact that with the growth of
the field the probabilities of excitation in the classi-
cal and tum cases become comparable, But with the
growth of £ the probability of various multiphoton tra-
naitions ows also and can lead io & quicker atom ex-
citation g:l.g.za, ). A merked difference of the momants
Ky, M; from the claassical values also points to the gu-
antum nature of excitation in the field with £, =0.06,
Thae for n,=45, £,=0.06, *+ =12, =1 tl}e quantum mements
are greater than the classical ones (Miy/Mi=1.8,1.7) £
and for «%=1,025 amaller than the classical ones ( 2 /Mg
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=0.41,0,56). The given estimates belonged to the case
when & one-dimensional approximation cen be used, i,=,
n®ng ~1. If n~n the mumber of lines in the spectrum
o ~angang~ (&1l Y . From which it is clear that the
necessary condition of diffusion excitation is E.%1 fig .
However when €3> £.- the fulfilment of this condition
doesn't at all denote that there will be no quantum dif-
fusion limitation in the system (though the co-
ndition We > ¥ is fulfilled). This involves the Feot that
due to Kepler degane:_:at:lan Nicontains groups of very clo-
Be lines, corresponding to ome ghell, which decreases its
efficient velue, Thet is why te find the conditions of
diffusion in the range Hysvn, E> nF, E3E,.(i.8. for
nx50) we will need futhe? inveatigation,

When the frequency of excitation goea up the rate of
di;i'fuaio.u slows down f11/, which leads to & decresase of
Ve Do (22 fa) (ne <= n). The markea growth of the
probability of excitation at the decreass of frequency can
be iualltativaly explained in the following way. At £, =
0,04, &lw0.7 the value nen, is in regonence, the centre
of which is at n,=n, L% This le to an efficient in-
creage of the flelde,— £, (n./n,)= £,w;% 1,66, and s
more fast claggical diffusion. This effect was observed
for the classical atom in /20/. This sort of explanation
is suitable for the diffusion mechanism of excitation on-
1y, since in case of the mmltiphoton mechanism the Pro=-
bability of excitation should decrease with the lowering
of fraquency. So, the resonance dependence on thy, obaer-
ved in the experiment (Fig.4) stillbeing obacure., A fur-
ther theoretical explanation is mlgo needed for the re-
sults on excitation from the states n,=30,45,66 at aly=l,
So, for instance the theoretical formula, obteined in
721,11/ gives value WuyricnjO orders less than the axpe-
rimgtal one (n,=30, ]?15.2.5.

caze of the {wo-frequency excitation & substantial
spreading of the initisl distribution occurs (F 6],
which corresponds qualitatively to the picture % diffu-
slon excitation. However in this case ag well a gqualita=
tive agreement with classics iz obasrved for the proba-
bilities Wrywsjonly, while the dependence on fre ey
for Wnymsegis of a marked resonance nature {Pig.'?’g. Sin-
ce the tum diffusion limitation for quasiperiodical
excitation shows much weaker than for the periodical one
f22/, the most optimum case for the diffusion mechanism
is the one of two-frequency sxcitetion., But in this case
a8 well at £, 20,02, wp,e~1 the values Ngx 66 are atill
in the quantum renge (M; differs greatly from the clas-
sical one). The reason for this difference is evidently
connected with the fact that even for n, =66 the exceeding
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of the quantum border of stability £,®&e=1/n at £, ,=0,02
proves rather small, According te the results obtained
for simple models /22/, it should be expected that when
Ny increases the time of quantum diffusion limitation
will grow exponentially. This question, however, needs
further investigation.

For one=frequency excitation tum corrections lead

to & substantial difference of distribution characterest-

ics from the elessical ones. This result testifies to

the fact that the coincidence of the ionization probabil-

ity of the clmsmical system /6/ with the one obtained
in the experiment /1/ is evidently eccidentel., In fect
computer experiments have shown that for n.=66, W, =
=0,4327, £,=0.061 already at ¥ =3 gquantum moments are
T1.T(Me), 7.8(Mg) times smaller than the classical omes,
and therefore the classicel diseription of ionigation
ie not applicable in this case, The probabilities of
excitation are also smeller than the classical ones
(for % =3 the probabilitiea Wnong=0.45, Wnilieg=0.23 and
corresponding quantum values are squal to 0.29,0,1).

¥I. Summary

The investigations carried out have shown that the
excitation of atom from states with n$ 66 by & monocho-
matic field with the frequency close to the Kepler one
(wen™*) and amplitude £ ~0.04n"* is of a fundamentally
quantum character, The reason for this lies in the fact
that on the one hand qusntum correcticns lead to a quan-
tum diffusion limitation f12/4,/13/, ond on the other
hand there may be strong multiphoton trensitions in the
atom, that result in many cases in & atronger excitation
than the cleasical diffusion, When £, £ 0,04, elfp=1 the
probability of execitation out of the resonence may be
one order of tude smaller than the classical one,
Go far as the field grows the probabilities become com-
parable, but differ 2-3 times from esch other depending
on the freouency &l . A more efficient atom excitation
ig ocbserved in the case when the frequency e<1. So,
when E.=0,03, ny,=45 the decrease of the frequency from

ezl to &px0,7 invelves an increase of the probabi-
Lity Wapfis,gby 2orders of tude, At an inereasz of
the frequency there's ne such effect.

In case of the two=frequency scitation in the range
of stochasticity there occurs & significant spreading
of the packet over unperturbed levels, But in these
conditions as well when up to 20 levels are excited eff=
iciently, the probability of excitation may have o resc=
nant dependence from the frequency. Quantitative charac-
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teristica of quentum distribution differ from the clas-
gical onea,

Thua, tum diffusion limitation leads to the local-
ization 0? the distribution over & reletively small group
of unperturbed levels, from which strong multiphoton tra-
neitions start later on. The probability of the latter
to be significant and cannct be explained by aveilable
theoretical estimates, The investigation of the 4 ca
of excitation in the region where the tum diffusion
limitation takes place can be conducted in experiments
similer to /1-3/. Conditions of the cne-dimensional ap-

roximation will be satisfied if the states with strongly

fferent parabolic guantum numbers (n. 5 ] are excil-
ted., Modern experiment methods make it Wsa?ﬁln to perform
this with a high accuracy /23/.

The author express his sincere gratitude to BE,V:Chi-
rikov, for his attention to this work and valuable com=
ments, to N.BE.Delone, F.M.Izrailev, V.P.Krainov for
helpful discussios, :
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