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An approximate model is proposed to study the stabilization problem of hydrogen atoms under monochromatic

intense laser field. The stabilization regime for system parameters such as laser field strength, laser field frequency

and atomic magnetic quantum number are obtained by stability analysis of fixed points of the model. The results are

consistent with those obtained by other methods.
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I. INTRODUCTION

Recently, very active research interest has at-
tributed to the intense laser field physics ranging from
the fast ionization of high Z atoms, high order har-
monics generation of soft X-ray to the atomic stabi-
lization dynamics.["2] Tt is well known that the stabi-
lization of atoms in an intense laser field is intrinsically

=71 However,

a phenomenon of quantum mechanics.
a great number of theoretical studies in the classical
frame have been done,’®12] which not only help to
understand various physical mechanisms for the prob-
lem of atomic stabilization, but also give results con-
sistent with quantum mechanics principles to some ex-
tents. Therefore, more and more reasonable and effec-
tive classical analysis have been proposed and devel-
oped. One of the key points for the study of stabiliza-
tion problem is how to transform the original time-
dependent problem to the simple time-independent
one. In our earlier paper[*!] we made a detailed com-
parison study on one-dimensional (1D) atomic stabi-
lization for hydrogen atoms starting from both the
exact differential equation and the approximate map
equation. We pointed out that the stabilization is con-
nected with many aspects of the classical nonlinear
dynamics characteristics of the system, especially with
the KAM tori structure for (1D) model atom. On the
other hand, we developed the two-dimensional map
analysis!® to the full four-dimensional (4D) situation

and obtained the improved stabilization border.!*?!

In this paper we propose another simple approx-
imate model and derive a map approximation equa-
tion to describe the stabilization of three-dimensional
real atoms in linearly polarized field. The stabiliza-
tion border has been obtained by analyze the stability
of fixed points, that is

w
€>€stab:/8 ’
m

where € and w are the field strength and frequency re-
spectively, m denotes the z component of the angular
momentum, i.e., atomic magnetic quantum number,
and B> 1 is a constant which needs to determine by
experiment or numerical simulation. This result coin-
cides in the form obtained by Casati et all'® where

B ~ 12 and our previous work '/ where 8 ~ 3.

I. APPROXIMATE MODEL AND MAP
EQUATIONS

The classical Hamiltonian in cylindrical coordi-
nates for a hydrogen atom in a sinusoidal driving field
along z direction is:(here and throughout this paper
we use atomic unit A =e =m, = 1)

2 2 2
1
% . S~ ezsin(wt), (1)

2 Jprt2 20

H =

where p and v are the momentum in z and p di-

rections respectively, m is the z component of the
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angular momentum, i.e., magnetic quantum number.
Usually it is convenient for problem to be studied to

transform the laboratory frame into the oscillating

. 19,12]

Kramers-Henneberger fram The corresponding

Hamiltonian is changed tol!1?

n v? n m? 1
2 207 \/p?+ (2 — asin(wt))?’

n=2 @

where a = €/w? is an amplitude of free electrons quiv-

ering in the laser field.

For high frequency w > 1 and large nucleus
quiver amplitude a > 1, it seems that the oscillat-
ing nucleus acts like a charge line, which is just the
starting point of Casati work.['%] In fact, the density
of this charge line should be inversely proportional to
the velocity of motion of nucleus. In terms of the nor-
malization condition, i.e., the integral of the charge
line density from —a to 4+« should be e = 1. There-

fore, the charge line density is written as

7(5) = —
If no further approximation is made, it will be found
that the potential determined by o(z) is exactly equiv-
alent to the averaged potential in one optical period
determined by the Coulomb potential in the works of
Jesen et al.l®®! Tt is noted that further approximation
for potential as 20(z) In(p/a) (see Eq.(2) of Ref.[10]),
is valid only for z, p < a.

For z approaching *a«, the corresponding charge
density o(z) becomes infinity, which means that the
nucleus is staying most of the time in the neighboring
region of —a and +«. Thus when a > 1, we can con-
sider that the two nucleis with charge +e/2 are seated
approximately at —a and +a, respectively. This is the
approximate model we proposed. The Hamiltonian of

the system has now become

2 2 2
H=—4+—+—+4+V 3
2+2+2p2+°(z’p)’ ®)
where
1 1 1
Vo(z, :——[ + .
o(2, p) 2 \/p2+(z+oz)2 \/p2+(z—a)2

On the other hand, the map approximation proposed

by Jensen et al. is nevertheless valid for o > 1,[9-11:12]

which are (see, for example, Egs.(6)—(9) of Ref.[9]):

Zn+1 = Zn + Tpn+17
0
Pn+1 = Pn — Ta—znvmap7
Pnt+1 = Pn + TV'n,-i—la (4)
0
Vnt1 = Vp — T—Vma )
+ apn P

where
Vinap (2, p) = Vo(z, p) +m? /2p%.

For map equation (4) there is one primary fixed
point z; = 0, p; ~ (m?a?)/4, and two secondary fixed
points zo ~ £, ps ~ 2m?2. Obviously we can estimate
the stability boundary in terms of map equations in z

and p directions, separately.
. STABILIZATION ANALYSIS

The stability of the fixed point is simply deter-
mined by the curvatures of the map potential at the

fixed points Z, p,

0% Vo
—4< 8, = -T2 922 P zp < 0,
5 0?Vinap
—-4<8,=-T 902 |g’p < 0.

We analyze the stability boundary of the fixed point
for two directions of z and p respectively and sepa-
rately.

(1) z direction. We have the following approxi-
mate expression for map potential

0*Vinap 2

o Yo

¢

0?Vinap 1
~ 8ms’

Therefore the primary fixed point is unstable in z di-

rection and the secondary fixed points are stable el-
liptic ones when the following condition
3 m
miw > — 5
N 6
is satisfied.
(2) p direction. Map potentials at primary and

secondary fixed points are obtained approximately as

follows
0?Vinap 4
922 zZ1,p1 ™ 57
0?Vinap 1

922 1722 ¥ Tgme-
Thus the stabilization condition, —4 < S, < 0 in p

direction, requires that

adw? > 472
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for the primary fixed point, and

By > 1
m-w —
4

for the secondary fixed points.

In deriving the stability border mentioned above
we have assumed p < a so that a > m? is also re-
quired for the primary fixed point, and a >> 2m? for
the secondary fixed points. Equivalently we have the

following condition
€ > V2rm?3 “
m

for the primary fixed point, and

>7rw
¢ 2m

for the secondary fixed points. In addition, combining
the stability analyses mentioned above in both z and
p directions, it can readily be found that the stabiliza-
tion border of the system could be determined by the

following expression
w
€ > €stab = ﬂ_a (6)
m

where 8 > 1 is a constant, which can be determined
by the fitting of experimental or numerical simulation
results, for example, S ~ 12, in Ref.[10]. It is noted
that our results of Eq.(6) are valid not only for the
case z < «a of Ref.[10] but also for the case z ~ a.
This means that Eq.(6) is applicable to a wide pa-
rameter range, and it has an universal characteristic

to some extent.

IV.SUMMARY AND DISCUSSION

Because Eq.(4) is a 4D volume-persevered map,
there should exist rigorous parameters stabilization
regime for fixed points. Once the parameters fall out-
side the stability boundary, the period-doubling or
tangent bifurcations will occur. Thus it is necessary
to make complete analysis for 4D map as what we have

(12] However, since both of

done in our previous work.
the crossover derivative terms 8%Vi,.,/020p at pri-
mary and secondary fixed points of our present model
equal approximately to zero, the results obtained by
considering z direction and p direction separately as
above are the same as that of global analyzing for the
full 4D map in combination of both z and p directions

as a whole.

In summary, we have proposed a simple approxi-
mate model in which the behavior of atoms under an
intense laser field seems to experience Coulomb inter-
action from two equivalent nuclei at positions +a with
charge e/2. By using this model and map approxima-
tion, we have again obtained the relation of stabiliza-
tion border among system parameters, such as field
strength ¢, field frequency w and z component angular
momentum m, which are consistent with those derived
in Refs.[10] and [12] in different approaches. This sta-
bilization criterion is applicable to a wide parameter
range, and it has played an important role in deter-
mining the condition of what and when happens the

atomic intense laser field stabilization.
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