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INTRODUCTION

The existence of the population trapping effect for the
ionization processes has been studied very extensively in many
papers [1-6]. The special type of the ionization are the
autoionization processes. They have been investigated in many
papers (for example [7-13] and references gquoted therein). One
of the features associated with autoionization phenomena are
effects corresponding to the existence of more than one of the
autoionizing levels [14-18]. Those additional autoionizing
levels and couplings between them can give variocus effects that
do not occur for atomic systems containing single autoionizing
level. For example, more than one zero can be visible in the
photoelectron spectrum, additional peaks can occur, peaks can
become broadened or be sharper (it depends on configuration of
the system). Those additional zeros have different properties
than the usual Fano-type zero [19]. They do not vanish even for
large g-parameters. Moreover, the double confluence of coheren—
ces can be observable [16] for that kind of atomic system (the
origin and nature of the confluence of coherences effect has
been studied and explained by Rzazewski and Eberly [7]). Due to
presence of more than one autocionizing level in the system the
population trapping effect can appear too.

THE POPULATION TRAPPING EFFECT

We discuss an atomic system that contain two autoionizing
levels (1> and |2> of the same parity (fig.1). Those levels are
coupled to the ground discrete level |0> by the external laser
field. We assume, that the laser field is monochromatic of
frequency E;, (we use units of h/2w). Both autoionizing levels
are diluted in the same continuum |c>. Moreover, the laser
field of the same frequency couples the ground state |0> to the
continuum jc>. All laser couplings are electric-dipole type
only. Although the model discussed here is identical to that
investigated in paper [16], our aim is to find conditions for
the occurrence of the population trapping effect {1] rather,
than to concentrate on the long-time photoelectron spectrum. Of
course, the existence of the population trapping effect should
manifest itself in the long-time photoelectron spectrum as a
presence of sharp peaks.
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The atomic model discussed here is described by the
following Hamiltonian (it is visible, that we do not perform
Fano diagonalisation [16,19]):

H = |0>(Eg+ Ep)<O[ + [1DEq<1| + |2>E,<2| + JdEc|c>Ec<c| +
(1)

+ (JdEc[c>Qc<0| + 02 (10>9y<1) + JdEc|c>Vi<i| + H.c.)
i=1,2

12)
1)

|0)

Fig. 1. The atomic model discussed in this paper.

where E; (i=0,1,2) denotes energies of the levels |0>, |1> and
|2> respectively, Ec is energy of the continuum states |c>, and
Vi (i=1,2) corresponds to the configuration interaction between
continuum jc> and autoionizing levels (1> and 12>. The matrix
elements (Rabi frequencies) ., Qi (i=1,2) characterize the
laser field coupling between %he continuum |c>, the autoioni-
zing levels (1> and |2> and to the ground state 10>, respect-
ively. For convenience we assume that all matrix elements are
real. We neglect all threshold effects, so we extend lower
limit of all integrals to minus infinity. It is equivalent to
the assumption, that the both autoionizing levels 11> and 2>
are far above the ionization threshold (for an example of the
discussion of threshold effects see [20]). Moreover, we define
the wave function |®> for our system:

18(L) > = a(t) exp(—(Eo+EL)t)|O> + bl(t) exp(-Eqt) (1> +

(3)
+ by(t) exp(-Eot) (2> + IdEcbc(t) exp (-Egt) |c>
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We have introduced here the probability amplitudes a, bl' b
and b They are functions of time and correspond to the states
10>, |1> |2> and |c> respectively. Moreover, one should keep
in mind that the amplitude b is a function of the energy Ec
too.

Performing the standard procedure based on the Schrodinger
equation we can find the equations of motion (2) for the
probability amplitudes a, - (i=1,2) and bc. Moreover, we
assume, that the laser has been turned on rapidly and that its
amplitude remains constant during the process. The equations
have the form:

da i

i = lel+ 92b2+ dECngC (23.)
dt J
dby |

1 = 61b1+ Qla + dEc\llbc (2b)
dt J
db, -

i = 8,byt Qpa + |dEV,b, (2¢)
dt J
db,,

1 ot = Abc+ SZCa + V1b1+ Vzbz (Zd)

where we have introduced the following detunings: 6 E E -E
(i=1,2), and a=E E —E Solutions of the above equatlons (2a-
2d) allow us to geterm1ne behaviour of the discussed system.
Although it is possible to find the solutions for any strengths
of the laser field, we restrict our considerations into the
case of weak laser field couplings, i.e. we assume, that
Qi,Qc«Vi (1i=1,2).

The first step is to eliminate bc from the equations (2).
Therefore, we find b from eqn. (2d) and put it into formulas
(2a—-2c) . Assuming that matrix elements V V5 and Q are smooth
functions of the energy E (we see that matrlx elements Ql and
92 do not depend on energy E.), we can calculate all integrals
appearing in equations (2) directly. Subsequently we can use
the Laplace transform procedure to find the solutions of the
above equations. Applying this method we obtain formulas that
allow us to find the quasi-energies of the states |0>, [1> and
|2>. One should keep in mind that these states are dressed as
result of the interactions present in the system. The equations
are of the form:

A(z){z + Ty} + By (2){iR+ Toy) + By(z)(ify+ Too) = 1 (3a)

A(Z){1522+ Poz} + Bl(z)r‘lz + Bz(z){z + 1"2} = 0 (3C)
where A(z), (z) and B (z) are the Laplace transforms of the
amplitudes a(%

b (t) and b,(t), respectively. Moreover, ge
have defined here the following widths: PO =T V Ty=mV4
(i=1,2), P12=vv and T, =7.. The widths f- (1 1 2) are %he
autoionizing w1étﬁs of the levels {1> and |é> respectively, T
is the radiative width of the state (0>, and T oi (i=1,2) have
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both the radiative and autcionizing character. We have assumed
that the discussed system was in its ground state |O> at the
time t=0, i.e. a(t=0)=1 (bl=b2=bc=o for t=0). Although it is
possible to find exact solutions of the equations (3a-3c), we
will deal with the case of weak laser couplings. Therefore, we
can apply the '"pole approximation" [4] to find positions of the
poles of the quantities A(z), Bl(z) and Bz(z). It is very
convenient to introduce at this point new complex matrix
elements 1 and £,5. They are defined as follows: 4= 18+ To
and £-= 192+P02. %pplying the new matrix elements one can write
down ghe zeros of the denominator of A(z), Bl(z) and Bz(z).
They are of the following form:

LT
=212
8- 8y ———
' 16+ T
€= 2, > + {14-52) + T, (4a)
r
1
i6q4+ Ty - 2
1 1 -
i6,+ Ty
1

(4b)
t {[1(89+ 6y) + Ty- r2]2 + 4p122)1/2

One of the quasi-energies 61 (egn.4a) has rather complica-
ted form that is not very interesting for our purposes.The
remaining two of them ~ €2 3 (ean. 4b) are less complicated.
They enable us to find the’'conditions for the occurrence of the
population trapping effect. This effect should be visible when
the quantity (E2—E T Pz is equal to zero. One may see that the
real part of one of the gquasi-energies 62'3 vanishes and
population trapping should occur when the autoionizing width Pi
(i=1,2) has zero value. One can explain this fact as a result
of closing one of the autoionization channels. As a result the
interference between radiative transitions can be essential. It
is the same kind of the influence of the autoionizing width on
the existing interferences between the transitions as investi-
gated in the paper ([18]). This interference gives the finite
and nonzero value for the probability of finding the system in
one of the dressed discrete levels, even for very long times.
Therefore, one should expect a sharp peak in the long-time
photoelectron spectrum that reflects the positions and widths
of dressed atomic levels.

If energies E; and E, of the autoionizing levels [1> and
{2> are the same, we may 3istinguish two cases: (i) that of the
same parameters describing levels [1> and (2> (P1=P2, 24 =R5)
and (ii) that of autoionizing levels described by differen
autoionizing widths or (and) Rabi frequencies. For the case (i)
our system reduces to that discussed by Rzazewski and Eberly
(71, as it has been shown in [16]}. When the autoionizing levels
[1> and |2> are described by different parameters Ty and :
Qk(k=1,2) (i1), the population trapping effect should occurx.
One can suspect that for this situation the interference
between transitions from the ground state 0> to autocionizing
level {1> and from level [O> to |2> plays the most significant
role.
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