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He in dichromatic weak or strong ac fields ofA ;=248 nm andA,=(1/m) 248 nm (m=2,3,4)
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We have computed multiphoton ionization rates for He irradiated by a dichromatic ac field consisting of the
fundamental wavelength=248 nm and its second-, third-, and fourth-higher harmonics. The intensities are in
the range 1.810'-3.5x 10" W/cn?, with the intensity of the harmonics being 1-2 orders of magnitude
smaller. The calculations incorporated systematically electronic structure and electron correlation effects in the
discrete and in the continuous spectrum, ¥8r 1P, 1D, 'F, G, andH two-electron states of even and odd
parity. They were done by implementing a time-independent, nonperturbative many-electron, many-photon
theory which obtains cycle-averaged complex eigenvalues, whose real part gives the field-induced energy shift,
A(wq,F1;05,F5,05), and the imaginary part is the multiphoton ionization ré&tew, ,F;; w,,F,,¢,), where
w is the frequencyfF is the field strength, and, is the phase difference. Through analysis and computation we
show that, provided the intensities are weak, the dependentéwf,F;;w,,F5,95) on ¢, is simple. Spe-
cifically, for odd higher harmonicd; varies linearly with cosf,) whilst for even higher harmonics it varies
linearly with cos(2,). These relations may turn out to be applicable to other atomic systems as well, and to
provide a definition of the weak-field regime in the dichromatic case. When the combinatien @f,) and
(w4,F>5) is such that higher powers of cgs} and cos(2,) become important, these rules break down and we
reach the strong-field regime.
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I. INTRODUCTION a field of commensurate frequencies, and w,= 3w, may
be used for the coherent phase control of the rate of produc-

In a recent publicatiofl], we reported the results of tion of the final products in the continuous spectrum. Addi-
many-electron, many-photon thediMEMPT) computations tional early results based on one-electron calculations within
of the cycle-averaged multiphoton ionization raté4PIR)  time-dependen7,11] and time-independent Floquet frame-
and linear and nonlinear polarizabilities of He interactingworks [8,9] showed the effect o, on field-induced prop-
with a linearly polarized ac field for frequencies in the rangeerties, even for strong fields. Experimental work has also
w=4.9-26.4¢V. In this paper we extend the implementarevealed the effect of phase-dependent interference on
tion of the MEMPT to the dichromatic case{=w=5¢eV  atomic observablege.g., 5, 6, 13, 14, 20, 31
or \;=248nm) with commensurate frequencies of higher The work described below was carried out by combining
harmonics,\,= (1/m)248 nm, m=2,3,4, and provide reli- heuristic arguments with MEMPT all-order calculations. The
able MPIRs which can be tested experimentally. The intenformer was applied in order to explore whether it is possible
sities are in the range D010'%—3.5x 10"*W/cn?, with the  for the MPIR to be connected in a simple way to the phase
intensity of the harmonics being 1-2 orders of magnitudedifference when the intensities of the two interfering waves
smaller. Obviously, the MPIRs depend on intensity. Furtherare weak. The lattefMEMPT) was applied in order to pro-
more, they depend on the phase differeggebetween the duce accurate results for weak as well as for strong fields,
two fields, and the present study has produced unique resulghich, not only should be useful as such, but they could
not only for the particular system but also for the phenom-provide quantitative information about the degree of validity
enology of the problem, which should be applicable to mul-of the heuristic arguments. Indeed, the results show that, at
tiphoton processes in other systems as well. least for He, and probably for other systems where similar

The fact that the response of atoms or molecules tgonditions are met, there is an underlying simple “law” con-
dichromatic laser fields leads to the dependence of obsernnecting the MPIRs with the phase differengg.
ables ong, has been the subject of many theoretical and
experimental publications. For representative analyses and; HEURISTIC ARGUMENTS FOR THE FORM OF THE
results the reader is referred to Ref2-21]. The basic DEPENDENCE OF THE MPIR ON THE PHASE
source of this dependence is the quantum-mechanical inter- DIFFERENCE
ference between the various possible excitation paths. For
example, the weak-field model analysis of Brumer and Sha- Let us consider a dichromatic fiefe(t) in the form
piro [3,4] illustrated how the irradiation of a bound state with

F(t)=Ficogwit+¢1) +F,cogwot+ ), 1)
*Email address: thmerc@eie.gr where ;=0 (without loss of generality for the present ar-
"Email address: can@eie.gr gumen}, and w;=w, w,=Mw, andm is an even or odd
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FIG. 1. Schematic diagram
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integer. We ask the question whether it is possible to obtain  When both intensities are in the domain of LOPT, we
the relationship between the rate apgin terms of a simple  expect that the most important final states will be those just
function. In order to facilitate the syllogism, we take as anabove threshold with energies ranging frdBg+n;w; to
example Fig. 1, which shows the possibilities of muItiphotonEO+ n,w,, where ;,n,) are the smallest numbers of pho-
ionization for harmonic frequencies af,=nw, N=2,3...7.  tons required for ionization by fields of frequencies and
The quantum interference of two or more paths é&r ), (Fig. 1). In order to trace the paths leading to the same
and w, to final states with the same energy and symmetrying| states, we can use heuristically the LOPT formulas or

brings about a dependence of the total rateggn We as-  figyres such as Fig. 1 to substitute the pathwgfwith the
sume that for such final states, the individual intensity forappropriate paths ab,=nw. In this way, a path consisting

each path is vyeak[the I_owest-order perturbatio_n th_eory of steps ofw, with field strengthF, [Fig. 2(a)] is sequen-
.(LOPT) EXpression IS appllcgb];eand that fof each final lon- tially replaced by paths of lower multiphoton order, consist-
ized state for which there is one path with the maximum, . = e o oc ot as well s ofws=nw. with field strenaths
number of required photons and one path with the minimu 9 P 1 ) 2 ' gt

such number, the transition rates via these two paths ell-:](:al andF, anq of phase d|ffe_rence2. From th? properties
about the same. The second assumption leads to the concf&f-the generalized cross section, we can|der it plausible that
sion that the dominant contribution to the partial rate forthe decrease of the order of the multiphoton process for in-
ionization to the specific final state comes from paths ofdeépendent paths will result in the increase of the absolute
order between those corresponding to the minimum and théalue of the ionization probability amplitude of the corre-
maximum number of required photons. These specific finapPonding path, provided a suitable combination if ()
states are also assumed to be the dominant contributors to tB¥ists, even for cases whefg, is smaller thanF;. (Our
overall interference which gives the dependence of the totatumerical results confirm this trend of the ionization prob-
rate ong,. When these assumptions are met, it means thaability amplitudes. Furthermore, at the end of this series of
F,<F,, since the multiphoton process for the fundamentalexchanges of paths, we will find the path with the minimum

frequency is of higher order. multiphoton orderi.e., Fig. 2d)], whose absolute value of
E0+I ........................ P P ﬁ* .................................................................................
P wERKDWF, |k NwF,
&% & w=2kw,F, &w=(2kwF,
3 A =2k+1)w,F, &* &%
or w,=(2k)w
&® w=w, F,
w,=(2k+ 1w, F, w,=(2KW,F,
o ! i
w=w, F, \w=w, F, w=w, F, / wEw, F,
\ w=w,F,
E

° (a) (b) () (d) (e) (f)

FIG. 2. Various paths for the multiphoton ionization of an atom in a dichromatic ac-fiéil.Path consisting of steps of the funda-
mental frequencyw;=w and field strengthF,. (b) Path(a) where X+ 1w steps are substituted with one stepFof, w,=(2k+1)w,
¢,. (c) Path(b) where a different set ofl2+ 1w steps is substituted with one stepFef, w,=(2k+1)w,¢,. (d) Path with steps of the
higher harmonicw,. (€) Path(a) where 2<2k w steps are substituted with two stepsFf, w,=(2k)w,¢,. (f) Path(e) where a
different set of <X 2k w steps are substituted with two stepsFof, w,=(2k) w, ¢-.

013411-2



He IN DICHROMATIC WEAK OR STRONG ac FIELB . .. PHYSICAL REVIEW A 63013411

the ionization probability amplitude is essentially equal topulses consisting of an intense component\gf=554 nm

the one corresponding to the process of Fi@).2This ob-  and a weak component af,= 185 nm.

servation suggests that the paths of consecutively decreasing (ji) w,=mw=(2k)w. Unlike case(i), the replacement of
multiphoton order are associated with probability amplitudek steps of v ,F;) with one step of ¢,,F,,®,) does not

of increasing absolute values, which, however, necessariliesult in a subspace of final states of the same parity. Instead,
pass through a maximum and finally end near the originaj js the replacement of 29 steps(of w,,F;) by two steps
value. On the other hand, we are aware of the fact that thgf (wZ 1F2!€02) that gives a path which ends in a Subspace of
argument about the increase of the ionization probabilityfing| states of the same energy and paitge Fig. 26)]. The

with decreasing order of the multiphoton process, cannot biext path, depicted in Fig.(D, is obtained by replacing an-
considered general. In other words, there may be cases wheggher group of 2(R) steps of f;,F;) with two steps of

the absolute values of the probability amplitudes associated,,, F, ¢,), and so on. Similarly to the cag®, the total
with paths of decreasing multiphoton order would pasSgnization rate is given by

through a broad maximum or would be of similar order of

magnitude _ o i2pe
Keeping the above arguments in mind, we proceed byr(“’l_w'Fl’wZ_(ZK)w’F2'¢2)~ Ep Qzp€ %2

considering two cases of dichromatic multiphoton ionization. (4)
(i) w,=mw=(2k+ 1)w. The replacement of R+ 1 steps

of w,=w, with onestep ofw,=(2k+1)w [see the path of Following the same arguments as beffease(i)], we con-

Fig. 2(b)], results in a subspace of final states of the samelude that the MPIR is driven by two terms:

energy and symmetryeven or odd parity Actually, the

lower the order of the multiphoton ionization is, the smaller I (@1=®,F1;0;=(2K)w,F3,¢5)~A+Bcog2¢,)+...

is the subspace of the final states as regards their total (58

angular-momentum eigenstates. For example, in He, for the Y

process of Fig. @), the final-state subspace consists of con- =A'+B oS (pp) + . (5b)

tinuum states of symmetryL with L=n,n;=2n1—4,...  Again, the higher-order terms of E¢5) should acquire sig-

_an(il for the process of Fig(1 the corresponding symmetry pjficant values with increasing field strengths. This is indeed

is °L with L=n,—2k, ny—2k—=2n,—-2k—4,.... The next fqgynd from our computations, whose results are presented in

path[see Fig. 2o)] is constructed by replacing another groupthe following section. In the cases where tg's pass

of 2k+1 steps ofw; with oneof (w;,F2,¢), and S0 on.  through a broad maximum or are of similar order of magni-
The total ionization raté'(w:,F1;w;,F3, ¢5) is obtained  yde, the higher terms of E¢5a) acquire significant values

from the square of the absolute value of the sum of the probayen for weak-field strengths. We point out that the depen-

ability amplitudes of the various paths to the same finakyence of the type5) was reported by Ske, Kulander, and

states whose energies range fréfg+nio, 10 Eg+ a0z Bardsley[7], who obtained it by simply fitting the measure-

2
4+

and whose parities may be even or odd. We write ments of Mulleret al. [5], where Kr was irradiated by a
2 dichromatic field withx ; =1064 nm and its second harmonic
Nw1=w,F1;0,=(2k+ ) o,F;,¢5)~ ‘ > Qpe'P¥2 Ap=532nm.
P
4o (2) Ill. POLYCHROMATIC MEMPT AND APPLICATION TO

HE FOR WEAK AND STRONG FIELDS

where p changes in steps of 1 ar@, are the ionization
probability amplitudes of each path. Each additive factor OfM
the right-hand side of Eq(2) consists of a summation of
terms of different orders of magnitude. Indeed, as we me
tioned before, one of th@,’s represents the maximum value
(Qm)- With the heuristic assumption th@, andQ,,, are
the leading terms in each factor of E(), the quantum
interference is driven by two terms N¢

F(t>=mZ:1 FnCOS ot + @), (6)

We now turn to the calculation from first principles of the

PIRs of He interacting with polychromatic fields. The cal-
culations are quantitative since they incorporate the effects of

M&lectronic structure and of correlations. In order to do this we
adapt the MEMPT to the case where the external ac field is a
superposition of a linearly polarized field and its harmonics:

IN'wi=w,F1;0,=(2k+1)w,F5,¢0)~A+Bcog g,) +---.

3

9 where w,, is the integer multiple of the fundamental fre-
With increasing field strengths, the higher terms of BB).  quencyw.
should come into play. In the cases where Bgs pass As discussed ifl1,22,23, the physics of multiphoton ion-
through a broad maximum or are of similar order of magni-ization induced by a constant interaction of an ac field with
tude, the higher terms of E@3) acquire significant values an atom can be formulated in terms of a state-specific com-
even for weak-field strengths. We point out that Chen anglex eigenvalue Schdinger equation, whose eigenfunction
Elliot [6] deduced a cosine dependence of the t@)dor the  consists of two parts that are represented by different types
particular case of their pioneerin@, 3w) experiments on of function spaces. Their distinct physical content and the
the 6s 1S—6p 1P° transition in atomic mercury with laser complex eigenvalue emerge naturally from an argument
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based on configuration-interaction between the field-dressed
discrete state and the ionized continuum and consideration of
the asymptotic form under resonance boundary conditions.
This asymptotic form expresses an outgoing wave with com-
plex energy(Gamow orbital, which is not square integrable.
As a result, the corresponding matrix elements are divergent
However, these can be regularized even for the electric field
linear potential with the help of the Dykhne-Chaplik trans-
formation p=€'? on the coordinate of the Gamow orbital
[24]. In this way, the sought-after solution becomes square
integrable ) but the problem is now non-Hermitian.

By generalizing the MEMPT to the case of the field of Eq.
(6), the atom plus field Hamiltonian in the linearly polarized
electric-dipole approximation has the form
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FIG. 3. The atom-field polychromatic Hamiltonian matii
(see textis separated appropriatelywhite and gray areasso as to
L o i permit the formulation of the corresponding eigenvalue problem in
_EmE_l Fmz(e mawm+e mawm)! (7 a manner similar to that of the monochromatic case previously
a solved.

N¢

Wherealm anda, are the photon creation and annihilation frequency separate photon states, a fact which increases con-

operators. siderably the numerical load toward the solution of the
The complex eigenvalue can be written as MEMP problem.
Using the many-electron, many-photon basis set of Eq.
2o=Eo+ A(w1,F1;00,Fy,00)— 2iT(w1,F1:w0,Fy,¢,), (9), we construct the state-specific matrix equation
®) Hex=zpx (10
where E, is the free atomic state energy, is the energy  where the structure dfi¢ is shown in Fig. 3. The eigenvec-
shift, andI" is the MPIR. tor x consists of the coefficients; ,(6) andb; ,(6) of Eq.

Following earlier work on the complex eigenvalue Sehro (9). The building blocks oHg shown in Fig. 3 are
dinger equation for field-free resonance states, we have ad-

vocated that the many-electron, many-photon problem is Ap=A+nwl, (118
simplified in a practical way by aiming at the separation of A
the function space representing the electronic structure and Bn=FnVe'sm, (11b
correlation effects contributing to the initial bound states, ,
from the contribution of the scattering functions, which in- Brn=FmVve '¢m, (119

teract with the bound states via the external field of . . — . .

and cause the energy shiftand widthI". This separation is yvhereA is the free—gtom Ha_1m_|lton|an matrix and is the
crucial for the solution to all orders of the problem of com- interaction quntoma_m _m_atnx n _the _baS|s set of &). .
puting properties of many-electron atoms in strong ac fields._. By separating the infinite matride in Fhe way shown in
Formally, the£? solutionWo(p), which is connected adia- Fig. 3 (white and gray shaded argathe eigenvalue problem

batically to the initial unperturbed atomic stafg, is ex- is seen to be similar “topologically.” to that of the mono-
pressed as chromatic case. Hence, the numerical methods for its solu-

tion can be carried over from the one color cf$g2,23.
This approach allows the systematic polyelectronic treatment
[Wo(p))=2 ain(O)|¢i(p)in)+ 2 by o(0)X;(p)in), of the polychromatic MEMP problem for any number of
in jn 7 commensurate frequencies. However, it is easily seen that
(9)  the size of the computation and the requirements for com-
puter time increase very rapidly ad; increases. In this
where; denotes bound states and the localized parts of theork, we went up tdN.=4, since this is sufficient both as
autoionizing statesX; denotes theC? “scattering” states, regards the possible execution of experiments and as regards
andn is the index for the photon states. Expansi®nis the  the demonstration of the form that the dependence of the
same as the one used in the monochromatic gdse 1 in MPIRs has on the phase difference, for weak and for strong
Eq. (6)], since the frequencies of the dichromator poly-  fields.
chromatic in the general cgsteld are commensurate. The  The MEMPT is implemented from first principles by
only photon states used are those of the fundamental freshoosing, manipulating, and optimizing appropriate one-
guency. Otherwise, it would be necessary to use for eachlectron andN-electron basis sets, representing the electronic
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structure and electron correlation of bound, autoionizing, and .47 ]
scattering states. Because of the large size of the problem ¢ s.0x10” ]
diagonalizingHg of Fig. 3, it is important to use function = § e
spaces which secure that the results contain all the significans “®'"
physical information, while keeping the computational effort g 48x10” i
as low as possible. The correlated function space used for th\u_ 4.4x107
construction ofHg in this work was the one that was pre- 2, 22x107 _‘ e
sented if1]. Therefore, we do not repeat it here. Briefly, the 3 4.0x107

space ofi; in Eqg. (9) contains bound two-electron functions o~ =
of real coordinates for the discrete stafgsound and Ryd- ﬁ 3810 4 e
berg up to total angular momentuin=>5, which are com- 3 36x107

puted by the numerical multiconfigurational Hartree- Fock — 340 i
(MCHF) method[25], state-specific wave functions for the 3.2x107 e — : S
lowest-lying autoionizing doubly excited states, and 82 dou- 0 08 06 04 02 00 02 04 08 08 10
bly excited correlating configurations constructed from ana- cos(2¢,)

lytic virtual orbitals, with totall. = 0,1,2,3,4. The space o4 FIG. 4. Multiphoton ionization rated in a.u) of the He ground

2
of Eq. (9 containsL” two-electron functions of the form state irradiated by a linearly polarized field of frequenay
1s®el, where the orbitakl is expanded in terms of Slater- _;1g3734.. X=248nm) with intensityl, =4.5x 10 W/cn?

type orbitals(STO) with a complex coordinate and by its second harmonief=2w) with 1,=6.1x 1012 W/cn?,
as a function of cos(®). The dotted line represents the fitted poly-
fk(P* ) — gk(refif}) — Ck( (9)r e ap* ) (12) nomial of Eq.(13).

with A=4.23x10 "a.u., B;=8.16x10 %a.u., B,=4.2

For eachi(1=0,...,5) the continuum orbitals were expandedx 10~ '°a.u. The coefficient of the quadratic term is more
in ten & (p*), except forl =5, for which eighté,(p*) were  than two orders of magnitude smaller thap. On the other
used. hand, for I,=3.5x10"W/cn? and |,=3.2x 108 W/cn?,

The convergence of the calculation is achieved when, fthe rates deviate from the linear dependence on c@b(z
a reasonable range of the values of the parameters present(jrig. 5). The fitted polynomial of Eq(13) (dotted line in Fig.
the basis set and of the number of the photon blockddn  5) yields the following coefficients: A=2.2x 10 *a.u.,
the complex eigenvalue remains essentially unchanged. Spg; =4.3x 10"%a.u.,B,=7.0x 10 ° a.u. In this case, the co-

cifically, it was found that convergence was eStab“She%fflmenth is less than an order of magnitude smaller than
when the number of the blocks reached ten or eleven, and

when the parameters in Eql2 are «a=1.5 and @

=0.3rad. 2. w,=4o.
Figure 6 shows the MPIR of He fdr,=1x 10**W/cn?
IV. RESULTS FOR HE IRRADIATED BY A andl,=1x10"W/cn?, as a function of cos(®). Again, a
DICHROMATIC ac FIELD OF A=248nm(w;=w=5 eV) linear dependence is obtained. What is interesting is that this
AND ITS HIGHER HARMONICS (w,=h, linear dependence persists even when the intehsifyr the
n=2,3,4) fundamental frequency is beyond the domain of the validity

) o _of the LOPT.(For a one-color MPIR withw=5 eV, LOPT
Given the arguments of Sec. I, we divide the results with

respect to the order of the harmonics. 2 8x10% 1
A. Even harmonics[ w,=(2k) @] 3 26010 o
1. w,=2w. %N -
= e
Figure 4 shows the MPIR of the He ground state irradi- 240" ]
ated by linearly polarized field of frequencyw 3 ] o

=0.18373a.u. X=248nm) with intensity 1,=4.5

X 10*W/cn? and by its second harmonic with,=6.1

X 10"*Wi/cn?, as a function of cos). Even though the
MEMPT calculation is nonperturbative, what has emerged is
very good linear dependence of the rate on ceg(2n ac- To
cordance with the prediction given in Sec. Il. The dotted line  1.x10* T ‘ , T SN
in Fig. 4 represents the fitted polynomial in powers of 10 08 06 04 02 00 02 04 06 08 10
cos(2p,), to theab initio rates cos(2¢,)

2.2x10* -

 2.0x10°

I'(w =w,F1'w

FIG. 5. As in Fig. 4, but fol ;=3.5x 10"W/cn? andl,=3.2
I'=A+B;c042¢,)+B,cog(2¢,)+- -, (13)  x10"3wicn?.
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2.481x10°

2.480x10°

9, (au)

2.479x10°

2

2.478x10°

=4w,F

2
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2 2.477x10°

=w,F

1 2476x10°

Mw

L
2.475x10°

04 -02

e
00 02 04 06
cos(2¢,)

1.0 -08 -06

FIG. 6. As in Fig. 4, but forw,=4w, 1;=1x10*W/cn? and
I,=1x10"2W/cn?.

breaks down aroundl=7x10**W/cn?. For weak intensi-
ties, five 5-eV photons are needed for ionization of He. How
ever, forl ;=1x 10" W/cn?, six photons are required due to
the ponderomotive shijt.The coefficients of the fitted poly-
nomial (dotted line in Fig. 6 are nowA=2.48<10 ®a.u.,
B,=2.83x10 ®a.u., B,= —2.63x 10 a.u. By increasing
the intensities to |;=2.24x10"W/cn? and 1,=3.5

X 10"?W/cn?, a deviation from the linear dependence is ob-
tained, as is shown in Fig. 7. The values of the coefficients o
the fitted polynomial(dotted ling are A=1.03<10 *a.u.,
B,=7.62x10 ®a.u.,B,=8.8x10 %a.u.

B. Odd harmonics[ w,=(2k+1)w]
1). w,=3w

Figure 8 shows the MPIR of He fdr,=1x 10" W/cn?
andl,=1x10"?W/cn¥, as a function of cosgt,). As in Fig.
6, the rate is governed by a linear dependence onggls(
even though the intensity,; is beyond the domain of the
validity of the LOPT for the monochromatic case. The coef-
ficients of the fitted polynomialdotted ling

1.0336x10" 7
1.0334x10"
—~ 1.0332x10" ]
3
"
£ 1,0330x10°
o 1.0328x10°
&
[TH

1.0326x10"

,=4w

1.0324x10"

w.

= 1.0322x10%

w,F

1.0320x10* 1

1.0318x10*

Mw

1.0316x10™

1.0314x10™
-1.0

T T T
08 -06 -04

T
-0.2

T
0.0 02 0.4

cos(2¢,)

FIG. 7. As in Fig. 6, but forl;=2.24x10*Wi/cn? and |,
=3.5x 10%W/cn?.
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ﬁ; 2.0x10°

3 1
= 1.5x10°

1

1.0
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cos(¢,)
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FIG. 8. Multiphoton ionization rated” in a.u) of the He ground
state irradiated by the linearly polarized field of frequeneoy
=0.183 73 a.u.X =248 nm) with intensityl ; = 1 X 10" W/cn? and
by its third harmonic @,=3w) with 1,=1X10?W/cn?, as a
function of cosf,). The dotted line represents the fitted polynomial

of Eq. (14).

I'=A+B; cod ¢,)+ B, coZ(¢,)+- - (14)
are A=2.75x10 ®a.u, B;=1.56x10%a.u., B,=5.82

X 10 8a.u.

¢ Anincrease of the intensities tg=1.7x 10**W/cn?* and
I,=1.4x 10" W/cn? results in dependence of the rate which
is not linear with respect to cag{). This is shown in Fig. 9.
When we fit the polynomial of Eq14) to the MEMPT val-
ues, the values of the coefficients ake=5.04x 10" ° a.u.,
B,=2.2x10 °a.u.,B,=3.8x10 ®a.u.

V. CONCLUSION

The analysis and the quantitative MEMPT results for He
presented in this paper indicate that when atoms are irradi-
ated by weak dichromatic ac field&{, w1=w; F,, o,
Mw, ¢,), path interference is such that the multiphoton
ionization rate is governed by a simple rule as regards its
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FIG. 9. As in Fig. 8, but fol ;=1.7x 10"W/cn? andl,=1.4
X 102 W/cn?.
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relation to the phase differencg,. Indeed, for odd ifh ~ chromatic case. Given this distinction, wherever the analysis
=2k+1) higher harmonics, the MPIR varies linearly with of Sec. Il is valid, one may define the strong-field regime for
cos(p,), whilst for even higher harmonics it varies linearly the dichromatic case for spectra such as those of He and
with cos(2p,). This behavior provides an index for defining other noble gases, as that combination of the two intensities
the domain of weak fields in the dichromatic case, just likewhereby the dependence of MPIR @ is no longer simple,

the dependence of the rate bh as it is clearly derived from since terms with higher powers of cgs) and cos(,) con-

the LOPT, provides the index for weak fields in the mono-tribute significantly.
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