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Electron-atom ionizing collisions in the presence of a bichromatic laser field
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A theory of electron-atom ionizing collisions in the presence of a bichromatic laser field is developed. The
incident and scattered electron of high energy is described by Volkov states, the atomic ground state is dressed
by the laser field to first order in the electric-field strength, and the atomic continuum state that corresponds to
the ejected slow electron is dressed by the laser field to all orders in the field strength, but in an approximate
way. It is shown that the dressing of these continuum states is mainly responsible for the different effects that
a bichromatic laser field introduces into this process. These effects are more pronounced compared to similar
effects recently observed in an analysis of the target dressing in free-free transitions in a bichromatic laser field.
The possibility of the coherent phase control is analyzed and it is shown that the triple differential cross section
(TDCY9) can be changed by almost one order of magnitude by changing the relative phase between the two
laser field components. The TDCS as a function of the relative phase, the number of alisonitez
photons, and the laser electric-field strength shows a specific behavior that is mainly determined by the
properties of the generalized Bessel functions appearing in our results. It is also shown that these effects are
particularly pronounced for rather small scattering angles of the fast elef8b850-294{®7)04310-2

PACS numbgs): 34.50.Rk, 34.80.Qb, 32.86t

[. INTRODUCTION more detailed treatment of this procésee also Mittleman’s
book[54]). Essentially, the results for the triple differential

The investigation of atomic processes in multicolor lasercross section§TDCSs9, presented in these papers, have a
fields has recently become of particular interest. It has beestructure similar to the cross sections of other laser-assisted
shown that the rates of laser-assisted and laser-inducetomic collision processes derived in the first Born approxi-
atomic and molecular processes can be considerably emation (FBA) [55] or low-frequency approximatiofi56],
hanced or modified in such fields. The important parametere., the TDCS is expressed as a product of the square of an
in such investigations is the phase differertbetween the ordinary Bessel function and the TDCS for the electron-
laser field componentaisually the laser fields considered are impact ionization without the laser field but with laser-field-
bichromatic and consist of two components of frequenaies dependent momenta and energy shifts. Later on it was rec-
and 2w or w and 3w). It was found that for particular values ognized[57—61 that the influence of the dressing of the
of ¢ the molecular reaction rates can be suppressed or eByomic states by a laser field cannot be neglected. In our

hanced and the angular distributions modifiséle[1-5]and  haner we shall follow the approach of these papers and this
references therejn This effect was coined coherent phase,, i e explained in more detail in Sec. II.

contrpl (CPQ. The investigatior_ws_of the CPC Of. molecular Because we are interested in the CPC effect, we shall
rcesglg?smmﬁrehJgfvivfn?zgtyio;mﬁreﬁogﬁfqeeﬁgﬁ%_Osf] thesimplify our considerations by analyzing the case eP¢)
P b reactions for atomic hydrogen only and, moreover, in

and theoreticallyf9-20]), autoionization21,22), high-order Ehrhardt's asymmetric  coplanar ~ geometry62,63.

harmonic generatiofi23-30, and free-free transitions in a , . AR ;
laser field[31—-40. Ehrhardt’'s group has studied the situation in which a fast

The electron-impact ionization of atoms in the absence oficident electron of momenturk, and energyE, ~250 eV
a laser field is well described in textbook§l,42. It is in-  scatters at the target and the outgoing fast electron of mo-

teresting that this reaction has its prehistory in nuclear physmentumk, is detected in coincidence with a slow ejected
ics, where the first|§,2p) experiments were prc_)posed .forty electron of momentunﬁB. All three momenteﬁi , |2A, and
years agdsee, for exampld43]). The electron-impact ion- IZB are taken in the same plane and the scattering afgte

ization of atoms or €,2e) reactions are important for the o N
electron momentum spectroscopy of atoms, molecules, antge fast electron is fixed and smat-@°), sothat the mo-

solids. An initial experiment of this kind was performed in mentum transfeK =k; —k, is relatively small. The anglég
1969 (see[43] and references therain of the slow electron EkB~5 eV) is varied. We shall also

An initial treatment of electron-impact ionization in the choose a linearly polarized laser field in which both field
presence of a laser field was given[#d]. This paper was components have the same field strength and polarization,
followed by the work of many authofg5-53, who gave a i.e.,
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whereEg= —1/2 a.u. is the ground-state energy of the hy-
drogen atom antEkalsz/Z, j=1i,A,B. Positive values of.

=0 correspond to the photon absorption process. With reference
to the discussion ifi58] and taking into account that we are
mainly interested in the effects introduced by a bichromatic
laser field, we assume that the FBA is adequate for the de-
scription of our process. The FB&matrix element for the
(e,2e) reaction in the presence of the laser field is

12 r
frHly+y

TDCS (a.u.)

f on =~ f ~ dxi, (D@50

X (Vo+ Vo) | xk,(D)|Po(1)). )

If we denote the coordinates of the projectile and target elec-
trons byr, andr,, respectively, then/o=—1/ry, and Vo,
=1/ry—r,|. The incident and scattered electrons are de-
scribed by the Volkov wave functions(gi(Fo,t) and

0y (degrees)

xk.(ro.t), which, for the bichromatic laser field), have the
FIG. 1. TDCS(in a.u) for the ionization of atomic hydrogen forAm

from the ground state by electron impact in the presence of a

bichromatic laser field as a function of the anglg of the ejected e _ —3p e L 2oy

electron. The incident electron kinetic energyE§:25O eV, the X(Fo,t)=(2) explilk-ro—k-a(t) —Edl};,  (4)
ejected electron energy EkB:5 eV, and the scattering angle is

) whereE,=k?/2 and
0,=3°. The laser electric field strengthig=5x 10° V/m and the K

laser photon energy i®=1.17 eV. The electric-field vectd, is R to L L

taken parallel to the incident momentuky. The relative phase a(t)=f dt'A(t’) = ag[sin wt+ 3 sin(2wt+ )],
between the laser field componentsg¢s=0 and the number of

photons absorbed in the reactionLis-1. The complete TDCS is ag=Aol 0= Eolwz. (5)

presented by the dot-dashed cunfgH(f,+f,;). The continuous
curve (f,c) represents the contribution of the first part of the scat-'g\(t)

_ \ ot is the vector potential of the laser fieIEE(t)z
tering amplitudef, to the complete TDCS. The contributions of the

amplitudesf, andf, are presented by dashefi)(and dotted {;,) — oAt/ at],
curves, respectively. The amplitude is negligibly small in com- S S 1
parison tof, and f,, and therefore is not presented in the figure. A(t)=Ag[coswt+ 3 sin(2ot+¢)]. (6)

The Volkov stateg4) are in the momentum gauge and the
A? term has been removed by performing a standard unitary

with the electric field vectoE, parallel to the incident mo- transformation. The wave functiodsy(r,,t) and®i(ry,t)

mentumk; and the fundamental laser field frequency equalaloloearing in Eq(3) are the laser modified atomic hydrogen-

. _ ground and continuum states, respectively. Similarly, as in
:joert]f(;(taeé\l ;j/ttYl’lﬁg zlsjtrar:ir;rjerﬂugeaﬂfjﬁt 1.17 eV (where YAG [58], we suppose that the laser field is not too strong so that

In Sec. Il we present our theory, which is essentially aWve can use the first-order time-dependent perturbation theory

generalization to the case of a bichromatic laser field of thd? ot_)taln eprICIt_expressmns for these states. Omitting the
results of previous work57,58. We shall also discuss the details of the_ derivation, we present here_ the final results for
closure approximation that we shall apply in our numericalthese states in the case of the blthomanc laser fipldrhe .
calculations. In Sec. Il we present and discuss our numericaﬂ.ressecj ground-state wave function of the hydrogen atom is
results. Finally, Sec. IV is devoted to the conclusions. Algiven by

our results were derived in Sl units and the final expressions
presented in this paper are in the atomic system of uiits (
=e=m=1).

E(t)=Eq[sin ot +sin(2wt+ ¢)], (1)

Do(ry,t)=exp{—i[A(t) 11+ Egt]}
- i - N
X | Po(rq) + 5 > Un(F){nlr - Eol o)
IIl. THEORY "
exp(iwt) exp —iwt)

We shall consider thee(2e) reactione™ +H(1s)—H" —
En—Eoto E,—Eqg—w

+2e™, during whichL photons are transferred between the

electron-atom system and the field so that the energy con- expliot+id)  exp—2iwt—id)
serving condition is T E Ei7e  E_E.2 ”
n~ EoTsw n~ EpTcw
Ey,+EotLo=E, +Ey, 2 7
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FIG. 2. Comparison of the results for the TDCS as a function of the amgtd the ejected electron in the presence of a monochromatic
(dotted curvg and a bichromati¢continuous curvelaser field, respectively, faa) L=1, (b) L=—1, (c) L=2, and(d) L= —2 absorbed or
emitted photons. The other parameters are as in Fig. 1.

where i,,(r,) are the target states of enerfy, in the ab- UAITE |§O|WB>

sence of the laser field and the summation is over the discrete

and continuum states of the hydrogen atom. The factor expi wt) exp(—iwt)
exp[—iAT(t)-r]] is introduced to ensure the gauge consistency En—Exto Bl En—Ex—o

with the Volkov wave functions(4), which are given in the

momentum gauge, while Eq7) was derived in ther-E exp2iot+ig)  exp—2iot—ig)
gauge. Similarly, by the use of time-dependent perturbation E_E 720 E—_E 2

theory in a way analogous to the low-frequency analysis of n"SkgT c@ n" kg 4@

[47], for the continuum wave function we obtain ®)

D (1, t)=exp{—i[A(t)- 1y +Kg- a(t) +Ey t]}

' In the solutiong7) and(8) ,(r) is the wave function of the
R N 1 - N\ —12 -

> lﬁEB(fl)[1+lkB'a(t)]+§ z DT ground s;ta.te of the hydrogen atom)(.r) T exp(-r)

n and z,//,;B(r) is the Coulomb wave function
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FIG. 3. TDCS as a function of the anglg of the ejected electron for different values of the relative phadetween the bichromatic
laser field components and for a different number of photgnabsorbed or emitted in the reaction. The other parameters are as in Fig. 1.
Continuous curve¢=0; dotted curvegp= =/2; and dashed curveh=w. (@) L=1, (b) L=—1, (c) L=2, and(d) L=—2.

x10° V/Im. The Volkov states, as well as the sta®,

- (N =(2m) 32 exd 7/(2kg) T (1+i/kg)
Vs & ) ° contain the laser field to all orders via the factor

X exp(ikg-)1F1(—i/kg,1,—i(kgr +Kg-T)). ex] —ik- a(t)]. The dressing of the atomic states by the laser
©) field is included in the statg§) and(8) only to first order in
Eo.

It should be mentioned that th&? term cannot be removed  Introducing the wave function®), (7), and(8) into the
from these dressed states as it was done with the Volkow-matrix element(3), we obtain the following result after
states. This can only be achieved within a perturbative apintegration over the time and the coordinaf@s

proach, which puts an upper limit on the laser field intensity

for which this approximation is valid. For our Nd:YAG laser rea | - FBA L
and the energy chosen for the slow electBin=5 eV, the Son =5 L:E_m OBk, +Ex,—Ex—Eo—Le)fipy ",
parameteUp/EkB is less than 10% if the laser field intensity

is less than 4.8 10> W/cn? (U,=Ej/4w? is the pondero- fioAL=f +f,+f,, (10)

motive energy corresponding to th& term). Hence our
limit on the laser electric field strength i€E,<6  where
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1 o o ;
fi=- ﬁ('plzsle”('rq¢0>{2bL+kB'a0[bLfl_bL+l
+31(e7?b_,—€%b )]}, (11
i | aiKT = 2 b -
fu=K—§n: (Uil ) (B nalvo)| g —g 5 3
1))
PLi1 e b _, e'b ., (,é)
E,—~Eo+tw E,—Ep—20 E,—Ey+2w)’
(12
i g T iKr !
fmZpEﬂ) (Yig| Eo- Tal ) (¥l €™ "1 o) E—E o
by e i%h, b, ., 0 100 200 300
a En—Exg— o * En— Byt 20 E,— E,— 20/ ¢ (degrees)
(13
The functionsb, are defined by
bL=BI (\M4d)= X I 2,(M)I(MAexp(ing),
/_L:*OO
3
=(K—Kg)- ap, (14 2
[m]
where B, (a,b; ¢) are generalized Bessel functions defined =
in [31-37,40. We are using the functions, instead ofB,
because, using the formu (\,0;¢)=J, (\), we can eas-
ily establish the connection between our results and those of
[57,58. In the following we shall use the closure approxi-
mation in order to simplify the expressions for the scattering

amplitudesf,, and f, . In the amplitudef, we replacekE,
—Ey by the mean valueE=4/9 a.u. According to
[64,65,4Q, this is a reasonable choice. It is more difficult to ¢ (degrees)

determine the value dt for the amplitudef,, . We expect

that the dominant contribution to the scattering amplitude FG. 4. TDCS for the ionization of atomic hydrogen from the
comes from the term WiﬂEn%EkB_[Ss] and therefore we ground state by electron impact in the presence of a bichromatic

shall choose in the amplitudf, E=E,—E, =0. In this laser field as a function of the relative phagebetween the laser
B 7 H 3 — o
case, using the closure relatiéh]|¢n>(¢n| —1. in both am- field components. The ejected electron angl@isg=20° and(b)

litudes f. and f.. the followina matrix elements appear: 0g=—140°.L is the number of photons absorbed or emitted in the
P I i g ppear:  oaction (continuous curve,L=1; dotted curve,L=-1; dot-

(Y| r1- Eoexp(K - ry)| )= —iEo- (3/(9}2)<¢|ZB|GXPQK'F1)|¢0>1 dashed curvel, =2; dashed curve, = —2; and double-dot—dashed
and we therefore only need the analytical result for the maeurve,L=0 [in (b) only]. The other parameters are as in Fig. 1.

trix eIement(:fb,;B|expG}.<-r1)|1,lfo> fc.)r the computation of the scattering parameters the energy of the Green’s function is
whole scattering amplitude. We justify our use of the closurgyositive and the Sturmian expansion may diverge. In this

approximation by stressing that in this paper we are mainly:ase, one can apply the Dalgarno metisee, for example,
interested in those effects that a bichromatic laser field introfsg)), put there are still some difficulties that should be over-

duces into the electron-atom ionizing collision process aggome.

well as the possibility of the CPC of this process. We can go  The TDCS for the electron-impact ionization with the ab-

the Coulomb Green’s functions that appear in H42) and  glement(10), is given by
(13). We do not expect any significant change for the ampli-

tude f, because our laser field frequency is much smaller dPoin " KaKs | rpa i
than any excitation energy from the ground state of the hy- dQAdQBdE: ki [ fion % (15

drogen atom and our laser electric field is not too strong. As
concerns the amplitudfg, , the Sturmian expansion may not If we only retain the first part of the amplitude and neglect
be adequate because for our values of the laser field and thiee amplituded, andf,, , then we obtain in the monochro-
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FIG. 5. TDCS as a function of the scattering angle for a . L

FIG.6. TD f fthe | | fiel h
given angle of the ejected electraa) —20° and (b) fg= G.6 CS as a function of the laser electric field strerigy
—140° and for a different number of absorbed or emitted photons
L =1 (continuous curvg L =—1 (dot-dashed curyeL =2 (dashed

for a given angle of the ejected electr@ 6g=20° and(b) 5=
—140° and for a different number of absorbed or emitted photons:
curve, L=—2 (double-dot—dashed curyeandL = O (triple-dotted
curve. The other parameters are as in Fig. 1.

L =1 (continuous curvg L= —1 (dot-dashed curyeL =2 (dashed

curve, L= —2 (double-dot—dashed curyeandL = O (triple-dotted
curve. The other parameters are as in Fig. 1.

E, (108 V/m)

matic case fi*t=—23 () (i |expK o)y K*=f, c,
which is equivalent to the result of Cavaliezeal.[45] men-
tioned in the Introduction. Keeping all three terrhs f,,

electric field strength i€,=5x% 10 V/m for all figures, ex-
cept Fig. 6, and the scattering anglegijs= 3° for all figures,
except Fig. 5.
andf, , we reproduce in the monochromatic case the results We shall first analyze separately the contributions of the

of [57,58. Our choice ofE in f,, andf,, was made such as amplitudesf, ¢ [defined below Eq(15)], f,, f, andfy,, to
to reproduce fairly well the numerical data[i57,5§.

the complete TDC%15). In Fig. 1 we present the results for
the TDCS as a function of the angly of the ejected elec-
tron for L=1, i.e., one absorbed photon, and the relative
. NUMERICAL RESULTS AND DISCUSSION phase¢=0 between the laser field components. From this
In our numerical calculations the following parametersfigure it follows that the main contribution to the complete
were fixed: the incident electron kinetic energ, EDCS comes frorln tgle terr f Tpr? terr;;;,, is not presenbted
_ . _ ' ecause it is negligibly small. The terfy, is important be-
=250 eV, the ejected electron energy,=>ev, the laser cause it can enhance the complete TDCS through a construc-
tive interference withf, as is the case for the results pre-
sented in Fig. 1. The terr ¢ of Cavaliereet al. [45] is

field frequencyw=1.17 eV, and the electric field vectéro
is taken parallel to the incident momentukn. The laser
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important, but it is not sufficient to explain the whole processTDCS as a function ofg. According to Fig. 6, another
because the other term fn, as well as the ternfi,,, are of  explanation is that we are in a different "regime” of behav-
the same order of magnitude. We conclude that all termgpr of the generalized Bessel function, i.e., f&,=5
except maybd,, , should be taken into account in computing X 10° V/m the dominant maximum in cage) is for L=0,
the complete TDCS. The terrfy, is proportional to 1/E, while in case(b) the dominant maximum is fdr= 1. This
—Ep* pw), n=1,2. This term has its maximum for=1, is so because the argumenbf the generalized Bessel func-

but it is still small in comparison to the ter,~1/(E, fion depends og. o _
—E,* pw)~lw. Furthermore, iM40] it was shown that The results presented in Fig. 5 show the behavior of the
B )

the CPC effect for the target dressing in free-free transition;:;grl]D CS as a function of the scattering andig for a given

becomes important only for high laser field intensiti€s (  _ —140° and for a different number of the absorbed pho-
>10'°V/m). Taking into account that the terfy, corre- tons: L=1 (continuous curve L=—1 (dot-dashed curje
sponds to dressing of the atomic ground state, it follows thaj _ 5 (dashed curve L=—2 (double-dot—dashed curye
its contribution to the TDCS should be small for the lasergnq =0 (triple-dotted curve The results presented are
field intensities we are considering. consistent with the choice of the Ehrhardt geom63,63,

In Fig. 2 we present the comparison of the results for thg e they show that the TDCSs are in general dominant for
TDCS as a function of the angl; of the ejected electron in - small values of,. Furthermore, we can increase the TDCS
the presence of a monochromatidotted curvé and a by choosing values of, lower than 3°(as chosen for all
bichromatic(continuous curvelaser field for(@ L=1, (b))  other results presentedWe expect that the effects of a
L=-1, (c) L=2, and(d) L=—2 absorbed or emitted pho- bichromatic laser field are more pronounced fgr=1°, as
tons. It is evident that the influence of the second field comshown in[40].
ponent is considerable. Some of the peaks in the TDCS are Finally, in Fig. 6 we present the TDCS as a function of
enhanced, while others are suppressed. Even the positionstble laser electric field strengtf, for a given angle of the
the peaks are shiftddee, for example, the cake=2 in Fig.  ejected electror(a 6g=20° and(b) #g=—140° and for
2(c)]. In the casd.=0 (no photons absorbgdve only get different numbers. of the absorbedemitted photons. The
one strong peak alg~40° and the influence of the second results of Fig. €3) show that forE,<5Xx10° V/m doy is
field component is smallwe therefore do not present this larger thando,, L=+1,+2. With increasing laser field
case in Fig. 2 strength thedo .., become dominant, whildo, decreases.

In Fig. 3 we present the TDCS as a function of the anglewith a further increase of the laser field intensity the..,
0g of the ejected electron for different values of the relativebecome dominanto, is increased, ando-.; become sup-
phase¢ and for a different number of absorbéemitted  pressed. The results of Fig(tB show similar behavior, ex-
photonsL. One can see that by changing the phase theept that now the effect of the increase and decreaskerpf
TDCS can be increased or decreased by a factor of 5. Henge noticeable for lower laser field intensities. The contribu-
the CPC effect is significant. As in Fig. 2, we do not presention of do, now has a maximum foE,~2x 10° V/m and
the results forl. =0 because the phase effects are small ingets completely suppressed f@,~5x10° V/m, where
this case. We also have noticed that the peak positions agy, ; have their maximado, has its maximum aroun,,
not affected much by the change of the phase. Therefore, for6x 10° V/m, while do_, becomes dominant abovg,
our further analysis we fix the angle of the ejected electron te=7x 10° \V/m, where we also find a noticeable contribution
those values that approximately correspond to the maxima igf do,. The explanation for this oscillatory behavior of
the TDCS. _ ~ do(Ep) is similar to the one given if39]. The arguments

In Fig. 4 we show the TDCS as a function of the relativeof the generalized Bessel functions are proportionaEo
phaseg for fixed 65 =20° [Fig. 4@] and 6g=—140°[Fig.  and also depend on the reaction parametsueh asfg),
4(b)] and for different values ok. In addition to a signifi-  which explains the differences between the results presented
cant CPC effect on the order of magnitude of the TDCS, ongy, Figs. 6a) and &b). Therefore, with the increase &, the
can also notice some symmetry behavior of the TDCS as garametei also increases and becomes of ordeBut for
function of ¢. This symmetry is the consequence of the sym-\ —|_ the generalized Bessel functions have their maxima,

metry properties of the generalized Bessel functions, agich explains the appearance of maxima for +1 and
shown in[31,32,36,37,3p In the case oWg=—140° [Fig.  |ater on forL= + 2.

4(b)], we recognize the symmetyo, (¢)=do (27— ¢)
[we denote the TDCS for fixel and ¢ by do (¢#) and
expresse¢ in radiang. There is also a mirror symmetry for
doj anddo_ )| with respect toL =0. This means in par- We have presented analytical and numerical results for
ticular thatdo_;(¢) has its maxima forp)=0 and 2rand its  the electron-atom ionizing collisions in the presence of a
minimum for ¢=7r, whereasdo () has its minima atp bichromatic, linearly polarized laser field. The incident and
=0 and 2r and its maximum for¢=m. The curves scattered electrons were described by taking into account the
doj(¢) anddo_ | |(¢) are shifted in phase by relative to  laser field to all orders through the Volkov states for a
each other. The situation is more complicated fige=20° bichromatic laser field. We described the second electron by
[Fig. 4@)]. There is no longer &~ 27— ¢ symmetry, but the laser modified ground and continuum states of the hydro-
the mirror symmetry for the cade= *1 is still present. The gen atom including the laser field to the first order for the
fact that in this case we have only approximate symmetryground state and to all ordefbut in an approximate way
properties is probably due to the shift of the maxima of thefor the continuum state. Our final result for the TDCS for the

gle 6z of the ejected electron ifa) #z=20° and(b) 65

IV. CONCLUSION



3886 D. B. MILOSEVIC AND F. EHLOTZKY 56

electron-impact ionization with the absorption or emission ofcrease the TDCS by almost one order of magnitude by
L photons in the FBA is given by Eq15). The amplitude changing the relative phase. We also have noticed the sym-
fFBAL which appears in this result, consists of three termsmetry properties of the TDCS due to the presence of the
The behavior of the TDCS is mainly determined by the be-generalized Bessel functions, which are in agreement with
havior of the generalized Bessel functiofis}), that appear previous findingg31,32,36,37,3p Moreover, we have ana-

in all these amplitudes. The first terfp in the amplitude lyzed the influence of the scattering anglg of the fast
fEEA"- is given by Eq.(11) and consists of two parts. The e€lectron on the TDCS and we have found that the TDCS has
first one is proportional to a generalized Bessel function withts maximum for small values of,, which is consistent
index L and, in the monochromatic case, reproduces the rewith the reaction geometry described[#2,63 and the re-
sults by Cavaliereet al. [45]. The second part of, has its ~ Sults of[40].

origin in the laser dressing of the state of the ionized electron Finally, we showed that the TDCS as a function of the
and has terms with, . ; andb, . ,. For a sufficiently strong laser electric field strengtky has an oscillatory behavior.
laser field this second part can become dominant. The secoridere are regions dg, in which the reactions for a fixed

term f,, in Eq. (12) has its origin in the dressing of the are suppressed or enhanced, depending on the behavior of
ground state. For the laser field intensity we are considerin§l€ generalized Bessel functions.

and within the closure approximation, the contribution of this  The general conclusion of this paper is that the influence
term is small[40]. Finally, the third termf,, in Eq. (13) can of the laser field on the atomic processes is more pronounced

give a significant contribution to the TDCS because it hadf the atomic continuum states take part in the process. The
terms proportional to 1K, —E, + uw), u=1,2, which are influence of the laser field on the electrons in such states
n kB—/*L » M 14 . . .
becomes comparable to the influence of the electric field of
the atomic nucleus on these states and therefore the laser

fi we have used the closure approximation, adjusting thge|q induced effects, as is the CPC in our case, become more
two average energies such that we get sufficiently good pronounced.

agreement with the results 57,58 for a monochromatic
laser field.

Our numerical results have shown that the introduction of
the second field component can significantly change the re- D.M. thanks the Institute for Theoretical Physics, Univer-
sults for the TDCS. We have presented a detailed analysis @fity of Innsbruck, for its hospitality and financial support.
the influence of the relative phase between the two fieldrhis work was partially supported financially by thedur
components on the TDCS and we have noticed that the CPBustauschprogramme mit Mittel- und Osteuropa dete®
effect is important and that it is possible to increase or dereichischen Akademischen Austauschdientstes.

large forEn~EkB. In our computation of the termf, and
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