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Abstract. The new consistent approach to atom in a strong realistic laser field, based on the
relativistic energy formalism (S-matrix adiabatic formalism), relativistic Dirac equation Green
function method and relativistic many-body perturbation theory with the Dirac-Kohn-Sham zeroth
approximation, is applied to studying the resonant multiphoton resonances shifts and widths and
ionization cross-sections. An approach to treating the multiphoton atomic processes is outlined on
example of H, Cs, Kr,Mg etc. Analysis shows that the shift and width of the multi-photon resonance
line for the interaction “atom- multimode laser pulse” is greater than the corresponding shift and width
for a case of the “atom- single-mode pulse” (the Lorenz pulse model) interaction. From the physical
point of view it is naturally provided by action of the photon-correlation effects and influence of the
laser pulse multi-modity.
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CIIEKTPOCKOIISA ATOMIB B CWJIBHOMY JIABEPHOMY IOJII: HOBUM METO/]
BU3HAYEHHSA ITAPAMETPIB AC EQ@EKTY HITAPKA, BATATO®OTOHHHUX
PE3OHAHCIB TA IIEPEPI3IB IOHI3AIIII

B. B. Byaoowcu, O. B. I'nywxos, B. @. Mancapniticokuii, I B. lenamenxo, A. A. Ceunapenko

AHoTtanis. HoBuii mociaijoBHUN MiAXiA B CIEKTPOCKOIII aTOMY B CUJIBHOMY PEaliCTUYHOMY
Ja3epHOMY I0JIi, OCHOBAHHMI Ha PEISITUBICTCHKOMY €HepreTuuyHoOMY (hopmaiizMi (S-MaTpuaHUi
amiadarnunuil popmaiiam), MeTofl penatuBicTchbkol GyHKINT [piHa piBHsSHHS [ipaka 1 pesSTHBICTCHKIN
teopii 30ypenb ¢ Dirac-Kohn-Sham Hynb0BUM HaOIMIKEHHSIM , 3aCTOCOBYETHCS NI BUBYCHHS
eHepriil Ta mupuH O6araroOTOHHUX PE30HAHCIB, mepepisiB ionizamii. Iligxin 3acTrocoBaHo 10
KUTBKICHOTO po3misiy OararodoroHHUX rnporeciB B aromax H, Cs, Kr,Mg Ta iHmux. AHami3 mokasye,
10 3CYB 1 IIMPHUHA JiHIT 6araro()OTOHHOTO Pe30HAHCYy MPU B3aeMOJIi aToMa 3 6araToMoJ0BUM
Ja3epHUM IMITyIIbCOM (TaycoBa (popma iMITyIbCy) Oiniblie, HiX BiIOBIIHUAN 3CYB 1 HIMPHHA Y BUIIAAKY
B3a€EMOJIIT aToMa 3 JIa3epHUM IMITYJIBCOM JIOpEeHIIeBO1 (hopmu. 3 (Hi3udHOT TOUKHU 30py 1€, MPUPOTHO,
3abe3mneuyeThes Ai€r0 (HOTOH-KOpEIALifHUX e(EeKTIiB 1 BINIMBOM MOJOBOW CTPYKTYpPH IMIYJIbCY
Ja3epHOTO BUIIPOMIHIOBAHHSI.

Kurouogi cioBa: maszepHe mose, 6arato)oTOHHI pe30HAHCH, EHEPTeTUIHUN (HopMasTi3M, METOT
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PE3OHAHCOB M CEUEHHUIA HOHU3AIIUA
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AHHoTauusi. HoBbIil mocienoBaTeabHbIi MOAX0A B CHEKTPOCKONMUHU aTOMa B CHUJIbHOM
peanMCcTUYHOM JIa3€PHOM I10JI€, OCHOBAHHBIN Ha PEISTUBUCTCKOM SHEpPreTudeckoM dopmanu3me
(S-marpuuHbIii agradaTHYecKuii popMann3M), METOJE PEIITUBUCTCKON (yHKIUHN [ prHa ypaBHEHUS
Jupaka u pensiTUBUCTCKOW Teopuu BosmymeHui ¢ Dirac-Kohn-Sham nyneBsiM mpubnmkeHueM,
MPUMEHSIETCS JJIs1 U3YUYCHHs DSHEPTHil U IIUPUH MHOTO(OTOHHBIX PE30HAHCOB, CEUCHHI MOHU3AIINU.
[Tonxon MPUMEHEH K KOJTMYECTBEHHOMY M3YyYEHHIO MHOTO(OTOHHBIX TporeccoB B aromax H, Cs,
Kr, Mg u np. AHanu3 nokasblBaeT, YTO CABUT U IIMPUHA JUHUM MHOTO(OTOHHOIO pe30HaHCa IpHU
B3aMMOJICHICTBUH aTOMa C MHOTOMOJIOBBIM JIa3€PHBIM UMITYIILCOM (TayccoBa (hopma ummyssca) 6omblie,
9YeM COOTBETCTBYIONIUI CABUT W IIMPUHA B CIIydae B3aMMOJICHCTBHSI aTOMa C JIa3ePHBIM UMITYTHCOM
nopenteBoit popmbl. C GU3UIECKON TOUKH 3PEHUS ITO, €CTECTBEHHO, 00ECTIeUNBaCTCs JICHCTBUEM
(OTOH-KOPPENALMOHHBIX YPPEKTOB U BIUSHUEM MOAOBOM CTPYKTYpPhI UMITYJIbCa Ja3€PHOTO U3IICHUSI.

KiroueBble ci10Ba: ja3epHOe M0JI€, MHOTO(OTOHHBIE PE30HAHCHI, YHEPTeTUIECKHIH (hopMan3M,
Meton ¢hyHkuumii ['puHa
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1. Introduction

At the present time a physics of multiphoton
phenomena in atoms, molecules ets has a great
progress that is stimulated by development of
new laser technologies (see Refs. [1-10]). The ap-
pearance of the powerful laser sources allowing
to obtain the radiation field amplitude of the order
of atomic field in the wide range of wavelengths
results to systematic investigations of the nonlin-
ear interaction of radiation with atomic and mo-
lecular systems [1-17]. The interaction of atoms
with the external alternating fields, in particular,
laser fields, has been the subject of intensive ex-
perimental and theoretical studies. A definition of
the k-photon emission and absorption probabili-
ties and atomic levels shifts, study of dynamical
stabilization and field ionization etc are the most
actual problems to be solved. At present time,
a progress is achieved in the description of the
processes of interaction atoms with the harmonic
emission field [1]. But in the realistic laser field
the according processes are in significant degree
differ from ones in the harmonic field. It has been
proved a significant role of the photon-correlation
effects and influence of the laser pulse multi-
modity. Surely, a number of different theoretical
approached has been developed in order to give a
adequate description of the atoms in a strong la-
ser field. Here one could mention such approach-
es as the standard perturbation theory (surely for
low laser filed intensities), non-relativistic Green
function method, the density-matrix formalism,
time-dependent density functional formalism, di-
rect numerical solution of the Schrodinger (Dirac)
equation, multi-body multi-photon approach, the
time-independent Floquet formalism etc (see [2-
15] and Refs. therein).

Earlier the relativistic energy approach to
studying the interaction of atom with a realistic
strong laser field, based on the Gell-Mann and
Low S-matrix formalism, has been developed.
Originally, Ivanov etal has proposed an idea to
describe quantitatively a behaviour of an atom in
a realistic laser field by means studying the ra-
diation emission and absorption lines and further
the theory of interaction of an atom with the Lor-
enz laser pulse and calculating the corresponding
lines moments has been in details developed in
Ref. [4-6]. Theory of interaction of an atom with
the Gauss and soliton-like laser pulses and calcu-

lating the corresponding lines moments has been
presented in [7,8].

Here we present a new consistent approach
to atom in a strong realistic laser field, based on
the relativistic energy formalism and relativistic
Dirac equation Green function method [9-12]
and apply it to studying the resonant multiphoton
resonances shifts and widths and ionization cross-
sections for concrete systems.

2. Relativistic energy approach and Green
function method to atom in a strong laser field

The relativistic energy approach in the differ-
ent realizations and the radiation lines moments
technique is in details presented in Refs. [8,9]. So,
here we are limited only by presenting the mas-
ter elements. In the theory of the non-relativistic
atom a convenient field procedure is known for
calculating the energy shifts 0F of degenerate
states. This procedure is connected with the secu-
lar matrix M diagonalization. In constructing M,
the Gell-Mann and Low adiabatic formula for 6£
is used [5]. In relativistic theory, the Gell-Mann
and Low formula JE is connected with electro-
dynamical scattering matrice, which includes in-
teraction with as a laser field as a photon vacuum
field. A case of interaction with photon vacuum is
corresponding to standard theory of radiative de-
cay of excited atomic states. Surely, in relativis-
tic theory the secular matrix elements are already
complex in the second perturbation theory (PT)
order. Their imaginary parts are connected with
radiation decay possibility. The total energy shift
is usually presented in the form:

OF = RedE +1ImdE , Im dF = -P/2 (1)
where P is the level width (decay possibility).
Spectroscopy of an atom in a laser field is fully
defined by position and shape of the radiation
emission and absorption lines. The lines moments
u are strongly dependent upon the laser pulse
quality: intensity and mode constitution [4-6]. Let

us describe the interaction “atom-laser field” by
the potential [5]:

V(r,t)~ V(r)fdoof(oo—wo)cos [@o(t+7)], (2)

29



B. B. bysxu, O. B. I'mymikos, B. @. Mancapmiiicekui, I. B. Irnatenko, A. A. CBUHapeHKO

Here ), is the central laser radiation frequen-
cy. The potential V' represents the infinite dura-
tion of laser pulses with known frequency t. The
function f{w) is a Fourier component of the laser
pulse. The condition [dwf(w)=1 normalizes po-
tential V(rf) on the definite energy in the pulse.
Let us consider the pulses with Lorentz shape
(coherent 1-mode pulse): flw) = fexp(w’+A?),
Gaussian one (multi-mode chaotic pulse):
Ao) = pexp[In2(w?/A?)] (f -normalizing multipli-
er). A case of the Lorentz shape has been earlier
studied [4-6]. A case of the Gauss and soliton-like
shape is considered in Refs.[7-9]. The master pro-
gram results in the calculating an imaginary part
of energy shift IméF (w ) for any atomic level
as the function of the central laser frequency w,.
An according function has the shape of the reso-
nance, which is connected with the transition f-i
(f, i-discrete levels) with absorption (or emission)
of the “k” number of photons. For the resonance
we calculate the following values [5]:

So(f-ilk)=/"dw Im SE, (w)(w - o/ k)N,
tn=/"do Im 8E, (») (@ - w;/ k)™ / N,

3)

where | dolmE, is the normalizing multiplier; o,
is position of the non-shifted line for transition
-1, do(filk) 1is the line shift under k-photon ab-
sorption; @ =0+ k-3w(filk). The first moments p ,
u, and p, determine the atomic line centre shift,
its dispersion and the asymmetry. To find p ,
we need to get an expansion of E, to PT series:
E=XE (0,). One may use here the Gell-Mann
and Low adiabatic formula for 6F. :
OEi=lim 1ygIn(®i|S,(0,~0|)| P )lg-1  (4)
The representation of the S- matrix in the form
of the PT series induces the expansion for 6

o ;
8E; (wo) =i limy 3 Ak koeka) [1S, (5)

kyky .. k

n

t,—1

5" = (-1)" fdzl... [d it x (6)

n -7 DKS 7 DKS
x <\Pi|He(1H tn)V(rtn )e( iH tn)e}’tn |\Pi>,

n=1

Here H is the atomic hamiltonian, 4 (k , k,,....k, )
are the numerical coefficients. The structure of
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matrix elements S ™ is in details described in
[5,6,8]. Here we only note that one may to sim-
plify a consideration by account of the k-photon
absorption contribution in the first two PT orders.
Besides, summation on laser pulse is exchanged
by integration. The corresponding (/+2k+1)-
times integral on (/+2k) temporal variables and r
(/=0,2) (integral IY) are calculated [5,6]. Finally,
after some cumbersome transformations one can
get the expressions for the line moments. The
corresponding expressions for the Gaussian laser
pulse are as follows:

So(if 1K) =[o/k(k+ D) A< [V |1 >< 1|V i > (e, + @, 1K)+
(7

=<fWWI><IV|f> Ao, +a, k=< fIVII><IV]f>(0,-w,k)}
yZ:UAz/k,
A :{47rA3/[k(k+1)]}Z{<i|V|l><l|V|i>/(a)I.,+@, lk)+

+<iV [1><|V]i> Ko, - o, k) -

+<i|V[I><I|V|i>Nw; —w; k)=
—< [V ISV | f> Ao, +a, 1k)=< [V I><I|V][>Na, -, k)}

The summation in (7) is over all atomic states.
Let us note that these formulas for the Gaussian
pulse differ of the Lorenz shape laser pulse ex-
pressions [5,6]. The parameters (7) are naturally
linked with the AC Stark effect parameters. The
key characteristics of the multiphoton process is a
multiphoton ionization cross-section. According
to standard definition for one-quasiparticle atom
say two-photon cross-section is naturally linked
with the square of the two-order amplitude M, |
(see, for example [3,5,11]) as:

1
ZHZ|M}2)@)|2

y Kymyg i

®)

8z’
O' =
2
a*E?

2 —ikr —ikr’
MPA) = (Ve |, |Gy ae™ 1y, ) (9)

where u, is a polarization vector, k —is a wave vec-
tor, G, —id the Green function. The key block of
the method is definition of the relativistic Green
function for the Dirac equation. In ref. [12] it
has been presented an advanced approach to con-
struction of the electron Green’s function of the
Dirac equation with a non-singular central nucle-
ar potential and complex energy. The Fermi-mod-
el and relativistic mean-field potentials are used.
The radial Green’s function is represented as a
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combination of two fundamental solutions of the
Dirac equation. The approach proposed includes
a procedure of generating the relativistic electron
functions of the Dirac-Kohn-Sham basic method
[11] with performance of the gauge invariance
principle. In order to reach the gauge invariance
principle performance we use earlier developed
QED perturbation theory treating. In the fourth or-
der of the QED perturbation theory (PT) there are
diagrams, whose contribution into imaginary part
of radiation width Im oF for the multi-electron sys-
tem accounts for multi-body correlation effects [5].
A minimization of the functional ImdFE leads to in-
tegral-differential Dirac-Kohn-Sham-like density
functional equations [5,11]. Further check for the
gauge principle performance is realized by means
of the Ward identities.

In the numerical procedure we use the effec-
tive Ivanova-Ivanov’s algorithm, within which a
determination of the Dirac equation fundamental
solutions is reduced to solving the single system of
the differential equations. Finally the computation-
al procedure results in a solution of the ordinary
differential equations system for above described
functions and integrals. In concrete numerical cal-
culations the PC “Superatom-ISAN” package is
used. The construction of the operator wave func-
tions basises within the relativistic PT with the
Dirac-Kohn-Sham-zeroth approximation [12], the
technique of calculating the matrix elements and
other details is are presented in Refs. [4-12].

3. Results and conclusions

Below we present the results of calculating the
multi-photon resonances and ionization param-
eters for a few atoms in a laser field and analyse
photon-correlation effects. We start from results
of the numerical calculation for the three-photon
resonant, four-photon ionization profile of atomic
hydrogen (1s-2p transition; wavelength =365 nm).
In figure 1 we present the shift s (=dw) and width
(w) of the resonance profile as the function of the
mean laser intensity at the temporal and spatial
center of the UV pulse.

Further let us consider the spectroscopic re-
sults for three-photon transition 6S-6F in the Cs
atom (wavelength 1,059 pm; see figure 2). The
detailed experimental study of the multi-photon
processes in Cs atom has been carried out by
Lompre et al [15]. Lompre et al experimentally

studied a statistics of the laser radiation and there
are measured the characteristics of the multi-pho-
ton ionization. The line shift is linear to respect to
the laser intensity (laser intensity is increased from
1.4 to 5.7x10” W/ cm?) and is equal (a case of the
gaussian multi-mode laser pulse): dw(fi|k) =bI with
b=(5,6£0,3) cm'/GWxcm? (b is expressed in terms
of energy of the three-photon transition 6S-6F). The
corresponding shift obtained with coherent (one-
mode) laser pulse is defined as follows: dw,(filk)=al,
a=2cm'/GW-cm?. Theoretical values, obtained with
using no-optimized atomic basis’s, are as follows: 1).
for the gaussian multi-mode pulse (chaotic light):
dw(fi | k) =bl withb=5,8 cm’'/GW-cm? ; iii). for the
coherent one-mode pulse: dw (fi |k)=al , a=2,1 cm’l/
GW-cm™ [8].

E N

(V]

Shift (S) and width (W) (cm™)

0 1 > 3
Laser Intensity (10° W cm®)

Figure 1. Shift (S) and width (W) of resonant pro-

file as laser intensity function: experiment — 3s , 3w

(Kelleger et al); theory of Zoller- 1s,1w; Glushkov
etal, 2s,2w; 4s,4w — our data

Our theoretical values are as follows: 1i).
the gaussian multi-mode pulse (chaotic light)
da(filk) =bl, b=5,62 cm™'/GW *xcm, ii). the coherent
one-mode pulse: o (fi [k)=al, a=2,01 cm™/GW-cm;
For the with multi-mode pulse, the radiation line
shift is significantly larger (in ~ 3 times), then the
corresponding shift, which is for 1-mode pulse.
In fact the radiation line shift is enhanced by the
photon-correlation effects. In figure 2 we present
the results of calculation for the multi-photon res-
onance width for transition 6S-6F in Cs (wave-
length 1059 nm) in dependence upon the laser in-
tensity and compare them with experimental data
and alternative theoretical data.
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Figure 2. The multi-photon resonance width for
transition 6S-6F in the atom of Cs (wavelength
1059nm) in dependence upon the laser intensity I
(1028 W/cm?): experiment - o (Grance, 1981; Lom-
pre et al, 1981); Theory: this work, dotted lines -
r,r,r,r,r,T, -widths for single-mode Lo-
rentz laser pulse and multi-mode Gauss laser pulse
respectively with line band 0.03, 0.055, 0.08, 0115
and 0.15cm™ respectively; data by Glushkov et al,
continuous lines - I' ,, I',, I', - widths for single-
mode Lorentz laser pulse and multi-mode Gauss
laser pulse with line band 0.03, 0.08cm™ respec-
tively.

In general there is a physically reasonable agree-
ment between theory and high-qualitative experi-
ment. The detailed analysis shows that the shift
and width of the multi-photon resonance line for
interaction of atomic system with multimode la-
ser pulse is greater than the shift and width for a
case of interaction between atom and 1-mode la-
ser pulse. This is entirely corresponding to the ex-
perimental data by Lompre et al [15]. Further we
consider two-photon ionization for the Mg. The
detailed analysis and state of art for this atoms had
been considered, for example in Ref. [8,16]. In ta-
ble 1 we present results of calculating characteris-
tics of 3p*'S | Mg resonance; E - energy, counted
from ground state (cm!), ['-autoionization width
(em™), s/1 - maximum generalized cross-section
(eM*W),
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Table 1.

Characteristics for 3p*'S; resonance of atom
of the magnesium: E - energy, counted from
ground state (cm!), I' - autoionization width
(em '), o/ - max generalized cross-section
(em*W1)

Methods E r o/l
(107

Experiment 68273 280

Luc-Koenig E. etal, 1997 Without | account SE
Length form 68492 374 1.96
Velocity form 68492 376 2.10
Luc-Koenig E. etal, 1997 with account SE
Length form 68455 414 1.88
Velocity form 68456 412 1.98
Moccia and Spizzo (1989) 68320 377 2.8
Glushkov et al (2008) 68281 323 2.0
Robicheaux and Gao (1993) 68600 376 2.4
Mengali and Moccia (1996) 68130 362 2.2
Karapanagioti et al (1996) 68470 375 2.2
This work 68268 316 1.9

Note: screening effects (SE)

Note that the following methods have been
used in computing characteristics for 3p*'S reso-
nance: relativistic R-matrix method (R-merox;
Robicheaux-Gao, 1993; Luc-Koenig E. etal,
1997), added by multi-channel quantum defet
method, K-matrix method (K-method; Mengali-
Moccia, 1996), different versions of the finite L?
method (L? method) with account of polariza-
tion and screening effects (SE) (Moccia-Spizzo,
1989; Karapanagioti et al, 1996), Hartree-Fock
configuration interaction method (CIHF), opera-
tor QED PT (Glushkov et al 2008). It should be
noted that the R-matrix calculation with using
length and velocity formula led to results, which
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differ on 5-15%, that is evidence of non-optimal-
ity of atomic basis’s. This problem disappears on
our approach as the gauge-invariant scheme is
used [12]. In figure 3 we present our data on en-
ergy dependences of the partial cross—sections 6
(in units cm*s) corresponding to ionization in
the 3ses J=0°, 3sed J=2¢, 3pep J=0°or J=2¢, and
3pef J=2¢continua for the final states in the energy
range 92220-119170 cm’. The obtained results
are in physically reasonable agreement with data
[8,17].

E (cm™)
97220 106000 114780
L | 1 | 1 1 L | 1
= 07 -
E -
o a4\ X
= VT -
o i 1
= 8] N
éﬁ -10 — T T ' T T T '
-039 -037 -035 -0.33 -0.31 -0.29
E (au)
(a)
E (cm™)
97220 106000 114780
1 1 1 L 1 L |
- :
Wo =
‘é .
% r
= i
2 — 1 T T 1T _r T
-0.39 -037 -035 -033 -031 -0.29
E (au)

(b)

Figure 3. The ground state two-photon ionization
for final states above the Mg+ 3p threshold (Partial
generalized cross-sections — our data): (a) J=2¢ gen-
eralized cross-section; Partial cross-sections corre-
sponds to ionization in the 3sed (blue line), 3pep
(green line) and 3pef (yellow line). (b) J=0°¢ gen-
eralized cross-section; Partial cross-sections cor-
responds to ionization in the 3ses (red line), 3pep
(green line).

Further we present the results of the numeri-
cal simulation for the three-photon resonant,
four-photon ionization profile of atomic krypton
(the 4p — 5d[1/2], and 4p — 4d[3/2], three pho-
ton Kr resonances are considered). In Ref. [16]
it has been performed the experimental studying
the resonant multiphoton ionization of krypton by
intense uv (285-310 nm) laser radiation for the
intensity range 3x10'-10"" W/cm?. The experi-
ment consisted of the measurement of the number
of singly charged Kr and Xe ions produced under
collisionless conditions as a function of laser fre-
quency and intensity. The output of a dye-laser
system operating at 2.5 Hz is frequency dou-
bled in a 1-cm potassium dihydrogen phosphate
(KDP) crystal to give a 0.5-mJ, 1.3-ps, transform-
limited 0.1-nm-bandwidth beam tunable between
285 and 310 nm. There have been determined the
corresponding parameters of the 4p — 5d[1/2],
(1) and 4p — 4d[3/2], (i1) three photon Kr reso-
nances. The resonance shift is proportional to in-
tensity with a width dominated by lifetime broad-
ening of the excited state. The corresponding shift
and width have been found as follows: (i) the shift
dw (pa|3)=al, a  =3.96 meV/(Tw-cm™); width
bexp: 1.4 meV/(Tw-cm?); (ii) shift de (pa|3)=al,
a, =8.0 meV/(Tw-cm™?); width b, ,=4.0 meV/
(Tw-cm?). The authors [16] have used quite sim-
ple model of an effective two-level atom with the
assumption of a rate limiting three-photon excita-
tion step followed by rapid one-photon ionization
from the excited state. As expected, the three-
photon resonances broaden and shift further as
the laser pulse intensity is increases. The impor-
tant feature of the corresponding profiles is linked
with available asymmetry. Naturally, it is easy to
understand that the asymmetric profile is typical
of realistic laser pulses with the spatially and tem-
porally varying intensity. Besides, the authors of
Ref. [16] have noticed that while all resonances
are “blue” shifted, ac Stark shift calculations,
which are difficult to perform for excited states
lead to both “blue” and “ red” shifts. Our numeri-
cal simulation results for the 4p — 5d[1/2], (1)
and 4p — 4d[3/2], (ii) three photon Kr reso-
nances are as follows: (i) the shift dw (pa|3)=al,
a,,=3.95 meV/(Tw-cnmr 2) and w1dth b =
15 meV/(Tw-em?); (ii) shift do (pa|3)= a[
a,=8.05 meV/(Tw-cm™) and width b_ =41
meV/(Tw cm?). This is in the phys1cally rea-
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sonable correlation with the estimates [16] and
experimental data. Analysis shows that the shift
and width of the multi-photon resonance line for
the interaction “atom- multimode laser pulse” is
greater than the corresponding shift and width for
a case of the “atom- single-mode pulse” (the Lo-
renz pulse model) interaction. From the physical
point of view it is obviously provided by action
of the photon-correlation effects and influence of
the laser pulse multi-modity [7,8,9,15]. A great
interest represents the possibility of the quantita-
tive construction of the corresponding resonances
profiles with explanation of the asymmetric nature
by means calculating sufficiently “large” number
of the multiphoton transition line moments.
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SPECTROSCOPY OF ATOMS IN A STRONG LASER FIELD: NEW METHOD TO
SENSING AC STARK EFFECT, MULTIPHOTON RESONANCES PARAMETERS AND
IONIZATION CROSS-SECTIONS

V. V. Buyadzhi, A. V. Glushkov, V. F. Mansarliysky, A. V. Ignatenko, A. A. Svinarenko
Odessa State Environmental University, L’vovskaya str.15, Odessa-16, 65016, Ukraine

Summary

The resonant multiphoton resonances shifts and widths and ionization cross-sections for multielec-
tron atoms in a intense laser radiation field are studied. It is carried out a new consistent approach to
atom in a strong realistic laser field, based on the relativistic energy formalism (S-matrix adiabatic
formalism), relativistic Dirac equation Green function method and relativistic many-body perturba-
tion theory with the Dirac-Kohn-Sham zeroth approximation. In relativistic theory, the Gell-Mann and
Low adiabatic formula for energy shift is connected with electrodynamical scattering matrice, which
includes interaction with as a laser field as a photon vacuum field (radiative decay). The optimized
basis of the relativistic orbitals is generated with using a minimization procedure for the gauge-non-
invariant contribution (the fourth-order of the QED perturbation theory) to the radiation width of
atomic state. An approach to treating the multiphoton atomic processes is outlined on example of
H, Cs, Kr,Mg etc. Analysis shows that the shift and width of the multi-photon resonance line for the
interaction “atom- multimode laser pulse” is greater than the corresponding shift and width for a case
of the “atom- single-mode pulse” (the Lorenz pulse model) interaction. From the physical point of
view it is naturally provided by action of the photon-correlation effects and influence of the laser pulse
multi-modity.

Keywords: laser field, sensing multiphoton resonances, energy approach, Green function method
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CIIEKTPOCKOIISA ATOMIB B CWJIBHOMY JIABEPHOMY IIOJII: HOBUM METO/]
BU3HAYEHHSA ITAPAMETPIB AC EQEKTY HITAPKA, BATATO®OTOHHHUX
PE3OHAHCIB TA IIEPEPI3IB IOHI3AIIII

B. B. byaoorcu, O. B. I'nywxos, B. @. Mancapniticokuii, I B. lenamenxo, A. A. Ceunapenko

Onecekuil 1ep’kaBHUI €KOJIOTTUHUH yHIBepcHuTeT, Bya. JIbBiBChKa, 15, Oneca, 65016, Ykpaina

Pegepar

B poGoTi q0ciiKy0ThCS TEOPTUIHO XapaKTEPUCTUKHA OaraTtopOHHUX MPOIECIB B aTOMaXx B MOJ1
IHTEHCHBHOTO JIA3€PHOTO BUITPOMIHIOBAaHHS, , 30KpEMa, 3CyB Ta IIIMPHUHA, PE30HAHCIB, IIepepi3 10H13aIlii.
3arponoHOBAHO HOBHMM MOCIIZOBHUM MiAXiJ B CHEKTPOCKOMIi aTOMy B CHJIBHOMY pEasliCTUIHOMY
J1a3epHOMY I10J11, OCHOBAaHUHN Ha PEJISITUBICTCHKOMY €HEpPreTHYHOMY (hopMaizmi

(S-marpuunnii agiabarnaHuit hopMatiam), METOII pesTuBicTChKol pyHKIii [ pina piBHsSHHS Jlipaka
1 pensaTUBICTCHKIH Teopii 30ypens ¢ Dirac-Kohn-Sham HynboBuM HaOmKeHHAM. Y PEeNsSTHBICTCHKIN
Teopii, axiabatuuna ¢popmyna ['enn-Mans 1 Jloy aiis 3cyBy eHeprii HoB’si3aHa 3 €JIEKTPOJUHAMIYHOIO
MaTpUIIEIO0 PO3CIIOBAHHS, KA BKIIOYA€ B ceOe B3aEMOJIIO K 3 MOJIEM JIA3€PHOTO BUIPOMIHIOBaHHS ,
TaK i MoJeM BaKyyMHOTO BakyyMma (paaiauidHuil po3mnan). B MeTosi BUKOPUCTY€ETHCS ONETHMI30BaH1
0asucH peNsITUBICTCHKUX OpOiTajeil, sKli TeHEepyKThCsS 3a JONOMOIOK MPOLEAypU MIHIMIZALil
KaniOpyBalbHO-HeiHBapiaHTHUX (ueTBepTuil mopsaaky KEJ[ Teopii 30ypeHb) BHECKIB B pajialiiHy
IIMPHUHY aTOMHOTO cTaHy. [1i1xi1 3acTocoBaHO 70 KUTbKICHOTO pO3IIsily 06araro)OTOHHUX MPOLIECIB B
aromax H, Cs, Kr,Mg Ta inHmmx. AHai3 moka3sye, 1o 33CyB 1 IupuHa JIiHii 6araro)0TOHHOTO PE30HAHCY
MIPH B3a€MO/IIT aToMa 3 6araToMOJ0BHM JIa3€PHUM IMITYJILCOM (TaycoBa hopMa iMITyJIbCY ) O1TbIIe, HiXK
BIJITIOBITHHI 3CYB 1 IIMPUHA y BUIMAAKY B3a€MOJI] aToMa 3 Ja3epHUM IMITyJIbCOM JIOPEHLIEBOI (hopMu.
3 (hi3ugHOT TOUKHU 30py 1€, MPUPOTHO, 3a0€3MEUYETHCS T1€I0 POTOH-KOPEIAIIHHUX e(PEeKTIB 1 BINIUBOM
MOJIOBOU CTPYKTYpH IMIYJIbCY JIA3€pPHOTO BUITPOMIHIOBAHHS.

KarouoBi cioBa: nasepHe nose, 6ararooToHHI pe30HAHCH, EHEPreTUYHUN (popMati3m, METO
¢yHskuii ['pina

36



