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STOCHASTIC DYNAMICS OF THE LASER FIELD ROTATIONAL

EXCITATION FOR MOLECULES

A advanced multi-level optimized stochastic model for definition of the optimal form of
laser pulse to reach the maximal effectiveness of laser action in process of selective molecule
excitation and ionization is used in calculation the parameters of the optimal excitation for
molecule. It is estimated dependence (number of particles) of functional of the quality on the
rotational energy and wave length of laser radiation

At present time it is of a great important de-
velopment of an effective advanced multi-level
optimized stochastic models for definition of the
optimal form of laser pulse to reach the maximal
effectiveness of laser action in process of selec-
tive molecule excitation and ionization. The pur-
pose is to calculate the parameters of the optimal
excitation for molecule [1-10]. This topic repre-
sents a significant theoretical and applied interest
for many physical, chemical branches such as an
atomic, molecular physics, quantum electronics,
physics of elements, devices, sensor technolo-
gies, plasmochenistry laser photochemistry and
biology. One could remind about physical basis
for creation and construction of special devices
for sensing physical, chemical properties of the
molecular systems and at last their application in
the nano-electronics, nano-atomic optics, quan-
tum computing, molecular sensors technologies
etc.

As it was indicated in Refs. [1-10], a great per-
spectives has the studied topic for many prob-
lems of laser photochemistry. Letokhov et al
[2,3] experimentally studied possibility of clean-
ing the substance in a gas phase by means of the
photoionization or photo dissociation of admix-
tured molecules in IR laser field on the example
of cleaning 4sCl, from admixtures C,H Cl, and
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CCl, .From theoretical and experimental points of
view, it is very important theoretical and experi-
mental studying optimal realizations of processes
of the multi-step and multi photon excitation and
ionization, dissociation. Though many of cited
processes are quite satisfactorily described (at
least, at qualitative level) by simplified models.
A majority of tasks for action of laser radiation
and high intensive particles beams on molecular
gases are quite acceptably described by multi-
level stochastic models, which result in systems
of differential equations or differential equation
in partial derivatives of the Focker-Plank type
[3,7,8,14]. Nowdays a consistent theory of the
optimal realizations of these processes is absent.
In refs. [12-15] a new multi-level optimized model
for definition of the optimal form of laser pulse
to reach the maximal effectiveness of laser action
in process of selective excitation and ionization of
molecules has been proposed. Further within the
optimal governing theory a problem of optimiza-
tion for electron, vibtational and rotational excita-
tion, photo ionization and dissociation in a laser
field was studied and As example, the parameters
of the optimal excitation and ionization for mol-
ecules HCI, CF,Br(I), SiH, etc. have been deter-
mined. Here we consider a generalized advanced
stochastic model for definition of the optimal form



of laser pulse to reach the maximal effectiveness
of laser action in process of selective molecule
excitation and ionization, which generalizes earlier
formulated approaches [13-15].
As usually, we start from the stochastic differ-
ential equation of the Focker-Plank type:
of /ot = LR + L, (f.1) (1)
where f'is a density of molecules at a chosen vi-
brated level with rotational energy x; / is a laser
pulse intensity; L,,L (f,1) are operators, which
describe the RT relaxation and laser radiation ac-
tion and have the standard form:

Lr(D=0% 0™ + 308, = 1 o) f ey, ) £ 3,1
(2)

At initial moment of time there is some initial
distribution f{x,0),and for t>0 system is excited
by resonance laser field with frequency, which is
resonant to rotational transition x,®x,.

Frequency of the exciting field is considered as
as governing parameter. To estimate an effective-
ness of action one must study a quality functional,
which characterises a distribution of molecules on
rotational energies to moment ¢ :

R

Y(@) = [ f(x,t1;u)h(x)dx
(0}

3)

where /h(x) is some function, which corresponds
to required form of the final distribution.

Further we are dealing with real form of the
laser pulse. In refs. [12-15] we deal with a multi-
level optimized model for definition of the optimal
form of laser pulse. In fact it has been used the
pulse in a Lorenze form. Here we consider firstly
the pulse in the Gaussian form. Further we used
the standard procedure of the governing theory
The optimal governing task for definition of the
optimal laser pulse form to achieve a maximal la-
ser action effectiveness is written as follows [15]:

of o= & f/&x2 +0fi0x + 1(x,hu(t)(f (x9,8) = f(x1,))
F(x,0)= fo(x),een . <X <R,
ofiox++f |y=0,p=0,...0<t <ty

Q)

Following to Ref.[14,15], we use the necessary
condition of optimality, i.e. if (x, xy) is an optimal

governing for functional (3) and £*(x#) ¥*(x9)
are corresponding solutions, then we have the fol-
lowing condition for any x ,x, from interval [0,R]:

L S * ' * ok * *
Yy (. )0 =x0)+ T, (.00, /) = x0) <0

Rl

Dependence (number of particles) in the in-
terval of energies x/[x, ,x,] (in upit.s of kT)'upo'n
x, and wave length of laser radiation, which is
corresponding to rotation transition x,®x,, is de-
termined by the functional:

R

I(w) = [ f(x,85x1,%p)h(x)dx
0

)

Using the numerical methodics [14,15] we
have carried out testing of the advanced model for
molecules HBr (T=300 K, R=25; the values of pa-
rameters are taken from refs.[2-4, 16]). In figure 1
it is presented a dependence (number of particles)
of the functional (5) in the interval of energies
x[13,25] (in units of A7) upon x , and wave length
of laser radiation, which is corresponding to rota-
tion transition x,®x,. In expression (4) h is a func-
tion, which corresponds to required form of the
final distribution f(x,#,u), i.e. density of molecules
at chosen vibration level, which has a rotational
energy x at moment of time #; xe[0, R]). The
obtained data are qualitatively similar to results of
ref. [14,15] for molecule HCI, CF Br. The quanti-
tative difference (~5%) is provided by using the
real laser pulse form (3) and corrected molecular
constants set. Probably, this difference should be
in more details analyzed with accounting for the
possible photon-correlation stochastic effects.
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Fig. 1. Dependence of the functional I(x, x,)
upon x and wave length of laser radiation for
t=2t, (f), t =4t (2), t, =6t (3) for molecule HBr
(see text).

157



References

158

10.

I1.

Lambert J.D.,Vibrational and Rotational
Relaxation in Gases (Oxford.-1997).
Letokhov V.S., Nonlinear selective pho-
to-processes in atoms and molecules
(Moscow.- 2003).

Bagratashvili V.N., Letokhov V.S.,
Makarov A.A., Ryabov E.A., Multi-
photon processes in molecules in IR la-
ser field (Moscow.- 1991).

Goldansky V.., Letokhov V.S. Effect
of laser radiation on nuclear decay
processes// Sov. Phys. JETP.-1994.-
Vol.67.-P.513-516.

Ivanov L.N,, Letokhov V.S.
Spectroscopy of autoionization reso-
nances in heavy elements atoms// Com.
Mod. Phys.D.:At. Mol.Phys.-1995.-
Vol.4.-P.169-184.

Glushkov A.V., Ivanov L.N. Radiation
Decay of Atomic States: atomic resi-
due and gauge non-invariant con-
tributions // Phys. Lett.A.-1992.-
Vol.170,N1.-P.33-37.

Panchenko V.Ya., Tolstoshein A.Yu.,
Optimization of condition of the ritation-
al excitation for molecular gas// Soviet
Chem.Phys.-1997.-Vol.6.-P.16-20.
Laptev V.B., Ryabov E.A., Isotopically-
selective dissociation BCI, in a two-col-
our IR laser field// Soviet Chem. Phys.-
1998.-Vol.7,N2.-P.165-170.

Glushkov A.V., Malinovskaya S.V.,
Co-operative laser nuclear processes:
border lines effects// In: New projects
of research in nuclear physics. Eds.
G.Fazio, F.Hanappe, (Singapore, World
Sci.- 2003).-P.242-250.

Glushkov A.V.,, Ambrosov S.V,
Ignatenko A.V., Korchevsky D.A.,
DC Strong Field Stark Effect for Non-
hydrogenic ~ Atoms//Int.Journ.Quant.
Chem.-2004.-Vol.99,N5.-P.936-939.
Glushkov A.V., Malinovskaya S.V.,
Shpinareva I. etal, Diagnostics of col-
lisionally pumped plasma & search
of optimal plasma parameters for

12.

13.

14.

15.

16.

X-ray lasing//J.Phys.CS.-2005.-
Vol.11-P.188-198.
Glushkov  A.V., Prepelitsa G.P,

Svinarenko A.A. Sensing the stochas-
tic laser pulse structure and chaotic and
photon-correlation effects in the non-
linear multi-photon atomic dynamics
in laser and DC electric field// Sensor
Electr. & Microsyst. Techn.-2004.-
N2.-P.89-95

Glushkov A.V., Malinovskaya S.V.,
Shpinareva [.M., Kozlovskaya V.P.,
Gura V.I. Quantum stochastic model-
ling multi-photon excitation and dis-
sociation for CF,Br molecules: An ef-
fect of rotational and V-T relaxation //
Int. Journ. Quant. Chem.-2005.-Vol.
104,N4.- P.562-570.

Loboda A. , Glushkov A.V., Shpinareva
I. et al, Optimization of laser field ro-
tational excitation of molecules and its
possible use in the selective photoion-
ization method for cleansing semicon-
ductor surface// Surface and Interface
Analysis.-2005.-Vol.16.-P.931-935.
Shpinareva [.M., Sensing a dynam-
ics of the laser field rotational excita-
tion for molecules and possible us-
ing in laser photoionization cleaning
semiconductor surfaces//Sensor Electr

and  Microsystems  Techn.-2005.-
N4.-P.22-26.
Glushkov A.V.,, Ambrosov S.V,

Shpinareva [.M., etal, Spectroscopy
of diatomic van-der-waals molecules:
atom of inert gas- atom of galogen//
Opt.Spectr.—1998.-Vol.84.-P.567-572.

The articles were received from 1.05 to
30.07.2014



UDC 584.96

D. A. Korchevsky, A. V. Malakhov, A. V. Ignatenko, E. L.Ponomarenko, 1. M. Shpinareva

STOCHASTIC DYNAMICS OF THE LASER FIELD ROTATIONAL EXCITATION FOR
MOLECULES

Abstract. An advanced multi-level optimized stochastic model for definition of the optimal form
of laser pulse to reach the maximal effectiveness of laser action in process of selective molecule exci-
tation and ionization is used in calculation the parameters of the optimal excitation for molecule. It is
calculated dependence (number of particles) of functional of the quality on the rotational energy and
wave length of laser radiation.
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CTOXACTHYECKASA TMHAMHUKA BPAIIATEJIBHOT'O BO3BY X KJIEHUA MOJIEKYJI
B [1OJIE JIABEPHOI'O U3JIYUEHUSA

Pe3ome. O6001IIeHHAsT MHOTOYPOBHEBAsi ONTHUMHU3ALMOHHAS CTOXacTUYeCKast MOJIENb OTpeiene-
HUSl ONTUMAJILHOW (POPMBI JTa3€PHOTO MMITYJIbCA JUISl TOCTHXKEHUSI MaKCUMaIbHON 3((EeKTUBHOCTH
Ja3€pHOT0O BO3JECHCTBUS B MPOLIECCE CEIEKTUBHOIO BO30YKIEHHS M MOHU3ALUN MOJIEKY] HCHOIb30-
BaHA B OIICHKE IapaMeTPOB ONTUMAIBLHOTO BPALIaTEIbHOTO BO30YKACHUS MOJIeKyll. Paccunrana 3a-
BHUCHUMOCTH (DYHKIMOHAJa KauecTBa (UMCII0 YAaCTHUI]) OT BEJIMUMHBI BPAIATEIbHON SHEPTUN U JITMHbI
BOJIHBI JIA3€PHOTO U3ITYyYECHUS.

KiroueBble c10Ba: BpamareabHOT0 BO30YKIACHHUS, MOJIEKYJIbI B TI0JIE JIa3€pHOTO M3IIy4eHUs, CTO-
XaCTUYECKask MOJCIIb
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CTOXACTUYHA JJUHAMIKA POTAIIMHOI'O 3BYI’KEHHS MOJIEKY.I
Y HOJII JIABEPHOI'O BUITPOMIHIOBAHHA:

Pe3rome. VY3arampHeHa OaraTopiBHEBa ONTHUMI3AIliifHA CTOXaCTHMYHA MOJENIb BH3HAYEHHS OITHU-
MajbHO1 ()OpPMHU JIA3€PHOTO IMIYNIBCY ISl JTOCATHEHHS MaKCHUMAaJIbHOI €(DEeKTUBHOCTI Ja3epHOi i
y TIpOIIeCi CEIEKTHBHOTO 30y/DKEHHS Ta 10Hi3aIlii MOJICKYJI BUKOPUCTaHA y PO3PaXyHKY IapaMeTpiB
ONITUMANIBHOTO 30y/KeHHs MoJeKyl. OuiHeHa 3aJeXHICTh (PYyHKIIOHATY SKOCTI (YHUCIIO YACTHHOK)
B1JI BEJIMYMHU POTALIHOIT €Heprii Ta TOBKUHU XBUJI1 JIA3€PHOTO BUIPOMIHIOBaAHHSI.

KurouoBi ciioBa: poraiiiine 30y/kKeHHS, MOJIEKYJIH Y JIa3epHOMY TOJ1, CTOXaCTUYHA MOJIETh
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