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Abstract. Polarization effects on population transfer by stimulated Raman transition using over-
lapping time dependent pump and Stokes laser pulses from the nglihjd(ug =0,J, =1) level

of H, to the finalX' S (v; = 1, J; = 1) level via the intermediat&' S (v; = 14, J; = 0,2),

C'If (vi = 3,J; = 2) andC*TI, (v; = 3, J; = 1) levels have been theoretically investigated by
applying the density matrix formalism. We have studied in detail the dependence of the population
transfer on time delay between two pulses for the cases of on-resonance excitations considering lin-
ear parallel and same-sense circular polarizations of the fields. The pump and Stokes fields are taken
as having Gaussian pulse shapes with peak intenggidg) = 2 x 10° and1 x 10" W/cm?. Den-

sity matrix equations have been solved for each value of the magnetic quantum ddpibet-1)

of the initial ground level taking into account tiié, dependence of the Rabi frequencidd, —
averaged population transfer to the final level has also been calculated. For resonance excitations to
the B(14,0) or C(3,1) levels, appreciable population transfer is achieved for intuitive pulse order

for some particular values dif, and M; (magnetic quantum number of the resonant intermediate
level) depending on the nature of polarizations. The calculated valueg efaveraged population
transfer for the two cases of polarizations show that for on-resonance excitationB¢1the) or
theC(3,1) level, linear parallel polarization of the laser fields yield more transfer efficiency whereas
for resonance excitation to ti&(14, 2) level, larger population transfer results from the same-sense
circular polarizations. For resonance excitation to 8, 2) level, A/, — averaged population is

found to be almost polarization independent. The calculations for the six-leveydtem reveal

some interesting features of polarization effects on the population transfer efficiency.
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1. Introduction

The current interest in molecular dynamics, particularly with regard to reactive and nonre-
active scattering, has produced the demand for a technique to produce atoms and molecules
in specified quantum states. Techniques based upon adiabatic passage, via controlled tem-
poral variation of the matrix elements of the Hamiltonian, offer possibilities for producing
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complete population transfer to excited states. A valuable example of adiabatic popula-
tion manipulation, termed stimulated Raman adiabatic passage (STIRAP), has been exten-
sively discussed theoretically [1-9] and demonstrated experimentally [10]. In its elemen-
tary form, the STIRAP process takes place in a nondegenerate three-state system, coupled
to two pulsed radiation fields (termed pump and Stokes fields) in a conventional Raman
configuration (sometimes termedAasystem). Through adiabatic evolution of the field
dressed eigenstates, which go to two different levels at the beginning and end of the pulses,
one can force complete population transfer between initial and final levels for counterintu-
itive sequence of pulses when the pump frequency is either on-resonance or off-resonance
with the intermediate excited level. At no time during the transfer process appreciable pop-
ulation resides in the intermediate level. STIRAP has been successfully used for efficient
and selective vibrational population transfer in sodium dimers [10(b)] and for transfer to
excited electronic states in neon atoms [10(c)], both species providing fairly ideal three-
level system.

Some very new and interesting phenomena were noticed when some of the states in-
volved have nonzero angular momentum. Bergmann and coworkers studied numerically
[11] a different as well as important multilevel aspect of the STIRAP procedure, involving
the magnetic sublevel structure that accompanies rotational degeneracy and in a subsequent
work they presented an algebraic analysis [12] of some of the features that are of particular
importance for successful population transfer. They have also experimentally verified [13]
their theoretical results.

In a previous paper [14], we have studied the nonadiabatic (NA) interaction effects on
the population transfer in a four-levekr$ystem by stimulated Raman transition from the
groundX 'Y ¥ (v, = 0,J, = 0) level to the finalX'S} (vy = 1,2,J; = 0,2) levels
via the intermediat®' S (v; = 14, J; = 1) andC'IL} (v; = 3, J; = 1) levels coupled
strongly by NA interaction. Both the fields were taken to be linearly polarized in the
same direction. We have observed some interesting features due to the effects of the NA
interaction.

In the present work, our objective is to investigate the influence of different polarizations
of the pump and Stokes fields on the population transfer in a six-leyedydtem. To
our knowledge, this is the first work where such calculations are done for a real six-level
molecular system with four closely spaced intermediate levels belonging % thand
I1* states. The Kimolecule is chosen since its electronic potential energies and transition
dipole moments are well-known so that an almost exact and detailed calculation on various
aspects of population transfer can be performed. The density matrix formalism has been
adopted for this study. It is a uniqgue method for treating dynamics of multilevel systems
interacting with external time-dependent fields in the presence of relaxations [1]. All decay
rates of the intermediate levels due to spontaneous radiative emission to the initial and
final levels alongwith the relaxations out of the six-level system have been incorporated
explicitly.

Specifically, the calculations of population transfer have been performed from the
groundX ' (v, = 0,.J, = 1) level to the finalX 'S F (v = 1, .J; = 1) level via the in-
termediateB' S} (v; = 14, J; = 0,2), CMI} (v; = 3, J; = 2) andC I, (v; = 3, J; = 1)
levels of H, for linear parallel and circular (same sense) polarizations of the pump and
Stokes lasers. We have included the magnetic quantum number dependence of all the
Rabi frequencies. We have studied the dependence of the population transfer on time de-
lay between the pump and Stokes fields for the case of on-resonance at peak intensities
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I9(I2) = 2 x 10% and1 x 107 W/cn? of the pump (Stokes) fields. The fields are assumed
to have the same peak intensity, pulse shape and duration.

We have performed the entire density matrix calculations for each valig,0d, +1)
of the ground level. To obtain th&/-independent population transfer, we have summed
the final level populations ovell ; and averaged them ovaf,. It may be mentioned here
that in our investigation, we have also incorporated the nonadiabatic coupling between the
two intermediateB(14,2) and C(3,2) levels due to intermolecular configuration inter-
action [14]. The present work reveals some interesting features of the effect of different
polarizations of the laser fields on the population transfer efficiency.

2. Formulation

This section discusses the formulation of the density matrix equations for the calculation
of population transfer in kiby stimulated Raman transition from the grouXiélE;(ug =
0,J, = 1) level to higher vibrational levelv; = 1,J; = 1) of X'E} electronic state
via excited intermediate leveB'X (v; = 14, J; = 0,2), C'II{ (v; = 3,J; = 2) and
C1, (v; = 3,J; = 1) under the action of time-dependent overlapping pump and Stokes
laser pulses. The scheme considered here for population transfer process is schematically
shown in figure 1 where all the state-labels, the relevant Rabi frequencies as well as sponta-
neous decay rates are specified. Here the ground and final (terminal) levels are designated
as|0) and|5), respectively. Two intermediate levels; = 14; J; = 0 and2) belonging to
the B'XF electronic state are denoted [ay and|2), respectively, whilé3) and|4) spec-
ify the respective level€' I} (v; = 3, J; = 2) andC' 11, (v; = 3, J; = 1). Among these
four intermediate levels, the two new perturbed eigenlei#elE ;| (v; = 14, J; = 2) and
CL! (v; = 3, J; = 2) are generated due to the mixing of the two closely spaced adiabatic
Born—-Oppenheimer (ABO) levels= 14, J = 2 of B state and = 3, J = 2 of C state,
through the nonadiabatic (NA) electronic-rotational interaction. The pertuBjéd, 2)
level has~ 87% B character ané- 13% C' character whereas the perturlig(B, 2) level
has~ 87% C character ané- 13% B character [15] implying a rather weak NA mixing.
Level|0) is coupled with the four intermediate levels through the absorption of a photon of
the pump field whereas the Stokes field drives the transition from the intermediate levels
to final level|5). |0) and|5) being the levels of same parity, the transition between them is
electric dipole forbidden.

The Liouville equation for the density matrix opera{p(t)) of the six-level system
interacting with two time-dependent realistic laser pulses including phenomenologically
decay rate$l') due to spontaneous emission, is given by (in a.u.)

dp(t) .
L — _j[H,p]-T 1
& i[H, p] = Tp, 1)
where H(t) = Hy + Hi(t) + Hna is the total time-dependent Hamiltonian of the sys-
tem. H, is the Hamiltonian of the unperturbed molecule &hgt) denotes the interaction
Hamiltonian between the molecule and the fields, which in the electric field or length gauge
form (with dipole approximation) can be expressed as

Hi(t)= —Ep(t)-d— Es(t) - d. )
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Figure 1. Schematic diagram of the six-levekHystem interacting with the pump

and Stokes lasers where all state labels, the relevant Rabi frequencies as well as the
spontaneous decay rates are indicat€l; denotes the time-dependent one-photon
coupling matrix element for Rabi transition from leyé) to level|j) by the pump or
Stokes field. V23 is the nonadiabatic interaction matrix element betwi@erand |3).

~Yor andvys, (n = 1-4) denote the spontaneous radiative decay rates from |bevéd
levels|0) and|5). vout,» denotes the decay rates of leye) to other levels out of the
six-level system considered.

d denotes the transition dipole operator wherBagt) and Es(t) are the time-dependent
electric field vectors of the pump and Stokes lasers, respectively. Considering the parallel—
parallel(}) and same sense circulan~) polarizations of the pump and Stokes beams,

the classical forms of/»(¢) and E5(t) are given by

il 1 A dw A% —iwp

Ep(t) = Efp(t)Fg[Epe Pty éhe g (3a)
and

0 1 Ora iwgt Ak —iwgt

Es(t) = gfs(t)Fs[Sse +ege s (3b)

wherewp andwg are, respectively, the pump and Stokes frequencies araohdé g are the
corresponding unit polarization vectorse (¢) and fs(t) express the time variation of the
field amplitudes of peak valuds? and F2, respectively. The functional forms ¢fp(t)
andfs(t) are taken to be Gaussian [1] with full width (FWHM),

fr(t) = exp[—(t — t,)* /277] (4a)
and

fs(t) = exp[—{t — (t, + At)}*/277]. (4b)
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At introduces the time delay between the pulsAs. > 0 specifies the intuitive pulse
order in which the pump pulse preceeds the Stokes pulse wh&tedas) corresponds to
the counterintuitive sequence of interaction which begins with the Stokes pulse and ends
with the pump pulset,, is the pulse scaling time.
With these definitions in hand and starting from the Liouville equation (1), the optical
Bloch equations for the elements of density matrix operatrdescribing the dynamics
of the six-level system, within the rotating wave approximation (RWA), can be written as

4
é—nn = - { an’ On'n — Qn’ngnn’ — Ynn/On/n’|; n=20,5 (5&)
> i o ; :

n'=1

4
1
an = —i Z an’gn’o +1 Z Qn’()gnn’ + <ZAn - Ern> Ono

n’'=0,5 n'=1
_i(vn,n+10n+1,05n2 + Vn,n710n71,05n3); n = ]- - 4 (5b)
4
050 = —1 Z (s o0 — Quioosns) +i(A)oso, (5¢)
n'=1

4
. 1
§ Q50 O + [l{(wn - w5) - wS} - §Fn:| O5n
n'=1

Osn =14 § QO — 0
=0,5

+i(Vn+1,nU5,n+16n2 + Vn—l,nUS,n—lénB); n=1-4 (5d)

. . . 1
U’nn’ = —1 Z (anrro'n//nr — Qnunro'nnrr) + |:’L(wn/ — wn) — §(Fnr —|— Fn):| O'nnr
n''=0,5

_i(Vn,n+10n+1,n’ On2 + Vn,n—l: On—1,n/ 6n3)

+i(Vn’+1,n’0n,n’+15n’2 + Vn’—l,n’gn,n’—lén’3)~ n, n=1-4 (59)

The rest of the total 36 equations are obtained by using the relatipn= o,,,. o(t)

is the slowly varying matrix operator whose elements are related to thqge)dfy the
defining equationg,,,,(t) = o,n(t), pro(t) = 0,0 (t)e~»t, etc. Q,,, denotes the time-
dependent one-photon coupling matrix element for transition from thesjdtethe state
In') by the pump or Stokes field/»3(= —22.60 cm™1) is the time-independent nonadi-
abatic coupling matrix element between the two ABO levels 14, J = 2 of B state
andv = 3, J = 2 of C state arising due to the configuration interaction between the two
electronic state® andC [14]. A, (n = 1-4) is the detuning of the pump laser frequency
from the (unperturbed) energy difference between lelvglsind |0) and is expressed by
A, =wp — (E, — Ey). Ey is the energy of the ground levi@) andE,,’s are the (adia-
batic) energies of levela). The expression fah is given byA = (wp —ws) — (E5 — Ep)
whereFE; is the energy of the final levé}). For two-photon Raman resonance,= 0.
The diagonal elements,, (t) for n = 0 and5, in eq. (5a), denote the populations of the
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initial and final levels respectively, while the diagonal elements (¢) for n’ = n = 14,
in eq. (5e), give the populations of the corresponding four intermediate levels. The off-
diagonal elements,,g, 055, onn (0’ # n) forn(n') = 14 andosy, in egs (5b)—(5e), are
interpreted as the coherencEs, (n = 14) represent the total radiative decay rates of the
levels|n). The terml',, introduces a coherence loss in the transfer process. Along with the
spontaneous decay to the ground and final levels, each of the intermediate levels can decay
to other levels out of this six-level system. The spontaneous emission fronvigtelev-
els |0) and|5) are explicitly represented by the decay raigs and~;,. The relaxations
(7out,n) to Other levels out of the six-level system are taken into account in the correspond-
iNg T'»(= Yon + Y5n + Yout,n)- We have neglected photodissociation/photoionization of
the molecules from the intermediate states. This is justified at the level of fluences that
we have considered. The two-photon ionization out of the ground state will not contribute
either. Since we are concerned here only with the on-resonance or near-resonance excita-
tions and the intensities of the two pulsed fields are not too high, the ac Stark shifts of the
intermediate levels as well as of the ground level have not been taken into consideration.
We have also neglected the collisional relaxations of the intermediate and final levels since
they are negligible in a beam experiment [10(a), (b)].

As Rabi frequency is a function of magnetic quantum number of the molecular levels
involved in the transitions, we have carried out the entire six-level calculation for\égch
value separately and then have combined the results to get the averaged population of the
final level.

The set of egs (5) can be written in a matrix form as

& = Mo. (6)

It may be noted that her®/ is a non-Hermitian and asymmetric matrix though,,, =
Q:m, andV23 = V2*3

Equation (6) can be solved in a similar way to that discussed in our earlier paper [14].
The evaluated diagonal elements, (t), n = 0-5 describe the populations at timef
the six-level system interacting with the two specified pulsed laser fields. Thus the final
populations of the levels, vizP,(J,, M) = 0g9(00), Py (Jr, Ms) = 055(c0) etc after
the pulses are over can be evaluated.

The M, — averaged population of the molecules in the final level is defined as

Jy

> Pp(Jy, My). 7

Mf:—Jf

1

Pf(Jf):QJg+1

3. Calculations

We have calculated the population transfer in six-levekyistem forQ-branch(AJ = 0)
fundamentalAv = 1) transition from the ground '~ (v, = 0, J, = 1) level to the final
X'S}(vy = 1,J; = 1) level via four excited intermediate levels' S} (v; = 14, J; =

0,2), C'IIf (v; = 3,J; = 2) andC*II, (v; = 3,J; = 1) considering the linear parallel
(33) and same sense circul@r®) polarizations of time-dependent overlapping pump and
Stokes laser fields. The variation of transfer efficiency with the time displacement between
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the two pulses are studied in detail assuming the peak intendifies = c¢(Fp ¢)*/87]

of the pump (Stokes) fields &sx 10% W/cm? and1 x 107 W/cn?. The two laser pulses

are assumed to have the same temporal shape and duration. The pulse width (FYWHM)
is taken as 170 ns so that the total spontaneous radiative relaxation from the intermediate
levels can occur during the pulse duration. The calculated adiabatic (ABO) energies of
the B andC intermediate levels ar&, = —12713.05 cm™!, E, = —12643.03 cm™!,

E; = —12603.92cm™!, B, = —12706.88 cm~! respectively, with respect to the (ABO)
threshold of theB/C' state while the calculated ABO energies of the initial and final levels
of the X state arefy = —35999.85 cm™—! andEs = —31843.80 cm™! respectively, with
respect to the (ABO) threshold of thé state. The wavelengths of the pump and Stokes
lasers are about 94.7 and 98.6 nm, respectively. After performing the entire density matrix
calculations for eaci/, (0, £1) value of the ground levell/, — averaged population of

the molecules in the final level is calculated.

The Born—Oppenheimer (BO) potential energies and the adiabatic (AD) corrections to
them forB, C, and X states are obtained from Wolniewicz and Dressler [16] and others
[17]. Electronic transition dipole moments f&r— B(C') states are taken from Wolniewicz
[18]. The potential and dipole moments are interpolated using the cubic spline interpola-
tion method [19]. The radial bound wavefunctions are generated by solving numerically
the radial Schodinger equation with the well-known Numerov—Cooley method [20]. The
Simpson integration rule is used to carry out the integrations for the single-photon ma-
trix elements. Since we are interested in the detailed study of polarization effects on the
population transfer process we had to consider both the radial and angular (polarization
dependent) factors of different transition matrix elements. The nonadiabatic energies of
B(14,2) andC(3, 2) levels are given by Abgradit al[15]. The values of the spontaneous
decay rates ., are obtained from Dalgarno and coworkers [21]. The radiative sponta-
neous emission from any discrete ro-vibrational level couples different possible rotational
levels and their magnetic sublevels and each of them contributes differently in determining
the values of the decay rates. We have incorporatedd M/ dependence properly in the
values otyy,,, 5, andl,,.

The magnitudes of the intensities used in the work (appearing in the Rabi frequencies
0, 5,,) are necessary to compensate/overcome the coherence(Iogs@sthe transfer
process. The values 6f,,0, Q5. Yon, V5n» @andl,(n = 1-4) are given in tables 1 and 2
for $3 and© O polarizations, respectively.

4. Results and discussions

In figures 2-5, the populatioi®;) in the final level forQ-branch(A.J = 0) fundamental
(Av = 1) transition from the initialX '~} (v, = 0,.J, = 1) to the final X 'S} (v; =
1, J; = 1) level via four excited intermediate levels (figure 1) in Fholecule are shown
as a function of reduced time delé) = At/7,) considering linear parall€{f]) and
circular (same sense(®) polarizations of the pump and Stokes laser fields. The profiles
are investigated for two different values of peak intensifig§/2) = 2 x 105 and1 x 107
W/cn¥ of pump (Stokes) pulses with FWHM widtlr,,) of the pulse as 170 ns and on-
resonance excitations to the intermediate levels.

Figure 2a exhibits the population transfer for on-resonance excitation to the interme-
diate B'S} (v; = 14,J; = 0) level and forM, = 0 of the initial level. For the two
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Table 1. Values (in cnm!) of Rabi frequencie$(,,:,, ), state-to-state spontaneous de-
cay rateqy,,,s) and total spontaneous decay rafEg) for different transitions with
linearly (parallel) polarized lasers. The intensitiegIs) are in W/cn?.

Mg(Mf):O Mg(Mf):il
Q10 —6.07(=5)* VIp 0
Q20 —5.55(—5) v/Ip —4.81(—5)v/Tp
Q30 1.08(—4) VIp 9.37(—5)VIp
Qo 0 —1.21(-4)VTp
Q51 5.39(=5) Is 0
Q32 4.64(—5) VTIs 4.02(-5)VIs
Q53 —2.07(=5) VIs —1.79(=5)vTs
Q54 0 2.66(—5)vIs
Yo1 1.28(—3) 0
Yo2 1.08(—3) 8.08(-4)
Yo3 4.09(—3) 3.07¢-3)
Yo4 0 5.08¢3)
Y51 8.98(—4) 0
Y52 6.68(—4) 5.014)
Y53 1.32(—5) 9.92(-5)
Y54 0 2.18¢4)
Iy 3.22(-2) 3.00(-2)
Ty 3.18(—2) 3.13¢-2)
Iy 4.15(-2) 4.05(2)
Ty 3.74(-2) 4.27(-2)

* —6.07(—5) = —6.07 x 10~°

Table 2. Values (in cnr') of Rabi frequencie$(,,,, ), state-to-state spontaneous de-
cay rateqy,,,s) and total spontaneous decay rafEg ) for different transitions with
circularly (same-sense) polarized lasers. The intenditié&s) are in W/cni.

Mg(My) =0 Mg(My) = +1 Mg(My) = —1
Q1o 0 0 —6.07(=5)* VIp
Q20 4.81(-5) VIp 6.80(—5) vIp 2.78(—5) VIp
Q30 —9.37(-5) VIp —1.32(—4) VIp —5.41(—5) VIp
Qa0 —1.21(—4) VTp 0 —1.21(-4) VTp
Q51 0 0 5.39(—5) VTg
Q32 —4.02(=5) VIg —5.69(—5) v/Ig —2.32(=5) VIg
Q53 1.79(—5) VTs 2.53(—5) VTs 1.03(=5) VTs
Q54 2.66(—5) VTs 0 2.66(—5) vIg
Yo1 0 0 1.28(—3)
o2 8.08(—4) 1.61(—3) 2.69(—4)
Y03 3.07(—3) 6.13(—3) 1.02(—3)
o4 5.08(—3) 0 5.08(—3)
Y51 0 0 8.99(—4)
V52 5.01(—4) 1.00(—3) 1.67(—4)
V53 9.92(—5) 1.98(—4) 3.31(—5)
Y54 2.18(—4) 0 2.18(—4)
1N 3.00(—2) 3.00(—2) 3.22(—2)
Iy 3.13(—2) 3.26(—2) 3.04(—2)
I's 4.05(—2) 4.37(-2) 3.84(—2)
Iy 4.27(=2) 3.74(=2) 4.27(=2)

* —6.07(—5) = —6.07 x 1073
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Stimulated Raman transition

different values off % (1), the P; profiles corresponding to thig polarizations have al-
most the same structure with a broad peak for the counterintuitive sequence of pulses and
no transfer for intuitive pulse order. Nearly complete population transfer is achieved in the
region—4 < D < —1 for both the intensities. The small oscillations in the peak region
result from the presence of other intermediate levels which are energetically not far from
the resonant leveB(14,0). For ~~ polarizations, the profiles possess two peaks, one
for the counterintuitive pulse ordé¢D < 0) and the other for the intuitive pulse order

(D > 0). The second peak for on-resonance excitation at intuitive pulse order is an in-
teresting feature. It is worth mentioning here that this feature is not due to the effect of
any nonadiabatic (NA) interaction as investigated in our earlier paper [14]. Though the
resonance condition has been maintained hereB\itH, 0) level, the Rabi frequency be-
tweenB(14,0) and the ground level vanishes fof, = 0 and circular polarization with
selection ruleAM = M; — M, = +1. But the matrix elements between the ground level
and the other nearly intermediate levél$3, 1), B(14,2) and C(3,2), which are now
off-resonant do not vanish in this case. As a consequence, the population transfer curves
show behaviour typical to the off-resonant excitation cases studied in our earlier work [14].
Thus, the different selection rules for linearly/circularly polarized radiations cause an im-
portant change in temporal dependence of the population transfer with polarization. For
~n polarizations, with the increase of.(12), the maximum value of’; is enhanced
enormously around = —2 for counterintuitive pulse order whereas for intuitive pulse
order the peak height is decreased to a large extdntat+2. About 68% transfer takes
place forI%(12) = 2 x 10 W/cn? while for I%(1%) = 1 x 107 W/cm? almost 100%
transfer is obtained &0 ~ —2.

Figure 2b presents the same data as figure 2a excepf fo= +1. Here Py curves
except the one forv~ polarizations with7 % (12) = 2 x 10 W/cn?, are found to have
double peaks, one in the counterintuitive region and the other in the intuitive region. In this
case the Rabi frequen€d, o vanishes for both the polarizations considered and the system
behaves like a off-resonantly excited one. Fdmolarizations, atD ~ —2 the transfer
efficiency is about 0.68 at),(13) = 2 x 10° W/cm? while it increases to nearly unity at
ID(I2) =1 x 10" Wicn?. The transfer efficiency @ ~ +2 is reduced from- 0.57 for
I9(I3) = 2 x 10% W/cm? to only ~ 0.36 whenI % (12) is increased td x 107 W/cn¥.
For~~ polarization, the profiles are almost symmetrical for counterintuitive and intuitive
pulse orders at both the intensities. The maximum transfer is;or$% atD = 0 for
I9.(12) = 2x 105 W/cn? while the population transfer is enhancedt87% atD ~ +1.5
whenI%(I2) is increased td x 107 W/cn?. The relative magnitudes of the; profiles
for different polarizations are mainly governed by the angular parts of the matrix elements
for different relative transitions.

Figure 2c is same as figure 2a exceptidy, = —1. Like the case foil/, = 0 and
11 polarizations (figure 2a), here tii& profiles corresponding tov~ polarizations show
a single broad peak in the counterintuitive region with almost total population transfer
for both the intensities. This is because far, = —1 and~~ polarizations, the ra-
diative transition matrix elemenft,, does exist as fol/, = 0 and{] polarization and
consequently, th&; curves are similar to those obtained for the cases of on-resonance ex-
citation in a three-level system [1] or our four-level system studied earlier [14], neglecting
NA interaction.

It should be noticed here that the population profilesioy = 1 and{{ polarizations
(figure 2b—c) are identical to those ff , = 0 and~~ polarizations (figure 2a) because
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the polarization dependent angular factors of the different radiative transition matrix ele-
ments are same in both the cases. This can be verified by considerifgdiependert./
coefficients appearing in the calculation of angular parts of the different matrix elements.

In figure 3a, we demonstrate the polarization dependence of the final level population
for resonance excitation to thg(3, 1) level from M, = 0 of the initial level. As the
Rabi frequency corresponding to the radiative coupling between the initiaC'ahd )
level vanishes fof{ polarizationg AM = 0), the respective curves show double peaked
structure. Fof % (12) = 2 x 10% W/cn?, the two peaks merge so that about 97% transfer of
population occurs ab =~ —0.5 and almost 95% transfer & ~ +0.5. But for I (12) =
1 x 107 W/cm?, complete population is transferred to the final level arolng —2 for
counterintuitive pulse order whereas only 69% transfer takes place afpuad+2 for
intuitive pulse order. Fory~ polarizations, the Rabi frequency does not vanish and the
population profiles have a single broad peakfbk 0 and are similar to the case of on-
resonance excitation in three-level Neystem [1] or four level system studied earlier [14],
assuming no NA interaction. This peak is rather insensitive to change in intensities.

Figure 3b is same as figure 3a except that the excitations are considered to take place
from M, = +1. For~~ polarizations, the profiles for both the intensities are symmetric
aboutD = 0. ForI%(I2) = 2 x 10% W/cm? the maximum population transfer is only
~ 44% atD = 0 while for I%(1%) = 1 x 107 W/cn?, itis ~ 91% atD = ¥1.5. This
behaviour of the curves can be understood in a way similar to that used in the discussion
of the previous figures.

Figure 3c is same as figure 3a except #d; = —1. Again, the curves are almost
polarization independent with a broad peak in the counterintuitive region because the Rabi
frequencie$l,, between the ground and intermediate reso64ft 1) levels are the same
for the two polarizations. In a narrow range near the peak region polarization seems to
make a difference due to the presence of the other nearby intermediate levels. It may again
be noticed here that the population transferf6y = +1 and{{ polarizations (figures
3b—c) is the same with that fa, = 0 and~~ polarizations (figure 3a).

Figure 4a exhibits thé’; profiles againsD corresponding to resonance with nonadi-
abatically perturbed?(14,2) level for M, = 0. Here the transfer efficiencies are sig-
nificantly larger for{{ polarizations compared to those for~ polarizations at all time
delays. The higher value of the Rabi frequefity, due to the higher angular factor for
11 polarizations leads to the present results. Fppolarizations, the maximum transfer
efficiencies are about 0.89 and 0.92, respectively fai72) = 2 x 105 W/cm? and1 x 107
Wi/cnm? with D < 0 while the corresponding efficiencies are about 0.41 and 0.73.for
polarizations.

Figure 4b is same as figure 4a exceptfoy = +1. In this case the effects of polariza-
tions onP; profiles are reversed with respect to those in figure 4a. An interesting feature
arises in the form of a small dip in the curve for~ polarizations af %(72) = 1 x 107
W/cn?. This is due to the effect of the NA interactigh,3) between theB(14,2) and
C(3,2) levels. The effect is not very significant as the mixing due to the NA interaction is
not so strong as in our earlier work [14].

Figure 4c is same as figure 4a exceptliby = —1. Almost complete population transfer
occurs here aroun® = —2 for ~~ polarizations irrespective of the values of the peak
intensities whereas fd} polarizations the maximum transfer efficiencies are about 0.42
and 0.71 fod 2(I2) = 2 x 105 W/cm? and1 x 107 W/cm?, respectively.
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Stimulated Raman transition

Figures 5a—c present tli& profiles for all threel/, considering the resonance excita-
tion to the nonadiabatically perturb€3, 2) level. In each case of transition with different
M,, unit transfer efficiency is achieved for counterintuitive pulse sequence independent of
the nature of polarizations of the fields and the vaIueEEQtTg). Sincesyg or Q39 does
not vanish, the population profiles for on-resonance excitatioi{302) or B(14, 2) level
become similar to the case of on-resonance excitation in the three-leyehisgem [1] or
the four-level H system investigated earlier [14], without any NA interaction.

Figures 6a—d show th&/, — averaged populatiof”;) of the molecules in the final
level for different on-resonance excitation cases discussed above, corresponding to res-
onance withB(14,0), C(3,1), the perturbed3(14, 2) and the perturbed'(3,2) levels,
respectively. It is seen that figures 6a and 6b exhibit double peaked distribution though the
peaks forD > 0 are weak. The main peaks show a larger transfegfgoolarizations.
For resonance with the perturb&d14, 2) level, the peak shows significant displacement
with D as the intensity is changed. The transfer is much below the optimal at this pump
frequency. In figure 6d, under the condition of an intermediate resonance with the per-
turbedC'(3, 2) level, complete population transfers in a broad region ardand —2.5
take place for both intensities and polarizations. However, the curves for the higher inten-
sities are broader and the rising portions of the curves shift to lower valuBsasfthe
intensities are increased.

About a decade ago, XUV laserg (LO0 nm wavelength) of 50 ns pulse duration and
3 x 10'2 W/cn? peak intensity were generated [22]. Earlier, VUV tunable ArF lasers of
55 ns pulse duration and6 x 10° W/cm? peak intensity were generated with 193 nm
wavelength [23]. We assume that experiments with the laser parameters similar to those
used by us may be feasible.

5. Conclusions

We have presented a density matrix calculation showing how different polarizations of
the pump and Stokes fields affect the population transfer in a six-leyalystem for on-
resonance excitations to various intermediate levels. For resonance excitation with the
B(14,0) or C(3,1) level, the Rabi frequend?, or 249) may vanish for some particular
values of}M, andMy (magnetic quantum numbers of the initial and resonant intermediate
levels) depending on the nature of polarizations. In such situations, efficient population
transfer for intuitive pulse order (i.€2 > 0) can be obtained. This is an interesting feature

of population transfer arising from simple dipole selection rules. The calculated values of
M, — averaged population of the molecules in the final level for different combinations
of polarizations show that for on-resonance excitation tagtkt, 0) or theC'(3,1) level,

linear parallel polarizations of the laser fields yield more transfer efficiency whereas for the
resonance excitation to tti&(14, 2) level, larger population transfer results from the same-
sense circular polarizations. For resonance excitation t@'{l3e2) level, the averaged
population is found to be almost polarization independent. Thus, the polarizations of the
laser fields do affect the outcome but differently at different frequencies of the lasers and
we can control the population transfer by taking proper polarizations of the pump and
Stokes fields.
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We observe that in a multilevel system, there is appreciable population transfer with
intuitive pulse order for linear/circular polarizations of the fields for on-resonance excita-
tions to some of the intermediate levels. This is in contrast to the three-level system [1]
or our four-level system (withy; = 0) studied earlier [14], neglecting NA interaction.

The physics behind it is the presence of neighbouring off-resonant intermediate levels and
the vanishing of the transition matrix element of the on-resonant intermediate level due to
different optical selection rules for linearly/circularly polarized light.
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