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Polarization and intensity effects in two-photon dissociation of H in two-frequency laser fields
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We present a detailed calculation on+1)-photon resonance-enhanced photodissociation of molecular
hydrogen. The first field of frequenay; is tuned to excite the ground Ievﬁllzg(vzo,j =0) to either one
of the two strongly nonadiabatically coupled intermediate vibrational levels belonging to the electronic states
B 137 andCII,. These two levels can absorb a second photon of freques@nd connect to the continua
of the GK '3 and| 11, states as well as to the embedded discrete levels dfithés; andJ A states.
These embedded discrete levels predissociate into the contin@& aind | states. The differing transition
amplitudes to the continua through the different pathways interfere, giving rise to a dissociation line shape as
w,, is varied. The complex interplay between the mixture of bound and continuum states is reflected through
this line shape. Further complexity is introduced by the radiative Raman-type coupling betwdzant€
state levels due to the second field. We have shown how the line shape changes with the change in relative
polarizations of the two fields and their intensities in addition to the variable laser detuning. The polarization
effects are very different depending on whethgris near resonance or off-resonance with the predissociating
levels. The polarization dependence has been explained with reference to the variations in rotational factors of
the matrix elements concerned and the consequent change in the dissociation amplitudes through different
pathways. It has also been shown that the second field is much more effective than the first field as far as
dissociation is concerned.
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I. INTRODUCTION affect the dissociation line shape significantly. Nonadiabatic
mixing [5,7] between the two closely spaced intermediate
Multiphoton dissociation dynamics of small diatomic resonant levels of the 13 and C I, states was also re-
molecules in intense laser fields is of fundamental interesfiected in the final dissociation line shape. The most recent
and has attracted much attention receffly. Dissociative and most accurate spectroscopic study of this aspect was
processes in the region of moderately intense laser fields alspade by Hinneret al. [5(a)], where a deperturbation analy-
have their own intrinsic interest as they may prove to be &is was performed yielding a matrix element from which
convenient tool to explore nonadiabatic interaction betweemnixing can be determined. Here, with information on the
excited electronic statel2]. H, is the simplest molecule energy-level structure of the excited state, we investigate the
whose potential-energy curves and couplings between exffects of different polarization and intensity combinations of
cited electronic states have been most thoroughly investithe two laser fields on the dissociation line shape of the same
gated both theoretically and experimentalB~5]. In par-  process, i.e., the resonant two-photon dissociation,dfdin
ticular, double-resonance experiments have yielded energigge X 12;(020,1' =0) level through the predissociating lev-
of_ seyeral high-lying levels, |_nclud|ng the_ vibrational levels els belonging to thé 1Ag annglzg states to the continua
lying in the outer welis of excited electronic staf@} These o e GK and I states. The intermediate resonance in-

scribed here. In spite of such extensive work, the spectrol—eveISU:14j —1 of theB1S state andb=3j=1 of the
b u ’,

scopic properties of all the excited states gfdfle not known C1l, state[6]. The changes in polarization of the laser

In every deta_ll. In particular, the above-mentioned r].onfid'afields cause changes in the geometrical factors, arising from
batic interactions between such states can be crucial in d

- . o . ?6tation, in various radiative matrix elements. These matrix
termining two-photon dissociation line shapes and angulay

o . elements enter into the description of the dissociation dy-
distributions, as shown_by ea_rly wo_rk O.f Siebbedtsal. [4]. namics in different ways and mostly in a nonlinear fashion.
Recently, with the aim of investigating these effects, we.

They interfere with each other differently for different polar-

h?ve tr:forenp a.IIy u;vestlgatﬁ d reso;?rllgg-enhance?] tW(i’iation combinations at particular fixed frequencies and in-
photon dissociation of fffrom the groun g Statetothe o qiies of the two fields. Thus we have found that the po-

. . l + 1 .
final continua of theGK "% 4 andl "Il electronic states for |a1i;ati0n dependence may give interesting insight into the

linear parallel polarizations of the two laser fielf&b)].  nonadiabatic mixing of various levels. Here we present the
Nondiabatic interactions between the electronic states in botgissociation line shapes for four polarization combinations;

the intermediate and final stages of the process were found {9) |inear-linear, (i) circular-circular (same sense (iii)
have an important bearing on the dissociation line shape. O@ircuIar-circular(opposite sengeand (iv) circular-linear of

or near resonance, the predissociating levels of th&g  the two laser fields, for the fixed peak intensity combination
electronic state were found to play a crucial role, whereas the 0= 3 51x 168 and1,°=2.25x 10° W cm™2. We found that

predissociating levels of tHdﬁlzg electronic state did not the polarization dependence may give interesting insight into
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ton, near resonance may occur with the bound rovibrational

levels of theHH '3 | state withj=0 and 2 and either 4 or

5 (levels |3) and |4), respectively, in our notatiorand also
with the j =2 level of theJ *A ; state(level [5)) andv either

4 or 5. These levels are embedded within the continua of the
GK and| states and interact nonadiabatically with them to
dissociate as Hs) + H(2s/2p). Thus additional pathways of
H, photodissociation are provided via these predissociating

(PD) levels. Other bound levels of théH andJ states, and
the quasibound levels of thestate, which may act as pre-

1 dissociating levels, are highly off-resonant witty and |2),

— and are not effectively coupled to the intermediate levels by
the photon of frequency,. Hence they contribute insignifi-

1 cantly to the dissociation dynamic at the laser intensities we
are interested in.

] As the dissociation scheme considered in this paper is
essentially the same as in our previous papb)], we
present here only a brief outline of the formulation.

120000 - ] The time-dependent Schtimger equation for the molecu-

0 2 4 s 8 lar system in the two-frequency laser fields is given(loy
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FIG. 1. Adiabatic potential energieg(R) for the pertinent _,7|w1r> ~ _ ~
states of H. Excitations from the initial ground level of thé state [ e H|W)=[Hmno+ Viagt V(1) +VaallP). (D
to the two closely spaced nonadiabatically coupled intermediate
levels of theB and C states and then dissociation to the final con- _ ~
tinua of GK and | states directly or through predissociating levels Viaq @and Vi are the radiative and nonradiative interaction
of HH/J states are shown schematically. operators, which are time dependent and time independent,
respectively.

the nonadiabatic mixing of various levels. The relative inten- 1 "€ total wave function is expanded in the adiabatic basis

sity variations of the two laser fields for a fixed polarization as

combination (circulatlinear) with changing Rabi frequen-

cihes have been studied for their effect on the dissociation line |T)=> Ctexp —iE t)|n)+ > j C, (1)
shape. n =12

Xexq_&‘jt)|8]>d8], (2)
IIl. THEORY AND FORMULATION
whereE, is the energy of thath level (h=0-5), andlsj)

The scheme for multiphoton dissociation of the dol- is the jth continuum state corresponding to an enesgy

ecul'e that we hqve considefed here is shown i.n .F.ig. 1.on th‘Iehe two continua(with j=1,2) considered here belong to
pertinent potential-energy diagram. Molecules initially in thetheGK and| electronic statés respectively

v=0,=0 level of the groun 'X electronic statéwhich P z N o1 of motion for th
we have designated #8)) successively absorb two photons PULiNGV =V s{(t) + Via, the equation of motion for the
probability amplitudes in the base of the above five discrete

of frequency w; and w,, and dissociate as H§] at 4 th " b it
+H(2s/2p), wherev andj are the vibrational and rotational stales and the continua can be written as

guantum numbers, respectively. The near-resonant interme-

diate levels that are coherently excited after absorption of a : __ N i(En—Emt

photon of frequencyw, are thev=14, j=1 level of the Calt) I% VanCr(t)e

B3, electronic state, designated H$, and thev =3,

=1 level of theC I, electronic state, designated [. -> J"\“/ms.Cg,(t)ei(EnfEm)tdsj, 3)
They have a separation of 17.2 thin the adiabatic Born- j=12 I

Oppenheimer approximation, but are strongly coupled

through nonadiabatiéNA) interaction[7]. The laser of fre-  whereV,,=(m|V|n) is the interaction matrix element be-
quencyw, resonantly couples both levels and|2) with the  tween |n) and |m), which is time dependent for radiative
continua OfGKlzg and| 1, states, which we denote in interaction and time independent for NA interaction.
general byle). The transition to the dissociative continuum  The radiative interaction is taken to arise from two clas-
of the EF 'S state is negligible and has been neglectedsical pulsed laser field§; andE,, of frequenciesw; and
[2,8]. The range of frequency, is so chosen that from the w,, with different polarizationst; and £,. Thus the total
intermediate level§l) and|2), after absorption of @, pho- laser field is
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= A - the two senses of circular polarization. The four combina-
E(t)=E4(t)co t)e,+Ex(t)co t)e,. 4
(H=Es(cog @)1+ Ex(t)cogwat) 2, @ tions of polarization p, andp,) we have used here are as
The field amplitudesE(t) and E,(t) are both assumed to follows. _ _ _
have a sine-squared time dependence with a pulse duration (i) Both the fields are linearly polarized parallel to the
7, and pulse full width at half maximumy/2 [2,10], E,(t) space-fixed axis. For this case, onlfM =0 transitions are

— EOsirP ndE-(t) = EC sir? whereE? andE® invollved, whereM is _the projection of thg apgul_ar momen-
are %ﬁe égg;p;rip(ljitué((te)s 2 Si{(mt/7p), whereE; andE; tum j on the space-fixed axis and polarization indices are

_ ; _ p1=0,p,=0.
The boqnd Staté’U’A wave functions, free-stat&/I1 (i) Both fields are circularly polarized in the same sense
wave functions, and time-independent electron-nuclear rOtaénd the direction of propagation of both is parallel to the
tional matrix elements of the nonadiabatic coupled

f R ; iiton defined i space-fixedZ axis; the polarization vector lies on théeY
configuration-interaction Hamiltonian were defined in OUr hjane. For this caséM =1 (or —1) will be involved and we

previous papeff2(b)] in detail. The radiative interaction (5, p,=1 andp,=1.
Hamiltonian in this case is (i) The same as the combinatidin), but the senses of
polarization of the two circularly polarized fields are oppo-
Viai= —E(t)-d=—[Ey(t)cog wt)&,-d site to each other. Here;=1 andp,=—1. _
(iv) The field of frequencyw, is circularly polarized and
+ Ez(t)cos(wzt)ézﬁ], (5) is propagating parallel to th# axis and the second field of
frequencyw, is linearly polarized along this space-fix&d
where[9] axis (and hence is propagating in the space-fixet direc-
tion).
+1 Using the corresponding values pf and p, for the dif-
&.-d=> d)\Dli(qb,e,O)(l—Z& 2. (6)  ferent polarizations we obtain the values of the matrix ele-
x=1 P P ments and the required parameters for our model. The radial
o ) ~_ parts of the matrix elements involved are independent of
Here 6 and ¢ are the directions of the internuclear axis with radiation field polarizations. However, the integration over
respect to the space-fixédaxis. The peak amplitudg® and  the angular coordinates will give different radiative matrix

peak intensityl ® are connected by the relation elements for different polarizations. The relevant magnetic
quantum numbers of the resonant intermediate levels and the
0 c(E?)? final levels will be different for different polarization combi-
"= 87 (7 nations. The expressions for the relevant radiative parameters

(e.g., radiative widths and shifts of the intermediate levels
(where both 1° and E° are in a., ie., 19 are evaluated from the bound-free matrix elements by inte-
=3.511 8% 10'x (E®)? (wherel® is expressed in Wcit ~ gration over all the directions of motion in the continua.
and E° is expressed in a)u.We indicate the polarization The matrix element of the operatérd between any two
indices of the two fields of peak intensitieg’ of frequency  bound levelgsay,g—i, characterized by quantum numbers
w4 andl,® of frequencyw, by p; andp,, respectively. The j; ,M;,A; andjq,Mgy,Ag) can be written asat a laser field
polarization index igp=0 for parallel linear angp=*1 for E=1lau)

(iMiAil (3 D]igMoAg) =[(2]i+ D) (2ig T D128y, 0/(2= 3 0] Y22 (= DP A= 1)Mo™M(1-28y)
jia 1 jg ji 1 jg + ji 1 jg
| Mi —p _Mg)}+<Ai —A _Ag)_(l_éAQO)(Mi -p _Mg)
I EAN i 1 g Ii 1 g ),
X(Ai -\ Ag)]_(l_aAiO)HMi -p _Mg)(_Ai —A _Ag>_(1_5A90)

% ji 1 jg ji 1 jg
Mi —p —Mg/l—A, =) A,

=(angular pantX (radial parj, (8

X

QAi‘ui’ji:Ag'vg'jg:()\)

where we have define@y, ,, j A v, i, (N =JrRY o, J-i(R)Qi‘\iAgRAg vy ig(R) R?dR as the radial part of any bound-bound
matrix element and the rest is the angular gartfactop. Again, Qki Ag(R):fR\Iin(r*e,R)dA(Fe,R)lIng(r*e,R)dFe are the

electronic transition moments between two statgsand A, 1 andR are the electronic and relative nuclear coordinates,
respectively, andl, is the dipole moment operator.
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The transition matrix element between any intermediate bound level and a continuufsayate> f ) can be written agat
a laser fieldE=1 a.u.)

1/2

2j;+1 o
( Jt ) (_i)ernij(z_5Af0)7l/2(2_5Ai0)*1/2

4

(2j;+1)
4

<ijfAf|(§'a)|jiMiAi>:[

x; (—1)P M= DM Ai(1-25,,) L]QS[[DJA;fAf(@9,0)Djh;fAf(¢k,9k,0)

=(1-8),0DY 4 (6,0.0D} \ (¢.60.0)]

XD, [0V, (6,0,0=(1=8,0)D", , (6,6,01siN0dOABIQ o, ;. v, i, (N): (O

whereQAf‘vf:jf’AiJUi‘ji:()\) is defined as the radial part of any Ca()=— iV, (H)Cy(t)e 21— iV (1) Cy(t)e 1 22d— Cy(1)
bound-free matrix element and the rest is the angular(part
factor of the bound-free matrix element.

As shown in our previous pap¢l(b)], we can obtain
seven coupled differential equations using the rotating-wave
approximation, considering only the resonant and near-
resonant terms. Continuum states can then be eliminated. . iAot 1 : A
from the basis set expansion of the Sainger equation  C5(1)= ~IVst)Ca(t)e 28— Cy()[ 2 51+ iSsr]€ 1719
and, using the Markov approximatidqd 1], the problem is
formulated in terms of a set of six coupled differential equa-
tions involving only the resonant discrete and quasidiscrete
levels:

X[ 3 yartissle” 214 = Cy(t)[ 5 yartissle ' b24

—Cy(t)[ 5 YastiSaal, (109

—Co()[ 3 ysotissale 428 = Cs(t)[ 3 yss5+iSss],
(10f)
WhereAioin_Eo_wl, Aik=Ei—Ek+w2, 6i|:Ei_E|!
5ksj:Ek_.8j (i,|:1,2 and k:3,4,5£j), V01=V01e""1t,
Vig=V1€'°?, Vy, =V, €92, Vi;=Vy,, V3, =V3, , etc,

Co(t)=—iCy(t)Voy(t)e 218 —iCy(t) Voyt)e 142,
(108

Cl(t) =—iV,Cy(t)e' 12—V 5(1)Cq(t)e'42d
— V1) Ca(t)e 24—V 1 (1) Co(t) e 19— Cy (1)

'}’nm:ZT"_EZ J’ VnejV:jmﬁ(Er;_sj)dsj ) (11a
X[3y11F1S11]— Co(1)[ 5 Y10+ iS15]€' 12— Cy(t) g

an
X[ 5 y13+i513]€' 413 = Cy(1)[ 5 Y14t iS1a]€' 424

—Cs(1)[ 3 y15+is15]€'18, (10b)

Ve VX
ne; Ye.m
Snm™ 2 PJAJ—J_dea (11b)

=12 E, €]

Co(t)=—iVyCy(t)e 912 —(V 4(t)Cy(t)e' 423
2 2 2 ° whereE/=E,+ w, for n=1,2 andg,; =E, forn=3,45. P

— Vo) Cq()e'24 =iV (1) Co(t) /23
—IVoo(t)Co(t) €220 — C 1 (1)[ £ yor+iSy e 212
—Co(t)[ 3 V2ot iS22] — C3(t)[ 3 yostisysle'2d
—C4(1)[ 3 Y20t ispgle' 24— Cy(t)

X[5 yostisysle't2d, (100

Ca(t)=—iVa(t)Cy(t)e 21E—iV4(t)Cy(t)e A28~ Cy(t)
X[ 3 yartisgle P1E—Cy(t)[ 5 yaptissle A2

—Ca(t)[ 3 y3atiszal, (100

indicates the principal value part of the integral.

The diagonal elements witm=n for n=1,2 represent
the linewidths ¢4, and y,,) and shifts §;; ands,,) of the
levels |1) and |2) due to their radiative interactiony,,,

=T/n£je““’2t with the continua of th& K and| states. These

linewidths and shifts are time dependent, since they depend
upon the laser field intensities. The off-diagonal elemsgpts
and y4, represent the real and imaginary parts, respectively,
of the Raman-like coupling terms between the two ley&ls
and|2) introduced by the field of frequenay,. The diago-

nal elements form=n=3,4,5 give the field-independent
(and hence time-independgrinewidths (y,,) and shifts
(shn) of the levels|3), |4), and |5) arising from their NA

interactions\/n‘gj =\~/n‘gj with the continua of5K andl states.
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TABLE |. Radial parts of the matrix elements of the dipole The mode of calculation of the parameters from data avail-
moment operator between different radiatively interacting boundable in the literature has been discussed in our previous paper

levels. [2(b)].
State Radial part lIl. RESULTS AND DISCUSSION
X-B 0.18203
X-C* ~0.291 98 As in the earlier work2(b)], the six predissociating levels
0 — i=0 =2 considered in this work have been divided into two groups.
B-HH(v=4) J J he i desi d . he th
003162 003058 The first grogp( esignated as grgup tontains t e.t ree PD
g i=0 =2 levelsv=4, j=0 and 2 of theHH state andv =4, j=2 of
CT'-HH(v=4) J J . .
the J state, while the second groddesignated as group) 2
~0.03032 —007avz contains the other three PD levels=5, j=0 and 2 of the
C*-3"(v=4) 0.558 29 ntal : valsss, ] =
B-HA(v=5) j=0 j=2 HH state andv =5, j=2 of theJ state. As the second fre-
quency w, is varied, the final continuum energy increases
—0.03743 —0.037 33
_ ) . from below the group-1 PD levels to above the group-2 PD
C*-HH(v=5) j=0 j=2 levels.
L —0.15313 —0.140416 The direction of the space-fixed axis, the direction of
C™-J"(v=5) —0.14947 the polarization vectors with respect to this axis, and the

selection rules for the magnetic quantum number have been
discussed earlier. In Tables | and I, we have listed the radial
and angular parts, respectively, of the allowed radiative in-
‘teraction matrix elements between the bound levels. While
the radial parts are polarization independent, the angular fac-
tors are different for different polarizations of the two laser
fields. The polarization of the; photon only is involved in
the transition matrix element between the initial level and the
bound levels belonging t® and C states. In the case of
transition from these intermediate bound levels to the PD
levels, the transition matrix elements depend on both the
5 polarizations since the polarization of, determines the in-
P()=1— 2, |C,(D)|2 (12)  termediatem state (m representing the magnetic quantum
n=0 numbej from which the transition occurs. This depen-

The off-diagonal elements;,,S,,, and yin, Yo, With n
=3,4,5 give the real and imaginary parts of the radiative
nonadiabatic mixed terms.

Equations(10a9—(10f) are solved numerically using the
fourth-order Runge-Kutta methdd 2] by imposing the ini-
tial condition Co=1 and C;=C,=C3=C,=C5=0 at t
=0. From the populationC,,(t)|? of the different levelgn)
(n=0-5), the dissociation probabilitP(t) at any timet
can be calculated as

TABLE II. Angular factors involved for different bound-bound radiative transitions for different polar-
izations of the two laser field§The two indices denote theandM quantum numbers respectively.

Circular- Same-sense Opposite-sense
linear circular circular Linear parallel
State (+1,0 (+1,+1) (+1,-1) (0,0
X-B ot _1 _ 1t 1
V3 V3 V3 V3
(0,00—(1,1) (0,00~(1,1) (0,0~(1,2) (0,0)~(1,0)
X-C* V2 V2 v V2
V3 V3 V3 V3
(0,00—(1,1) (0,00—~(1,1) (0,00~(1,2) (0,0)~(1,0)
— 1 V2 1 1 2 1
B-HH — N — R — i il
V5 V5 V15 V3 V15 V3
(1,D)—(2,1) (1,1~(2,2) (1,1)~(2,00 (1,1)~(0,00 (1,0~(2,00 (1,00~(0,0)
CHHA x 1 L V2 V2 v
V10 V5 V30 V3 V15 V3
(1,D)—(2,1) (1,1~(2,2) (1,1-(2,00 (1,1)-(0,00 (1,0~(2,00 (2,00~(0,0)
croa* v B L vz
V10 V5 V10 V5
(1,D)—(2,1) (1,1(2,2) (1,1)(2,0 (1,0)~(2,0)
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dence causes the intermediate bound-PD level matrix ele-
ments to be different for different combinations of polariza-
tion. In Table lll, we have listed angular factors for all
radiative bound-free matrix elements that arise for different i '
polarization combinations of the two laser fields. The peak
intensities of the two laser fields have been kept fixetf at
=3.50x10° and 15=2.25x 10° Wcm 2 in this calculation.

The rest of the required parameters are the same as in the
previous papef2(b)].

In Fig. 2, we have plotted the radial parts of all the useful
bound-free matrix elements against the kinetic energy of the
dissociated fragments. We note that for b@hGK and 1" &
C-GK transitions, the matrix elements fp=0 and 2 of the
GK state are nearly equal in magnitude but opposite in sign.
This is a general phenomenon observed in work with either
H,* or HD*. The extrema in th8-GK matrix elements are

a; tf;}e contlnugin energy pos;tlon 3411. d'nIThe radial part FIG. 2. Variations of the radial parts of the matrix elements of
of the C-GK(j=0,2) bound-free matrix element decreasesintermediate bound levels to free levels of the continua with the

almost linearly in absolute value with increase in continuuMgoninyum energy: measured from the dissociation threshold of the
energy in the region shown. The radial matrix element of thes k| electronic state.
B-1(j=2) bound-free transition varies with energy in an os-
cillatory manner as shown in the figure. On the other handthat two new perturbed eigenstates with mix@d andI1*
the radial part of the matrix element @f-1(j=2) first de- character are created. These two perturbed eigenstates are
creases to a minimum value at continuum energy 2195'cm denoted as the perturb&iand perturbed states. They have
and then decreases in magnitude continuously with increasgbout 73%B character(and 27%C character and 73%C
in continuum energy. character(and 27%B charactey, respectively{2(b)].

The NA interaction between the two electronic staBes In Figs. 3a)—3(d), we show the dissociation probability
and C mixes the two close-lying leveld) and |2), i.e., v as a function of the second frequeney for four different
=14 andj=1 of B3} andv=3 andj=1 of 13 states so combinations of polarization of the two laser fields at differ-

Bound-Free Matrix element
L o
\
»a

]
3000 4000

e (cm™)

T
2000

TABLE Ill. (Angular factojx (complex conjugate of angular factofor different bound-free radiative
transitions for different polarization combinations of the two laser fields.

(Angular factoyx (complex conjugate of angular facjor

Circular- Same-sense Opposite-sense
linear circular circular Linear parallel
State (+1,0 (+1,+1) (+1,-1) (0,0
B-GK 1 2 1 1 hd 1
5 5 15 3 15 3
(1,1)—(2,1)) (1,1~(2,20 (1,1~(2,0) (1,1)»(0,00 (1,0—~(2,00 (2,00—(0,0
" 3 3 1 2
B-I — — — =
20 10 20 5
(1,1)—(2,1) (1,1-(2,2) (1,1)~(2,0) (1,0~(2,0)
_ 1 1
B-1 Z z
4 4
(1,1)—(1,1) (1,1)~(2,0)
C*GK 1 1 1 2 2 2
10 5 30 3 15 3
(1,1)—(2,1)) (1,1-(2,20 (1,1)~(2,0) (1,1)(0,00 (1,0~(2,00 (1,0~(0,0
P 3 3 1 1
C"-1 — — — -
40 20 40 5
(1,1)—(2,1) (1,1-(2,2) (1,1)-(2,0 (1,0~(2,0)
. 1 1
C"-l Z z
8 8
(1,1)—(1,1) (1,1)~(1,0)
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ent fixed values of frequenay, . The first field of frequency 27% B state character for the same reason. At the middle
w;=105694 and 105689 cm creates on resonance and range of frequency,, the predissociating levels are far off
near resonance with the perturbBdevel in Fig. 3a) and  resonance and direct dissociation to the continua oiGKe
Fig. 3(c), respectively. Again,w;=105663 and 105669 andl states from the intermediate levels of B@ndC states
cm ! produce on resonance and near resonance with the pés the only possible path. An important and significant dif-
turbed level of theC state in Fig. &) and Fig. 3d), respec- ference in dissociation probability due to the change in po-
tively. The perturbed level has 73%B character and 27% larization of the two laser fields is obtained in this range of
C character due to strong nonadiabatic mixing between the, although the peak intensities of the two laser fields re-
unperturbed B(v=14j=1) and C(v=3,j=1) levels, main fixed atl,°=3.51x10® and|,°=2.25x 10° Wcm 2
whereas the perturbed level has 73%C state character and As shown in Fig. 8), for far off-resonant excitation by
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FIG. 3. Dissociation probabilit(7,) againstw, for w,=(a) 105694,(b) 105 663,(c) 105 698,(d) 105 669 cm’, for four polarization
combinations of the two laser fields.
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the second frequency, the linear-linear and circular-circularAt the middle range of frequenay,, comparative values of
same-sense polarization combinations give the highest arttie dissociation probability for different polarization combi-
lowest dissociation probabilities, respectively. Circular-nations show the same features as those in K, @here
linear and opposite-sense circular-circular polarization comw, was on resonance with the perturbed level of Bnstate.
binations have intermediate values, the latter being greatext near resonance with group-2 predissociating levels the
than the former. We see from Fig. 2 thB¢tGK(j=0) and  ordering for different polarization combinations remains the
B-GK(j=2) transitions have larger radial parts of the same as that in Fig. (8. For near resonance with the
bound-free matrix elements than the other transitions in thigroup-1 predissociating levels the peak values of the disso-
region. B-17 bound-free matrix elements also have consid-ciation probability are in decreasing magnitude for same-
erable magnitude of the radial part. Since the intermediatgense circular-circular, linear-linear, circular-linear, and
perturbed level of théB state has 73%8 character, at this opposite-sense circular-circular polarization combinations.
middle range of frequency, all the above four matrix ele- These features are same as for near resonance with group-2
ments should contribute significantly in Figiag The high-  predissociating levels in Fig.(B) for intermediate resonance
est value of dissociation probability for the linear-linear po-with the perturbed level of th€ state by the first field of
larization combination in this region is due to the frequencyw;.
considerably larger values of the angular factors for all the For near resonance with the perturbed level ofGhstate
relevant matrix elements for this combination compared tdoy the first field of frequency»,, we notice from Fig. &)
the other polarization combinations. For the opposite-sensghat at the middle range of frequeney, the ordering of
circular-circular polarization, the degenerdte state be- dissociation probability magnitudes is quite similar to that of
comes accessible from the intermediate state and hencdg. 3(b). The ordering of the peak values of the dissociation
opposite-sense circular-circular polarization combinationsprobabilities at near resonance with the group-1 and group-2
have four dissociative pathB-GK(j=0), B-GK(j=2), predissociating levels shows the same features as those of
B-1*, and B-1~. Again, the matrix elements d8-GK(j Figs. 3¢) and 3b), respectively.
=0) andB-1~ have large values of the angular factor. So Thus, at on resonance and near resonance with the predis-
the opposite-sense circular-circular polarization combinatiorsociating levels, some features, in particular the ordering of
gives a large dissociation probability, although it is lowerthe peak heights, are changed from those obtained when the
than the linear-linear polarization combination, in spite of thesecond frequency has no resonance with any PD level. Po-
fact that theB-1~ path is radiatively forbidden for linear- larization change of the laser fields affects the line shape
linear polarization. Same-sense circular-circular polarizatiorbecause of a change in angular factors of the intermediate
has the lowest dissociation probability due to low values ofbound to predissociating bound matrix elements, or of the
the angular factors oB-GK and B-1* matrix elements. intermediate bound to free matrix elements, or both. In Figs.
Circular-linear polarization gives a slightly higher dissocia-4(a) and 4b), we have magnified the portions of the disso-
tion probability than same-sense circular-circular polariza-<ciation line shapes of Figs(& and 3b) that are on and near
tion, mainly due to the extra pa®-1—, which is forbidden resonance with the two groups of predissociating levels.
for same-sense polarization. Figure 4a) shows the near-resonant line shapes with the
In Fig. 3(b), the intermediate resonance occurs with thetwo groups of predissociating levels for intermediate reso-
perturbedC level (with 73% C character by absorption of a nance with the perturbed level of tBestate. In the region of
photon of frequency; . Since the matrix elements Bf GK resonance with the group-2 predissociating levels, the inter-
andB-I transitions have larger values than those@G K mediate level of theB state has an appreciable radiative
andC-1 transitions, in this case the magnitude of the dissowidth and so direct radiative dissociation and dissociation
ciation probability is smaller than in the preceding casevia predissociating levels both contribute considerably to the
Since most of the angular factors of the matrix elements fodissociation probability. The 27% unperturb@aharacter of
linear-linear polarization have larger values than for othetthis level and dominance of the| predissociation cause the
polarization combinations, it again gives the largest dissociamatrix element forC-J transition also to play an important
tion probability as in Fig. @&). For other sets of polarization, partin determining the dissociation probability, which is also
variation of all the radial and angular parts of all the matrix consistent with the results of our previous wdgkb)]. Thus,
elements gives comparable resultant dissociation probabila change of the angular factor of the matrix element of the
ties. Since at the middle range of frequeneythe resultant C-J transition for different polarizations changes the disso-
dissociation is due to the net effects of all the matrix ele-ciation probability for the predissociating path. Same-sense
ments and the matrix elements themselves vary nonlinearlgircular-circular polarization has a larger angular factor of
with energy, these line shapes can intersect each other féhe C-J matrix element than linear-linear polarization. This
different polarization combinations of the two laser fields, asfactor induces strong predissociative decay for same-sense
seen in Fig. &). This is made more complicated by the fact circular-circular polarization. But direct dissociation is much
that the dissociation through tHe state is radiatively al- more facilitated for linear-linear polarization than for all
lowed for circular-linear and opposite-sense circular-circulathree other polarization combinations. The resultant of the
polarizations but forbidden for the other two polarizationtwo processes gives a higher peak value for linear-linear than

combinations. for same-sense circular-circular polarization. Although
The first field of frequency»; has been made slightly off opposite-sense circular-circular polarization should cause a
resonant with the perturbed level of tBestate in Fig. &). large direct radiative decay, the angular factor of @l
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: . combination has the lowest dissociation probability, which
@ does not saturate due to the low angular factor of @hé

matrix element. Since the perturbBdevel has 27%C char-

_ acter and the unperturbé&ilevel has large radiative width at

the position of the group-1 predissociating levels, the disso-

ciation probability around group-1 predissociating levels is

higher than around the group-2 predissociating levels.

The dissociation line shapes at near resonance with the
two groups of predissociating levels for intermediate reso-
nance with the perturbed level of tiiestate by the first field
of frequency w; are shown in Fig. &). Now at near-
resonance positions with the group-2 predissociating levels,
predissociating paths dominate over direct dissociation chan-
nels, since here the radiative width of the unperturbed level
S circular - linear of the C state is very small. Thus, the structures are deter-
e - T mined almost solely by the different angular factors of the

linear - linear

vy’

o zﬁg?ﬁa‘ie_”;?w.;j C-J matrix elements for different polarization combinations.
14880 15000 16360 16680 On resonance, same-sense circular-circular polarization gives
, the highest dissociation probability due to the highest angu-
@, (em™) . .
lar factor of the C-J matrix element. Opposite-sense
same sense circular - circular circular-circular polarization gives the lowest dissociation
T Va T T T

% ® probability on resonance for the corresponding reason. The
] linear-linear and circular-linear polarization combinations
give values in between, due to intermediate values of the
. angular factors for these polarization combinations. Of these
two, the values for the linear-linear polarization are slightly
higher. At on or near resonance with the group-1 predissoci-
ating levels both direct radiative decay from the intermediate
level of theC state and dissociation via the PD levels con-
tribute significantly to the dissociation probability. However,

the angular factor of th€-J matrix element and the angular

factors of the bound-free matrix elements determining pre-
dissociative and direct radiative dissociation change with the
change in polarization in different ways. Thus, the various

(] polarization combinations give different line-shape structures
*/ whose widths are sensitive to the polarization combination.
In the region of near resonance with the group-1 predissoci-
ating levels, the widths of the peaks of the dissociation line

L P e . shapes of Fig. @) are much larger than those of Figai
14880 15000 16560 16680 since perturbed intermediate levels of Bestate have 73%
@, (cm™) unperturbedC character, with large radiative width in this
range of frequencies.

FIG. 4. Dissociation probability?(7,) againstw, for near- In Figs. 5a) and 5b), we have plotted the dissociation
resonance positions of the two groups of predissociating levels foline shapes with variation of the frequeney for a circular-
w;=(a) 105694,(b) 105663 cm*, for four polarization combina-  [inear polarization combination of the two laser fields for two
tions of the two laser fields. fixed frequencies of»; on resonance with the perturbed lev-

els of theB andC states, respectively. Here we have consid-
matrix element for this polarization combination is very ered five intensity combinations of the two laser fields to
small. The resultant gives a small peak because of the feebtzbtain their relative intensity effects on the dissociation
predissociating effect. The angular factor of f8e] matrix ~ probability. In both figures at the middle range of frequency
element for circular-linear polarization has an appreciables, we notice that the intensity of the second field of fre-
value, which results in a considerable increase in the dissauencyw, has a much more pronounced enhancement effect
ciation probability for this combination due to the presenceon the dissociation probability compared to the intensity of
of predissociating effects. At exact resonance with thethe first field of frequencyw,. In Fig. 5a), where resonance
group-1 predissociating levels, the dissociation probabilitie®ccurs with the intermediate perturbed level of Bistate, at
for all the polarization combinations except opposite-sens¢he middle range of frequenay,, the dissociation probabili-
circular-circular polarization reach unity, becausel] ma-  ties are much higher than the probabilities at corresponding
trix elements are huge and total saturation occurs through thieequencies in Fig. ®) where the perturbed level of the
PD path. The opposite-sense circular-circular polarizatiorstate is on resonance with the field of frequengy This is

linear - linear
circular - linear

opposite sense
circular - circular
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because for this range @f, radiative widths of the unper-
turbed level of theB state have large values.
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ties of the two laser fields, the radiative matrix elements
change, causing change in the resultant structure of the dis-

At on or near resonance with the predissociating levelssociation line shape. In Fig(#), for resonance with the two
the intensity effects are more interesting due to the simultagroups of predissociating levels we notice that a rise in in-
neous contribution of nonadiabatic and radiative decay to theensity of the first field, keepingl,® fixed at
continua. The resultant dissociative line shape is due to thg.25x 10° Wcm 2, does not change the dissociation prob-
interference among all these nonadiabatic and direct radiability much, whereas rise in intensity of the second field

tive decay paths.

keeping the first field intensity fixed atl,°

In Figs. §a) and 8b), we have plotted the dissociation =3.51x 10° W cm 2 changes the line shape considerably.
probabilities at on or near resonance with the two groups ofhere is a particularly notable change for intensity
predissociating states. Here, due to the variation of intensi=1.41x 10’ W cm~2. This is due to the fact that the second
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field interacts with the continua and continuum-embeddedn general to the dissociation process. But one of these ef-
predissociating levels, but the first field does not. A similarfects can dominate over the other, depending on the polar-

feature is also visible in Fig.(B). ization combination of the two fields. It is interesting to note
that decay through these predissociating levels largely de-
IV. CONCLUSIONS pends on field polarizations. Due to the strong Franck-

Condon overlap between the wave functions @fand J
We have presented polarization and intensity effects ortates, the€C-J matrix elements play a more important role in
the resonance-enhanced two-photon dissociation0inté  the dissociation process th@&HH and C-HH matrix ele-
two-frequency field where nonadiabatic interactions playments. Thus the variation of angular factor of te) matrix
crucial roles in the dissociation dynamics. Our calculationglement with changing polarizations of the two laser fields
has taken into account the complex interplay between thexplains most of the variation of nonadiabatic predissocia-
bound and continuum states due to radiative and nonradigipn for near resonance with the two groups of predissociat-
tive interactions. This demonstrates that the interference bgng |evels. Again, dissociation through the electronic state
tween different pathways leading to resonant multiphotons forbidden for certain polarization combinations but al-
dissociation gives rise to complicated variations of the dis{owed for others. This also causes a relative change of the
sociation line shape with the polarizations of the lasers congjissociation probabilities when the polarizations are
cerned. The specific features of the process obtained in oyhanged.
case are as follows. _ (iii ) We also see that intensity variation of the second field
(i) At far from resonance in the second step, where precayses more drastic changes in the dissociation probability
dissociating levels do not contribute to the dissociation linghan variation in the first field. It is interesting to note that, at
shape, the relative magnitudes of the dissociation probabilityhe |owest intensity of the first field used, on-resonance ex-
for different polarization combinations are determinedcitation of only one of the intermediate perturbed levels can
mainly by the bound-free matrix elements. The radial partgayse complete dissociation, and only when one of the two
of these matrix elements at a particular kinetic energy argroups of predissociating levels is excited.
different for the bound levels d8 andC states. In general, ~ Of course, the laser parameters used in the calculation
matrix elements from both these levels are involved in thesannot be presently obtained in standard off-the-shelf lasers.
dynamics due to their nonadiabatic mixing. For fixed valuesthis makes the experimental use of such pulses with the
of intensities|,°=3.51x10° and I,°=2.25x10°Wem™?  proposed parameters rather difficult. However, we would
the dissociation probability interestingly varies greatly forike to point out that the parameters are not very far from
different pOlaI’izatiOI’lS of the two laser fields when interme-those of state-of-the-art |aserS, thus making such experiments
diate resonance with the perturbed level of Bestate is 5t |east conceivable. In particular, this kind of intensity pro-
achieved by the first field of frequenay;. On resonance fjie for the first VUV frequency field may be available in the
W|th the perturbed IeVeI Of th@ State, the Variation iS some- near future a”owing experiments on this type of Systems_
what less. This -diﬂ:erence is because in the two cases tthSO, interesting experimenfg_3] on the po|arization depen_
bound-free matrix elements from the bound levels of Bhe dence of different dissociative ionization channels of simple
and C states are involved differently. In both cases, themglecules in intense fields have begun very recently. Some
linear-linear polarization combination gives much higher dis-of the results show very different polarization dependence in
sociation probability compared to the other polarization comyjifferent channels. Although our work does not cover
binations. These results can be explained in terms of thgytense-field effects, one plausible explanation becomes evi-
different angular factors involved in each radiative matrixdent from this work. It might be possible that, for different
element due to the change in polarizations of the two lasepolarizations, different intermediate levels are involved as
fields. dominant resonances and each of these levels has different
(it) Completely different polarization dependence of theangular factors in the matrix elements involved in the tran-
dissociation line shape is obtained on or near resonance, artion for different polarizations. Thus, it would be of great
far from resonance, of the predissociating levels with thgnterest to investigate the possibilities of exploring compli-
second field of frequency,. On or near resonance with the cated intramolecular dynamics in the presence of strong
predissociating levels, nonadiabatic decayéf andJ elec-  fields, through multiphoton processes. These calculations
tronic states and direct radiative dissociation both contributeould be of importance in such situations.
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