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Manifestation of external field effect in time-resolved
photo-dissociation dynamics of LiF*
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a) Department of Physics, Institute of Physics and Electronics, Shandong Normal University, Jinan 250014, China
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The photo-dissociation dynamics of LiF is investigated with newly constructed accurate ab initio potential energy
curves (PECs) using the time-dependent quantum wave packet method. The oscillations and decay of the wave packet
on the adiabats as a function of time are given, which can be compared with the femtosecond transition-state (FTS) spec-
troscopy. The photo-absorption spectra and the kinetic-energy distribution of the dissociation fragments, which can exhibit
the vibration-level structure and the dispersion of the wave packet, respectively, are also obtained. The investigation shows
a blue shift of the band center for the photo-absorption spectrum and multiple peaks in the kinetic-energy spectrum with
increasing laser intensity, which can be attributed to external field effects. By analyzing the oscillations of the wave packet
evolving on the upper adiabat, an approximate inversion scheme is devised to roughly deduce its shape.

Keywords: photo-dissociation dynamics, time-dependent wave packet method, photo-absorption spectra, ex-

ternal field effect
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1. Introduction

For many experimental and theoretical investigations,
alkali-halide photo-dissociation has long been a prototype for
studying chemical reactions on femto-second time scales. -]
As is well known, the ideal tool for studying the real-time dy-
namics of photochemical reactions is the pump—probe scheme,
femtosecond transition-state spectroscopy (FTS), which has
been illustrated in a number of elegant experiments by Zewail
and his co-workers.?! In that method, an initial wave packet
is pumped onto an excited state by an ultra-short laser pulse
and then probed with another femtosecond laser. The tempo-
ral behavior of the wave packet may then involve long time
decays before the appearance of the free fragments and the
corresponding oscillations of the wave packet of the dissoci-
ating molecules. Thus, the laser-induced fluorescence (LIF)
signal can shed light on the period variation with delay time,
which is also a function of the probe pulse frequency.

For alkali halides, photo-dissociation involves two elec-
tronic states, the ground ionic state and the lowest excited co-
valent one, which cross at a certain inter-nuclear distance.
The photo-dissociation can then occur via a transition from
the ground state to the excited one, with falling apart of the
molecule when it encounters the crossing point of the two in-
volved diabatic potential energy curves (PECs). In the diabatic
limit, the wave packet may then transit the point of the diabatic
crossing and continue to form the products. In the adiabatic
extreme, however, the wave packet can get trapped in the po-
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tential well formed by the two interacting PECs. The temporal
behavior in this case will be characterized by a strong reso-
nance. FTS can therefore be expected to provide details about
the shape and coupling of the PECs. Indeed, Zewail and his
coworkers obtained such relevant information for Nal by an-
alyzing the features of FTS, and concluded that the potential
well has a Morse-type shape. )

In the interpretation of femtosecond pump—probe experi-
ments, the theoretical treatment based on the time-dependent
wave packet method has played an important role, especially
in the studies of molecular photo-fragmentation, >l multi-

[78] and dissociation®~'3! of molecules un-

photon ionization,
der external fields. Using the results of wave packet calcula-
tions of dissociation dynamics with ab initio electronic ener-
gies and coupling elements, Regan et al.'*! investigated the
ultraviolet photo-dissociation of HCI in selected rovibrational
states. Their predictions shared common qualitative trends
with the experimental results. Among the alkali halides, Nal
is possibly the most extensively investigated system, with its
spin—orbit effects in photo-dissociation also being of interest
for many researchers.!!>-18] In a time-dependent wave packet
dynamics calculation, Alekseyev et al.[*! determined proba-
bilities and partial cross sections for dissociation into different
fine-structure states of the iodine atom. They have shown that
the inclusion of the spin—orbit coupling nearly quantitatively
reproduces the observed peaks in the absorption spectra.
Lithium fluoride (LiF), a paradigmatic example of a
molecule with two states that show an avoided crossing,
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has also long been the object for studying the photolysis
dynamics.!'®=2%] Its PECs suggest that a manifestation of non-
adiabatic behavior is likely to occur in the chemi-ionization
process Li+F—LiT+F~. Based on the early curves, Bandrauk
et al.'>] investigated the multi-photon dissociation of LiF in
the presence of a non-resonant external infrared laser field
by solving numerically the coupled equations in a dressed
molecule representation. Although the PECs used may not
be accurate in today’s standard, the calculations present a
sketchy outline of the multi-photon absorption width. Since
LiF is an ideal candidate for the above-threshold photo-

1.4 have also investigated the

dissociation, Bandrauk et a
latter as well as the influence of its large dipole moment on
photo-fragmentation via numerical simulations. In turn, Bal-
akrishnan et al.'>>! employed ab initio PECs and transition
dipole matrix elements given by Werner and Meyer!?%! to per-
form a wave packet study of LiF photo-dissociation, having
found that extremely narrow resonances and a broad window
resonance are atop a broad absorption envelope, in agreement
with the stationary-state calculations. However, due to the
limitations of the calculation scheme, their result can neither
explain the effect of external fields on the dissociation nor
deal with the inverse problem of extracting potential proper-
ties from the spectrum.

Recently, one of us!>”?8 published accurate ab initio
PECs for the Li—F ionic-covalent interaction by extrapolation
to the complete basis set limit and modeled the radial non-
adiabatic coupling. In comparison with other published PECs,
the calculated interaction potentials show geometric and en-
ergetic attributes of unprecedented accuracy, including the re-
gion of the diabatic crossing. It will therefore be interesting
to study the photo-dissociation of LiF under an external field
using the newly constructed PECs. The purpose of this paper
is then to present a time-dependent wave packet treatment of
the photo-dissociation of LiF and provide a physically intu-
itive picture of the dynamics with the new ab initio PECs and
transition dipole matrix elements. The emphasis will be on
the influence of external laser fields on the dissociation prop-
erties of LiF by using a different treatment to prepare the wave
packet. By analyzing the details of wave packet formation,
dispersion, as well as the features of the photo-absorption and
kinetic-energy spectra of the dissociation products, additional
physical insight into the shape of the PECs will be given.

The paper is organized as follows. Section 2 provides
a brief review of the quantum wave packet methodology
for photo-dissociation. Schrodinger’s equation and its solu-
tion with the scheme of wave packet propagation are then
briefly described, with the method used to calculate the photo-
dissociation absorption spectrum and the kinetic-energy spec-
trum being outlined also. Section 3 gives the results. The dis-
cussion on the effect of external laser fields on the properties

of photo-dissociation and the possibility of extracting informa-
tion about the PECs from the propagation of the wave packet
is also presented in this section. Concluding remarks are given
in Section 4.

2. Methodology

2.1. Schrodinger equation for a two-state system and its
canonical solution

Consider a two-state system coupled by a laser field of
frequency @, i.e.,*”!

E(r) = Eof(t)sin(ay1), ey

where f(t) is the envelope function which is commonly taken
of the Gaussian form, and E is the maximum field amplitude.
By employing the Born—Oppenheimer approximation and ig-
noring the coupling of rotation with other degrees of freedom,
the radial Schrodinger equation for the system assumes the
form

0

ihEW(R,t) = HWY(R,t), )

where H = T + V is the system Hamiltonian, and the wave
function is defined by

W(R,1) = (gggg;;) 7 3)

where g and e label the ground and the excited states, respec-
tively. Thus,

n 3% (10 Ve W,
T=—""_ =( & e 4
21713]32(01>7 v <Weg Ve)’ @
where m is the reduced mass, Vy(R) and V(R) are the dia-

batic potential functions (diabats) for the ground and the ex-
cited state curves, respectively, and

Wee = Weg = Vee + L(R)E(1), &)

with Vg being the non-adiabatic coupling and u(R) the tran-
sition dipole moment. In Eq. (3), W,(R,?) and ¢ (R,t) repre-
sent the time-dependent nuclear wave functions in the lower
and the upper states, respectively, which are obtained by the
following wave packet propagation scheme, the split-operator
technique. 3"

Consider a small time interval A¢. By using the split-
operator technique, the canonical solution of Eq. (2) can be
written up to the second-order approximation as

T (R, 1o+ A1) & [Ug*Uy (R, 0) Uz *|# (Ro10), (6)
where ¥ (R, 1) is the wave packet at the initial time 7y, and

1At 1At
Ur =exp [—IT} , Uy =exp [—th

A (th()):| (7)
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are called the kinetic- and potential-energy evolution opera-
tors, respectively. After propagating n steps, the wave function
assumes the form

n—1
W(R,ig+nAt) ~ |[[UrUv (R,10+kAr) | ¥(R,19). (8)
k=0

As usual, the action of Uy, is carried out in the coordinate
space, and that of Ur in the momentum space, where such
operators are diagonal. In the present treatment of the basis
functions, the discrete variable representation (DVR) method
is used, 31321 which provides a flexible choice of basis sets and
grids. Correspondingly, a fast-Fourier-transform algorithm is
used to switch efficiently between the coordinate and momen-
tum spaces following the application of each exponential oper-
ator. The exponential potential-energy part in Eq. (8) is evalu-
ated by diagonalizing the 2x2 potential-energy matrix at each
grid point in the radial coordinate R.

Now let the nuclear wave packet be denoted as y;(R,¢)
(i=g, e). The wave function at arbitrary time will assume
the form ¥(R,t) = (Ye((R,1), We((R,1))T, with the popula-
tion of each state being extracted from the nuclear wave packet
vi(R,t) (i =g, e) norm[**

R
R = [ dRl(R0P, ©)
1

where R; and R, define the range of inter-nuclear distances.
Information associated with the wave packet y;(R,t) (i =g, e)
can be similarly obtained. Since the field parameters influence
the Hamiltonian of the system, the wave packet and the ef-
fect of external fields on the photo-dissociation process can be
studied by analyzing the information obtained when varying
such parameters.

2.2. Absorption potential and other photo-dissociation in-
formation

As is well known, in time-dependent wave packet calcu-
lations for scattering problems, a common difficulty is the re-
flection of the wave function at the borders of the numerical
grid which can distort and ruin the correct dynamics.** A
robust approach is to employ an absorbing (or optical) poten-
tial which eliminates the wave function near the grid bound-
ary, thus eliminating the artificial boundary reflections. In this
work, we use a quartic complex absorbing potential defined

ast
Vdamp(R) =0, R< Rdamp7
. R— Rdamp 4
Vigamn (R) = —iCy ( ———am )
amp( ) amnp Rinax — Rdamp
Rdamp < R < Rmax; (10)

where Rgamp is the point at which the damping is switched
on, and Cyamp i an optimized parameter giving the damping
strength.

Once the wave packet at Rgamp is obtained, it can be
Fourier transformed from time to energy domain as

1 00
%(E)zﬂfo Vi (Raamps 1) exp(—iEr/m)dr, (1)

then the partial cross section in channel i is extracted accord-

ing to]
6(0) = r oly(E)f (12
' "~ 3cggm | Vi ’
with k; = \/2m(E — V;(Ry))/h being the wave vector in chan-

nel i, V;(Ry) the potential energy in channel i at R = Ry, and
& the permittivity of free space. So the total photo-absorption
spectrum as a function of the photon energy /i is then given
by the sum of the partial cross sections in Eq. (12)

Giot(®) :Zci(co). (13)

Regarding the dissociation probability, it can be calcu-
lated for a given channel from the probability flux of the wave
function at the nuclear separation Ryamp

IYi(R,1)

n

:| R=Rdamp
with the time-integrated flux yielding the dissociation proba-
bility. If we write the outgoing wave packet in terms of a real
amplitude A and a real phase ¢

Vi(R,1) = Ai(R,1) exp[igy(R,1)], (15)
then the current density can be written as
Ai(R,1)[
nw) = B4k 1), (16)
from which we can obtain
J,‘(R,l)m
i(R,t) = ——". 17
VOO = R “

To obtain the nuclear momentum distribution of dissocia-
tion, we numerically calculate the gradient of ¢;(R,?) at Rgamp

_ Ji(R,t)m

AR )
where equation (17) has been used. According to the defini-
tion of the flux density, the probability for finding the number

p,'(R,l) :V(b,'(R,l) (18)

of ‘events’ (AN) with momenta p within a small interval Ap
around a momentum p; is given by

AN(pj) = Ap/() dt]i(Rdamp7t)

y 1, forpelp;j—Ap/2,pj+Ap/2], (19)
0, else.

If J;(Rdamp-?) has dominant contributions only for a suf-
ficiently large ¢, then the momentum distribution can be ex-
pressed as3!

v
dp

_ Ji(Rdampvt(p,)) (20)

L)
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where p’ is the momentum at which the derivative is calcu-
lated. Correspondingly, the kinetic-energy spectrum can be

_,[2mdN
o VT dplp_

The dissociation yield of fragments, D, can finally be obtained

written as

dN

iE 21

from the following integration along the nuclear flux direction
at Rgamp:

t
D(t) = /0 dt'J;(Raamp, ). (22)

3. Results and discussion

For LiF, there is little non-Born—-Oppenheimer mixing of
the singlet states X !X and B X% with the triplet states. The
extent of photo-excitation to the B state, and hence the to-
tal photo-dissociation cross section, will therefore be little af-
fected by such states. Thus, the two-state model based only on
the PECs of the X and B singlet states should be reliable for
dealing with the photo-dissociation process. Accordingly, the
total photo-dissociation cross section will be sensitive only to
the shape of the B state and the magnitude and shape of the
X-B transition dipole. Figures 1 and 2 show the diabats and
the transition dipole moment utilized in the present work as a

27281 Clearly, they

function of the bond distance, respectively. !
exhibit the varying character of the electronic configurations
from ionic to covalent as the point R. = 13.5ay is crossed,
where ag is the Bohr radius.

With the PECs and the transition dipole moment func-
tion, the bound state wave function can be computed using
the Fourier-grid Hamiltonian method. Accordingly, the initial

wave packet

san-(18)-("67) e

is accurately known, and the wave packet can be obtained at
any time via the wave-packet propagation scheme. Details
concerning the latter are reported in Table 1.

0.5 | | I T T
— X ¥t
— BEF
0.4+ |
n
=t
5. 0.3+ |
£
—
<
B 021 _ |
O 3
| : 026
N E omb L=
5 /
5 018 7 |
10 o |
0 A I R L X | Intenuclear djstance/aq
0 5 10 15 20 o s

Internuclear distance/aq

Fig. 1. (color online) Diabatic (solid line) and adiabatic (dashed line in
the insert, with the upper line being the diabatic coupling term) PECs
for LiF.1?7]

ot
T

Transition moment/arb. units
w
:

0 5 10 15 20 25 30
Internuclear distance/ag

Fig. 2.
distance. !

Transition dipole moment as a function of inter-nuclear
27]

Table 1. Numerical parameters used to perform the time-dependent wave-packet calculation.

Time and space

Laser pulse Absorbing potential

Range of grid/ag 1.5-50 Wavelength/nm 350-365 Rgamp/ao 48
Number of grid points 1024 Intensity/W-cm ™2 8x10'0-8x 10 Raamp/ao 50
Number of time steps 8192 Half-width/fs 50 Cdamp 20

Time step/fs 0.2441

3.1. Evolution of the wave packet on the upper adiabat

The spatial spread of the wave packet has important con-
sequences on the computed spectrum, and carries the signature
of the dissociation dynamics on the excited-state potential. For
this reason, we provide a detailed analysis of the spatial evo-
lution of the wave packet following the initial excitation, and
attribute details of the photo-absorption spectrum to specific
aspects of the wave packet motion.

The initial excitation within the ionic state covers a broad

range of energies, spanning both bound vibrational states and

the region between the dissociation thresholds. Because the
wave packet is not an eigenstate of the coupled Hamiltonian
in Eq. (2), it disperses and builds up amplitude in the covalent
state during the propagation. Figure 3 shows clearly the time
changing of the wave packet amplitude, which is calculated at
a reference inter-nuclear distance of R = 10ag or so. As is
clearly shown, after the wave packet is pumped to the cova-
lent state, it reaches the point of R..s at about 160 fs, moving
forward continuously along the potential well formed by the

interacting adiabats. Then at about 735 fs, it moves backwards
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after arriving at the right-hand-side turning point. Since it en-
counters the interaction region from the left, part of it transmits
across this region to the other PEC, with the decay of its am-
plitude inevitably emerging. At about 905 fs, the wave packet
moves forwards again after hitting the left-hand-side turning
point, hence completing the first period (T') of oscillation in
the potential well of the upper adiabat. In the next period, one
can expect some dispersion of the wave packet. Note that the
location of the maximum amplitude may differ with the choice
of Rt for a given wavelength and intensity of the laser pulse,
but the oscillation period 7" and the pattern of motion described
above remain the same.

T T T T T T T T T T T T T T T
A =355 nm
0.12f T —— I=8x10"1 W/cm? -
Ao I=8x10"2 W/cm?
9 i
g 0.08p i1 _
= i
E L i
=)
<
0.04 |
0

0 500 1000

Time/fs

Fig. 3. (color online) Variation of the amplitude of the wave packet
evolving on the upper state as a function of time delay.

One very interesting feature in Fig. 3 is that the posi-
tion of the maximum (as expected, larger in amplitude) has a
slight left shift when the laser intensity changes from 8x 10'!
W/cm? to 8x10'> W/em?, and a more obvious dispersion of
the wave packet takes place. Since the number of molecules
pumped to the excited state is proportional to the laser inten-
sity, it is easy to understand the increase of amplitude with in-
tensity. Regarding the left shift and the dispersion of the wave
packet, they are often attributed to the anharmonicity of the
potential. In fact, as shown in Eqgs. (1) and (5), the increase in
laser intensity enhances the coupling strength of the two PECs
and, as a result, the shape of the adiabats is modified, leading
to a change of anharmonicity. Such an external field effect has
been described by many theoreticians. -3

3.2. Photo-dissociation cross section

In the time-dependent quantum-mechanical formalism,
the photo-absorption spectrum is generically determined by
the autocorrelation function, which is defined as the projection
of the propagated wave function onto the localized initial-state
wave-packet at each time step.?®! Since the excited-state co-
valent PEC is modified by the field-molecule interaction, the
absorption spectrum will exhibit the influence of the interac-
tion. However, because the initial state is just a product of
the rovibrational wave function for the ground-state potential

and the transition dipole moment between the ground and the
excited electronic states, and what is more, in the propaga-
tion of wave packet with the split-operator scheme, the gen-
eral method will be unable to give the effect of the external
field on the photo-dissociation due to the field coupling not
being included in the potential evolution operator. To fill up
this deficiency, in the present work we use an explicit field
coupling as the interaction potential (Egs. (4) and (5)), and
hence the evolution of the wave packet now naturally contains
information relevant to the external field (Egs. (6)—(8)). Corre-
spondingly, eqgs. (12) and (13) are utilized to calculate partial
and total cross sections instead of the Fourier transform of the
autocorrelation function.?! Alekseyev er al.!* have verified
that for a given time-dependent wave function, the two meth-
ods give the same total cross section. For convenience, the
total propagation time is here taken as 2000 fs, which can give
the spectrum with reasonable resonance positions and profiles
compared with the results obtained from the time-independent
quantum-mechanical calculation of Cornett et al.l*”! Figure 4
shows the photo-absorption cross section at a laser wavelength
of A =355 nm for different laser intensities. One common fea-
ture of these figures is that in each absorption spectrum there
is a broad envelope, which is superimposed with a series of
extremely narrow resonances separated by broad window res-
onances that recur periodically. This phenomenon has to do
with the oscillations of the wave packet trapped in the well of

the upper adiabat.
B BT A A .
. a L (b
< 1ol @ 1 6f (P)
E i
'g 0.9t 1 4}
2 06} i
2 . 2t
e 03} i
O

0 —— 0

10
™ d
% gl © | 6l @
~ L
=
L2 6f 4t
]
4 i
'
© o0

0 X "
0.250 0.254 0.258 0.262
Photon energy/arb. units

0.250 0.254 0.258 0.262
Photon energy/arb. units

Fig. 4. Photo-dissociation cross section at wavelength of A = 355 nm
and different laser intensities ((a) 8x 10'" W/cm?, (b) 8x10'2 W/cm?,
(c) 51013 W/em?, (d) 1x 10 W/cm?).

As one could expect, the photon energy corresponding
to the highest peak is the most probable energy with which the
photon can be absorbed. From Fig. 4, one can also observe that
the bandwidth increases with increasing laser intensity, while
the band center displays a slight blue shift. From the above
analysis, one may expect that the coupling of the two elec-
tronic states by the external field may change the separation of
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the two PECs in the Frank—Condon region, which may explain
the blue shift of the band center. Certainly, with increasing
laser intensity, the photons with other frequencies and small
absorption probabilities now find enhanced probabilities of be-
ing absorbed in the photo-dissociation process, which may ex-
plain the bandwidth increase noted above. Another feature in
Fig. 4 refers to a series of broad window resonances in each
spectrum, which, we believe, arises from the periodic oscil-
lations and the vibrational components of the wave packet in
the potential well of the upper adiabat. To test this conjecture,
figure 5 shows the vibrational projection of the wave packet
(at time delay 720 fs and laser intensity 8 x10'> W/cm?) os-
cillating in the upper adiabat. Obviously, the vibrational level
structure of the oscillating wave packet shows a profile simi-
lar to the one in Fig. 4(b). With increasing laser intensity, the
dispersion of the wave packet leads to maximum projection on
the vibrational states of the adiabatic potential well that have
a larger quantum number. In other words, the photons taking
part in the resonance absorption are the more energetic ones in
this case.

0.010

0.008

0.002

Wavepacket projection

0

200 220 240 260 280 300 320 340
Vibration level

Fig. 5. (color online) Projection of wave packet on different vibrational

levels in the adiabatic potential well.

3.3. Dissociation kinetic-energy spectra

The external field effect in photo-dissociation is also vis-
ible from the dissociation kinetic-energy spectrum. Figure 6
shows the kinetic energy of the dissociative fragments for laser
intensities varying from 8 x 10'! W/cm? to 1x10'* W/cm?. At
low intensities (say 8x 10'! W/cm? in Fig. 6(a)), the dissocia-
tion fragments have a small kinetic energy (say 0.06 eV). With
an increase of the laser intensity to 8 x 10'> W/cm?, the kinetic
energy of the fragments would increase to 0.07 eV (Fig. 6(b)),
but the dissociation probability drastically decreases. An in-
crease of the laser intensity will then lead to recurrences of the
fragment energy and the dissociation probability even larger
than that displayed in Figs. 6(a) and 6(c). This pattern for the
dissociation probability to change with the laser intensity is
consistent with the observation reported by Feuerstein ez al.!
in the investigations of H; fragmentation under laser pulses.
The simulations show that such a change of the fragment en-
ergy with the laser intensity has to do with the modification

of the PEC by the external field. Just as discussed above, the
modified PEC will distort the wave packet evolving on the up-
per adiabatic potential well, with the distortion increasing with
increasing laser intensity. Figure 7 shows the evolution of the
wave packet in the potential well of the upper adiabat over a
time range from 1200 fs to 2000 fs and at the laser intensity of
110" W/ecm?. The distortion of the wave packet is clearly
visible. In addition, a comparison of Fig. 7 with Fig. 6(d) can
give a hint for the origin of peaks appearing in the kinetic-
energy spectrum. In the evolution of the wave packet in the
dissociative channel, the dispersion of the wave packet gives
rise to four peaks denoted by 1, 2, 3, and 4 in Fig. 7, which ar-
rive at the same inter-nuclear distance but at different times.
Such a phenomenon corresponds to the appearance of four
peaks in Fig. 6(d), also denoted by 1, 2, 3, and 4 and located
at increasing kinetic energies.

RN 0.008f 1,
008l @ ] (b)
< ]
E 0.04 1 0.004}
! :
0.6 d
© ol @
§ 0.4
Z 0.2}
T 0.2 34
0 0 .
0 0.06 0.12 0.18 0 0.06 012 0.18
Kinetic energy/eV Kinetic energy/eV
Fig. 6. Kinetic-energy distributions of dissociation fragments for

laser intensities of (a) 8x10' W/cm?, (b) 8x10'?> W/ecm?, (c)
5x10" W/em?, and (d) 1x 10 W/em?.

Fig. 7. (color online) Evolution of wave packet with time and space in
dissociation channel. The marks 1—4 correspond to the ones in Fig. 6(d).

3.4. Deducing information about the potential from FTS

One interesting thing for experimentalists and theorists is
to get information about the PECs from FTS, a technique to
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detect the real-time dynamics of wave packet resonances. In
fact, a similar result to FTS has been given in Fig. 3, which
vividly shows the oscillation of the wave packet on the adia-
batic excited state. From this figure, one can deduce that the
oscillation period of the wave packet trapped in the shallow
well of the adiabatic potential is about 745 fs. Suppose now
that the shape of the shallow well can be described by an an-
harmonic oscillator (AO) of the Morse-type. The vibrational

energy levels in this case are given by the expression (%!
1 1\?
E,=hw ’H_E —hxwy n+§ , 24)

where 7 is the quantum number, vy is the oscillator harmonic
frequency, and y is the anharmonicity parameter (0 < y < 1)
which can be defined by x = hvy/(4D), with D being the po-
tential well-depth. According to Eq. (24), the energy spacing,
and thus the wave packet frequency, should decrease for the
AO with increasing energy. In the classical limit, the relation-
ship between the wave packet oscillation frequency and the
energy is given byl

2 2
vpacket =Vy— 4x v()(Vpump - Vdiss)a (25)

where Vs 18 the frequency corresponding to the dissociation
energy. To extract the period T of the wave packet oscillation
in the potential well, the pump laser wavelength varies from
350 nm to 365 nm in our calculations. Figure 8 displays the
fitted results, which are obviously well described by the above
simple relationship, giving a slope of 1.60 x 10'° s~!. This
slope corresponds to the anharmonicity parameter y = 0.35.
Clearly, only a limited range of energies (350-365 nm) of the
adiabatic curve have been tested in these preliminary calcula-
tions. Extending it to other parts of the potential curve requires
further information.

i T A computed value
28k .. - fitted line E
B o k ]
< 24 ]
) A
— r ]
< .
£ 20F E
C\Ii
X i e ]
1.6 ]
_ L ]
1.2 L -

1.4 1.6 1.8 2.0 2.2 2.4

(Vpump_Vdiss)/10]/1 571

Fig. 8. (color online) Square of the frequency of the wave packet os-
cillation as a function of the laser pump frequency minus the frequency
corresponding to the dissociation energy.

4. Conclusion

In this paper, we have investigated the photo-dissociation
dynamics of LiF using time-dependent wave packet quan-
tum dynamics with accurate ab initio PECs and transition

dipole moments. The emphasis is on the influence of ex-

ternal fields on the oscillation of the wave packet in the up-
per adiabat, photo-absorption spectra, as well as dissociation
kinetic-energy distributions. Many interesting phenomena oc-
curring in the photo-dissociation process are related to the
avoided crossing of the ground and excited states. The sim-
ulations have shown that due to the avoided crossing the wave
packet oscillates in the adiabatic potential well, with the dis-
persion of the wave packet in the ionic channel originating
from both the modified PECs by the laser-molecule interac-
tion and the avoided crossing. For increasing laser intensity,
the band center of the total cross section has shown a trend
towards blue shift, with the peaks appearing in the dissocia-
tion kinetic-energy spectra being attributed to the dispersion
of wave-packet evolving in the adiabatic PECs. By analyzing
the variation of the amplitude of the wave packet with delay
time, we are able to inquire about the shape of the potential
well using a simple inversion scheme. It should be noted that
the laser intensity 10''—10'* W/cm? used in this work is not
strong, so equation (12) for calculating the partial cross sec-
tion is a suitable choice. For the calculation in intense laser
fields, the reader is referred to Ref. [39]. Of course, no spin—
orbit coupling has been taken into consideration in this work.
We are looking forward to experimental studies on the photo-
dissociation of LiF that may allow a comparison between the
theoretical predictions and the experimental observations.
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