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Recently, it has been revealed that so-called light-induced conical intersections (LICIs) can be
formed both by standing or by running laser waves even in diatomic molecules. Due to the
strong nonadiabatic couplings, the existence of such LICIs has significant impact on the dynamical
properties of a molecular system. In our former studies, the photodissociation process of the D}
molecule was studied initiating the nuclear dynamics both from individual vibrational levels and
from the superposition of all the vibrational states produced by ionizing D,. In the present work,
linearly chirped laser pulses were used for initiating the dissociation dynamics of DJ. In contrast
to the constant frequency (transform limited) laser fields, the chirped pulses give rise to LICIs
with a varying position according to the temporal frequency change. To demonstrate the impact of
these LICIs on the dynamical properties of diatomics, the kinetic energy release spectra, the total
dissociation probabilities, and the angular distributions of the D] photofragments were calculated
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and discussed. © 2015 AIP Publishing LLC. [http://dx.doi.org/10.1063/1.4923441]

. INTRODUCTION

The present paper is devoted to the theoretical description
of the photodissociation dynamics of the D3 molecule in the
presence of a light-induced conical intersection (LICI) created
by chirped laser pulses. Before summarizing the concept of
LICIs,'”'! let us briefly discuss the essence of the so-called
“natural” conical intersections (CIs). As is well known from
numerous important studies, CIs are always present in poly-
atomics and play a fundamental role in the dynamics of molec-
ular systems.'?">? In the vicinity of Cls, the Born-Oppenheimer
approximation breaks down as the adiabatic potential energy
surfaces become degenerate and the nonadiabatic coupling
has singularity. In such situations, the nuclear and electronic
motions couple and the energy exchange between electrons
and nuclei can become significant. Thus, CIs act as efficient
channels for ultrafast interstate crossings typically on a femto-
second time scale.

It is known that a molecular system must have at least
two independent nuclear degrees of freedom so as to form a
CI. Therefore, having only one nuclear degree of freedom in
a molecule (for example, diatomics), CIs can never appear.
However, if an additional degree of freedom is associated with
the system due to some interaction with an environment (this
is the situation, for example, in the case of laser-molecule
interaction), then Cls can be formed. It was pointed out in
previous papers'? that Cls can be created both by running or
by standing laser waves even in diatomics. The rotation of
the molecules exposed to strong laser fields can serve as an
additional degree of freedom because the interaction of the
transition dipole moment of the system with the electric field
leads to an effective torque toward the polarization direction
of the light. In the correct dynamical description, one has to
explicitly include this light-matter interaction into the Hamil-
tonian, and the change of nuclear dynamics due to the external
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laser field can be considered as arising from the appearance of a
LICI. The positions of these LICIs are determined by the laser
frequency and the strengths of their nonadiabatic couplings by
the intensity of the laser. It has been demonstrated in several
former theoretical works that LICIs have strong impact on
the spectroscopic® and dynamical properties of diatomics.*!!
Motivated by these theoretical predictions on the LICIs in
diatomics, recent experiments on the laser-induced isomeri-
zation and photodissociation of polyatomic molecules®*>>2¢
were qualitatively interpreted with the help of the concept of
LICIs. The additional degrees of freedom in polyatomic mole-
cules add much to the richness of the phenomenon of LICIs and
open the door to its exploitation, as has been shown in Ref. 24.

The photodissociation process of the D} molecule has
been thoroughly investigated for more than quarter of a cen-
tury.”’=33 In our recent works, we have also discussed the disso-
ciation dynamics of the DJ molecule in the LICI framework
starting the initial nuclear wave packet either from different
vibrational eigenstates or from the Franck—Condon (FC) distri-
bution of the vibrational states as can be obtained by first
photoionizing D,. One-dimensional (1d) and two-dimensional
(2d) calculations have been performed and compared to each
other. In the 1d model, the molecular rotational angle is only a
parameter, i.e., the LICI was not taken into account, while in
the 2d scheme, the rotational angle is assumed as a dynamic
variable and, therefore, the LICI is explicitly included. The
obtained 1d and 2d results strongly differ from each other,
demonstrating the significant signature of the LICI on the
dissociation dynamics of Dj.

So far laser pulses with only constant frequency were
applied in the numerical simulations, and, therefore, the posi-
tion of the LICI never changed during the dynamical process.
This study goes beyond our former investigations as it uses
linearly chirped laser pulses forming LICI with continuously
changing position. The dissociation process of the DJ molecule
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is studied by solving the nuclear Schrédinger equation for both
the 1d and 2d models. One of the purposes of the present work
is to understand more deeply to what extent the behavior of the
transform limited (TL) and “chirped” LICIs is different from
each other. The other purpose is to investigate the influence of
the chirped LICI on the kinetic energy release spectra (KER)
and on the angular distributions of the photofragments.

We note here that the photodissociation process of the
Dj molecule by using chirped laser pulses has already been
investigated experimentally.*’->*

The paper is organized as follows. In Section II, the meth-
odology and the physical background of the dynamical calcu-
lations are explained. Section III shortly discusses the applied
electric field, the evolution of the nuclear wave packet by us-
ing the multi configuration time-dependent Hartree (MCTDH)
method and the computational details including the physical
quantities to be computed. The results on the kinetic energy
release spectra, on the total photodissociation probabilities, as
well as on the angular distributions and their interpretation
are presented in Section IV. Section V briefly provides the
conclusions and the perspectives.

Il. METHODOLOGY AND PHYSICAL BACKGROUND

In this section, a brief description of DJ will be given
considering the low-lying electronic states, the corresponding
transition dipole moment and the nuclear Hamiltonian. Fur-
thermore, the definition of the applied chirped laser pulses will
be discussed along with the useful technique that has been
used for the propagation of the nuclear wave packets on the
electronic surfaces.

Let us consider the electronic ground (V; = 1507, ) and first
excited (Vo = 2po,,) energy levels of the D] ion (see Fig. 1).
These are the eigenstates of the field-free Hamiltonian. Next,
we assume that the neutral D, molecule is suddenly ionized at
t = 0. In this case, the vibrational ground state of the neutral
molecule has been transferred vertically to the potential energy
curve of the ground electronic state (V; = 1so,) of the ion. It
serves as the initial wave packet, which can be considered as
the superposition of all the vibrational states of DJ. This FC
distribution of the vibrational states of the ion has been used in
most of our simulations. In some cases, we assume a different
initial condition, where the ion is in a specific ro-vibrational
state of its ground electronic (1so,) state. To continue, we
excite the 1so, ground electronic state of the D] molecule
by a resonant laser pulse to the repulsive 2po, state (see also
Fig. 1). As a result of this process, these two electronic states
are radiatively coupled by the laser light. The respective non-
vanishing transition dipole matrix element is responsible for
this light-induced electronic transition. In the space of these
two electronic states, the following time-dependent Hamilto-
nian holds for the ro-vibronic nuclear motions:

19 Ly,
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FIG. 1. A cut through the potential energy surface of the D; molecule
as a function of interatomic separation. Diabatic energies of the ground
(1so,) and the first excited (2po,,) states are displayed with solid green
and red lines, respectively. The field dressed excited states (2po,, —fiwy ) are
presented for three different chirp situations (transform limited, dashed red
line; positively chirped, dotted red line; negatively chirped, dashed-dotted red
line). These field dressed excited states (2po,, —hiw ) form light induced
conical intersections (LICIs) with the ground state. Only for the case of
a transform limited laser frequency wpr =6.199 eV and field intensity of
3x 103 W/cmz, a cut through the adiabatic surfaces at =0 (parallel to
the field) is also shown by solid black lines marked with circles (Vigyer)
and triangles (Vypper). For the transform limited case, we denote with a
cross the position of the LICI (Rpjcr=1.53, A=2.891 a.u., and Ecr
=-2.16611¢V).

Here, R and (6, ¢) are the molecular vibrational and rotational
coordinates, respectively, u is the reduced mass, and Ly, is
the angular momentum operator of the nuclei. One of the
rotational coordinates, 6, represents the angle between the
internuclear axis and the laser polarization. Vi(R) (1so7¢) and
Va(R) (2po,) are the energies of the two coupled electronic
states. The laser field is characterized by its electric field E ()
and d(R) (= —(y¢|X, rj| %)) is the transition dipole matrix
element (e = m, = i = 1; atomic units are used throughout the
article). The potential energies Vj(R) and V»(R) and the transi-
tion dipole moment were adopted from Refs. 55 and 56. The
essence of the LICI phenomenon can easily be demonstrated
in the framework of the Floquet representation of the nuclear
Hamiltonian (see Refs. 4 and 7 for a detailed discussion).
This presentation provides a very illustrative picture and is
often used to explain various phenomena in the area of strong
field physics. After absorption of one photon, the energy of
the ground electronic state is shifted upwards or equivalently,
the 2po, repulsive excited potential curve is shifted down-
wards by fiw; — where wy is the laser frequency — and a
crossing between the diabatic ground and excited potential
energy curves is formed. New light-induced adiabatic states
Viower and Vyyper (Fig. 1) are obtained after diagonalizing the
diabatic potential energy matrix (Eq. (1)). These two surfaces
can cross each other, creating a conical intersection whenever
the conditions cos 8 = 0, (6 = n/2), and Vi(R) = Vo(R) — hwy,
are simultaneously fulfilled.'-?
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In contrast to the situation provided by natural CIs of field-
free molecules, the LICI is controllable in the sense that the
laser frequency determines its position in nuclear coordinate
space and energy and the laser intensity the strength of the
couplings. Increasing the frequency moves the CI to a smaller
internuclear distance and to a lower energetic position while
the opposite holds when decreasing the frequency.

lll. COMPUTATIONAL DETAILS

In this section, we describe briefly the time-dependent
electric field of the applied laser pulses, the theoretical ap-
proach used to compute the time evolution of the nuclear
wave packets, and the physical quantities which are under
investigation.

A. The applied electric field

During the calculations, Gaussian pulse with linear polar-
ized time-dependent electric field along the x direction®>%
was applied. We define the electric field as the derivative of
a Gaussian shaped vector potential,

0
Et)=—-7A(), 2
()= =2-A0) @
where A () is the vector potential,
At) = —2— - sin {wo- (t—t0)— (1 —10) + (,00}
V1+ B2 2
_2-log2(ﬂ)2
e 142\ Tp 3)

Here, €p is the maximum amplitude of the electric field,
wq is the carrier frequency of the laser pulse, T}, is the TL
temporal pulse duration in terms of full width at half maximum
(FWHM), t, is the time of the peek intensity, ¢y is the carrier
envelope phase (CEP) — which was kept O in this study, and
the @ and S parameters read

a:a'ﬂ/(1+,82),
Tp
_ a.wO.Tp (4)
B = 4-log2”’

where a is the chirp parameter in terms of the relative change
of the carrier frequency during the pulse. As seen in Eq. (3),
we use here a linearly chirped pulse with frequency w = w(t)
= wy — a (t — tp). Other forms are also possible but will not be
studied here. This parametrization has the following features:
(i) the time integral of the electric field is zero, which is
an intrinsic property of real pulses;’’ (ii) the spectra of the
transform limited and the chirped pulses are the same; (iii)
the frequency changing rate |e| is maximal for |B| = 1: |a|,u.
= 21log2/T?; and (iv) for the case of | 8] < 1, the change of the
carrier frequency during the pulse is proportional to the param-
eter a and to the central frequency: Aw = a - T), = a - w,. The
first three of these features are important characteristics of
realistic linearly chirped pulses.

In the case of simulations starting from a FC distribution,
we will refer to the time of the peak intensity as the delay
time: #4014y = to and the propagation starts at = 0 fs. On the
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other hand, when our initial wave packet is one of the ro-
vibrational eigenstates of the DJ ion, the time of the peak inten-
sity is chosen to be zero: ¢ty = 0 and the propagation starts at ¢
=-100 fs.

B. Time evolution of the nuclear wave packet

Studying the dissociation dynamics in the LICI frame-
work, we have to solve the time-dependent nuclear Schro-
dinger equation (TDSE) with the Hamiltonian H described by
Eq. (1). One of the most efficient approaches for this is the
MCTDH method.’® % To characterize the vibrational degree
of freedom, we have used FFT-DVR (Fast Fourier Transforma-
tion-Discrete Variable Representation) with Ng basis elements
distributed within the range from 0.1 a.u. to 80 a.u. for the
internuclear separation. The rotational degree of freedom was
described by Legendre polynomials {P;(cos0)};0 12
These so called primitive basis sets ( y) were used to represent
the single particle functions (¢), which in turn were used to
represent the wave function,

Ng
0q.0) = N0 @, q=R.0,
e 5)
WRO1) = D 3 Aj (DB (R0 (0,1).
JR=1jo=1

In the actual calculations, we have used Nr = 2048 and Ny
=61 or 199 (for the v = 5 and v = 7 cases). On both diabatic
surfaces and for both degrees of freedom, a set of ng = ng
=4,...,20 single particle functions were applied to construct
the nuclear wave packet of the system. (The actual value of Ny
and ng = ng was chosen depending on the peak field intensity
Iy.) Tt was tested that all calculations converged with these
parameters.

C. Calculated quantities

The solution of the MCTDH equations with the ansatz
in Equation (5) is used to calculate the KER Pggr(E), the
total dissociation probability Py, and the angular distribution
P(0;) of the dissociation fragments. The KER of the photofrag-
ments reads®

Prsn(E) = / dr / A WOWI e E, ()
0 0

where —iW is the complex absorbing potential (CAP) applied
at the last 5 a.u. of the grid related to the vibrational degree
of freedoms (W = 0.00236 - (r — 75)°, if r > 75 a.u. on the
dissociating surface) and

l (o)
PO = o [ dunm o) )
7
where —iWp, is the projection of the CAP to a specific point of
the angular grid (j = 0,...,Np), and w; is the weight related
to this grid point according to the applied DVR.
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The total dissociation probability can be obtained as®

Pliss = /dE - Pxpr(E). ®
0

Throughout the calculations, the initial nuclear wave func-
tion (at t <« 0 f's) was assumed to be in its rotational ground
state (J = 0) and in the superposition of vibrational eigenstates
or in one of its vibrational eigenstates (v = 5; 7). In the former
case, the FC distribution of the vibrational states of the ion
has been used. Initially, the molecules are thus assumed in
the numerical calculations to be nonaligned and isotropically
distributed and subject to linearly polarized Gaussian laser
pulses centered around 7y = 0-80 fs. The wavelengths and the
pulse duration in FWHM are 200 nm and #p,;. = 10 fs (or 30 fs
in some cases), respectively. Several different intensity values
of the exciting laser pulse have been employed ranging from
1 x 10°to 1 x 10'* W/cm?. The parameters of the calculations
are a = 0, £0.03, +0.008 for transform limited and for chirped
laser pulses, respectively. For the applied pulse durations (10
and 30 fs) and a values, the 8 parameters are close to +1, and
consequently, the frequency changing rate (@) is close to its
maximal possible value.

To demonstrate the impact of the laser induced conical
intersection on the dissociation process of D, we compare
the results obtained from the full 2d model in which both the
rotational and vibrational coordinates are accounted as dynam-
ical variables with 1d calculations where the rotational degree
of freedom () is used only as a parameter and accordingly
the LICI is not considered. In the 1d situation, the ion’s initial
orientation is not changing during the dissociation and the
“effective field strength” was the projection of the real field on
the axis of the molecule: sgﬁ = gpcos b (i.e., with an effective
intensity of Igﬁ = I cos?0).

IV. RESULTS AND DISCUSSION

As mentioned in the Introduction, our aim is to inves-
tigate to what extent the time-dependent frequency of the
resonant laser pulse changes the dynamical evolution of the
photodissociation process of the D] ion. To see some effects
quantitatively, calculations have been performed both with
chirped and with TL laser pulses over a wide range of inten-
sities and delay times for the KER, for the total dissociation
probability and for the angular distribution of the molecular
fragments. Throughout the paper, a 4 = 200 nm wavelength
(hwy, = 6.199 eV) was applied for the TL pulse and also for the
central value of the negatively and positively chirped pulses.

Figure 2 (panel (a)) shows the 2d total dissociation proba-
bility (Eq. (8)) as a function of time delay for the TL and for the
chirped simulations employing a 10 fs laser pulse. The initial
nuclear wave packet is built up as the FC distribution of the
ionic vibrational states and its field-free time evolution can be
visualized in Fig. 2 (panel (b)). The first conspicuous result is
that the period of the total dissociation yield curves (panel (a))
is replicas of the field-free molecular vibration curve (panel
(b)). This is mainly because the dissociation rate increases if
the nuclear wave packet is moving forward to the direction of
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FIG. 2. Total dissociation probability as a function of delay time at 1
x 1013 W/cm? intensity (panel (a)). Shown are the results for the transform
limited a =0, negatively chirped a =—-0.03 (square), and positively chirped
a =0.03 (circle) calculations. In panel (b), the field-free vibrational motion
of the Franck-Condon wave packet on the lower potential curve of DJ is pre-
sented. The time-dependent density of the nuclear wave packet is displayed
by color map. The darker the color, the larger the value of the nuclear density.
Additionally, the time-dependent average of the internuclear distance (dashed
line) and the time-dependent average of the momentum (dashed-dotted line;
scale on the right hand side) are also shown. The solid and the dotted
horizontal lines denote the zero momentum (see the scale at the right hand
side) and the position of the LICI, respectively. In both panels, dotted vertical
lines denote the time delays for which the average of the internuclear distance
exhibits an extremal value. In panel (a), the vertical dashed lines denote time
delays of 23 fs, 29 fs, and 34 fs.

the dissociation, while the opposite is true if the nuclear wave
packet goes backward. In all three cases, the time period of
the dissociation yield curves is almost identical, in spite of the
fact that they possess a relative phase difference with respect
to the field-free vibration. We might explain the appearance of
this relative phase as the interplay between the average of the
internuclear distance and the average of the momentum values.
The greater the positive momentum (;ﬁ %) and the average of
the internuclear distance (R), the larger is the expected total
dissociation yield. Therefore, the time delay corresponding
to the maximum value of the total dissociation yield curve
is placed somewhere between the maximum of the average
momentum ((Y(R,1) | -2 | y(R,1))) and that of the average
internuclear distance ((Y/(R,1) | R | ¥(R,1))).

One can see in Figure 2 that the oscillation amplitudes of
both the total dissociation yield (panel (a)) and the field-free
curves showing the position and momentum averages (panel
(b)) decrease. Surprisingly, this decay is much less pronounced
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for the total dissociation yield. The initial nuclear wave packet
is built up from several vibrational eigenstates and, therefore,
after a while, the density of the time evolved system possesses
large values well above and below the curve of the mean value
of the internuclear distance. But the dissociation mainly takes
place from vibrational levels close to the energy of the LICI
(see Fig. 3). The vibrational motion of this smaller set of eigen-
states remains synchronized to each other for a longer period of
time than that of the total wave function. Consequently, their
synchronous return to the large internuclear region is longer
living than the periodic motion of the mean values. In turn, this
phenomenon causes a slower decay in the periodic change of
the total dissociation yield compared to the amplitude of the
average internuclear distance.

What is also interesting and calls for further investiga-
tion is that although the total dissociation yields obtained by
chirped pulses display a similar dependence on the delay time
as that observed in the TL case, the differences between the
maxima and minima are different, or in other words, the disso-
ciation yield oscillates with smaller amplitude as a function of
delay time. Both enhanced and suppressed dissociations occur
by using a chirped laser pulse depending upon the delay time
between the ionization and the applied laser field. Another
possible interpretation is that the sweep of the frequency in the
chirped pulse diminishes the advantage of perfectly synchro-
nized delay times and reduces the disadvantage of asynchro-
nously timed excitations. Almost the same dissociation yield
curves are provided by the negatively and positively chirped
laser pulses. This is probably due to the fact that in a given
chirped pulse, the frequency changes at ¢ = ¢y, from smaller
(larger) values than wy to larger (smaller) ones. Here, other
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choices of chirp can be used to determine other scenarios of
dissociation.

From Fig. 2 (panel (a)), we see that the 23 fs and 34 fs
delay times belong to one of the minima and to the neigh-
boring maximum values of the total dissociation yield curve,
respectively, while in between them, at 29 fs delay time,
the three different pulses provide nearly the same amount of
dissociation yield. For these three different delay times, the
computed KER spectra (Eq. (6)) of the D} photofragments at
1 x 103 W/cm? intensity are displayed in Figure 3. Analyzing
these results reveals that there are three distinct groups of
vibrational eigenstates of the ion leading to three different
regions in the KER spectra. The lowest vibrational eigenstates
(v < 2) remain practically bonded with these parameters of the
laser field — no bond softening happens. In the high energy
region (v > 4), the bond hardening plays a role. And finally
around the energy of the LICI (v = 2, 3, 4), we have significant
bond softening without the presence of bond hardening. Most
of the dissociation takes place in this energy region as can be
clearly seen in Fig. 3.

It can be seen that at 23 fs delay time, the total dissociation
yield is increased by more than 60% due to the effect of the
chirp (see Fig. 2). Its signature is clearly visible in the spectrum
as well (Fig. 3(a) panel). In the intermediate KER region, the
structure of the energy distribution hardly changes due to the
chirp, only the peaks will significantly be higher. The sign of the
chirp plays a role only in the large energy region — especially
at v = 7 and 8 — but its overall effect hardly modifies the total
yield. Let us consider now the 34 fs delay time. In this case, due
to the effect of the chirp, the dissociation probability decreases
by about 10%—15%. Practically, all these decreases can be
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FIG. 3. Kinetic energy release (KER) spectra of the DJ photofragments at 1x 10'3 W/cm? intensity. Results are presented for negatively chirped (square)
a =—-0.03, for transform limited (solid line) a =0, and for positively chirped (circle) a = 0.03 laser pulses for three different values of delay time. Panels (a),
(b), and (c) belong to 23 fs, 29 fs, and 34 fs delay times, respectively. Vertical lines denote the different vibrational levels of D} in the field-free case shifted by
the photon energy (fiwr, = 6.199 eV) and their height is proportional to the norm of the given eigenfunction in the initial FC distribution.
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FIG. 4. Kinetic energy of the photofragments of the D ion as a function of delay time at 1x 10'3 W/cm? intensity. Results are presented for negatively chirped
a =-0.03 (panel (a)), for transform limited a =0 (panel (b)), and for positively chirped a =0.03 (panel (c)) laser pulses. Horizontal lines denote the different
vibrational levels of D} in the field-free case shifted by the photon energy (fiwz, =6.199 eV). The vertical lines mark the 23, 29, and 34 delay times.

accounted to the dissociation from two vibrational eigenstates
vy = 3 and 4. As a signature, the main chirped peak is narrower
(Fig. 3, panel (c)). And again, the sign of the chirp plays a
characteristic role in the large energy region. To summarize,
one can realize measurable difference between the heights of
the various spectra in panel (a) at 23 fs time delay and also
between the widths of the spectra in panel (c) at 34 fs time
delay. The integrated effect of these differences appears then
in Figure 2. However, the situation is quite different at 29 fs
time delay. For this time delay, the total dissociation yield is
practically unaffected by the chirps. In contrast to the total
dissociation yield being essentially independent from the chirp
at this time delay (Fig. 2), panel (b) of Fig. 3 does show measur-
able structural changes as a consequence of the chirp. The
structure of the curves on this panel is fairly rich considering
the simple behavior shown in Figure 2 (panel (a)) from which

TABLE I. Total dissociation probability of the D} ion as a function of laser
intensity computed (2d). Results are presented for transform limited a =0,
negatively a =-0.03, and positively chirped a =0.03 situations. For the
chirped pulses, the amount of total dissociation rate as well as its ratio to
the TL total rate is also presented. The delay time (difference between the
time of the sudden ionization of the D, molecule and the time corresponding
to the maximum value of the laser pulse) is 23 fs. The first minimum of the
total dissociation yield curves in Fig. 2 (panel (a)) is at ~23 fs.

one would not expect noticeable differences in the impact of the
three different pulses. Indeed, there is no measurable difference
in the total yield of the dissociation, but the structure of the KER
spectra is nevertheless very different. The two spectra obtained
by the chirped laser pulses are modulated into different direc-
tions in the intermediate KER region (v = 2, 3, 4) comparing
them to that obtained by the TL pulse; namely, the positively
chirped laser pulse decreases the dissociation yield around v
= 2 and 3 and increases it in between these two levels and at v
= 4, while the reverse effect holds by changing the sign of the
chirp. A similar tendency has been measured in the experi-
mental works of Zajfman and his coworkers*”3 for HJ. On the
other hand, at 29 fs time delay, the dependence on the sign of
the chirp decreased substantially in the high energy region.
For better visualizing the dependence of the kinetic energy
release of the photofragments on the time delay, we collect

TABLE II. Total dissociation probability of the D] ion as a function of
laser intensity computed (2d). Results are presented for transform limited
a =0, negatively a =—-0.03 and positively chirped a =0.03 situations. For
the chirped pulses the amount of total dissociation rate as well as its ratio to
the TL total rate is also presented. The delay time (difference between the
time of the sudden ionization of the D, molecule and the time corresponding
to the maximum value of the laser pulse) is 34 fs. The second maximum of
the total dissociation yield curves in Fig. 2 (panel (a)) is at #34 fs.

Time delay =23 fs

Time delay =34 fs

Iy (W/cm?) a=0 a=-0.03 a=+0.03 Iy (W/cm?) a=0 a=-0.03 a=+0.03

10° 201%x107° 299%x107° 1489% 3.06x107° 152.4% 10° 6.71x107  544x107°  81.0% 532x10™° 79.3%
1010 171107 2.68x10™* 156.7% 275x10™* 160.9% 1010 641x107% 513x107*  80.1% 5.02x10™* 78.3%
10! 1.67x1073 263x1073 157.6% 270x1073 161.9% 10" 633x1073  507x1073  80.0% 4.95x1073 783%
102 0.01576 0.02490  158.0%  0.02564  162.9% 1012 0.058 34 0.04726  81.0%  0.04623  79.2%
1013 0.09451 0.15707  1662%  0.16212  171.5% 1013 0.33097 028922  87.4% 028385  85.8%
104 0.278 68 043083  154.6% 045560  163.5% 104 0.708 34 0.66095  933%  0.66087  93.3%
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FIG. 5. Fragment angular distributions of the dissociating D;’ molecule for two different initial vibrational states (v =35, panel (a); v =7, panel (b)). Curves are

presented both for one dimensional (1d, no LICI situation) and for 2d calculations. The applied field intensity is 1 x 10'* W/cm?. Shown are the results for the
transform limited a =0, negatively chirped a = —0.008 (square), and positively chirped a = 0.008 (circle) calculations.

in Fig. 4 KER data for three different laser pulses. In the
case of the transform limited pulse, the peaks are most pro-
nounced for time delays corresponding to the minima of the
total dissociation yields. In between two minima, the peaks
remain at the same energetic position but they are higher and
strongly overlapping. For the chirped pulses, the main peak
of the spectra (peak of largest intensity around Ej;c; + fiwp) is
narrower compared to the transform limited situation. In the
case of negatively chirped pulses, the position of the peaks of
the KER spectra is moving towards larger energies as the time
delay increases. For the case of the positively chirped pulses,
the opposite is true. This slant of the KER peaks plotted against
delay time seems to represent an important aspect of the KER
distributions. From our current study, it is not clear yet what
the underlying processes are.

So far we have not varied the intensity of the laser pulse in
the calculations. A laser pulse with the intensity 7 = 1 x 10!
W/cm? was applied. As previously discussed, the strength of
the nonadiabatic coupling is determined by the laser intensity.
We now present two tables collecting the numerical results
for the total dissociation probability for several different laser
intensity values (1 x 10° — 1 x 10'* W/cm?). The results in
Table I and in Table II refer to 23 fs and 34 fs delay times,
respectively. It was discussed above for I = 1 x 10" W/cm?
that at 23 fs delay time the value of the minimum dissociation
yield of the TL curve is substantially smaller than that of the
chirped curves. This tendency holds for the whole studied
interval of the intensities (see Table I). In all three cases,
the total dissociation yields increase monotonically as the
laser intensity increases between 1 x 10° and 1 x 10'* W/cm?.
Then, at the highest intensity studied (1 x 10'* W/cm?), the
ratio drops again. In Table II, we collected the results for
the case of 34 fs delay time. As this value of the delay time
provides the largest obtained dissociation probability yields,
but at which the ionization is suppressed by using chirped
laser pulses. Consequently, the ratios between chirped and TL
results are always less than 100%. Howeve