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Photodissociation of B* and HD™ in an intense laser field
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The photodissociation of 41 and HD" by an intense laser pulse is investigated by solving the close-
coupling equations without discretization. For the case gf khe photodissociation spectra are calculated
under the condition mimicking the experimental one, and a fairly good agreement with the experiment is
obtained. The uncertainty in the relative phases of initial states is found to lead to somewhat smoothing of the
spectra, depending on the pulse length. It is also found that Raman-type transitions via intermediate dissocia-
tion continuum play an important role in determining the photodissociation spectra. This leads to a population
increase of lower vibrational states and deforms the spectral profile. Dissociation from the lower vibrational
states due to the bond softening is not strong enough. Photodissociation spectra and angular distribution are
calculated also for HD under the same conditions as in thg'Hase. The dipole transitions lead to additional
structures in the energy spectra and angular distribution. There is a noticeable difference in the peak positions
of dissociation spectrum for particles dissociated by the direct electronic-dipole transition and by the transitions
via intermediate bound states. The photodissociation dynamics is further clarified by using the three-
dimensional plots of the spectra as a function of the field intensity and frequency.
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[. INTRODUCTION brational state distribution has been determined relatively ac-
curately. Assuming this state distribution, some experimental
Interactions of molecules with intense electromagneticand theoretical works have been carried dit—18.

fields are a subject of wide interest and active research, re- However, the initial condition still causes a difficulty for a
cently. Such phenomena as the above threshold ionizatigf/@ntitative comparison between experiment and theory.
and above threshold dissociatifih2], bond softening3,4], Th|s dlﬁlpulty concerns about the relative phases of .the ini-
and bond hardeningp,6] have been actively investigated in {12! amplitudes, which cannot be known and should inevita-
the last decade. Significant theoretical interest in these su ly be averaged. Besides, it is cru_C|aI to take Into account a
jects has been focused on the one-electron molecujés H '2'9€ number of bound states, which causes additional diffi-

and HD" because of their relative simplicity. Since the first culty for quantitative theoretical studies.

: . The aim of this paper is to apply the recently developed
two e]ectromc states are energetically vyell separated fronéffective method to studying the dissociation dynamics of
the higher states, the number of states involved in the pr

. . . ) ; 0F|2+ and HD' in an intense laser field under the conditions
cesses is not large. It is possible to propose physical picturggat mimic the experimental ones. The theoretical approach

of the processes I!sted above. These molecules represent fUlseq here is the close-coupling method based on the time-
damental diatomic molecules, homonuclear and heterogependent integral equatiof§IE) without any discretiza-
nuclear, and exhibit different features in an intense electrotion of the continuum. This has been successfully applied to
magnetic field 7,8]. the ionization of atom§17,18].

In the past few years, the experimental technique has been It will be demonstrated that various multistep transitions
progressed quite a lot and made it possible to experimentallglay crucial roles to determine the energy and angular distri-
clarify the photodissociation dynamics of, Hand HD" in butions in the photodissociation. These transitions include
an intense laser fiel@—-12. One of the main problems in dissociations via various intermediate discrete states and
the experiment, however, has been the concern about tHeaman-type transitions via the continuum and are rather sen-
initial vibrational state distributions of target iofi$3]. In  sitive to the laser parameters.
early experiments, the same laser pulse was used to produce The organization of this paper is as follows: in the next
the target molecular ions via multiphoton ionization of neu-section, the approach recently developed for atpins1g
tral precursors and to photodissociate the target ions. Thigased on the properties of TIE is reformulated so as to deal
caused the initial-state distribution unknown, and made thd'ith the molecular target. In Sec. Ill, comparisons between
analysis complicated because of the presence of neutral prBUr calculations and experimefitO] for the case of K" are
cursors. Recently, this uncertainty has been rem¢g6tby presented. Effects of initial phase and population as well as a

producing ions by dc electric discharge and the initial r0vi-rOIe of Raman-type tra_nsitions are discussed. Addition_al pro-
cesses that play crucial roles in the case of 'Hare dis-

cussed in Sec IV. A brief summary is presented in Sec. V.

*Permanent address: Lebedev Physical Institute, Leninsky pr., 53, Il. CLOSE COUPLING APPROACH
Moscow 119991, Russia. . .

TAlso at Department of Functional Molecular Science, The Gradu- A. Basic equations
ate University for Advanced Studies, Myodaiji, Okazaki 444-8585, The time-dependent Schitimger equation for a molecular
Japan. system interacting with an external laser field is written as
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i%—ﬂo(R,r)—(dr-l-dR).F(t) V(R )=0, (1)

where Ho(R,r) is the unperturbed Hamiltonian of the mo-
lecular systemd, anddg are the total electronic and nuclear
dipole moment, andr(t) is a time-dependent external field,

which is supposed to be a linearly polarized femtosecond

pulse with a Gaussian profile. As usualand R stand for
electron and nuclear coordinate vector, respectively.

We employ the close-coupling method on the basis of the
discrete and continuum eigenfunctions of unperturbed

Hamiltonian, I:|0(R,r), under the Born-Oppenheimer ap-
proximation and expand the total wave function as

V(R )= EK aan(t)lﬂn(R,l’) ﬁnUK(R)e“Ean't

+ g; J ban(t)‘//n(R,r)gan(R)efiEan'tdq,

)

wheren is the index to represent electronic bound state,
andq are the similar indices for nuclear motian for vibra-
tion andq for the momentum of dissociation continuum, and
K is the rotational quantum number. The functiofgR,r)

and 6,1, gk (R) are the corresponding electronic and nuclear

stationary-state wave functions,,, x are the energies of the
discrete statesqx= g?/2 is the energy of the continuum
state, and,,k(t) andbpyk(t) are the unknown coefficients.

Atomic units are employed throughout the paper, unless oth-

erwise noted.

Potential-energy curves of the ground and first three ex
cited electronic states of H molecule are presented in Fig.
1. In the case of external field, with wavelength about 78
nm (=~1.6 eV) used in most of the experiments, the energ
difference between the first and second excited potentia
energy curves is not smaller than the energy of four photon
Thus the attractive ground statesdy, and the first excited
repulsive state, Ro,, are good enough to be considered in
Eq. (2). The Hermitian system of coupled equations for the
coefficientsa,,, k(t) for the discrete states aidq«(t) for the
dissociation continuum follow from substituting the expan-
sion (2) into Eq. (1) as

dagk(t)
= 2 Unarerkr(Dan ()
n v K’
+ 2 | Unkonrger (Db (Ddg (3)
n’ K’
and
db t
Lo ® o Ungknro i/ (D)@n7oricr (1)
dt n’,v’,K' ’

+ z Uan,n’q’K’(t)bn’q’K’(t)dq,a (4)
n’ K’

»

S
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FIG. 1. Potential-energy curves for the ground and first three
excited electronic states of,H together with schematic radial wave
functions of bound and free states.

with

Un{uq}K,n’{v’q’}K’(t) = F(t) . <en{vq}K(R)eiEn{Uq}K”dEﬁy(R)
+dM(R)| 0y g1

X (R)e™ Enforak’ by, (5
d',(R)=(gn(RD)|d| 4 (RI)),
4™ (R)=— & Mo Ms ®)

C2Mg+M+m

where My and M, are the masses of the nucleus

>M;), mis the mass of electron, arelis its charge. The

5first and second terms in E¢3) describe the bound-bound

and free-bound transitions, respectively. In E4), the first

um describes dissociation from all the discrete nuclear states
and the integral terngfree-free transitionscorresponds to
nuclear scattering process. In E¢8)—(6), the basis wave
functions are obtained from numerical solutions of the radial
Schralinger equation with the potential-energy curves of
1soy and 2o, taken from[19,2( and the electronic tran-
sition dipole momentum from Ref§20,21.

The nuclear symmetry or asymmetry in, Hand HD"
naturally causes differences in transitions and structures of
Egs.(3) and (4). Since the electronic transition dipole mo-
ment,dﬁfﬂ],(R), couples the two electronic statesol, and
2pay, the nuclear transitions are possible only for bound-
free and free-free for the same nuclear rotational quantum
number K. Contrary to this, the nuclear dipole moment
which is zero in the case of Hl couples the states with
different K under the selection rulAK=*1. This can in-
duce bound-bound, bound-free and free-free transitions
within the same electronic state. Thus, naturally, the case of
HD™ is more complicated with the nuclear dipole moment
d™(R) = —eR/6; while the first term in Eq(3) vanishes in
the case of H'.

The bound-bound transitions can cause resonance effects.
Although the matrix elements of bound-free transitions are
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small compared to that of electronic transitions, the two-step - ; e A KT SR Y
bound-bound-free transitions via the intermediate discrete o] /‘y\ i ~——drprmums kemel ceslpard
state deform the energy and angular distribution of dissoci- 0.2 e\ — App K, Iagiieey part
ated particles quite a bit and the bound-free matrix elements ; i \
should be retained.
E
B. Time-dependent integral equations ;§
To solve the system of coupled Ed8)—(6), we employ
the recently developed approalti7,18 based on the prop-
erties of TIE. The approach has been successfully applied to
the problems of ionization of atoms by multicharged ions : : :
and by intense laser fields. Here we present the basic equa- p =5 P A p2 =)
tions, appropriate for the present case. Time difference, X [a.u.]
Since the free-free matrix elements do not directly affect
the discrete state amplitudes,,k(t), it is possible to ne- FIG. 2. Comparison between real and imaginary parts of the

glect them for the evaluation @f,,k(t). The transitions ne- accurate and approximate kerys, 00,(1s)oo(t— 7).
. . . . g ! g
glected by this approximation are of third ordeound-free-
free-boundl, actually the role of the free-free transitions was
carefully investigated in Ref18], and this assumption was
confirmed to work well. Neglecting the second term in the

right-hand side of Eq(4) and substituting this into Eq3),  The free-free transitions disregarded in Eg).are retained in
one obtains the evaluation of Eq(4) for the continuum amplitudes. Put-

ting the solution of Eq(7) into Eq. (4), we can reduce the

anK,n’v’K’(X):\TV:UK’”/U/K/(_X). (11)

dag,k(t) problem to the \olterra-type inhomogeneous integral equa-
—at ,ZK, Unok,nrok (D@ (1) tions with respect td,q(t). The details of this method as
e well as the generalization of E¢7) including the free-free
t transitions are discussed in REL8]. In the present calcula-
* E Wiwknrorir (6 7)anr ko (1), tions we do not take into account the free-free transitions, as

ti ror ’ . .
oK mentioned above, and solve Eg) without the second term.

() From the continuum amplitudeb,q(t), we can obtain the
photodissociation spectrum by a simple integration.

wheret; is the initial time and the kernéV,,,x n/, k- (t,7) is Since the kernewan,n’u’K’(X) defined by Eq(10) is a

given by function of the molecular parameters only, we can tabulate
this and use it repeatedly in any further calculations irrespec-
Wk nrori () =—i | > Unok gk (t) tive of the laser parameters and the initial amplitudes of the

n” K" discrete states. Equatigff) can be simply solved numeri-
cally using the standard algorithms.
XUn”qK”,n'v/K/(T)dQ- (8) y g ~ g X ) X
The kernelW, x nr,rk:(X) is @ complex function with
As we use the orthogonal and normalized unperturbe@scillatory real and imaginary parts, but the absolute value

nuclear wave functions, this can be rewritten as decays monotonically with the argument. One numerical ex-
ample is shown in Fig. 2, which is for=n’=1so of H,*
Wk i (1, 7) = = iF (O F (1) Wik vy i (1= 7) with v=v =0 andK—_ K'=0.ltis possuble_ to represent th_ls
kernelW ,k nrprk’(X) in terms of several simple exponential
Xexfli(Enkt—Enykm], (9 factors with complex arguments. Figure 2 shows the result of
5 this approximation with the use of five terms. Although the
where the new kernelV,,x /.« (X) is given by approximation seems to work well, it has been found that the

final results of dissociation probability are quite sensitive to
the error of this approximation. For instance, in the case of

A - (e)
Whoknrork (X)= EK (O (R)[dy 1 (R) Fig. 2, the final error in dissociation probability is 2% for
" =10" W/cn?, FWHM = 5 fs, and\ =100 nm; while it is
+dM(R)|Orqr(R)) 10% for A\ =150 nm and 400% fok =200 nm.

So we have finally decided not to use this analytical ap-

(e) ~
X(Orqer(R)dy o/ (R) proximations fortW ., o1,k (X) in our present calculations.

n,n’
+dM(R)| Oy (R))E @D xdg,

(10) C. Effects of initial relative phases

In the case of widely distributed initial bound states, the
with final dissociation probability depends on the initial relative
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phases of the coefficients,,«(t). The initial phase does not 0201 a)
play any role, when only one discrete state is initially speci- e B
fied. In the experiments of H [9—-12], however, the initial o164 ¢ \.
condition is given by a wide distribution of target eigenstates  _ 01 \
and the initial relative phase distribution is, unfortunately, % 0124 °
not known. In the present calculations, we have assumed 3 o< \.
both zero and a uniform distribution of relative phases. 2 oo \
The actual computational scheme is as follows. First, we % 0.06 1 N
prepare  the time-dependent propagation matrix, = o044 .
Prok.nrork (), for each specified initial staten(,v’,K’) 0.02 \-\,\.
with unity, i.e., zero phase, initial amplitude assumed. Once 0.00 . . . . . ‘:"-:—-—ol—._’
this matrix is prepared, the discrete state amplitualgg(t) o 2 4 & 8 0 12 14 16 18
at timet for any initial conditiona,,,k(t;) can be obtained by Vibrational quantum number, v
the simple formula, "7 . b)
0.5 -
k()= 2 Poaok(Dan, (). (12) .
n' o' K’ -~ 0.4
o 5
a
The matrixPp,k ny k(1) is not Hermitian and includes the 2
information of the continuum obtained from E@). The 2 ,,)
N S = o
unitarity is, of course, satisfied as \
0.1e \
2 |aan(t)|2+2 j |ban(t)|2dq: 1 (13) 00 T T T : v
n,v,K n,K 0 1 2 3 4 5
Rotational quantum number, K
1. H 2"' CASE FIG. 3. Initial bound state distribution employed in the calcula-
i ) _ tions: (a) vibrational states(b) rotational states.
A. Comparison with experiment
~ First, we have carried out calculations of photodissocia- B. Effects of initial phase and population
tion spectra under the laser conditions corresponding to those
of Ref. [10]. In this beam experiment, H ions were pro- Since B is homonuclear and there is no dipole coupling

duced in a dc electric discharge ion source, and the dissocCigatween the states with different angular-momentum quan-
tion rate was determined directly. tum numbersK, the transitions among each manifold of the
The initial popul_atlon_of rovibrational states ofz_H WEre  same angular-momentum can be discussed separately. The
separgtelyf d(tatermlned ;r! Rf'{ﬂ?.] from thg f?mlft'og prr10- total photodissociation spectrum is just the sum of them. Fig-
pes_,sl ye ?C _ron-|mpa(J:r lonization sz_le |- In Fig. 3, the ure 5 presents the energy distributions for different rotational
initial populations of B* (1soy) used in the present calcu- quantum numbers. The bold line represents the total photo-

lations are presented. These are the same as in [Ref. issociation spectrum, i.e., the sum of the contributions from
except that we do not take into account different rotational P o )
=0~3, and open circles are the results of one effective

state distributions for different vibrational states but used al . | b he A dix of Ref14
averaged rotational distribution. The relative phases of initia[0ttional guantum numbdsee the Appendix of Ref14)).

states are assumed to be equally distributed in the range fro;q"s effe_ctlv_e rotational quantum number was actually taken
0 to 2. to be unity in the case of H[14]. The good agreement be-

In the experimenf10], an intense field was produced by tween the two clearly indicates that one can use only one
focusing the laser pulses of various pulse energies an@iffective quantum number.
lengths to create various intensities. The pulse energy varies In order to investigate the influence of the uncertainty in
from 0.2 mJ to 1.0 mJ and the pulse length from 120 fs tdhe relative phases of initial states, we have carried out the
690 fs. Two wavelengths, 785 nm and 392 nm, were used. I6alculations for zero and uniform distribution of them. The
our calculations, we have assumed the Gaussian pulse envesults are shown in Fig. 6, which present the photodissocia-
lope with FWHM (full width at half maximum equal to the tion spectra for the case that all the initial relative phases
experimental one. assumed to be zendold line) and for the case of uniform

Comparisons between experimental res{ii§] and our distribution (thin line) for different laser-pulse parameters.
calculations are presented in Fig. 4. Here, the experimentdlhe uncertainty in the phases is found to lead to somewhat
data are presented in thin line and the present calculations asenoothing of the spectra, depending on the pulse duration.
in thick line. A fairly good agreement is obtained betweenThe effect is relatively more significant for short pulses and
the two, especially for the positions of main peaks. As thestrong fields. However, for the present purpose of compre-
results show, the peak positions and their heights are rathérending the overall physics of the processes, it seems to be
sensitive to the laser parameters. alright to use the zero relative phases.
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FIG. 5. Energy distributions in the continuum for different rota-
tional numbersK, in the case of K". The bold line presents the
total photodissociation spectrum. Open circle, the results with the
only effective rotational quantum numbeK=1 assumed.

N\ (wavelength=785 nm, FWHM(duration = 65 fs,
| (intensity)=3.1x 10" W/cn?.

bound states. In accordance with the perturbation theory, the
peak heights are proportional to the product of the corre-
sponding bound-state initial population and the Franck-
Condon factor. The first factor decays with the vibrational
guantum numbe(Fig. 3), while the second factor grows with
the photon energy. As a result, the maximum peak appears
for the transition from the =9 state E;15=0.85 eV).

As the laser intensity grows, multiple transitions naturally
play significant roles. Since only the bound-free transitions
between 0y and 2o, are possible because of symmetry,
significant contribution comes from the Raman-type bound-
free-bound transitions. These transitions lead to population
increase of lower vibrational states and deforms the spectral
profile.

Since an intense laser field causes ac-Stark shifts of bound
states and boundary of the continuum, dissociation peaks be-
come wider(this effect is analogous to that in the case of
ionization of atoms, see Ref22]). The transitions mainly

FIG. 4. Comparison of the photodissociation spectrum withgengpulate the levels strongly connected to the continuum.

the experimental datéFig. 3 in Ref.[10]) in the case of H".

The free-bound transitions also become significant and popu-

Thin line, experimental data. Thick line, present calculation.late the neighboring levels. In the case of short pulse with

The

wavelength,
Epuise (energy of the pulsey 0.3 mJ, FWHM(duration) = 130 fs,
I (intensity)=2.5x 10" Wicn?;  (b)
= 130 fs,1 =4.2< 10" W/cn?; (€) Epyjse= 1.0 mJ, FWHM= 130

A=785nm for all

Epulse=0.5 mJ,

fs, | = 1.5x 10" W/cn?.

C. Role of Raman-type transitions.

cases.

FWHM

wide power spectrum, the effect is enhanced by the reso-
nance transitions due to the higher harmonics. The process
leads to the strong one-photon peak corresponding to
=9 (Eota= 0.85 eV) that goes down with the intensity and
the peak corresponding 0= 8 (E;yt5=0.66 eV) grows, as
seen in Fig. 7.

The mechanism discussed above is clearly illustrated in

As was mentioned above, the peak positions and heightsig. 8, which depicts the time variation of each vibrational
of the photodissociation spectra are quite sensitive to th&evel population. The populations @f<8 do not decrease
laser intensity. In order to have better understanding of thenonotonically, but locally grow in certain time intervaia
dependence on the laser intensity, a three-dimensional plot the case ofu<7, the population even exceeds the initial
depicted in Fig. 7 foilh=785 nm(1.6 eV).

In the weak-field casel €2- 103 W/cn?), in which the

ong. For instance, the =7 population grows significantly
in the time interval 36-50 fs. Even in the case of=38, the
population increases at around 50 fs. The higher vibrational

simple perturbation theory workgl4], one-photon transi-
tions prevail. In this range of intensity, the peak positions,states, on the other hand, depopulate. Eventually, all these
i.e., the energies of dissociated particlds(,), coincide populations decrease and the continuum population steadily
with the sum of the photon energy and the binding energy oincreases.
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—7er0 phases
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Probability density

Probability density

L] T
0.0 0.2 04 0.6 0.8 1.0
Energy [eV]

10 4 b)

Zero phases FIG. 7. Three-dimensional plot of photodissociation spectra of
Averaged H,™ as a function of field intensith =785 nm, FWHM=40 fs.

€ IV. HD* CASE

4 A. Role of bound-bound transitions.

Probability density

Since there is no experiment available yet for HBnd it
is interesting to compare with 4 case under the same con-
dition, we have assumed the same initial conditions as before
0.0 02 04 08 08 10 (see Fig. 3.
Energy [eV] The reduced mass ratio of HDand H" is 4/3 and the
bound-free matrix elements of electronic-dipole transition
are not very different. The main difference in the dissociation
Zero phases . . .
Averaged process is expected to come from the nuclear dipole transi-
tions in HD*.
6 Figure 9 presents the energy distributions of the dissoci-
ated fragments for different angular-momentum quantum
2 numbersK. Our calculations show that the dissociation con-
tinuum of the ko, state contributes much less than that of
2 2po, state for any pulse parameters, and the difference in
J U the dissociation spectra and angular distribution can be ex-
0 / . . \ T plained only in terms of the transitions via intermediate
00 oz o4 08 o8 0 bound states. This means that the energy and angular distri-
Energy [eV] butions should be sensitive to the laser frequerid}.

FIG. 6. Comparison of photodissociation spectra of Hoe- _ Figure 1(_) shows a comp.aris.on of the dissociation spectra
tween the case that all the initial relative phases are assumed to ¥§th and without the contributions from the bound-bound
zero (thick line) and the case of uniform distributicthin ling). A transitions. One can easily notice that the new type of tran-
=785 nm for all casesta) FWHM = 40 fs, | = 2.5x 1013 W/cn?: sitions produce new peaks at energies that cannot be reached
(b) FWHM = 65 fs, | =2.5x 10" W/cn?; (c) FWHM = 130 fs,

Probability density

| =2.5x 10" W/cn?. 0201 Continuum; —— v=0;
0.18 4 Rl e il o £
—o— v=8; v=9; ——- - v=10;
Recently, the enhancement of photodissociation rate of ::
relatively low vibrational statesu(=6,7) was explaine10] TS R R S T
by the bond softening effeci3,4]. The present close- £ o0l T ° ety
coupling calculations suggest that this phenomenon is not ﬁ o'oe_lm”- T e
just due to the bond softening effect, but the Raman type & 0'06; g"’\W
transitions also contribute. rou R I
Besides, the processes discussed above, i.e., the step-by- '
step multiphoton dissociatiofabove threshold dissociation i = A
[1,2]) are also confirmed to contribute significantly. This oY o - o 80 100 120
plays a major role in the high-energy region of the spectrum. time [fs]

Peaks at energies abowg,;,=1.6 eV in Fig. 7 are ex-

plained by this mechanism. FIG. 8. Time variation of vibrational states populations in the

case of H'1=3.1-10" W/cn?; A=785 nm; FWHM=40 fs.
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FIG. 11. HD" case. Photodissociation spectra as a function of

FIG. 9. Dissociation spectrum for different rotational numbers, ™ ;
field intensity.A =785 nm; FWHM=40 fs.

K in the case of HD. A=785nm, FWHM=65fs, 1=3.1
- 10" Wicn?.

by the direct electronic-dipole transitions. Particles with suctf!€ctronic-dipole transitions prevail and the peak structures
energies have different angular-momentum quantum nundiscussed above can be observed. When the intensity in-
bers and angular distributions. The peaks at energiegreases, two types of competing processes determine the
=<1.4 eV are mainly produced by one-photon electronic-spectral profile. The first one is the same as that discussed in
dipole transition from the states with=7~9, as was dis- Sec. Ill and mainly determines the spectral profile at low
cussed before. The effects of Raman-type transitions disenergies. The second type of processes are the two-step tran-
cussed in the preceding section play roles in the dissociatiositions from deep bound states discussed in the preceding
spectrum in this low-energy region. o section. At high intensities, the latter processes become sig-
The additional structure at higher energies is due to thgificant.
Bﬁ%jigéri?gggnﬁaggn:]gepeopsesribti)l(i)tiuensd t?)ta(;iesss:oz?aetzebhlgr?ly The frequency dependence of the spectra is presented in
only one- but also two-photon direct transitions becauge o ig. 12. At low frequencies up to one half of the dissociation
nergy of the lowest state, the multistep bound-bound tran-

the small Franck-Condon factors in that energy region. The'. . ; .
one-photon nuclear dipole bound-bound transitions firgbitions play important roles. The frequency dependence is

populate higher bound states and the next one-photoﬁomplicated in this region. At higher frequencies (1.3 eV),

electronic-dipole transition leads to the peaks in this energf0 distinct sets of peaks corresponding to the first and sec-
region. The corresponding Franck-Condon factors betweefNd types of processes coexists. When the frequency exceeds

the high bound states and the continuum are big enough. 2.6 €V, the one-photon bound-bound transitions are not pos-
sible and the high-energy set of peaks can be explained as

the two-photon nuclear dipole bound-free transitions. The
probability of such transitions is smaller than the two-photon

. . - transitions via intermediate discrete state and the correspond-
Figure 11 presents photodissociation spectrum as a func-

. : . . . . . ng peaks become lower.

tion of laser intensity. In the low intensity region, the direct

B. Dissociation spectra and angular distributions
as a function of pulse parameters

Bound-bound transitions included
e Bound-bound transitions omitted
44 o
2
2 3
o -]
g g
3 2- [
§ o
4
o
3l
N
o T L] T T T
0.0 0.5 1.0 15 2.0 25
Total energy of dissociated particles,E _ [eV]
FIG. 10. Comparison of the dissociation spectra of ‘HEase
with (thin line) and without(thick line) bound-bound transitions. FIG. 12. 3D plot of photodissociation spectra of HRs a func-
Parameters are the same as in Fig. 9 tion of field frequencyl =8x 10" W/cn?; FWHM=40 fs.
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The competition between the direct electronic-dipole tran{aser field. In the case of homonuclear™H only direct
sitions and the two-step transitions via intermediate discretgound-free electronic-dipole transitions are possible. In this
states determines also the angular distributions. Consideringase, the Raman-type transitions via intermediate dissocia-
the fact that a uniform distribution is assumed for the initialtion continuum lead to tempora| popu|ation increase of lower
relative phases and cross terms between different continuufibrational states and thus, finally, deforms the spectral pro-
amplitudes are confirmed to be negligibly small, we can simile. This effect has been found to be crucial to explain the

plify the expression of angular distribution as experiment and the bond softening cannot be good enough.
q In the case of heteronuclear HDthe additional sequen-

p —):E j|ban(00)|2q2dq. (14) tial transitions via mtermedlate_ bound states play c_ru0|al

q/ nk roles. The two types of multistep transitions mentioned

above lead to energetically well separated structures in the
At low intensities, the angular distribution is main'ly dgter- dissociation spectra. The competition between the direct
mined by the initial population of discrete states with differ- gjectronic-dipole transitions and the two-step transitions via
ent rotational quantum numbers. Sir€e= 1 is the dominant  intermediate discrete states determines also the angular dis-
component, the angular distribution is close to’cdss the  tribution.
intensity increases, the nuclear deOle transitions S|gn|f|' The uncertainty in the |n|t|a| re'ative phases has been

cantly change the population of continuum with different ro-foynd to lead to somewhat smoothing of the spectra, depend-
tational quantum numbers and so the angular distribution. Ifl,g on the pulse length.

a wide range of intensity, 60"~ 1.2- 10" W/cn?, it be- The calculated results of photodissociation spectra have
comes closer to c8sAt higher intensities, it becomes more heen presented in three-dimensional plot by introducing the
complicated. field intensity or frequency as an extra axis. This is helpful
for clearly understanding the dependence of photodissocia-
V. CONCLUSIONS tion dynamics on the laser parameters.

The photodissociation of 44 and HD" by an intense
laser pulse is investigated by solving the close-coupling
equations without discretization. We wish to thank Professor L. P. Presnyakov of Lebedev

For the case of K", the photodissociation spectra has Physical Institute for stimulating discussions. This work was
been calculated under the condition mimicking the experipartially supported by a Grant-in-Aid for Scientific Research,
mental one and a fairly good agreement with the experimenGrant No. 13440182, from the Ministry of Education, Sci-
has been obtained. ence, Sports and Culture of Japan. One of the authors, A.K.,

The multistep transitions have been found to play signifi-is also indebted to the Japan Society for the Promotion of
cant roles in the photodissociation processes in an intensgcience.
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