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Off-resonant vibrational excitation: Orientational dependence and spatial
control of photofragments
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Niels E. Henriksen
Department of Chemistry, Technical University of Denmark, DTU 207, DK-2800 Lyngby, Denmark

(Received 8 June 2000; accepted 18 August 2000

Off-resonant and resonant vibrational excitation with short intense infdiRedaser pulses creates
localized oscillating wave packets, but differs by the efficiency of the excitation and surprisingly by
the orientational dependence. Orientational selectivity of the vibrational excitation of randomly
oriented heteronuclear diatomic molecules can be obtained under simultaneous irradiation by a
resonant and an off-resonant intense IR laser pulse: Molecules with one initial orientation will be
vibrationally excited, while those with the opposite orientation will be at rest. The
orientation-dependent response to the IR fields is due to the anharmonicity of the potential. A
subsequent ultraviolet laser pulse in resonance at the outer turning point of the vibrational motion
can then dissociate the oscillating molecules, all with the same orientation, leading to spatial control
of the photofragment distribution. @000 American Institute of Physics.

[S0021-960600)01642-1

I. INTRODUCTION ecules with one initial orientation will oscillate when the
field is turned off, while molecules initially with the opposite
8{ientation will be at rest. If only excitetbscillating mol-
ecules are accessed in the second step of the control scheme,

namics in the electronic ground-state potential well has bee nly molecules .W'th one initial oneptaﬂon W'”. partmpate n
the photochemical process and high selectivity can be ob-

proposed as an initial step in a two-step “pump—pump” con-tained

trol scheme for selective bond breaking in small polyatomic ) ) ) _
molecules® It was shown that an intense IR pulse can in- We investigated recently a heteronuclear diatomic mol-
ecule in an intense IR field, in particular, the effect of the

duce oscillations of a WP. In a nearly harmonic potential>~" ] ) ;
well, the WP will stay localized preserving the initial width, initial orientation of the molecules with respect to the polar-
ization vector in three dimensions. We found that the phase

while the amplitude of the oscillations will increase in the o S ; )
presence of the IR pulse. The amplitude of the oscillation®f the WP oscillations depends on the initial orientation of

can easily be several times the width of the WP. With twothe molecule or more precisely depends on the orientation of
molecular bonds oscillating out of phase, e.g., an asymmetrit€ permanent dipole moment in the electronic ground state:
stretch, one of the bonds can be broken selectively if a shorfWo molecules initially with opposite orientation will oscil-
ultraviolet (UV) laser pulse is applied at an appropriate time.late out of phasé.
In a model keeping the orientation of the molecule fixed with ~ One way to overcome the problem caused by initial iso-
respect to the laser polarization axis, high selectivity fortropic orientation of molecules in an experiment will be to
breaking a specific bond in, for examp®0*0%0 was orient the sample of molecules prior to the application of the
demonstrated. IR pulse. We propose in this paper an alternative scheme:
Many apparently promising control schemes give lessTwo IR laser pulses, one having a one-photon resonance
satisfactory results, when we take into account the effect oWvith the v=0—v =1 transition, the other having a two-
initial random orientation of molecules in a typical gas phasephoton resonance with the same transition, are applied on a
experiment. However, in some cases the molecules can s@mple of randomly oriented molecules. All molecules
aligned or even oriented prior to the control s?e‘po that aligned along the laser polarization will oscillate while the
end, a scheme for the orientation of polar molecules wasaser fields are present, but we will demonstrate that as the
presented recently, based on the simultaneous irradiatidifeld intensity decreases, molecules with one initial orienta-
with two infrared(IR) laser frequencies. tion will continue to oscillate while the oscillations of ini-
Alternatively, we can selectively make use of moleculestially oppositely oriented molecules will be damped and
with a fixed initial orientation and leave molecules with othereventually completely die out. Thus, if the second bond
orientations untouched by the photochemical process. Whkreaking step in the above “pump—pump” control scheme is
demonstrate in this paper that simultaneous irradiation witlapplied after the IR pulses have disappeared, it may only
two intense IR laser pulses may force the WP dynamics oimteract with the oscillating molecules, which are all oscillat-
the electronic ground-state potential surface such that moing in phase with the same orientation, see Fig. 1.

The goal of laser contrbf is to obtain high selectivity in
photochemical processes, e.g., selective bond breaking
polyatomic molecules. Laser induced wave packéP) dy-
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numerical diagonalization at each time step &nagrid point,
RV, ontcol, as in Ref. 9. Calculations are performed both in a one- and a
three-dimensional model. In the one-dimensididl) model
the molecular axis is aligned with the polarization axis of the
""" @ laser field, and the permanent dipole moment has two pos-
sible orientations depending on the initial orientation of the
molecule. In the three-dimension&D) model the wave
function is expanded in spherical harmonics. With the lin-
early polarized laser field we get the selection rile=0,
which limits the number of states involved in each 3D cal-
BV onon culation.
We follow the WP dynamics by calculating the expecta-
tion value of R, (R), and the standard deviatiomAR
o = J(R%—(R)? as a function of time. In the 1D mod€IR)
Ig‘ft’th"‘leorﬂgi‘etz‘gf;“ and AR are calculated only foe=0 and, where g is the
—_ =0 angle between the internuclear axis and the polarization vec-
S 6=z tor of the field.
 ontral R Orientation-dependent WP oscillations induced by the
S IR pulses allow us to control the spatial photofragment dis-
FIG. 1. Control scheme for selective dissociation of a heteronuclear d"[ribution in a subsequent dissociation via an excited state. A

atomic molecule AB# is the angle between the permanent dipole momentd | d UV | | ites th | | havi bond
4 and the electric field vectdE of the linearly polarized laser field. Mol- elaye aser pulse excites the moleculies having a bon

ecules with an orientation corresponding @0 are vibrationally excited  1€Ngth aroundR oo (S€E Fig. 110 a dissociative electronic
whereas molecules with the opposite orientation are left in the vibrationaktate. In the calculations where the control step is included

ground state. The vibrationally excited molecules are in resonance Withhe \WP is propagated on the coupled ground and excited

respect to the electronic transition at the outer turning point. . o .
states. We calculate probabilities for excitation to the excited
state and investigate the dependence on the initial orienta-

V(R)

The phenomenon presented is indeed a kind of coherefif™: I - L
control. The two IR pulses have to be phase locked, and the The initial state is in all cases the wbrafuon{:ll ground
relative phase of the IR pulses determines which moleculegtat(.av:0 and the correspondmg wave function is .the nu-
will end up oscillating. For simplicity the effect is demon- merically e>§act wave funcUon in the 9'.”0.' representation. The
strated on heteronuclear diatomic molecules. The computa?’-D calculauon_s are carried out for an initla+ 0, m=0 state
tional models, which were presented in Ref. 8, are extendeHnIeSS otherwise stated. The effect of a thermal averaged

; : sample is discussed in Secs. Il and IV.
to include two IR laser pulses in Sec. Il. The control scheme : . . .
b The model is applied to Nal and LiH. The potentials and

is applied to the heavy Nal and the light LiH molecule. Thedipole moments are taken from Refs. 10 and 11, respec-

orientational dependence for off-resonant vibrational excita;[iveI and calculated according to semiempirical valence
tion is discussed in Sec. lll, and we show that the phenom: Y: 9 P

enon is due to the anharmonicity of the nearly harmonicbond theory. A good representation of the Nal potential

electronic ground-state potential. The response to the Con@ro.und the equilibrium positigris given 2by the Morse po-
bined resonant and off-resonant field is presented in Sec. I\}fnt'al V(F\i): D{kgl_ expE—ﬁ(Rg Re)]}d’ WRere D
and used for the proposed control scheme in Sec. V. Thgg'g?&ev‘ £=0.90 A", Re=2.68A, and—0.3A<R-R.
implications for polyatomic molecules will be considered in o

the concluding Sec. V1. IIl. ORIENTATION DEPENDENCE IN OFF-RESONANT

FORCED WP MOTION

Il. TIME-DEPENDENT CALCULATION The efficiency of forcing vibrational motion in the

The theoretical model used is the same as in Ref. 8 exground-state potential well depends strongly on the fre-

cept that the IR laser field now consists of two componentsguency of the forcing field. If the IR field is in resonance
with the first vibrational transition, a moderately intense field

Eir(t) =Era(D) oL woit) + B () COLwred + ), (1) (I1>10 Wicm?) will make the WP oscillate. Off-resonant
where E g i(t) is Fourier transform limited Gaussian pulse forcing is much less efficient than resonant forcing of the
shape functions. The off-resonant field has been chosen witW/P motion of a bound molecule. Therefore we need higher
2wq=wes, Where the resonance is to the first vibrationalfield intensities, approximately 250 times larger than in the
excitation  =0—wv=1) in the electronic ground state. We resonant case to obtain the same amplitude of WP oscilla-
solve the time-dependent Schinger equation by wave tions at the peak of the pulse. This can be seen by compari-
packet propagation with a splitting of the short-time propa-son of Figs. 2a) and 2b). In both cases the WP will oscillate
gator. The kinetic term is evaluated in the momentum spacwith the frequency of the field, and the WP will stay local-
using fast Fourier transformatioirFT) between coordinate ized. For the resonant case, energy is efficiently deposited in
(R) and momentuntk) representation, and the potential en-the vibrational mode, and the WP is oscillating with the
ergy term and the interaction term are split further to avoideigenfrequency. In the special case @b 2=w,.s, We see
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resonant cases. The resonant case was discussed in detail in
Ref. 8, and we found that molecules with opposite orienta-
tions will oscillate out of phase, as seen in Figh)2 In the
off-resonant case the slow oscillations with the frequency of
the field show the same out-of-phase WP oscillations as in
the resonant case. However, when the vibrational energy is
transferred to the vibrational mode, all molecules will oscil-
late in phase. Figure (8 shows this orientational effect:
During the transition to the fast oscillations the WP gets an
additional outward acceleration at the inner turning point,
and the fast oscillations build up with two periods placed
within one of the slow oscillations. Therefore all molecules
are oscillating in phase at the end of the off-resonant IR
pulse.

The energy transfer from the off-resonant field to the
molecular vibration, and the orientational effect, is due to the
anharmonicity of the molecular potential well. In the Appen-
dix of Ref. 8, we derived an analytic expressighl5) for
the WP motion in a harmonic potential. According to that
expression, molecules which initially have opposite orienta-
tion will always oscillate out of phase. Furthermore, for an
off-resonant Gaussian pulse, the amplitude of the WP motion
is approximately proportional ta ex —n?#%/(2 In 2)], after
the pulse has vanished being the number of optical cycles
within the pulse. Thus, the amplitude will be negligible in
the present case where~5. The numerical simulation in
Fig. 2(c) confirms this result. In this calculation the Nal
ground-state potential has been replaced by a corresponding
harmonic potential. At short times, as long as the amplitude
is small, the oscillations in the anharmonic and the harmonic
potential are very similar. In the harmonic potential, the WP
oscillates with the frequency of the driving field, while the
field amplitude is large. At the peak of the pulse the ampli-
tude of the WP motion is 60% of what we find in the anhar-
monic potential. The oscillations vanish as the field strength
goes to zero. Thus, the energy transfer from the off-resonant
field to the molecular vibration and, in particular, the orien-
tational effect, is due to the anharmonicity of the molecular
potential.

The amplitude of the WP oscillations as a function of the
field strength also reveals the importance of the anharmonic-

FIG. 2. The expectation value of the bond lengfR) as a function of ity _Of the potentlal._ The amp,“tUde of the S,IOW oscillations
time depending on the initial orientation of the Nal molecule. 10 during the pulse is proportional to the field strendgth
model, off-resonant(b) 1D model, resonantic) 1D model, off-resonant  (o<\/1). This is the same intensity dependence as found in the
in harmonic potential, and(d) 3D model, off-resonant. iwor  case of a resonant field. Yet, the amplitude of the fast oscil-
o 140 cm*=0.5xfwres, 1o =10" \iV/cmz, andle=3x1CWien? [in 0] | vions after the IR pulse increases faster tEZ(e<1). The
ulse length for intensityTrwum=714fs, equivalent to a pulse length . . )
Tewi e = 1010 s for theE-field, as shown in the figures. ratio of the fast to slow amplitudes increases from 1.6% to
' 71% whenl changes from to 1022W/cn?. Thus, the
coupling to the vibrational mode of the molecule only be-
WP oscillations with the frequency of the field during the comes large when the WP is moved far from the equilibrium
pulse and toward the end of the pulse transfer of energy tposition to regions where the anharmonicity is important.
the vibrational mode. If the two-photon resonance criterionis  To further test the dependence on the anharmonicity we
not fulfilled, the WP will still oscillate with the field fre- have performed some simulations with a potential of the
quency, but the energy transfer is negligible, thus the ampliform V(R—R) = a(R—Rg)?+ B(R—R,)®, wherea is fixed
tude of the WP oscillations follows the field strength of the by the vibrational resonance frequency of the Nal molecule,
pulse, and the molecule returns to rest when the field vanand g3 is varied between 0 and a value corresponding to a
ishes. good representation of the anharmonicity found in the full
Now, the dependence on the initial orientation of theNal potential. For3#0, post-pulse oscillations are seen, and
molecule is very different in the resonant and the off-in all cases they are in phase for oppositely oriented mol-
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nant case in Ref. 8 had fewkstates involved due to lower
intensity, but for a simulation with a resonant field of the
same intensity as the present off-resonant fields, a similar
number ofl states is involved at the peak of the pulse. The
final |-state distribution only contains even or oldtates,
depending of i, being even or odd. For=10W/cn?
and l;,iia=0, the final distribution has a maximum &t
=16. In the resonant case the final population was mainly in
I =Tinitiar * 1.

Now, we consider the effect of the initial rotational state.
In Ref. 8, we showed that the results for resonant forcing of
the WP are robust to thermal averaging under typical condi-
tions in gas phase experiments using supersonic expansion
(T<10K). The above results are obtained with the rota-
tional ground state as the initial state. In an experiment, a
. molecular beam produced by supersonic expansion will be
- Y11 rotationally cold, but with a finite rotational temperature,

. T2 g typically T<10K. At 5 K thel=3, and at 10 K thd =5
R[A] 250 state, is the most populated level for Nal, and more than 90%
of the population is in<7 andl <10, respectively. We have

FIG. 3'. The ngclear wave packet of Nal in the off-rgsonant IR field, corre-performed independent simulations for different initiging)
_qundlng tp Fig. @). The molecules are strongly aligned along the polar- states determining the wave functidin (R, 6,t), which is
ization axis of the IR field.(a) The molecular bond compressed, . . . .
—682 fs. (b) The molecular bond stretchetk 742 fs. represented in a basis df (m) states. By integration oveR
and sum ovet’, we calculate thé;,;;,-dependent weighted
sum of all them states,

b)

ecules. The amplitude of the fast post-pulse oscillations var- 2 (R=Rg)im(6,t)norm,(6,t)
ies approximately linearly wittg. (R=Re)i(0,1)= S norm(6.0) : 2
The orientational effect described above seems to be " ™
quite robust with respect to the form of the pulse shape funchere
tion, as long as it is reasonably smooth. Thus, the result is Rimax
unchanged when the pulse length of the Gaussian pulse Ltprmm(ﬁ,t)=J Vin(R, 0,) ¥ (R, 0,t)dR )
reduced or when a sine-square pulse is employed. The in- Rimin
phase oscillations for oppositely oriented molecules disapand
pears, however, for a rectangular pulse shape function. Rina
The full 3D calculation qualitatively agrees with the 1D (R— Rg)m( H,t)zf Yi(R,0,ORY (R, 0,t)dR—R,.
results[Figs. 4a) and Zd)]. The oppositely oriented mol- Rmin
ecules oscillate in phase. Yet, some differences occur. In the (4)
resonant case discussed in Ref. 8, we showed perfect agreBie WP’s with differentl ;o Oscillate in phase and with
ment between the 1D and 3D model, and interpreted this agpproximately the same amplitude. At times with very high
the absence of coupling between the rotational and vibradegree of alignment some differences are seen. In conclu-
tional motion, allowing us to represent the full 3D simula- sion, the off-resonant results are more sensitive to thermal
tions as a sum ove# of independent 1D simulations. The averaging than the resonant case in Ref. 8, which was effec-
resonant field only makes very small changes to the anguldively independent ofl,in - But for low temperaturesT
distribution, even if the intensity is increased to the same<5K) a thermal average ovér;y Will not destroy the
value as the off-resonant fieltl= 10"W/cn?. gualitative result. In case the complications from the thermal
The off-resonant field changes the angular distributionaverage are to be eliminated, a singjlgi, can be selected
The molecules become strongly aligned along the polarizaprior to the application of the IR fieltf
tion axis of the field even after the field has vanished, see
Fi_g. 3. The degree of alignment is not co_nsta_nt, and a’g tim_eRL WP MOTION FORCED BY TWO IR FIELDS
with extreme degree of alignment, the vibrational motion is
reduced, as arourtd= 1000 fs in Fig. 2d). A rotational wave In this section we demonstrate that a superposition of the
packet is created by the off-resonant field, thus the completm- and out-of-phase WP oscillations obtained above in the
dynamics of the system cannot be represented by indepenff-resonant and the resonant cases is very useful in creating
dent 1D simulations in the off-resonant case. an orientation-dependent response to IR fields. To that end,
Many | states are populated in the off-resonant case duee note that for a one-dimensional harmonic oscillator, it
to the high intensity of the laser field. For=10"W/cm?  can be shown analytically that a superposition of fields as in
about 20| states get a population above fQ for | Eqg. (1) gives an expectation value of the position corre-
=10"W/cn? about 30 states are involved. We use a basissponding to a classical superposition of the effect of each
of | 1a=50-80, depending on the field strength. The resofield without interference ternfs.
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FIG. 5. The nuclear wave packet of Nal corresponding to Fd).4a) t
=682 fs: WP(#=0) at the inner turning pointb) t=742 fs: WP(#=0) at
the outer turning point. Notice that the moleculegatr are at rest around
Re.
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pare Fig. 4a) with Figs. 2a) and 2Zb), att=1400fs]. Thus,
the two-field orientation-dependent WP motion is, essen-
] tially, a classical superposition corresponding to the addition
g5 000 of the contributions from each of the fields. In Figbpthe
¢ 110715 sec) amplitude of the WP motion obtained as the sum of the
. (S mamma s independent off-resonant and resonant WP moffid{fiR)
rd) ] —Rg) + ((R)es— Re) + Re] is shown. Compared to the simul-
2.8F : taneous application of the two IR fiel{iBig. 4@)] only very
small differences can be seen, especially in éker orien-
tation, where the two fields cancel the WP motion better than
the added results from the two independent calculations.
: Again we see that the orientational effect depends on the
- . anharmonicity of the potential. Figurgc} shows the two-
9 abet TN .o field forced WP motion in a purely harmonic potential.
"7 -1000 -500 O 500 1000 1500 2000 When the pulse vanishes the WP is left oscillating as in the
t 1071 sec] case of only resonant forcing.
FIG. 4. Forcing WP dynamics with two IR fieldsTgyyy=714fs, The 3D res,u“ qua“tam,/ely agrees with the 1,D results:
fi o =140 CM 1=0.5xfiwse, |1=102Wicn?, 1,,=3x1°Wicn?, (@—  The molecules in one hemisphere are at rest, while the mol-
(c) 1D model,(b) addition of off-resonant and resonant result in Figg) 2 ecules in the other hemisphere are oscillating, see Fd). 4
and 2b),(c) harmonic potential with parameter of the Nal moleciit§,3D In Fig. 5, two snapshots of the corresponding WP show the
model. angular dependent WP oscillations. F@#0, the WP is at
the inner or outer turning point in Figs(& and 3b), respec-
tively. For 6=, the WP is at rest. Note the WP is well
Figure 4a) shows the WP motion resulting from forcing localized inR. The WP is strongly aligned along the polar-
with a combined resonant and off-resonant IR field. After theization axis of the field. This is due to the off-resonant com-
pulse vanishes, molecules with an initial orientation correponent of the IR field, as discussed in Sec. Ill.
sponding tof=0 oscillate, while those witl#= are at rest. The strong alignment and mixing bftates are the main
The relative phase of the two IR fieldithe phasep in Eq.  limitations to the robustness of the results. The result is
(1)] controls which molecules are oscillating. In Figila4 qualitatively independent df,,;;, when the WP is not too
¢=0, if = the molecules ab=m= will be oscillating and  strongly aligned. The WP aligns when the pulse is vanishing.
those atd=0 will be at rest. The time the WP is most focused depends on the intensity of
The amplitude of the WP oscillations is slightly less thanthe IR field; the stronger the field the earlier the WP focuses
that of the sum of the amplitudes for the resonant and offin 6. This limits the off-resonant field strength to
resonant fields alone, 0.25 A compared @14 A[com-  |4<102W/cn?. With | 4<10"*W/cn? the amplitude of

2.4

<R>[A]
Iyl ¥v
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the WP oscillations becomes too small to be useful for the 1 __H!.r.! —
below described control scheme. . - [ ]

The maximuml state involved is the same for the com- 0.5L o 108
bined IR fields as for the off-resonant IR field alone. Again f s 106
the even or odd states dominate the final distribution de- o Of E o §"’
pending onl iy being even or odd. For the combined IR i Q & Jo4E
fields the difference between even and odd states is about  _g 5t ¢« ® L]
one order of magnitude, for the off-resonant field alone the i o® e 102
difference is three orders of magnitude. .1 b ee®® "0 ..o

We have also applied the 1D and 3D models on LiH to 28 29 3 31 32 33 34 35
test the effect of molecular maéke reduced mass of LiH is h"comro1[1°4 em’!]

22 times smaller than that of NalThe 1D model works
equally well for LiH and Nal. But the alignment seen in the FIG. 6. Frequency dependence of the selectivity paraniztefP(6=0)

; —P(6=m)]/[P(6=0)+P(6=m)] and the total probability for transition
LiH 3D case becomes even more pronounced than for Na b the excited state Py P(6=0)+P(6=m). 1D calculation.

and thlerefore the upper ' intensity |Im|t. b'ecom.esTpeak’uv=2015fs and 1,y =102W/cr? and Trymuy=95Ts. Circles:
lx=<10"'W/cn?, and the amplitude of WP oscillations is p, ., squaresD. Filled symbols:l .=3x10° W/en?, | 4=102Wic?,
too small to be useful. open symbolsl ,=8X10° W/cn?, | 4=5x10" W/cn?.

V. CONTROLLING THE SPATIAL DISTRIBUTION OF

PHOTOFRAGMENTS Reontrol, IS Varied. To obtain high selectivitR .o has to be

Previously, we have demonstrated that the orientationdisplaced far fromR,, further than in the control scheme

dependent out-of-phase WP oscillations can be utilized in §iScussed in Ref. 8. In that case the oppositely oriented mol-

control scheme for the dissociation of molecules with a se€cules oscillated out of phase, that is the 7 molecules

lected initial orientation, resulting in spatially separated phoWere compressed beloR, when the§=0 molecules were
tofragments. For Nal, e.g., Na fragments into one hemiMOved ©ORconyol. Yet, we obtainD>0.995 in the best case
sphere and | fragments into the otfieFhe controlling Uy~ Shown in Fig. 6. _ _

laser pulse dissociating the molecules was fulfilling the fol- ~ Figuré 7 shows an example of the orientational depen-
lowing criteria: (i) providing resonant excitation to a disso- d€nce of the probability for excitation to the excited elec-

ciative electronic state around the outer turning point of thd"onic state as resulting from a 3D simulation. A clear orien-
WP oscillations (in Fig. 1, at Reno), (i) pulse length tational selectivity is demonstrated with preferred excitation

shorter than the vibrational period of the molecule and cenf” Mmolecules oriented witly=0. Compared to the selectiv-
tered at a time where molecules with the selected initial orilty oPtained with only a resonant IR field and a very short
entation are stretched to the maximum. Many molecules od9V Pulse in Ref. 8, the forward/back selectivity is slightly

cillate fast(=10 fg), thus the second criterion demands very'educed. However, due to the alignment caused by the off-
short UV laser pulses. These pulses may be difficult to genf€Sonant IR field, the photofragments will be ejected with a
erate experimentally, but more crucially to the controlVETY Narrow angular distribution arouré-0.

scheme: They are very broad banded, thus the first criterion
becomes difficult to fulfill, because eventually the excitation
to the dissociative state will be resonant in the full range of
the WP oscillations. The two criteria limit the pulse length
with both an upper and lower boundary.

In the present case only molecules with a selected initial
orientation are left oscillating after the intense IR pulses van-
ish. Molecules with the opposite orientation never reach
Reontrol-  Thus, criterion(ii) is not needed. In fact, a long
pulse length only means that molecules will dissociate every
time the WP passes the.,io region.

In Fig. 6(a), a control UV pulse of 90 fs has been applied
and we analyze the orientation-dependent probability for ex-
citation to the dissociative state. The selectivity of the pho-

2 IR-fields

tofragment orientation is quantified by FIG. 7. 3D calculation showing the angular dependence of the probability
for transition to the excited state. Bold full line:P(8) for
P(6=0)—P(6=m) wyy=28 092 MY, Tpeauv=742 fs, 1 o=3x10° Wicn?, | =10 W/cn?,
= P(6=0)+P(o=m)" ©) 1oy =10"W/cn?, andTeyumuy=130fs. Integration of this result over the

two hemispheres yieldd =0.922. The dotted line shows the angular depen-
which is in the range from-1 [when P(§=0)=0] to 1 dence obtained in Ref. 8 with only a resonant figlg=5x10° W/cn? and

— ) — ; P a very short UV pulse. The resonant result is normalized to the peak height
[when P(6=m)=0]. We also consider the total excitation of the result with two IR fields by multiplication of a factor of 4.14. Note the

probability, in the 1D case given bi(6=0)+P(6= ). angular distribution is very narrowly peaked aroufid0. For comparison
The frequency of the UV pulse, and thereby the position ofthe thin full line showgcos@)|*.
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VI. CONCLUSION cite the C-0 vibration such that all C—O oscillations are in

We have considered spatial control of molecular Waveohase. This will make it possible to apply the above-

packet dynamics. We studied vibrational dynamics induce(gent'.oned _bump-pump contrpl scheme for selec-tlve. bond
by intense IR laser pulses. Resonant excitatigith respect reaking without a previous orientation step. Application of

to the vibrational 8-1 transition) implies that oppositely ori- the pnentatlonal effegt, suggbested in the p'fese”t. Paper, o
ented molecules will oscillate out of phase. Off-resonant exnonlinear molecules like HODneeds further investigation,
citation (a two-photon transition with respect to the-a also in order to establish the limits of application due to the

transition) surprisingly implies that all molecules oscillate in high field intensities needed in off-resonant forcing.
phase when the pulse has decayed, irrespective of the initial
orientation. When the molecule is subject to simultaneou$CKNOWLEDGMENTS
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