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91405 Orsay cedex, France
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Two-color two-photon femtosecond ionization experiments have been performed on NaI. The wave packet
evolution of the A excited state has been followed by detecting photoions and photoelectrons. The results
indicate that the Na+ ions are formed when the wave packet is located at the outer turning point of the
excited state. Surprisingly, the NaI+ ions are also observed to be in phase with the Na+ signal. Photoelectron
spectra show that high kinetic energy electrons are produced when ionizing around the outer turning point,
in agreement with the NaI+ formation. The absence of signal corresponding to ionization from the covalent
part of the excited state potential can only be understood if the absolute ionization cross section is much
smaller in the covalent region of the A state (where the molecule can be considered as a van der Waals
complex) than in the ionic Na+‚‚‚I- part of the A state potential (where the interatomic distance is such that
the ionization process may be considered as a photodetachment of the electron from I- anion). Simulations
taking into account that ionization occurs only when the wave packet is in the ionic region of the A state are
in good agreement with experimental data.

Introduction

Extensive studies performed by the group of Zewail1-9 have
demonstrated that the NaI molecule is a benchmark for following
wave packets evolution in the time domain. In their real time
studies on this molecule, a first laserλ1 prepares a wave packet
in the first excited state of NaI (Ω ) 0) through the excitation
of the X-A transition. The oscillations of the wave packet are
followed by applying a second laserλ2, delayed in time, which
induces a transition to an upper state (corresponding to Na(2P)
+ I). The result of these two excitations is observed through
the fluorescence of the atomic sodium D line. When wave
packet control is realized4 a third laser is used to dump the wave
packet toward the ground state. These studies have enabled
characterization of the excited adiabatic A state potential (see
Figure 1) as well as the upper state reached with the probe laser.
In many studies performed on neutral molecules, it has been

demonstrated that wave packet oscillations can be followed by
probing bound states (I2,10 Na2,11 Cs212) or neutral dissociative
states such as in NaI1-9 and Hg-Ar.13 The probe can also be
achieved by photoionization. When photoionization is per-
formed above the dissociation threshold of the ion, competition
in time between simple ionization and dissociative ionization
is expected. This has been observed in the case of Na2

11 and
the two processes are out-of-phase.
In the NaI case, theoretical studies have been published that

simulate the time evolution of the predissociation using a
femtosecond ionizing probe pulse and monitoring either the ion
signal14 or the photoelectron distribution15 as a function of time.
The relevant potential energy curves are presented in Figure

1. In alkali halides, the ionic Na+I-(X1Σ0
-) ground state crosses

the covalentΩ ) 0- andΩ ) 1 excited states corresponding
to the asymptotic Na(2S1/2) + I(2P3/2) limit. For symmetry

reasons, only theΩ ) 0- state is coupled to the ground state.
When the interaction is strong, as in NaI, a trapping well is
formed, which is represented here by the adiabatic A state. An
initial femtosecond pump pulse (λ1) prepares the wave packet
in the A state, and its evolution is followed through ionization
to the NaI+ state corresponding to the Na+ + I limit with a
second femtosecond probe pulse (λ2).X Abstract published inAdVance ACS Abstracts,March 1, 1997.

Figure 1. Potential energy curves of NaI from refs 7, 17, 18, and 19.
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In their work, Engel and Metiu14 simulate both the excitation
of the A state with a 300 nm femtosecond laser and the
ionization with a short 4-5 eV photon and predict that
monitoring the Na+ or the NaI+ signal should enable one to
follow the wave packet dynamics in the A state. They also
calculate that the Na+ and NaI+ ion signals should be out-of-
phase, Na+ being essentially formed from the ionic part of the
A state potential, while NaI+ should allow one to follow the
wave packet in the inner covalent region of the potential.
Recently, Braun et al.15 have calculated the time evolution

of the photoelectron spectrum. This calculation predicts emis-
sion of an electron of high energy when the wave packet reaches
the outer turning point of the excited A state and emission of a
low-energy electron at the inner turning point.
In this paper, we present experimental results on the two-

photon two-color femtosecond photoionization of NaI detecting
the time evolution of both the mass spectrum and the photo-
electron spectrum, which will enable us to test the theoretical
predictions.14,15 We will see that the results obtained here
question the available theoretical predictions and call for a more
refined treatment of the NaI ionization step as a function of the
Na‚‚‚I distance.

Experimental Section

The experimental setup consists of a supersonic beam coupled
to a dual photoion photoelectron time-of-flight spectrometer and
a femtosecond pump-probe laser.
The supersonic expansion that generates the beam is realized

using a pulsed valve in the first chamber, which is evacuated
by a 1500 L/s turbo pump. Since the valve cannot be heated at
a sufficiently high temperature to get enough vapor pressure of
NaI, an oven is added beyond the valve. Two types of ovens
have been used so far. In the first case, the oven is located 1
cm downstream the valve and NaI is pushed by an argon flow
into the ionization region of the mass spectrometer. Under this
condition, the NaI temperature is the temperature of the oven,
i.e., 600°C. In the second setup, a small oven is attached to
the valve and the helium gas passes through the oven heated at
450°C before expansion through a 1 mmaperture hole. Under
these conditions, the NaI is cooled in the expansion. No
noticeable changes in the results have been seen with these two
setups except that, in the latter case, an ion signal corresponding
to Na2I+ has been observed in the mass spectrum.
The supersonic jet is skimmed before entering the extraction

region of the double time-of-flight spectrometer. On one side,
the electron time-of-flight is obtained by applying 1 V/cm in
the extraction region and 2 V/cm in the acceleration region,
the field-free path being 65 cm long. On the other side the
ions are detected after a field-free region half a meter long. The
two spectrometers cannot be operated at the same time. The
ion or electron signals are detected with microchannel detectors,
and the time-of-flight spectra are recorded on a digital oscil-
loscope interfaced to a PC computer.
The laser used in this experiment is the same as the one used

in previous studies.16 Briefly, the pump wavelengthλ1 in the
309-313 nm region is obtained by doubling the red light issued
from a femtosecond dye laser with a 1 mmthick BBO crystal.
The pulse energy is typically about 5µJ, the spectral bandwidth
is about 1 nm, and the temporal width is in the 120-175 fs
range. Another pump wavelength domain, 345-348 nm, is
obtained from mixing the ouput of the same red dye laser with
the fundamental of a Ti:sapphire laser (pulse width, 130 fs) at
790 nm in a BBO crystal. The dye laser is not compressed
after amplification, the temporal width being then 250-300 fs.

The probe wavelengthλ2 at 263( 1 nm is obtained by
frequency tripling the light from the Ti:sapphire regenerative
amplifier. The probe pulse is typically 150-200 fs wide, and
the pulse energy is on the order of 30µJ. The lasers are delayed
in time by scanning a delay line at 33 fs steps. Both lasers are
mildly focused in the beam between the grids of the spectrom-
eter with 1 m lenses. A typical spectrum is obtained by
averaging 10-20 scans with 25 laser shots per scan step.

Results

The signal observed for the Na+ mass as a function of the
delay betweenλ1 and λ2 is presented in Figure 2. The
oscillations of the wave packet in the A state can be followed
for more than 15 periods (18 ps) whenλ1 ) 312 nm. In
agreement with the results of the fully documented work of Rose
et al.,2 the period varies with the excitation wavelength: it drops
from 1260 fs at 310 nm to 1180 fs at 312 nm (Figure 2) and
950 fs at 347 nm (Figure 2, insert).
The width of the oscillations (leading to an apparent

background signal) also varies with the wavelength: the peak
width is 320( 30 fs with the 347 nm excitation and 460( 50
fs with the 312 nm excitation, although the pump laser width
is larger at 347 nm.
The time evolution of the two competing ionic channels Na+

and NaI+ and the zero-time determination are presented in
Figure 3, whereλ1 ) 312 nm andλ2 ) 263 nm. It is clear
from the left part of Figure 3 that the recurrences of the A state
wave packet are observed to be in phase for the two ions Na+

and NaI+ . The contrast of the oscillations is greater for NaI+

than for Na+; the peak width is 460( 50 fs for the Na+ signal
and 300( 30 fs for the NaI+ signal. The maximum intensity
is 10 times larger for Na+ than for NaI+.
The temporal overlap of the lasers (t ) 0) has been measured

in the following way. p-Xylene is added in the expansion, and
λ2 (263 nm) excites the molecule in its S1 state. λ1 (312 nm)
ionizes the molecule when it arrives afterλ2. An increase in
the ion signal is observed as the delay is scanned, which is the
result of the convolution of the temporal width of the laser with
an ionization step function and is presented in the upper right
trace of Figure 3. From this curve, the convolution of the laser
widths can be estimated to be 250( 30 fs, and thet ) 0 time
can be measured with an uncertainty of(50 fs. Once timet )
0 is measured, we can see that the first peak appears with a
600( 50 fs delay.

Figure 2. Na+ ion signal as a function of the delay between pump
(312( 1 nm) and probe lasers (263 nm). The period is 1180( 50 fs.
In the insert, the pump laser wavelength is set at 347 nm. Under these
conditions, the total energy is just enough to reach the Na+ + I ionic
limit.
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In Figure 3, a small peak at∆t ) -90 ( 30 fs can also be
noticed on the NaI+ channel. This peak does not gives rise to
recurrences (at negative delays).
Figure 4 presents the results from detecting energy-resolved

photoelectrons withλ1 ) 310 nm andλ2 ) 263 nm, which
corresponds to a period of 1260( 50 fs. The photoelectron
spectra recorded at two different delays are presented on the
right side of Figure 4. When the delay is 630 fs, i.e.,
corresponding to the maximum ion signal, two peaks are clearly
observed, the first one arriving between 480 and 500 ns and

the second one between 520 and 540 ns. The first one can be
calculated to correspond to fast electrons 2000< E < 3400
cm-1 and the second one to low-energy electronsE< 500 cm-1.
The time evolution of the photoelectron spectrum has been
recorded by selecting two time-of-flight (or energy) regions in
the photoelectron spectrum. The first region is centered on high-
energy electrons (time-of-flight, 495 ns), and the second region
centered at 530 ns monitors low-energy electrons. The two
peaks are integrated, and their intensities are recorded as the
delay between the probe and the pump lasers is changed.
In the right part of Figure 4, the lower trace presents the

evolution of high-energy electrons. The oscillations are per-
fectly in phase with the signal observed for Na+ and NaI+. In
contrast, the oscillations of the slow electrons (upper part in
Figure 4) are at a minimum when the signal for the fast ones is
a maximum. The first peak, labeled 1 in the figure, is delayed
by 200( 40 fs from timet ) 0, the second one (2) is delayed
by 950( 50 fs, and the third one (3) is at 1500( 80 fs. These
last two peaks are symmetrical with respect to the minimum of
the ion and the fast electron signal, i.e., symmetrical with respect
to the period.

Discussion

The present experimental results are discussed in light of
previous studies by the group of Zewail.1-9 A simple model is
presented that explains the main features and is compared to
more refined theoretical studies already published.14,15

First, we point out that the recurrences are observed in the
photoionization study as predicted by the calculations of Engel
et al.14 Although the pump wavelength (312( 1 nm) for the
experiment presented in Figure 1 is close to the one used by
Cong et al. in ref 3 (310 nm), the oscillations we observe do
not show the same trend; we do not observe a “chaotic” regime
between 10 and 20 ps as they do. The oscillations smoothly
decrease in the entire 0-20 ps region. This behavior can be
understood in view of the work of Chapman and Child20 who
predict long-lived states in this spectral region, the lifetimes
being strongly dependent on the exact wavelength. This effect
has not been studied systematically in this paper. We must also
mention that the presence of chirp of the laser pulses has not
been checked in the present experiment, although Sterling et
al.21 have shown that chirped pulses could increase or shorten
the coherence time of the observation. The recurrence periods
are in agreement with those given in ref 2, the measured periods
being 1260( 50 fs at an excitation wavelength of 310( 1
nm, 1180( 50 fs at 312( 1 nm, and 950( 40 fs at 347( 1
nm.
The important result in the ionization experiment is the

appearance time of the first peak in the Na+ ion signal. Forλ1
) 312 nm the first peak appears with a 600 fs delay, forλ1 )
310 nm the delay is 630 fs, and it is 470 fs forλ1 ) 347 nm.
In each case the delay corresponds to half the recurrence period.
Therefore, the Na+ ion signal is observed when the wave packet
has reached the outer turning point of the A state.
The most surprising experimental result is that NaI+ and Na+

channels are observed in phase. Thus, NaI+ is obtained when
the wave packet is at the outer turning point, i.e., when the
interatomic distance is∼12 Å. This is at first glance somewhat
unexpected, since at this distance the binding energy of NaI+

is on the order of 20 cm-1 (this value is calculated with the
potential used in the next paragraphs to model the NaI+ ion),
whereas the total excess energy is on the order of 3400 cm-1

whenλ1 ) 310 nm andλ2 ) 263 nm. This behavior can be
understood by looking at the time-resolved photoelectron energy
spectrum (Figure 4). At delays corresponding to ionization from

Figure 3. Ion signal as a function of delay between pump and probe
laser: (upper left) NaI+ ion signal as a function of the delay between
the pump (263 nm) and the probe (312 nm) lasers; (lower left) Na+

ion signal as a function of the delay between the pump and the probe
lasers, where the peaks are fitted by Gaussian functions; (upper right)
step function obtained on thep-xylene molecule; (lower right) Na+

signal obtained in the same experiment.

Figure 4. Photoelectron signal as a function of delay between pump
and probe lasers. (Right) Photoelectron spectra recorded at fixed delay
between pump (310 nm) and probe (263 nm) lasers (top,∆t ) 200 fs;
bottom,∆t ) 630 fs). It should be noted that these spectra are not
corrected for the detection efficiency of the spectrometer. Slow electrons
detection is highly favored. Furthermore, one-color two-photon ioniza-
tion with the 263 nm laser yields an important background of slow
electrons that has not been subtracted. (Left) Time evolution of the
electron signal as a function of the delay between pump (310 nm) and
probe (263 nm) pulses where the background has been subtracted (upper
curve, slow electrons 0-500 cm-1; lower curve, fast electrons 2000-
3400 cm-1).
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the outer turning point, only very few low-energy electrons are
emitted whereas the emission of high-energy electrons is at a
maximum. Therefore, energy conservation implies that the
internal energy content of the ion is minimal at the outer turning
point, leading to the formation of stable NaI+ ions together with
Na+ ions with low kinetic energy.
The scheme of the NaI potential curves relevant for this

discussion is presented in Figure 5. The potential of the A state
is issued from the work of Faist and Levine.17 The potential
for the ionic NaI+ state is not known exactly; the long-range
interaction, which is the most important here, is modeled with
a (RΝa+ + RΙ)/(2R4) term as usual for ion-neutral interaction,
whereR Νa+ andRΙ are the Na+ and I polarizabilities listed in
ref 17. The repulsive part of the potential is modeled with an
exponentially decreasing term adjusted to get a binding energy
of .5 eV, and the short distance part of the potential is only
indicative.
The observed results can be modeled with classical mechanics

using a similar assumption as in refs 14 and 15, i.e., the dynamic
reflection principle depicted in Figure 5, where the ionic NaI+

potential and the excited A state potential shifted by the energy
of the ionizing photon (4.714 eV) are plotted. If the A state
potential, shifted by the laser energy, is lower than the ionic
potential, no electron can be emitted. Thus, neither electrons
nor ions should be detected for interatomic distances between
4 and 8.7 Å (between C1 and C2).
The kinetic energy of the outgoing electron is governed by

the conservation of total energy and kinetic energy for the heavy
particles; the ejection of the electron will not modify the nuclei
kinetic energy (Ekinetic). Thus, the energy of the outgoing
electron will just be the difference between the ionic NaI+

potential and the excited A state potential shifted by the ionizing
photon energy.
Two regions where ionization is possible can be distinguished

in Figure 5. In region I around the inner turning point, the

ionization process is energetically accessible. At the inner
turning point,Ekinetic ) 0, all the excess energy is removed by
the electron, and NaI+ ions should be produced. When the wave
packet moves toward C1,Ekinetic increases and the energy of
the outgoing electron will accordingly decrease. Depending on
the exact internuclear distance and binding energy in the NaI+

ionic state, Na+ ions may or may not be produced, depending
on howEkinetic compares with the binding energy in the ion (Eb).
Na+ ions will be produced wheneverEkinetic > Eb. Otherwise,
only NaI+ will be formed.
In region III, the electron energy will increase as the kinetic

energy of the atoms decreases when heading to the outer turning
point of the potential. At 8.7 Å, zero kinetic energy electrons
are emitted from energy conservation.Ekinetic is large, and
therefore, the ions produced will dissociate and give rise to the
Na+ signal. As the internuclear distance increases, i.e., as the
wave packet moves in time toward the outer turning point,Ekinetic
decreases and the energy of the ejected electron increases. Near
the turning point, the relative kinetic energy of the nuclei
vanishes. All the available energy is imparted to the outgoing
electron, leaving the NaI+ ion with so little internal energy that
this ion will survive and be detected as NaI+.
However, another important assumption has to be made. In

agreement with the experimental fact that no signal is observed
around the inner turning point, i.e., in region I, we must assume
that the absolute ionization cross section in the Na+I- region is
a lot greater than the ionization cross section of the covalent
NaI region. In the covalent region of the A state the molecule
can be considered as a van der Waals complex where the sodium
atom is weakly perturbed. Thus, the ionization cross section
in this region should be very similar to the Na atomic ionization
cross section, which is on the order ofσNa ) .1 Mb.22,23 In the
ionic region of the A state, the interatomic distance is such that,
in a first approximation, the ionization process can be considered
as the photodetachment of the electron from the I- anion. The
absolute photodetachement cross section of I- is on the order
of 20 Mb in the 4-5 eV energy region.24 Therefore, the NaI
ionization cross section should be∼200 times greater in the
ionic Na+I- region than in the covalent region.
With these simple assumptions, the results can be simulated

using classical mechanics. At timet ) 0, the particles are
promoted to the excited NaI potential, with an initial energy
corresponding to the difference between the energy of the pump
laser and the binding energy of the A state. The movement is
calculated by resolving Newton’s equations with a Runge-Kutta
integrator. At each time (or distance), the energy of the electron
and the kinetic energy of the atoms in the ionic potential can
be calculated. IfR > 8.7 Å (the crossing point between the
dressed excited state and the ionic state, C2 in Figure 5),Eelectron
becomes positive and ions are produced. For each distance,
the kinetic energyEkinetic is compared to the binding energy in
the ion. IfEkinetic is smaller than the binding energy, then NaI+

is observed, and ifEkinetic is larger than the binding energy, Na+

ions are produced. Running the trajectory producessquare
functions of time that tell us when and where Na+ and NaI+

are produced. To mimic the fact that the laser pulses are not
infinitely narrow and that the wave packet is spread in time/
distance, these functions are convoluted with a Gaussian function
of a given width.
With this very simple model, a remarkable agreement between

simulation and data is obtained for the ion signals as a function
of time, as shown in parts a and b of Figure 6, for an excitation
wavelength of 312 nm. If the NaI+ signal (width 300 fs) is
used to fit the width of the Gaussian function (the best fit was

Figure 5. Scheme of the potential energy curves from refs 7, 17, 18,
and 19. The excited adiabatic state potential taken from refs 7 and 17
has been shifted by the energy of the probe laser (4.714 eV)(dressed
excited state). For the ionic NaI+ potential, the long-range interaction
that is the most important here is modeled with a (RΝa+ + RΙ)/(2R4)
term as usual for ion-neutral interaction, whereRΝa+ andRΙ are the
Na+ and I polarizabilities listed in ref 17. The repulsive part of the
potential is modeled with an exponentially decreasing term adjusted
to get a binding energy of .5 eV, and the short distance part of the
potential is only indicative. The total energy corresponds to the energy
in the A state plus the energy of the probe photon. It represents the
total energy in the ionic state, including the potential energy and the
kinetic energy of the nuclei and of the outgoing electron. In region I,
the ionization process is energetically possible but not observed. In
region II, the ionization is not possible because of the reflection
principle. Ionization is only observed in region III.
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obtained for a width of 250 fs), then the Na+ signal is simulated
with the correct contrast and width. The Na+/NaI+ ratio is only
qualitatively reproduced giving a 6/1 ratio, whereas the observed
ratio is higher than 10/1. The spectra obtained at another pump
wavelength (347 nm) have also been simulated. The contrast
between successive Na+ peaks is greater at this wavelength;
the peak width is 320( 50 fs, whereas it is 460( 50 fs at 312
nm with a shorter laser pulse. This reflects the evolution of
the wave packet at different energies. At lower energy, the wave
packet spends less time in the ionic part of the potential, and
the time window viewed through ionization is shorter. This
decrease in the peak widths is reproduced well in the simulation.
A similar simulation can be performed for the electrons by

dividing the continuous electron spectrum generated by the
model into two parts: electrons with less than 500 cm-1 of
energy and electrons with more than 2000 cm-1 of energy. Here

again, the simulated spectra resemble the experimental ones (see
parts c and d of Figure 6).
The very simple model proposed here is based on the same

assumptions as that for the wave packet calculations on the time
evolution of ion signals performed by Engel and Metiu,14which,
however, deserve some comments. Their calculations indicate
that the Na+ fragment is obtained when the wave packet is in
the region of the ionic curve, which is in complete agreement
with our results. But they did not predict the appearance of
NaI+ at the outer turning point, where the ejected photoelectron
leaves with all the available energy. It was rather unexpected
that NaI+ ions only bound by a few wavenumbers would be
detected. The calculations also predicted that the NaI+ signal
should be mainly observed at short distances around the
equilibrium distance in the ionic state where the ion is strongly
bound, assuming a good Franck-Condon (FC) overlap between
the covalent region of the A state and the ionic state. This is
not observed experimentally, and the reason must be that the
FC factors are not large enough to counterbalance the poor
ionization efficiency in the covalent region as compared to the
ionization efficiency in the ionic part of the A state.
The same comments can be made about the calculations of

the photoelectron spectrum published by Braun, Meier, and
Engel.15 The present work is partially in agreement with these
calculations; high-energy electrons are indeed observed when
the wave packet reaches the outer turning point, and as already
stated, these high-energy electrons partly lead to stable NaI+

ions. Some discrepancies are observed for low-energy electrons.
In agreement with the calculations, only a few low-energy
electrons are emitted at the outer turning point, but the authors
suggest that low-energy electrons are emitted mostly when the
wave packet is in the covalent region (R< 6 Å). The spectra
recorded here show that slow electrons are emitted with a delay
of 200 ( 40 fs, which from a classical dynamic simulation
corresponds toR ≈ 8 ( 1 Å, in the ionic-covalent crossing
region, i.e., at longer distances than predicted. Once again, the
difference between calculations and experiment comes from the
ionization efficiency (or transition dipole moment), which is
set as independent of the internuclear distance in the calculations.
Clearly, this hypothesis has to be refined and more sophisticated
calculations would be necessary.
A last point to be mentioned concerns the observation of

“negatively” delayed peaks on the NaI+ channel (Figure 3) and
on the slow electrons (Figure 4). Negative delays mean that
the pump and probe lasers are reversed, i.e., the pump laser is
the 263 nm laser and the probe the 312 nm laser. This excitation
scheme is only seen once, and no recurrences at longer times
are observed.
For the NaI+ channel 1, this signal at-90 ( 50 fs may be

due to the excitation of theΩ ) 1 state (which corresponds to
the same Na(2S1/2) + I(2P3/2) limit as the AΩ ) 0 state). The
Ω ) 1 state is optically accessible from the ground state but
has a different symmetry; there is no interaction between states
and no avoided crossing, andΩ ) 1 rapidly dissociates.2,25

However a nonresonant photoionization process can also occur
at t ) 0. Such a process could be hidden under the observed
signal.
For slow electrons, the negative peak arrives at-180( 50

fs and may correspond to the Na2I+ ions present in the mass
spectra; the time evolution of the Na2I+ signal presents a peak
at-200( 60 fs, and the signal drops to zero at longer delays.
The origin of the Na2I+ signal has not been elucidated at present.

Conclusion

In this experiment we have shown that wave packet dynamics
can be followed by direct ionization to the dissociation/ionization

Figure 6. Comparison between model and experiment forλ1 ) 312
nm. (a, b) simulation of the ion signals. The dotted line shows the
square function issued from the classical dynamic simulation. The
decrease of the signal due to the avoided crossing in the A state is not
taken into account. The full line is a convolution of the first curve by
a Gaussian function with a width of 250 fs. The vertical scale
corresponds to the simulation. The calculated Na+/NaI+ ratio is found
to be 6. Data represented by9 are experimental points. The relative
intensity of the experimental points has been normalized to the
calculated ones. (c, d) simulation of the photoelectron signal. Slow
electrons are taken from 0 to 500 cm-1 in the classical dynamic
simulation and convoluted by the same Gaussian function as for the
ion signal (width of 250 fs). Fast electrons are taken from 2000 cm-1

to the maximum energy possible of∼3400 cm-1. The dotted line shows
the classical dynamic simulation. The full line shows the convolution
of the simulation by a Gaussian function with a width of 250 fs.
Experimental points are for fast electrons ([) and for slow electrons
(b). In this case, since the experimental signal is not corrected for
detection efficiency, the relative intensity of the simulated curves has
been normalized to the intensity of the experimental points.
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continua. The branching ratio between dissociative ionization
and ionization toward a stable molecule can be understood using
very simple classical mechanics arguments. This paper shows
that, in this case, the ionization efficiency is greatly enhanced
when the molecule has a strong ionic character. A theoretical
treatment to account for this observation is highly desirable.
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