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Single ionization of molecular iodine
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We performed a study of the single ionization of iodine, I, over a range of wavelengths. Single ionization of
I, is unexpectedly found to have a contribution from inner molecular orbitals involving the 5s electrons. The
I+ I dissociation channel was recorded through velocity map imaging, and the kinetic-energy release of each
channel was determined with two-dimensional fitting of the images. Most of the measured kinetic-energy data
were inconsistent with ionization to the X, A, and B states of I,*, implying ionization from deeper orbitals.

A pump-probe Fourier transform technique was used to look for modulation at the X- and A-state vibrational
frequencies to see if they were intermediate states in a two-step process. X- and A-state modulation was seen
only for kinetic-energy releases below 0.2 eV, consistent with dissociation through the B state. From these results
and intensity-, polarization-, and wavelength-dependent experiments we found no evidence of bond softening,

electron rescattering, or photon mediation through the X or A states to higher-energy single-ionization channels.
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I. INTRODUCTION

While the single-electron ionization rates of atoms in strong
fields are relatively well understood [1,2], molecules have
attracted attention over the years due to their additional degrees
of freedom (vibrational, rotational, and electronic). These
degrees of freedom allow for the study of the dependence
of ionization on angle and internuclear separation [3,4]. Bond
softening and enhanced ionization are two such prominent
effects that have been predicted and observed [5-9]. More
recently, the electronic degrees of freedom have attracted more
attention. For example, in molecules, inner-valence orbitals
can play an important role, as they lie less deeply bound than
the corresponding inner shells in atoms [10-12]. Ionization
of an inner orbital will leave the molecular ion in an excited
state affecting all subsequent strong-field phenomena, such as
rescattering, high-harmonic generation (HHG), and multiple
ionization. Moreover, given the highly nonlinear nature of
these interactions, the possibility arises that understanding
these strong-field effects may, in turn, provide information
about the structure of the molecular orbitals (MO), using
techniques such as quantum tomography [13] and electron
diffraction [14]. Given the likelihood that ionization will not
be selective from a particular orbital but, rather, produce a
hole involving multiple orbitals, ultrafast dynamics may be
introduced and measured [15,16]. Nevertheless, all of these
questions and opportunities rely on knowing which orbitals
are involved in the interaction.

As mentioned above, inner-orbital ionization will lead to
a molecular ion in an excited state. As it turns out, ample
evidence has accumulated over the years showing excitation
of the molecules through strong-field ionization. Experiments
include the observation of charge asymmetric dissociation of
even-charged molecular ions [17-19], observation of molec-
ular fluorescence in the vacuum ultraviolet (VUV) spectral
region [11], electron spectroscopy directly showing ionization
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of the highest occupied molecular orbital (HOMO) -2 in N,
[10], and the dramatic manifestation of excitation through
lasing in the atmosphere on a transition from a state possibly
produced through ionization of the HOMO-2 orbital [20,21].
While the excitation of molecules could be produced through
inner-orbital ionization, it does not prove that this is the
mechanism. Another experiment provides a closer link [22].
VUV radiation from atomic fragments following strong-field
ionization revealed a clear pattern: radiation from plasma
excitation could be identified with Rydberg-type excitations of
the atomic ions, while radiation from the direct laser-molecule
interaction was uniquely identified with atomic ion states
involving one or two holes in the 2s shell. This implies a
coupling with the molecular orbitals formed from the 2s, not
just the 2p, electrons. This also sets the energy scale of the
excitation of at least 10-20 eV, and indeed, VUV fluorescence
from strong-field ionization was observed in this energy range
[23]. Why these deep inner orbitals couple strongly to the laser
field remains to be explored and understood.

While light simple molecules, such as Nj, O, CO,, and
SO,, have been extensively studied [19,24-27], it is important
to expand the range of molecules studied to gain a deeper
understanding of the strong-field interaction. One extension is
to more complex light molecules, such as C;H,, C;Hy, CgHg,
etc. In these molecules there are numerous low-lying orbitals
that can readily interact with the laser field [28,29]. However,
in light molecules, the ionization and dissociation generally
happen at the same time during the laser pulse because the light
nuclei move fast. In this paper, we take a different approach
and look at a heavy diatomic molecule: iodine. Like the light
polyatomic molecules, I, has low-lying accessible molecular
orbitals [30,31]. However, its nuclear motion is very slow due
to its large mass, and we can cleanly decouple ionization from
dissociation. In this case, the kinetic energy of the atomic
fragments following ionization should be easily interpreted
through energy conservation with the known potential-energy
curves at the equilibrium internuclear separation and the
atomic dissociation limits. I, is interesting as the orbitals are
much harder to calculate [30], and insight from strong-field
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experiments may be useful. In addition, I, immediately stands
out compared to light diatomic molecules, as it is more likely to
dissociate after ionization than remain a molecular ion, unlike
light molecules, which tend to remain intact [32].

In this paper, we measure the kinetic-energy release (KER)
of the I 4+1 (1,0) dissociation channel [throughout this
paper (n,m) designates the 1) — I"* 4 I"* dissocia-
tion channel] of I,7 over a wide range of wavelengths
(800—400 nm) with ultrashort (40 fs) laser pulses. The vibra-
tional period of the I,* ground state is 139 fs [33]. Given the
fact that most ionization will occur at the peak of the pulse, very
little internuclear motion will occur during ionization. This
means that bond softening should not play a role. In this case,
the KER will depend only on the energy of the initial state of
I,* and the dissociation limits. Ionization of the HOMO pop-
ulates the X5 3/, states, and that of the HOMO-1 populates
the Ay/3/2 states [33,34]. All of these states remain bound
when populated at the equilibrium internuclear separation R,
of the I, ground state, resulting in no dissociation. Ionization
of the HOMO-2 populates the B state that will dissociate in the
range of 0-0.15 eV, which is easily seen in the data. However,
our attention will be focused on the majority of the ionization
signal, which produces fragments with KERs above 0.5 eV.
These channels cannot be associated with the three least bound
orbitals based on the KER data and a pump-probe technique
described below. For this reason, we conclude that the bulk of
the ionization involves the deeper orbitals built on the 5s elec-
trons, reminiscent of the ionization of the 2s electrons in N,
discussed above. The 5s electrons in atomic iodine lie about 10
eV below the 5 p electrons, and so it remains an open question
as to why there is such strong coupling to the deeply bound in-
ner orbitals in both the light and heavy homonuclear diatomics.

II. EXPERIMENT

The experimental configuration is shown schematically
in Fig 1. To produce photoionization and photodissociation
a Spectra Physics Spitfire 800-nm, 40-fs, 800-uJ, 1-kHz
Ti:sapphire laser is used [12]. This pumps a dispersion-
compensated Light Conversion TOPAS optical parametric
amplifier (OPA) to produce 450- to 750-nm photons with a
pulse duration of 45 fs. The pulse duration, spectrum, and
beam profile out of the OPA is checked for each wavelength.
Also, 400-nm photons are generated through second-harmonic
generation in a type-I 500-um-thick barium borate (BBO)
crystal. A broadband beam splitter splits the beam path into a
pump-probe configuration for certain experiments. The higher
transmission from the beam splitter is sent to the BBO or
the OPA. A motorized stage is used to introduce temporal
delay between the pump and probe. After the OPA and delay
stage the pump and probe are recombined collinearly and
sent into the vacuum chamber. Pump-probe experiments were
run at only 800 nm with a delay of 25 fs per image and a
total scan time of 1300 fs. In this configuration an 800-nm
beam splitter was used for the recombining mirror. For single
pulses from the OPA a silver mirror was used, and for single
pulses from the BBO the mirror was removed. In the chamber
the beam is focused using a spherical mirror with a focal
length of 7.6 cm. The focus intensity ranges from 6 x 103
to 1 x 10" W/cm? depending on wavelength and energy.
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FIG. 1. Experimental setup. BS: beam splitter, A/2: half-wave
plate, A/4: quarter-wave plate, BBO: barium borate crystal, Delay:
delay stage, OPA: optical parametric amplifier, IL: ion lens, FM:
focusing mirror, MCP: microchannel plates and phosphor screen.
The mirror after the OPA is removed when using the BBO crystal.
An example VMI image is shown at the top.

Room-temperature iodine is diffused into the chamber through
a leak valve. The chamber is pumped by a turbo molecular
pump with a typical background pressure of 5 x 10~ Torr. The
I, pressure is set between 1078 and 10~7 Torr, depending on
the experiment. A three-element velocity map imaging (VMI)
ion lens configuration similar to the one used by Eppink and
Parker [35] is used to accelerate the cations. A microchannel
plate (MCP) and phosphor screen are used to detect the cations,
which are imaged by a CCD camera at 20 frames/s. The MCP
is gated using a pulse generator [36]. In order to record the data
in ion-counting mode each image is thresholded to remove
noise, and the remaining pixel values are set to 1 to remove
MCP fluctuations. A single frame contains 50 laser shots;
however, since we maintain a relatively low iodine pressure
and low intensities, we rarely see more than two ion counts
per 50 laser shots. Anywhere from 100 to 50 000 images are
summed depending on the experiment. Since iodine is heavy
and therefore slow in time of flight (TOF), we are able to slice
the VMI images using dc gating [37,38].

The momentum space image is transformed to energy space
using the following known conversion:

Ye = Ayp (1)

where yg is the total KER of the ion and its dissociation partner
(in eV), yp is the momentum (in units of pixels in the image),
and A is a scale factor. Using five block-averaged images, we
find A = 1/700 eV /pixel® based on the known total KER of
the (1,1) channel, 4.7 eV [18,39]. Figure 2 shows a sample of
typical VMI images for four wavelengths and identifies the I
channels as well as the I,2* channels.

III. DATA ANALYSIS

To identify the KER of the various channels in the VMI
images we employ the following fitting algorithm. First, to
improve statistics, we five block averaged and folded the
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FIG. 2. Typical single-ionization images at various wavelengths:
(a) 487 nm, (b) 520 nm, (c) 691 nm, and (d) 800 nm. The arrow in
(b) shows the polarization axis used for all images. All images are
five block averaged. The I* channels and I,>* are identified in (a).
The amplitude of the signal is displayed in arbitrary units.

images in quadrature [40]. We then fit each image using an
in-house MATLAB program. For the angular dependence the fit
uses the sum of the first four even Legendre polynomials. A
Gaussian function of the radius r and the polar angle 6 is used
for the radial dependence:

N 1[r—r;
S(r,@):Z exp —§|: ”

i=1

2
:| )[al,iLo(O)i + az,; L(0);
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Here i runs from 1 to the number of fit curves needed N, r; is
the radius of the fit curve, w is the width, L,, is the nth Legendre
polynomial, and a; ; is the amplitude which scales each of the
Jj = 1,2,3,4 Legendre polynomials for i fit curves. A ¥ test
is used to find the best fit. For this experiment we found six
fit functions are needed to achieve the best fit. Example fit
images are shown in Fig. 3. We required six functions for the
following reasons: The I,2* peak at the center of the image has
a fixed thermal width for constant repeller voltage. Since the
width is dependent on charge and independent of the cation
mass, we experimentally determined the width of I,?* using
Ne?* and Ar**. We find the width of the thermal peak to be
0.0275 eV [41]. This width agrees with calculations and
simulations in SIMION. For each image fit the thermal peak
is fixed at zero radius, and its width is fixed to the previously
mentioned value. Also, for the thermal peak, the amplitude of
the Ly function is allowed to vary, while the amplitudes for
L,,Ly4, and Lg are set to zero. A second function was used for
the (1,1) channel present in all the images. A third function
accounted for the low-energy peak with a relatively constant
KER, which is described in the next section. The remaining
structure in the (1,0) dissociation channel required three
functions to fit well, as shown in Fig. 4. It is not at all clear from
the one-dimensional (1D) line outs that three functions are
needed. However, the three channels differentiated themselves
in the two-dimensional (2D) fits and were consistently needed
for all wavelengths.

To attempt to understand the dissociation pathways in the
(1,0) channels 2D fast Fourier transform (FFT) spectroscopy
is performed on pump-probe VMI data. The idea is that
the higher-energy KER channels may come from a two-step
process through the X or A states of the ion. Thus, the X
or A states may dissociate through the absorption of one or
more photons. If this were the case, then these dissociation
channels would be modulated at the vibrational frequency of
the X or A state. To perform the 2D FFT each pixel i in image
J is converted into a time series running from 1 to j. A 1D
FFT is performed on this series, and the value of the FFT
corresponding to the frequency of the state of interest is used

+ a3 ;La(8); + as;Le(6);] } () for the pixel value i. This is done for all pixels in the original
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FIG. 3. Typical fit images showing single ionization at 485 nm with vertically polarized light. The z axis is in intensity with arbitrary units.
(a) The original image five block averaged and folded in quadrature. The white arrow shows the polarization axis. (b) The fit image. (c) The
original image subtracted from the fit image. (a) and (b) have the same intensity scale, while in (c) the scale is magnified by 10 to show the

residuals.
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FIG. 4. (a) and (c) A representative 3D image and line out at 485 nm. In this image the B-state peak is clearly visible at low energy. (b)
and (d) Representative 3D image and line out at 590 nm. In this image the outer second high-energy peak is just emerging around the bottom
of the larger inner high-energy peak. In the 3D image the central I,2* peak is removed as described in the text, and the line outs are along the
0 = 0 direction. In (c) and (d) arrow a labels the thermal I,>* fit curve and arrow b labels the low KER fit curve, which we will associate with

the B state.

image, forming a new 2D FFT image. This allows us to clearly
identify X- or A-state modulation in the 2D FFT VMI image.
A typical 2D FFT image is shown in Fig. 5.

We considered three sources of error in the KER
measurements. First, there is the quality of the fits. We used
the standard method of using the curvature of x2 in parameter
space to estimate the errors in the fit parameters [42]. This gave
a relative uncertainty in the KER of 10—, which sets only a
lower bound on the error. Second, we used the repeatability
of the KERs for data sets taken at the same wavelength but at
different intensities and gas pressures and on different days.
This gave an error of 0.125 eV for the (1,1) channel. This
agrees nicely with the standard deviation of the measurement
of the (1,1) for different wavelengths (again, 0.125 eV), as
we do not expect a strong wavelength dependence to the (1,1)
KER. Third, there may be a systematic error from the use
of Gaussian functions to fit the KER spectrum, as that may
not reflect the true KER distribution of a single dissociation
channel. However, this error will be independent of the other
experimental parameters, such as wavelength, intensity, and
pressure. Since the fitting was done in momentum space, we
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FIG. 5. Example 2D FFT VMI analysis images showing (a)
X-state modulation and (b) A-state modulation. The pump and
probe are vertically polarized 800-nm light. In addition to five-block
averaging these images have also been smoothed to enhance the
modulation signal. Also shown is the 0.2 eV radial distance consistent
with dissociation through the B state. Note that since a slightly lower
repeller voltage was used to magnify the (1,0) channel, these images
have been scaled to the same image size as the single-pulse images
used in this paper.
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FIG. 6. Plot of fit KER versus 32 photon energies. Fit data
are plotted in black. The horizontal blue box shows the B-state
dissociation energy range from 0 to 0.15 eV. The slanted lines show
the one-photon mediated KER calculated for the X state (3/2 is
the solid red line, and 1/2 is the dotted blue line) and the A state
(3/2 is the dashed green line, and 1/2 is the dash-dotted purple line)
to the 2P5;, + * P, dissociated I'* + I state. The data points at 0 eV
corresponding to the thermal I,>* are not shown.

scaled the KER uncertainty of 0.125 at 4.7 eV according to
dE = 23/2Apdp, where E is the energy (ineV), A is the same
constant as in Eq. (1), and p is the momentum (in pixels).

IV. RESULTS

In this paper, we are mainly concerned with the KER of the
various (1,0) dissociation channels of I, ™. In fitting the data, we
needed to include the angular distribution and the magnitude
of the signal, but we will not consider them further in this
paper. Figure 6 shows the main results of the wavelength-
dependent study of the dissociation channels. In addition to
the dissociation, there is, of course, an I,* signal not seen
in these images. At the top of Fig. 6 is the (1,1) channel.
This is relatively constant as a function of wavelength and has
been measured by several different groups, producing a KER
of 4.7 eV. There is some deviation around photon energies of
2.3 eV, but this is where the OPA crosses over from one mixing
scheme to another and will require further study. The rest of the
data points in Fig. 6 correspond to individual (1,0) channels.

As mentioned above, to first order, the X and A states of
I,* are bound and will not produce a (1,0) signal. The B state
has a binding potential, but if populated at the equilibrium
internuclear separation R,, the wave packet will dissociate,
although with very low energy in the range of 0.05-0.15 eV.
This can be seen in Fig. 6 at the very bottom of the graph and is
produced at every wavelength. So our goal is to understand the
rest of the data. Simple ionization of the HOMO, HOMO-1,
and HOMO-2 will not give rise to the observed KERs. There
are several possible explanations. The first is the simplest
and is the one we believe to be correct: ionization occurs
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FIG. 7. Example VMI images for the polarization dependence
at 661 nm. (a) VMI image with circular polarization. (b) Two
VMI images, one with vertical polarization and one with horizontal
polarization, summed together.

from deeper orbitals, HOMO-3 and HOMO-4, which involve
orbitals built on the 5s electrons. However, before we can
make this conclusion, we must consider other possibilities.
Rescattering is well known to occur in strong fields and
leads to HHG [1], nonsequential double ionization [19,24,43],
and hot electrons [44]. It may well lead to excitation. For
example, if an electron is ionized from the HOMO, the X state
would be populated, but the rescattered electron may excite
the molecular ion to a higher state, producing a large KER.
However, this can be ruled out by using circular polarization,
as shown in Fig. 7. While there are slight differences in
the VMI images comparing linear and circular polariza-
tions, the number of channels and corresponding KERs are
clearly the same. Thus, the multiplicity of (1,0) channels and
their KERs cannot be attributed to rescattering.

The other scenario that does not invoke direct inner-orbital
ionization is some postionization interaction with the laser
field. This can occur in two limits: first, the cation starts to
dissociate while the field is on, or the cation is essentially
stationary in the field. In the former case, the cation can
encounter laser-induced curve crossings, generally known as
bond softening. This is not likely, as iodine is quite heavy and
will not move during the laser pulse. Moreover, one would
expect an intensity dependence of the KER mediated by bond
softening as the magnitude of the laser-induced gap would be
intensity dependent. We found no such intensity dependence,
and Fig. 8 shows an example of this.

Finally, we must consider one other possibility: if, for
example, the A state is populated through ionization of the
HOMO-1, the cation may be able to absorb an additional
photon and reach a dissociating curve which produces a large
KER. However, since the X- and A-state curves are known,
one can predict the resulting KER. Furthermore, there should
be a linear dependence of the KER on the wavelength. Figure 6
includes these possible KER curves resulting from one-photon
absorption from the X or A states. There does seem to be a
signal consistent with ionization to the X/, state plus one
photon and perhaps to the A1, plus one photon. However, this
is just a consistency check, and there are several issues: (1) this
assumes that there are states available to absorb the photon,
which may not be the case, (2) the Az + y line is clearly
offset from the data, and (3) the A,> + y line goes roughly
through the data points, but a horizontal line at about 1.6 eV
would do equally as well.

013410-5



SMITH, TAGLIAMONTI, DRAGAN, AND GIBSON

=
N
—

o~ Intensity (W/cm?)
E LOF — 7.0x 10®
eog; 1.4x 10"
S -- 2.1x10"
206 --- 2.8x 10"
° L

o [ - 38x10"
2 0.4r

N

=

£

o

Z

=
(=)
.

10 20 30 40 50 60 70
Radius (Pixels)

FIG. 8. Fit for one wavelength showing the KER dependence of
the peaks for five intensities.

Because it is important to make a definitive conclusion on
this possibility, we also performed a more involved experiment.
When the X or A states of the cation are populated, they will
start to vibrate at their characteristic vibrational frequencies.
In order to test whether there is a postionization interaction,
we applied a second probe pulse which we scanned in
time. Presumably, there will be some R dependence to the
postionization interaction, in which case, the signal produced
by the absorption of an additional photon will be modulated at
the field-free vibration frequency of the intermediate state. To
look for this, we performed an FFT of the time series for each
pixel in the VMI image. We could then select the frequency of
any of the low-lying states of I,* and create an image of the
dissociation mediated by that particular state. Indeed, this was
the original goal of this series of experiments. We assumed the
higher KER channels were the result of such postionization
absorption and the FFT VMI images would tell us something
about the intermediate state. However, as it turns out, we saw
modulation at the X- and A-state frequencies but only in the
very low KER region (see Fig. 5). The (1, 0) channels with a
KER above 0.2 eV showed no modulation, implying that they
came from dissociating potential curves populated directly by
the laser field.

V. DISCUSSION

Iodine has 106 electrons in the following MO structure [31]:

(core)” (100,)*(100,)* (110,)* (67, ) (67 (110,)° . (3)

inner valence outer valence

Ionization from an outer-valence MO places the molecule
in a particular state of I,*: The HOMO ionizes to the X state,
HOMO-1 ionizes to the A state, and HOMO-2 ionizes to the
B state [33,34]. Figure 9 shows the potential-energy curves
for the low-lying states of I, and I,™. As can be seen, a
vertical transition from the ground state of I, at the equilibrium
internuclear separation will lead to only an unbound state in
the I,™ B state. The X and A states of I, will remain bound.
Wave-packet simulations show that population in the X and A
states can be promoted to the B state and dissociate. This is
consistent with the data in Fig. 5.
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FIG. 9. Potential-energy curves for the X, A, and B states of
I,*. The I, ground state is shown in the inset along with the KER
definitions used in Eq. (4). The known Frank-Condon transition
energy from the I, ground state to I,>* is shown as blue dots and
labeled as in [31]. Plotted on the right-hand side are the possible
dissociation energies as described in Sec. IV and labeled as in [30].

The dashed lines show two possible dissociation pathways from
Table I.

The number of states to which I,* can dissociate is
surprisingly limited due to energy-conservation restrictions.
These states are even further limited by the known KER
of the (1, 0) channel in which we are interested. This puts
a limit on the KER that we expect to see. Through energy
conservation we can identify the KER of the direct ionization
and dissociation states:

Ex =1y —[E1+ Ex+ 1, + D], “4)

where E is the KER, Iy is the vertical excitation energy of I,
to various states of I, ™, E| and E, are the internal energies of
the two atomic iodine fragments, I, is the ionization potential
of atomic iodine, and D, is the dissociation energy of the
I, ground state. See the inset in Fig. 9. I, has an ionization
potential of 10.45 eV. The dissociation energy of I, is 1.57 eV.

Using Eq. (4) and the ionization potentials and dissociation
limits of iodine, we can put limits on the KER we expect to
see. The ionization potentials of I, have been measured using
electron-momentum spectroscopy (EMS) and photoelectron
spectroscopy (PES) [31,45]. These values are plotted in Fig. 9.
The dissociation limits are set by the known atomic energy
levels [46]. As an example we look at the B-state KER. The
B state dissociates to the D, manifold [30]. The D, limit has
three atomic configurations, giving three possible dissociation
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TABLEI. Some possible combinations of the dissociation of I, to
atomic fragments. DL is the dissociation limit as labeled in [30], and
I, is the atomic ionization potential level as labeled in [31], where
level 5 corresponds to the B state of I,*. We average the D,, Ds,
and D; manifolds. D, and D3 have three possible dissociation limits,
while D7 has two possible dissociation limits. We show only possible
KER which falls in the (1,0) range of 0.0 to 3.0 eV. Atomic levels are
from Ref. [46].

DL

I, D, D, Dy Ds Ds D,

5 0.06"

A 1.01 0.12

B 221 1.20 0.26

C 2.74 0.50
1.35

D 2.67

*This value uses the PES data given in [45] since the EMS energies
[31] for the B state do not dissociate.

energies. The B-state ionization potential is 12.95 eV as given
by PES. This gives the following KER values: 0.14 eV for
2P3/2 + 3Po, 0.05eV for 2P3/2 + 3P1, and 0.00 eV f0r2P1/2 +
3 P,. As can be seen in Fig. 6, we find the KER to be within this
range [47]. We can also see that there is a flat response versus
the photon energy only for the low-energy B-state dissociation
and the (1, 1) channel. Allowing for the possibility of photon-
assisted dissociation, which adds nhw, where n = 1,2, ..., to
Eq. (4), we can attempt to identify some of the channels with
the X or A state of T as discussed above. It can be seen
in Fig. 6 that these channels do not fit well with the possible
KER of the photon-mediated X or A state except possibly the
X2 state. The pump-probe data, as shown in Fig. 5, confirm
this result since they show only X- and A-state modulation
in the low-energy B-state dissociation channel. There is no
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modulation of the high-KER (1,0) channel in the 2D FFT
spectrum.

Nuclear wave-function simulations of I,* show that the
X and A states do impress modulation onto the B-state
dissociation and that the B state dissociates at low energy
around 0.2 eV. The simulations do not produce any high-
KER dissociation, which is consistent with the investigation
results above. Thus, in order to understand the high-energy
dissociation channels, we must consider additional initial
states (blue dots in Fig. 9) and dissociation limits (D3, Dy, . . .).
Table I summarizes possible KERs from the known initial and
final states that fall within the measured range. We are not
claiming a precise identification. Rather, we are showing that
dissociation pathways exist that fit the data.

VI. CONCLUSION

We have completed an exhaustive study of the dissociation
of I *. In this study we have ruled out electron rescattering and
bond softening since there was no polarization or intensity de-
pendence. We have found that single ionization in a strong field
to high-KER (1,0) channels is not consistent with dissociation
through the X, A, or B states. However, low-energy KER does
occur through the B state. This implies that single ionization
to the high-KER (1,0) channel does not appear to come about
through ionization of the HOMO, HOMO-1, or HOMO-2 but
is consistent with ionization coming from a deeper HOMO-3
or HOMO-4 formed from the 5s electrons. Further work is
needed to identify the exact dissociation pathways and the
orbitals involved.
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