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Study of vibrational wavepackets in hot I2 molecules with ultrafast laser pulses
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We observe large amplitude coherent vibrations in ground state neutral I2 created by strong-field ionization, through “Lochfrass”, or “R-
selective ionization.” The molecular state that holds the wavepacket is identified through frequency analysis in terms of vibrational period
and revival time. Simulations are in agreement with our experimental results and show that the vibrational coherence is stronger for hot
molecules than for cold molecules.

Keywords:Multiphoton ionization; Rydberg states.

Observamos grandes amplitudes de vibraciones coherentes en estado base neutral I2 creado por la ionización de un campo fuerte, a través de
“Lochfrass”, o “ionizacíon R-selectiva”. El estado molecular que sostiene el paquete de ondas se identifica a través del ańalisis de frecuencia
en t́erminos de perı́odo vibrational y el tiempo de renacimiento. Las simulaciones son de acuerdo con nuestros resultados experimentales y
muestran que la coherencia vibracional es más fuerte para moléculas calientes que para moléculas fŕıas.

Descriptores:Ionizacíon multifotónica; estados de Rydberg.

PACS: 33.80.Rv; 32.80.Rm; 42.50.Hz

We present studies of vibrational wave packets (VWPs) cre-
ated by short laser pulses in the GES of room temperature I2

for which theν=0 vibrational state only contains 59% of the
initial population and up to 5 vibrational levels have signifi-
cant population. To probe the VWP, we use a second pulse
to ionize it to a highly dispersive state of I2+

2 that dissociates
into I2++I0+ (we denote this state as (2,0)) [1], and measure
both the variation in population of the probing state and in
kinetic energy release (KER). This allows us to directly map
the motion of the VWP in the GES as a function of internu-
clear separation R and obtain the phase of the vibrations. The
physical scenario is shown in Fig. 1.

FIGURE 1. Physical scenario of “Lochfrass” and the pumpprobe
experiments. As shown, the survival wavefunction after the R-
dependent ionization starts a vibrational motion in the potential
well.

FIGURE 2. (a) KER data of the (2,0) channel as a function ofτ .
(b) Variation of signal in (a) as a function ofτ . Data were taken
with a pump-probe intensity ratio of 1:2, where the pump pulse in-
tensity is estimated to be∼4.6×1013 W/cm2. The I2 pressure is
∼6×10−6 torr.

Figure 2a shows the KER spectrum of the (2,0) channel
converted from the TOF spectrum as a function of time de-
lay between the pump and the probe pulesτ . Integrating the
data in Fig. 2a over a range of KER that covers only the (2,0)
channel, we obtain the variation of the signal as a function
of τ . Fitting the signal with a cosine function over 40 cycles
yields a vibrational period ofTp = 158± 2 fs. According to
the measured vibrational period, we determine that the VWP
is created in the GES of I2, which has a vibrational period of
155 fs for theν=0 state [2]. Also, we observed the revival of
the vibrational mothion atτ = ∼ 27 ps, which further con-
firms above conclusion and meanwhile, reveals the decay of
the molecular rotation (see Fig. 3a).

We also find a modulation in the peak KER from the data
in Fig. 2a by fitting the KER spectrum for eachτ with a
Gaussian function. Using the potential energy curve of the
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FIGURE 3. (1) Weighted momentum as a function ofτ from data
with a 20 fs step size. (b) Simulation of expectedR as a function of
time with a 5 fs step size. Inset: FFT of data in (a) and simulation
in (b).

(2,0) state [1], we project KER(τ ) to R(τ ), as shown in
Fig. 4. The phase of R(t) corresponds to the WP being cre-
ated at the inner turning point (TP), from which we deter-
mine that “Lochfrass” is the dominant scheme of generating
the VWP [3].

To further explore the coherent vibrations induced in hot
molecules by intense-field ionization, we simulate the gen-
eration and evolution of the VWP in the GES. The simula-
tions for room-temperature I2 interpret the data well, giving
consistent vibrational period and revival time (see Fig. 3).
We next use the simulations to predict the temperature-
dependence of the coherent vibrations. Figure 4 shows the
vibrational amplitudes for different temperatures. The ampli-
tude increases as the temperature of the ensembles increases.
The amplitude for vibrations excited by ionization in hot
molecules is in between two extremes (complete incoherence

FIGURE 4. Measured values of the expectation value ofR of the
VWP along with simulations in the GES at different initial tem-
peratures. The curve labeled “maximum amplitude” is a separate
simulation where there is no laser pulse and all phases are set to
zero.

and perfect coherence) and, therefore, demonstrates that the
R-dependent ionization imposes certain phase relationships
among the remaining wavefunctions to form a VWP. Thus, a
thermally hot ensemble is not necessarily detrimental to cre-
ating coherent states, at least for some types of interactions.
We demonstrate that the original excitation can be produced
by heat, populating an incoherent superposition of states, and
then a laser pulse can be used to reduce the phase space to
that corresponding to the desired motion through a dissipa-
tive interaction.
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