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Abstract

Realistic wave packet simulations demonstrate that the signature of control on

the survival probability and lifetime of a specific resonance state can be observed

and probed in typical time-resolved pump-probe experiments. The main condition

required is the existence of a resonant state having enough oscillator strength and

overlap essentially only with the target resonance subject to control. By selecting

different resonant states, the effects of control on different specific target resonances

can be probed.
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Introduction

The development of strategies to control molecular processes has become a very

active field in the last years.1,2 Among the different molecular processes that have

been the subject of control are photodissociation,3−6 molecular reactions,7−9 ra-

diationless transitions,10−11 and decoherence.12−14 The control strategies designed

typically have a common basis, which is the manipulation of quantum interference

effects by means of laser pulses in order to achieve a control target.

Recently, a scheme designed to control the lifetime of a resonance state has been

proposed.15,16 The scheme takes advantage of the quantum interference effects that

occur between overlapping resonances excited in a coherent superposition.3,15−18 The

basis of the control scheme lies on the novel finding that the lifetime of an overlapping

resonance is no longer an intrinsic property of the resonance state, as in the case of

an isolated resonance, but instead it strongly depends on the amplitudes of the other

overlapping resonances populated in the superposition.15 This effect thus allows one

to control the survival probability and the associated lifetime of a specific resonance

state by simply modifying with laser pulses the relative amplitudes of the excited

resonances overlapping with the target resonance in the superposition prepared.

A most relevant aspect of the above control scheme is its experimental realization,

probing the signature of interference. Thus, the goal of this work is to investigate

whether a realistic and feasible pum-probe experiment can be designed and applied

to detect the survival probability of the target resonance subject to control, revealing

the signature and effects of control.

Triatomic van der Waals (vdW) complexes of the type of Br2-Ne present a variety

of situations involving overlapping resonances. Therefore they are very suitable sys-

tems to apply and test control schemes based on interference between overlapping

resonances, and this is why Br2-Ne has been chosen for that purpose in previous

works.15−18 In addition, the potential-energy surface available for Br2(B)-Ne ap-

pears to be realistic enough. Indeed, previous time-dependent calculations of the

predissociation lifetime of the Br2(B, v
′ = 16)-Ne ground resonance state (B and
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v′ denoting excited electronic and vibrational states of Br2, respectively) using this

potential surface gave a value of ∼ 70 ps,15 while the corresponding lifetime ob-

tained experimentally19 was 68 ± 3 ps. The good accuracy of the potential surface

employed along with the three-dimensional wave packet methodology used make the

theoretical model applied in the present simulations a quite realistic one.

In particular, it has been shown that the ground intermolecular resonance of the

Br2(B, v
′ = 27)-Ne complex overlaps mainly with a single vdW orbiting resonance

located in the lower v′ − 1 = 26 vibrational manifold, above the Br2(B, v
′ − 1)-Ne

dissociation threshold.20−22 The situation of essentially only two overlapping reso-

nances is the simplest one where we can apply the control scheme, which greatly

facilitates the interpretation of the control effects. For this reason, in the present

work, as in previous ones,15,16 the ground vdW resonance of Br2(B, v
′ = 27)-Ne is

chosen as the target resonance for lifetime control. Realistic 3D wave packet simula-

tions of a time-resolved pump-probe experiment on the vibrational predissociation

decay dynamics of this resonance have been carried out applying the control scheme,

and are reported.

Theoretical methodology

Upon laser excitation, Br2(B, v
′ = 27)-Ne ← Br2(X, v

′′ = 0)-Ne, the ground

vdW resonance of Br2(B, v
′ = 27)-Ne is populated. Then the resonance decays to

the fragmentation continuum through vibrational predissociation, Br2(B, v
′ = 27)-

Ne→ Br2(B, vf < v′) + Ne.20−24 The excitation spectrum of the Br2(B, v
′ = 27)-Ne

ground resonance is shown in Fig. 1. The spectrum displays a main peak located

at −61.80 cm−1, associated with the v′ ground vdW resonance, and several other

overlapping peaks associated with v′ − 1 orbiting resonances. The second most

intense feature in the spectrum is a peak at −60.63 cm−1 that overlaps with the main

peak. Previous simulations applying control schemes15,16 indicated that interference

of the v′ ground resonance occurs with appreciable intensity only with the v′ − 1

orbiting resonance associated with this secondary peak.
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The control scheme applied in this work involves a combination of two pump

laser pulses (with Gaussian shape) to prepare a coherent superposition of the two

overlapping resonances in the v′ and v′ − 1 manifolds. One pump pulse excites the

v′ ground resonance and the other pulse excites the v′ − 1 orbiting resonance. This

control scheme, described in detail elsewhere,16 will be briefly reviewed here. The

pump laser electric field applied is

Epump(t) = A1e
−(t−t1)2/2σ2

cosω1t + A2e
−(t−t2)2/2σ2

cosω2t, (1)

where ω1 and ω2 are the photon frequencies required to excite the v′ and v′−1 reso-

nances, respectively. The amplitudes A1 and A2 are small enough as to correspond

to the weak field regime. The temporal width of the two pump pulses (related to σ)

is fwhm= 200 ps, which corresponds to a spectral width of fwhm= 0.15 cm−1. Thus

the bandwidths of the two pump pulses do not overlap and each pulse essentially

excites a single resonance.

The electric field Epump(t) of eqn (1) creates a coherent superposition of the v′

(ψ1) and v
′ − 1 (ψ2) resonances in the B state

ΦB(t) = a1(t)ψ1(t) + a2(t)ψ2(t), (2)

and the survival probability associated with ψ1 is

I1(t) = | < ψ1|Φ
B(t) > |2 = |a1(t) < ψ1|ψ1(t) > +a2(t) < ψ1|ψ2(t) > |

2 =

|a1(t)|
2| < ψ1|ψ1(t) > |

2 + |a2(t)|
2| < ψ1|ψ2(t) > |

2+

a1(t)a2(t)
∗ < ψ1|ψ1(t) >< ψ2(t)|ψ1 > +a1(t)

∗a2(t) < ψ1(t)|ψ1 >< ψ1|ψ2(t) >, (3)

The term |a1(t)|
2| < ψ1|ψ1(t) > |

2 corresponds to the survival probability of an

isolated, nonoverlapping resonance. The last three terms are interference terms

arising from two conditions simultaneously fulfilled, namely that resonances ψ1 and

ψ2 overlap (< ψ1|ψ2(t) > 6= 0), and that the two resonances are simultaneously

populated (a1(t) 6= 0 and a2(t) 6= 0). As long as the coefficients a1 and a2 can be

systematically modified, the effects of the interference terms can be controlled in
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order to change the survival probability and lifetime of the system in resonance ψ1

(or ψ2).

As previously shown,16 varying the ratio A2/A1 between the amplitudes of the

pulses, and the delay time ∆t = t2 − t1 between the centers of the pulses, allows

one to modify the a1(t) and a2(t) coefficients in a flexible way, making possible a

high degree of control. The control scheme used in this work applies a field Epump(t)

where A2 = A1 and ∆t = 160 fs (t1 = 0 and t2 = 160 fs). By applying this field,

an enhancement of the v′ ground resonance lifetime by a factor of three (from 23.5

to 75 ps) is achieved with respect to the situation when only the ψ1 resonance is

excited with a single pulse in the field (i.e., A2 = 0 and a2(t) = 0 in eqns (1)

and (2), respectively).16 It is noted that the overlapping regime displayed by the

spectrum of Fig.1 is not a strong one. In this situation, when the ψ1 resonance

is excited with a narrow bandwidth pulse (e.g., with fwhm= 0.15 cm−1) in the

absence of population of ψ2 (i.e., A2 = 0 and therefore a2(t) = 0), what is prepared

is essentially an isolated ψ1 resonance, since the contribution of the overlapping ψ2

resonance populated by the narrow bandwidth pulse is very small, rather negligible.

The lifetime corresponding to the “isolated” ψ1 resonance prepared in this way is

23.5 ps.16

The Br2(B, v
′)-Ne← Br2(X, v

′′ = 0)-Ne excitation and the subsequent predisso-

ciation dynamics of the complex was simulated with a three-dimensional wave packet

method described in detail elsewhere.15,24 From a theoretical point of view, the sur-

vival probability I1(t) of the target resonance ψ1 can be obtained by computing the

quantity I1(t) = | < ψ1|Φ
B(t) > |2. Experimentally, however, measuring I1(t) in-

volves detection of the time-dependent signal of the Br2(B)-Ne complex pumped to

the ψ1 resonance with the field Epump(t). That detection typically requires further

excitation of the system to a resonant state with a probe pulse. In real experi-

ments this is actually done by exciting the Br2(B)-Ne complex to the E electronic

state, Br2(E, v)-Ne ← Br2(B, v
′)-Ne, from which the fluorescence signal is finally

detected.23,25 Therefore, in order to simulate the real experimental detection of the
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time-resolved survival probability of ψ1, excitation to the E electronic state has to

be included in the simulation, in addition to the X and B states. Correspondingly,

the pump-probe scheme simulated in the present calculations consists of exciting the

system to Br2(B)-Ne with Epump(t) (populating either both ψ1 and ψ2 resonances

if A1 6= 0 and A2 6= 0, or only ψ1 if A2 = 0), followed by a further excitation to

Br2(E, v)-Ne with a probe pulse, varying the delay time between the pump and

probe pulses.

The potential energy surfaces for the X and B electronic states of Br2-Ne were

already described.24 The potential surface of the E electronic state is modeled in

a similar way as those of the X and B states as a sum of a Br−Br intramolecular

potential plus an intermolecular vdW Br2(E)-Ne potential. The Br−Br intramolec-

ular potential is represented by a Morse function with parameters D = 34672.04

cm−1, re = 3.197 Å, and α = 0.327762 a−1
0 , obtained from the experimental data of

ref. 26. Unfortunately there is no Br2(E)-Ne intermolecular potential available, so

the same Br2-Ne intermolecular potential as in B is assumed for the E state.

The probe laser pulse used to excite the system to the E state is

Eprobe(t) = A3e
−(t−t3)2/2σ2

3 cosω3t, (4)

where A3 = A1 = A2. Here ω3 is the photon frequency required for the Br2(E, v =

6, n)-Ne ← Br2(B, v
′ = 27, n′ = 0)-Ne transition between the Br2(B, v

′ = 27)-

Ne ground resonance and the different n resonance states of Br2(E, v = 6)-Ne,

ω3 = (E(E,v=6)
n − E

(B,v′=27)
n′=0 )/h̄. The (E, v = 6) ← (B, v′ = 27) transition has

been chosen because transitions to the (E, v = 6) and (E, v = 7) vibrational man-

ifolds have been actually used experimentally23 to probe the time evolution of the

Br2(B, v
′, n′ = 0)-Ne signal. Thus, it is stressed that a realistic pump-probe experi-

mental scheme which has already been applied in real experiments to probe the time-

resolved survival probability of Br2(B, v
′)-Ne ground intermolecular resonances23 is

simulated in this work. The main difference between the pump-probe experiment

carried out in ref. 23 and the present simulations is that in the experiment only

a single resonance (the ground one ψ1) was populated in the Br2(B, v
′)-Ne com-
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plex, while two overlapping resonances (ψ1 and ψ2) are simultaneously populated in

Br2(B)-Ne in the present simulations.

The accuracy in the detection of the details of the resonance survival probability

depends strongly upon the temporal resolution (the temporal width, related to σ3) of

the probe pulse. Four different pulse widths have been applied, namely fwhm= 12.0,

6.0, 3.0, and 1.5 ps, corresponding to spectral widths of fwhm= 2.5, 5.0, 10.0, and

20.0 cm−1, respectively. By varying the delay between the center of the probe pulse

t3 and the initial time of the Epump(t) field, the time evolution of the ψ1 survival

probability can be probed. Such a delay is increased by a constant amount of 40,

20, 10, and 5 ps for the above four different probe pulses, respectively. Once the

amplitude of Br2(B)-Ne is excited to (E, v = 6), its further time evolution in the E

potential surface is described by the Schrödinger equation.

Results and discussion

Due to the much longer time scale of predissociation as compared to the time

duration of Eprobe(t), it is found that the fraction of the Br2(E, v = 6)-Ne population

that predissociates to lower vf < v = 6 levels during operation of the probe pulse is

really small for the fwhm= 12.0 and 6 ps pulses and negligible for the fwhm= 3.0

and 1.5 ps pulses. This allows one to calculate the Br2(B)-Ne population pumped

by Eprobe(t) to the E state by adding all the probability accumulated only in the

(E, v = 6) manifold at the end of the probe pulse operation. Survival probabilities

are obtained in this way by exciting the Br2(B)-Ne population to the (E, v = 6, n =

0) resonant state using the four probe pulses of different width, and they are shown

in Fig. 2.

The survival probability I1(t) obtained in the B state with eqn (3) displays a

structure of peaks separated by a constant amount of time of ∼ 27 ps,16 due to

interference between the ψ1 and ψ2 resonances populated simultaneously by the

Epump(t) field. The constant separation of ∼ 27 ps between the undulations of

I1(t) is the corresponding amount in the time domain to the energy separation

7
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of ∼ 1.2 cm−1 between the ψ1 and ψ2 resonances (located at −61.80 and −60.63

cm−1, respectively, see Fig. 1). All the survival probabilities of Fig. 2 also display

a structure produced by interference between both resonances, albeit with a very

different degree of resolution which increases as the probe pulse width decreases, as

expected. Indeed, the curves calculated with the fwhm= 12.0 and 6.0 ps pulses still

display a poor structure with a few broad peaks with nonconstant separations. For

the fwhm= 3.0 ps pulse the structure becomes more defined with a typically nearly

constant separation between peaks of 29 − 31 ps, and for the fwhm= 1.5 ps pulse

the structure is already well defined with the peaks separated by ∼ 27 ps. Thus,

the curves of Fig. 2 show that the signature of interference between resonances that

makes possible the control of a resonance lifetime can be effectively detected and

probed with the desired accuracy with the present pump-probe scheme, by applying

a probe pulse with enough time resolution. Clearly, in general the time resolution

needed for the probe pulse will depend upon the energy separation between the

overlapping resonances.

In Fig. 3 the survival probability obtained with the fwhm= 1.5 ps probe pulse is

compared to the survival probability I1(t) = | < ψ1|Φ
B(t) > |2 calculated with eqn

(3). The two curves are practically indistinguishable, indicating that even the inten-

sity of the interference peaks can be accurately detected if a probe pulse with enough

time resolution is used. A lifetime τ associated to the two survival probabilities can

be estimated by fitting the curves to the convolution function

I1(tj) = A
∫ tj

−∞

CC(t)[exp(−(tj − t)/τ)]dt, (5)

being CC(t) the laser cross-correlation curve and A an amplitude scaling parameter.

From the fit the lifetime associated to the two survival probabilities is estimated to

be τ = 75 ps, same as that previously found for the I1(t) = | < ψ1|Φ
B(t) > |2

curve.16

The matching of the two survival probabilities of Fig. 3 has a most important

implication. The survival probability I1(t) = | < ψ1|Φ
B(t) > |2 computed with eqn

(3) is the one associated only with the Br2(B, v
′ = 27)-Ne ground vdW resonance.

8
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The I2(t) = | < ψ2|Φ
B(t) > |2 survival probability associated with the Br2(B, v

′−1 =

26)-Ne orbiting resonance will have a different form

I2(t) = | < ψ2|Φ
B(t) > |2 = |a2(t)|

2| < ψ2|ψ2(t) > |
2 + |a1(t)|

2| < ψ2|ψ1(t) > |
2+

a1(t)a2(t)
∗ < ψ2|ψ1(t) >< ψ2(t)|ψ2 > +a1(t)

∗a2(t) < ψ1(t)|ψ2 >< ψ2|ψ2(t) >, (6)

since the |a2(t)|
2| < ψ2|ψ2(t) > |

2 term and the three interference terms are different

from the corresponding ones of I1(t) in eqn (3). Therefore, the excellent coincidence

between the two survival probabilities of Fig. 3, calculated in the different B and

E electronic states, respectively, implies that it is possible to detect and probe

the survival probability associated with a single specific resonance (ψ1 in this case),

without any significant contribution of the survival probabilities of other overlapping

resonances (like ψ2). The requirement is that the resonant state reached with the

probe pulse (the (E, v = 6, n = 0) resonance in this case) must have an appreciable

overlap essentially only with the target resonance of interest, having a small or

negligible overlap with the other overlapping resonances in order to filter or avoid

their contributions to the survival probability probed. This point is analyzed in

more detail in the following.

It is interesting now to investigate the effect of reaching other (E, v = 6, n > 0)

resonances with the probe laser. Table 1 collects the energies of the first (E, v = 6, n)

vdW resonances. The most relevant feature is that the n = 0 energy is separated

by ∼ 18 cm−1 from the n = 1 energy, while the energy separation between the

nearby n ≥ 1 resonances is much smaller (typically 1 − 2 cm−1). Therefore, with

the spectral width of the probe pulses used here, only a single resonance is reached

when (E, v = 6, n = 0) is chosen as the resonant state, while several resonances are

actually populated when any of the (E, v = 6, n > 0) resonances are chosen.

The survival probabilities obtained by using the fwhm= 1.5 ps probe pulse to

reach different (E, v = 6, n) resonant states are displayed in Fig. 4. The figure

shows that by moving from n = 0 to n = 1 and 2, the intensity of the survival

probability (very similar for n = 1 and 2) drops by a factor of ∼ 41. For n ≥ 3

the intensity of the curves gradually increases again. When the (E, v = 6, n = 0)

9
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resonance is chosen, only this state is populated by the probe laser and, in addtition,

the overlap between the (B, v′ = 27, n′ = 0) resonance and the (E, v = 6, n = 0) one

is maximum because the two ground resonance wave functions have a very similar

shape, without nodes. On the other hand, the orbiting resonance ψ2, with several

nodes, is expected to have a much smaller overlap with the (E, v = 6, n = 0) state.

This explains the high intensity of the n = 0 survival probability of Fig. 4, and the

practically complete coincidence of this curve with the I1(t) one obtained with eqn

(3) (see Fig. 3), meaning that essentially only the ψ1 survival probability is detected

when using (E, v = 6, n = 0).

The dramatic decrease of intensity found for the first (E, v = 6, n > 0) resonant

states appears to indicate that something different from the ψ1 survival probability

is being probed. The normalized survival probabilities of Fig. 5 show that when

moving from n = 0 to n = 1 and 2, the intensity increases for shorter times t < 50

ps and decreases for longer times t > 50, leading to an effective reduction of the

associated lifetime. By fitting the very similar n = 1 and 2 survival probabilities

with a convolution function of the type of eqn (5) (see Fig. 5) a lifetime τ = 40 ps

is obtained. This lifetime is nearly half the 75 ps lifetime associated with the ψ1

survival probability probed with the n = 0 state.

As previously described,24 the ΦB(t) wave packet is expanded on the basis of

vibrational states of the Br2(B) diatomic subunit. This expansion of ΦB(t) is very

well suited to carry out some test calculations that can provide additional infor-

mation about which resonance (ψ1 or ψ2) is mostly contributing to the survival

probabilties probed with the (E, v = 6, n) states when n = 0, 1, and 2. Indeed,

instead of exciting the whole wave packet ΦB(t) to the (E, v = 6, n) resonant state

with the probe pulse, one can excite only the ΦB(t) components associated either

with the v′ or the v′ − 1 vibrational manifold, and to obtain the corresponding v′

and v′ − 1 partial survival probabilities. In a zeroth-order representation the ψ1

resonance corresponds to the v′ vibrational manifold, while ψ2 corresponds to the

v′−1 manifold. Actually, (in a non-zeroth-order representation) the two overlapping

10
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resonances have contributions in both the v′ and v′ − 1 manifolds. However, for a

not strong overlapping regime as the present one, one can assume the zeroth-order

description to be good enough, which implies that the v′ and v′ − 1 partial survival

probabilities would be associated with the ψ1 and ψ2 resonances, respectively. Thus,

each partial survival probability would give an indication of the contribution of each

resonance to the total survival probability probed with the different (E, v = 6, n)

resonant states.

When the v′ and v′ − 1 partial survival probabilities are calculated using the

(E, v = 6, n = 0) resonant state, it is found that the v′ partial survival probability

practically matches the corresponding total survival probability, while the v′ − 1

partial survival probability is about three orders of magnitude smaller. This result

further confirms the previous finding that the ψ1 resonance is the only one with

significant overlap with the (E, v = 6, n = 0) resonant state. The v′ − 1 partial

survival probability obtained in the case of (E, v = 6, n = 2) is displayed in Fig. 6

along with the corresponding total survival probability. They present the opposite

behavior to that found for n = 0, being the v′ − 1 partial probability the dominant

contribution which accounts for most of the intensity of the total survival probabil-

ity. A similar result is found when the (E, v = 6, n = 1) resonant state is used. This

result indicates that the n = 1 and 2 resonant states probe mostly the v′−1 compo-

nents of the ΦB(t) wave packet, and only a small contribution of the v′ components.

Correspondingly, the total survival probabilities probed with the (E, v = 6, n = 1, 2)

resonant states would probe mainly the ψ2 resonance.

On the other hand, simulations using the Epump(t) field with A1 = 0 (i.e., ex-

citing only the resonance ψ2 in essentially isolated resonance conditions), produce

a survival probability with an associated lifetime of τ = 13.5 ps. This lifetime is

consistent with the width Γ = 0.42 cm−1 previously estimated for this resonance.22

It is noted that the lifetime τ = 40 ps associated with the n = 1 and 2 survival

probabilities is nearly 3 times the lifetime τ = 13.5 ps of the ψ2 resonance (in the

absence of ψ1 population), same as the lifetime τ = 75 ps of the n = 0 survival

11
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probability is ∼ 3 times the ψ1 resonance lifetime of 23.5 ps (in the absence of ψ2

population). This result further supports that the n = 1 and 2 survival probabilities

would essentially correspond to the ψ2 resonance, due to a remarkably larger overlap

of the (E, v = 6, n = 1, 2) states with the ψ2 wave function (expected to have several

nodes) than with the ψ1 resonance.

The above results show that a suitable resonant state in terms of oscillator

strength can be found in order to probe the survival probability and its associ-

ated control effects of a specific target resonance. In the present case those resonant

states are (E, v = 6, n = 0) to probe the signal of ψ1, and (E, v = 6, n = 1, 2) to

probe the signal of the ψ2 resonance population. Experimental spectroscopic stud-

ies can be carried out for a general system in order to determine the most suitable

resonat states to probe a specific target resonance.

Probing the survival probability by reaching (E, v = 6, n ≥ 3) resonant states has

also been explored. For n ≥ 3 the intensity of the survival probabilities obtained

increases gradually and monotonically, becoming larger than the intensity of the

curve found for n = 0 by a factor of ∼ 20 for n = 29 (the highest resonance of

the (E,v=6) vibrational manifold). An analysis in terms of v′ and v′ − 1 partial

survival probabilities shows that the intensity of the v′ partial survival probability

vanishes fast, and the v′ − 1 partial survival probability becomes practically the

same as the total survival probability (for n ≥ 11). Thus, as the n resonant state

becomes higher, essentially only v′ − 1 components of the ΦB(t) wave packet are

probed. The large increase of the intensity of the survival probability probed as

n increases suggests an increasing contribution of more and more asymptotic wave

packet components describing the Br2(B, v
′ − 1) + Ne products of the dissociation.

The normalized survival probablities obtained with different (E, v = 6, n ≥ 3)

resonant states are displayed in Fig. 7. As n increases, the behavior shown by

the curves is a shift and a spreading towards longer times. This trend occurs rather

slowly up to n ∼ 9, and becomes significantly more pronounced for higher n resonant

states. For n ≥ 20 the survival probabilities detected seem to converge to the same,
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practically identical curve.

The behavior of the survival probabilities can be expained as follows. As the

(E, v = 6, n) resonant state becomes higher in energy, the corresponding resonance

wave function becomes increasingly more spread out both in the radial and angular

vdW modes, and samples larger regions of configuration space. As a result, the

overlap between the (E, v = 6, n) state and the ΦB(t) wave packet becomes larger,

mainly in the radial dissociation coordinate. This overlap occurs mainly with the

v′ − 1 components of ΦB(t) populated after the Br2(B, v
′)-Ne → Br2(B, v

′ − 1) +

Ne dissociation. Overlap with the vf < v′ − 1 components of ΦB(t) takes place

to a much lesser extent because the population of these components is remarkably

smaller. This explains that the total and the v′ − 1 partial survival probabilities

become coincidental as n increases. The population of the v′ − 1 components of

ΦB(t) increases with time as vibrational predissociation of the complex proceeds,

and this is consistent with the monotonical increase of the survival probability with

increasing n. In addition, as the ΦB(t) components probed by the increasingly

higher (E, v = 6, n) states correspond to more and more separated Br2(B, vf < v′)

+ Ne products it takes a longer time to populate these wave packet components,

and it causes the shifting to longer times of the survival probabilities. Thus, the

(E, v = 6, n > 3) resonant states are suitable ones to probe the time evolution of

the dissociating components of the wave packet.

Conclusions

In summary, this work shows for the first time that the signature and effects of

control on the survival probability and lifetime of a specific overlapping resonance

state can be probed in a typical time-resolved pump-probe experiment. The con-

dition required is the existence of a resonant state having an appreciable overlap

essentially only with the resonance probed, so that the contributions of the survival

probability of other overlapping resonances can be avoided. Resonant states fulfill-

ing these conditions are present in a variety of molecular and cluster systems, and

13

Page 13 of 27 RSC Advances

R
S

C
A

dv
an

ce
s

A
cc

ep
te

d
M

an
us

cr
ip

t



can be previously found by means of spectroscopic studies.

It is also found that by choosing properly the resonant state reached with the

probe pulse, it is possible to probe selectively different components of the wave

packet prepared. In the present case, the lowest resonant state that can be reached

within a given vibrational manifold allows one to probe the effects of control on

the survival probability of one of the two overlapping resonances populated in the

coherent superposition prepared, while the two first excited resonant states allows

probing the survival probability of the other overlapping resonance. Resonant states

higher in energy and more spread out in configuration space are suitable for probing

the time evolution of the dissociating components of the wave packet.
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(17) A. Garćıa-Vela, Chem. Phys. Lett., 2013, 563, 30.
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TABLE CAPTIONS

Table 1 Calculated Br2(E, v = 6, n)-Ne zeroth-order resonance energies En, relative to

the Br2(E, v = 6, j = 0) + Ne dissociation threshold.

FIGURE CAPTIONS

Fig. 1 Calculated excitation spectrum associated with the ground vdW resonance of

Br2(B, v
′ = 27)-Ne. The energy axis is relative to the Br2(B, v

′ = 27, j′ = 0)

+ Ne dissociation threshold.

Fig. 2 Survival probabilities calculated for four different widths of the probe pulse,

using the (E, v = 6, n = 0) resonance as the resonant state. The curves have

been normalized to the same quantity for the sake of comparison.

Fig. 3 Comparison of the survival probability calculated with eqn (3) and that probed

using the fwhm= 1.5 ps probe pulse and the (E, v = 6, n = 0) resonant state.

A fit to a convolution function between a Gaussian cross-correlation curve and

an exponential decay is also shown. The curves have been normalized to the

same quantity for the sake of comparison.

Fig. 4 Survival probabilities calculated using the fwhm= 1.5 ps probe pulse and dif-

ferent (E, v = 6, n) resonant states.

Fig. 5 Comparison of the survival probabilities obtained with the n = 0, 1, and 2

states, using the fwhm= 1.5 ps probe pulse, and a fitting function to the n = 1

and 2 curves. The curves are normalized to the same quantity.

Fig. 6 Total survival probability and partial survival probability corresponding to

the v′ − 1 vibrational manifold of the ΦB(t) wave packet obtained with the

(E, v = 6, n = 2) resonant state, using the fwhm= 1.5 ps probe pulse. See the

text for details.
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Fig. 7 Survival probabilities calculated using the fwhm= 1.5 ps probe pulse and dif-

ferent (E, v = 6, n) resonant states. The curves have been normalized to the

same quantity for the sake of comparison.
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TABLE 1

n En(cm
−1) n En(cm

−1)

0 −63.94 7 −26.91

1 −45.96 8 −25.06

2 −39.79 9 −22.42

3 −35.51 10 −19.87

4 −32.22 11 −18.77

5 −30.94 12 −16.32

6 −29.12 13 −15.47
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Fig. 2, Garćıa-Vela
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Fig. 3, Garćıa-Vela
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Fig. 4, Garćıa-Vela
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Fig. 5, Garćıa-Vela
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Fig. 6, Garćıa-Vela
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Fig. 7, Garćıa-Vela
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Realistic wave packet simulations probing the signature of coherent control on a
resonance lifetime applying a pump-probe scheme are reported.
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