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We computed fully quantum nuclear dynamics, which accompanies electron transfer mediated decay

(ETMD) in weakly bound polyatomic clusters. We considered two HeLi2 clusters – with Li2 being either in

the singlet electronic ground state or in the triplet first excited state – in which ETMD takes place after

ionization of He. The electron transfer from Li2 to He+ leads to the emission of another electron from Li2

into the continuum. Due to the weak binding of He to Li2 in the initial states of both clusters, the

involved nuclear wavepackets are very extended. This makes both the calculation of their evolution and

the interpretation of the results difficult. We showed that despite the highly delocalized nature of the

wavepackets the nuclear dynamics in the decaying state is imprinted on the ETMD electron spectra. The

analysis of the latter helps understanding the effect which electronic structure and binding strength in

the cluster produce on the quantum motion of the nuclei in the decaying state. The results produce

a detailed picture of this important charge transfer process in polyatomic systems.

Electron transfer to positive ions in chemical medium can

proceed through a variety of processes which involve non-

adiabatic effects like the crossing of potential energy

surfaces,1 photon emission,2–4 or emission of electrons.5–7

Electron transfer mediated decay or ETMD is a prominent

member in the latter group and is most common for singly or

multiply charged positive ions, which are produced in clusters

or solutions by ionizing radiation.8–22 It occurs whenever the

electron attachment energy of the ion exceeds the threshold for

double ionization of the surrounding host matrix. In ETMD,

electron transfer from a neighboring atom or molecule to the

ion leads to its (partial) neutralization and is accompanied by

the emission of another electron from the same (ETMD(2)) or

a different (ETMD(3)) neighbor.

To estimate its importance we rst notice that from the

mechanistic standpoint ETMD is an electronic decay process.

Therefore, its lifetimes can be computed using established ab

initio techniques.7 They were found to be in the picosecond

range for van der Waals clusters,8,10,13,23 while for hydrated metal

cations the lifetime becomes as short as a few tens of femto-

seconds.9,12 As a consequence, if ETMD is energetically allowed,

and the ion is in an electronic state for which the other faster

electronic decay processes Auger decay or interatomic

coulombic decay (ICD) are forbidden, ETMD becomes the

leading electron transfer mechanism.23,24 To date it has been

experimentally observed in clusters or solutions, where the ion

was prepared in the ground or a low-lying electronic state.15–22

ETMD can be seen as incorporating two familiar processes

– charge transfer and ionization. Therefore, it is a pathway to

either partial neutralization of a cation or double ionization of

atoms or molecules in its vicinity. As we demonstrate in our

article, by doubly ionizing a molecular neighbor, ETMD can

lead to the breaking of covalent bonds. Thus, in aqueous

solutions ETMD was shown to efficiently produce radical

species by ionizing water molecules,9,12,20 which dissociate as

the result. The produced radicals undergo reactions with other

molecules present in the vicinity. Radiative damage to DNA is

caused by slow electrons and radical species formed in its

vicinity.25 ETMD is an efficient process producing such elec-

trons and radicals.

ETMD has been also utilized to produce and study the

properties of dications embedded in He nanodroplets. Such

droplets are known to serve as ‘refrigerators’ for the immersed

dopants.26 Following ionization of He, ETMD takes place with

the resulting He+ producing a dication of the dopant which is

efficiently cooled and stabilized by the He-matrix. The tech-

nique was used to study stability of small doubly charged Mg

clusters.17 The formation of dications and the investigation of

their stability have been reported in experiments on alkali27 and

coronene clusters28 in Hen. Reactions involving molecular

dications are of general interest. They occur even under the

extreme conditions of the interstellar medium and are
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responsible for the appearance of polyatomic molecules in the

space.29 They can be modeled in doped He nanodroplets, as was

demonstrated in the case of the C60–H2O cluster.30

Generation of positive ions in van der Waals clusters or in

solutions via photon absorption or charged particle impact is

nearly sudden, and leads to highly non-equilibrium nuclear

congurations. Since the ETMD lifetimes at these geometries

are usually comparable or longer than the characteristic vibra-

tional periods in the ion-neighbor modes, it is usually accom-

panied by vibrational motion. Computations in atomic van der

Waals clusters show10,13 that vibrational motion, which follows

ionization of some atom, tends on average to decrease the

distance between the resulting ion and its neighbors and leads

to the shortening of the effective ETMD lifetimes by as much as

an order of magnitude. As a consequence, the spectra of ETMD

electrons differ from the spectra which would be obtained at

xed nuclei.13 Importantly, in dimers the vibrational wave-

packet is imprinted onto the electron or kinetic energy release

of the nuclei (KER) spectra, if the potential energy curve of the

nal state is repulsive, and the dimer disintegrates at the end of

the process.13 This is a common feature in interatomic elec-

tronic decay of diatomic clusters.31 It was used to predict and

observe the vibrational wave functions in highly excited He2
+

which underwent ICD.32 Coupled with ingenious timing tech-

niques such as post collision interaction (PCI) clock,33 this

feature was used to experimentally reconstruct the wave packet

evolution during ICD in rare gas dimers.34

In ETMD in atomic van der Waals dimers the wave packet

evolves over the entire potential energy curve. Since the decay

width decreases exponentially with the interatomic

distance,8,13,23 ETMD occurs predominantly at the inner repul-

sive wall.13 This picture simplies the qualitative analysis of

ETMD spectra in dimers. However, no numerical results and no

similar picture exist for ETMD in clusters of more than two

atoms, due to the complexity of the necessary computations. It

becomes more difficult to obtain highly energetic potential

energy surfaces (PES) of the decaying electronic states in more

than one dimension and calculate the respective position

dependent decay widths. Moreover, already for a triatomic

system one needs to consider the dynamics of three coupled

vibrational modes in the decaying and nal states over an

extended spatial range. This situation in theory is mirrored by

the one in experiment, where ETMD was observed either in

dimers or in large clusters but not in trimers.

In this letter we present for the rst time the computational

results of the full quantum dynamics during ETMD in

a triatomic system. Here we choose the HeLi2 cluster which is

a basic unit suggested by the experiments on ionization of

helium droplets doped with alkali dimers.22 A particular prop-

erty of these systems is that the alkali dimers can be produced

on the surface of a droplet in two different electronic states – the

singlet ground state 1
S
+
g or the triplet rst excited state 3

S
+
u –

which have widely different binding properties. Thus, Li2(
1
S
+
g) is

a molecule with binding energy of 1 eV, while Li2(
3
S
+
u) is itself

a weakly bound (41 meV) dimer held together by a van der

Waals force.35 Correspondingly, following the ionization of He,

the HeLi2(
1
S
+
g) and HeLi2(

3
S
+
u) clusters are expected to undergo

ETMD(2) and ETMD(3) respectively. It is the goal of this inves-

tigation to uncover the differences in the quantum nuclear

dynamics which accompanies these processes and to relate

them to the differences in the observable spectra.

The following equation summarizes the decay process

He+Li2/ HeLi+Li+ + eETMD, (1)

aer which the cluster disintegrates either completely, forming

He and two Li+ ions, or into the HeLi+ and Li+ fragments. We

computed and discussed the ab initio potential energy surfaces

and decay widths in ref. 36, where all structural and energetics

data can be found. Here we would only like to make a few

remarks important for the following discussion. First, the

binding of He to Li2 in the initial state is extremely weak. The

distance between He and the center of mass of Li2 is 6.9 �A and

5.4 �A for the singlet and triplet states, respectively, and the

respective He–Li2 binding energies are less than 1 meV. As the

result, the nuclear wavefunctionJi of the initial electronic state

is strongly delocalized along the He–Li2 coordinate. This

complicates the calculations, since very large grids, which

extend up to 50 �A, are needed in the respective coordinate for

propagating the wavepacket. Second, the equilibrium geometry

in the decaying He+Li2 state is very different from the one in the

respective initial state. Therefore, sudden ionization of the

cluster populates a band of highly excited vibrational states on

the decaying PES. Third, the ETMD lifetimes at the equilibrium

geometries of the initial states are very long (130 ps and 220 ps

for the singlet and triplet states, respectively). This, together

with the point two above, explains why extensive nuclear motion

occurs during the decay.

To analyse the nuclear dynamics and to compute the ener-

gies of ETMD electrons we numerically solved the following

system of equations for the vibrational wavepackets jJd(t)i and

jJf(E,t)i in the decaying and nal states37,38

i

���� _JdðtÞ

�
¼

�
T̂N þ V̂d �

i

2
bG
�
jJdðtÞi

i

���� _J fðtÞ

�
¼

�
T̂N þ V̂ f þ E

���JfðE; tÞ
�
þ Ŵ f jJdðtÞi (2)

by using the multiconguration time-dependent Hartree

(MCTDH) method.39,40 The T̂N operator is the operator of the

kinetic energy of the nuclei, while V̂d and V̂ f operators are

respectively the PES of the decaying and the nal state f, and E is

the energy of the emitted ETMD electron. The quantities Ŵ f and

Ĝ are the ETMD amplitude for the transition to the nal state f

and the total decay width, which is obtained by summing over

all nal states accessible from the decaying state. In our case

ETMD and radiative charge transfer or RCT3,4 are the only

possible decay processes, and RCT is several orders of magni-

tude slower than ETMD.4,23 Neglecting its contribution to the

total width and taking into account that for the cluster in

question there is a single ETMD nal state we nd G ¼

2pjŴ fj
2.

The PES, decay amplitude and width are functions of nuclear

coordinates Q. For the system in question we used the Jacobi

coordinates R, r, and q, which stand respectively for the distance

9380 | Chem. Sci., 2021, 12, 9379–9385 © 2021 The Author(s). Published by the Royal Society of Chemistry

Chemical Science Edge Article

O
p
en

 A
cc

es
s 

A
rt

ic
le

. 
P

u
b
li

sh
ed

 o
n
 0

9
 J

u
n
e 

2
0
2
1
. 
D

o
w

n
lo

ad
ed

 o
n
 2

/1
2
/2

0
2
2
 1

0
:0

7
:4

8
 A

M
. 

 T
h
is

 a
rt

ic
le

 i
s 

li
ce

n
se

d
 u

n
d
er

 a
 C

re
at

iv
e 

C
o
m

m
o
n
s 

A
tt

ri
b
u
ti

o
n
-N

o
n
C

o
m

m
er

ci
al

 3
.0

 U
n
p
o
rt

ed
 L

ic
en

ce
.

View Article Online



from He to the Li2 center of mass, Li–Li distance, and the angle

between the Li2 molecular axis and the line connecting He with

the center of mass of Li2 (see Fig. 1 in the ESI†). Assuming

instantaneous ionization of the cluster we set jJd(t ¼ 0)i ¼ jJii

and jJf(E,t ¼ 0)i ¼ 0, where jJii is the vibrational ground state

in the initial electronic state of the respective cluster. To avoid

wavepacket reection from the end of the grid we employed

cubic complex absorbing potential (CAP). We used the wave-

packet jJd(t)i to analyse the nuclear motion in the decaying

state and to estimate the ETMD lifetime from the respective

survival probability. The wavepacket jJfi(E,t) is used for

computing the electron spectrum as observed either at some

time instant t or at some very long time when the decay is

essentially over

sðE; tÞ ¼
�
JfðE; tÞ

��JfðE; tÞ
�

sðEÞ ¼ lim
t/N

sðE; tÞ (3)

We solved the equations and computed the spectra both on the

full three-dimensional and reduced two-dimensional PES of

HeLi2. The complete list of technical details of the MCTDH

calculations is given in the ESI.†

Strong delocalization of the initial wavefunction precludes the

analysis of the dynamics in the decaying state in terms of moving

wavepackets. However, information about the evolution of the

vibrational state can be obtained from the behavior of the survival

probability hJd(t)jJd(t)i with time. We found that in the

HeLi2(
1
S
+
g) cluster up to t ¼ 15 ps it decays nearly exponentially

with the lifetime s ¼ 12 ps.41 Beyond that time while the decay

remains nearly exponential the lifetime s increases to 17 ps.

Additional analysis of the survival probability with G set to zero in

eqn (2) led to the following picture of the events. In the ionization

event the vertical transition of the delocalized initial wavefunction

Ji(Q) to the PES of the decaying state populates vibrational states

which lie both below and above the He+/Li2 dissociation

threshold. In the nuclear dynamics which follows, He+ is rst

pulled towards and collides with Li2. Whereupon the continuum

part of the wavepacket propagates outwards along the coordinate

R until it reaches the CAP and is absorbed by it, while the bound

part remains trapped in the potential and decays by ETMD.

The shorter lifetime of jJd(t)i at the times below 15 ps

reects both the electronic decay via ETMD, and the dissocia-

tion of a part of He+Li2 clusters into the He+/Li2 channel. The

longer decay lifetime beyond 15 ps reects only the ETMD of the

remaining bound He+Li2(
1
S
+
g) clusters. While it is difficult to

compute the accurate ETMD-to-dissociation branching ratio,

our calculations show that up to 30% of HeLi2(
1
S
+
g) clusters

would dissociate following the ionization of He in the absence

of ETMD. Similar picture holds for the HeLi2(
3
S
+
u) clusters,

although a larger proportion (57% in the absence of ETMD) of

them dissociates aer sudden ionization of He due to the

breaking of the much weaker Li–Li bond. We also estimated the

effective lifetime of He+Li2(
1
S
+
g) clusters due to ETMD alone as

19.8 ps, while for the He+Li2(
3
S
+
u) clusters it is 21.5 ps. The

difference between them is insignicant, so that the electronic

structure of the cluster has little effect on the overall decay rate.

However, nuclear dynamics leads to effective ETMD lifetimes

which are almost an order of magnitude shorter than the purely

electronic lifetimes corresponding to the equilibrium geome-

tries in the initial state.

More information about the dynamics can be derived from

the ETMD electron spectra of the respective singlet and triplet

HeLi2 clusters. The emitted electron spectrum which results

from the decay of the He+Li2(
1
S
+
g) state is shown in Fig. 1. The

ETMD peak is located between 7 eV and 8 eV. Its position

coincides with the interval (6.8 eV to 7.8 eV) of expected ETMD

electron energies, which we estimated from purely electronic

considerations in the previous publication.36 There we assumed

that the decay predominantly occurs at the congurations of the

nuclei where two conditions are fullled: the relative velocities

of the nuclei are small and the ETMD rate is large. We also kept

the Li–Li distance r constant, under assumption that it would

not change much in the strongly bound Li2(
1
S
+
g) state. While

this simple model works surprisingly well in estimating the

position and width of the ETMD peak, it fails to reproduce the

Fig. 1 ETMD electron spectra obtained following the ionization of He

in the He–Li2(
1
S
+
g) cluster. (upper panel) Electron spectrum obtained

following wavepacket propagation on the full three-dimensional

surface of the decaying state. Red rectangle shows the position of the

peak as estimated from electronic properties in ref. 36. (lower panel)

Electronic spectra obtained following wavepacket propagation on

reduced two-dimensional surfaces of the decaying state. Green line –

propagation on the 2D-cut (R, r, q ¼ 0); red line – propagation on the

2D-cut (R, r, q¼p/2); broken gray line – propagation on the 2D-cut (R,

q, r ¼ req). All spectra are scaled to have the same absolute maximum.

© 2021 The Author(s). Published by the Royal Society of Chemistry Chem. Sci., 2021, 12, 9379–9385 | 9381
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main nding of the full dynamics, namely, that the spectrum

exhibits structure despite the strongly delocalized nuclear

wavepacket involved. We observe peaks at 7.24 eV, 7.39 eV,

7.44 eV and a shoulder at 7.58 eV. The distances between the

nearest peaks vary between 50 meV and 150 meV. To trace their

origin we can compare these numbers with some characteristic

frequencies in our system. The fundamental frequencies of

Li2(
1
S
+
g) and in the electronic ground state of He+Li (a possible

product) are 42 meV (10.2 THz) and 30 meV (7.3 THz), while the

fundamental frequency in the R-mode in He+–Li2 is 32 meV (7.7

THz). None of these numbers can adequately explain the

progression observed in the spectrum.

To clarify how the vibrational structure comes about we

computed ETMD spectra by running nuclear dynamics on three

reduced two-dimensional surfaces of the decaying state. First,

we kept the Li–Li distance r xed at the equilibrium distance req
¼ 2.69 �A of the Li2(

1
S
+
g) so that He+ moves around and collides

with rigid Li2. The resulting spectrum is shown as the broken

line in Fig. 1. It appears as a single peak whose position and

width coincide with those of the peak in the full three-

dimensional spectrum. However, it lacks any vibrational struc-

ture observed in the latter. Keeping q xed but allowing vibra-

tional motion along the Li–Li coordinate r leads to a dramatic

change in the spectral shape. The spectra computed at q¼ 0 and

q ¼ p/2 lie both in the same energy window as the spectrum

obtained at constant r. However, while the former is a broad

featureless peak, the latter two appear as vibrational progres-

sions. The spectrum at q ¼ p/2 shows peaks with spacings

between them being between 80 meV to 180 meV. The spectrum

at q¼ 0 appears mostly as three peaks spaced by about 200meV;

two of these peaks are in turn split into peaks separated by

about 50 meV. Importantly, one can see the correspondence

between the peaks in the full spectrum and the structure in the

spectra obtained on these reduced 2D surfaces. For example,

the lemost peak at 7.24 eV originates from the lemost peak

(7.31 eV) of the q¼ 0 spectrum; likewise, the shoulder at 7.58 eV

corresponds to the pronounced peak at 7.64 eV in the q ¼ p/2

spectrum. The peaks between these two extremes can be also

recognized in the two-dimensional spectra.

Consequently, the vibrational structure in the ETMD elec-

tron spectra of the He+Li2(
1
S
+
g) state can be traced to the vibra-

tion of the Li2 molecule. The remaining question is why the

spacing between the peaks both in the full and reduced two-

dimensional spectra at xed q is larger than characteristic

vibrational frequencies in the decaying or the nal states. One

arrives at a plausible answer if one follows the chain of

processes set off by sudden ionization of He. The appearance of

the positive charge on He leads to the change in the Li–Li

interaction potential. This change becomes more pronounced

as the He–Li2 distance R decreases.36 The sudden perturbation

of Li2 due to ionization of He, and the transfer of vibrational

energy from the He–Li2 mode during the dynamics that follows

lead to the population of excited states in the Li–Li mode. The

nal state PES, Vf, is repulsive along the coordinate r and

behaves nearly as 1/r. Therefore, changing r at which the decay

occurs by 0.1 �A about req ¼ 2.69 �A shis the energy of emitted

electrons by 200meV. On the contrary, the energy of the emitted

electrons is less sensitive to changes in the coordinates R and q.

Thus, the vibrational progression in the ETMD electron spectra

in Fig. 1 is the imprint of the vibrational wavepacket in the Li–Li

mode. This conclusion is supported by the analysis of the

vibrational eigenfunctions, fn(r), of the Li2(
1
S
+
g) molecule.

Indeed, the distance between the nearest maxima of the jfn(r)j
2

varies between 0.23 �A for n ¼ 3 to 0.15 �A for n ¼ 10; the

projection of these states onto the repulsive Li+–Li+ potential

curve would result in the peaks in electron spectra separated by

a few hundred meV. This picture of a triatomic cluster is the

generalization of observations made in the previous ab initio

computations and experiments in diatomic clusters, which

demonstrated that electronic decay onto repulsive potential

energy curve imprinted the vibrational structure of the decaying

state onto the spectra of emitted electrons or kinetic energy

release of the nuclei.31,32,34,42

The electron spectra arising from the decay of He+Li2(
3
S
+
u) are

shown in Fig. 2. The ETMD peak is located between 7.75 eV and

Fig. 2 ETMD electron spectra obtained following the ionization of He

in the He–Li2(
3
S
+
u) cluster. (upper panel) Electronic spectrum obtained

following wavepacket propagation on the full three-dimensional

surface of the decaying state. Red rectangle shows the position of the

peak as estimated from the potential energy surfaces at the T-shaped

geometry of the cluster (see ref. 36). (lower panel) Electronic spectra

obtained following wavepacket propagation on reduced two-dimen-

sional surfaces of the decaying state. Green line – propagation on the

2D-cut (R, r, q¼ 0); red line– propagation on the 2D-cut (R, r, q¼ p/2);

broken gray line – propagation on the 2D-cut (R, q, r ¼ req). All spectra

are scaled to have the same absolute maximum.

9382 | Chem. Sci., 2021, 12, 9379–9385 © 2021 The Author(s). Published by the Royal Society of Chemistry
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9.25 eV. The full spectrum ts less well to the range of electron

energies (8.1 eV to 10.2 eV) we determined previously using

a simple model similar to the one explained above for the singlet

cluster. The only difference between the models was that in the

case of the triplet cluster we kept the angle q ¼ p/2 constant and

not the Li–Li distance r. Although unexpected, due to the weak

Li–Li bond, the spectrum again shows a pronounced structure

with peaks at 8.04 eV, 8.20 eV, 8.38 eV and a shoulder at 8.56 eV.

As in the case of the He+Li2(
1
S
+
g) cluster the spectrum obtained

when keeping the Li–Li distance, r, xed at the respective equi-

librium distance appears as a featureless peak. It is relaxing r that

leads to the structure appearing in the electron spectrum.

It is interesting to compare the spectra of the two

systems, which represent two classes of clusters: a molecule–

atom cluster (HeLi2(
1
S
+
g)), and a triatomic van der Waals

cluster (HeLi2(
3
S
+
u)). The rst obvious difference is how well

the electron spectra obtained for the reduced two-dimensional

PES match the respective full spectra. In the case of the

HeLi2(
1
S
+
g) cluster the three spectra on different reduced

surfaces lie within the envelope of the full spectrum. Moreover,

there is strong overlap between the full spectrum and the

spectra when q is held constant at 0 and p/2. This indicates that

He+ moves around Li2 unhindered and explores the regions

characterized by different values of q with comparable proba-

bilities. In addition, the peaks in the full spectrum correspond

to the peaks in spectra obtained at constant q, and can be

related to the vibrational excitations in the Li–Li mode. These

results conrm our assumption of an ETMD(2) process between

He+ and Li2 in the HeLi2(
1
S
+
g) cluster. They also explain the

excellent correspondence between the computed spectrum and

the range of energies of the emitted electrons found assuming

rigid Li2 (see Fig. 1).

In the case of the HeLi2(
3
S
+
u) cluster only one of the spectra

obtained on the reduced surfaces (q ¼ 0) overlaps strongly with

the full spectrum. In addition, it becomes more difficult to

relate the latter's structure to the peaks in spectra obtained at q

¼ 0 and q ¼ p/2. This indicates a breakdown of the atom–

molecule model, which worked well in the previous case.

Indeed, one would expect the effect of the ionization of He and

the subsequent dynamics to be sufficient for breaking the weak

Li–Li bond. Thus, the structure in the electron spectra, while

carrying the image of the vibrational wavepacket reected in the

dissociative nal state PES, cannot be interpreted as arising

through the vibrationally excited Li2 molecule. It seems, that in

the weakly bound triatomic HeLi2(
3
S
+
u) cluster all degrees of

freedom are equally important in shaping the ETMD electron

spectrum, as one would expect for an ETMD(3) process. The

structure seen in the spectrum is most probably due to inter-

ference effects in the dynamics of an enormously extended

wavepacket.

In conclusion, we computed nuclear dynamics which

accompanies electronic transfer mediated decay (ETMD) in

different metastable electronic states of the weakly bound

triatomic HeLi2 cluster. The computations were made particu-

larly challenging by the necessity to compute quantum

dynamics on three-dimensional complex surfaces of the

decaying states, and by the enormous extent of the wavepackets

due to the extremely weak binding of Li2 to He in the initial

states. We showed that the nuclear wavepacket which evolves on

the PES of the ETMD state following the ionization of He is

imprinted on the ETMD electron spectra. This becomes

possible since the potential energy surface of the nal state is

repulsive along the Li–Li coordinate. Due to the extremely weak

binding of He to Li2 and strong delocalization of the wave-

packets, no semiclassical description of the dynamics is

possible. However, the analysis of the spectra helps under-

standing how the nuclear motion in the decaying state depends

on the electronic structure and binding in the cluster. In

HeLi2(
1
S
+
g), where Li–Li bond is strong, the dynamics is domi-

nated by the motion of He+ around the Li2 molecule. The

vibrational excitation of Li2 – which occurs both in the sudden

ionization of He and through the energy transfer from other

modes during the dynamics – appears as a characteristic

structure in the electronic peak. In the HeLi2(
3
S
+
u) cluster the

weak Li–Li bond is quickly broken and contributions of

dynamics in different modes to the electron spectrum cannot be

disentangled. Surprisingly, the spectrum still carries the

imprint of the vibrational motion, which disappears if we freeze

the dynamics along the Li–Li coordinate.

The effects described in this work can be observed in other

experimentally realizable systems. Suitable candidates are the

rare-gas trimers NeXe2 and NeKr2. Aer core ionization of Ne,

a fast Auger decay takes place producing of Ne2+(2p�2) cations.

The ETMD(3) channel is open in these rare-gas trimers as has

been shown before.10,13 Another system of potential interest to

experimentalists is Ne–H2O. Despite the high double ionization

potential of water (z39 eV (ref. 43)), the ETMD channel is open

in the Franck–Condon region for the Ne2+(2p�2 1S) state.

Following ETMD, the doubly ionized H2O would dissociate in

a number of channels like OH+/H+ or 2H+/O along strongly

repulsive potential surfaces44 such that the signature of the

vibrational motion of water can be observed in the ETMD

spectra. Importantly, water fragmentation and KER of ions in

different dissociation channels were investigated experimen-

tally for the one-photon double ionization of water monomer.45

This also offers an opportunity to compare the KER in the same

dicationic states of water produced via different double ioni-

zation mechanisms. The simpler systems studied in this letter

can thus serve as a model for the ETMD(2) and ETMD(3)

processes in such ion–molecule or weakly bound atomic

clusters.
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