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Abstract—Recombination of singly charged heavy Cs+ and Br– ions with stabilization with neutral Ar or Xe
atoms was studied by the classic trajectory method in the range of ion collision energy and third body energy
from 1 to 10 eV. The elementary reaction of recombination was studied on the potential energy surface (PES),
which quantitatively reproduces the experimental results of collision-induced dissociation of CsBr molecules
(the reverse of recombination). An analysis of the statistically reliable number of trajectories revealed a com-
plex multifactor dynamics of recombination, which involves various mechanisms whose realization depends
both on the mass and energy ratio of colliding particles and on the PES structure and spatial configurations
of collision determined by impact parameters, orientation angles, etc. The molecules that formed as a result
of recombination have nonequilibrium vibrational energy distributions and rotational energy distributions
comparable to equilibrium.
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Recombination of atoms and ions [1–3] is one of
the main channels of the destruction of active centers
and/or formation of excited products in many com-
plex chemical processes and active media. One of such
active media is, e.g., low-temperature plasma in ionic
or plasma engines excited in noble gases or mercury
vapors [4, 5] and in other devices with additions of var-
ious substances depending on the required properties
of the medium. The three-body recombination of ions
underlies the functioning of excimer lasers on inert gas
monohalides [6, 7], where the interaction of positive
noble gas ions and negative halide ions gives rise to
light-emitting states:

Rg+ + X– + M → RgX* + M.
These and other such processes form the basis of a new
class of plasma light sources, which use spontaneous
ultraviolet emission of exciplex molecules [8].

Association of two particles is accompanied by lib-
eration of certain amount of energy sufficient for
decomposition of the associate. Therefore, recombi-
nations can occur as bimolecular associations with
energy dissipation in inner degrees of freedom or as
trimolecular interactions. In the latter case, the excess
energy is withdrawn by the third body, providing the
transfer of products from the region with a continuous
energy spectrum to the region with a discrete spec-
trum corresponding to the bonded molecule. These
three-body interactions can occur by two mecha-

nisms, one of which involves the formation of some
intermediate complex and the other is direct interac-
tion of three particles, forming the product. In this
case, the efficiency of recombination and hence the
concentration of recombinating particles depend on
the efficiency of the third body, which, in turn, is
determined by its physical properties and conditions of
collision with the recombinating pair. This circum-
stance can in principle provide an opportunity to con-
trol, to a certain extent, the concentration of ions, for
example, by varying the composition of the third com-
ponent.

The dynamics of trimolecular processes is consid-
erably more complex than that of bimolecular ones
because the trimolecular reactions involve three parti-
cles whose interactions can occur by the routes involv-
ing all possible pair collisions with a transfer of some
part of the energy of the recombinating pair to the
third body. The formation of products in these pro-
cesses can be described in terms of the relatively simple
hard sphere model. The most interesting examples of
such three-body interactions are dimerizations of
noble gas atoms such as Ne (see [9] and references
therein) and He [10]:

Ne + Ne + H→ Ne2 + H, (1)

He + He + He → He2 + He. (2)
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The validity of the hard sphere approximation was dis-
cussed in [11], where the pulse model of the three-
body recombination of ions bonded by the long-range
Coulomb potential was described on the example of
the model reaction

Cs+ + Br– + R → CsBr + R, (3)
where R = Hg, Xe, Kr, and Ar.

For recombinations of particles with more or less
extended interaction potentials, the pulse interpreta-
tion is evidently rather simplified. The dynamics of
reaction (3) for R = Hg, Xe, and Kr was studied by the
quasiclassic trajectories method on diabatic potential
energy surfaces (PESs), governing the reverse process
of dissociation of CsBr molecules induced by colli-
sions with the corresponding R atoms [12–15]:

CsBr + R → Cs+ + Br– + R. (4)
In these studies, the dynamics of recombination was
investigated based on the statistically significant num-
ber of trajectories calculated in the given ranges of
kinematic parameters (initial trajectory conditions).
This statistical approach (called below the statistical
dynamics) allows us to consider the dynamic behavior
of the systems in a wide range of initial conditions.
Thus, the statistic dynamics data for the direct or
reverse reaction make it possible to determine the
parameters of the suggested PES model by comparing
these data with the experimental dynamic characteris-
tics of the process.

One of the main problems in studies of the elemen-
tary processes of recombination is the mechanism of
stabilization of the recombination product and the
efficiency of the third body as an acceptor of the excess
energy of the associate of the recombinating particles.
Based on the general analysis, it was suggested [12–15]
that the dynamic peculiarities of stabilization of the
products of direct recombinations are determined by
at least two main factors: the mass of the third body
and the structure of PES governing the collisions of
particles.

The goal of this study was to compare the statistical
dynamics of recombination in two reactions (3)
involving the Ar and Xe atoms, which differ in mass
more than threefold. Moreover, these two systems are
characterized by PES structures that differ to a certain
extent because of the quantitative discrepancies of the
potential curves of interaction of both atoms with Cs+

and Br– ions. In [11] recombinations (3) for R = Ar
and R = Xe were already compared, but only within
the framework of the pulse model.

The trajectory calculation technique is based on
the ideal concept about the simultaneous collision of
three particles at the center of mass of the ion pair.
Using the known interaction potentials makes this
model quite realistic. The calculation procedure was
as follows. At the beginning of the trajectory, the Cs+

and Br– ions lie at a distance Ri from one another (in

our calculations, Ri = 250 a.u.), and the third R parti-
cle lies at a distance RR from the center of mass of the
Cs+–Br– pair (this distance is determined in terms of
the atomic energy and the time of approach for the ion
pair). Then all the three particles start to move toward
the center of mass of the ion pair. The Cs+ and Br–

ions can start to move without an initial velocity
(under the action of the long-range Coulomb part of
the potential) or with a given initial velocity deter-
mined by the energy of approach of ions Ei. We can
consider to a good approximation that the Coulomb
force is the only force that affects the ions on the major
part of the trajectory because of the long distance
between them. The problem of the motion of a pair of
ions in the Coulomb field is solved analytically to give
the time in which they meet at the center of mass of the
ion pair. The third R body has to reach this point
simultaneously, which, together with the energy ER of
this particle, unambiguously determines its initial dis-
tance to the center of mass of the ion pair. It is believed
that the velocity of R changes insignificantly on the
main part of the route because of the weak interaction
of the neutral atom with the ions at long distances. To
preserve the generality, some part of calculations
admitted a possible delay of the arrival of the third
body to the meeting point of two ions. This was
achieved by artificially increasing the initial distance
from this particle to the center of mass of the ion pair:
for example, the delay Tdel = 0.1 corresponded to an
increase in RR by 10% relative to the value found for this
parameter in an assumption of a simultaneous collision
of three particles.

The given calculation procedure supposes that the
impact parameter bi of the ion pair and the impact
parameter bR of the third body relative to the center of
mass of the ion pair are zero. If one of these parame-
ters or both are nonzero, the procedure for choosing
the initial conditions is slightly modified as described
in [13, 15]. The maximum value of the bi impact
parameter was chosen to be 40 a.u. in all calculations,
since at higher values of this parameter, there was no
recombination. At the same time, the maximum
impact parameter bR of the R atom relative to the cen-
ter of mass of the ion pair depended on the delay of the
arrival of the neutral atom. For Tdel = 0, 0.1, and 0.2,
this value was chosen equal to 20, 40, and 100 a.u.,
respectively. The step of integration of the equations of
motion over time was chosen to be 50 a.u. This pro-
vided that the total energy and momentum were con-
served not worse than unity in the sixth significant
digit throughout the whole length of the trajectory.
The criterion of the end of the trajectory that led to the
recombination of Cs+ and Br– ions is the condition
that the distance between them does not exceed 30 a.u.,
the total energy of this pair is negative, the distances
from both ions of the molecule to the third atom are
longer than 250 a.u., and the corresponding pair ener-
gies are positive. If a CsBr molecule forms, its vibra-
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tional and rotational energies are calculated at the end
of the trajectory. The probability of recombination was
determined as the ratio of the number of effective
(from the viewpoint of recombination) trajectories to
the total number of calculated trajectories.

The potential energy surface that governs reac-
tions (3) and (4) can be represented with a good
approximation as additive, i.e., equal to the sum of
three pair potentials of interaction of the ions with one
another and of each ion with the third body:

Here U1, U2, U3 and r1, r2, r3 are the potential energies
and distances in the Cs+–R, Cs+–Br–, and Br––R
pairs, respectively. The interaction of ions in the alkali
metal halide M+X– molecule is well described by the
truncated Rittner potential, which has the following
form in the atomic unit system:

The pair interactions of the noble gas atom with each
ion are described by the same equations:

The semiempirical PES used in our study, which
quantitatively correctly describes the experimental
data in molecular beams for dissociation (4) of CsBr
molecules induced by collisions with the R atoms,
actually contains a cross term and has the following
form in the atomic unit system:

where Ai and ρi are the parameters of the Born–Mayer
wall for the interacting particles; Ci are the disperse
constants of three pair interactions; and α1, α2, and α3
are the polarizabilities of Xe (Ar), Cs+, and Br–,
respectively. The PES parameters used here are pre-
sented in Table 1.

The histogram dependence of the probability of
formation of a stable product of recombination on the
collision energies of ions Ei and the ion pair with the
third body ER for R = Ar is shown in Fig. 1. The histo-
gram for R = Xe is qualitatively identical in its struc-
ture to the one presented in Fig. 1. Both dependences
are characterized by a drastic decrease in the recombi-
nation probability at increased ion collision energies,
especially in the range of low ER values and a slightly
weaker dependence on the energy of the third body.
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The differences between the two histograms are
mainly quantitative. First of all, we can note low abso-
lute probabilities of the process, which do not exceed
3.5 × 10–3 for Xe and 1.2 × 10–3 for Ar, e.g., at maxima
of the diagrams; this seemingly confirms the important
role of the mass of the third body. Note, however, that the
use of the mercury atom as the third R body, which is five
time heavier than the argon atom, leads to the maximum
probability of recombination of ≤3.0 × 10–3. Thus, the
mass of the third body is significant, but it is not the
only factor that determines the probability of stabiliza-
tion of the recombination product.

The similarity of the structures of the recombina-
tion probability histograms allows us to compare the
presented results on the recombination probabilities pij
for each node (ER(i), Ei(j)) averaged over the energy
ranges under study for ER(i) and Ei(j). The average
probability can be determined by the equation
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Table 1. Potential energy surface parameters for the Cs+ +
Br– + R systems in the atomic unit system

The polarizabilities are   

Pair Ai ρi Ci

Cs+–Br– 127.5 0.7073 87.36

Cs+–Ar 934.0 0.494 171.5

Br––Ar 68.3 0.653 178.7

Cs+–Xe 318.5 0.6494 490.0

Br––Xe 62.84 0.877 297.3

Cs 16.48,+α = Br 32.46,−α = Ar 11.1,α =
Xe 27.2.α =

Fig. 1. Dependence of the recombination probability of
Cs+ and Br– ions on the three-body collision energies in
the presence of Ar (Tdel = 0).
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where N = 100 is the total number (10 × 10) of the cal-
culated probabilities pij. To understand the role of the
mass of the third R body, we constructed similar dia-
grams of recombination probability distribution for
the Ar–CsBr and Xe–CsBr systems with the mass of
the Ar atom formally replaced by the mass of the Xe
atom and vice versa, but using the same PESs. Table 2
lists the average probabilities SM of the recombination
of the Cs+ and Br– ions with real and hypothetical
masses of the third body. For comparison, the same
table gives the SM values for the delay time of the third
body, which is 10 and 20% larger than the initially cal-
culated time with Tdel = 0, and the corresponding val-
ues for the Hg–CsBr system, whose PES differs from
those of the systems with R = Ar, Xe in its structure.

According to Table 2, the average recombination
probability with a zero delay time of the third body
(Tdel = 0) and with stabilization by Xe atoms is 5.11 ×
10–4, which is 2.6 times larger than for Ar atoms (SM =
1.95 × 10–4). At the same time, the average probability
for the Hg atom, whose mass is ~1.5 times larger than
that of the Xe atom, is 5.25 × 10–4, which is very close
to SM for the Xe–CsBr system. Also note that the SM
values of this system and Hg–CsBr are close for the
other two Tdel values. Moreover, the function of the

efficiency of the third bodies as excess energy accep-
tors during recombination was studied in [16, 17]
according to the minimum residual energy of the mol-
ecule. It was found that the average efficiency of the
third bodies in the same ranges of both particle collision
energies as those given in the present paper for Xe and Hg
coincides almost completely despite the 1.5-fold differ-
ence in the masses of these atoms. Both coincidences
may be the consequence of the differences in the PES
structures of the systems under study.

According to Table 2, the decrease to 40 amu in the
mass of the third body in the Xe–CsBr system leads to
SM decreased to 2.93 × 10–4, which exceeds the above-
mentioned SM = 1.95 × 10–4 for Ar–CsBr. Note that an
increase in the mass of the third body in the Ar–CsBr
system from 40 to 131 amu leads to the average proba-
bility of the process increased from 1.95 × 10–4 to
3.35 × 10–4, which is smaller than SM for the interac-
tion of Xe atoms with the recombinating ion pair
(5.11 × 10–4). This confirms the higher (relative to
argon) energy accepting ability of the xenon atoms.
This difference in the recombination probability is evi-
dently caused not only by the greater mass of the Xe
atom, but also by other factors. The latter include, e.g.,
the differences in the structure of the corresponding
PESs, which are due to the nature of the interaction of
the neutral Ar and Xe atoms with ions.

Figure 2 shows the potential curves that describe
the interactions of the Cs+–Br–, Ar–Cs+, Ar–Br–,
Xe–Cs+, and Xe–Br– pairs of particles. According to
Fig. 2, the dependences of the potential energies on
the interatomic distances for Xe and Ar atoms and
both ions are similar in shape, but strongly differ
quantitatively. These peculiarities themselves do not
explain the above-discussed differences in the effi-
ciency of both atoms as excess energy acceptors of the
recombinating pair. However, they should undoubt-
edly substantially affect the ion recombination proba-
bility, in particular, they point to the nature of the
lower efficiency of argon as an excess energy acceptor
of the formed cesium bromide molecule compared
with the efficiency of xenon.

The above differences in the recombination proba-
bility evidently reflect not only the dependence of the
latter on the mass of the third body and different
effects of the PES structure on the efficiency of stabi-
lization by the atoms in question, but also the possibil-
ity of other factors that affect the statistical dynamics
of stabilization of the excited associate of recombinat-
ing particles.

One of these factors that significantly affect the
probability of a direct three-body recombination is
primarily the diversity of possible trajectories on the
PES, which lead to stabilization of the product mole-
cules. This factor allows for, e.g., the sequence of third
body collisions with ions, the collision configuration
at the shortest distances between particles, and some

Table 2. Average probabilities SM of stabilization of CsBr mol-
ecules with a mass mR of the third bodies of 40 and 131 amu

System/mR Tdel = 0 Tdel = 0.1 Tdel = 0.2

Ar–CsBr/40 1.95 × 10–4 1.22 × 10–4 0.43 × 10–4

Ar–CsBr/131 3.35 × 10–4 2.04 × 10–4 0.72 × 10–4

Xe–CsBr/131 5.11 × 10–4 3.29 × 10–4 1.23 × 10–4

Xe–CsBr/40 2.93 × 10–4 2.16 × 10–4 0.76 × 10–4

Hg–CsBr/201 5.25 × 10–4 3.68 × 10–4 1.31 × 10–4

Fig. 2. Potential energy curves of the interaction of Cs+

and Br– ions and Ar and Xe atoms with ions. 
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other peculiarities of three-body collisions. Each of the
systems under study probably has a definite set of the
types of these trajectories possessing different weights in
the general statistics of recombination calculation.
According to the data of Table 2, the Xe–CsBr system
has a larger number of statistically significant types of
trajectories than the system with an argon atom. This is
confirmed by the considerable differences of the above-
mentioned functions of the efficiency of Xe and Ar
atoms, which represent the dependences of the mini-
mum residual energy of the product molecule on both
collision energies [16, 17]. The average efficiency of Ar
atoms in the ranges of ER and Ei under study is 16 times
smaller than the average efficiency of Xe atoms.

In statistical dynamics of elementary processes,
this should affect the shape of product distributions, of
which the most interesting ones are those of the energy
evolved in the elementary process. As mentioned
above, in excimer lasers, the specific electron energy
distribution of ion recombination products is the rea-
son for the formation of a laser medium.

Data on the presence of sufficiently stable elec-
tronically excited states of alkali halide molecules are
absent (see, e.g., handbook [18]). Therefore, below we
consider the distributions of vibrational and rotational
energies. The histograms in Figs. 3 and 4 show the
vibrational energy distributions in ion recombinations
in the presence of Ar and Xe at collision energies ER =
1 eV and Ei = 1 eV. As would be expected in view of the
similar PES structures, these figures are qualitatively
similar and show at least two distributions superim-
posed on each other: low-energy distribution, which
corresponds to the formation of the most stable prod-
ucts, and high-energy one, which reflects the mecha-
nism or mechanisms of recombination with weak sta-
bilization of the salt molecules. The values of the max-
ima of the distributions approximately correspond to

the dependences of recombination probabilities on
both collision energies of three particles. An increase
in ER to 5 eV at Ei = 1 eV does not change the bimodal
form of the distribution almost at all, markedly
decreasing the relative number of vibrationally excited
molecules. This decrease is caused not only by the
decrease in the recombination probability at these
energies, but also by the corresponding peculiarities of
the stabilization dynamics. An increase in the ion col-
lision energy Ei to 5 eV at ER = 1 eV leads to a consid-
erably more decreased (compared with the recombi-
nation probability) vibration population of both distri-
butions and especially of the low-energy component.
For both Ar and Xe, the distributions show that the
largest content of vibrationally excited products is
observed at energies of ~3.5–4.3 eV at all values of
both collision energies.

Comparing Figs. 3 and 4, we can see that the low-
energy distribution for Ar–CsBr has considerably
lower intensity. This result is evidently explained by
the lower ability of argon to withdraw energy from the
recombinating pair.

The presence of two vibrational distributions sug-
gests at least two mechanisms of energy withdrawal
from the recombinating pair. The energy transfer is
most effective in the triangular configuration of colli-
sion at the maximum approach of particles with the
maximum repulsion between the neutral atom and
both ions [14–17]. Another mechanism responsible
for molecular stabilization can take place in collisions
of R with the ions that approached one another to the
extent of strong mutual repulsion. If the R atom in this
case lies at a sufficiently long distance from both inter-
acting ions and the ion pair has a high repulsion
energy, the stabilization can be insignificant. A similar
situation takes place in the two-stage process involving
the scattering of the repelling ions and subsequent

Fig. 3. Vibrational energy distribution in the Ar–Cs+–Br–

system at ER = 1 eV, Ei = 1 eV, and Tdel = 0.
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Fig. 4. Vibrational energy distribution in the Xe–Cs+–Br–

system at ER = 1 eV, Ei = 1 eV, and Tdel = 0.
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transfer of some part of energy from one of the ions to
the neutral atom. Evidently, each of these brutto
mechanisms responsible for its own statistical distri-
bution mode contains a whole group of detailed mech-
anisms, whose set constitutes the detailed dynamics of
the process.

To separate both brutto mechanisms and reduce, if
possible, the effect of the first indicated mechanism,
10 or 20% delays of the arrival of the third body to the
center of gravity of the ion pair relative to the moment
of the arrival of ions were included in the calculation
procedure. Figure 5 shows the histogram of the vibra-
tional energy distribution of the products for R = Ar at
collision energies of ER = 1 eV and Ei = 1 eV and 20%
delay of the arrival of the third body. The vibrational
energy distribution of CsBr molecules for R = Xe has

a similar form, though the high-energy part of the distri-
bution in this case is more pronounced than for R = Ar.
Both distributions show that the low-energy compo-
nent, which corresponds to an effective energy transfer
to the third body, vanished almost completely. The
high-energy components of the vibrational energy dis-
tributions demonstrate a strong vibrational nonequi-
librium state of the products. The observed quantita-
tive differences in the obtained vibrational distribu-
tions are evidently caused by the difference in the effi-
ciency of the atoms under study as energy acceptors.

The rotational energy distribution of the recombi-
nation products in the presence of Ar is presented in
the histogram in Fig. 6 and its approximation with an
equilibrium distribution corresponding to the tem-
perature 4380 K. This approximation was performed
by minimization of the quadratic residuals of the dif-
ferences of the content of each element of the histo-
gram and the calculated value from the equilibrium
distribution at the given temperature. According to
Fig. 6, the low-energy component of the histogram is
satisfactorily described by the equilibrium distribu-
tion, while the high-energy component is described
slightly less satisfactorily. In the range 0.5–1 eV in the
medium part of the histogram, the coincidence is con-
siderably worse, which possibly suggests different
mechanisms of stabilization of the rotationally excited
products in different regions of the distribution.

Table 3 lists the temperatures rounded in the last
place at which the equilibrium expression most ade-
quately describes the rotational distributions. Accord-
ing to this table, the increase in the ion energy Ei from
1 to 5 eV at ER = 1 eV leads to growth of the rotational
temperature of distribution for both inert atoms, for
R = Xe this growth being smaller than for R = Ar. The
same table gives the temperatures that approximate
the rotational distributions for R = Hg, which have the
same dependence on Ei as the dependences for Ar and
Xe. The effect of ER is also the same on the whole for
all the three R’s, and the increase in ER leads to a
decrease in the rotational temperature at Ei = 1 eV. The
increase in ER to 5 eV entails a decrease in the maxi-
mum value of distribution intensity almost twofold for
Xe and 1.5-fold for Ar in accordance with the recom-
bination probability ratios for the pairs of collision
energies of particles under study. Note that the width
of each distribution does not change. An increase from
1 to 5 eV in Ei at ER = 1 eV causes further decrease in the
distribution maximum for both third bodies in accor-
dance with the recombination probability distribution,
but for Xe the maximum is appreciably higher than for Ar.
A transition to the energies ER = Ei = 5 eV does not change
the maximum population for both atoms almost at all.

The formation of molecules with high rotational
temperatures should be mainly associated with the
dynamic peculiarities of the collision of three bodies.
The rotation of the recombination products is deter-
mined, in particular, by the presence of the impact

Fig. 5. Vibrational energy distribution in the Ar–Cs+–Br–

system neglecting the strong energy transfer. 
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Fig. 6. Rotational energy distribution of recombination prod-
ucts in the Ar–Cs+–Br–system at ER = 1 eV, Ei = 1 eV, and
Tdel = 0. 
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parameter of collision of ions bi and their collision
energy Ei. Note that the influence of bi on the recom-
bination probability is much weaker than the effect of
bR. It can be seen from the rotational energy distribu-
tions that this effect extends to energies above 3 eV,
though the fraction of molecules with this energy is
small. The indicated rotational energy distribution
refers to the stabilized products of recombination, and
the dynamics of rotational excitation in the general
recombination process remains an open question. To
determine the mechanism or mechanisms of stabiliza-
tion of the recombination product via the transfer of
rotational energy and their relation to the PES struc-
ture, a sufficiently thorough study is required to inves-
tigate the detailed reaction dynamics and the peculiar-
ities of the potential energy surface that are responsible
for these mechanisms.

One significant kinematic parameter of the colli-
sion of three particles that determines the probability
of recombination and basically the whole mechanism
of the process is the impact parameter bR of the colli-
sion of the ion pair with the third body. Figure 7 shows
the dependences of recombination probabilities on the
impact parameters of collision of Ar (curve 1) and Xe
(curve 2) with the recombinating ion pair. Both
dependences have almost the same form with maxima
at ≈4 a.u. for R = Ar and at ≈5.5 a.u. for R = Xe. The
half-widths of the distributions are close. According to
Fig. 7, the ratio of the maxima of these distributions
coincides very closely with the ratio of the maxima of the
dependences of recombination probabilities (Table 2) on
both collision energies. Note that the total widths of
distributions also differ insignificantly. The range of
impact parameters at which recombination is possible
is slightly narrower for Ar than for Xe at rather close
positions of the distribution maxima.

The above-mentioned close characteristics of the
probability distributions of recombination are evi-
dently the consequence of close similarity between the
two PES structures due to the similarity of the poten-
tial curves of ion interaction with both neutral atoms.
A change in the delay time of the arrival of the third
body relative to the moment of ion collision leads to a
considerable modification of the forms of the depen-
dences of probability recombination on the impact
parameter bR, which probably suggests changes in the
available set of dynamic mechanisms of recombina-
tion. The nature of these changes can be determined
by investigating the detailed dynamics of the process
under appropriate conditions.

The above results of the statistical analysis of
recombination of heavy ions in the presence of Ar and
Xe atoms show that the differences in the efficiency of
these atoms as excess energy acceptors of recombinat-
ing particles are quantitative but not qualitative. This is
just what was expected based on the qualitative simi-
larity of the potential curves of pair interactions pre-
sented in Fig. 2 and hence the similar total structure of

potential energy surfaces that govern the processes
under study. Thus, the quantitative discrepancies in
the recombination probability distributions and in the
energy distributions of the products are due not only to
the more than threefold excess of the mass of the
xenon atom over that of argon atom, but also (with the
same analytical expressions for PES) to differences in
their structures. These differences in the systems
under study determine the diversity of the detailed
mechanisms of stabilization of recombination prod-
ucts for each third body and the contribution of these
mechanisms to the total efficiency of the third body.

The results of the statistical analysis of the dynam-
ics of the direct three-body recombination show com-
plex relationships of possible dynamic mechanisms of
elementary processes or their groups. This situation
results from the strong influence of averaging over the
sets of initial conditions of the three-body collision on
the calculated dynamic characteristics. The statistical
dynamics highlights the general issues of process
dynamics such as the role of the particle masses and
the effect of the structure of the PES or some of its
regions, but fails to give an unambiguous answer to

Table 3. Temperatures of rotational distributions of the
recombination products of Cs+ and Br– ions in the presence
of the Ar, Xe, and Hg third bodies

Ei, eV ER, eV
Temperature, K

Ar Xe Hg

1 1 4380 4950 4950
1 5 4080 4530 4720
5 1 5140 5370 5700
5 5 5940 5550 5420

Fig. 7. Dependences of the recombination probability of
Cs+ and Br– ions on the impact parameter bR during col-
lision of ions in the presence of Ar (1) and Xe (2) at ER =
1 eV, Ei = 1 eV, and Tdel = 0. 
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questions about the mechanism and outcome of a par-
ticular three-body collision of reagents. The dynamics
of each collision is reflected by the trajectory of the
representation point on the PES. A transition from the
statistical dynamics of the elementary process to its
detailed dynamics allows us to correlate the character-
istics of the brutto process to the dynamics of each ele-
mentary act determined by the structure of the poten-
tial energy surface.
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