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Abstract. The potential energy interaction, the spectroscopic properties and dipole functions of the RbHe
van der Waals dimer have been investigated. We used a one-electron pseudopotential approach and large
Gaussian basis sets to represent the two atoms Rb and He. The Rb+ core and the electron-He interactions
were replaced by semi-local pseudopotentials and a core-core interaction is included. Therefore, the number
of active electrons of RbHe is reduced to only one electron. Consequently, the potential energy curves and
dipole moments for many electronic states dissociating into Rb(5s, 5p, 4d, 6s, 6p, 5d, 7s)+He are performed
at the SCF level. In addition, the spin-orbit coupling is included in the calculation. The Rb+He interaction,
in its ground state, is taken from accurate CCSD (T) calculations and fitted to an analytical expression
for a better description of the potential in all internuclear ranges. The spectroscopic properties of the
RbHe electronic states are extracted. The comparison of these constants has shown a very good agreement
for the ground state as well as for the lower excited states when compared with existing theoretical and
experimental studies.

1 Introduction

Alkali metal-rare gas diatomic systems (M−Rg) have re-
cently received considerable attention both experimen-
tally [1–17] and theoretically [18–33]. Although the ground
states are weakly bound (tens of wave numbers), many
excited states show much larger dissociation energies.
The alkali metal-rare gas systems serve as models for in-
vestigating collisional processes such as line broadening,
quenching, and electronic energy transfer. Furthermore,
alkali metal vapor lasers pumped by diode laser excita-
tion of the D2 line (np2P3/2−ns2S1/2) are currently be-
ing investigated in order to construct high powered lasers
with high beam quality [1]. However, one difficulty with
this scheme is the poor matching of the broad spectral
width of the pump source with the narrow absorption
lines of the alkali metal atoms. A possible method to sur-
mount this difficulty is to exploit the far-wing line broad-
ening effects related to alkali metal-rare gas interaction [2].
Readle et al. [34–37] have demonstrated this approach re-
cently. A practical motivation for the present study is that
accurate data for the upper and lower electronic states
of alkali metal-rare gas pairs are indispensable to evalu-
ate the scaling possibilities for alkali metal-rare gas laser
system.
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Studies of far-wing broadening of the alkali metal D1

(np2P1/2−ns2S1/2) and D2 lines provided some of the ear-
liest data concerning alkali metal-rare gas interactions.
Hedges et al. [15] determined the four lowest adiabatic
potentials for CsRg (Rg = rare gas) pairs, from measure-
ment of the far wing spectral contours of Cs-resonance
lines, broadened by collisions with rare gas atoms. Drum-
mond and Gallagher [17] investigated the potentials and
continuum spectra of Rb-Rare gas collision pairs. The far
wings, extending as much as 1000 Å, were interpreted as
molecular continuum radiation of Rb-Rare gas dimers. Us-
ing the quasistatic theory of the line broadening, they an-
alyzed these spectra to derive the interaction potentials
for the ground states and a few excited states. Dubourg
et al. [16] investigated the interactions of Rb with He and
Ar. They determined potential energy curves and oscilla-
tor strengths related to the states dissociating into Rb (4d
and 6s) + Ar. A discussion of the trends and features of
the potentials was presented and compared with the the-
oretical results of Pascale and Vanderplanque [19]. Unfor-
tunately, Dubourg et al. [16] did not report spectroscopic
data. Information that is complementary to the line shape
data has been obtained from studies of the bound M-Rg
dimers. Although the ground states are held together by
weak van der Waals forces, the dimers have been produced
in the gas phaseat low temperatures by means of super-
sonic jet expansion techniques.
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On the theoretical side, Pascale and Vandeplanque [19]
in 1974 have initiated the study of theoretical number of
molecular exciplexes such as LiHe, NaHe and RbHe. In
their work, a three-body model was used in which the elec-
trons of the alkali ion core and the noble gas are frozen.
The interaction between the valence electron and the al-
kali ion has been described by the semi empirical pseu-
dopotential developed by Baylis [18]. More recently, Leino
et al. [31] have studied the mechanisms of formation of
RbHe using a Monte Carlo approach. These authors have
used the potential energy of Pascale [19]. In this study the
spin orbit interaction have been considered and the role
of excited state 12Π (Rb (5p3/2) + He) in the formation
and size of clusters RbHen was studied.

Recently Bouhadjar et al. [32] determined the potential
curves of the low-lying RbHe molecular states, as well as
the corresponding transition dipole moments. They were
generated theoretically using ab initio methods based on
SA-CASSCF-MRCI calculations, including the spin–orbit
effects. Lancor et al. [33] studied the circular dichroism
of RbHe and RbNe molecules. They used two methods to
measure this effect and showed that the He results can
be understood from RbHe potential curves. In addition,
they indicated how this effect conspires with the spectral
profile of the optical pumping light to increase the laser
power demands for optical pumping of very optically thick
samples.

In this paper, we present an accurate theoretical inves-
tigation of the RbHe potential energy curves and spectra
for the ground and several excited states. The calcula-
tions are based on a pseudopotential approximation that
reduces RbHe to a one-electron problem. In this model,
Rb+ and He are treated as two closed-shell cores inter-
acting with the alkali metal valence electron via a semi
local pseudopotential. This reduces the RbHe system to
one electron core and a core−core interaction. The lat-
ter is derived from an accurate CCSD (T) potential [38].
Section 2 is devoted to the presentation of the theoret-
ical method of calculation. The results are presented in
Section 3. Finally, we conclude.

2 Method of calculation

Our approach follows closely the model used in our previ-
ous works for the alkali-rare gas [39–42] and alkali earth-
rare gas systems [43]. In this model, the total potential is
the addition of three contributions: the core-core interac-
tions, the interaction between the valence electron and the
ionic system Rb+He and finally the spin-orbit interaction.

The Rb+He interaction energy is fitted using the an-
alytical form of Tang and Toennies [44]. This form is the
summation of three terms: (i) an exponential short-range
repulsion Aeff exp (−bR) (with A = 92.4381 a.u. and
b = 2.04242 a.u.), (ii) a long-range −D6R

−6 − D8R
−8 −

D10R
−10 attractive term (with D6 = 36.7412 a.u., D8 =

71.9567 a.u., D10 = −89.2744 a.u.), and (iii) the he-
lium polarization contribution −1/2αHeR

−4 (with αHe =
1.3834a3

0 [45]).

Fig. 1. Potential energy for Rb+He, comparison between ana-
lytical fitting (red line, this work) and the numerical (symbol,
RCCSD (T)) potentials.

The parameters Aeff , b, D6, D8 and D10 were obtained
by least-square fitting using the numerical potential of
Hickling et al. [46]. Figure 1 shows the numerical potential
of Rb+He compared to the analytical one. The difference
between the analytical and the numerical potentials for all
internuclear distances is less than 3 cm−1.

2.1 Electron – Rb+He interaction

For the Ve−Rb+He interaction, we have performed a one-
electron ab initio SCF calculation where the [Rb+] core
and the electron-He effects have been treated through lo-
cal pseudopotentials. The comparison between our pseu-
dopotential and that of Czuchaj et al. [47] is developed in
detail in our study on Mg+He [43].

The core polarization pseudopotentials are incorpo-
rated using the l-dependent formulation of Foucrault
et al. [46] that generalizes the initial method of Müller
and Meyer [48]. They account for the polarization of the
alkali ionic cores as well as of the helium atom considered
as a whole. For each atom (λ = Rb+ or He) the core po-
larization effects are described by the following effective
potential

WCPP = −1
2

∑
λ

αλ
�fλ

�fλ (1)

where αλ is the electric dipole polarizability of the core λ

and �fλ is the electric field created at center λ produced
by the valence electrons and all other cores. The latter is
modified by the l-dependant cutoff function F as defined
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in reference [49] by

F (riλ, ρλ) =
∞∑
l=0

+l∑
m=−l

Fl

(
riλ, ρl

λ

) |lmλ〉 〈lmλ| (2)

where |lmλ〉 is the spherical harmonic centered on λ, and
the cutoff Fl is written as

Fl

(
riλ, ρl

λ

)
=

{
0, riλ < ρλ

1, riλ > ρλ.
(3)

The electric dipole polarizabilities are taken equal to
1.3834a3

0 for He [45] and 9.245a3
0 for Rb+ core [38].

The rubidium cutoff radii were optimized in order to
reproduce the ionization potentials and the lowest va-
lence s, p, and d one-electron states obtained from atomic
data tables [50,51]. We have used the same basis set of
Gaussian-type orbital (GTO s) of Pavolini et al. [52]. The
ionization potential (IP) and the energy differences be-
tween the ground state and lowest excited energy levels
for the Rb atom are determined using the optimized pseu-
dopotentials and basis sets. They are listed in Table 1 in
our work on RbAr [40,41]. They were compared with the
experimental data [50,51] and a good agreement was ob-
served between our theoretical values and the experimen-
tal ones. For the He atom, we used an uncontracted 3s/3p
basis set [53]. The use of a basis set on the He atom is
necessary to treat appropriately the steric distortion of
the Rb+, valence electron orbitals resulting from their or-
thogonality to the rare gas closed shells represented via
the pseudopotential. Since there is not active electron on
the He atom, the exponents were determined in order to
provide correct overlaps with the 2s and 2p orbitals of He
and to extend towards the diffuse range [28].

2.2 Spin-orbit coupling

The spin-orbit interaction Hamiltonian is given by:

VS.O. = ξ �L · �S (4)

It is evaluated in this study using the semi-empirical
scheme of Cohen and Schneider [54]. The spin-orbit cou-
pling for the electronic states dissociating into 3p and 4p
is given by the eigenvalues of the matrix;

⎡
⎢⎢⎢⎢⎣

Ep(2Π) − 1/2ξ

√
2

2
ξ 0

√
2

2
ξ Ep(2Σ+) 0

0 0 Ep(2Π) + 1/2ξ

⎤
⎥⎥⎥⎥⎦

where Ep(2Π) and Ep(2Σ+) are the spin-free energies and
ξ is the spin-orbit coupling constant. The solutions provide
the splitting energies related to the atomic limits S1/2,
P1/2, and P3/2. This matrix is similar to that given by
Cohen and Schneider [54] in their work for the 2p5 and
2p5s3 configurations of Ne+ and Ne∗, respectively. The

Fig. 2. Potential energy curves of the electronic states disso-
ciating into Rb (5s, 5p, 4d, 6s, 6p, 6d, 7s) + He.

following values of the spin-orbit coupling constants were
used in the present calculation: ξ5p(Rb) = 158.396 cm−1.
The spin-orbit interaction was not considered for the Rb
(5d) dissociation limit due to the small spin-orbit constant
associated with this configuration.

3 Results and discussion

3.1 Potential energy curves and spectroscopic
constants

The potential energy curves for all states that correlate
with the Rb (5s, 5p, 4d, 6s, 6p, 5d, 7s) + He dissociation
limits have been calculated. These states of 2Σ+, 2Π and
2Δ symmetries are shown in Figure 2. It is important to
note that there are not experimental information for the
ground state (X2Σ+) of the RbHe exciplex. However, sev-
eral theoretical studies have been performed [32,55–61].
In contrast to the ground state, experimental results are
available for the A2Π excited state. This state has been
the subject of extensive experimental studies by Hirano
et al. [62] and Mudrich et al. [63].
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Table 1. Spectroscopic constants of the electronic states of RbHe exciplexes.

State Re (a.u.) De (cm−1) Te (cm−1) ωe (cm−1) ωe xe (cm−1) Be (cm−1) Referenece

X2Σ+(5s) 12.77 3 3.33 1.15 0.018771 This work

12.39 8.56 [32]

12.49 8.7 [55]

13.49 17.5 [56]

14.48 0.90 [57]

14.0 1.5 [58]

13.86 0.98 [59]

13.86 1.08 [60]

14.24 0.84 [61]

A2Π(5p) 5.60 279 12461 52.07 3.38 0.100507 This work

6.23 81.2 12844 [56]

6.23 134 [58]

AΠ1/2(5p) 5.60 205 12 376 51.94 3.40 0.100480 This work

5.87 110.19 [32]

5.89 95.9 [55]

6.38 44 12784 [56]

6.23 134 [58]

6.06 102.1 [62]

6.08 276 [63]

6.36 93 [64]

A2Π3/2(5p) 5.60 279 12 540 52.07 3.38 0.100507 This work

5.87 157.59 [32]

5.89 159.1 [55]

6.38 65.8 12 920 [56]

6.06 176.8 [62]

6.08 276 [63]

6.23 134 [64]

B2Σ+(5p) 20.41 1 12 739 1.00 0.23 0.007507 This work

24.59 0.27 12747 [57]

25 0.22 12 742 [58]

B2Σ+
1/2(5p) 20.04 1 12 818 0.77 0.13 0.007804 This work

20.6 1.47 [32]

19.80 0.3 [55]

32Σ+(4d) 5.58 –444 19 802 52.23 4.04 0.101429 This work

23.46 23 19 334 11.57

22Π(4d) 5.37 523 18 834 67.05 3.27 0.109508 This work

12Δ(4d) 5.70 208 19 149 45.25 3.15 0.097123 This work

42Σ+(6s) 5.36 –1889 21 993 70.95 3.55 0.109804 This work

52Σ+(6p) 8.17 129 23 673 42.45 1.06 0.047292 This work

32Π(6p) 5.66 225 23 577 47.33 3.13 0.098368 This work

62Σ+(5d) 5.70 –344 26 056 36.82 16.70 0.096181 This work

8.75 92 25 620 25.60

42Π(5d) 5.54 290 25 422 54.44 3.27 0.102717 This work

22Δ(5d) 5.69 212 25 500 46.09 3.34 0.097369 This work

72Σ+(7s) 8.10 –51 26 355 15.03 –80.17 0.045726 This work

14.0 10 26 293 11.20

http://www.epj.org
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The potential energy curve of the X2Σ+ ground state
is mostly repulsive, with a shallow 3 cm−1 well located
at Re = 12.77 a.u. Similarly, the B2Σ+ curve exhibits a
shallow 1 cm−1 well located at large internuclear distance
Re = 20 a.u. Most of the other excited states are more
attractive as compared to the X2Σ+ and B2Σ+ states.
They have potential wells of hundreds of cm−1 located at
internuclear distances that are close to that of the ionic
system Rb+He. Tables 1 list the spectroscopic parame-
ters (equilibrium distances, dissociation energies, transi-
tion energies, and vibrational terms) deduced from the
above potential energy curves (PECs) and compared with
other theoretical [55–61] works. They were determined for
4He and 86Rb isotopes.

The RbHe ground state potential curve compares well
with the results from several previous calculations. Blank
et al. [55] obtained a well depth of 7.8 cm−1 at an equi-
librium distance of 12.49 a.u. Pascale [58], Patil [59],
Cevetko et al. [60], Kleinkathofer et al. [61] and Adrian
Wallet [57] studied the ground state and provided its equi-
librium distance and well depth. They found respectively
Re = 14.0a0 and De = 1.5 cm−1, Re = 13.86a0 and
De = 0.98 cm−1, Re = 13.86a0 and De = 1.08 cm−1,
Re = 14.24a0 and De = 0.84 cm−1 and Re = 14.48a0

and De = 0.90 cm−1. Their results are in general agree-
ment with our work. Recently Bouhadjar et al. [32] deter-
mined the potential curves of the low-lying RbHe molecu-
lar states using ab initio methods based on SA-CASSCF-
MRCI calculations, including the spin–orbit effects. They
found for the ground state an equilibrium distance Re =
12.39 a.u. and a well depth De = 8.56 cm−1, which are in
good agreement with our results.

The present results for the B2Σ+ state are also in rea-
sonable agreement with the values presented by Adrian
Wallet [57] and Pascale [58]. The recent equilibrium dis-
tance of Adrian Wallet [57] (24.59 a.u.) is overestimated
relative to our value (20.04 a.u.), while De (0.27 cm−1) is
of the same order compared to our well depth (1 cm−1).

For the lowest A2Π excited states, the present calcu-
lations are in rather good agreement with the theoreti-
cal values obtained by Adrian Wallet [57], Pascale [58],
Anjan [56] and Blank et al. [55]. The spectroscopic con-
stants without spin-orbit coupling are De = 279 cm−1,
Re = 5.60 a.u., Te = 12 461 cm−1, ωe = 52.07 cm−1,
ωeχe = 3.38 cm−1 and Be = 0.100507 a.u. Our De for the
A2Π (276 cm−1) is in excellent agreement with that found
by Zbiri and Daul [64].

The spectroscopic constants of the A2Π state are af-
fected by spin-orbit coupling. The molecular splitting at
equilibrium is found to be 74 cm−1 and the dissociation
energy De of the A2Π1/2 and A2Π3/2 components are 205
and 279 cm−1, respectively. The vibrational constant and
the equilibrium distance are slightly changed, in contrast
to the excitation energy Te that is largely affected as the
splitting is about 164 cm−1. This is due to the large value
of the spin-orbit coupling constant used in the calculation.
Our values for the first excited state A2Π by introducing
the spin-orbit effect are compared with the experimen-
tal [60–62,62–64] and theoretical [32,55–61] works.

Concerning the A2Π1/2 state, slight differences are ob-
served between our results and the experimental values
of Hirano et al. [60,62] and Mudrich et al. [63]. In this
context, our values of the dissociation energy De differs
by 28 cm−1 with Hirano et al. [62] and 24 cm−1 with
Mudrich et al. [63]. In addition, an acceptable agreement
between our equilibrium distance Re and those deter-
mined by Hirano et al. [62] is oberved. The A2Π1/2 and
A2Π3/2 states, in which spin-orbit interaction is included,
are also studied experimentally by Brülh et al. [64] and the
comparison is rather good. In conclusion, we observe an
acceptable agreement between our theoretical potentials
and those derived from the experimental studies [62–64]
as well as with the existing theoretical works [55–61].

Bouhadjar et al. [32] also studied the spin orbit effect
on the A2Π sate. They found the same Re for A2Π1/2 and
A2Π3/2 (5.87 a.u.). However, two different values of De for
the A2Π1/2 and A2Π3/2 states (110.19 and 157.59 cm−1)
were presented. Our results for this state are in general
agreement with their work.

The spectroscopic constants of the B2Σ+ state are also
affected by spin-orbit coupling through its interaction with
the A2Π1/2 state. Its equilibrium distance is decreased
from 20.04 a.u. to 19.80 a.u.; however, the dissociation
energy is almost unaffected. The potential energy curves
that correlate with the Rb (52P1/2) + He and Rb (52P3/2)
+ He asymptotes and including the spin-orbit coupling
are shown in Figure 3. Our result for this state are in
very good agreement with that obtained by Bouhadjar
et al. [32]. The difference between our and their values
does not exceed 1% for Re and De, respectively.

At higher energies, adiabatic interactions between
states dissociating to the close-lying 5d and 7s asymptotic
configurations are evident. This produces avoided cross-
ings between the 62Σ+ and 72Σ+ states as they dissociate
into Rb (5d) + He and Rb (7s) + He limits.

Neither experimental nor theoretical data on the
higher excited states of the RbHe system have been pub-
lished to date. Therefore, spectroscopic constants for these
states are presented here for the first time. They exhibit
deep potential wells located, as expected, at internuclear
distances close to that of the ground state of the ionic
system Rb+He.

3.2 Transition dipole moment, excitation energy
and wavelengths

We determined the transition dipole moments from the
ground state, X2Σ+, to several excited states and from ex-
cited states to higher excited states. However, we present
in this study only the dipole function from the ground
state to the A2Π and B2Σ+ excited states as they are
needed for D1 and D2 spectra simulations. Figure 4
presents the transition dipole moments as a function of in-
ternuclear distance from the ground state to the A2Π and
B2Σ+ excited states. We note that the transition dipole
moment between the X2Σ+ and B2Σ+ states has a max-
imum of 2.8 a.u. located at a distance of 12 a.u. At large
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Fig. 3. RbHe potential energy curves including spin-orbit cou-
pling dissociating into 52P1/2 and 52P3/2. Full lines, states in-
cluding spin-orbit coupling, dashed line, A2Π and B2Σ+ states
without spin-orbit coupling.

Fig. 4. Transition dipole moments from the X2Σ+ to the
higher excited states A2Π and B2Σ+ and X2Σ+–A2Π1/2,
X2Σ+–A2Π3/2 and X2Σ+–B X2Σ+

1/2 as a function of the in-

ternuclear distance R (in a.u.). The inset shows the behavior
of all the TDMs around D∞ = 2.79 a.u.

Table 2. Energy shift in cm−1 of RbHe excitation relative to
the Rb atomic transition.

Excitation Energy shifta (cm−1)

5s2Σ+–5p2Σ+ –74.77
5s2Σ+–5p2Π 4.23
5s2Σ+–4d2Σ+ –175.36
5s2Σ+–4d2Π 5.06
5s2Σ+–4d2Δ 13.06
5s2Σ+–6s2Σ+ –177.41
5s2Σ+–6p2Σ+ –240.10
5s2Σ+–6p2Π 6.81
5s2Σ+–5d2Σ+ –256.78
5s2Σ+–5d2Π 4.61
5s2Σ+–5d2Δ 12.52

a Δshift = ΔEmolecular − ΔEatomic.

distances, the transition dipole from the ground state to
both A2Π and B2Σ+ states corresponds to a pure atomic
transition Rb(5s)–Rb(5p). The transition dipole function
including the spin-orbit interaction is also included and
presented in the same figure (Fig. 4). This effect is intro-
duced using the rotational matrix issued from the diago-
nalization of the energy matrix discussed previously. As we
can see, the X2Σ+–A2Π transition moment is splitted into
two curves according to the X2Σ+–A2Π1/2 and X2Σ+–
A2Π3/2 transitions. The difference between the splitted
transition dipole moments is remarkable at intermediate
distances. However, at large internuclear distances the
X2Σ+–B2Σ+

1/2, X2Σ+–A2Π1/2 and X2Σ+–A2Π3/2 transi-
tion dipole moments converge to the same limit. This is
expected as it represents the pure atomic transition be-
tween Rb(5s)–Rb(5p).

Table 2 lists the molecular transition energies at the
equilibrium distance from the ground state dissociating
into Rb(5s) + He to the higher electronic states dis-
sociating into Rb(5p, 4d, 6s, 6p, 5d) + He limits without
spin−orbit interaction. The transition frequencies are de-
fined in terms of the shift from the parent atomic transi-
tion. For our best knowledge, there are neither experimen-
tal nor theoretical works on the calculation of the energy
shift of the RbHe exciplex.

Using our potential energy curves for the ground X2Σ+

and the first excited B2Σ+
1/2 electronic states, we have cal-

culated the transition wavelengths for RbHe. This quan-
tity was generated from the expression:

λ(R) = hc/ΔE(R) (5)

ΔE(R) represents the transition energy for an internuclear
separation R. It is given by:

ΔE(R) = V ′(R) − V ′′(R) (6)

V ′(R) and V ′′(R) are the potential energy curves for
the first excited B2Σ+

1/2 and the ground X2Σ+ electronic
states, respectively.

We show in Figure 5 the transition wavelength as a
function of the internuclear distance between Rb and He.

http://www.epj.org
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Fig. 5. Transition wavelengths calculated from the difference
potential for the RbHe exciplex.

This figure predicts that the spectrum is confined in the
region 720–780 nm. Note also that transitions at some
wavelengths can have contributions from dimers or colli-
sion pairs at two different internuclear separations.

4 Conclusion

In this study, we have performed a one-electron + CPP
calculations for the ground and many excited states of
the RbHe van der Waals system. The Rb+ core and the
electron-He interactions were replaced by semi-local pseu-
dopotential and the whole system was reduced to a one-
electron SCF calculations. Thus has permitted the use
of large basis sets for Rb and He atoms. The core-core
Rb+He potential interactions were taken from the accu-
rate CCSD (T) calculation of Hickling et al. [46]. This
potential was also fitted to a Tang and Toennies [44]
analytical form for a better description at intermediate
distances where the minimum of several states of RbHe
are located. Furthermore, the spin orbit coupling was in-
cluded following the semi-empirical scheme of Cohen and
Schneider [54]. Thus has led to splitting in the energy,
transition dipole moment, and to insignificant shift in
the equilibrium distances and transition energies of some
states. Comparisons were made between our spectroscopic
constants and the results from other theoretical and exper-
imental studies [32,33,55–65]. Generally, a good agreement

was observed for the X2Σ+ ground state and the A2Π and
B2Σ+ excited states. Furthermore, our results, including
the spin-orbit interaction, for the A2Π1/2, A2Π3/2 and
B2Σ+

1/2 states are compared with the available theoreti-
cal and experimental studies [32,55,56,58,62–64]. A good
agreement is observed for the equilibrium distances and
dissociation energies.

The accuracy of our data for the higher excited states
is expected to be also good, as the core-core interaction
screening is anticipated to decrease at a short distance
and when the excitation level increases since the system
becomes much closer to a Rydberg situation correspond-
ing to a compacted Rb+He ionic core interacting with a
diffuse electron [28]. This indicates that the one electron
pseudopotential supplemented by a core polarization po-
tential is suitable for obtaining reliable potential curves
for heavier alkali-He diatomics such as CsHe and also for
FrHe. The accuracy of our calculations for the ground
state and the excited ones, especially for the B2Σ+ state,
is demonstrated by the prediction of the B-X absorption
spectra done by Heaven using our potential energy data of
CsAr and compared with the recent experimental result
of Readle et al. [34].

In addition, the transition dipole moments connecting
the ground state to the B2Σ+, A2Π excited states have
been determined without and with spin orbit coupling.
Bouhadjar et al. [32] also evaluated these physical quan-
tities and an excellent agreement is observed between our
calculations.

Our accurate potential energy curves for the RbHe
diatomic van der Waals system can be used to predict
and stimulate high-resolution spectroscopy experiments
for higher excited states. Recently, Captain Wooddy S.
Miller [66,67] used our data to study the temperature de-
pendent Rubidium Helium line shape. The prediction of
the pressure effect on spectrum broadening by the Ander-
son Talman unified Pressure Broadening theory and using
our data has provided good agreement with experimen-
tal observations, which proves the high precision of our
calculation. In addition, the one-electron pseudopotential
approach can be generalized to the solvation of the heavy
Rb atom in clusters and matrixes of helium.

Author contribution statement

Prof. Hamid Berriche, Dr. Jamila Dhilaoui and Mr.
Mohamed Bejaoui (a Ph.D. student) have accomplished
this work on the structure and spectra of RbHe. All au-
thors have contributed in the modelling, calculations and
writing of the paper.

References

1. F. Rostas, Alkali-Rare Gas Eximers, in Spectral Line
Shapes (Walter de Gruyter, Berlin, New York, 1981), Vol. I,
p. 767

2. C.J. Malerich, R.J. Cross, J. Chem. Phys. 52, 386 (1970)

http://www.epj.org


Page 8 of 8 Eur. Phys. J. D (2017) 71: 331

3. G. York, R. Scheps, A. Gallagher, J. Chem. Phys. 63, 1052
(1975)

4. R.E. Smalley, D.A. Auerbach, P.S.H. Levy, L. Wharton, J.
Chem. Phys. 66, 3778 (1971)
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9. R. Bršuhl, D. Zimmermann, J. Chem. Phys. 114, 3035

(2000)
10. G. Aepfelbach, A. Nunneman, D. Zimmermann, Chem.

Phys. Lett. 96, 311 (1983)
11. F. Bokelmann, D. Zimmermann, J. Chem. Phys. 104, 923

(1996)
12. R. Michalak, D. Zimmermann, J. Mol. Spec. 193, 260

(1999)
13. D. Schwarzhans, D. Zimmermann, Eur. Phys. J. D 22, 193

(2003)
14. M. Braune, H. Valipour, D. Zimmermann, J. Mol. Spec.

235, 84 (2006)
15. R.E.M. Hedges, D.L. Drumond, A. Gallagher, Phys. Rev.

A 6, 1519 (1972)
16. I. Dubourg, M. Ferry, J.P. Visticot, B. Sayer, J. Phys. B

19, 1165 (1986)
17. D.L. Drummond, A. Gallagher, J. Chem. Phys. 60, 3426

(1974)
18. W. Baylis, J. Chem. Phys. 51, 2665 (1996)
19. J. Pascale, J. Vandeplanque, J. Chem. Phys. 60, 2278

(1974)
20. R.P. Saxon, R.E. Olson, B. Liu, J. Chem. Phys. 67, 2692

(1974)
21. E. Czuchaj, J. Sienkiewic, Teil A 34, 694 (1979)
22. B.C. Laskowski, S.R. Langhoff, J.R. Stallcop, J. Chem.

Phys. 75, 815 (1981)
23. J. Sadlej, W.D. Edwards, Int. J. Quant. Chem. 53, 607

(1995)
24. J.P.Gu, G. Hirsch, R.J. Buenker, I.D. Petsalakis, G.

Theodorakopoulosand, M.B. Huang, Chem. Phys. Lett.
230, 473 (1995)

25. S.J. Park, Y.S. Leeand, G.H. Jeung, Chem. Phys. Lett.
277, 208 (1997)

26. J. Ahokas, T. Kiljunen, J. Eoranta, H. Kunttu, J. Chem.
Phys. 112, 2420 (2000)

27. M. Ben Hadj El Rhouma, H. Berriche, Z. Ben Lakhdar, F.
Spiegelman, J. Chem. Phys. 116, 1839 (2002)

28. M. Ben El Hadj Rhouma, Z. Ben Lakhdar, H. Berricheand,
F. Spiegelman, J. Chem. Phys. 125, 084315 (2006)

29. S.K.I. Kerkinesand, A. Mavridis, J. Chem. Phys. 116, 9305
(2002)

30. E. Goll, H.J. Werner, H. Stoll, T. Leininger, P. Gori-
Giorgiand, A. Savin, Chem. Phys. 329, 276 (2006)

31. M. Leino, A. Viel, R.E. Zillich, J. Chem. Phys. 129, 184308
(2008)

32. F. Bouhadjar, K. Alioua, M.T. Bouazza, M. Bouledroua,
J. Phys. B: At. Mol. Opt. Phys. 47, 185201 (2014)

33. B. Lancor, E. Babcock, R. Wyllie, T.G. Walker, Phys. Rev.
A 82, 043435 (2010)

34. J.D. Readle, J.G. Eden, J.T. Verdeyen, D.L. Carrol, Appl.
Phys. Lett. 97, 021104 (2010)

35. J.D. Readle, J.T. Verdeyen, J.G. Eden, S.J. Davis, K.L.
Gaball-Kinney, W.T. Rawlins, W.J. Kessler, Opt. Lett. 34,
3638 (2009)

36. J.D. Readle, C.J. Wagner, J.T. Verdeyen, T.M. Spinka,
D.L. Carrol, J.G. Eden, Appl. Phys. Lett. 94, 251112
(2009)

37. J.D. Readle, C.J. Wagner, J.T. Verdeyen, D.L. Carrol, J.G.
Eden, Elect. Lett. 44, 1466 (2008)

38. J.N. Wilson, R.M. Curtis, J. Chem. Phys. 74, 187 (1970)
39. J. Dhiflaoui, H. Berriche, J. Phys. Chem. A 114, 7139

(2010)
40. J. Dhiflaoui, H. Berriche, M. Herbane, M.H. Al Sehimi,

M.C. Heaven, J. Phys. Chem. A 116, 10589 (2012)
41. J. Dhiflaoui, H. Berriche, AIP. Conf. Proc. 1148, 664

(2009)
42. H. Berriche, Int. J. Quantum. Chem. 113, 1349 (2013)
43. M. Bejaoui, J. Dhiflaoui, N. Mabrouk, R. Eloualhazi, H.

Berriche, J. Chem. Phys. A 120, 747 (2016)
44. K.T. Tang, J.P.J. Toennies, Chem. Phys. 80, 3726 (1984)
45. D.R. Lide, CRC Handbook of Chemistry and Physics, 76th

edn. (CRC, Boca Raton, 1995)
46. H. Hickling, L. Viehland, D. Shepherd, P. Soldan, E. Lee,

T. Wright, Phys. Chem. Chem. Phys. 6, 4233 (2004)
47. E. Czuchaj, H. Stoll, H. Preuss, J. Phys. B: At. Mol. Opt.

Phys. 20, 1487 (1989)
48. W. Müller, J. Flesh, W. Meyer, J. Chem. Phys. 80, 3297

(1984)
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