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Nonrelativistic ab initio calculation of the interaction potentials between metastable Ne atoms
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We compute nonrelativisticab initio electronic potential surfaces for two metastable 2p5 3s neon atoms
using a multiconfiguration all-electron valence-bond method. Spectroscopic constants and long-rangeC6 dis-
persion coefficients are presented for3,5Sg/u , 3,5Pg/u , and 1,3,5Dg/u symmetries. In addition, we analyze the
role of various atomic configurations in the formation of the neon dimer. Our results can be used to model the
suppression of collision-induced ionization of metastable neon, which is believed to be a good candidate for
Bose-Einstein condensation.

PACS number~s!: 34.20.Mq, 31.15.Ar, 32.80.Pj
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I. INTRODUCTION

Laser-cooled metastable noble-gas atoms have rece
gained attention as systems in which associative or Pen
ionization @1#, ultracold collision physics@2#, high-precision
photoassociation spectroscopy@3#, and possibly Bose-
Einstein condensation with polarized metastable atoms@4,2#
can be studied. In order to successfully describe these
cesses, which rely on modeling of the relative nuclear m
tion, the electronic potential energy surfaces between
metastable noble-gas atoms need to be evaluated. T
curves will determine bond lengths, dissociation energ
and dispersion coefficients, as well as curve crossings
anticrossings.

In this paper a multiconfiguration valence-bond method
used to calculate non-relativisticab initio electronic poten-
tials of two metastable neon 1s2 2s2 2p5 3s(3P) atoms. For
brevity we often omit the term 1s2 2s2 and only use the
abbreviation 2p5 3s in order to describe a metastable ne
atom. Metastable neon is the lightest noble-gas atom with
electronic structure where many-electron correlation and
larization effects play an important role in atom-atom int
actions and hence forms a challenge for any electronic st
ture calculation. The advantage of the valence-bond met
is that it is inherently well suited for collisional problems.
is able to describe the separated atom limit exactly. In ad
tion we find that the all-electron core and nonorthogo
multiconfiguration interaction procedure converges su
ciently well for short- and intermediate-range internucle
separations.

Our potential energy surfaces give insight into the pos
bility of being able to hold polarized metastable neon
magnetic or optical traps. This situation can only be realiz
if associative or Penning ionization of interacting polariz
atoms is suppressed. Such suppression, predicted for
quintet 5Sg potential of the metastable helium dimer@4#,
cannot be guaranteed for Ne because of its more complic
electronic structure. Nevertheless, the5L (L5S,P, . . . )
1050-2947/2000/61~4!/042712~7!/$15.00 61 0427
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molecular states formed from two metastable Ne atoms
the best candidates for suppression as these symmetries
not autoionize. Similar to metastable helium, this suppr
sion of the ionization follows from the observation that t
only energetically accessible Ne11Ne potentials involve a
2p5 ion and a 2p6 neutral atom. Now the total electron sp
of this ionic dimer plus a free electron can only be zero or
Hence, the ionization process of a5L state, which must
conserve the total electron spin, is prohibited.

Loss of metastable atoms from a magnetic or optical t
can nevertheless occur via other collisional processes.
multiplet structure of the5L potentials may cause depola
ization@2# and relativistic spin-orbit interactions coupling th
5L symmetries to autoionizing3L and 1L states cause ad
ditional loss of polarized atoms. This loss is controlled by t
complete shape of the interatomic potentials and hence
short-range interactions are needed.

Earlier theoretical pseudopotential studies of Ne2 describe
the interaction between a ground-state 2p6 and a metastable
atom @5,6#. Recently, the long-range form of the potentia
between two metastable Ne atoms has been predi
semiempirically from known atomic properties@2#. The
short-range molecular structure of Ne2 in the metastable
2p53s12p53s or any other excited state, however, is n
available from either experiment or theory.

We describe an explicit multiconfiguration all-electro
calculation of 5Lg/u , 3Lg/u (L5S, P, and D), and 1Dg
potential curves dissociating to the metastable atomic lim
of Ne2 for R between 3a0 and 50a0 (1a050.052 917 7 nm).
The ~energetically lowest! quintet symmetries, 5Sg/u ,
5Pg/u , and 5Dg/u , are of particular interest. In our calcula
tion we focus on obtaining the multiplet structure of th
quintet potentials but we also present the triplet and som
the singlet potentials to elucidate their structure.

A discussion of the relativistic interactions falls outsid
the scope of the paper. To take into account the fine-struc
effects such as spin-orbit interaction one has to either
velop and apply a relativistic method from first principles
©2000 The American Physical Society12-1
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use perturbation theory. The first way is much more ch
lenging than the second. As far as we know, there exists
ab initio relativistic treatment of the excited Ne2 molecule.
This ab initio treatment is one of our future goals. To app
perturbation theory for fine-structure splittings one can
our non-relativistic potentials as a starting point. In a
atom the splitting between 3s and 3s’ with the same total
angular momentumJ51 is still three times bigger than th
fine-structure splittings and spin-orbit effects, even thou
important for a collision, can be introduced perturbatively

In a nonrelativistic framework the electronic potent
curves are labeled by2S11Lg/u . The quantityS is the total
electron spin andL is the projection along the internuclea
axis of the total electron mechanical angular momentumL.
The gerade or ungerade label reflects the symmetry of
electron wave function under inversion around the cente
charge.

The remainder of the paper is organized as follows:
Sec. II we briefly review our version of the multiconfigur
tion valence-bond method. Sec. III discusses the molec
basis used in the calculation. In the two subsequent sect
we present and discuss the results of the calculations.
give both potentials, spectroscopic constants, dispersion
efficients, and an analysis of the configuration weights a
function of internuclear separation in order to follow the fo
mation of the molecule. The quintet symmetries are d
cussed in Sec. IV and all triplets and1D symmetries in Sec
V. We end with some conclusions in Sec. VI.

II. METHOD

The valence-bond~VB! theory was initially developed by
Heitler and London@7# to calculate the electronic structure
the H2 molecule. The essence of this method is to express
molecular wave function as a linear combination of localiz
atomic wave functions. The generalization of this method
heavier molecules is reviewed in the book by McWeeny@8#,
where it has been proven to be efficient for intermediate
large or asymptotic internuclear separation. In the VB
proach each pair of interacting electrons of a molecule
described with a product of two orbitals centered at eit
nuclei. The molecular wave function is then construc
from Slater determinants of these electronic orbitals, wh
ensures that the Pauli principle is automatically satisfied.
VB approach is appropriate for asymptoticR, since for in-
creasingR the molecular VB wave functions become mo
and more localized, eventually transforming into atomic
bitals. Alternative approaches such as the molecular orb
~MO! and Hartree-Fock~HF! methods@9–11# use descrip-
tions of molecular orbitals containing two electrons. Th
introduces doubly occupied orbitals for all internuclear se
rationsR, whereas in the asymptotic region the quasimo
cule should dissociate to two singly occupied orbitals that
not overlap. Thus the HF and MO methods are poor appr
mations to the true molecular wave function for large int
nuclear separations.

The next stage in the development of the VB method w
to introduce self-consistency at eachR in a manner similar to
the HF method, but now with more realistic VB wave fun
04271
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tions. This approach was named the generalized vale
bond ~GVB! method and developed successfully in a ser
of studies @12–15#. In these early GVB implementations
however, the orbitals are based on Gaussian functions.

We present results of our version of the VB method@16–
18#, where we have modified and developed the earlier
proaches by using a nonorthogonal basis set of Hartree-F
and Sturmian functions@19,20# instead of simple analytica
functions @12–15#. The Hartree-Fock atomic determina
wave functions describe the occupied orbitals and b
Hartree-Fock and Sturmian functions the unoccupied~vir-
tual! orbitals. This ensures that the configuration interact
~CI! expansion converges quickly. In general, the VB so
tion can be unstable for shortR, because the basis function
become linearly dependent so that small errors in matrix
ements of the Coulomb and exchange interactions and in
nonorthogonality or overlap matrix can produce large err
in the total energy of a molecule. Therefore the conventio
opinion is that the HF method for small internuclear sepa
tions provides better results than the VB method. In o
model we avoid this kind of instability by calculating th
matrix elements with high accuracy and using a CI with
nonorthogonal basis set. Another important feature of
approach is that we perform an all-electron calculation
stead of the widely used pseudopotential methods.

The total molecular wave functionCAB in our approach is
given by a linear combination of Slater determinants da
corresponding to various configurations of the molecule

CAB~rW !5(
a

Cadeta~rW !, ~1!

whererW describes the electron coordinates. In turn, each m
lecular configuration is constructed from one configurat
of atomA and one of atomB. The molecular configurations
form a nonorthogonal basis and therefore the electronic w
functions of the molecule must be found from solving a ge
eralized eigenvalue problem

ĤABCW 5EŜABCW , ~2!

whereŜAB is the nonorthogonality overlap matrix andĤAB is
the electronic Hamiltonian matrix, which includes both Co
lomb and exchange electron-electron interactions as we
electron-nuclei interactions.

For each bonding pair of electrons, where the two elect
orbitals are localized on different centers, two-center C
lomb, exchange integrals, and overlap matrix elements
calculated using a symmetric reexpanding procedure de
oped in Ref.@16#. The localized electron orbitals are eith
Hartree-Fock atomic or Sturmian orbitals. These latter or
als are crucial in describing the molecular correlation. T
orbitals replace highly excited Hartree-Fock atomic orbit
that are too diffuse to be used in a CI. The Sturmian fu
tions are found by solving the Sturmian equation with
energy corresponding to the energy of occupied valence
bitals. The solutions, which include both continuum and d
crete parts of the electron spectra form a complete set.
2-2
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III. OVERVIEW OF MOLECULAR BASIS

For each atom self-consistent Hartree-Fock atomic or
als belonging to the 1s2, 2s2, 2p5, and 3s configurations are
used to create a multiconfiguration basis set for the m
stable Ne2 molecule. In addition, Hartree-Fock virtual or un
occupied orbitals designated by 3p, 3d, 4s, 4p, 4d, 5p,
and 5d are included. Using Sturmian functions for these v
tual orbitals proved to be less accurate.

For ultracold collisions the modification of the close
shells 1s2 2s2 due to the presence of the second atom
negligible and we are justified in describing the effect
these orbitals in terms of a frozen core potential that is felt
the remaining valence electrons. The core potential is ca
lated exactly from Coulomb and exchange interactions
tween all electrons of coreA and B. The 2p5, one-electron
excitations out of the 2p5 shell and 3s, 3p, 3d, 4s, 4p, 4d,
5p, and 5d orbitals form the valence orbitals. Various cov
lent and ionic configurations are constructed from th
atomic valence orbitals. In total we have included 89 su
configurations in our basis set. This particular choice of c
figurations was obtained after testing different basis sets
takes into account the majority of the correlation but sim
taneously keeps the number of one- and two-electron i
grals manageable.

The complete list of configurations is given in Table
The configurations have been divided into several clas
based on their role in the molecular formation. The first li
in the table describes the core electrons. All other lines
Table I describe the valence configurations. The first clas
valence configurations contains the configuration of t
metastable Ne atoms. This metastable configuration is
pected to play the leading role in the configuration inter
tion expansion of the metastable potentials.

The next class describes configurations where one of
atoms is in the metastable state and the other is in a hi
excited state with the same parity as the first atom. Th
configurations improve the description of the metasta
atom and hence the molecule at large internuclear separa
The configurations ensure that the molecule dissociates
rectly. The class labeled with ‘‘opposite parity’’ describ
molecular configurations with a parity that is opposite to
configurations of the previous class. Again one of the ato
is in the metastable state. These configurations only con
ute to the formation of the metastable molecule at short
intermediate internuclear separation.

The next two valence classes give rise to the long-ra
polarization interactions between neutral metastable ato
The ‘‘C6’’ configurations lead to the induced dipole-dipo
2C6 /R6 interaction and the ‘‘C8’’ configurations lead to the
induced dipole-quadrapole interaction. Additional covale
configurations are constructed from one ground-statep6

atom and an excited atom. The last two classes describe
Ne11Ne2 configurations where the Ne1 ion is in its
ground-state configuration. The term ‘‘ionic’’ is somewh
misleading. These states are not truly ionic in that the ad
tional electron of the Ne2 atom is still bound to the neutra
2p6 atom. However, these configurations do allow us to
04271
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TABLE I. The molecular configurations used in the calcul
tions. Notice that not all configurations are listed. When the ato
configurations for a specific molecular configuration are differe
the inverted configuration is not listed. However, they are includ
in the actual calculation. The description of the configurations
explained in the text.

Atom A 1 Atom B Description

1s2 2s2 1 1s2 2s2 Core
2p5 3s 1 2p5 3s Metastable
2p5 4s 1 2p5 3s Atomic ~same parity!
2p5 3d 1 2p5 3s
2p5 4d 1 2p5 3s
2p5 5d 1 2p5 3s
2p4 3s3p 1 2p5 3s
2p4 3s4p 1 2p5 3s
2p5 3p 1 2p5 3s Atomic ~opposite parity!
2p5 4p 1 2p5 3s
2p5 5p 1 2p5 3s
2p4 3s2 1 2p5 3s
2p4 3s3d 1 2p5 3s
2p4 3d4s 1 2p5 3s
2p5 3p 1 2p5 3p C6

2p5 3p 1 2p5 4p
2p5 3p 1 2p5 5p
2p5 4p 1 2p5 4p
2p5 4p 1 2p5 5p
2p5 3p 1 2p5 3d C8

2p5 3p 1 2p5 4d
2p5 4p 1 2p5 4d
2p5 3s 1 2p6 Other neutral
2p5 3p 1 2p6

2p5 3d 1 2p6

2p5 4s 1 2p6

2p5 4p 1 2p6

2p5 1 2p5 3s2 Ionic
2p5 1 2p5 3p2

2p5 1 2p5 3d2

2p5 1 2p5 3s3p
2p5 1 2p5 3p3d
2p5 1 2p5 3s4s
2p5 1 2p5 3s4p
2p5 1 2p5 3p4p
2p5 1 2p5 3p4d
2p5 1 2p5 3d4d
2p5 1 2p5 4s2

2p5 1 2p5 4p2

2p5 1 2p5 4d2

2p5 1 2p5 4s4p
2p5 1 2p5 4p4d
2p5 1 2p6 3s Other ionic
2p5 1 2p6 3p
2p5 1 2p6 3d
2p5 1 2p6 4s
2p5 1 2p6 4p
2-3
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scribe the ‘‘ionic’’ properties at short internuclear sepa
tions.

The two classes labeled as ‘‘other neutral’’ and ‘‘oth
ionic’’ cannot contribute to the formation of theS52 poten-
tial energy surfaces as for both classes there are only
active electrons, which can only form states with total el
tron spin zero or 1.

IV. 5S, 5P, AND 5D STATES

In Fig. 1 and Table II we present the results of our calc
lations on the potentials belonging to the lowest5Ls states
of Ne2. The six nearly degenerate quintet potentials corre
to the metastable 2p5 3s(3P)12p5 3s(3P) atomic limit.
These are two5Sg and one5Su state, one5Pg and 5Pu
state, and one5Dg state. Several spectroscopic constants
these six curves are presented in Table II. All constants

TABLE II. Spectroscopic constants of the5L potential curves
dissociating to two metastable3P Ne atoms.Re is in units ofa0 ,
De , ve , and Be are in cm21 (1 cm21529.979 245 8 GHz!, while
C6 is in units ofe2a0

5 wheree51.60217733310219 C is the elec-
tron charge.

State g or u De Re ve Be C6
a

5S g -165 10.6 25 0.054 3300
g -151 10.7 24 0.053 3100
u -150 10.7 24 0.053 3100

5P g -158 10.6 24 0.053 3200
u -158 10.6 24 0.053 3200

5D g -151 10.7 24 0.053 3000

aSee note added in proof.

FIG. 1. 5Ls potential-energy surfaces of two interacting N
atoms. The figure shows the potentials dissociating to the 2p5 3s
12p5 3s atomic limits.
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found by fitting to the appropriate parts of the potentials. T
quantityRe is the internuclear separation at the deepest p
of the curves,De is the dissociation energy or well depth
Re relative to the potential energy at infinite internucle
separation,ve is the harmonic frequency at the deepe
point, Be is the rotational constant atRe , andC6 describes
the long-range behavior of the potential. Effects due to ot
multipole terms could not be extracted from the long-ran
form of the ab initio potentials. In the table the curves a
first ordered according to their symmetry and then their d
sociation energy.

The long-range behavior of the metastable poten
curves is dominated by an attractive induced dipole-dip
2C6 /R6 potential. The six potentials have nearly identic
C6 coefficients since the two spherically symmetric 3s elec-
trons of the metastable atoms dominate the long-range in
actions. Small differences due to the orientation of the 2p5

orbitals relative to the internuclear axis, i.e., the project
L, are expected. In fact, from the last column of Table II w
see that theC6 coefficients are identical to within 10%. Th
value of theC6 coefficients is predominantly determined b
the mixing of the metastable molecule with the 2p5 3p
12p5 3p configuration of theC6 class of Table I. Our val-
ues ofC6 are about 50% larger than the values obtained
Ref. @3#. Their evaluation only considers the experimenta
determined 2p5 3s to 2p5 3p transition dipole moments an
therefore gives a lower bound to the value ofC6, whereas
ours includes several ‘‘C6’’ configurations.

A comparison between the Ne quintet potential and
ground-statex3Su sodium dimer potential is illuminating
For both sodium and metastable Ne the outer 3s orbital
dominates the electronic interactions and similarities in
shape of the potentials are expected. Moreover, for the q
tet symmetry the electron spin of the electrons in the 2p5

orbital and the electron spin of the electron in the 3s orbital
are aligned and hence we can compare the correspon
potentials with the spin-aligneda3Su curve of Na2. For the
Na2

3Su curve the experimental equilibrium constants a
De5173.8 cm21 andRe59.62a0 @21# and the dispersion co
efficient is C651561e2a0

5 @22#. Hence we see that the N
quintet curves are slightly shallower at short internucle
separations, have a minimum at larger internuclear sep
tion, and are more attractive at distances where
2C6 /R6 dominates. The latter comes as no surprise as
atomic polarizability of metastable Ne is the larger of t
two. The shallower wells are due to the additional correlat
between the open 2p5 orbital and the 3s electrons.

The effect of the'10 cm21 splittings atRe between the
six quintet metastable curves on inelastic collisional rate
pronounced. For ultracold Na collisions the weak relativis
spin-spin dipole interaction lifts the electron-spin degene
cies of thex3Su potential and ultimately limits the~colli-
sional! lifetime of a gas of Na atoms due to depolarizati
@23#. These splittings for Na are;0.01 cm21 at Re , which is
orders of magnitude smaller than the nonrelativistic splittin
calculated for neon. Hence we expect that depolariza
rates of Ne(3s) samples will be large.

In Fig. 2 we show the weights of the different classes
2-4
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configurations, defined in Table I, of the5Dg potential as a
function of internuclear separation. The weights are defi
as the sum of the squares of the CI coefficients of all
configurations contributing to a class. Hence, the figure ill
trates the molecular formation. The dominant configurat
for nearly all internuclear separations is the 2p5 3s
12p5 3s configuration. This indicates that the atomic ba
set in our generalized VB approach was a good star
point. At large internuclear separation the metastable c
figuration mixes with so-called ‘‘same parity’’ configura
tions. Together these configurations completely describe
dissociating atoms. The weights of the configuration belo
ing to the ‘‘C6’’ and ‘‘ C8’’ class, which have a 1/R6 and
1/R8 dependency, respectively, are the first configurati
that help form the molecule when the two atoms are brou
together. This is consistent with the notion that at interme
ate range internuclear separation the potentials are desc
by dispersion interactions. The weights of the ‘‘opposite p
ity’’ and ‘‘ionic’’ configurations have a nearly exponentia
behavior with internuclear separation, as both require an
change of electrons between the two atoms. ForR,10a0
most classes contribute evenly to the molecular format
Nevertheless nearly 50% of the weight of the CI expansio
due to the metastable configuration.

Quintet potential curves that dissociate to the ionic N1

1Ne2 limits lie above the metastable dissociation limit. Th
is consistent with the notion that the quintet symmetries
not autoionize. Remember that as discussed in Sec. III
classes ‘‘other neutral’’ and ‘‘other ionic’’ do not contribut
to the formation of the metastableS52 states.

V. 3S, 3P, 3D, AND 1D STATES

In Fig. 3 the 18 adiabatic triplet curves dissociating to t
metastable 2p5 3s(3P)12p5 3s(3P) and 2p5 3s(1P)
12p5 3s(3P) limit are shown. Table III gives the most im

FIG. 2. The configuration weights of the5Dg potential as a
function of internuclear separation. The labels are defined in
text.
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portant spectroscopic constants for these curves. The cu
are ordered by symmetry, followed by atomic dissociati
limit and their dissociation energy with respect to this atom
limit. For example, the first group of curves with3L sym-
metry dissociates to the3P13P limit while the second
group dissociates to the1P13P limit. The atomic
asymptotic energy splitting between the nonrelativis
E@2p5 3s(1P)# and E@2p5 3s(3P)# state is approximately
1400 cm21.

The eighteenS51 curves separate into three bundles
lines. Within each group the variations are no more tha
few percent. Notably the separation between the3Pu and
3Pg within each group is small. In addition, the two3Su
curves for each of the three groups have several avo
crossings in the attractive regions of the potentials. For
ample, the two3Su curves dissociating to the3P13P limit
have an avoided crossing around 8a0. The two curves rap-
idly approach each other to within several cm21 at a binding
energy of 2500 cm21. A Landau-Zener analysis@24# of this
avoided crossing for two ultracold colliding atoms sugge
that for a single pass through the region there is a near u
probability of jumping to the other curve.

The long-rangeC6 coefficients of the triplet curves tha
dissociate to the3P13P limit are nearly equal to those o
the 5L curves. TheC6 values for the triplet curves that dis
sociate to the 1P13P limit, however, are considerably
larger. The dispersion potential is predominantly determin
by mixing with the 2p5 3p12p5 3p configuration and hence
is determined by the atomic 2p5 3s(2S11P) to
2p5 3p(2S11L) transition moments@22#. Thus it follows for
the nonrelativistic 2p5 3s Ne atom that the singlet-single
transition dipole moments are larger than triplet-triplet dipo
moments. As a consistency check the ratio between the

e

FIG. 3. 3Ls potential surfaces of two interacting metastable
atoms. The figure shows the potentials dissociating to the 2p5 3s
12p5 3s atomic limits.
2-5
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figuration weights of the 2p5 3p12p5 3p configuration,
which belongs to the ‘‘C6’’ class, for a potential dissociating
to the 1P13P limit and a potential dissociating to the3P
13P limit was evaluated for large internuclear separat
and found to be consistent with the ratio between the co
spondingC6 coefficients.

Figure 4 shows the configuration weights of the low
metastable3Sg curve as a function of internuclear separ
tion. The CI weights for the ‘‘ionic’’ and ‘‘other ionic’’ have
been combined into a single ‘‘ionic’’ line. The configuratio
weights of the various classes of this3Sg curve and the5Dg
potential in Fig. 2 have similar long-range trends. At sh
internuclear separation, differences exist. The most pro
nent difference is the increased contribution of the so-ca
‘‘ionic’’ configurations inside 8a0. In fact, it reflects the
presence of@Ne1(2p5)1Ne2# 3Sg potentials below the
metastable limits of two metastable atoms, which are ab
for the quintet symmetries. Physically this implies that t
ionic complex Ne1(2p5)1Ne(2p6) plus a free electron can
be formed or equivalently that the dimer autoionizes. Noti
that our ‘‘ionic’’ configurations are unable to predict the io
ization width as in our basis this electron remains bound
the Ne(2p6) atom. Nevertheless, the ionic configurations
modify the shape of the potential curves.

TABLE III. Spectroscopic constants of the3L and 1Dg poten-
tial curves dissociation to two metastable Ne atoms. For each s
metry the potentials are energy ordered and grouped accordin
their dissociation limits.Re is in units ofa0 , De , ve , and Be are in
cm21, while C6 is in units ofe2a0

5.

State g or u De Re ve Be C6
a

3S g -3437 6.6 132 0.140 3100
u -3432 6.6 132 0.140 3300
u -3151 6.8 129 0.129 3100

g -568 9.5 48 0.067 3900
u -567 9.5 49 0.068 4100
u -558 9.6 53 0.066 3900
u -163 10.7 24 0.052 3900
g -162 10.7 23 0.052 3900
g -133 11.4 21 0.046 4000

3P g -3300 6.7 131 0.135 3200
u -3291 6.7 131 0.134 3200

u -569 9.5 50 0.067 4100
g -567 9.5 50 0.067 4100
g -147 11.1 23 0.049 4000
u -146 11.1 23 0.049 4000

3D u -3434 6.6 132 0.140 3000

u -578 9.4 50 0.068 4200
g -162 10.7 24 0.052 4200

1D g -3523 6.6 131 0.139 3000

g -448 9.5 46 0.067 5300

aSee note added in proof.
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A second difference between the CI weights presente
Figs. 2 and 4 is apparent at the bottom or deepest part o
potential. The 3Sg curve has a smallerRe than the 5Dg
potential and we see for the3Sg potential that the metastabl
configuration contributes significantly less to the formati
of the molecule at the bottom of the wells. Notice also th
the configurations labeled ‘‘other neutral’’ contribute
well.

We conclude with describing representative singletS50
potentials. The adiabatic1D curves dissociating to the meta

-
to

FIG. 4. The configuration weights of the lowest metastable3Sg

potential as a function of internuclear separation. The labels
defined in the text.

FIG. 5. 1Ds potential surfaces of two interacting metastable
atoms. The figure shows the potentials dissociating to the 2p5 3s
12p5 3s atomic limits.
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stable 2p5 3s(3P)12p5 3s(3P) and 2p5 3s(1P)
12p5 3s(1P) limits are presented in Fig. 5. The two curv
have g symmetry and the spectroscopic constants are
sented in Table III. The long-rangeC6 coefficient for the
potential dissociating to the1P11P limit is significantly
larger than the values for curves dissociating to the1P
13P limit. Again this is due the larger dipole moment of th
singlet-singlet transition.

VI. CONCLUSION

We have calculatedab initio nonrelativistic energy curve
for two interacting metastable Ne atoms. From these cur
we extracted dissociation energies, and other spectrosc
quantities as well as long-range dispersion coefficients
comparison of5L potentials with thea3Su sodium dimer
potential showed a high degree of similarity in the shape
the potentials but also that differences are due to the la
correlation and polarization effects for a two-electron me
stable neon atom. This is reflected in the multiplet struct
of the 5L potentials. For the3L and 1D potentials we find
an even more complicated picture. There are two atomic l
its and we find that the long-rangeC6 coefficients for curves,
dissociating to a limit where at least one of the atoms ha
ys

W

C

nd

ys
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2p5 3s(1P) configuration, are much larger. Moreove
avoided crossings between curves of the same symmetry
ist at short internuclear separation.

The molecular formation for a quintet and a triplet pote
tial was studied while following configuration weights as
function of internuclear separation. Their radial behavior
understood by their long-range characteristics. At sh
range, ionic configurations were found to have a more
portant role for the triplet potential.

In order to obtain a more complete description of t
metastable Ne2, there is a need to implement spin-orbit in
teractions in the calculation. Additional improvements c
be made by taking into account core-valence correlation
fects, which are known to be very important in the alka
metal dimers@25#. Unlike for the alkali-metal systems, ex
perimental or theoretical guidance on the size of
correlation effects for metastable neon does not exist.
hope to address these issues in future publications.

Note added in proof.Recently, we further investigated th
long-range properties of the metastable Ne dimer. Inclus
of all single-electron excitations out of the 2p5 shell leads to
significantly smaller values ofC6 . Other properties pre-
sented in the tables are not affected.
s.
,
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ch-
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