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Binding energy of the metastable Ar ion
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This paper presents a combined experimental and theoretical investigation of the binding energy of the
metastable Ar(3p°4s4p *S5,,) ion. Utilizing the laser-photodetachment threshold technique combined with
state-selective detection of neutral atoms by resonant ionization spectroscopy, we find a binding energy of
32.5-1.0 meV with respect to thep4s 3P3 state of neutral argon. Our calculations, based on many-body
perturbation theory, yield a binding energy of 24.9 meV. As a test of the present computational method, we
also include the results of a comparative study of Je51050-2947@8)06807-3

PACS numbds): 32.10.Hq, 32.80.Gc

[. INTRODUCTION tral atom. The negative ions of the alkaline-earth elements
have been the subject of intense studies during the past de-
The noble gases are unable to form stable negative iongade, as recently reviewed by Andersetral. [8]. This has

due to the low polarizability of their closed-shél ground-  lead to the conclusion that the strong correlation between the
state configuration. However, their metastable triplet stateglectrons requires a true many-body treatment to obtain ac-
may be able to bind an extra electron to form a bound Spincurate and reliable information about the blndlng energies
aligned quartet negative-ion state. This is the case for heand lifetimes of metastable states. _
lium, which only exists in the metastable HeLs2s2p *P°) In thls ar.tlcle, we _report a complngd experimental and
state located 77.516) meV below the He(42s 3S°) state the_or4et|ca}l investigation of the binding energy of the
[1]. The relativistic spin-orbitone- and two-bodyand spin- Ar~(*S°) ion. Except for the two lifetime studies mentioned

spin interactions responsible for the autodetachment of th%?]oﬁzseggsgr?;ngj lgoar]];at(ljcc))n b?gto‘;t érgfr r;?gi:zilarggn
4p° state are weak in this light system, resulting in lifetimes imi u pectrum, iny

in the range from 10 to 35@s for the three fine-structure tained from electron scattering studies on ground-state Ar

2.3 In all the heavi bl tastabl atoms(see Ref[9] for a review. The short lifetime of the
component$2,3]. In all the eavier noble gases, metastabl€y, oiastable guartet state has so far prohibited a spectroscopic
atoms are formed by promoting @ electron to the lowest

AL . 3m0 characterization of this state by traditional techniques. The
vacants shell, resu_ltl_ng_ in amp (nﬂ'l)_S P® state. AC-  present experiment utilizes the laser-photodetachment
cording to nonrelativistic configuration-interaction calcula- tnreshold technique in combination with state-selective
tions by Bungeet al.[4], neon is unable to form metastable peytral-atom detection. This approach provides the sensitiv-
negative ions, whereas argon is predicted to exist in thety and selectivity needed to measure the very low photode-
metastable Ar(3p°4s4p *S5,) state, bound by more than tachment yield, from which the binding energy of the meta-
135 meV with respect to Ar(8°4s 3P°). The #S® state au-  stable Ar ion can be obtained.
todetaches via the weak spin-spin interaction to the We have used a rather general version of many-body
Ar(3p® 1S°) ground state. Ar was observed experimentally perturbation theory to compute electron affinities of Ar for
by Baeet al. [5], who measured a single component decay-comparison with the present experimental results. The ex-
ing with a lifetime of 35@- 150 ns. They assigned it to the cited *S° state in Ar stems from the configuration
43 state predicted by Bunget al. [4]. Using a different 1s°2s?2p®3s23p®4s4p, i.e., from a configuration with three
approach, Ben-ltzhakt al.[6] later reported a more precise open shells. Thus an accurate computation of its binding en-
value of 260=25 ns for the lifetime. A similar search for ergy will represent a special challenge. Due to the complex
Ne~ was unsuccessf(i5,6] leading to the conclusion that if shell structure of the system, a multireference form or degen-
indeed a metastable Nestate existed, the lifetime should be erate form of many-body theory will be required. For this
shorter than 10 ns. Finally, Haberlaatlal.[7] have reported purpose, we have used a many-body method for the so-called
the observation of a long-lived=10"*% s) component of general model spaces, a method that has previously been
Xe™. adapted to the study of highly excited electronic states in
Negative ions formed from the noble gases represent giatomic molecule$10].
challenge for atomic models since a proper description of the
electron correlation is nheeded to account for the existence of
the metastable states. The situation is somewhat similar to Il. EXPERIMENT
that of the alkaline-earth negative ions; in addition to the
stable ground states formed by the heavier systems (Ca
Sr~, and Ba), these ions possess metastable quartet states, The introduction of laser photodetachment combined with
bound with respect to the excitedsnp 3P° state of the neu- resonant ionization spectroscofl] has been essential for

A. Method
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FIG. 2. lllustration of the experimental setup.

kdetach i X
11.55 eV created in a plasma-ion source are extracted and accelerated

3p%ds °P, to 60 keV and subsequently mass- and charge-state analyzed
in a 90° bending magnet. The positive-ion begourrent
~3-5 uA) is passed through a potassium-vapor cell in
which Ar~ ions are formed by two-step electron capture.
Electrostatic deflectors positioned 65 cm after the charge-
exchange cell separate the different charge-state components
of the beam and direct the Arions into a 100-cm-long,
field-free interaction region defined by 3.6-mm apertures, in
0eV 3ps 1S, which the negative ions are coaxially overlapped by co- and
counterpropagating dye-laser beams. In the present setup, it
Ar- Ar was not possible to measure a reliable negative-ion current
prior to the interaction region due to interference with the
large yield of neutral Ar atoms formed in the near-resonant
first step of the charge-exchange prodégsWith a lifetime

obtaining new and much more accurate experimental data & 260 ns[6], a fraction of less than 1% of the produced Ar
the structural properties of the negative alkali-earth i@s  ONS Survives to the beginning of the interaction region. Pas-
Much improved data were needed in these systems to te§f9€ through this region, corresponding to a flight time of
calculations based on different theoretical approaches. THaP0Ut 2us (or more than seven lifetimgsreduces the cur- -
experiments benefited from the fact that a detection tech€nt further by more than three orders of magnitude and in
nique utilizing the collinear resonant-photoionization methodth® detection chamber the negative current is too low to be
[12] makes it possible to study selectively even very weakneasured by the Faraday cup shown on Fig. 2. Instead, in
photodetachment channels. Thus one was able to use red¥der to optimize the transport of negative ions through the
tion channels in which the electron emitted has angular moS€tup, they can be directed onto an electron multiglieed
mentuml = 0. According to Wigner's threshold law for pho- for Positive-ion detection; see bel?%/vAssumlng a charge-
todetachment of negative ions«E '*2 whereE is the exchar_lge efficiency of a_bou_t>610 for producing Ar,
excess energy of the outgoing electid]), this leads to a W€ estlmatg that a negatl_ve-lon current of only 150—-250 pA
much sharper onset of the photodetachment cross section $R{ers the interaction region.

threshold than for electrons emitted with-0. Therefore, a The laser system consists of two tunable dye lasers,
very accurate determination of the binding energies of th@umped by the second and third harmonic of two syn-
alkaline-earth negative ions has been possible and simil&onized, 10-nsQ-switched Nd:YAG(where YAG denotes
studies have been performed of the fundamental 48 and yttrium aIummum garnetlasers with a repe.tmon rate of 10
Li~ [14] ions. In Ar, however, the photodetachment yield HZ: The detaching dye lasex e(acn), Operating around 795

is inherently very low due to the fast decay of the ions."M (0-4 mJ/pulsg is applied 10 ns in advance of the second
Hence we have chosen to monitor the opening of the stronflY€ 1aSer Rexcitd driving the resonant Rydberg excitation at
3p®4p D¢ detachment channel giving rise to an emitted69 NM(see Fig. 1 The fluence of the latter laser is kept
p-wave electron. In order to measure this partial photode!OW t0 Prévent it from performing any significant detachment
tachment cross section, the population of the°&p DS of residual negative ions to thep34p 3D§ state of Ar. After

state is probed selectively by resonant excitation to théhe exit aperture of the interaction region, a transverse elec-

3p®19d Rydberg state followed by field ionization and de- tric field is applied by a pair of cylindrical electrodes to
tection of the resulting positive ionsee Fig. 1 ionize and subsequently deflect the Rydberg atoms onto the

positive-ion detector situated 23 cm after the field ionizer at
an angle of 11°. Depending on the degree of excitation, the
Rydberg atoms are ionized at different positions in the non-

The experimental setup is shown in Fig. 2 and is essemdniform electrical field and are thus deflected to different
tially identical to that used in the study of H¢1]. Ar* ions  angles. This allows a selective detection of the population of

3p%4sdp 1S,

FIG. 1. Schematic energy diagram of Ar and”ArThe detact-
ment (\getacy aNd excitation X q,.itd Channels are indicated.

B. Experimental arrangement
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O———— ] state of neutral argon. Within the uncertainty, the fitted
— oo 1 threshold position is independent of the range of the fit at
I . ] least up to~6 meV above threshold. By performing gated

30 . ] counting of the signal in a series of 50-ns time intervals
I oo ®hos’ ] (corresponding to 2.7 cyalong the interaction region, the

decay rate of the Ar ions was observed and found to be
] consistent with the previously reported lifetimes6]. Fur-
. . thermore, the present experiment establishes that the meta-
] stable Ar ion originates from a quartet state bound with
] respect to Ar(®°4s 3P°). The observation of the Ar
] (3p°4p) state as a strong detachment channel indicates that
] the negative ion state stems from thg°8s4p configuration
L . rather than the potentially possiblep®d4s. The latter
1.558 1.560 1.562 1.564 1.566 would give rise to an emitted-wave electron in contradic-
Photon energy (eV) tion to the observed threshold behavior. The observation
confirms the previous predictions by Buneeal.[4] and the
FIG. 3. Positive ion yield as a function of the photon energy of present theoretical work. In addition, both calculations assign
the detaching laser. The points represent the sum of two scan®s® symmetry to the observed metastable state.
across the threshold and each point corresponds to the signal from The accuracy of the binding energy in the present experi-
100 laser shots. The full curve shows a fit to the Wigner thresholdnent is limited by the slow onset of thepwave detachment
law (see the text cross section. As demonstrated previoydly; the accuracy
can be improved up to two orders of magnitude by probing
a specific Ar Rydberg level and a strong discriminationan s-wave detachment channel in the optical rarigey.,
against background induced by collisions with rest-gas par3p°5s). However, this channel requires simultaneous exci-
ticles[15]. Furthermore, gated counting is used for selectingation and detachment of two electrons by the one-photon
events stemming from negative ions present in the interadmpact and thus relies on interelectron interactions, which
tion region during the laser irradiation. The photon energy ofnakes it a comparatively weak channel. Its observation in
the detaching laser is calibrated by measuring four referencée present type of experiment would require a significant
transitions in Ar using an optogalvanic lamp and the inter-enhancement of the photodetachment yield which, most no-
vals between these lines are covered by monitoring the intetably, could be obtained by interaction with the negative ions
ference fringes from a Fabry-Re interferometer. Starting immediately after their production in the charge-exchange
above the Af(3p® ?Pg,) ionization threshold\qygite is  CEll- This is not possible in our present setup in which the
tuned down through the Rydberg series allowing an unamdistance to the interaction region corresponds to almost five
biguous selection of the ®4p D¢ state as the observed lifetimes.
detachment channel by parking the laser on the transition to
the 30°19d Rydberg state. Initially, to explore the different ll. THEORY
detachment channels in the3p manifold, the negative Ar
ions are detached by the second harmonic ougR2 nn) of
one of the Nd:YAG lasers followed by a dye laser operating The main idea behind perturbation theory for general
in the range 601-617 nm to probe the population of thgnodel spaces is that an effective Hamiltonidg; can be
different 3p°4p states by stepwise two-photon ionization via constructed, so that its eigenvaluBg obtained from the
higher excited states. A comparison of the positive-ion yieldsSchralinger equation
obtained from each of these states has shown that the 4 pO— £ 0 3.1
3p°4p 3D$ channel is favorable for the present study. eff k™ =k Fk 3.

Pos. ion yield (arb. units)

A. Many-body theory for a general model space

C. Results and discussion will be the exact ones, even though the eigenfuncti@rﬁs
)ﬁre restricted to a model spack)(of finite dimension. To
compensate for this restriction, the effective Hamiltonian is
expanded in an infinite perturbation series

The relative photodetachment cross section in the vicinit
of the Ar(3p°4p 3D$) threshold is measured by recording
the positive-ion yield as a function of the photon energy of
the detaching laser. Repeated scans across the threshold have
been performed and Fig. 3 shows the sum of two such scans. il
Starting from a zero background level, the cross section in- Hefr=Ho+H'+ > WM. (3.2
creases corresponding to the opening gb-wave detach- n=2
ment channel. The threshold positi&g, is obtained by fit-
ting the measured cross section to the Wigner tes(% » Here the termaV("™ represent perturbation corrections from
—Eun)¥? wherefiw is the photon energy of the detaching the second ordem(=2) in the perturbatiotd’ and upward.
laser. After correcting for the Doppler shift seen by the mov-The infinite perturbation series actually represents a com-
ing ions and subtracting the separation between thelete inclusion of the interaction with states outside the lim-
3p°4p 3D§ and 3°4s 3P3 levels[16], we obtain a binding ited model space. The unperturbed Hamiltonkég of Eq.
energy of 32.5+ 1.0 meV with respect to the®4s 3PS (3.2 includes the one-body ternfis of the total Hamiltonian
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plus single-particle potentialg; that represent an average  TABLE I. Computed energieg.u) through third order for the
electronic repulsion. The perturbatidi’ is consequently 'S° ground state in Ar and for the first excité®° and *P° states

given by derived from the 3?3p®4s configuration.
1 1 Order s 3po 1po
H'=22 —=2 u. (3.3 :
i#) Tij I First —526.81850 —526.42113 —526.41635
N V. the sinal icl . il be ch Second —527.33286 —526.91383 —526.90796
ormally, the single-particle potentialg will be chosen as . 52734824  —526.92963  —526.92393

Hartree-Fock potentials.
The solutions of the unperturbed problem

the diagonal elements, it will in the present work be possible
to obtain complete third-order energies for all the states that

yield a complete set of Slater determinants and a finite se?'® considered.

lected set of these determinants defines our model Jjgfce
Eq.(3.1], i.e., B. Calculated binding energies of A

Ho®=EY Dy (3.9

To compute binding energies of the negative argon ion,
‘I’EZ 2 Ci®; . (3.5 we first concentrate on the relevant energy Ievel; of neutral
icp Ar. The present many-body calculations are carried out by
use of the algebraic approximation, which means that the
The energie€, of Eq. (3.1) and the coefficients,; of Eq.  atomic orbitals are represented by a set of Slater atomic or-
(3.5 are obtained from Eq3.1) by diagonalizing a matrix bijtals and furthermore that the continuum is described by a
with a dimension equal to the size of the model space. It iinite set of virtual states. A common basis set of Slater or-
convenient to define the model spaeand its orthogonal bitals was used for all the states considered in Ar as well as
spaceQ, which consists of the remaining infinite set of Ar~. A considerable effort was put into the study of basis set
zeroth-order states in terms of two projection operators  effects. For all the symmetries included, i&.,p, d, andf
orbitals, we systematically increased the basis sets until no
p= Z & )ND;|, Q=1—P. (3.6) signifi_cant changes in the computed energies were observed.
ieP Our final computed results are based on a set of twslve
orbitals, ninep orbitals, severd orbitals, and fourf orbitals.
A formal expression for the perturbation expansiomgfiis  Special care was taken to include several diffuse orbitals of
then given by all symmetries. They are important for an accurate descrip-
tion of the weakly bound stateslin the negative ion.
, , Our first case will be the*S® ground state in Ar,
Heri= PHPJFE‘F. PH MQH |[P{(Pil+--. which stems from the closed-shell configuration
! 0 3.7 1522s22p®3s?3p°®. Hence there is no degeneracy in this case
' and our model space consists of just one determinant. The
To be more specific, a general matrix element of the leadindirst step is to compute the Hartree-Fock energy and the cor-

second-order term of E¢3.2) takes the form responding orbitals. In Table | the Hartree-Fock energy is
listed as the first-order energy and the energies obtained to
2 (O H'|BY{BIH'|P)) second and third order in the perturbation expansion are also
Wi :;E:Q EO_E© (3.8 given.
' B Next we have to consider the first excité&° and 1P°

The perturbation terms of E¢8.2) are most conveniently States derived from the configuratiors’3p°4s. The °P°
expressed in terms of diagraf&d]. To second order, a total State can be treated as a nondegene_rat_e case, starting with
of 21 diagrams has to be included, whereas to the next ordrS-specific Hartree-Fock orbitals optimized for thiP°
about 200 diagrams have to be considered. Thus a practicalate. However, for the/P°® state, we need to consider a
many-body theory of the present form will have to be termi-two-dimensional model space, starting in this case frafi
nated after the second order. This will enable an inclusion of-S-specific orbitals. Computed energies to first, second, and
the leading correlation and polarization terms. Howeverthird orders are shown in Table I. The present many-body
subtle but important effects related for instance to relaxatioflescription does not include spin effects or other relativistic
of the atomic orbitals may be left out to second order, to-corrections and it is consequently not possible to compute
gether with minor, but still important correlation and polar- the multiplet splittings of the’P° state. The close-lyingP°
ization contributions. In the calculation used for the presenfind *P° states are also expected to have a significant spin-
investigation, third-order corrections are included in all thedependent interaction, leading to a partial breakdown of the
diagonal elements of the Hamiltonian matfif. Eq. (3.2)]. LS coupling. To make accurate predictions of electron affini-
For atoms described by tHeS-coupling scheme, it is often ties, we will in particular need the energy of the lowést
possible to work out the energies of the various terms relategubstate. We can, however, obtain this by combining the
to a specific configuration in a stepwise manner. Starting:omputele0 and ®P° energies with the observetP® mul-
with the substate with maximurM, and Mg values and tiplet splittings[16]. For the energies of théP° substates
observing that the sum of the eigenvalues equals the sum ahd the!P state, we then have the set of equations
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TABLE Il. Computed energie&.u) through third order for the TABLE Ill. Ground-state and excited-state affinities in ff.
2s® state in Ar derived from the 8%3p®4s configuration and for  the tex).
the 4S?, “D®, and *P® states that stem from thes®p®4s4p con-

figuration. Order ECPY)—E(*S5,) (meV) E(1S)—E(%S5,) (meV)

Order 2ge 4ge 4pe 4pe First —158.9 —-187.2
Second 55.6 —114.0

First ~ —526.81162 —526.41789 —526.41371 —526.41088  Third 24.9 1143

Second —527.32867 —526.91820 —526.91294 —526.90979
Third  —527.34404 —526.93292 —526.92777 —526.92345

be negative, which is also an experimental fact, and the com-
puted result is very stable going from second to third order.
E(*P)=E('P°)+AE, The computed binding energy of thH&® state relative to the
3P$ substate of Ar is negative{158.9 meV to first order,
but changes to a positive value to second and third orders,
and the values are 55.6 meV and 24.9 meV, respectively.
(3.9  Finally, we see from Tables | and Il that tH&®® and *P®
3m0 30 1 states are both located above tHe° state in Ar.
E(°P1)=E(P?)—A—b—AE, The only calculation of Ar binding energies published
so far seems to be the fixed-core valence-shell configuration
1 interaction calculation of Bunget al. [4]. They found that
ECPY)=ECP%)+A+ 3—0b, the *S°® state should lie more than 135 meV below the
Ar(3P°) state[or approximately 70 meV below th&PJ sub-

in which A denotes the spin-orbit coupling constant anig  State; cf. Eq(3.9)]. Our third-order value for thés® binding

the spin-spin coupling constant given by its correspondingnergy is 89.5 meVor 24.9 meV with respect to'P3),
reduced matrix elemeft7]. E(*P°) andE(°P°) denote the Which is lower than the prediction by Bung al. and in
Computed many_body energies aindE represents an equa| quantitatively better agreement with the present experimental
and opposite spin-dependent energy correction tofpg  result.

and 3P? states due to the partial breakdownLds coupling. As a test of the present many-body method to calculate

By use of observed energies for the left-hand side quantitiegleCtron affinities, we include results of the well-investigated
of Eq. (3.9, we obtain(in meV) AE=60.0, A= —63.0, and Ca ion (see[8,18] and references therginTable IV gives

H 612 1

b= —46.8 when we also use the third-order energies for thé’og‘p%tedz cnergies for the s3p°4s®’s® and

1po and 3p° states(cf. Table ). In this way, we obtain S5 |3p 4s ‘Lp hP grounﬁl states t')” dCa and Ca respec}
: : ; tively. For both states, the many-body expansion starts from

f h f - ) .

ztr:t:;gles to first, second, and third orders for ﬂﬁéj sub optimized Hartree-Fock orbitals. From Table IV we see that
Fdr the negative Ar ion, we first want to investigate the convergency in the total energies through third order is
whether the theory will pr’edict a boundsBp®as 2<° good, whereas there is a considerable change in the affinity

ground state. This case represents a nondegenerate probl ing from second to third order. This indicates that subtle

Starting from optimized Hartree-Fock orbitals, the compute |gher-order_ polarlza_tn_)n and correlation effects play an im-
ﬁortant role in the affinity for the present example. By use of

many-body energies through first, second, and third order. . " o

are given in Table II. Of special interest is the three quarte © ‘?Xger;me”ta'zd‘g“b'?t s_,pllttlng Of. e state{19], we

states*S®, “D®, and“*P® that stem from the excited configu- obtain P, and “Py;, binding energies that are 20.4 meV

ration 323p®4s4p. We have not been able to obtain and 25.2 meV, respectively. The agreement with the corre-

Hartree-Fock orbitals optimized for this complex configura-SPOnding experimental values of 1% meV and

tion, which contains two opep shells and one opesishell. 24.5810) m(_e\_/ [.19] Is thus very good. _For comparison, the
Jgcent relativistic many-body calculation of Avgoustoglou

orbitals obtained for the €3p°4s configuration in Ar. 2nd BecK 18] gives *Pg,, and °P3), binding energies of 18.1

Computed energies for ts®, “D®, and *P® states through M€V and 22.4 meV. o
third order are given in Table II. In this case, we start with - inally, we also include the results of similar many-body

the “D° state. A two-dimensional model space that describe§a/culations on the binding energy of tﬁge state in Ca,
the D¢ and *P® states is then used to compute the® derived from the configurations33p®4s4p?. Relative to the

2 6 3 - . - .
energy. Finally, a three-dimensional model space combinedS 3P 4s4p “P° state in Ca, we obtain to third order a bind-

with the *D® and *P® energies already found yields tH&®
energy.

A general conclusion that can be made from the result
presented in Tables | and Il is that there are considerable

1 2po 1 _ 2po
second-order contributions to the total energies, but the con—OrOler ECS) (aw) EBCPY) @u) E(S)-ECPY) (V)

1
ECPY)=E(®P°) —2A+ §b,

TABLE IV. Computed energies for the Ca and Tground
§tates and affinities for the center of gravity of tHe° state.

vergence going from second to third order is, in view of the First —676.76886 —676.76191 —0.1890
complexity of the states, quite good in all cases. Table Ill second -677.32753 -677.33734 0.2669
presents computed binding energies for & and 4S° Third —677.34304 —677.34385 0.0220

states in Ar. The binding energies of th&s® state is seen to
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ing energy of 508 meV. A recent experimental value isterms. This problem was avoided in the comparative study of

521.8410) meV [20]. The present computed value comparesthe Ca ion and the computed electron affinities of Ca were

quite favorably with the results of recent extensive calculafound to be in very good agreement with experiments.

tions by Froese Fischat al. [21]. With an effective poten- The state-selective laser technique used in the present ex-

tial method, they obtain 515.8 meV, whereas the result of @erimental investigation may also be applicable to the study

multiconfiguration Hartree-Fock calculation that also in-of the metastable Xeion reported by Haberlanet al.[7]. It

cludes non-fine-structure relativistic corrections is 50 has not been possible, however, to produce the metastable

meV. Xe™ ion using the same charge-exchange technique as ap-
plied for Ar~. It should be noted that Haberlamd al. ob-

IV. CONCLUDING REMARKS tained the X& ions from a special production technique, the

) interaction between a pulsed electron beam and a pulsed su-
In summary, we have applied the laser-photodetachmenie sonic gas beam consisting of a mixture of 5-10% Xe in

threshold technique in combination with state-selective dezp gt equal amounts of Ar and,NSpecial ion-source ma-
tection of neutral atoms to obtain spectroscopic informationgiais and ion-source processes can be important for produc-

about the metastable state in"ArThe Ar (3p°4s4p “S3;)  ing metastable negative ions as recently demonstrated for the
state is found to be located 32:3.0 meV below the mojecular N and CO ions[22].

3p°4s 3P$ substate of Ar. Using many-body perturbation
theory, we calculate a theoretical value for the binding en-
ergy of 24.9 meV(cf. Table Ill), which is in reasonable
agreement with the experimental value. When comparing
theory and experiment, it is important to recall the difficult  The authors thank V. V. Petrunin and P. Balli@garhug
character of the three open-shell configuration that gives ristor help and discussions related to this investigation. The
to the #S°® state. As mentioned in Sec. Il B, we were unableexperimental work is part of the research program of the
to start the perturbation expansion from optimized HartreeACAP center, which is funded by The Danish National Re-
Fock orbitals in this case. This in particular means that thesearch Foundation. Financial support from The Danish Natu-
important relaxation effects have to be included in a perturtal Science Research Coun¢8NF) and from The Nordisk
bative manner and their first appearance is in the third-ordeforskerutdanningsakaderthlorFg is acknowledged.
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