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ABSTRACT 

The binding energy spectrum of BT7 has been recorded in both the outer and inner 

valence regions using electron momentum spectroscopy. The measurements are compared 

with the results of several Green's function calculations using different approximations 

and based on both polarized and unpolarized wave functions. The inner valence region, 

observed for the first time, is found to exhibit complex structure that is shown to be due to 

many-body effects, thus indicating a breakdown of the simple MO picture for ionization in 

this region. Momentum distributions for the three outer valence orbitals are also measured 

and compared with spherically averaged calculations using the target Hartree-Fock and 

plane wave impulse approximations. The effect of polarization functions in the basis set 

is investigated. Orbital density maps in both momentum and position space have been 

calculated and compared with the experimental measurements. 
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1. INTRODUCTION 

Electron momentum spectroscopy (EMS) [1,2] is a powerful technique for the study 

of molecular electronic structure and chemical bonding. We have recently reported [3] a 

detailed study of the binding energy spectra and the spherically averaged orbital momen

tum distributions of the complete valence shell of the C/j molecule using EMS. The inner 

valence binding energy spectrum, measured for the first time, was found [3] to exhibit 

strong splitting of the ionization strength of both the (4a„ ) - 1 and (4<r #) _ I transitions into 

numerous lines of varying pole strengths due to strong many-body effects and a conse

quent failure of the single particle picture in the ion. This effect is a very general one [4]. 

These observations and conclusions were supported by ADC(3) and ADC(4) many-body 

Green's function and also detailed CI calculations, which were found to provide a semi

quantitative description of the inner valence ionization processes. The measured orbital 

momentum distributions were compared with calculations using a wide range of SCF wave 

functions for CI?. The calculations both for the inner and outer valence ionization spectra 

and the momentum distributions for all five valence orbitals were carried out with unpo-

larized and varying levels of polarized wave functions. In general it was concluded [3] that 

the use of polarization (i.e. inclusion of d functions in the basis set) gave better agreement 

with experiment for both the inner valence binding energy spectra and the momentum 

distributions (MD). In particular it was found that polarized basis sets gave an improved 

description of the higher energy distribution of low intensity pole strengths in the inner 

valence region. It was also found that the calculated MD's for the outer valence 5<rf orbital 

of Cl-x was highly sensitive to the degree of basis set polarization, which strongly affects 

the ratio of "s to-p type" components in the orbital 

As part of a continuing comparative study of the ionization and the momentum space 

chemistry of the homonuclear diatomic halogen molecules, we now present experimental 

and calculated results for Br-i. In view of the high atomic number (Z = 35) of Br and the 

consequent large number of electrons in Br?, very little theoretical work has been reported 

on wave functions for molecular bromine until now. Unpolarized and polarized Br 2 wave 

functions are reported in the present work. Calculations using these wave functions are 

compared with experimental binding energy spectra and orbital momentum distributions. 
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2. EXPERIMENTAL METHOD 

Binding energy spectra and momentum distributions were measured using the Flinders 

University noncoplanar symmetric electron momentum spectrometer[5,6]. The data-

handling procedures were similar to those used in the case of O'^ft] and operating proce

dures for the spectrometer have been described in earlier publications [5,6]. The impact 

energy is lOOOeV plus the binding energy, the energy resolution is 1 5eV fwhm and the mo

mentum resolution is 0.1 a.u. fwhm. Liquid bromine was degassed by repeated freeze-thaw 

cycles %nd the Br2 vapour introduced via a heated Granville-Phillips leak valve. Binding 

energy spectra indicate that the sample is free of any significant impurity. 

THEORETICAL METHOD 

The ionization energies and their relative intensities referred to as pole strengths are 

calculated by a Green's function method. This method takes the electronic correlation and 

relaxation effects into account and has proved to be a very useful tool for calculating and 

interpreting ionization spectra. The ionization energies and pole strengths are calculated 

directly as the poles and residues of the one-particle Green's function. The principal 

approximation used in this work is the ADC(n) method (nth order Algebraic Diagrammatic 

Construction[7]). It is a systematic procedure for deriving approximations to the Green's 

function which are accurate to order n of perturbation theory and which have the correct 

analytical structure so that they can be applied in the entire valence region. The cases for 

n = 3 and n = 4 have beta worked out in detail[7]. The ADC(3) method, also referred 

to as the extended two-particle-hole Tamm-Dancoff approximation [8], involves all single 

bole, single particle, two-hole-one-particle (2hlp) and 2plh configurations. The mixing of 

configurations of different partirh* nuinl^r in the Hyson equation introduces ih*> grrnmd 

state correlation effects in the Green's function method. The ADC(3) approximation gives 

the main ionization energies accurate to third order and those states which have strong 

contributions from 2hlp configurations only accurate to first order. Therefore for the 

interesting satellite lines it is only qualitatively or at most semi-quantitatively correct. For 

higher accuracy for these states one has to use the ADC(4) method, which in addition 

to the configurations given above includes tLe 3h2p and 3p2h configurations. The main 

lines are calculated accurate to fourth order and the satellite lines accurate to second 
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order However, the computational problems are severe. This is why a rather approximate 

ADC(4) method has been used in the present work, the very large 3p2h space being 

entirely omitted as well as some of the higher order coupling elements. This simplified 

ADC(4) method is discussed in ref. [9]. In addition we have used configuration selection 

in the present work to extract the most important configurations. In view of the many 

states which have to be computed this appears necessary but for the same reason it is also 

rather unsatisfactory. The ADC(4) results presented here are thus preliminary. Work is 

in progress on improved implementations. 

If a one-particle picture of ionization applies, as in the outer valence region, then 

the outer valence Green's function method (OVGF) can be used. It is a perturbational 

expansion exact up to third order with a renormalization procedure to take »:ito account 

higher order terms. This method is discussed in ref. [10]. The computational aspects of 

the Green'8 function method are discussed in ref. [11] and the correlation effects in ref. 

[4] 
One should note another computational limitation. The double ionization threshold 

normally lies in the region of interest. A finite basis set is used in general to describe an 

infinite number of discrete states which converge to the double-ionization threshold and 

the continuum. Thus only pseudostates are calculated and quantitative agreement with 

experiment cannot be expected. 

4. RESULTS A N D DISCUSSION 

Results for the angle resolved binding energy spectra, the measured and calculated 

orbital momentum distributions, and the measured and calculated inner valence binding 

energy region will be considered in turn below. They will be discussed with reference to 

the ground state electron configuration of Br? in the independent particle model: 

(Core)(7<r,)2(7<rtt)3(8<r,)2(4iru)4(4,r,)4 X % + 

4.1 Angle resolved binding energy spectra 

Figures la-lc show the complete valence shell binding energy spectra of BT7 obtained 

at ^ = 0*, 6* and 0° + 6* respectively. The three spectra are displayed on the same 

relative intensity scale. The average momenta at ^ = 0° and 6° are 0.06 a.u. and 0.45 
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a.u. respectively under the experimental conditions used {9A - OB — 45°, £o = lOOOeV + 

binding energy). Thus the 4> = 0° spectrum will emphasize ionization from those orbitals 

with"s-typeM (i.e. totally symmetric) components in the wave function. Contributions from 

"p-type" orbital ionization are expected to maximize near 4> ~ 6° at lOOOeV for fourth-

row elements containing molecules such as Br7 [12], there being in general a contraction of 

orbital size in momentum space as the atomic number Z increases [1-3,12,13]. The summed 

spectrum (lig. lc) contains contributions from orbitals of all symmetries. Figures la 

and lb demonstrate the spectral decomposition with respect to orbital symmetry that is 

possible with EMS. At ^ = 0° (p ~ O.Ofa.u.) ionization of electrons from the 7<r, and 8<r, 

molecular orbitals is emphasized. These orbitals, in particular the 7<x,, have dominant 

s-type (i.e. totally symmetric) components. In contrast, ionization from each of the p-type 

(antisymmetric in position space) 4rrf, 4iru and 7<ru orbitals gives only a small contribution 

at 4> = 0°, but features prominently in the 0 = 6° (p~0.5 a.u.) spectrum. In the inner 

valence region, i.e. above about 19eV, at least two broad peaks can be seen, as well as 

unresolved structure stretching out to 40eV and beyond. This shows that in the inner 

valence region ionization from the 7<T„ and 7<rf orbitals is dominated by correlation effects. 

The peak centered at 23.1eV must be due to ionization from the 7<r„ orbital since there 

is almost no intensity at 4> = 0°, whereas the peak at 25.6eV must be due to ionization 

from the lct orbital, since it is considerably larger at 4> — 0° than at 0 = 6°. Above about 

26eV the spectra show that the 7<rf contribution dominates, although there is evidence for 

7<ru contributions between about 28eV and 35eV. It is possible that this region contains a 

high density of intermingled poles of both symmetries. 

In the outer valence region, peaks due to ionization from the 4irt, 4ir„, and 8«rf orbitals 

are clearly present. A Gaussian curve fitting program, using the known energy resolution 

function and the positions, widths and spin-orbit splittings of the binding energies de

termined from high resolution PES [14,15], placed the peak maxima at 10.74, 12.92 and 

14.62eV respectively. The outer valence region is shown in more detail in Fig. 2, which 

consists of the sum of binding energy spectra over the binding energy range 7.5-19.5eV ob

tained at the various azimuthal angles (^ = 0 -10° in 1" steps and 12°, 15 s, 20 s and 25°). 

The profile (position and widths) of fitted Gaussians as shown in Fig. 2 was then used to 
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(it the separate spectra at each value of ^ in order to generate momentum distributions 

from the respective peak areas for each orbital. 

4.2 Measured and calculated momentum distributions 

The measured and calculated spherically averaged momentum distributions corre

sponding to ionization from the 4nf,4iru and 8<r, outer valence orbitals, as well as the 

calculated momentum distributions for the 7<ru and lot inner valence orbitals, are shown 

in Figs. 3a to 7a, respectively. The relative peak areas at 23.1eV and 25.6eV derived from 

the separation energy spectra (Fig. 1) at ^ = 0° and 6° are shown on the plots of the 

lau and 7<rf momentum distributions (Figs. 6a and 7a respectively). Additional points 

generated by the Gaussian (its to the energy spectra in Fig. 1 for the outer valence orbitals 

are included in Figs. 3a-5a. 

The calculated spherically averaged momentum distributions were obtained using an 

unpolarized (14sllp5d)/[9s6p2d] contracted basis set (denoted by VN) and a polarized 

(148llp7d)/[9s6p4d] contracted basis set (denoted by VN*). The basis set and contraction 

coefficients were taken from the work of Huzinaga [16]. The two valence d-type polariza

tion functions in the VN* basis had exponents of 0.2 and 0.6. The spherically averaged 

momentum distributions have been convoluted with the experimental momentum resolu

tion (Ap = O.la.u.). The correct relative normalization between the three outer valence 

transitions has been maintained in the experimental data and calculations shown in Figs. 

3a-5a. In Figs. 3-5 a single-point height normalization has been used, the data being 

normalized to the maximum in the calculated 4*t distribution. The calculations shown 

in Figs. 6 and 7 also have the correct normalizations, but the experimental points are 

normalized to theory at ^ = 0°, since the 23.1eV and 25.6eV peaks do not contain all of 

the 7<r« and lot strengths. The momentum and charge dent.ty maps calculated using the 

VN* wave functions are also shown in Figs. 3-7 b and c. 

The two wave functions give very similar momentum distributions, and both give 

good quantitative fits, in both shape and magnitude, to the measured 4nt, 4wu and 8<r# 

momentum distributions. A similar good fit with modest wave functions was also found 

for HBr [12]. The small discrepancy between calculation and experiment at low p for the 

4*H orbital could likely be reduced by incorporating diffuse functions in the basis set, as 
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has been found necessary in obtaining good agreement at low p in EMS studies of HjO 

[17,18], NHS [19] and H7S [20]. The many-body Green's function calculations (see table 1 

below) support the observation that ionization from the three outer valence orbitals should 

be well described by the independent particie (MO) model, the pole strengths for the main 

transitions being nearly unity. The ^ = 0° and 6* relative peak areas for the 23.1eV and 

25.6eV peaks are in excellent agreement with the shapes of the calculated 7<ru and 7a, 

distributions respectively (Figs. 6 and 7). This confirms that the 23.1eV and 25.6eV peaks 

are due to ionization from the 7<rM and 7<rf orbitals respectively. 

The 4*-# orbital momentum distribution has its maximum at a rather high value of 

momentum (p~0.75 a.u.), and therefore the 4r f cross section is relatively small (in the 

cross section the orbital wave function is normalized, i.e. 4» f p7dp\4(p)\7 = 1). The 

position density map shows the nodal plane at Z = 2.1553 a.u., midway between the 

two bromine atoms (separation R). The totally antisymmetric nature of 0(r) for the 4*, 

orbital, with nodal plane at Z = 1/2 R and a nodal line on the z axis means that 4>(p) 

must be zero at p = 0 (except for finite momentum resolution effects). The momentum 

density maps clearly show this as well as the sinusoidal modulation in the z direction due 

to the two cusps in V'(r) at the nuclear positions. The modulation in 4>{p) has a period of 

2*/R = 1.46 a.u., where R is the internuclear separation, giving nodal planes separated by 

p, = 1.46 a.u. These nodal planes, which are present in all the other orbital momentum 

density maps, directly reflect the nuclear geometry. The nodes are smeared out in the 

spherical averaging due to the more diffuse momentum density in the x and y directions. 

The 4* u orbital, which has a node along the z axis, has finite momentum density in the 

p, = 0 plane (although at the origin the density must still be zero). Spherical averaging 

therefore shifts the maximum to a lower value of p, approximately 0.5 a.u. (see Fig. 4a). 

The 8at position density map (Fig. 5c) shows three broad maxima (besides the cusps at 

the nuclei), one midway between the bromine nuclei, and the others also centered on the z 

axis on either side of the molecule. The ot symmetry of this molecular orbital allows the 

momentum density at the origin to be finite (s-type). However, the maxima on either side 

of the pM = 0 plane dominate, although their effect is reduced on spherical averaging (Fig. 

5a). The SCF wave functions give a good description of this effect. 
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The 7<rtt spherically averaged momentum density (Fig. 6a) peaks at a lower value of p 

than the outermost 4ir, orbital, despite having a higher binding energy. Although p, = 0 

must be a nodal plane due to the symmetry of V'(r), the p, axis (p, =px = 0) now is not a 

nodal axis and |l(p)| 3 is not zero for pT — p, = 0, except at the nodal planes perpendicular 

to the z direction. Therefore the spherically averaged momentum distribution peaks at a 

lower value of p. The fact that the 7<r„ and A*9 cross section maxima are essentially the 

same is due to the different orbital occupancies, the 7<ru orbital having only two electrons in 

it rather than four. This offsets the difference in cross sections expected from normalization 

of the wave function in momentum space for distributions peaking at Afferent values of 

momentum. The la9 momentum distribution (Pig. 7) is of the normal <rf "s-type", with 

a maximum at p = 0. 

4.3 Interpretation of the inner valence binding energy spectra. 

At 4> = 6° the area of the peak at 23.1eV is equal to that of the outer 4*t peak (see 

Fig. lb). The ratio of calculated cross sections for these orbitals at 4> = 6* (p=0.45 a.u.) 

is, however, nearly 2 (see Figs. 3a and 6a). Therefore nearly one half of the 7<r„ strength 

must be located elsewhere in the spectrum. Similarly, by comparing the ^ = 0" and 4> = 6° 

peaks in Figs, la and lb, it can be shown that the 25.6eV peak accounts for about 0.3 of 

the lot strength. The missing strengths can be accounted for if the region above 27eV in 

binding energy contains poles due to both orbitals. 

The present many-body Green's function calculations, using both the ADC(3) and 

the simplified ADC(4) technique, support this conclusion (see below). The results of the 

various calculations using the unpolarized and polarized basis sets are given in table 1. 

Besides the ADC(3) and ADC(4) calculations, the results of calculations using the outer 

valence Green's function method (OVGF) are also '.sted. All calculations, as noted earlier, 

give very little splitting of the outer valence pole strengths (or spectroscopic factors), and 

give good agreement in binding energy with the measured values. 

In the inner valence region the calculations predict considerable splitting of the 7<r„ 

and 7ct strengths. The unpolarized ADC(3) calculation with the smaller basis set is 

expected to be inadequate, and it is included mainly to show the strong basis set 'fleets in 

the GreenVfunction calculations. It predicts very little splitting of the 7<r„ strength, the 

main pole being at 25eV. This is clearly in disagreement with the data. It also gives the 
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main pole for the 7<rf orbital at too high a binding energy and with too much strength 

The ADC(3) calculation using the polarized basis set is in much better agreement with 

the data, the energy and intensity distribution being quite different to that given by the 

calculation using the unpolarized basis set. It gives the main 7<r„ pole at 23eV with a 

strength of 0.42, and also some significant poles at 20 and 22eV. The main 7<r, pole is 

predicted to be at 25.7eV, in excellent agreement with the measurements. It, however, 

overestimates the strength a little, although it does predict very significant splitting of 

the strength. An explanation can be given as to why the calculation with the unpolarized 

basis set behaves so poorly. An analysis of the configurations in the ADC(3) calculation 

with the polarized basis shows clearly that nearly all 2hlp configurations which contribute 

strongly to 'he inner valenct states involve excitations into d-orritals. 

The ADC(4) calculation, which includes polarization, also gives results in good agree

ment with the data. It predicts significant splitting of the 7<r„ strength with main poles 

at 22eV and 236eV with a summed strength in that region of about 0.6, in very good 

agreement with the measured intensity at 23.1eV. For the 7<rf orbita! the ADC(4) calcula

tion also predicts severe splitting with the main pole at 25.9eV, again in good agreement 

with experiment at 25.6eV. It also predicts a significant pole at 24.7eV with the summed 

strengths of the two poles being 0.52, a little larger than the observed value of about 

0.3. Although the satellite line structure above about 28eV looks rather similar for the 

ADC(3) and ADC(4) calculations, there is one significant difference. A configurations! 

analysis shows that many 3h2p configurations contribute strongly in this energy region. 

The similarity arises because of the large number of lines. One noticeable difference is 

that the satellite lines calculated by the ADC(4) method are at lower energies compared 

to the ADC(3) calculation. This appears to be the correct tendency when compared with 

experiment. 

The results of these ADC(n) calculations are compared in Fig. 8 with the experimen

tally determined inner valence binding energy spectra. In comparing the results of the 

calculations with experiment it should be remembered that the calculated pole strengths 

refer to two completely different symmetry manifolds. At 4> = 0° the 7<r„ cross section is 

negligible (see Fig. 6a), and the le, cross section has its maximum value (Fig. 7a). At 
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6 = 6° the 7<ru cross section has almost reached its maximum value, but it must be remem

bered that it is still considerably smaller than the lo9 cross section (about one half), even 

though the 7erf cross section has dropped to about half of its maximum value. Thus at 

6 = 0° nearly all of the inner valence structure must be due to splitting of the lat orbital, 

and at 6 — 6° a little more than one third must be due to 7<ru. Thus the 7a, calculated 

pole strengths can be compared directly with the 0° spectrum. No such direct comparison 

is possible for the 7<r„ pole strengths if there are contributions from 7ct present at those 

binding energies. 

It can be seen that the polarized ADC(3) and ADC(4) calculations (Fig. 8, table 1) 

are able to predict the gross features and origins of the inner valence ionization spectra of 

Br?, whereas the unpolarized ADC(3) calculation is obviously quite inadequate. This is 

similar to the situation in Cl 2[3]. 

5. SUMMARY 

The momentum distributions for the outer valence 4*t, 4*u and 8<rf orbitals of Brj 

are quite well described in both relative magnitudes and shapes by the MO momentum dis

tributions given by SCF wave functions with and without additional polarizing d functions. 

Many-body Green's function calculations, based on the OVGT and ADC(n) approxima

tions and using both basis sets, confirm the MO picture of the outer valence ionization 

process. The inner valence spectra, observed for the first time in the present work, show 

severe splitting of both the 7<ru and la, strengths. The main 7<ru strength is found to 

be centered about 23.1eV in binding energy, with a significant lat pole at 25.6eV. The 

remaining lau and ~lot strengths can be observed out to approximately 40eV binding en

ergy. The ADC(3) Green's function calculation using the unpolarized basis set predicts 

some splitting of the 7<ru and 7<r„ pole strength, but it is in very poor agreement with the 

data. When it is used with th<? polarised bask set, the distribution of pole strengths and 

ionization energies is predicted to be quite different and it is in much better agreement 

with the measurements. The ADC(4) calculation using the polarized basis set is also in 

good agreement with the main features of the inner valence ionization spectra. Similar 
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improvements with the incorporation of polarization at both the ADC(3) and ADC(4) 

levels has been observed for C/j(3]. 
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FIGURE CAPTIONS 
Fig. 1 Binding energy spectra for the valence shell of Br^ at (a) ^ = 0°, (b) <f> — 6°, and (c) 

4> = 0" + 6° and total energy of lOOOeV. 
Fig. 2 Binding energy spectra for the valence shell of Br7. The spectrum is the sum of the 

spectra obtained at the angles used (see text) to generate the outer valence momentum 
distributions (Figs. 3-5). The dashed and solid curves represent Gaussian fitted peaks 
and their sums respectively. 

Fig. 3 Experimental and calculated spherically averaged momentum distributions for the 
A*t orbital of Br7. The solid circles (•) are the experimental values extracted from 
the appropriate peak areas in the binding energy spectra at given values of </>; the 
open triangles (A) are data extracted from the respective peak areas in the </> - 0° 
and 6° spectra shown in Fig. 1. Basis sets for the calculated curves are; solid line 
(VN) unpolarized and broken curve (VN*) polarized basis set (see text for details). 
Experiment and calculations are normalized at a single point only (at maximum of 
A*t orbital). All dimensions are in atomic units. Contour values are at 0.02, 0.05, 
0.08, 0.2, 04 , 0.6, 0.8, 2, 4, 6, 8, 20, 40, 60, and 80% of the maximum density The 
density maps are calculated using the VN* wave function. The side panels show 
density profiles (on a relative scale) along the dashed lines on the density maps. 

Fig. 4 Experimental and calculated spherically averaged momentum distribution for the -IT,, 
orbital of Brj. See Fig. 3 caption for details. 

Fig. 5 Experimental and calculated spherically averaged momentum distribution for the 8<r, 
orbital of Brj. See caption of Fig. 3 for details. 

Fig. 6 The calculated density maps and spherically averaged momentum distributions for 
the 7<7„ orbital of Br?. The triangles are relative values obtained from the peak areas 
at 231eV in the energy spectra (Fig. 1). See the caption of Fig. 3 for other details. 

Fig. 7 The calculated density maps and spherically averaged momentum distributions for 
the To, orbital of Br2. The triangles are relative values obtained from the peak areas 
at 25.6eV in the energy spectra (Fig. 1). See the caption of Fig. 3 for other details. 

Fig. 8 Binding energy spectra in the inner valence region of Br? (left-hand panels) compared 
with calculated 7<r„ pole strengths (labelled 2) and 7<r, pole strengths (labelled 1). 
The height of the lines in the right-hand panels is proportional to the pole strengths 
given by the ADC(3) calculation with polarized basis set (d), with the unpolarized 
basis set (e), and that of the ADC(4) calculation with the polarized basis set in (f). 
The 7<Tf manifold dominates the ^ = 0° spectrum, the 7<r„ manifold contributing 
about one third of the strength seen in the ^ = 6* spectrum 
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Table 1. Calculated orbital energiea and binding energiea (eV) for Br2. The pole atrengtha are given in parentheaee. 
Only poles with strength >0.01 are included. 

Calculation Experiienc 

Orbital 
Orbital OVGF** 0VGPb> ADC(3)*> ADC(3) b ) ADC(4)b> 
energy 
-«i*' -e 4 ' (unpolarlxed) (polarlxed) (polarlxed) PES c ) EMS d ) 

**8 

4x u 

7 ou 

11.26 10.99 10.25(0.94) 10.43(0.92) 10.26(0.934) 10.53(0.915) 10.46(0.914) 
23.57(0.027) 22.27(0.010) 21.90(0.010) 

13.71 13.93 12.57(0.91) 12.72(0.90) 12.54(0.885) 12.87(0.875) 12.81(0.875) 
16.47(0.012) 16.70(0.011) 19.81(0.012) 
21.47(0.064) 20.15(0.032) 20.51(0.025) 

25.39(0.013) 25.16(0.016) 
14.57 14.36 14.10(0.94) 14.43(0.90) 14.02(0.896) 14.39(0.609) 14.46(0.882) 

14.59(0.036) 14.71(0.299) 15.23(0.027) 
26.06 25.85 20.67(0.106) 20.33(0.142) 19.87(0.068) 

22.21(0.050) 22.02(0.098) 21.98(0.293) 
25.06(0.751) 23.02(0.422) 22.80(0.064) 

24.72(0.012) 23.62(0.240) 
26.08(0.033) 26.42(0.020) 
29.80(0.010) 28.98(0.015) 
30.27(0.068) 29.62(0.015) 
31.07(0.013) 29.84(0.019) 
32.50(0.067) 30.30(0.061) 
36.09(0.021) 31.17(0.020) 

32.37(0.047) 

2n. 3 / 2 io.56\ 

< ; ; ; ,...if »•' <-*> 
2n 3 / 2 12.77) 

14.56 14.6 (~l) 

23.1* (~0.5) 



Tabic 1: Continued 

Calculation Experiment 

Orbital 
Orbital 0VCP*) OVCf b ) aDC(3) 4 ) ADC(3) b ) ADC(4) b ) 

energy 
-c t

a' -e 1
b> (unpolarlsed) (polarised) (polarised) PES C > EMS d ) 

7°« 30.55 30.13 20.66(0.013) 20.01(0.022) 23.58(0.OH) 
27.94(0.637) 23.09(0.010) 24.72(0. i:>5) 
28.45(0.161) 24.43(0.098) 25.90(0.393) 
33.76(0.032) 25.73(0.446) 28.89(0.019) 
36.57(0.100) 30.41(0.048) 29.46(0.012) 

30.51(0.015) 30.53(0.039) 
32.16(0.019) 31.71(0.043) 
33.04(0.031) 32.48(0.014) 
33.29(0.041) 33.09(0.030) 
34.28(0.039) 33.72(0.016) 
34.94(0.011) 34.60(0.050) 
36.07(0.060) 34.71(0.013) 

36.86(0.013) 

25.6* (-0.3) 

*>Uupolarlsed bsels set (14s lip 5d)/(9s 6p 2d] 
b)rolarlzed basis set (14s lip 7d)/[9s 6p 4d] 
c)lef.l5 
d>Thle work 

''The remaining etrength le at higher binding energy 
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