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Abstract: Momentum distributions and spectroscopic factors are obtained in a high-
resolution electron-momentum spectroscopy study of krypton at 1000 eV.
The shapes and relative magnitudes of the momentum profiles are in good
agreement with the results of calculations made within the distorted-
wave impulse approximation (DWIA) framework. The DWIA describes
the relative magnitudes of the 4p and 45 manifolds as well as giving
a good representation of the shapes of the respective 4p and 4s cross
sections. Results for the momentum profiles belonging to excited 2P° and
25¢ manifolds are also presented. Spectroscopic factors for transitions
belonging to the 2P° and 28° manifolds are assigned up to a binding
energy of 42 eV. The spectroscopic factor for the lowest 4s transition
is 0.51 £ 0.01, whereas that for the ground-state 4p transition is 0.98 +
0.01. Comparisons of the present binding energies and spectroscopic
factors are made against the results of several many-body calculations
and photoelectron spectroscopy (PES) results. In addition we outline
a new procedure, utilising the experimental 4p and 4s manifold cross
sections, that provides information on possible initial state configuration
interaction (ISCI) effects in krypton.
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1 Introduction

The {e,2e) process, in which the momenta of the incident electron and two emitted elec-
trons in an ionizing collision are complef.ely determined, is capable of revealing a rich
variety of information. Depending on the kinematics employed, it is possible to inves-
tigate in detail either the dynamics of the ionizing collision or to use the reaction to
elucidate the structure of the target and the ion. For example, the (e,2¢) reaction has
been used to investigate final-state correlation effects between the continuum eclectrons.
This has mainly focussed on post-collision interaction (PCI) effects in the ionization of
inner shells resulting in the emission of Auger electrons, particularly the ionization of the
2p shell of argon [1-10]. The reaction has also been used to study the correlations between
resonance and direct ionization amplitudes in the autoionizing region of helium [9, 11-21].
When used for structure determination, high energies and high momentum transfers are
normally employed to ensure the “clean” knock-out of a target electron. This form of
{e,2e) spectroscopy is commonly referred to as electron momentum spectroscopy (EMS).
It has been reviewed extensively [22-26) and in this communication we report its appli-
cation in the first multiparameter-technique EMS study of the satellite structure of the
krypton valence shell.

In quite recent times the study of correlation satellites in ionization spectra of rare gas
atoms has been the subject of renewed interest [27, 28]. There are at least three reasons

for this:

(8) The advancement of theoretical and computational methods is now giving reliable

results for pole strengths for the most prominent low-energy satellites {29-31].

(b} The experimental development of atomic and molecular physics at an increasing
number of synchrotron radiation centres makes feasible photoionization studies of

gases at low pressures with synchrotron radiation of variable energy [32].

(c) The measured relative magnitudes of satellites in EMS valence electron spectra are

independent of the incident energy and target electron momentum, but sometinies
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differ from the corresponding PES values, which appear to be energy dependent

even at high momentum [23].

Wherecas there have been a large number of EMS and PES measurements and the-
oretical calculations for the valence electronic structure of neon, argon and xenon (see,
for example, references [33] - {36] and references therein), the same cannot be said for
krypton. The earliest EMS studies of correlation effects in the binding energy spectra
of krypton were made by Weigold ef. al. [37] and Fuss et. ol [38]. Both these stud-
ies suffered from the limited statistical accuracy inherent with single channel coincidence
measuretnents and from coincident energy resolutions AE., = 2 eV, which effectively
“smeared out” the 4s valence satellite structure. Leung and Brion {39] also independently
measured, in an EMS experiment, the 4p and 4s satellite structure of krypton but again
this was a single channel measurement so that the statistical quality of their data was
only fair. We note, however, that they [39] improved the energy resolution of their work
so that AEi, = 1.6 eV (FWHM), which whilst being clearly superior to Fuss et. al.
{38}, was, in the context of resolving the 4s satellite structure, of only marginal quality.
Indeed Leung and Brion {39] specifically called for a further measurement of the krypton
inner valence shell, with better energy resolution and improved statistics, to better de-
fine the 4s satellite structures. The results of just such a study, which have been made
possible by employing multiparameter techniques, are reported here. Note, at this point,
that a preliminary report of some aspects of this work [40} is superseded by the present
manuscript.

PES investigations have also found significant satellite structure for the krypton va-
lence shell. In this regard we note the early study of Spears et. al [41] and the more
recent, extensive, investigations of Svensson et. al. (32] and Krause et. al. [27]. From a
theoretical perspective Dyall and Larkins [42, 43] bave applied their frozen-core CI model
to calculate the satellite spectrum of krypton (amongst others) up to binding energies
of 43 eV. More exact calculations for the 4p and 4s satellite states have been provided

by Fronzoni et. al. {30] and Brosolo et. al. {44] who employed a two hole-one particle

(2h-1p) CI calculation scheme.

In the present work we report a 1000 eV EMS study of the valence electronic structure
of krypton, up to a binding energy of 42 V. Spectroscopic factors for transitions belonging
to the 2P° and 25° manifolds are assigned and results for the momentum profiles belonging
to excited 2P° and 25° manifolds are presented and discussed. Finally, a new technique in
extracting initial state configuration interaction information is outlined and applied to the
present, respective, 4p and 4s manifolds. The results of this analysis are also presented

and discussed.
2 Experimental Methods

The present study was conducted with an electron-coincidence spectrometer. This elect.ron-
coincidence spectrometer and the techniques used in the present EMS investigation of the
satellite structure of krypton have been described in some detail previously by McCarthy
and Weigold {23,24] (to which the interested reader is referred for more information), and
so we do not go into further detail here. We note however, our recent major upgrade
in our data acquisition and computer control system. Specifically, the obsolete PDP-LSI
11/23 computer and its associated CAMAC control units were replaced by a PC 486D
computer with a u-ACE MCA card and a National Instruments LabPC + card. The
benefits of this upgrade in terms of data handling, processing and storage and hardware
reliability were manifest, in particular greatly reducing down time in the experiment.
The high purity krypton is emitted into the target chamber through a capillary tube,
the leak rate being controlled by a variable leak valve. The collision region is surrounded
by a chamber pumped by a 700ls~! diffusion pump. Apertures and slits are cut iu the
collision chamber for the incident beam and ejected electrons. The differentially pumped
collision region makes it possible to increase the target gas density by a factor of about
two while keeping the background pressure in the spectrometer below 10~® Torr. This
allowed us to operate the electron beam at a lower current (typically 40..4) resulting in

a better energy resolution. The energy resolution of the present measurements is 1.25 ¢V



(FWHM), and the angular resolution is 1.2° (FWHM). Operating conditions were chosen
so that the incident energy Eq = 1000 eV + binding energy (), the ejected electrons
had energies E4 and Eg in the range 500 & 7 eV and made angles of 84 = 05 = 45° with
respect to the incident electron beam direction. The out-of-plane azimuthal angle ¢ was

varied over the angular range 0 — 25° in order to vary the recoil momentum as
1
. ?]?
p = [(2p4 058 — po)? + dp’ sin? @sin? 51 ; 4N

Binding energy spectra were taken at each out-of-plane azimuthal angle over the range

€; = 9 — 42 eV using the binning mode [22].
3 Orbital Manifolds

At encrgies of 1000 eV or higher the distorted-wave impulse approximation (DWIA) has
given differential cross sections for noncoplanar symmetric ionization equivalent to the
more detailed distorted-wave Born approximation (DWBA) [45]. Both give a good ac-
count of experimental data for the valence states of inert gases {23]. We treat the DWIA
as an accurate description of the ionization reaction and use a statistical procedure to
extract detailed structure information from the experiment.

The differential cross section in the DWIA is [23]

d’o kyk,
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It 1:as been written in this form to make explicit its dependence on the structure amplitude

{qil0), where

a=ks+k,~ ko, ©)

0 labels the ground state of the target atom and i labels the observed state of the residual

ion. The subscripts 0, f, s refer to the incident and faster and slower outgoing electrons
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respectively. The projection quantum number of magnetically-degenerate ion states is
m. |x1#)(k)) are elastic-scattering states calculated in the appropriate patentisl, which at
the present energy is the spin-averaged static-exchange potential for the interaction of an
electron with the appropriate system, i.e. the atom in the initial state, the jon in the final
state. The electron-electron collision factor is usually taken to be the absolute square of
the half-on-shell Coulomb ¢ matrix [46], appropriately summed and averaged over spin
states.

The initial and final bound states may be expanded in & configuration interaction
representation based on a set of orthonormal orbitals 8. The set § is conveniently chosen
by a structure calculation of the target ground state. Here we use orbitals computed in
the analytic potential of Green et. al.[47]. The structure amplitude may be calculated to
arbitrary accuracy in this way, although relaxation effects in the ion make the expansion
somewhat inefficient. The structure amplitude is sometimes called the Dyson orbital for
the ion state i, since it is a one-electron quantity.

Great insight into structure is achieved by making the weak-coupling approximation
{23} in which

(ail0) = {57} ¢a(q), (4)

where ¢,(q) is the normalized Dyson orbital in momentum space and S is the spectro-
scopic factor for the state i. The weak-coupling approximation assigns ion states i to
orbital manifolds a, the corresponding orbital manifold being identified by the character-

istic momentum-profile shape
2
5(@) = 2 [ e )i eV ax ko)) ()

It is justified by the fact, observed in all experiments to date on atoms or molecules, that
the overwhelming majority of valence states have characteristic momentum profiles.

The normalized Dyson orbital is fully defined for all the states 7 in the manifold a by
the spectroscopic sum rule

LS =1 (6)



The orbital energy is given by
€ = X;Sf€i. %)

The states i of an orbital manifold a are often called satellites of the orbital a.
Finally, note that the relevant DWIA differential cross sections, as given by equa-
tion (2), are all folded with the experimental angular resolution for comparison with the

experimental data.

4 Experimental determination of normalized Dyson
orbitals

For many atoms and molecules excellent agreement with experiment is obtained by as-
suming that the normalized Dyson orbital @ is equivalent to the corresponding basis
orbital 3, which is very similar to the Hartree-Fock orbital. For occrsional orbital mani-
folds, such as the one-state 1by manifold of H,O[48], the Hartree-Fock orbital gives a very
poor approximation, although the validity of the impulze approximation is confirmed by
a detailed configuration interaction calculation of the Dyson orbital. In this case a much
improved single-orbital calculation is achieved by density-functional methods [49]. It is
therefore interesting to ask what orbital is defined by analysing experimental data for an
orbital manifold by the distorted-wave-impulse and weak-coupling approximations.

In cases where the experimental criteria identify an orbital manifold the normalized
Dyson orbital can be directly derived from the experimental momentum profile by an
inverse-scattering procedure. The orbital ¢ is represented as a linear combination of
orthonormal basis orbitals 3, which liave the same symmetry as o, but different principgl

quantum ammbers.

,O’) = Za:cﬂﬁlﬂ)v af=1,n (8)

The transformation matrix C is expressed in terms of a set 8 of fitting parameters, chosen

for experimemual cross scctions o at the data points u = (k 1 K,) by minimizing the sum

of weighted squares of the deviations
ksk A s s o o s
ot = (n)'L2F / R, (&, &) / dRw (&, &,)

% fee Tl M1 (K Nax ™M (o)) (9)
In spectroscopic experiments it is valid to consider the energies of the external electrons
as well resolved, but to take into account angular resolution in the measurement of fc, by
integrating the cross section (2) over the solid angle k with a normalized weight factor
w,(f(, ]_c,) and similarly for k,. The experiment leaves one quantity undetermined. This
is a constant normalization F, which is treated as an additional fitting parameter.

Using (8) we express (9) as
ok = FY" Py 5,0 = Ftr(P,O"). (10)
ay
The density matrix P, for the orbital & is
Pa‘g., = CgaCan- (11)
‘The observation matrix O* for the data point u is
) ~. " =(27r)‘-kf—k’—_/df<w (k R,)fdf(’w (K, k) fL
. ‘ 18 kO JA0Y (] 1Ry }feetom
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The parameter ﬁmng is done by minimizing the quantity S, given by

S = T, ok - Fu(PoOM)), (13)
u T
with respect to the set te
a=(F6) b (14)

of fitting parameters. The fitting procedure determines the mean values and variances of
the parameters a. The normalized weight w, of each data point p is given by the inverse

of the variance for .



The parameters 8 are obtained by the requirement that the sets & and § of orbitals are
orthonormal. This is equivalent to requiring the transformation matrix C to be unitary.
The constraint is achieved by parametrizing the coefficients with the set of Jacobi-type

planar rotation matrices R(f;), which have the same dimension as C.
C = I;2aR(6). (15)

If all the parameters 6; are zero then C is the unit matrix and the transformed orbitals
are the basis orbitals.

With the present experimental data (see section 5 for more details on the experimental
momentum distributions) the 4p and 4s normalized Dyson orbitals were determined from
differential cross sections summed for the corresponding manifolds. Table 1 gives the
four-dimensional bases, the coefficients ¢,5 and their standard deviations. Figures 1 and
2 show the comparison with experiment of differential cross sections calculated with the
best-fit normalized Dyson orbitals and with the principal basis orbital.

The 4p orbital is determined to be the basis orbital within experimental error. For
the 4s orbitals admixtures of 3s,5s and 6s are statistically significant, the largest being
6s. The determined orbital gives considerable improvement over the 4s basis orbital. The
noninalization factors F for the 4p and 4s orbitals are respectively, on the same arbitrary

scale, 1.007 £ 0.009 and 1.000 = 0.020.
5 Results and Discussion

(i) Binding-energy spectrum

The binding energy spectrum of krypton in the region ¢; ~ 9 — 42 eV is shown in figures
3(a). (b) and (c), respectively, for a total energy of 1000 eV and with the out-of-plane
azimuthal angles ¢ = 0° and ¢ = 8°. Also shown in this figure is the summed spectrum
for ¢ = 0°+ 8°. At ¢ = 0° the nominal momentum p ranges from 0.16 a.u. at the
binding energy of the first peak (e = 14.11 eV) to 0.18 a.u. for & = 40.47 eV. At

8° the corresponding momenta are 0.61 a.u. and 0.62 a.u., respectively. Note that the

first peak in figure 3 is actually a convolution of the J = % and J = % components of
the 4p line. However, as these spin-orbit split states are only separated by 0.67 eV, the
coincident energy resolution of the present experiment did not allow the two components
to be resolved. The spectra in figure 3 reproduce all the correlation satellites found by
Brunger [40] in his preliminary study of the work we now report in full here.

Considering figure 3 in more detail then at ¢ = 0° ie. at low momenta, the 4p
ground-state cross section is some 48% of that for the main 457! transition (4s5'4p%) at
27.52 eV, whereas at ¢ = 8° its cross section is 2% times that of the 27.52 eV transition.
Thus any reasonsble P satellite intensity in the range 9-42 eV should be noticeable in
figure 3 by peaks which are somewhat stronger at ¢ = 8° than at ¢ = 0°. Although it is
not immediately apparent from figure 3 we find that, aside from the main (4s%4p®) 4p~*
line at ¢ = 14.11 eV, the only other candidate(40] for membership of the ?P anifold
is peak 3 at €; = 30.25 eV. On the other hand, satellites belonging to the 25 manifold
should have a much larger cross section at ¢ = 0° compared to that at ¢ = 8°. Peak 2
and peaks 4-11 of figure 3 clearly correspond to this behaviour.

In attempting to assign configurations for the transitions 1-11 of figure 3 we made
use of the calculations of Dyall and Larkins [42,43] and Fronzoni et. al30], as well as
the PES results of Svensson et. al{32] and Krause et. al{27] and the optical data of
Moore[50]. A summary of our classifications for the final-state configurations of the 25
and 2P maenifolds of Kr, that we observed, and the spectroscopic factors derived from
the present EMS momentum distributions, that we cousider in detail in part (ii} of this
section, are given in table 2. We note that the spectroscopic factors for final states
belonging to the 4p and 4s manifolds can in principle not only be obtained, as we did
here, from the momentum distributions but, as was done by Brunger [40], they can also
be derived from the relative intensities obtained from the binding energy spectra. As we
believe the present procedure for determining the S{ is more exact than that used by
Brunger{40], the current results (see table 2) supersede those of Brunger, although both
sets are consistent to within their respective stated uncertainties. Also shown in table

2 are the PES results of Svensson ef. al[32] and Krause et. al[27], the earlier EMS
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result of Fuss et. al.[38] and Leung and Brion[39], and the calculated results of Dyall and
Larkins{42, 43], Fronzoni et. al[{30] and Brosolo et. el{44]. Note, as Amusia and Kheifets

[29] found that the PES cross section was not proportional to the spectroscopic factor

we would, a priori, not expect to find a significant correspondence between the EMS and -

PES results for 5.
(ii) Momentum Distributions

Binding-energy spectra similar to those shown in Fig. 3 were taken at a range of azimuthal
angles. The energy range at each angle and the angular range itself were stepped through
repecatedly. Each part of each spectrum at every angle was scanned sequentialty for an
equal time, each run consisting of many scans. The spectra were then used to obtain cross
sections to sclected final ion states relative to each other as a function of ¢ or momentum
p [Eq.(1)]. In some case neighbouring final ion states could not be completely resolved
e.g. peak 11 of figure 3; where this occurred, they were then grouped under single peaks.

The measured (e,2e) cross sections (or momentum distributions) are not absolute, but
relative normalizations are maintained. The present momentum distributions are normal-
ized to the DWIA by equating the measured intensity at ¢ = 8° in the 4p ground-state
transition to 0.98x DWIA at that point. This is shown in the upper plot of figure 4 where
we sce agreement between the current experiment and DWIA momentum distribution is
excelient over the entire range of measured momentum. The normalization of 0.98 was
chosen to allow for 2% of the 4p intensity {or line 3. This is shown in the lower plot of
figure 4. Clearly, nearly all the 4p strength goes to the ground-state transition so that we
can assign the spectroscopic factor for this transition to be 0.980 £ 0.005. Note again, as
just described above, we have taken this into account in the normalization of the current
data.

Figure 5 shows that the DWIA cross section for the 45 manifold is, to within the
statistical uncertainties on the current measurement, in quite good agreement with the
measured 45 manifold cross section in terms of both shape and magnitude over the whole

angular range of this experiment, aithough we note that our earlier analysis, as discussed
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in section 4 and represented by Fig. 2, suggested that an even better fit can be obtained if
some initial state configuration interaction is allowed for. Nonetheless the result given in
figure 5 shows that essentially all of the 4s strength has been observed in the measurement
over the range € = 27 - 42 eV. Nearly all the strength in this region belongs to the 4s
manifold; the small 4p strength which is observed and discussed next is not included in
the 45 manifold cross section shown in the figure.

Considering the lower frame of figure 4 in more detail {i.e. the momentum distribution
for line 3 in Fig. 3) then we find quite good agreement is obtained between the present
EMS data and the 4p - DWIA momentum distribution, within the errors on the data,
when the latter is sceled by a factor of 0.02. The exception to this is at ¢ = 8° where
both of the current EMS measurements are lower in magnitude than that predicted by the
appropriately scaled calculation. In light of this, the earlier observation of McCarthy et.
2lL|34] in argon and the fact (see table 2) that Krause et. al|27] saw several transitions
of 2D symmetry in close proximity to this correlation satellite at ¢ = 30.25 ¢V, we
investigated the possibility that the present momentum distribution was in fact indicative
of a pole of 2D manifold symmetry. However, after calculation of the appropriate 4d-state
DWIA result and our comparison of it to our experimental momentumn distribution f the
lower frame of figure 4, this possibility can be largely discounted.

The shape of the 27.52 eV transition (line 2 of Fig. 3) is virtually indistinguishable
from the 4s menifold cross section. It is also in quite satisfactory agreement with the
DWIA calculation when the caleulated 4s manifold cross section is multiplied by a factor
0.510, as illustrated in the upper frame of Fig. 6. Thus the spectroscopic factor for
this transition is 0.510 and the 27.52 ¢V state, with a dominant configuration of 4s'4p®,
contains 51% of the 4s pole strength. In the lower frame of Fig. 6 we show the momentum
profile for the ¢; = 32.09 eV 4524p*(1 5)55 25 correlation satellite (line 4 of Fig. 3). Again,
there is rather good agreement for the shape of this transition end that of the 4s manifold.
Also, it is in good agreement, to within the experimental uncertainties on the data, with
the DWIA calculation when the calculated 4s manifold cross section is multiplied by a

factor of 0.075. We note that, in principle, given our coincident energy resolution, a
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contribution to our measured momentum distribution from the PES observed odd-parity
state 4s24p*(' D)5p "’Pgl jate= 32.61 eV, could occur. However, the excellence of the fit
of the present momentum distribution at 32.09 eV to the 457! DWIA calculation suggests
that any contribution of the odd-parity state must be small (< 0.005 4p). Ttis latter
observation is consistent with the calculation of Dyall and Larkins [42,43] who found that
the 4524p*(*S)5s 25 transition was twice as strong as the 4s%4p*(! D}5p 2P§-§ transition,
although we note that contrary to this the 2k — 1p calculation {30,44] predicted precisely
the inverse result.
Figure 7 (upper frame) gives the momentum profile for the ; = 33.98 eV, 45? 4p*( D)4d 25
correlation satellite (line 5 of Fig. 3). The shape of the 33.98 eV transition is, within
experimental error, essentially indistinguishable fromn the 45 manifold cross section and, on
comparison with the DWIA calculation, when scaled by & factor of 0.202, good agreement
is obtained for the magnitude of the cross section. The lower frame of Fig. 7 shows the
momentum distribution for line 6 of Fig. 3. This is quite a weak satellite and as discussed
in Brunger[40] there was some controversy between the PES classification of Svensson
ct. al.[32], on the one hand, and Krause et.al.[27], on the other, for the configuration
of this line. When the present DWIA result for the 45 manifold is scaled by a factor
of 0.029 it is in fair agreement with the present EMS measurements for all the ¢ of the
current investigation. The shape is completely inconsistent with a possible 4p transition.
Consequently we conclude, largely in support of the configuration proposed by Krause et.
al.[27], that the dominant configuration at ¢; = 34.47 eV is 45%4p*(1 S)6s 2S. Note that the
present EMS determination can not rule out entirely a very small 2P contribution due to
the 4s%4p3(3 P)6p transition at this binding energy, but such a contribution must be small
(< 0.005 4p). Further support for this proposition is provided by the calculation of Dyall
and Larkins[42,43] who found that the spectroscopic strength for the 45%4p*(*5)6s 25 line
was over 6 times stronger than that for the 4524p*(*P)6p 2P line (see table 2).

The current momentum distribution for line 7 of Fig. 3 is given in the upper frame of
Fig. 8. The PES results of Svensson et. al.{32] and Krause et. al[27] suggested that two

possible configurations were to be found at the relevant binding energy of ¢; = 36.47 eV,
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The first is an even-parity state of configuration: 4s%4p*(* D)5d 25, while the second is an
odd-parity state with classification 4s? 4p*(* D)6p 2P. 1t is apparent from the upper frame
of Fig. 8 that the present momentum distribution is in good agreement with the result of
our 45 manifold DWIA calculation when the DWIA is scaled by a factor of 0.100. Clearly
this result is indicative of this correlation satellite being both quite strong in intensity
and being dominated by the 4524p*(* D)5d S configuration. This observation, once again,
does not necessarily mean that a contribution from the 4s24p*(! D)6p 2P transition is not
occurring at ¢ = 36.47 eV, although clearly such a contribution must be small (< 0.005).

Considering the lower frame of Fig. 8 we see the experimental momentum distribution
for the ¢; = 37.81 eV 45%4p*(!D)6d 25 satellite (line § of Fig. 3). Again there is quite
good agreement for the shape of this transition and that of the 4s manifold. Also, it is in
fair agreement with the DWIA calculation when the calculated 45 manifold cross scction
is multiplied by a factor of 0.027, particularly when one allows for the uncertainties on
the respective experimental data points.

In figures 9 and 10 we present the experimental momentum distributions for the series
of final-ion state 45%4p*(! D)nd S with n = 7,8,9, 10..., at the respective binding energies
€ = 38.57,39.21 and 40.47 eV. We note that these transitions correspond to lines 9, 10
and 11 in the binding energy spectra of Fig. 3. Each of these respective transitions can
clearly be classified os belonging to the 25 manifold, although we acknowledge that there
is perhaps more scatter in their experimental momentum distribution data points than
was observed earlier for the lower binding energy states. Nonetheless agreement between
them and our appropriately scaled DWIA 4s manifold cross section is at worst fair in each
case, these relevant scaling factors or spectroscopic factors being found either in Table 2

or on the respective figures.
6 Conclusions

EMS measurements at 1000 eV have been made for transitions to excited states of Kr*.

The momentum profiles and cross sections relative to the ground-state 4p~! transition
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are well described by the distorted-wave impulse approximation. Detailed spectroscopic-
factor determinations have been obtained for the 4p and 4s manifolds. The main 4s
transition at ¢; = 27.52 eV has a spectroscopic strength of 0.510. This is in quite good
agreement with the most recent 2t — 1p configuration-interaction scheme calculations of
Fronzoni et. al[30] and Brosolo et. al.[44]. Spectroscopic factors for the 4s manifold were
suitably determined by comparing our experimental cross sections to our appropriately
scaled DWIA results, the sum of the different 4s components giving the correct 4s manifold
cross section normalized relative to the 4p cross section.

The present measurements reveal some smell 4p strength at a higher binding energy
in the binding-energy spectrum. They confirm that the 4p~! ground-state transition is
almost a pure one-hole transition with a spectroscopic factor of 0.980 % 0.005.

Finally, we have applied e new inverse-scattering technique to the experimental 4s
and 4p momentum distributions in order to probe initial-state configuration interaction
effects. We found that the 4p orbital was determined to be the basis orbital to within
experimental error, while the 4s orbital had a statistically significant admixture of 3s, 5s

and particularly 6s configurations.
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Figure Captions

Figure 1:

Figure 2:

Figure 3:

3

igure 4:

Figure 5:

Figure G6:

Figure 7:

Figure 8:

Comparison of the present EMS 4p momentum distribution (e) with
those calculated within the DWIA for the best-fit normalised Dyson or-
bitals (—) and the principal Hartree-Fock orbital (- - -).

Comparison of the present EMS 4s manifold momentum distribution (e)
with those calculated within the DWIA for the best-fit normalised Dyson
orbitals (—) and the principal Hartree-Fock orbital (- - -).

The 1000 ¢V noncoplanar symmetric EMS binding-energy spectra at (a)
¢ =0° (b) @ = 8° and (c) ¢ = 0° + 8°. The curves show the fitted
spectra using the known energy-resolution function.

The upper frame shows the momentum distribution for the 4p ground-
state 4524p> 2P satellite, while the lower frame gives the momentum
distribution for the 4s%4p*(®P)4d ?P correlation satellite at ¢; = 30.25
eV. In both cases the present EMS5 measurements are denoted by () and
(Q), while the appropriately scaled DWIA result is given by (—).

The 1000 eV noncoplanar symmetric momentum distribution for the to-
tal 2S manifold of krypton. The present EMS results () and (0) are
compared to the result of our DWIA calculation (—).

The upper frame shows the momentum distribution for the 4s ground-
state 45'4p% 29 satellite, while the lower frame give the momentum dis-
tribution for the 4524p*(* S)55 25 correlation satellite at ¢; = 32.09 eV. In
both cases the present EMS measurements are denoted by (e) and {D),
while the appropriately scaled DWIA result is given by (—).

The wupper frame shows the momentum distribution for the
45%4p*(1D)4d 2S correlation satellite at ¢; = 33.98 eV, while the lower
frame gives the momentum distribution for the 4524p*(*5)6s 2S correla-
tion satellite at ¢; = 34.47 V. In both cases the present EMS measure-
ments are denoted by () and (Q), while the appropriately scaled DWIA
result is given by (—).

The upper frame shows the momentum distribution for the
4s%4p*(* D)5d 2S correlation satellite at ¢ = 36.47 eV, while the lower
frame gives the momentum distribution for the 4s24p*(' D)6d 2S correla-
tion satellite at ¢; = 37.81 eV. In both cases the present EMS measure-
ments are denoted by {e) and {O), while the appropriately scaled DWIA
result is given by (—).
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Figure Captions {continued)

Figure 9:

Figure 10:

The upper frame shows the momentum distribution for the
4524p*(1D)7d 25 correlation satellite at ¢; = 38.57 eV, while the lower
frame gives the momentum distribution for the 4s?4p*(' D)8d 25 correla-
tion satellite at ¢; = 39.21 eV. In both cases the present EMS measure-
ments are denoted by (») and (O), while the appropriately scaled DWIA
result is given by (—).

Momentum distribution for the 4s524p*(*D)nd 25 correlation satellites
(n = 9,10,...), grouped under the single pcak with centroid binding
energy €; = 40.47 €V. The present EMS data () and (O), are compared
against an appropriately scaled DWIA result (—).
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Table Captions

Table 1:

Table 2:

Coefficients c,g of basis orbitals in the 4p and 4s normalised Dyson or-
bitals of krypton.

Spectroscopic factors and final-state configurations for the 4p and 4s
menifolds of krypton ss determined from the relative (e,2e) differential
cross sections at 1000 eV. The one standard deviation error in the last
significant figure is given in parentheses.
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Table 1:

4p orbital 48 orbital
Basis coefficient Basis coefficient
3p -0.00725 + 0.3452 3s  -0.0958 + 0.0695
ip 0.9998 + 0.0027 4s 0.9717 + 0.0224
Sp -0.00162 X 0.0048 5s 0.0614 % 0.0194
6p 0.01895 + 0.0028 Gs  0.2069 * 0.0460
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Table 2 (continued):

Line Binding Energy (eV) Assignment ®0e? X
Present
(a) (b) (c) EMS (a) (c) (d) (e) (g) Present EMS
4s lines
cont’d o
36.47 3647 % 36.47 4s*4p'('D)5d P 0.07 0.084 - 0.089 0.13(2) 0.100(10)
S('D)6p
36.70 ? - - - - - -
37.65 ? - - - - - -
37.81 37.82 36.09 37.81 4s*4p'('D)6d 'S 0.033 0.046 - 0.036 0.08(2) 0.027 (9)
38.57 38.58 36.76 38.87 4s%4p'('DY1d S 0.020 0.019 - - - 0.018 (9)
39,21 39.04 3726 39.21 45%4pY('D)8d 'S - 0.005 - - - 0.030 (8)
39,77 39.23 38.18  40.47 4s'4p*('Dnd, n 29 'S 0.011 0.014 - - - 0.033 (9)
9.
(a) Svensson et al. (hv = 1487 eV) [32]
(b) Krause er al. (hy = 68.5¢V) [27]
(c) Fronzoni et al. {30] and Brosolo ef al. [44]
(d) Fuss et al. [38]
{e) Dyall and Larkins {42, 43]
() Moore [50]
(g) Leung and Brion {39]
Table 2:
Line Binding Energy (cV) Assignment “®¢<0 5@
Present
(a) (b) {c) EMS () (© (d) (e) (g} Prescnt EMS
4p lines
4Py 14.00 - 12.50 14.11 4st4p’ P 0964 0910 ~I 0978 - 0.980 (5)
apn 14,67 - - - - - - -
4s lines
27.52 2751 2496 27.52 4s'4pt S 0.658  0.564 046(2) 0.69 0.50(5) 0.510(6)
29.83 - (¢D)ss D - - - - - -
30.25 30.28 30.25 4s*4p'(°P)dd P - - - - - 0.020 (10)
30.69 - (P)ad 'D,, - - - - - -
30.98 - Cp D - - - - - -
31.25 31.29 - 4s24p*(’P)sp P 0.011 0006 - 0.002 - -
31.65 2946 - CP)sp S - - - - - -
32,09 32,06 30.18 32.09 4:’4p‘g’S)5s 5 0.015 0.027 0.07(2) 0.024 0.06(2) 0,075 (5)
32,75 32.2; 30.98 - 45%4p'('D)Sp  Pinin 0.024 0.058 - 0.011 - <0.005
32, - - - - - - -
3398 3396 3254 3398 45'4p'('D)dd S 0.157 0.196  0.20(2) 0.141 0.23(3) 0,202 (8)
34.14 - CP)és P - - - - - -
34.38 34.47 QS)ss s - - - 0013 - 0.029 (10)
3447 24 3292 - 45'4pH( P)Gel p 0.006 0.015 - 0.002 - -
34. - ? - - - - - -
34.90 34.33 3275 - 45'4p'('S)5p  *Pooaan 0.006 0.001 - 0.003 - -
34, - - . . - -
35.14 - ? - - - - - -
35.85 - ('D)5d D, - - - - - -
36.12 - ('D)sd P, - - . - . .




