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COMPARISON OF FINAL STATE APPROXIMATIONS IN THE CALCULATION OF TOTAL AND
'DIFFERENTIAL PHOTOEMISSION CROSS SECTIONS OF NEON *

R. Stanley Williams and D. A. Shirley.
Materials énd Molecular Research Division
Lawrence Berkeley Laboratory B
_ and
Department of Chemistry
University of California
Berkeley, California 94720
ABSTRACT
Differential photoemission cross sections for the ls, Zs,land 2p
shells of neon were célculated by several different approximations for
photon energies up to 2000 ev. Specifically, plane-wave (PW),
orthogonalized plane wave (OPW), and Hartree-Fock functions (with and
without consideration of relaxation in the final ionic state).were
used to compute transitidn matrix elements in both velocity and length
approximations. Plane wave and orthogonalized plane wave céntinuum
functions were found_to“have very limited applicability to cross
section calculations,'wiﬁh both approximations giving spurious local
minima and incorrect aﬁgﬁlar distributions. The reasons for_these
failures were analyzéd; and limits were set on the n, %, andnz values
for which the PW model yields qualitatively correct total cross.
sections. Calculations using Hartree Fock continuum functions agree
. very well with experiment, emphasizing the necessity of consiﬁéring
atomic potentials explicitly'in photoemission processes. Furtﬁer,
the effects of relaxation in the final bound system were invéstigated.
They were small for valence electrons and only slightly more important

for Ne 1s core electrons. Applications of these findings to photo-

emission from molecules and absorbates are discussed briefly.
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INTRODUCTION

Observation of photoemission.Spectré provides detailed information
about both the initial and final electronic structure of the system
-under study. Energy and angular depehdent studies of photoemission
cfoss séctions méde possible‘by éeQefal new phqton sources, especially
synchrotron radiation, can provide a sensitive probe of gaseous
species, liquids, solid sﬁrfaces, and adsorbates. However, in order
to interpret PES in terms of ele;tronic structure a good'mbdel of
the transition from initial to final states is necessary.

The detailed'mgny—electron theory of photoemission for gaseous
atomic species is well known.l Recently, steps have béén takenlto
formulate viablé_theories of photoemiésion for moleculér specieé2 and
solid surfaces.3l In many cases, these approaches conéider one~electron
transifions to‘final continuum states that are approximated by a plane
wave (PW) or an orthogonalized plane wave (OPW).4 The validify of
calculations empléying PW or OPW continuum functions and neglecting
final state reléxéfibn must be established before they may be applied
,t° the interpretat;On of experimental results that are. now appearing.

In this paper, ;e report photoemission cross sections and
asymmetry param__eters5 for the 1s, 2s and 2p orbitals of neon, calculated
by several methqd;.' Intercomparisons of these results.and comparison
with‘experiment are utilized to ascertain the validity 6f,the various
approximations employed. In Section II we focus on various approximations
to the continuum functions, and Section III deals with theveffects of

final state relaxation. Further discussion is given in Section IV.



CONTINUUM WAVEFUNCTIONS

The final stg?e of a photoemission transition is of special
'interest because at.leasp one electron of the system under study is
in the continuum; In this section we compare the differential photo-
emission cross section do(g)/dQ of neon, calgulated using plane wave (PW),
orthogonalized plane wave {(OPW), and Hartree-Fock (HF), continuum
functions, with experiﬁent. We test the sensitivity of photoemission
cross sections to the form of the final state continuum function to
evaluate the accuracy of the PW and OPW approaches. We shall find
that calculated neon cross sections depend strongly on the model used
for the continuum stéte'and that both the PW and OPW quels are guite
poor_approximations_for those continuum states which exhibit large
phasg'shifts.

Following Coopermand_Manson,6 we write the differential'photoemission
cross section from the nlth shell of an atom as a function of final
state continuum eiectron kinetic energy € in the dipole appfokimation

as

~do .(e) -0 ,(g) . .
nf _ _nk . 1
aa = arm [} -3 B(g) P2(c§§eﬂ ' (1)

where © is the angle ‘between an incident beam of‘unpolarized radiation

and the photoelectron wave vector. In the one electron partial wave

approximation the total cross section is

Co 2 2.2 N 2 _ , 2
(e) = w(2m) e h nl [Z(Rel-l) + 2+ 1) (ReSL+1) ] (2)
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where W is the angular frequency of the incident radiatidh, an is the
occupation number of the nl subshell, and the Rei 1 are defined in
‘the dipole length and velocxty formulatlons by

L1 © o : o ,

Ry =f Py, (0) xR (r) dr = o (3)
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The continuum functions Pez(r) are normalized to a Dirac delta. function
in €.

The asymmetry'parameter8 B(e) is given by
B(e) = . 4
ef-1 REL+L eL-1\[ eL+1
JZ,(JZ, 1)£ ) + (2+1) (9,+2)( 2 ) - 62,(2,+1)(Rn2 )(Rn2 ) °°s(£2,+1-52,—1)
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for continuum function phase shifts €£+l(€) in the £ * 1 channel

defined for scattering from a nonzero potential.

In this foxmuiation we explicitly consider two outgoing channels
for the photoemitted electron defined‘by dipole selectiqn,rules. The
total photoelecﬁrop flux depends only upon the sum of the electron
fluxes in the twé channels, but the angular dependence of intensity
is sensitive to the interference between the channels{v fhus the phase
shifts éltl(E) can have a significant effect upon thé angular distribution
of photoelectron flux.

Utilizing thé'Réyleigh expansion9 of a plane wave we see that the

PW state contains contributions from all integral values of angular



momentum. The normalized radial component of the PW £ channel is

P (xr) = rj, (kr) (5)
€L 'Vnh?" L P .
r > o ‘/ 2Me sin(kr -1 Q,TT) .
2 2
Thk _ v i

where jl(kr) is a Spherical Bessel Function. 1In this zeroth order

Born approximation.the interaction of the continuum electron with

the remaining atomic charges is completely ignored. One way to introduce
' - . ... 10 . : |

an effective atomic potential is to Schmidt orthogonalize the

continuum channels to the bound states of the system. The radial

component of the OPW is then

oPw _  [TMok § . ) 2 : > -
Py = — rjp (kr) = ./~ Pn'l'(r) sz(kr) drPn,zr(r) (6)
S , L'=L o _

where the summation is taken over all bound states with the same
angular.momentum quantum number as thevcontinuum channel. This
orthogonalization alters the wavefunction near the origin but has no
effect on its delta‘fuhction normalization or asymptotic form
(i.e., no phase shift is introduced).

A more exact métho& of treating the continuum function is to
requi?e that it be the eigenfunction of an atomic Hamiltonian. In our
study we integrated the single partigleiHartree-Fock equatioﬁ.numerically
for the given atomic_configp;ation11 and con;inuum electron kinetic

energy £. The asymptotic form of these numerical solutions is
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and Gz(E)Iis the phase shift of the HF ééntinuﬁm function with respect
to the regular Coulomb wavefunction. The wavéfunctionsxwere generated
using_Bates{ program12 modified to yield phase shifts;13 'The bound
state orbitals used wefe those of Bagus.14

We used the partial wave approach for the PW and OPW cross sectidn
calcﬁlations to alléw a direct comparison with oui more exact HF
results. Another mathematically equivaient formation utilizes the
fact that a plane wave is an eigenfunction of the momentum operator.15
The dipole velocity transition matrix element is proportiénal to the
product of the magnitude of the electron wave vector and the Fourier
transform of the ihitial-state orbital. Includingvthe.qqnstraint of
orthogonality to the bound state orbitals yields the total cross section

~ 81Te2 an | 2.2 h 2 B »
Ople) = M_cw (2L + 1), (22 + 1) X°f o + z(92-1 + z*fnzG2-1). 109

| 3 \
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and the asymmetry parameter
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for photoemission from the nltﬁ‘one—electron orbital and the summation
extending over the bound orbitals with the same symmetry as tﬁe L+1
continuum channel.

From Eq. (11) we see that B(g) = 2 for‘plane wave photdignization
independent of the ene;éy € and the symmetry of the initial bouhd-state.
In the OPW case, B can assume values other than 2, but must approach
2 in the limit of large k. The remaining discussion of PW and OPW
cross sections will deai with the partiai-wave form. In these cases,
the velocity and length total c:oss sections have the same'éualitative
appearance, but the iength calculations yield cross sectiéhs aﬁ order
of magnitude greater than the velocity results. The PW and OPW length

results are excluded from the following discussion.
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Coﬁparisons of an(e) and sz(E) calculated for.the various
continuum wavefunction approximations with experimentaare shown in
vfigs. 1-4. The‘?w and OPW calculations give poor. results for 1ls and 2s
"photoemission, Bﬁt the 2p total créss section resﬁlts are qualitatively
correct.- HoweQér, the anguiar dependence given by the PW and OPW calculations
for 2p photoemission is totally incorrect. The different HF continuum
function calculations agree very well with experiment,»and will be
more thoroughly discussed in fhe next section. In the_reﬁainder of
this section we discuss the PW and OPW results.

For ls photoemission (Fig. 1), the PW velocity cross section rises
slowly by several orders of magnitude from threshhold to-g maximum
near a photon energy of 1400 eV and then falls gradually at higher
energies. The OPW calculation is closer to. the observéd Ccross
section at threshhold, but then falls to a spurious loéal minimum at
about 1050 eV and ;ises from there to approach the PW cross section
asymptotically.  The PW and OPW results are qualitatively incorrect
for hv < 1500.eV and have not attained the correct slope at hv = 2000 eV.
Orthogonalization of the plane wave for the ls - €p photoemission
ghannel does not improve the calculated cross section 6v¢r the PW case.

The 2s > €p channel (Fig. 2) shows large increases in cross
section at threshhold and spurious minima for both PW and‘OPw
caiculations; Again the slope at high photon energy is ;oo gradual
and the OPW result.is no better than the. PW result.

The 2p > (s, €d) PW and OPW calculations (Fig. 3) are quite close
to both the HF and experimental results. The PW and OPW values are

too large at higher energies, but they appear to have the correct
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limiting slope. Orthogonalization of the €s channel to the 1s and 2s
occupied orbitals appears to have improved the agreement with
experiment considerably in the .medium energy .range. Finally, both
PW and OPW cross seétions are fair even close to threshhold.

The sz(e) values for the PW and OPW partial wave calculations
are in serious disagreement with both HF and experimental results, as
shown in Fig. 4. The PW Bzée) value calculated by Eq. (4)'is.2, as
predicted by Eq. (1l)f The OPW sz(€) results are not correct, either.
Thus, although OPW and PW closely predict the 2p total cross section, they
fail badly in describing tﬁe differential cross section.

We ihterpret these findings in terms of the behavior of the
continuuﬁ functions in the region of space where the bound atomic
states have appreciable amplitude, and correlate this behavior with the
phase shifts of the "actual" continuum funcﬁions. An illustration
of this‘effect is offerédvin Fig. 5. Here we see the radial parts of the
HF and PW continuum funétions for 1ls photoionization at hv = 1100 eV,
near the region where OPW theory predicts a spurious minimum in the
cross section. Although the shape of the two continuum funqtions is
virtually identical aftef the first period there is a significant
positive phase shift of the HF continuum funqtion with respect tb the
plane wave. This phase shift reflects the different behavior of the
two wavefunctions near the nucleus. It can be seen that the HF continuum
function is orthogonal to the 2p radial wavefunction (the overlap
integral is less than 10-5). It is also fairly.obvious that
orthogonalizing the plahé wave to the 2p wavefunction will éécrease

the PW amplitude in the radial region where the ls radial function is



large, thus resulting in a very sméll trénsition matrix element. This
result is ihdepéndent of the relative phases of the wa&efunctions
involved. An analytical illustration of this result is obtained by
writing Eq. (6) in the simple form-

lopw) = |Pw) - (2p|PW)|2p) - (14)
then célculatiﬂg_(ls|$1opw), which'wiil be'minimal in the energy rénge
for thch

(1s|g|pw) 2 (1s|¥|2p)(2p|PW) . (15)
Now (1s|$|2p> is a constant, while (1s|V|PW) and (2p|PW) are'proportional
to Fourier transforms of the lls) and l2p> atomic functions. Since
both Ils) and l2p) gre nodeless, the Fourier transform of each will
rise with increasinglenergy to maxima, then decrease, with the maximum
for the lZp> Fourier transform'coming at a lower energy -than that of the
|1s). sSince the value of (ls|§12p) is in general large, a cross over
energy will exist at which (1s|$[OPW) = 0. This spuriqﬁs‘zero in Ois
is an inevitablé ana completely artifical consequence of attempting
to represent the epniinuum state by a basis set of only the two functions
|PW) and |[2p).

Examination of Fig. 6 shows the phase shifts.ﬁl(e) of the HF

continuum functions. The phase shifts 02(8) are much smaller than
Gi(s) for all but the lowest énergies. The €s and €p photoemission
channels have'laféevphase’shifts.with respect to normal Coulomb waves.
Thus,'for theée channels, both Coulomb waves and plane waves (V(r) = 7
"and V(r) = 0 continuum functions) must differ greatly from the actual
continuum fundtions:for small r. Matrix elements calculated with
these approximaiidns Qill be ver?vﬁuch in error. Howéver, the €4

channel phase shifts are fairly small and the £ = 2 part of a plane wave
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should be a good approximation to the HF and "actual" continuum
functions. ‘Comparisén of tﬁe individual matrix elements for s »> p,
p * s, and p +d transitions confirms theSe‘expectatiQns (Table 1)T

The féir agreement with experiment of the PW and OPW total cross
section calculations results from the dominance of the €d channel to
the total photoemission cross section. The improvement of the OPW
results over the PW results is due to a fortuitous cancellation of €S
intensity by the orthogonalization to 1ls and 2s states.’ Sinée the
HF 2p cross section is ~90% d-channel contribution over most of the
energy range of Fig. 3, Qe see that the PW approximation is improved
by considering only the 2p + €d PW channel. The marked disagreement
be€Ween experimental and OPW asymmetry parameters arises because of -
the poor OPW €s channei approximation and the absence of phasé'shift
information.

We now wish to estabiish the.limits within which OPW and PW
calculations may be used at least semi-quantitatively. Consulting
Manson's paper16 on the 2, %, and € dependence of continuum electron
phase shifts calculated in a central-potential model, we noﬁe the
excellent agreement between the phase shifts of Fig. 6 and those
calculated by Manson for Z = 10. By considering continuum channels
with small phase shifts, we can assign rough uppérAliﬁits_on the Z for
which plane waves should be fairbapproximations to the "actﬁél"
continuum functions. We find that ley final states of transitions
£ » 2+ 1 are well approximated by plane waves. For a particular angular
momentum £ continuum function phase shifts become large for Z just

great enough to have a bound state with angular momentum £. Thus
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there is no real justification for prefering OPW's over PW's for any
case. Calculations for which only the £ + £ + 1 PW channel is

considered should yield fair total photoemission cross sections for 1s

. and 2s shells up to Z = 4, 2p shells up to 2 = 12, 3d shells up to

Z = 38, and 4f-shells up to Z = 88. For s;ightly higher atomic numbers’
results shouldee qualitatively correcﬁ, but agréement cannot be
expected when Z is almost large enough to support a bound shell with
the same‘symmetry.as the continuum channel in question. Fér i;itial
states with a nodé_in the radial wavefunction, a PW cross section
calculation will yield a marked local minimum in the crossvsection

as a function of_enérgy (Fig. 2 and Ref. 17), but assignment of this
minimum as a spurious result or a real Cooper minimum requires. care.
Finally, it should be emphasized that the angular dependence for a PW

approximation. can only be correct for photoemission from an atomic

8 orbital.
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ITI. FURTHER‘F;NAL STATE CONSIDERAT;ONS
Previous exhaustive and extensive studies of atomic photoemission
processes5 have explicitly considered the effects of intrachaﬁnel
coupling, core relaxation, interchannel.coﬁpliﬁg, and electron
correlation. In our calculations, only single-configuration initial
and final states were utilizedi Intrachaﬁnel coupling was treéted

o 18
implicitly through the use of the Hartree-Fock continuum functions

for: cases both with'and without -inclusion ‘of core relaxation. .Inter—
channel coupling was neglected,  but -has already been shown to be
small for neon photoemission.19

The inclusion of final-state relaxation in the-transitiop.model
modifies the HF results in three ways. First,-thé»one-electfon transition
matrix element is changeéd because the continuum wavefunction.ié cal-
culated in the relaxed potential of the ion. --Second, because one-
electron orbitals of thé initial énd final.states with the same symmetry
but different principal quantum numbers are no longer orthogonal, virtual
transitions of the type (ls + 2p, 2p + €p) are now allowed. Finally,
because equivalent pagéive orbitals of the initial and final states
are not identical, Eheir overlap integrals must be less than unity, which
will decrease all the contributions to the total matrix element. The
expressions for the total cross section, Eq. (2), and the asyﬁmetry
parameter, Eq. (4) retain the same form in the case of excitations
vfrom closed shells exéept that the one-electron radial matrix elements
for a transition from a one—eléctron initial state nf to a final con-

tinuum state €£t1 are replaced by sums over radial matrix elements of

the form
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el . : .2k ' :
= det *f P',,. (x) O, P ,. (x)dr ’ S (14)
nznl ’E : € ’ o T (1) (x) j t(3)
k=1 - -V -
Kk 11 for j#x
OJ' = 1 g By tlxl : '
r or = (dr + oy for j k , (15)
B e .

where N is the total number of electrons of the system and the curly
brackets denote an N X N matrix with column index i (T(i) = (nlmzms)i)‘
for the N different final state one-eléctron orbitals, including the
continuum orbital, and row index j, for the N initial state orbitals.
The final state radia; wavefunctions are primed to emphasize that they
are notidenﬁical.to the corresponding initial state orbitals. The ijth
element is zero for j ¢vk unless (lems)i = (,Q,mzms)j and is zero for

j = k unless (lmlms)i = (zil-mzms)j. Thus the transition matrix ele@eht
for the HFR (HF with relaxation) case may be quite different from the
corresponding one-electron HF matrix element.

The neon 1ls pﬁotoemission cross sections for the 1éngth and
velocity approximations differed by less than 1% in botﬁ the HF and
HFR calculations. At energies above 1200 eV the HFR cross sections
agree quite well witﬁ experiment (Fig. 2), and are to be preferred
over the HF results. However, at lower energies the HF calculation
is closer to experiment except at threshhold (Fig. 1, inseft). This is
probably due to the neglect of correlation between the %lpw photo-
electron and the electrons of the remaining ion in our.caléulations.
Right at threshhold the virtual processes are quite impdrtant, but

"at higher energies they become small (see Fig. 7). The turning-over
of the gxperimental-okls) as threshhold is approached froh above

(Fig. 1, insert) arises from such processes, and it is significant
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fhat the HFR model téproduces this behavior while HF‘does not. The
phase shifts for the HF and HFﬁ €p continuum functions (fig. 6) differ
by 10% over the whole range of the calculation, showing the fairly

large effect of the relaxed potential in determining the continuum wave-
function for an eleétron excited f;om a core state.

Relaxation effecfs are small for neon 2s photoemission, as seen
by the smail aifferepcgs in continuum function phase shifts (Fig. 6)
énd total cross sections (Fig. 2). The HF and HFR croéé—sectién
calculations are only distinguishable below 200 eV photon,énergy,
wherevthe HFR velocity approximatibn is seen to agree most closely
with experiment.

Relaxation chanées the potential experienced by the photoeiectron
very little for the 2p photoemission, yet the €d channel phase shifts
(Fig. 6) differ significantly for HF and HFR continuum functions at low
energy. Howevef, the cist section and asymmetry parameter differences
are very small for the two approaches (Figs. 3 and 4). Both‘the
energy and angular dependence of 2p photoemission calculations are in
excéiient agreement with>experiment, with the velocity results being
slightly superior.

Slight osqillatioﬁgzo occur in the calculated HF and HfR asymmetry
parameters above 500 eV which are absent from the OPW calculgtibns.
However, these oscillations, which amount to 2% or less of the
magnitude of B, are th entirely consistent among the various HF
calculations. Further calculagiong of B utilizing CI wavefunctions for
the initial and finai states--and small energy separations between values

of B(€) are required to evaluate whether these oscillations are
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indeed real or artifacts of -the present calculation.
For~the-cases"repofted here virtual excitation processes were
largely‘compensafed by the change in the one-electron matrix elements
due to the relaxed potential. Relaxation is seen to have a very
small effect on Valencerorbital.photoemission at all but the lowest

photon energies. .
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IV. DISCUSSION
We now diséuss the work of other authors in terms of.our results.
Rabalais and co-—workers21 calculated‘phétoemission cross’
'séctioﬁs for Aeon and.several small molecules using PW and OPW continuum

functions. They reported results for Ne PW total cross sections that
agree closely with our PW results, but they did not list enough OPW
Ccross Sections to make comparisons. Molecular photoemissioh‘totgl
cross sections caléulatéd.by the PW approach for CH4, NH3, and ﬁzo
resemble the Ne results'closely21 and can be only slightly better due
to the smaller nuclear charges of the cgntral species (we note
‘specifically that aliitﬁese molecular calculations exhibit a local
minimum in ZS;like shélls similar to that in Fig. 2). Calculations fof
s~like shells of molecules with more massive atoms, such as st are
probably not qualitatiﬁeiy correct. One major difference we note
between our calculations and the OPW results of Rabalais et al. is
for the asymmetry parameter in Ne 2p photoemission at 1254 eV photon
energy. Rabalais et.al. reported a value of 0.719, where we observe
that the OPW B is 1.55 and is slowly approaching the Pﬁ asymptotic
value of 2.

Other workers have also considered molecular photoionization.
Hush22 used a model in which the average potential experienced by the
photoelectron is used to give an effective kinetic energy for ;he
continuum electron. This model yields slightly improved tota1>cross
sections for small molecules, but will still have the same difficulties
as the PW meéhod for large atoms and will be unable to yield angular

23 24

and Chapman

distributions of photoelectrons. Ritchie are currently
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developing procedpres to calculate mdleCQlar photoemiséibn which
eipliéitly consider the nuclear and glectronic Coulomb potentials.
Pseudopotential models have also been éo_nsidered,25 but depend on some
auxiliary method of determining the phase shifts for the continuum
chénnels. Therg are also strong intefchannel coupling effects26 at
low energies which are strictly molecular phenomenon that require
accurate wavefunctions to handle properly. We discourage reliance on
PW type calculations and stress the need to consider the strong forces
acting on continﬁum electrons in calculating photqionization and
photo&etatchment cross sections for atoms and moleculés.

Gadzuk and Liebsch4 have considered photoemission from adsorbates
on oriented surfaces in PW approximations. Their work has concentrated
on obtaining angulaf distributions of photoelectron§ from the
adsorbate-surface #ystem. Although the angular dependenqe of photo-
emission for a givgn £ channel of an adsorbed species and surface
geome;ry may be corfectly determined, the plane wave treatment is
incapable of treating.interference between different allowed £ channels.
Even in spectral reéions wheré the total cross section is dominated
by one particular channel the angular dependence of thé photoemitted
electron current may be strongly influenced by the lesé ih;ense
channel (witness Ne 2p photoemission). Thus, the necessity of including
some potential model for photoemission from surfaces must be emphasized.
Tovour knowledge, no calculations of this type have yet appeared in
- the literature.

Finally, we note that due to the present state of the theory of

photoemission from gases and adsorbed species, inclusion of relaxation
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effects in cross section calculations is unnecessary. We have seen

that for valence—shell phqtoemissiqn these effects are noticeable only
“near threshhold. Howgyer),in‘thQSQ loy"energy-regions~resqnance effects
in ﬁo}ecules and plasma‘interactions on surfaces would also have to

be included to make the relaxation effects meaningful. -
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- Table I.a

Photon 25 > Ep . ... 2p.7 Es o ~ 2p + €d
Energy HF bl _ HF W . HF W
50 ©.205 . -.074 -.199 - .441 = -.445 -.342
100 .332 -.447 - -.154  .484 © -.437 -.375
200 329 -.121 -.110 .388° - =307 -.301
300 .293  -.036 -.086 .309 L -.216 -.239
400 .260 ~ ~-.110 -.070 .251 - -.161 ©=.195
500 .233 -.147 -.059 .210 © =126 -.162
1000 . .153 . -171 - =.031 - .105 -.055 -.081
1500 114 0 -.147 -.020 - .065 -.044 . -.050
2000 L0901 - -,125 . -.014 .045 . =,022 -.035

aNumerical values of the matrix element < f|é%1i > for initial states
(i) 2s and 2p and for some HF and PW final states (f). Note that the
plane wave matrix elements for the 2s #+ €p and 2p + €s transitions have
the opposite sign of the corresponding HF matrix elements.
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Fig. 1. Calculated neon 1s phot01on12atlon cross sections versus

Jaoltosinoicored al 2 sy ok Bavebiarns ol rosiaxsisy i"":t

photon energy compared with the exper1menta1 values of
Wuilleumier {W) in ref. 27. For the Hartree-Fock continuuﬁ
‘function calculations the dipole length and velocity épproxi—
maﬁions yield results indiétingdishablevon,the scale presented
here. |

Fig. 2. Calculated neon_2s photoionization cross sections versus
photon energy. The experimental values (W) are from ref. 27.
.Dipole length and velocity approximations are denoted by L
and. v respectively.

Fig. 3. Calculated neon 2p photoionization cross sections vefsus'
photon'energy. The experimenﬁal values are (W) from ref. 27
and (S) from ref. 28.

Fig. 4. The aeymmetry paramete? B for neon 2p phdﬁoionization as a
funetion of photon eneréy.. The experimental values (W) are
from ref. 27.

Fig. 5. Cempérison of the radial part of the HF ep.wave ejected from .
Ne 1s by an 1100 eV photon with the p component of a plane
wave with identical kinetic energy. The continuum functions
in thie figure are not normalized.

. Fig. 6; Tﬁe phase shift §(g,%) with respect to a normal Coulomb wave
for Hartree-Fock continuum functions calcqlated in unrelaxed
and relaxed (R) final state atomic éotentials versus contiﬁuum

electron kinetic energy.
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Fig. 7. Percent cdntfibution to the total n electron transition’
matrix element due to the various virtual processes allowed

when relaxation is considered in the Ne 1ls photoionization.
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