Lawrence Berkeley National Laboratory
Recent Work

Title
A COMPLETE PHOTOEMISSION STUDY OF THE He Is2 3s3p AUTOIONIZING RESONANCE

Permalink
https://escholarship.org/uc/item/4td219kg

Author
Lindle, D.W.

Publication Date
1987-03-01

eScholarship.org Powered by the California Diqital Library

University of California


https://escholarship.org/uc/item/4td219ks
https://escholarship.org
http://www.cdlib.org/

LBL-21995
Preprint <

Lawrence Berkeley Laboratory

UNIVERSITY OF CALIFORNIA

Materials & Chemical
Sciences Division

Submitted to Physical Review A

A COMPLETE PHOTOEMISSION STUDY OF THE
He 1s? — 3s3p AUTOIONIZING RESONANCE

D.W. Lindle, T.A. Ferrett,
P.A. Heimann, and D.A. Shirley

March 1987

—

1

SRR OTY o1




DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not nccessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.



LBL-21995

A COMPLETE PHOTOEMISSION STUDY OF THE He 1s2 » 3s3p
AUTOIONIZING RESONANCE

D.W. Lindle, T.A. Ferrett, P.A. Heimann, and D.A. Shirley

Materials and Chemical Sciences Division
Lawrence Berkeley Laboratory
and
Department of Chemistry
University of California
Berkeley, California 94720

This work was supported by the U.S. Departmént of Energy under
Contract No. DE-AC03-76SF00098.



LBL-21995

A COMPLETE PHOTOEMISSION STUDY OF THE He 1s2 » 3s3p
AUTOIONIZING RESONANCE

1.

D.W. Lindle,* T.A. Ferrett,* P.A. Heimann, and D.A. Shirley

Materials and Chemical Sciences Division
Lawrence Berkeley Laboratory
and
Department of Chemistry
University of California
Berkeley, California 94720

The total absorption cross section of He and the He+(1ls) partial
cross section have been measured using photoelectron spectroscopy and

2 > 3s3p

synchrotron radiation in the photon-energy region of the 1ls
resonance. The effects of autoionization are relatively small,
Acausing deviations of 5-10% from the nonresonant cross sections.

These new measurements, along with a previous study of the 3s3p
resonance behavior of the He+(n=2) satellite cross section, branching
ratio, and angular-distribution parameter, allow the complete
determination of all the parameters governing the ls2 > 3s3p
resonance. From these experimentally determined parameters, we have
derived all of the relevant oscillator strengths and individual dipole

and Coulomb matrix elements which describe He photoionization in the

vicinity of the 3s3p doubly excited state.

*Present address: National Bureau of Standards, Gaithersburg,
MD 20899.

tPresent address: Physik-Department E20, Technische Unjversitat
Mlinchen, 8046 Garching b. Miinchen, W. Germany.
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I. Introduction

The photoionization of helium provides the simplest example of

electron correlation in atomic physics. For this reason, much recent

1-26

work™ " has been performed on the near-threshold behavior of the

He+(nf) correlation satellites. Particular attention has been

1-12,14-26

directed to the He+(n=2) satellite, which contains the

effectively degenerate He*(2s) and He+(2p) final states. The

available experimental results include measurements of the He+(n=2)

1-5,12

satellite cross section, its branching ratio relative to the

1s main 1ine,1—8’11 its angular-distribution asymmetry’
par~ameter~,6’7’9'12 and the cross-section ratio for photojonization .
to the 2p final state relative to the 2s final state.s_12 These

results have been combined successfully with theoretical

calcu]ationsls'26

to increase our understanding of the effects of
continuum-state electron correlation.

A different perspective on electron correlation is provided by
studying the effects of autoionization on the photoemission processes

8,11,24,26 In He, the first

leading to satellite final states.
autoionization resonance which lies above a satellite threshold is the
3s3p doubly excited state. Photoemission decay from this state can
yield energetically only He+(1ls) or He+(n=2), making this excitation
relatively easy to study. A previous paper11 (which we shall refer

to as I), determined the behavior of the n=2 cross section, branching

ratio, and photoelectron asymmetry parameter near the 3s3p resonance.

Also presented in I were qualitative results for the total cross
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section (determined from electron-yield measurements) and the ls
main-line partial cross section at this resonance. All of these were
combined to derive a few of the oscillator strengths and matrix
elements which govern the 3s3p autoionization process.

In this work, we extend the experimental results in I by
presenting the quantitative resonance profiles for the He total cross
section af and the 1ls partial cross section 91s in the vicinity of
the 3s3p resonance. The new measurements indicate only small relative
effects (5-10%) on these cross sections on resonance, but both
Fano-type profiles exhibit some asymmetry. The magnitude of the
resonant oscillation in the total cross section is found to be larger
by a factor of é than an earlier photoabsorption measurement,27 but
it agrees with other photoemission resu]ts,lo including the
qualitative behavior discerned in I. With the availability of these
new quantitative measurements for or and 91gs 3S well as the n=2
results in I, we present a detailed derivation of all the oscillator
strengths and individual dipole and Coulomb matrix elements which
describe autoionization of the 3s3p resonance. These results are
obtained with minimal dependence on theoretical values or simplifying
assumptions. This complete set of information about the 3s3p
resonance thus may provide a starting point for detailed theoretical
interpretations of the electron-correlation phenomena that are
important both to the production of the n=2 satellite and to the
autoionization process. This may be particularly useful because He
can be considered as a test case in the study of continuum state

electron-electron interactions.
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The experimental procedures are described in Sec. II, the results

are discussed in Sec. III, and conclusions are presented in Sec. IV.

II. Experimental

The experiment was performed at the Stanford Synchrotron
Radiation Laboratory, with the same apparatus28 and experimental
conditions as described in I, with one exception. In the present
work, we accepted a slightly poorer photon resolution of 0.19 eV
(0.48 R) full-width at half maximum (FWHM), compared to 0.17 eV
(0.43 &) in I. '
The angular distribution of photoelectrons ejected from a
randomly oriented sample by linearly polarized radiation, in the dipole

approximation, is given by

dc(zs,e) - 0(2:) [1+ e(hv)Pz(COS e)] , (1)

where hv is the photon energy, e is the angle between the propagation
vector of the photoelectron and the polarization vector of the ionizing
radiation, o(hv) is the cross section, g(hv) is the asymmetry

parameter that completely describes the angular distribution, and
P2(cos @) is the second Legendre polynomial. 'The 1ls main-line and

n=2 intensities were obtained with a single time-of-flight electron
analyzer placed at the magic angle [e=54.7°, for which P,

(cose)=0 ], thereby eliminating any angular dependence of the

photoelectron peak intensities. The relative total cross section then
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was determined by summing the two measured peak intensities (1s and

n=2) at each photon energy.

III. Results and Discussion

The analysis and interpretation of the measurements presented in
this section draw heavily on the resonance photoionization discussion

in I.11

Therefore, the organization of this section follows closely
that of Sec. IV of I, and several of the equations and explanations
common to both works are omitted here. The reader is referred to the
previous pubh‘cation11 for further information and discussion.

The remainder of this section will deal with analysis of the
total cross section and the ls and n=2 partial cross sections for He
over the 3s3p resonancé. To lay the groundwork for this analysis, we
begin in Sec. IIIA with a review of the Fano and Starace formalisms
that are used to describe the observed autoionization phenomena. The
methods used to fit the data with these formalisms are discussed in
Sec. IIIB. In Sec. IIIC, we present the quantitative results for or
and‘cls, and the parameters used to describe the autoionization
profiles. From the resonance parameters, the a, parameters of
Starace are derived in Sec IIID. Finally, Sec. IIIE illustrates the
determination of oscillator strengths and matrix elements, which
together provide a complete description of the 152 > 3s3p

autoionizing resonance.
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A. Theoretical Background

The effect of an isolated resonance, such as a Rydberg level, on
the total photoabsorption or total photoionization cross section was
derived originally by Fano.29 The presence of a discrete level
embedded in one or more continua causes an interference in the photon
absorption process because of the indistinguishability of the two
bathways, direct ionization and autoionization, leading to the final
state. Fano derived the following expression for the total cross
section o7 for the case of an isolated discrete state interacting

with one or more continuum states:

2
o = o [92 _iﬂ_i_s%__ +1-021, (2a)

1+ €

where the Fano parameters q and p2 are assumed constant over the
resonance, % is the nonresonant cross section, I' and E0 are the
Tinewidth (FWHM) and the energy of the resonance, respectively, and ¢
is a reduced energy.

The quantities q, p2, 9 and T can be expressed in terms of
the dipole matrix elements for transitions from the ground state g to
the discrete state ¢, and to the continua u, together with the Coulomb-
interaction matrix elements coupling the discrete state to the

“continua. The g parameter; which governs the shape of the total cross



section, is given by

>
< o|F|9>

™ Z<¢|Vlu> <ul%’g>
u

. ) 2 . .
and the correlation coefficient p , which is a measure of the

strength of the resonance, is given by

:E:|<¢lV]u><u|?|g>|2
92 = u V] > 2 9 (4)
2 <oVl S Y <l Flool
H u

where r and V represent the dipole and Coulomb operators, respectively,

and ¢ is the discrete state modified by an admixture of the continuum
states. The degree to which ¢ is different from ¢ is dependent upon
the energy variations of the-continuum wavefunctions in the vicinity

of the resonance. The linewidth of the resonance is given by

r= 2¢ 3 [<d|V]w|? , (5)

H

and the nonresonant, background cross section is given by

2 .
o = 2|<u|?|g>| . (6)
u
While the matrix elements in Eqs. (3) and (4) are not strictly energy-
independent, they are slowly-varying functions of energy; therefore g

2 . . s
and o~ are assumed to be constant in the vicinity of a resonance.
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The Fano parametrization [Eqs. (2)-(6)] was derived to explain
the behavior of the total absorption cross section in the vicinity of
an isolated resonance. In a photoemission.experiment, however,
partial cross sections are measured. Although the functional form of
Eq (2) clearly is appropriate for describing the shape of the
resonance profile for a partial cross section, the representation of
the resonance behavior of a partial cross section in terms of the
dipole and Coulomb matrix elements is not given by Egs. (2)-(6).
Starace30 has addressed the problem of several outgoing channels in
31
and Combet-Farnoux32 have derived equivalent expressions. We shall
use the notation of Starace. His expression for the partial cross
section for each of the observable photoemission channels u is

ag(u) 5
olu) = -—Ij:—zz- { e + 2[qRe(au) - Im(au)]e +1

2

- 2qIn(a,) - Ze(a) + (& + DlaJ? |, ()

where co(u) is the nonresonant partial cross section for the uth

observable final state, and ¢ and q are defined in Egs. (2b) and (3),

respectively. The complex parameter au‘is given by33
v 2
a, = QJEI& e Z<gq?|u><u|v|¢>J, (8)
<g|Flu> u

with T given by Eq. (5). The term in brackets is common to all

channels. The squares of the a, parameters can be thought of as



replacing p2 as the correlation coefficient for each channel when
partial cross sections are measured. It is important to note that
each u represents an observable photoionization channel [eg.
He+(15ep)]. This restriction was not necessary in the Fano
derivation of the resonance behavior of the total cross section,
because the individual photoemission channels only appeared in
summations over u.

It is clear that the Fano and Starace parametrizations for the

total cross section and partial cross sections can be expressed in the

same mathematical form30—32 as follows:
C "'Ce+92
op = o | ——5 ; (9)
1+ ¢

where Cl and C2 can be given in terms of either q and 92 or

L Equation (9) describes the characteristic behavior of a cross
section in the vicinity of an autoionization resonance. We will refer
to q and 02 as the Fano parameters, and Cl(") and Cz(") given by

Eq. (7) as the Starace parameters. Further discussion of these
formalisms may be found in I.

Finally, an additional complication is that the n=2 satellite
peak actually contains three photoemission channels u: 2sep, 2pes, and
2ped. Thus, the partial cross section for the n=2 photoelectron peak
a(n=2) is the sum of three o(u). The expression for o(n=2) is of the
same form as Eq. (7), but with co(u) replaced by the off-resonance
partial cross section for the unresolved channels oo(n=2), and

Re(au), Im(au), and Iaulz replaced by Re<c>n=2, Im<a>n=2,
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and <|a|2>n=2, which are averaged quantities weighted by the

oo(u). This complication also was discussed in Ref. 34 and in I for
thé case of spin-orbit split continuum states, such as 1Sep1/2 and
ISep3/2, which contribute to the same photoelectron peak. However,
this latter effeét is ignored in the present work, as it was for most

of the analysis presented in I.

B. Data Analysis

Tﬁis work presents the resonance behavior of the He total cross
section and the He+(1s) photoemission cross section in the
photon-energy region of the 152 » 3s3p resonance. The behavior of
the He+(n=2) satellite over this resonance was given-in I. The total
cross section and the ls partial cross section are displayed in Table
I and in Figs. 1 and 2, respectively. The data were normalized to the
absorption values given by Marr and west35 at 68.9 eV, as was done
in I.

The or data in Fig. 1 were fitted to the Fano formula, Eq. (2),
convoluted with a Gaussian function of 0.19 eV (0.48 A) FWHM to
account for monochromator broadening. The nonresonant cross section
oy Wwas taken to be a linear function of the photon energy E
throughout the resonance region. The 3s3p resonance position and
width were taken from Woodruff and Samson to be 69.917 eV and 0.178

8 The Fano parameters for the best fit are

eV, respectively.
presented in Table II, and the solid curve in Fig. 1 illustrates the

resulting fit.
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The Fano formula also was used to fit o5 OVer the 3s3p
resonance, in a manner identical to that for a1e Once the Fano
parameters for 014 Were obtained, Egs. (2) and (9) were used to
determine the 1s Starace parameters, which are the most easily

interpreted parameters for a partial-cross-section measurement. The

results for g1 are given in Table III.

C. Resonance Parameters

The Fano parameters determined from the fits to o and s
over the 3s3p resonance are listed in Tables II and III,
respectively. The corresponding values for-on=2 from I also are
given in Table III. For the partial cross sections, s and T2
we show in Table III the Starace parameters Cl'and C2' The values
for Tn=? are in good agreement with those of Woodruff and Samson,8
as discussed in I. The present results for 91 are in agreement
with another photoemission experiment,10 but disagree somewhat with
the numbers given in I, which were obtained from a qualitative
analysis of the resonanceAprofiles.

For ars the values presented here disagree with both the
qualitative analysis of I and the absorption results of Dhez and
Ederer.27 However, the present results in Figs. 1 and 2 and the
Th=? results from I do confirm the conjecture made in I that the
profiles of Ors 910 and Ope? all have the same "phase" over the
3s3p resonance. By the same phase, we refer to the fact that the

resonance cross-section minima all occur on the low-energy side of the
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resonance (i.e. the Fano q parameter is positive fof all three cross
sections). We note that although the p2 parameter for or from

Ref. 27 is too small by a f&ﬁtor of 5, the g parameter from this
earlier experiment agrees We11 with the present result. The
discrepancy in 02 possibly is a result of saturation effects in the
photoabsorption measurement (Ref. 27).

The values of q and pz for or also can be compared to
theoretical determinations of the resonance parameters. Fano and
Cooper36 estimated q and 92 to be 1.7 and 0.01, respectively.
Calculations by Senashenko and Wagué37 using the diagonalization
approximation yielded q = 1.31 and p2'= 0.019. Both of these
determinations -disagree with the larger value of 92 measured here,
but agree with the value of q. -

Comparing now the magnitudes of p2 for the total and partial
cross sections in Tables II and III, we see that it is small for o1
and 91s but very Targe for 900 This observation is borne out
in Figs. 1 and 2 in that the relative effect on or and 91 is less
than 10% in both cases. The results for 922 in I and Ref. 8, on

the other hand, indicate an effect of nearly 100% for this partial

cross section.

D. a« Parameters
W

This subsection will illustrate the quantitative methods for

extracting the a parameters from the measured results for ars
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T1gs and o, _, contained in Tables II and III. In I, we determined

- only the aﬁ parameters for the ls and combined n=2 (2sep, 2pes, and
2ped) photoemission peaks. With the more quantitative results in this
work, wé are able to derive, with minimal assumptions, meaningful
values for the @ parameters for the individual channels which
constitute the n=2 satellite peak. Also derived in this subsection
are partial linewidths, which provide additional measures, besides the
laulz, of the strength of the resonance effect for each

photoemission channel.

We begin the determination of the a, parameters by recognizing
that Eqs. (7) and (9) can be combined to yield expressions for the
Starace parameters, C1 and C2, in term§ of Re(au), Im(au),
laulz, and the Fano q parameter for the total cross section. For

+
He (1s), the three @, parameters are related by

[Re(ag)1¥ + [In(ay )% = laggl? (10)

A Thus, we have three equations in three unknowns, which yield a
quadratic equation for Re(als). The solution is given in Table IV,
along with the concomitant results for Im(als) and Ialslz.

Using the value of l“lslz and the sum rule for |au|2
parameters given in Ref. 33, we determine <|a|2>n=2, wherg the
brackets signify that this is an averaged quantity over the three
photoemission channels contributing to the n=2 satellite peak. Having
derived <|a|2>n=2, the n=2 Starace parameters in Table III can be
used to find Re<a>n=2 and Im<°>n=2‘ These values for the n=2

satellite are presented in Table IV.
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It is possible to break up the an=2.parameters into their
components for the individual channels, 2sep, 2pes, and 2ped. The
first step in this derivation is to determine how the n=2 nonresonant
cross section co(n=2) can be broken into the nonresonant cross
sections ao(u) for the three contributing channels. We can do this
by considefing Fig. 5 of I for the cross-section ratio R=c0(2p)/co(2$).
At 69.9 eV, experiment shows the ratio to be 2.2(3), yielding 00(25)
of 0.030(4) Mb. The remaining n=2 intensity at hv=69.9 eV [0.067(10)
Mb] is divided between the 2pes and 2ped channels, but their ratio has
been determfned experimentally at just two photon energies (65.5 eV
and 66.5 eV) closer to the n=2 threshold.>* However, 0jha®> has
performed.a calculation which accurately predicts 00(25), R, and
oO(Zpeé)/oo(Zped) as a function of photon energy near the n=2
threshold. Thus, we can use with some confidence Ojha's result for
‘oO(Zpes)/oO(Zped), which he found to be 2.0 at 69.9 eV. We have
used this theoretical branching ratio to determine oo(u) for the 2p
channels. A1l of the nonresonant cross-section results are shown in
Table III.

The averaged parameters Re<a>n=2, Im<a>n=2, and <|a[2>n=2
can now each be broken into three components by assuming a
relationship between the 2s and 2p Starace parameters. We can
ascertain upper and lower 1imfts on this relationship in the following
manner. Recalling the asymmetry-parameter results for the n=2
satellite over the 3s3p resonance given in Fig. 8 of I, we can infer
(as described in detail in I) that 9o and °2p have the same phase

and are very similar in shape to 0,2 Over the 3s3p resonance.
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Furthermore, it was inferred that the ratio R also has the same phase
as the partial cross sections, which was interpreted in I to mean that
°2p must reach its cross-section minimum at a slightly Tower energy
than P This implies that the Starace parameters C1(2p) and

C2(2p) are slightly larger than C1(25) and C,(2s),

respectively. Thus, the upper limit on the 2s Starace parameters for
the 3s3p resonance is Cn(25)5ﬁn(2p).

To ascertain the Tower limit for the 2s Starace parameters, we
first recognize that they cannot be much smaller than the 2p
parameters, because that would cause I and °2p to reach their
cross-section minima at significantly different energies. We know
that the minima must be close in energy because the sum of T9g and
%2p (i.e. on=2) effectively goes to zero at a particular photon

8,11
we

energy.8 By considering the available a2 data,
estimate that this energy difference is approximately no larger than
0.05 eV. This maximum energy separation of the 2s and 2p cross-section
minima yields C1(2$)‘3 C1(2p) - 0.5 and C2(25) 3-C2(2p) - 1.0, where
we have assumed p2 is the same for 9o and ozp,

We can now substitute these upper and lower iimits into the

following expression;

oq(2s) ag(2p)
Cn(n=2) = W Cn(ZS) + % ) Cn(Zp) . (11)

where Cn(2p) represents an average value for the 2pes and 2ped
channels. From Eq. 11, we obtain the allowed ranges of the 2s and 2p
Starace parameters. The median values, with error limits extending

over the entire allowed ranges, are shown in Table III.
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The Starace parameters for gy Can be treated identically to
those for o;. as described above. In this way, we obtain Re(“ZS)’
Im(“ZS)’ and |a2512, which are presented in Table IV.

Having determined |a25|2, we can again use the |au|2 sum
rule from Ref. 33 to find <|a|2>2p. From this value, it is easy
to determine Re<a>2p and Im<a>2p using the 2p Starace parameters.

We cannot derive the a parameters for the individual 2pes and 2ped
channels. However, because all three of the channels contributing to
On=o 90 to zero atvabout the same energy, the Starace parameters for
2pes and 2ped can be considered equal to within the errors we have
ascribed to them.

The complete set of o, parameters derived in this subsection
are presented in Table IV. From Egs. (15) and (16) in Ref. 34 we can
determine the partial Tinewidths IL for each final statef They are

~included in Table IV. A check of the a parameters using sum rules
for Re(“u) and Im(au) can be made as described in Ref. 34. The
results in Table IV satisfy this check to within the statistical
errors, suggesting that no major systematic errors are present in the
data analysis.

Table IV contains two measures of the strength of the resonance
effect on the photoemission channels. The first measure is
lau|2- We observe that Ialsl2 is two orders of magnitude
smaller than the corresponding values for the 2s and 2p channels.
This indicates that the resonance effect on the ls continuum not only
produces a small cross—seétion enhancement (see Fig. 2), but also ;hat'

configuration interaction of the 3s3p discrete state with the 1s
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continuum state is very small. The opposite is true for the 2s and 2p
photoemission channels, and thus we observe a large cross-section
oscillation in T2 The second measure of resonance strength is
ru/r, with which we again see the dominance of the n=2 chanﬁe]s in
the interaction with the excited state. The partial linewidth for the
2s channel is significantly smaller than the sum of the partial
lTinewidths for the 2p channels, even though the 00(2p)/00(25)
cross~section ratio is only 2.2(3) at the resonance energy. This may
indicate that the 2p channels, and especially 2pes, couple more
strongly to the 3s3p resonance.

The observation that ors 91g> and 02 a11‘have the same
“phase" over the 3s3p resonance is borne out in the numerical results.
The combination of parameters qRe(au)—Im(au) £=C2(u)] is greater
than zero for all of the channels. The sign of this value directly
determines the phase of a partial-cross-section profile. Finally, it
appears from the values of Im(au) in Table IV that the o
parameters for the n=2 channels are truly complex. This is expected
based on theoretical Qork32 which indicates that strong continuum
coUpIing, such as occurs with the 2s and 2p photoemission channels in

He, will probably induce the a, parameters to be complex.

E. Matrix Elements and Oscillator Strengths

In the previous subsections, we have progressed from the measured
data to the.resonance parameters to the Starace parameters and partial

linewidths for the photoemission channels in the vicinity of the
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152 > 3s3p resonance in He. Bepause of the relative simplicity of
the He system, it is possible to take one further step and determine
the squares of the dipole and Cpu]omb matrix elements which govern the
autoionization process. In this subsection, we will begin with a
derivation of the dipole matrix elements, both for the discrete
ls2 > 3s3p excitation and for direct ionization. A1l of these
results also will be presented as oscillator strengths. Finally,
using the parameters derived in the previous subsection, we will
illustrate the determination of the Coulomb matrix elements which are
a measure of the coupling of the 3s3p excited state to the available
continuum channels.

The oscillator strength f for discrete excitation to the 3s3p
resonance can be obtained from the Fano parameters for the total cross

section. It is given by38

1, -1

f= (0.195 Ry Il 22

) g0 oy T, (12)
with T expressed in Rydbergs and %9 in Mb. Usjng the values in

Table I, we find f = 2.4(3) x 10-4, which can be compared with the
previous estimate36 of 1.2 x 10-4. A similar, but possibly more
descriptive, expression for f is obtained39 by replacing q2 in Eq.

(12) with (q2 -~ 1). The result for this case is 1.0(3) x 10_4.
The latter value of f includes the spectral repu]sion part of the
autoionization profi]e,38 and can be considered as the integral of
(cT - 00) in the vicinity of the 3s3p resonance. Therefore, the
use of (q2 - 1) in Eq. (12) measures the net deviation from the

nonresonant background cross section due to the autoionization
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resonance. A third expression for 5, in which q2 in Eq. (12) is
replaced by (q2 + 1), measures the total deviation from the
background cross section. This last value for f is 3.8(3) x 10_4,
and possibly is the best result for comparison to other resonances
which have profiles that are strictly Lorentzian (i.e. no spectral
repulsion).

The dipole matrix element for the ls2 » 3s3p discrete

36

excitation can be determined from Eq. (12) This result and the

corresponding oscillator strength from Eq. (12) are given in Table V,
along with an estimate made by Fano and Cooper.36

The dipole matrix elements describing continuum ionization into
the He photoemission channels u, |<u|?|152>|2, can be determined
from % in Table III for each channel. These values, and their
corresponding oscillator strengths, are shown in Table V; In éontrast
to the values presented in I, we are not multiplying by (2mj + 1),

The Coulomb matrix elements |<3$3p|V|u>|2 can be obtained from
Eq. (5) for the partial linewidths derived above. These results also
are given in Table V, along with an estimate by Fano and Cooper36
for the lsep channel.

The matrix elements for the lsep channel derived here agree well
with those from I, and also with the estimates made by Fano and
Cooper.36 The continuum dipole matrix elements, which are
representative of the nonresonant cross sections, reflect the
relationships among the observed cross sections for the ls, 2s, and 2p

photoemission channels. The Coulomb matrix elements, on the other

hand, provide a more direct indication of the resonance interactions
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in the continuum channels. Here, we see that the 2pes configuration
seems to be most important in coupling to the discrete state, and that

lsep, which exhibits a small resonant enhancement, is least important.

IV. Conclusions

The total cross section and the 1ls partial cross section in the
vicinity of the ls2 > 3s3p autoionizing resonance have been
measured. Both resonant profiles show relatively small effects,
although the observed oscillation in the total cross section is five
times larger than that exhibited in an earlier photoabsorption
measurement. Parameters describing the resonance profiles were
extracted from the data, and used in conjdnction with theory to
determine the magnitudes of all of the dipole and Coulomb matrix
elements thch influence ionization of the He atom in the region of
the 3s3p doubly excited state. It is hoped that these»individua]
matrix elements derived from experiment may prove helpful as guides to
determining apprdximate wavefunctions and other parameters for
theoretical description of the electron-correlation phenomena that are

important to the He system.
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Table I. Total cross section and ls partial cross section for He in

the vicinity of the 3s3p resonance.

Photon energy (eV) Total cross section (Mb)@ 1s cross section (Mb)3

67.9 1.07(2) 0.983(13)
68.4 1.045(9) 0.951(9)
68.9 1.019(6) 0.932(6)
69.1 1.013(9) 0.925(9)
69.3 1.004(6) 0.919(6)
69.5 0.974(9) - 0.900(9)
69.6 0.959(9) 0.898(9)
69.7 0.949(9) 0.896(9)
69.75 0.953(11) 0.908(9)
69.8 | 0.957(9) 0.923(9)
69.85 0.966(6) 0.938(6)
69.9 ©0.981(9) 0.953(9)
69.95 1.002(6) 0.955(6)
70.0 1.026(9) 0.947(9)
70.05 1.047(6) 0.938(6)
70.1 1.045(9) 0.925(9)
70.15 1.032(6) 0.913(6)
70.25 1.015(9) 0.900(9)
70.3 0.998(6) 0.878(6)
70.5 0.972(9) 0.866(9)
70.7 0.962(6) 0.859(6)
70.9 0.947(11) 0.851(11)

qrrors quoted represent statistical uncertainties only.
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Table II. Fano parameters for the total cross section of helium for
the 3s3p resonance. The background cross section &0 was taken to be
20.24-0.223E Mb, where E is the photon energy in eV. The numbers in

parentheses represent statistical errors only.

This work Dhez and Ederer (Ref. 27)
q 1.30(5) 1.36(20)
0 0.057(5) 0.012(3)
5o(M) 0.989(30) 0.957( 30)
r'(eV) 0.178(12)2 0.132(14)
Eq(eV) 69.917(12)2 69.919(7)

4 rom Ref. 8.
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Table III. Resonance parameters for the He+(n2e£') partial cross

sections for the 3s3p doubly excited state. The parameters for the 1s
cross section are from the fit shown in Fig. 2, where the background
cross section was taken to be 20.27-0.230E Mb, where E is the photon

energy in eV. Numbers in parentheses represent statistical errors

only.

Fano parameters Starace parameterﬁ

2 a ‘

Channel q P co(Mb) C1 C2
1sep 3.0(1) 0.012(4) 0.892(5) 1.10(4) 0.072(24)
n=2b 0.70(6) 0.89(8) 0.097(5) 0.55(2) 1.24(2)
2sep 0.030(4) 0.35(11) 0.92(33)
2pes ' 0.045(7) 0.65(10)  1.38(18)
2ped | 0.022(3) 0.65(10)  1.38(18)

8Errors quoted for the nonresonance cross sections represent only
the uncertainty in the partitioning of the total cross section.
bFrom I (Ref. 11).
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Table IV. a, parameters and partial linewidths for the 3s3p

resonance.
Final state  Re(ay) In(a,) |ay |2 (1,/T)x100
1sep 0.000(15) -0.036(19) 0.0013(10) 2.0(16)
n=2 0.67(5) 0.25(7) 0.57(6) 98(2)
2sep 0.46(17) 0.13(28) 0.23(12) 12(7)
2pes 0.76(9) 0.30(15) 0.72(14) 58(16)
2ped 0.76(9) 0.30(15) 0.72(14) 28(7)
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Table V. Matrix elements and oscillator strengths for the 3s3p

resonance.

Matrix element

|<353p|—\:llsz>|2

| <1sep| ¥l15%5| 2
I<2$ep|?|152>12
|<2pesl?l152>|2
|<2pedr;|152>|2

|<353p|V|15ep_>'2

l<3s3p|V|2$ep>|2
|<3s3p|V|2pss>I2
| <3s3p| V| 2ped>]| 2

Wagnitude

This work Oscillator Strength
1.3(2) x 1073 mb 2.4(3) x 1074
[6.8 x 10°% MbT?
0.60(2) Mb/Ry 0.0081(3) ev'!
0.020(3) Mb/Ry 0.00018(3) ev!
0.030(5) Mb/Ry 0.00027(5) ev-!
0.015(2) Mb/Ry 0.00014(2) ev™?

4.3(33) x 10~° Ry
[2.8 x 1072 Ry]?

2.5(14) x 10~* Ry
1.2(3) x 1073 Ry

5.9(15) x 10~% Ry

a8Fano and Cooper, Ref. 36.

bFrom Eq. 12.
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Figure Captions

Fig. 1.

Fig. 2.

Total cross section of He in the vicinity of the ls2 > 3s3p
resonance scaled to Marr and West (Ref. 35) at 68.9 eV. The
solid curve is a fit to the data using the Fano formula [Eq.
(2)] convoluted with a Gaussian function of 0.19 eV (0. 48R)
FWHM to account for monochromator broadening. The
corresponding Fano parameters are presented in Table II. The
dashed curve is an absorption measurement from Ref. 27.

He 1s partial cross section as in Fig. 1. The 1ls Fano

parameters are presented in Table III.
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