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Double K-shell photoionization of neon
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Double K-shell photoionization of Ne at 5000 eV was observed by recordindKKLL Auger-electron
hypersatellite spectrum. The measured Auger spectrum is compared with the results of multiconfiguration
Dirac-Fock calculations. Shake calculations are used to identify likely multivacancy states produced by pho-
toexcitation or ionization in addition to double-vacancies, and their calculated Auger spectra are compared
with the measured spectrum. The measured relative intensities of hypersatellite and diagram Auger lines are
combined with experimental and theoretical determinations of branching ratios from single- and Kouble-
vacancies into final states to determine the ratio of double-to-sktgleell photoionization cross sections to be
0.324)%. This ratio is much larger than the calculated high-energy-limit ratio and indicates a large contribu-
tion of dynamic electron correlation.
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[. INTRODUCTION limit, the double-to-singleK-shell photoionization cross-
section ratioR can be accurately calculated for He and He-
Double photoionization of He has been extensively studiike ions[9,10], because electron-electron interaction in the
ied as a probe of electron correlation in the simplest case dfnal state is negligible and only ground-state correlation is
a two-electron systemil—3]. The many-body perturbation needed. Accurate s ground-state wave functions can be
theory (MBPT) treatment 4] identifies three first-order am- constructed and th& dependence oR in the asymptotic
plitudes in the electron-electron interaction that are referredimit can be calculated. A good agreement exists between
to as ground-state correlatiofGSCO, shakeoff(SO), and theory and the high-energy measureméné—9.1 keV on
two-step-one(TS1) amplitudes. The GSC amplitude ac- He using the ion-recoil momentum imaging method to dis-
counts for, e.g., angular and radial correlation between théinguish photoabsorption from Compton scatterftid]. The
two equivalent % electrons in the ground staf8]. Upon  energy required to reach the asymptotic limit scaleZ4s
photoemission of one of the electrons, relaxationthe sud-  [8]. At lower energiesR depends on dynamic correlation in
den change in the average screening of the nuclear chargthe final state as described in the lowest order by TS1.
can excite or eject the second electron and is described by For atoms beyond H& cannot be determined unambigu-
the SO amplitude. The TS1 amplitude describes a process wusly from ion charge-state yields. However, douKlesa-
which photoabsorption ejects one of the electrons and it uneancy states can be identified by observiéi¢-KL hypersat-
dergoes a binary collision with the second electron and botlllites in the x-ray fluorescence specfi®—15 or KK-KLL
are ejected. The three MBPT amplitudes provide intuitivehypersatellites in the Auger-electron spedtt,17. Experi-
descriptions of electron-electron interactions in the doublenentalR values can be deduced from relative intensities of
photoionization process but should not be thought of as indiagram and hypersatellite lines combined with the informa-
dependent mechanisms and are added coherently in calculden on branching ratios into particular final states from ini-
tions of observables. Furthermore, the degree of importancial single- and doublé vacancy states. In the present work,
of each amplitude changes depending on the choice of gaugmubleK photoionization of Ne at 5000 eV was observed by
form of the dipole operator, i.e., length, velocity, and accel-recording theKK-KLL Auger hypersatellite spectrum. The
eration[2—-4,6. However, a recent theoretical treatment de-energies and transition rates of the hypersatellite spectrum
scribes double photoionization of He as an incoherent sum diave been calculated by ChEt8] using the multiconfigura-
SO and “knockout” (or TS contributions, with knockout tion Dirac-Fock(MCDF) method. The measured Auger spec-
calculated quasiclassically]. trum is complicated by contributions from other multiva-
The same electron-electron interactions are expected toancy states produced in the photoionization process.
govern doubleK-shell photoionization in highez- atoms, Additional vacancy states that are likely to be produced are
with the energy variations of doubke-photoionization cross identified using shake calculations, and their Auger spectra
sections following Z-scaling law$8]. In the high-energy are calculated using the MCDF method and compared with
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the measured spectrum. The valueRofs determined from 7000 .

the relative intensities of thi-L, 4L, 5'D diagram line and i

the KK-KL, 4L, 5D hypersatellite line along with branching 6000 - [20% ('D) .
ratios into the final states from single- and doullesacan- ]

cies taken from experiment and theory. The measiies 5000 - 1

compared with high-energy-limit calculatiof8,10] and an

(2]
empirical Z-scaling law[13]. o 4000 - i
[%) L
2 3000 |
Il. EXPERIMENTAL METHODS S | [2s2p] ('P)
The threshold for doubl&- ionization of Ne is 1863 eV 2000 | 1

[2s1 (')} KK-KLL

[17] compared with 870.21 eV for singke-ionization [5]. I oh .
. . . . . ypersatellites
The energies and relative intensities of Ke.L Auger dia- i
gram lines and the satellite lines resulting from additional . | @ i
excitation or ionization of th& shell have been determined °700 750 860 aéo 900
experimentally{5,19,20. The calculatedKK-KLL hypersat-
ellites are located in the 813—879 eV kinetic-energy range
[18], and are shifted up in energy from the corresponding FiG. 1. The Auger-electron spectrum of Ne excited by absorp-
diagram lines by~66 eV. The strongest predicted hypersat-tion of 5000-eV x rays. Three prominent diagram lines resulting
ellite KK-KL213L2'32D was recorded in recent electron- from decay of singlé< vacancies are identified by their final states,
impact experimentfl7] at 870.83) eV. Observation of hy- and the energy region of the calculat&®-KLL hypersatellites is
persatellites in that experiment, and in an earlier electronindicated.
impact experimenitl6], was complicated by the presence of
a large background. of 2.59 eV. Even with that modest a resolution, the Lorentz-
The present measurements were made using 5000 eVian width from the fit was 0.28) eV, in agreement with the
rays on beam line 12-ID at Argonne’s Advanced PhotontabulatedK-vacancy lifetime width of 0.22) eV [5]. A
Source[21]. The x-ray beam passed through an effusive gasveak structure appears in tH830—880-eV region when
jet of Ne that was maintained at a constant gas density by siewed on an expanded scale. The sloping background in this
flow control valve. Auger-electron spectra were recorded byegion is the Lorentzian tail of thK-L2,3L2,31D diagram
a double-pass cylindrical mirror analyz62MA) [22] posi-  peak. Removal of the background gives the satellite structure
tioned with its cylinder axis perpendicular to the propagationplotted in Fig. 3 along with the calculated hypersatellite
direction and at 54.7° to the linear-polarization direction ofspectrum[18]. To account for instrumental resolution, the
the x-ray beam. At this position, the intensities of photoelec-stick spectrum of Ref.18] was broadened with a \Voigt func-
trons and Auger electrons integrated over the acceptand@n obtained by fitting theKK-KL213L2'328 and 2D hyper-
angles of the CMA are independent of dipole anisotropiesatellite peaks between 860—875 eV. Tig&hypersatellite is
and first-order nondipole asymmetrigx3]. The electron en-

1000 -

Kinetic energy (eV)

ergy scales of the Auger spectra were calibrated using the 350000 . ; . .
diagram line energies tabulated in RE5]. — [1s] - [269 ('D)

A survey spectrungFig. 1) through the diagram lines and 300000 .
the energy region of the hypersatellite lines indicated that -
data could be recorded with a good signal-to-background 250000 - .
ratio. The CMA was operated at 100 eV pass energy to pro- s [15%] - [1s2p°] (°D)
vide sufficient resolution while retaining detection efficiency. @ 200000 - f 1
The 795-895 eV region was scanned repeatedly to record @ —
the hypersatellites along with té-L, 4 , 3'S and D dia- 3 150000 |- 1
gram lines(see Fig. 2. The electron counts were corrected °© ,
for an estimated 12% variation of the detection efficiency 100000 - 1
over 795-895 eV due to variation of the CMA's source vol- -
ume at constant pass eneff@2]. Correction was also made 50000 - x| -~ ) 8
for 5% variation in the x-ray flux determined from the pho- (1s] - 2021 ('S) ~ ~~ -y

tocurrents from isolated beryllium windows through which
the beam passed. The correction was consistent with varia-
tions of the number of x rays scattered from the gas target,
which were recorded by a Nal scintillation detector.

800 820 840 860 880 900
Kinetic energy (eV)

FIG. 2. The Auger-electron spectrum of Ne excited by absorp-
tion of 5000-eV x rays. Th&-L, 4., 3'S and 'D diagram lines and
IIl. RESULTS AND DISCUSSION theKK-KL2‘3L2'32D hypersatellite line are indicated. The structure
between 830—-860 eV is discussed in the text. The dashed curve
A fit with Voigt functions to theK-L2,3L2,318 and D beneath the peaks in th@®20-890-eV region is the estimated
diagram peaks gave a full width at half maximyRVHM) background and tail of théD diagram peak.
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800 35 four strongesf 1s2p]np satellites ard 1s2p](°P)np(>S)
i [1s2p7 (D) and [1s2p](*P)np(?S) with n=3, 4. The four strongest
500 |- 13 [1s2s]ns satellites are[1s2s](3S)ns(?S) and [1s2s]
+ 1 (*S)ns(?S) with n=3, 4. MCDF calculations similar to
400 | [1epson] 2P 125> those in Ref[18] were performed to generate Auger spectra
o [ts2e20] (P t g for the eight initial states. To account for lifetime widths and
§ ) t 12 % instrumental resolution, the theoretical spectra were broad-
g 300 +{ﬁ+ [1s2p1 (*S) 4 | B ened with the Voigt function obtained by fitting the
3 #* ++*4+ \ i 11 K-L, 4 ,3'S and D diagram peaks in Fig. 2. The ampli-
200 | + t 4 ¥ ' 2 tudes of the calculated spectra were scaled to the measured
i t W# } 1= amplitude of theK-Lzy3L2131D peak in Fig. 2 using the in-
100 |- it 4 é 4 P ] 05 tensities of the shakeup initial states relativd 1s] vacan-
o j.* ‘W: WEERY i cies measured using 1487-eV x rdgd] and branching-ratio
o A\ Nt 0 measurements froffls] vacancies into diagram Auger lines
820 830 840 850 860 870 880 890 obtained using 40-keV electron impa@0]. We assumed

Kinetic energy (eV) that the probabilities for decay into single-Auger final states,
as compared with multiple-Auger and fluorescence channels,
are the same for the shakeup initial states a$ Isfj vacan-

I I cies[25]. The sum of the eight scaled Auger spectra is com-
the calculated contribution froffl.s2p]np and[1s2s]ns, n=3, 4 504 \yith the measured spectrum in Fig. 3, where they are
initial states(solid curve. The calculated hypersatellite spectrum is . .

. oo ; seen to account for roughly 20% of the measured intensity.
broadened by the experimental hypersatellite line shape, is arbix dditi | initial stat theref " ke sianifi
trarily scaled, and three strong transitions are identified by thei itional Initial states, therelore, apparently make signiii-

cant contributions to the measured spectrum. From the rela-

final states. The calculated spectrum fféas2p]np and[1s2s]ns, . . e . .
n=3, 4 initial states is broadened by the experimental diagram Iiné'\,’e intensities reported in Ref24], we estimate that the

shape and is scaled to the measured spectrum by a procedure &9ht shakeup states included in our procedure account for
plained in the text. ~80% of the shakeup intensity in the Ne photoelectron

spectrum. The shakeoff statp$s2p] and[1s2s] produce

weaker and more likely to be contaminated by transitionso‘uger lines at kinetic energies well below the hypersatellite
from other initial vacancy states that are discussed below. WE9ion[19,20.

report results only for the fit to th8D hypersatellite. The ~ Shake calculations were performed to identify at least
fitted position is 870.5@) eV, in agreement with the mea- SOMe of the multivacancy states that are produced by photo-

surements of Ref[17] but 1.9 eV lower than the MCDF ionization in addition td 1s?]. Single-configuration Hartree-
calculation. However, the calculated energy of theFock wave functions were calculated for the Ne ground state

K-L,4l,5'D diagram line is 806.78 eV, which is 2.30 eV and vacancy states and represented by linear combinations of
higher than experimeri6]. So theory and experiment differ (getermmantal functions. We consider states having the same
by only 0.4 eV for the energy difference between the Sesymmetry as th{:ls] vacancy state. Continuum o_rbltaI§
KK-KL, 4 ,42D hypersatellite and th&-L, 4, 4D dia- of appropnate symmetries were calculated for states m_vyhlch
gram line. The \oigt fit to the hypersatelliteé geive a FWHM add!tlonal electrons are.shaken off. The shake pro_bablllty to
of 3.0 eV and a Lorentzian width of 1D eV. The Lorent- @& nine-electron statee is given by the overlap integral
zian width is consistent with the sum of the calculatedl{[1Slgsx)|?, where the[1s]ys state consists of the unre-

doubleK lifetime width (0.824 eV [18] and the measured laxed orbitals of the ground state, but with a vacancy inkhe
singleX lifetime width [0.272) eV] [5]. shell. This describes the probability that, given the sudden

removal of a & electron, the remaining electrons relax to an
eigenstatey of the ionic Hamiltonian. Using the single-
configuration wave functions restricts the excited electrons to
The measured structure between 830—860 eV is onlypound or continuum orbitals of or p symmetry due to the
partly explained by the calculatidri 8], suggesting that ini- single-particle angular overlaps from the ground state. We
tial vacancy states are produced in additiof 1s?] (in the  calculate the shake probability fpis?] to be 3.04<10 4,
following, we use the notatiohAB]CD to represent con- compared with 8.x 10 * calculated in Ref[9] using a
figurations with vacancies in th& and B subshells and ex- highly correlated ground state for He-like Ne. Table | lists
cited electrons in th&€ and D subshells In an experiment our results for relative shake probabilities scaled to 100% for
using both electron- and photon-impact excitations of Ne[1s?]. Our results show a probability of 0.61 for an addi-
Krause etal. [19] identified Auger satellites in the tional 2p excitation or ionization, relative to that of pure
~(830-880)-eV region attributed to initial states of the type[ 1s?] excitation. This is in comparison with a value of 0.46
[1s2p]np and[ 1s2s]ns. These states are shakeup satellitescalculated by 8t et al. [16], who ascribe the intensity to
of [ 1s] vacancies and can be observed directly in x-ray phoshakeoff of one or moreRelectrons. Th&-scaling lawd 8]
toelectron spectrd24]. We estimated the contributions of indicate that doubldéc photoionization of Ne at 5000 eV is
these initial states to our measured Auger spectrum as fobelow the high-energy-limit regime, so knockout is expected
lows. In the x-ray photoelectron spectrum of Rgf4], the to affect the relative yields of vacancy states. Given the limi-

FIG. 3. Measured Auger spectrufoircles compared with the
calculatedKK-KLL hypersatellite spectruifl8] (dotted curve and

A. Initial vacancy states
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TABLE |. Results of shake calculations for the relative intensi-
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ties of doubleK-vacancy states of Ne. (@ b [152135 ) | g
500 - [1s?2s]3s (%) v

Vacancy state Intensity . ; f N " g

» B 2, 1 i | 2
[1%]3s(%S) 5 3 + [15%2013p ('S) ++ fl‘. :
[1s?]ns(?S),n>3 2 g 900 +*#{+ \ 3 H . ®
[1%](%S) 100 8 oo ¢ W o 4
[1s°2pInp(°S) 0 bl VL b ], 8
[1s?2p]3p(*S) 37 100 ot A Y, VA
[1522p]4p('S) 7 Y
[1s°2p]np('S),n>4 7 o o : 0
[1s°2p](*P) 10 & | ‘
[1s225]3s(3S) 70 500 | 1sPes) @) | $ 1e
[1s?2s]4s(3S) 20 } 1s »
[1s?2s]ns(3S),n>4 23 L, 400 - [1s%2p] (P) } 17 g
[1s?25]3s(19) 8 3 a00 | t 1 f 1t B
[1s22s]4s(1S) 3 £ ** : 15 8
[1s22s]ns(1S),n>4 3 8 ol t : i ++ .-
[15225](29) 5 N , 12 &
[1s?2p]ns(*°P) 2 L W, OM . 11

“f “, s

Nt A N o me b | 0
840 850 860 870 880 890
Kinetic energy (eV)

tations of our model, the relative intensities in Table | are
used simply to identify vacancy states that are likely to be FIG. 4. Measured Auger spectrufircles compared with cal-

; 2
produced along W!t”ils 1. culated spectra from five initial states with emp{yshells. The
MCDF calculations were performed to generate AUgEfitial states in @ are [1s22p]3p('S) (solid curve,

spectra for several of the initial states listed in Table I. The[13223]33(38) (dotted curvg and [1s?]3s(2S) (dashed cunje
calculated lines were broadened by the Voigt function deterthe initial states in(b) are [1s?2p](?P) (solid curve and

mined in fitting the measured hypersatellite peaks betweem s225](2s) (dotted curve The calculated spectra are broadened
860—-875 eV. The calculated spectra for five initial states ar@y the experimental hypersateliite line shape and are arbitrarily
compared on arbitrary scales with the measurement in Fig. 4caled.

The [1s?2p]3p(*S) and[1s%2s]3s(3S) initial states[Fig.

4(a)] are predicted to be the two strongest ones, in which an L L
. : I orporates electron correlation in the ground state and ionic
L-shell electron is shaken up in addition to the removal of”

both K-shell electrons. They produce Auger lines at energiesstates is required to obtain quantitative estimates of relative

; intensities, even in the sudden approximatieee, e.g., Ref.
below the mgasured .8.70'5 ev pegk that we attribute to thf"26:|). Beyond that, knockout is expected to be important at
KK-KL, 4, 3D transition. Correction for the calculated en-

i 1 . . . the experimental energy used. While it is likely that some of
ergy of theK-L,3.,3 D diagram line would lower their the measured intensity near the 870.5-eV peak is due to tran-
energies by 2.3 eV. While these shakeup initial states ar

.y _ 2 . .-
likely to contribute to the measured spectrum in thegltlons other than thiK-KL 4, 3°D hypersatellite, the fit

~ (850-870)-eV region, the detailed shapes of the predictet d energy and width of that peak are consistent with the

sities in Table I. The calculated spectrum for the
[1s?]3s(2S) initial state[Fig. 4@)] has its strongest peak at
the very weak experimental bump near 881 eV. Figui® 4
shows the calculated spectra for thiés’2p](°P) and
[1s?2s](?S) initial states in which arL-shell electron is ratio of the KK-KL,4,3°D hypersatellite to the
shaken off in addition to the removal of bokxshell elec- K-L213L2'31D diagram line to be 0.002 280). When vacan-
trons. These initial states produce Auger lines in thecies are produced by(4.5-5-keV electron impact
~(840-860)-eV region and likely account for some of the[16,17,19, this ratio is measured to be much smaller
measured intensity that is not explained by fHes?] and  ~0.0004(see Fig. 3 of Ref[17]). While this ratio is mea-
[1s2p]np and[1s2s]ns initial states(see Fig. 3. sured at the specific energy of 5000 eV in the present photo-
Combining a shake calculation to identify initial vacancy ionization experiment, the electron-impact measurements
states with MCDF calculations of their Auger spectra indi-comprise an average over a range of energy transfers from
cates that the measured spectrum consists of several conttive[ 1s?] threshold up to the beam energy. The difference of
butions, but we are unable to attain a definitive analysis of factor of 5—6 for the hypersatellite-to-diagram intensity
their relative weights. A more extensive calculation that in-ratio between photon and electron impact suggests that the

B. Double-to-singleK-shell photoionization ratio

From the fitted Voigt functions, we determine the intensity
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electron-impact measurements sample the rising edge of the 4 .
doubleK photoionization cross section rather than the broad 4’\
maximum[7,8]. While this seems to be the case for double- \
K-vacancy production, the experiment of REZ7] showed 3| \ ]
that production ofKL*(x=1,2,...) multiple vacancies in |
Ne by 1.5-keV x rays and by 3.2-keV electron impact was \
essentially the same. This is consistent with our result in Fig.
3, that is, the Auger lines fromls2p]np and[1s2s]ns
vacancy states account for or#y20% of the intensity in the
energy region of th&K hypersatellites, i.e., th€L shakeup
states contribute roughly the same intensities relative to 1t
singleK vacancies in both the present 5-keV photoionization
experiment and theg4.5-5-keV electron-impact experi-
ments, but doublé vacancies are produced a factor-eb

R(%)
[\v]

0
times stronger in the photoionization experiment. In a 10- 0
keV electron-impact experiment in which the N&K-KL
x-ray ﬂuorescer_‘?e hyperséte"'te was recorded, Ki¢ FIG. 5. Ratio of double-to-singl&-shell photoionization cross
shakeoff probability was estimated to be 0.0@8]. sections measured for He at 5.4—9.1 k@yen circlé [11], He at

To determine the double-to-singteshell photoionization 190 eV(open squarg 1], and Ne at 5 ke\(closed circlé compared
cross section rati& from the hypersatellite-to-diagram line with results of high-energy-limit calculations on He-like systems
intensity ratio, the branching ratios frofis?] and[1s] va- (solid curve [9] and an empiricalZ-scaling law (dashed curve
cancies into the respective final states are needed. Recentl}3]-
the relative yields of NE"—Né&** ions were measured in
coincidence with % photoelectrong25]. The coincidence ellite, we determined the relative number[dfs?] vacancies
method excludes contributions from other initial vacancyproduced from its peak area in Fig. 2.
states such as those with additional excitation or ionization Combining our measured intensity ratio of the hypersat-
of the L shell. The yields are interpreted as determining theellite to the diagram line with the single-Auger yields and
branching ratios for 41s] vacancy into fluorescence and pranching ratios, we obtaifR=0.324)%. This result is
single-, double-, and triple-Auger decay channels. The yielglotted in Fig. 5 along with measurements on He at high
for Ne** was 0.926721), showing the dominance of single- energy(5.4-9.1 keV [11] and at 190 e\{1] where theR
Auger decay. In the same pap5], the probabilities of value for He reaches its maximum. The measurements are
double-Auger processes were calculated for both shakeugompared with the high-energy-limit calculations for He-like
and shakeoff of additiondl-shell electrons. Shakeoff pro- systemd9]. A similar calculation was reported in R¢fLO].
duces N&* and shakeup also leads to Nein many cases |t should be noted that the calculat&lvalues are for the
due to stepwise double-Auger decay. Only a fraction ofratio of double ionization to the sum of single ionization and
double-Auger processes contribute to thé Ngield. It was  single ionization plus excitation, while the present measure-
also noted that shakeoff upon radiative decay, which alsgnent on Ne determines the ratio of double ionization to
produces N&", can be neglected. Hence, to a good approxisingle ionization and excludes single ionization plus excita-
mation, the N&" yield can be attributed to diagram Auger tion. However, forZ=10 the calculations of Ref10] show
decays. Among the diagram Auger lines, the branching ratiehat exclusion of single ionization plus excitation increases
for K-L,4,3*D has been measured to be 0.608 [20].  the asymptotic ratio only slightly from 0.087% to 0.0871%,
Using this branching ratio along with the Rfeyield per  so the comparison in Fig. 5 remains valid. While the high-
[1s] vacancy from Ref[25], the relative number of1s] energy measurement on He agrees with the calculated
vacancies produced in the present experiment is determinegbymptotic ratio, the He measurement at 190 eV is larger by
from the area of theK-Lzyst'ng peak in Fig. 2. a factor of~2 and the present result for Ne at 5000 eV is

The branching ratios for decay pfs?] vacancies are not larger than the calculated ratio by a factor-efi. The ex-
known experimentally, but the single-Auger decay rates angerimentalR values for higheZ atoms determined from in-
fluorescence yield were calculated in REE8]. The calcu- tensity ratios of x-ray fluorescence hypersatellites to diagram
lated fluorescence yield increases by 33% compared witlines[12—-15 are also larger than the high-energy-limit cal-
that for[ 1s] vacancies. From Ref25], the combined yields culations. In these cases and for Ne at 5000 eV and He at 190
of fluorescence and double- and triple-Auger decay for &V, the photon energies used are within the broad maximum
[1s] vacancy are 0.07335). If these yields are as much as of the doubleK photoionization cross section calculated by
twice as great fof 1s?] vacancies, the single-Auger yield Z scaling[8], where knockout is an important interaction. An
would be ~0.85. We therefore estimate the single-Augerempirical Z-scaling law was determined in R¢fl3] by fit-
yield for [ 1s?] vacancies to be 0.98), with the large uncer- ting R values measured at energies where knockout is impor-
tainty reflecting the lack of knowledge of the actual yield. tant, including the He measurement at 190 eV. This empirical
Using that yield along with the calculated single-Auger curve is plotted in Fig. 5 and givé?=0.283)% for Ne, in
branching ratio of 0.440 for th&KK-KL, 4 ,3°D hypersat- good agreement with the present measurement. A compari-
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son of the empirical and asymptotic curves in Fig. 5 thustions. There are remaining ambiguities in the assignment of
gives a rough estimate of the effect of knockout relative tothe Auger spectrum that could be investigated in future stud-
shakeoff. ies. Inclusion of knockout interactions in future calculations
of energy-dependent doubkephotoionization cross sections
IV. CONCLUSION is also needed.

Double K-shell photoionization of Ne at 5000 eV was
observed by recording th&K-KLL Auger hypersatellite
spectrum. The measured spectrum is complicated by contri- We are grateful to the staff of the Basic Energy Sciences
butions from other initial vacancy states, e.g., doubl®n-  Synchrotron Radiation Center at the Advanced Photon
ization plus excitation or ionization of the shell. Shake Source for their assistance in performing the experiments.
calculations were used to identify the likely initial vacancy We thank Uwe Arp for preliminary estimates of shake prob-
states, and their Auger spectra were calculated by the MCDEbilities. The Argonne group was supported by the Chemical
method and compared with the measured spectrum. Th8ciences, Geosciences, and Biosciences Division of the Of-
measured intensity ratio of tHéK-KL2‘3Lzy32D hypersatel- fice of Basic Energy Sciences, Office of Science, U.S. De-
lite to the K-L, 4 ,3'D diagram line was combined with partment of Energy, under Contract No. W-31-109-ENG-38.
experimental and theoretical data on branching ratios fron.B.A., J.C.L., and D.L.E. were supported by the National
single- and doublé& vacancies to determine the double-to- Science Foundation. The work of M.H.C. was performed un-
single K-shell photoionization cross-section ratio. The mea-der the auspices of the U.S. Department of Energy by the
sured ratio is much larger than the calculated high-energydniversity of California Lawrence Livermore National
limit value, indicating that knockout is an important Laboratory under Contract No. W-7405-ENG-48. Use of the
interaction for doublék-shell photoionization of Ne at 5000 Advanced Photon Source was supported by the U.S. Depart-
eV. This experiment illustrates the difficulty of using Auger ment of Energy, Basic Energy Sciences, Office of Science,
spectra to determine double-photoionization cross sec- under Contract No. W-31-109-ENG-38.
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