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Absolute photoionization cross sections and resonance structure of doubly ionized silicon
in the region of the 2p~! threshold: Experiment and theory
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We present the absolute photoionization cross section of doubly ionized silicon as a function of photon
energy. These were obtained by merging & Son beam generated in an electron cyclotron resonance source
with monochromatized synchrotron radiation from an undulator. The photoion yield measurements were car-
ried out in the photon energy range between 95 eV and 170 eV, i.e., the region corresponding to the excitation
followed by the ionizatiorithreshold~133.8 eV) of an inner-subshelp2electron. Resonance structure due to
2p excitation in the »° 3s3p 2P metastable state was also observed with its contribution to the total cross
section not exceeding 3%. Calculation of thp ghotoionization continuum cross section as a function of
photon energy was carried out using the relativistic random-phase approxirtRR&#) and agreed very well
with the corresponding measurements. The resonance structure ia thes3 section below thep2threshold
was found to be in good agreement with the multiconfiguration atomic structure calculations of 8a@ad
[J. Phys. B28, 1715(1995], while the corresponding RRPA-RMQD({Felativistic multi-channel quantum-
defect theory calculations proved less successful.
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I. INTRODUCTION (DLP) which utilizes a laser-plasma ion soursee, e.g., the
recent review by Wedi4]). While the DLP technique is ex-
Absolute data are much needed for the critical evaluatioriremely versatile in its application, DLP spectra can some-
of the modern computational codes that predict fundamentdlmes exhibit distortions due to the plasma environment in
atomic properties such as photoionization cross sections avhich case certain assumptions must be made in order to
discrete oscillator strengths. The recent emergence of larggompare the measured relative cross-section data with theo-
theoretical efforts represented in projects such as OPACITYetical calculationg5]. Furthermore, DLP experiments do
OPAL, or IRON [1] testifies to this need. Furthermore, not allow absolute cross sections to be determined. An alter-
photoionization data are important for the interpretation ofnative approach is to carry out photoion spectrometry on
laboratory and astrophysical plasma phenomena as they caombined ion and undulator photon beams at a synchrotron-
provide detailed information on the inverse processes of raradiation facility, the so-called merged beam technique. Such
diative and dielectronic recombination, which are key pro-experiments provide excellent ion selectivity, do not suffer
cesses in such plasmgs|. from the saturation effects present in photoabsorption, and
Experiments on photoionization of ions face specific chal-most importantly, absolute cross sections can be determined.
lenges associated with the need to match sufficiently denséirst pioneered in the 198(0§], merged beam systems have
ion beams with high-flux photon sources at short wavetecently been installed at several facilities including ASTRID
lengths [3]. Data on resonance structures and inner-shel{Aarhug, LURE (Orsay, Photon Factory(Tsukuba, and
thresholds for a wide variety of ions have been obtainedALS (Berkeley.
through the dual laser-plasma photoabsorption technique The present paper describes absolute photoionization
measurements on %i ions (magnesium isoelectronic se-
quence carried out at the SuperACO storage ring at LURE,
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corresponding to the excitation or the ionization of arecording of the ion signal, with and without photons, thus
2p-subshell electron. 2 photoabsorption of singly and dou- allowing a correction for background collisional effects. The
bly ionized aluminum and silicon has been studied extenexperimental photon energy resolution was determined by a
sively using the DLP technigy&—12]. These data have pro- compromise between ion count rate and the monochromator
vided insight into the changing nature of the resonant part obandpass. In the region 110—130 &¥sonance regigrthis
the cross section along the sequence; many assignments weesolution was of the order of 0.3 eV, whereas above 135 eV
also given using multiconfiguration atomic structure calcula{continuum regioha value of about 1 eV was used. Both the
tions. Most recently West and co-workers have used thsingle-photoionizationto SF*) and double-ionizatior(to
merged beam facility at Aarhus to provide the correspondingi**) cross sections have been determined. Cross-section
2p photoexcitation/ionization cross-section data on an absovalues were obtained by normalizing the count rates for all
lute scale for singly charged aluminum iofi3]. These au- the data points to the count rates of the points at which ab-
thors also provided relabeling of a small number of resosolute measurements were carried out. The absolute cross
nances on the basis of their multiconfiguration Hartree-Foclsections obtained were (6.4%.85) Mb at 133.2 eV of pho-
calculations. ton energy and (4.341.2) Mb at 136.2 eV of photon energy
The present paper reports corresponding data for the iséa the single- and double-photoionization channels, respec-
electronic partner 8. This data is compared with the re- tively.
sults of advanced photoionization cross-section theoretical The following formula was used to convert the count rate
calculations, namely, the relativistic random-phase approxiS of triply or quadruply charged ions to cross section values
mation (RRPA) and the relativistic multichannel quantum- o
defect theory(RMQDT). Thus, an insight into thef2photo-

ionization behavior along the magnesium sequence is made _ SQ )
possible. It has been shown recently that such a behavior 7= (I/me)(Jdle)eTF"

may strongly depart from the increasingly hydrogenic behav-

ior expected along an isoelectronic sequefrict. In this formula,Q is the charge of the target ions;the

electron chargey the velocity of the ions in m/g; the cur-
rent produced by the photons on the calibrated photodiode
(in A); n the efficiency of the photodiode at the photon en-
Detailed descriptions of the experimental setup and proergy hv (in A/W); J the current of incident ions in the Fara-
cedures used in our merged beam measurements can 8ay cup(in A); e the efficiency of the microchannel platés;
found in Ref.[15]. In the present study, the silicon ions were is the transmission of the two analyzers; dads the form
produced, from silane, in an electron cyclotron resonancéactor in m *. See Ref[15] for details on howe, T, andF
(ECR) ion source via plasma heating by a 10-GHz micro-are evaluated and further experimental details. All our cross
wave power supply. The ions were extracted by a highsection measurements are presented in Fig. 1. The total
voltage bias(7 kV) and doubly charged 5i ions were se- photoionization cross section would be obtained by summing
lected by means of a Wien filter. Typical currents of 30 nA ofthe single- and double-photoionization cross-section data
Si#* were available in the interaction volume. The kinetic curves.
energy of the selected ion beam was loweitgdabout 3 k\f A comparison of Fig. 1 with the photoabsorption data of
in order to reduce collisional processes with the residuaRef. [9] shows that the weak resonances measured around
background gas, and to increase the density of the ion bearib-eV photon energy are due to the single photoionization of
in the region of overlap with the synchrotron photon beamSi?* ions in the metastable statgp23s3p ®P. The mea-
The doubly charged ion beam was aligned with the incomingured cross sections of Fig. 1 are thus apparent cross sections
photon beam using an electrostatic quadrupole deflector. Thmomprising the contributions from both ground-state and
sideways and directional alignments of the two beamsmetastable $i atoms. For the purpose of quantifying the
termed the beam overlap, were measured by scanning wiregtual contribution of the metastable ions, we scanned the
across the beams at three locations placed before, after, anegion around 95 eV with improved counting statistics,
midway along the 0.20-m-long interaction region. Theyielding cross sectional data with a large signal-to-noise ra-
photoionization products were separated and analyzed usin@. This data is displayed in Fig(& with the corresponding
a cylindrical electrostatic deflector and a multichannel platestatistical error bars. We also used the optical oscillator
array detector. strengths calculated in Reff9] to generate synthetic cross
The photon beam was produced by the undulator on theections as a function of photon energy in Figo)2All the
SuperACO SU6 beam line which is equipped with a 1-mlines of the 2°3s3p 3P— (2p®3s?3p) 3L transition array
toroidal grating monochromator and provides flux levels,were included and given a Gaussian profile with a full width
covering the 30—180-eV spectral range, of the order &f 10 at half-maximum(FWHM) equal to 0.30 eM(i.e. roughly
(photons/¥0.1% BP at the exit slit. Thed®5p and 41°6p equal to the experimental photon energy resolytidrhe
resonances in Kr and Xe, respectively, provided the photogood agreement between the two profiles of Fidga,i® jus-
energy calibration. All the photon energies quoted in thetifies the use of the oscillator strengths calculated in FEf.
present study were corrected for the Doppler shift and carryo estimate the metastable fraction in the present experiment.
an error of+0.1 eV. A chopper placed between the mono-Thus, by comparing the measured intensity of suitable reso-
chromator and the interaction region allowed for a sequentiahances with the corresponding oscillator strengths, the frac-

Il. EXPERIMENTAL DETAILS AND RESULTS
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oscillator strength values are appropriately summed for both
1001 groups. By forming appropriate ratios between the measured
intensities and the calculated ones, we obtained a metastable
fraction x such that 2%=x<3%.

80+ IIl. CALCULATIONS

Ab initio calculations of the photoionization of%3i were
performed using the RRPA methodolofh6,17. The calcu-
lation includedall single excitations from the 3 2p, 2s,
and 1s subshells, i.e., the following 11 relativistic channels
were considered: S—kpzp.1/2; 2P3—Kds 32, KS; 2p1p0
404 —Kdgjp, ks, 25s—Kpsp1/0; and Is—Kkpgp, 1. Wherek re-
fers to both discrete excitation&£€n) and ionizing transi-
tions (k=e¢). Correlation in the form of interchannel cou-
pling among the 11 excitation channels is included in the

60

Cross section (Mb)

20+ RRPA methodology, along with the most consequential as-
pects of ground-state correlatigd6,17]. Thus, the RRPA
calculations include significant, but not all, correlations of
0 omesead importance. In particular, two-electron excitations are omit-
100 110 120 130 140 150 160 ted. o o
Photon energy (eV) In addition, it is difficult and inefficient to use the RRPA

FIG. 1. Partial cross section of a%Siion beam measured be- diF€Ctly to obtain the photoionization cross section in the
tween 95 eV and 135 eV for the production of Sifull line) and  VICINity of the Rydberg autoionizing states. Instead, RMQDT
between 115 eV and 165 eV for the production of‘Sidashed 1S €mployed[18], using RRPA to provide the input param-
line). The S?* ground-state ion beam contains3% contaminant  eters for the RMQDT calculation.
fraction of ions in the P®3s3p 3P metastable statésee text for

detailg. IV. ANALYSIS AND COMPARISON WITH THEORY

A. Single-photoionization cross section between 110 eV and

tion of SP* ions initially in the 2063s3p 3P metastable state 135 eV (production of S+ ions)

can be estimated. Due to the smearing of the metastable reso- .
nances as a result of the selected photon energy resolution, We have summarized the relevant energy-level structure
we have broken down the metastable resonances into tw@f the SF* ion in Fig. 3. The inner-shell levels are taken
distinct groups for which integrated intensitiéafter con- ~ from Refs.[9,10]. The metastable level#3s3p °P is also
tinuum subtractioncan be obtained accurately. The first oneShown. Itis seen that the photon energy raf@@-165 eV
is centered around 96.0 eV and the second one extend@ the present study always exceeds thp® 2double-
rough|y between 97.0 eV and 98.5 eV. The Correspondin@nizaﬁon threshold. The[iinner threshold was measured at
133.81) eV in good accord with the values of 133.32 eV and
@ 133.84 for 2 ?P3y, 1/, Obtained by Sayyaet al.[10].
37 3 Higher-excited inner-shell levels based on electron con-
figurations such as [@3s3p)np or (2p°3s3d)ns,nd, al-
though not observed in photoabsorption experimé¢mty,
have been predicted to lie above thepf3s?) ?Ps; 1/
thresholds[19]. These levels are only accessible from the
ground state via processes involving the simultaneous exci-
tation of more than one electron upon the absorption of a
single photon. Other levels belonging to configurations of the
type (2p°3s3p)nd (n=4) are also expected to lie above the

._.
2
<

Photoionization cross section (Mb)

? 2p limits and are directly accessible from the metastable

307 2p®3s3p 3P state.

254 The single-photoionization cross section between 110-eV
0 : , , , and 135-eV photon energies are shown in the upper part of
95 % 97 98 99 Fig. 4 with statistical error bars. We have not corrected these

Photon energy (eV) cross sections in view of the very small metastable fraction.
FIG. 2. (a) Resonance structure in the partial cross section forl N€ Cross section values decreased rapidly at higher photon
the production of Si* from 2p®3s3p 3P metastable &i ions  €nergies and no signal above noise levels could be detected
measured in the present experiment dbpl simulated using the above 135 eV. This spectrum is dominated by a strong pat-
multiconfigurational atomic structure calculations from Réf.as-  tern of discrete structures. These constitute the resonant part
suming a Gaussian profile of width 0.30 eV for all the resonancesof the 3s partial cross section and are due to the excitation of
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FIG. 3. Energy-level diagram of the%Siion showing schemati- 100+ ©
cally the inner-shell resonances and thresholds relevant to the 80/
present study.
60|
a 2p electron into allowed core-excited levels. The contribu- 40
tion of the direct 3 ionization process is, as expected, very
small as can be judged by the strength of the corresponding 20
underlying continuum. Our RRPA calculations give an aver- 0 /\’\/\n
age value of around 0.2 Mb for thesZross section in the 110 115 120 125 130 135
interval 110-135 eV while it has decreased to around 0.1 Mb Photon Energy (eV)
at 150 eV(i.e., well above the @ threshold. Thus, above FIG. 4. Resonant structure in the?Sisingle-photoionization

133.8 eV, 3 photoionization is negligible and@photoion- cross section in the photon energy range 110—135(&Vexperi-
ization dominates the cross sectitgee the following sec- mental data(with statistical error bajsobtained by merging a
tion). This is consistent with the values 05,=5.9 Mb and ~ Si** ion beam from an ECR source with monochromatized syn-
03s=0.09 Mb in isoelectronic Mg measured at 80-eV pho-chrotron radiation from an undulator afio) synthetic cross section
ton energy(about 20 eV above |2 threshold in Ref. [20]. obtained by giving a Gaussian profile of FWHM 0.30 eV to the
However, we note that this is in sharp contrast with the coroscillator strengths of the (#3s*—2p®3s”ns,nd resonances ob-
responding cross-section behavior in"Alear and above the tained in a multiconfigurational atomic structure cal_culation by
2p threshold(at 91.71 eV reported recently by West al. Sayyadet al. [10], and (c) our RRPA-RMQDT calculations con-

[13]. volved with a Gaussian function of FWHMO0.30 eV.
These authors observed instead a sharp rise;ofo val-
ues slightly above 1.0 Mksee their Fig. L Furthermore, it The dominant features of Fig. 4 are immediately identi-

remained close to this value between 91.71-eV and 155-e¥ied as the p®3s>—(2p°3s°nd) resonances witm=3, 4,
photon energies, with the;s/0,, ratio remaining close to 5, 6, and 7, respectively, while the other low-energy struc-
1/3 throughout this range. At 100-eV photon energy, for extures are due to excitations of states based on i8Bp?
ample, a value of around 0.2 Mb is predicted for i€ 3s  and 20°3s%4s configurations, respectively. We have summa-
cross section by the OPACITY calculatiofl]. This body rized all the data in Table | which compares the resonance
of theoretical and experimental evidence suggests diat energy positions between the photoion and the photoabsorp-
measured by Ref13] above the Al 2p threshold appears tion experiments. The resonance energies measured in the
too large by a factor of-5. present experiment are about 0.2 eV higher than the energies
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TABLE |. Measured energies, assignments, Rydberg analyses of the resonances measured in the single-photoionization cross section of
S?" in the photon energy range 110—135 eV, and comparison with the photoabsorption data fr¢@ORef.

Resonance Assignment EnertgV) Energy(eV) n* &b n* &b
number Preserft Photoabsorption dath 2P, limit 2P, limit
(Fig. 4 experiment from Ref{10]

1 2p°3s(®P)3p?(*D) °D, 112.5 112.30

2 2p°3s(*P)3p?('D) P, 112.9 112.80

3 115.5 Not observed

4 2p°3s(3P)3p?(1S) 1P, +3p?(3P) 3S, 116.2 (115.8% 116.06)

5 2p°3s?(?P)3d 1P, 117.6 117.34 2.802.76)

6 2p°3s?(?P)3d D, 118.1 117.88 2.802.77)
7 2p°3s%(°P)4s 3P, 118.8 118.63

8 2p°3s(3P)3p2(°P) P, 119.3 119.12

9 4d[3/2,5/2, 124.6 124.47 3.783.72

10 4d[1/2,3/2), 125.3 125.02 3.783.72
11 5d[3/2,5/2; 128.0 127.78 4.8%54.70

12 5d[1/2,3/2), 128.6 128.35 4.884.72)
13 6d[3/2,5/2), 129.7 129.53 5.985.69

14 6d[1/2,3/2), 130.3 130.10 5.995.72)
15 7d[3/2,5/2, 130.9 130.62 7.236.73

16 7d[1/2,3/2), 131.4 131.24 7.2%6.86

a2p,, 1o thresholds at 133.32 eV and 133.84 eV, respectively.

he number in brackets is th€ value obtained using the photoabsorption data.
°Error 0.1 eV.
YError 0.05 eV.

measured in photoabsorption. For most of the resonancessfactory with respect to the resonance energies, relative
these two sets of energies are in reasonable agreement takisigengths, and absolute intensities. This indicates that radia-
into account their respective error bars. We follow the astive decay of the resonances is negligible and the photoab-
signments given in Ref.10] for the resonances numbered sorption cross section is closely represented by the single-
1-8in Table I. Note that these assignments are given as thghotoionization cross section in this photon range. The
leading term in a multiconfiguration Hartree-Fo@MCHF) multiconfiguration expansion used in the calculations of Ref.
expansion of the wave function ibSJ coupling. We note [10] appears thus well suited to the description @f Gre-
that in Ref.[10] where all the resonances were labeled in theexcited levels in Si".
LSJ coupling scheme, some inconsistencies are present in We have also performed RRPA-RMQDT calculations of
the overall term assignments for thel 4nd 5d resonances. the 3s photoionization cross section that includep,2 3,
For those higher-lying resonancgsj coupling is more ap- —ns,nd; 5, resonances. The results of these calculations
propriate[19] and all the resonancep23s’nd with n=4 are presented in Fig.(d that shows the convolved cross
(numbered 9-16 in Table Were relabeled accordingly. This section as a function of photon energy. We emphasize that
is also consistent with the labeling scheme provided in Refthe RRPA calculations do not include double excitations.
[13] for the corresponding resonances in‘Adnd the Ryd- Thus, the resonances in the region of 112.5 eV are not
berg analysis shown in Table I. This quantum-defect analysipresent in the RRPA result; these resonances are seen in
is based on the experimental thresholds measured in Refable | to be double excitations. Furthermore, in the 117-eV
[10]. It shows distinct hydrogenic behavior and the absenceegion, RRPA correctly predicts two prominent resonances.
of any significant perturbation of thed series (=4) dueto  However, the relative intensities of these resonances are ex-
configuration mixing with thexp? doubly excited configura- actly opposite to our experimental results and the theoretical
tions. It is well known that such mixing dominates the crossMCHF results. This too is a consequence of the omission of
section of magnesium in thepZexcitation regionsee refer- double excitations in the RRPA calculation. As seen in Table
ences in Ref[10]) and still plays an important role in Al 1, the *P multiplet of the (2°3s?3d) configuration liesoe-
[13]. These perturbations do have some effect upon théow 3D, in opposition to Hund’s rule, because of the mixing
2p®3s2—2p°®3s23d transition, as evidenced by the fact that, with doubly excited configurations. Thus, the largest inten-
as seen in Table I, théP resonance liebelowthe 3D reso-  sity, which goes, of course, to theS allowed P multiplet,
nance, in contradistinction to Hund'’s rule. appears at the lower energy. The RRPA result, which does
As the data of Fig. @) show a negligible underlying not include this mixing, finds theP multiplet higher in
continuum, we have used the optical oscillator strengths obenergy thar®D, and(incorrectly predicts the large intensity
tained in the MCHF calculations of Sayyad al. [10] to  in the higher-energy member of the pair. For the higher
simulate the cross section, which are presented in Fly. 4 (2p°3s?nd) excitations, the mixing is much less important
The agreement between Figgagand 4b) appears very sat- [19]. Here then, RRPA results should be good, and the com-
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parison in Fig. 4 shows that indeed to be the case; the agree- 8-
ment between RRPA theory and experiment is reasonable for -]
the 4d excitations, and nearly perfect ford5 This implies
that mixing with the double excitations still has some effect
for the 4d excitations. 5
We have not attempted to systematically extract the dis-
crete oscillator strengths from the absolute cross-section data
as many of the resonance wings are smeared. Only the two
groups of the 4 (lines 9 and 1pand & (lines 11 and 1P
resonances appear sufficiently well isolated for any inte-
grated intensity measurement to be reasonably accurate. We
obtain values for the summed oscillator strengths of 0.31

(@

T T T 1
110 120 130 140 150 160 170

Photoionization cross section (Mb)
i

+0.04 (4d lines) and 0.15-0.02 (X lines), uncorrected for Rl
the metastable contribution; these should be compared with
calculated values of 0.28@.e., 0.136+0.15) and 0.126 7
(0.041+0.032+0.053), respectively,10]. Again, the agree- 6] ®)
ment between the two sets of numbers is very satisfactory 5
and confirms our previous conclusions regarding the reliabil-
ity of the calculations. 47
Finally, we propose that the small and rapidly diminishing 3]
signal contributing to the single-photoionization cross sec- ”-
tion between 133.8 eMVi.e., above P threshold and
~135 eV is due to the allowed autoionizing decay of the 1] ;
multiply excited configurations discussed at the beginning of 0 ‘ r r ‘ . .
this section. The unpublished calculations by Sayyad appear 110 120 130 140 150 160 170
to support this assignmept9]. Photon energy (eV)

FIG. 5. St* double-photoionization cross section in the region
of the 2p~ ! threshold:(a) experimental datéwith statistical error
barg in the range 115-165 eV obtained by merging 4" Sion

The measured double-photoionization cross section areeam from an ECR source with monochromatized synchrotron ra-
presented with statistical error bars in Figajsas a function diation from an undulator anéb) our RRPA calculationgsolid
of photon energy in the range 115-165 eV. A number ofline), analytical fit to Dirac-Slater results of Verner al.[22] (bro-
atomic processes can contribute to the production 6f Si ken ling
ions in this rangésee Fig. 3. However, only one continuum
process strongly dominates the cross section above 133.5 edfdition, the 2— 3p,, 3/, (unresolvable resonances appear
photoionization of a P electron followed by the Auger de- just below 160 eV, but the theoretical position is slightly
cay of the D hole. A strong autoionizing resonance with higher than the experimental. Note that the theoretical RRPA
characteristic asymmetric Fano profile is superimposed atesult has not been convolved with the experimental resolu-
158-eV photon energy. This corresponds to the excitation ofion, which is the reason that the theoretical resonance struc-
a 2s-subshell electronsee below. A small window-type ture is so much higher and sharper than the experimental.
resonance is also present around 142 eV. Similar windowote also that the window resonance in the 142-eV region is
resonances were also observed iff AL3]. These had been not predicted by RRPA since it results from a two-electron
observed previously and assigned to autoionizing levels oéxcitation. We could not detect any definite signals in the
the 2p°3s3p4p configuration in Ref[10], and we follow double-ionization channel at the photon energies correspond-
this assignment here. In Fig(l3, we present the results of ing to the intense resonances observed in the single-
our RRPA calculations of the Si 2p partial photoionization ionization channel. This suggests that the contribution of the
cross section. The experimental thresholds of RES] are  direct double-ionization procesthreshold at 78.6 eMs ex-
used in this calculation which also includes thes;;2 tremely small and not measurable in our experimental con-
— NPy 3presonances. For the sake of comparing the variousitions. Similarly to Ref[13], we observed enhancements in
theoretical approaches, we have also included the corréhe cross section, just below threshold, in the interval 125—
sponding Dirac-Slater results embodied in the analytical fitt31 eV. It is the region where a photon can excif€2s3p
of Verner et al. [22]. Calculated p threshold energies are metastable i ions to levels belonging to the
used in the latter and the continuum part only is included. 2p®(3s3p)nd configurations. A Si" ion is then produced

It is clear from the comparison that the RRPA results mir-upon autoionization to @°3s? which subsequently Auger
ror the experiment in the 130—170-eV region quite well, bothdecays to p° (resonant Auger procesue to the similarity
qualitatively and quantitatively. For the continuoGson-  between the observed patterns in"Adnd St*, we follow
resonantportion of the cross section, the RRPA result agreeskef.[13] and propose that this resonant Auger process origi-
with experiment to within the experimental error bars. Innating in the metastable ions contributes to the cross-section

B. Double-photoionization cross section between 115 eV and
165 eV (production of Si** ions)
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enhancements in the double-ionization channel just belovaccurately requires going beyond current theoretical method-
the 2p threshold. ologies. In our judgment, the most promising one which
could include multiconfiguration, multichannel, relativistic,
V. CONCLUSIONS inner-shell, and satellite transition effects is the multicon-
o figuration relativistic random-phase approximatj@s]. This
We have presented the absolute photoionization cross sefschnique has been applied to double excitations from the
tions of doubly ionized silicon in the ground state as a funcajence shell. Work on an extension to include inner-shell
tion of photon energy in the region of thep2hreshold(95  excitations, such as those exhibited in the photoionization of
eV-170 eV. These were obtained using the merged beang2+ s 4 significant effort and is in progress.
experimental technique. Both the single- and double photo- g conclude, we point out that measurements of the type
values contained a small contribution from metastabfé Si synchrotron radiation facilities world wide, allowing very ac-
that did not exceed 3%. o curate photoionization cross sections in multiply charged
The relativistic random-phase approximati®®RPA was  jons to be fairly routinely obtained, over a wide photon en-
used to calculate the @ photoionization continuum cross ergy range, at very high resolution. The measurements are
sections and agreed very well with the corresponding meayow of high enough quality to reliably challenge existing
surements. An intense resonance structure was found tﬁeoretica| methodo]ogies_ The Ongoing interp|ay between
dominate the cross sections below thp threshold. This  advanced experiments and theoretical developments will
structure was well reproduced by synthetic cross sectiongenefit the understanding of the interaction of ionizing pho-

generated from optical oscillator strengths obtained iman  tons with multiply charged ions and the modeling of labora-
initio multiconfigurational atomic structure calculation andtory and astrophysical plasmas.

convolved with a Gaussian function to simulate the experi-
mental resolution. On the other hand, RRPA-RMQDT calcu-
lations were less successful in reproducing this resonance
structure and in particular, were unable to account for double
excitations as such processes are not included in RRPA. The support of NASA, NSF, and DS(India) is acknowl-
From the experimental data presented, and the comparis@tdged. E.T.K. and J.P.M. acknowledge the financial help
with theory, it is clear that satellite transitions play an impor-from the EU Access to Large Scale Facility Program and
tant role in the photoionization of 5i. To treat this situation ~Enterprise Ireland.
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