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Relaxation and polarization effects in photodetachment of the negative iodide ion
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Photodetachment cross sections have been calculated foptel5and 4o subshells of the negative iodide
ion, I, in the relativistic random-phase approximati®RPA) and modifications of the RRPA that allow for
the inclusion of relaxation and core-polarization effects. Total and partial photodetachment cross sections are
compared with experimental measurements to gauge the effectiveness of the various approximations. Branch-
ing ratios and photoelectron angular-distribution asymmetry parameters are also presented. Core-polarization
effects are found to partially cancel relaxation effects.
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I. INTRODUCTION Ill. Some of the implications of the paper are discussed in
Sec. V.
Studies of photodetachment of negative-ion systems high-
light the significance of various electron correlation effects. Il. METHODS

Examination of such systems provides insight into many-

body effects in the absence of a long-range Coulomb attrac- '€ RRPA has proven to be a successful method for in-
cluding the effects of interchannel coupling in calculations of

tion by the nucleus seen in neutral atoms or positive ions: hotoionization parameters of closed-shell syst Ra
The negative iodide ion is a good species for demonstratin§'0t0!onizali o yStDes -
g 9 P ojevig, Kutzner, and Kelly{17] modified the RRPA to in-

many-body effects as reported in the review by Ivahby . .
Near-threshold measurements of photodetachment cross sj:clgde relaxation effectsRRPAR) by calculating the con-

tions of the neaative iodide ion were reported by Mandl andW4M orbitals in the potential of the relaxed core. For a
9 P y neutral atom, the relaxed core is a positive ion whereas for

Hyman[2] as well as by Neigefi3]. Absorption spectra ol photodetachment of negative ions the relaxed core is the neu-

(gaseous and solid4] and CHI [5] have also been mea- 5| atom. In RRPARP we add a polarization potential of the
sured. Lindleet al. [6] partitioned the total photoabsorption ¢4, [18]

cross section of CHl into partial 4d and “4p” cross sec-

tions and measured angular-distribution asymmetry param- ag

eters. Several theoretical methods have been successfully Vpo|(f):—m, (N
used in studying many-body effects in neutral atoms, and

have also been applied to valence photodetachment of neg@ere o, is the static dipole polarizability of the core ahd
tive ions. Such techniques include the many-body perturbgs 4 cutoff radiugapproximately the size of the valence elec-
tion theory (MBPT) [7], close-coupling[8], R-matrix [9],  tron cloud which prevents the potential from becoming un-
multichannel quantum-defect thedrd0], and the relativistic manageable for small radii.
random-phase approximatiofiRRPA) [11]. Radojevicand Similar polarization potentials have been used previously
Kelly [12] extended RRPA calculations of outer-shell photo-for neutral atoms in the eigenchanti®matrix [19] with the
detachment of 1 to include relaxation effects in photode- polarizability and cutoff radius treated as parameters deter-
tachment of inner-shelldelectrons. They reported the pres- mined semiempirically by optimizing the fitting agreement
ence of a “giant resonance” above thel 4hreshold similar  between the calculated and experimental energy levels. Such
to that of the neighboring elements Xe and Ba. Relaxatioran approach is not possible when dealing with negative ha-
and polarization effects in theddsubshell of barium and lide ions not possessing bound-excited states.
xenon were shown to bring calculatiofik3] in better agree- The large polarizability for the neutral iodine atom is
ment with 40 photoemission measurements. 33.00 a.u[20]. The cutoff radiush was determined by re-
The present study investigates the effects of core relaxquiring thatV,,(0) be approximately equivalent to the en-
ation and polarization in the photodetachment process of | ergy correction of the subsheilf orbitals[18]. This condi-
using the modification of RRPARRPARB. Kutzneretal. tion may be expressed as
reported the effects of relaxation and polarization on the va-
lence and inner shells of Fand B [14] and CI" [15]. It Vpoi(0)=AEgcdn€) —|enl, 2
was found that the inclusion of a polarization potential par-
tially canceled the effects of relaxation. The methods usedvheree,, is the Dirac-Hartree-FockDHF) eigenvalue and
are described in Sec. Il and the results are reported in SeAEg¢ is the absolute value of the difference between the
total ground-state self-consistent-field energies of the iodide
ion and the neutral iodine atom. Equatiaids and (2) may
*Present address: Department of Physics and Astronomy, Darbe combined to determine the value for the paramiefer
mouth College, Hanover, New Hampshire 03755-3528, USA. yielding
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TABLE |. Photoionization thresholdén a.u) for the various

subshells of the negative iodide ion. The second column lists the 60
absolute values of single-particle eigenvalues from a Dirac-Hartree-
Fock (DHF) calculation using the code of RéR1]. The third col- 50 |

umn lists the absolute values of the difference between self-Z
consistent-field calculations of total energy of the neutral atom and>~ 40
the ion (AEgcp . The fourth column lists the cutoff radius, for the

Cross Section (M

subshells studied. 30
Subshelll DHF eigenvalues  AEgcr Cutoff radius,h 20
5pap 0.154 5888 0.080078 1 4.71 10 }
5Py 0.1135253 0.115234 4
55y 0.608437 4 0.5585938 0
4ds), 1.980 696 2 1.762 2070 2.95 00 02 04 06 08 1.0 12 14
4dy, 2.0481625 1.826 660 2 Photon Energy (a.u.)
4psp 5.156 576 2 49106445 2.86
4pyp 5.5754833 5.3203125 FIG. 1. Photodetachment cross section for the stbshell of
4s,), 7.465 663 4 7.2006836 I”. The dashed line is RRPA,; the dot-dashed line is the RRPAR; the
solid line is RRPARP, which includes relaxation and polarization
effects. In the inset is shown the photodetachment cross section for
4 hoton energies close to threshold. Open squares and closed circu-
hne="/= ag/{2[AEscin€) —[en[1}. @ P ‘ pen g

lar data points are experimental measurements from R&fsand

Table | lists the values of the energies used in these calculdS) 'ésPectively.

tions. The energy correction of E(R) was determined using
the Oxford multiconfiguration Dirac-Fock computer code o
Grantet al. [21].

Photodetachment transition matrix elements were calcu-

¢locity since the geometric mean is less sensitive to the effects
of ground-state correlation as demonstrated by Hafi22h

lated using the RRPA code of Johnsetal. [16], the lll. RESULTS

RRPAR, which is a modified RRPA including relaxation ef-

fects[17], and the RRPARP, which includes relaxation ef- A. The 5p subshell .

fects as well as the polarization potential of Et). added to The valence photodetachment cross sections forre

the single-particle potential for the calculation of RRPAshown in Fig. 1. The RRPA and RRPAR of the total cross
excited-state orbitals. All'l calculations included interchan- section calculation are nearly identical to results reported by

nel coupling between 20 channelsjjrcoupling, namely, Radojevicand Kelly[12] except that our calculations include
interaction with 4 and 4s channels. The effects of core
5pgio— €dspp, €dspn, €Sy, relaxation effectively displace oscillator strength from near
threshold to higher energies, leading to a lower slope for the
5p1o— €dszn, €Sy, cross section near the thresholds. But previous work has
shown[14,15 that including only relaxation effects in va-
5S1/o— €P3, €P12, lence photodetachment, without the partial cancellation con-
tributed by polarization effects, produces unbalanced results.
Adgo— €f 7, €fgp, €Pap, The inclusion of polarization effectRRPARB increases the
value of the cross section from the threshold region to the
Adzo— €fspn, €Pgzp, €P12s cross-section peak. It was previously reported that in the case
of F~ and CI' [14] and Br [15], including the polarization
4py— €dspy, €dgzp, €Sy, potential effects increases the photodetachment cross section
and partially cancels the effects of core relaxation.
4p1— €dgp, €S1p0, In the RRPA, distinct spin-orbit splitting is seen between
the 5p3, and 54, thresholds due to the sizable valuef
48— €P3n, €P1j2- A trend of increasing spin-orbit splitting in threshold ener-

gies with increasedZ may be noted among the halides

Traditionally, the Dirac-Hartree-Fock eigenvalue energieg 14,15 with an extreme splitting reported for At[23]. In-
are used as thresholds for the RRREA&]. To facilitate com-  cluding relaxation effects tends to remove this stepwise fea-
parisons with the experiments, we used experimental threshure.
olds listed in Table I. Although this undermines the gauge The branching ratiosy=o(5ps)/o(5p12), are shown
invariance of the strict RRPA results, the length and velocityin Fig. 2. Spin-orbit splitting causes the branching ratio to be
discrepancy is largely removed when relaxation effects aréarger than the statistical value of 2 near threshold. For en-
included in the RRPAR and RRPARP. The cross-section reergies close to the threshold, the branching ratio is much
sults are presented as the geometric mean of length and viarger than the statistical ratio because the partial cross sec-
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FIG. 2. Branching ratioy= a(5p3)/o(5pys), for I . Dashed FIG. 4. The partial cross section for thel 4ubshell of T'. The

line is RRPA and the solid line is representative of both RRPAR anddashed line is RRPA; the dot-dashed line is RRPAR; the solid line is

RRPARP. The statistical value of 2 is indicated by the dotted line.RRPARP; the solid dots and open squares represent experimental
CHjsl data from Lindleet al. [6] scaled to absolute cross sections

tions are increasing with photoelectron energy. For highefrom Refs.[4] and[5], respectively.

energies where the cross sections are decreasing, the branch-

ing ratio becomes less than the statistical ratio where it repeak, and then rapidly decreases to a Copper minimum. In-

mains out to very high energies, eventually approaching theluding relaxation effecttRRPAR reduces the cross section

value of 2.0. below the peak, and shifts the peak of relaxation to a slightly
higher energy. Similar results were reported for 48] and

B. The 4d subshell Ba [13]. It is noteworthy that the electrons in the negative

iodide ion are less tightly bound than for a neutral atom like

xenon, and the removal of an electron should cause larger

rearrangement effects as stated by Radojewit Kelly[12].

The inner-shell 4 photoionization spectra of atomic lan-
thanides and the preceding elemefits., Xe and Ba are

Eh_arzatcterlzed by ?_I:%k?apehresonance often reftletrrefd to ?ﬁlr‘?{:luding polarization effects provides a more accurate rep-
.gtlan tr'eson?r;k(]:e. i IS S aﬁetrelsorlance .rt(ra]su S rtom i I‘?esentation of the cross section. Polarization of the total cross
Interaction of the outgoing photoelectron with a Centripetalge gy (RRPARB partially cancels the relaxation effects
barrier. At higher energies, thed4-<f dipole matrix ele- (RRPAR), shifting the peak back to a lower energy and in-

ment experiences a change In sign and falls t a COOpE‘crreasing the cross section near threshold. The measurements
minimum. The total cross sections for thel 4ubshell are

shown in Fig. 3. Similarly to the d subshell of xenon12],
the cross section rises rapidly from the threshold to a gentle,,
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FIG. 5. Angular-distribution asymmetry paramet@sy , for I~ .

Photon Energy (a.u.) The 4d4, and 4ds, theoretical results are presented as an average
weighted by the partial cross sections. The dashed line is RRPA; the
FIG. 3. The total cross section for thel 4ubshell of . The  dot-dashed line is RRPAR; the solid line is RRPARP; the experi-
dashed line is RRPA,; the dot-dashed line is RRPAR; the solid line isnental data are from Ref6] with open circles representing the
RRPARP; the dotted line is the ultraviolet absorption spectrum of | 4d;, component and closed circles representing tdg,4compo-
from Ref.[4]. nent.
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FIG. 6. Branching ratioy= o(4ds,)/o(4d3), for I~. Dashed FIG. 8. Angular-distribution asymmetry parameigy,, , for I”.

line is RRPA and the solid line is representative of both RRPAR andrhe dashed line is RRPA; the dot-dashed line is RRPAR; the solid
RRPARP. The statistical value of 1.5 is indicated by the dotted lineline is RRPARP; the experimental data are @f ffom CH;l, Ref.

[5].

of Comeset al. [4] of I, gas are shown for comparison, weighted according to the partial cross sections. The experi-
although there is considerable uncertainty in the overalmental parameterfs] are presented separately for egch
scale. The experiment also demonstrates that solidificatiovel. As in the case of the total cross section of the initial
has little influence on the continuous absorption in tlie 4 state ion and the relaxed final state, the inclusion of relax-
—ef continuum with the implication that'| should have a ation and polarization effects causes substantial changes in
very similar absorption cross section. Figure 4 is a comparithe dipole matrix elements. Apart from the choice af 4
son of 4l partial cross sections. The inclusion of overlapthreshold, the RRPARP closely agrees with RRPA.
integrals in the RRPAR and RRPARP reduce the partial cross The branching ratios foy= o(4ds,)/ 0(4d3,) are shown
section by approximately 17%, independent of energy simiin Fig. 6. Spin-orbit.splitting causes the branching ratio to .be
lar to that noted for bariurﬁl:{l_ The measured partia| Cross Iarger than the statistical value of 1.5 near threSh(Jld At hlgh
section is also shown of GjHas reported by Lindlet al.[6] ~ €Nergy the RRPA result falls well below the statistical value,
as scaled to the total cross sections of O'Sullijghand the ~ While the RRPAR and RRPARP results approach the statis-
I, cross section of Comdd]. fucal \{alue_ from above. The RRPAR and RRPARP are ngarly
The angular-distribution asymmetry parametgiy, is indistinguishable ar_wd are plotted as one curve. Interestln_gly,
shoun i Fg. 5. When a subshelsSot by s ot spi. 12 TSI Bk n e KPR erose sectons esute i o
ting into two different levelg =€ = 1/2, it is conventional to 9 4 J

ment with the measured GHresult [6] than the models
calculate the average of the two asymmetry parameterg. 1 include relaxation

0.8 v

C. The 4p subshell

The partial cross sections for thep4subshell are pre-
sented in Fig. 7 in the Dirac-Hartree-Fock, RRPA, RRPAR,
and RRPARP calculations. The effect of interchannel cou-
pling, noted by comparing the Dirac-Hartree-Fock result
N N with that of the RRPA, is to enhance the cross section near
04 } S T ] threshold. Relaxation effects reduce the partial cross section
at all energies. Polarization has little affect on the partial
cross section. Lindlet al. [6] interpret the “4p” result as
primarily due to the 44f final state and not truly represen-

s ) tative of the direct removal of electrons from thp gubshell
L] ¢ = which could explain why the theoretical results are all much
. larger in magnitude than experiment. The angular-

distribution asymmetry parametergd,,, are shown in
Photon Energy (a.u.) Fig. 8.

4p
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FIG. 7. The partial cross section for th@ 4ubshell of T'. The
dashed line is RRPA; the dot-dashed line is RRPAR; the solid line is
RRPARP; the dotted line is Dirac-Hartree-Fock calculation and the Relaxation and polarization effects have been found to
experimental measurements gb 4 CHsl of Ref. [5]. play a large role in the photodetachment offfom the va-

IV. CONCLUSIONS
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lence subshell down to thed4subshell, with little effect not agree with the scaling of the experimental measurements
noted for the 4 subshell. The loosely bound outer electronsof 4p photoionization of CHI [6]. The closer agreement
are easily rearranged by the presence ofdahéle and are between the RRPA-type and the measurga dngular-
readily distorted by an outgoing photoelectron. In generaldistribution asymmetry parametgs] may be understood by
polarization effects are found to partially cancel relaxationconsidering that the asymmetry parameter depends on ratios
effects, indicating that the photoelectron partially fills the of matrix elements, according to the Cooper-Zgzé) treat-
hole. Substantial effects had been anticipated for thedb-  ment, rather than on absolute scale.

shell since both xenon and barium have been showcases for
relaxation and polarization studies in the past. Comparisons
with experimental total and partial cross sections fof4]

and CHl [5,6] appear to be in reasonable agreement with the We wish to thank Walter Johnson for the use of the RRPA
RRPARP for inner shells, perhaps because of the relativeomputer code. This work was supported by Grant No. PHY-
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