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Relativistic calculation for photoionization of the ground state of neonlike Fexvii
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Relativistic calculations are made for photoionization of the ground state of neonlikeiFeising the
Breit-Pauli Hamiltonian within th&k-matrix method. Relativistic effects are clearly revealed by comparing the
results with those obtained in the nonrelatividti® coupling approximation.S1050-294®8)08204-3

PACS numbds): 32.80.Fb

I. INTRODUCTION ground configuration £2p° 2P9,, is a pure relativistic ef-
fect that modifies considerably the photoionization cross sec-

The interaction of electrons and photons with ionized at- . o
b tion below 1 Ry for the energy of the ionized electron.

oms, particularly with metallic impurities such as Ti, Cr, Fe,
and Ni, plays an important role in controlled thermonuclear

plasmas, as discussed receritly. The study of neonlike IIl. DETAILS OF THE CALCULATION
iron Fexvil has also attracted considerable interest in astro- 1nq fiuorinelike target statesd2p5 2p?

and 20° %s

. . . - . 3/2,1/2 1/2
physics, since strong emission Imt—;s from this ion have beeﬂesidual ion Fvill have been represented by intermediate
observed in the solar corona and in solar fld8s

Ea couplingLSJ configuration expansion$],
In the present work, we have made a relativistic calcula- ping 9 P 8]

tion of the photoionization cross section from the ground M
state £22s22p°® 1S of Fexvil, by using the close-coupling D)=, a;di(;,LSD), ©)
Breit-PauliR-matrix method 3]. In the R-matrix formulation =1

of photoionizatior{4], the initial bound state of Fevi and where the single configuration functiors are constructed

the final continuum states consisting of the residual ion Fg "o oo o1 whose angular momenta are

AV plus an outgomg elegtron are expanded.consstently OEOUpIed as specified by, to form states of given totdl, S,
collision-type R-matrix basis sets, expressed in terms of the

states of theN-electron residual ion Feviil. The three andJ. The radial part of each orbital is written as a linear
) ; combination of normalized Slater-type orbitd&TO):
lowest states  422s?2p® 2Py,,  1s%2s%2p® %P9, P

1s?2s2p°® 2S5, have been included in the expansion of the

k (2{_)2pi+l 1/2
initial and final states, allowing for the following direct Pu=2 bi['—

rPiexp(—gir), 4

~ Y
phoionization processes: = (2pi)!
Fe xvil (2s22p81S°, J=0°)+hw which satisfy the following orthonormality conditions:
Fexvii (2s?2p® 2P, +e(s,d)|, J=1°, *
_>| ( P 1) ( )| PniPnr17dr= Onnr 6 - (5
(18 °
— |Fexvin (2s22p5 2P%,) +e(s,d)|, J=1°, In the present calculation, we have used a restricted basis

(1b) of 3 STO, Is, 2s, 2p optimized on the ground state of the

Fexvi fluorine-like ion by Clementi and Roetfi6] and

—|Fexvii(2s2p® 2S5 ) +e(p)|, J=1°, single LSJ representations of the three ¥ell states in-
(1o cluded in the calculatiohEg. (1)]. The energies of the cor-

. . . responding states in the Breit-Pauli approximation are de-
as well as the formation of the following Rydberg series:  fjeq by

—|Fexvin*(2s?2p® 2P{, )n(s,d)|, J=1° (2d) (@(3)|HYD,(3))=ENs,,, ©)

*% 6 2ce _ 10
—|Fexvin** (2s2p® “Sj,np|, J=1 (2 \where we include the mass correction, monoelectronic Dar-

below the two excited ionization thresholds. As shown latetVin @nd spin-orbit terms of the Breit-Pauli approximation:
on, the formation of strong Rydberg series of autoionized

N _ N N N N
resonance$2a) below the excited fine structure level of the Hep=Hnr T Hmass™H D, Hso @)

1050-2947/98/5(5)/34894)/$15.00 57 3489 © 1998 The American Physical Society



3490 M. MOHAN, M. Le DOURNEUF, A. HIBBERT, AND P. G. BURKE 57

TABLE I. Energies(Ry) of fine-structure level of g%, 2s2p®in 1.00 T T ,
Fexvi .
Key Configuration Theoretical Experimental .
.80 F .
1 2p° 2Py, 0.00000 0.00000
2 2p° 2P, 1.03026 0.9354
3 2s2p°® 283, 9.85300 9.7013 T ool |
=
£
with b 40
' w
s
1 N
+ Hmass: ) azzl Vi41 (8a) .20 i
1 N 1 .00 ! ! 1
+HY =— = a?Z>) Vf(—) , (8b) .00 2.00 4.00 b. 00 8.00
o8 = E, (Ry) —=
FIG. 1. Photoionization cross section in Mb for the photoioniza-
1 N . § tion from the ground state of Bei in the relativisticL SJ coupling
+ Hgoz + > aZZE 1 . (80 as a function of the photoelectron eneifgy (in Ry) in the energy
=1 T region from %22p°® 2P, threshold to near 2p°® 2S,;, threshold
of Fexvil.

These Breit-Pauli energies are compared in Table | with their
LS counterparts and with the experimental values tabulated g, =A, Cjj®;(Xy - X, Frs1,0ns 1) Ui N+
by Wiese[7]. It can be seen in Table | that theSJ excita- g
tion energies are in fair agreement with experiment.
The differential cross section for photoionization of an +E djkdj( Xy Xnt1) s (10
(N+ 1)-electron atom with the electron ejected in direction !

and the ion left in staté is given by[3] inside a sphere of radiwscontaining the charge distribution

of the residual ion. In Eq(10), A is the antisymmetrization

do N+l operator that accounts for electron exchanpgeare channel
f
—= 8772aagw > ‘ ,

2 Fal, 9) functions formed by coupling the target stateee Table |
dR 171

=1

<¢f<12>

1.00 , , .

wherew is the photon energy in a.uy is the fine-structure
constantay is the Bohr radiusy; is the wave function of the .80 b J
initial bound state, andpf_(IZ) is the wave function of the
final state with a single outgoing wave corresponding to the
ejected electron in directiok and the residual ion in stafe

As described by Burke and Tayl$8], in the R-matrix
theory of photoionization, both the initial bound stateand

the final continuum stata/f(IZ) are expanded in terms of ok
discreteR-matrix basis sets. ' (/J //J f‘ A /

TABLE II. Configurations used in Cl expansion of ke tar-

o (mb)—=
o
=]
T

.20 - -

get states.
Target Key
states  no. Configuration used .60 L ! 1
.00 2.00 4.00 b. 00 8. 80

2po 1,2 [1s?]2s%2p®, 2s%2p*(3P)3p, 25%2p*(*D)3p,

2p*(*s)3p, 2p°(*P°)3s?, 2p°(*P°)3p? E, (Ry)—=
’s® 3 2s2p°®, 2s2p5(3P%), 2s2p3(*P°)3p,

2s?2p*(19)3s, 2s?2p*(*D)3d, 2p8(*S)3s FIG. 2. Same as for Fig. 1, but the resolved patterrEpfrom

0.50 Ry is shown.
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3.00 T T T Y TABLE IlIl. Cross section from the ground state for ejected
electron kinetic energy from 10 to 24 Ry IS coupling andLSJ
coupling. lon threshold il S coupling is—92.73 Ry while inLSJ

2.50 | . coupling it is —93.55 Ry.

Energy Nonrelativistic Relativistic intermediate
t 2.00 - (Ry) LS coupling LSJcoupling
= 10.0 0.38234 0.37311
E 1.50 | . 12.0 0.36444 0.35553
g 14.0 0.34775 0.33992
16.0 0.33242 0.32640

1.00 - N 18.0 0.31829 0.31437
20.0 0.30505 0.30285
22.0 0.29238 0.29100

S0 \\\Wt 24.0 0.26833 0.27859
.00 \ | i 1

The coefficientscjj, andd;, in Eq. (9) were determined
by diagonalizing the N+ 1)-electron Breit-Pauli Hamil-
tonian matrix[Egs. (5) and (6) for N+ 1 electron$ in the
FIG. 3. Same as for Fig. 1, but in the nonrelatividti§-cou-  iNner region. In the outer regiom%£ a), the radial equations

.00 .10 .20 .30 .40 .50
Ey (Ry) —=

pling. were solved, assuming a purely Coulombic asymptotic inter-
action.

of coordinates;={r; ,r; ,o;} with the spin angle function of

the scattered electron in order to form eigenstates of the total lIl. RESULTS AND DISCUSSION

angular momentud; and paritys,. More precisely, follow- . ) .

ing Burke and Scof3] the pair coupling scheme The present results have been obtained, using a fine mesh
of 0.01 in effective quantum number:

J+1=K, K+1/2=], (12)
Ner= V2(E—Ef)/ 2 (13

is used, since this coupling scheme is expected to be approxi-

mately realized in medium size atomic systems. Thg} for kinetic energiesE of the ejected electron smaller than
form a discreteR-matrix basis of continuum orbitals for the energyE; of an excited staté of the residual ion, in order to
scattered electron and tHe;} are (N+1)-electron bound resolve the series of autoionizing resonances converging to
configurations, which account for the orthogonality of thetheir corresponding thresholds, while, above all the included

continuum orbitalay;; to the bound orbitals. thresholds, a coarse mesh in eneEgyas used.
The continuum orbitals;; in Eq. (10) are eigenfunctions Figure 1 shows the total photoionization cross section in
of a zero-order, nonrelativistic model Hamiltonian: Mb as a function of the kinetic energy of the ejected electron

in Rydbergs in the energy range from the first ionization
threshold2P3,, to 8 Ry, below the third thresholéS,,, and
uii(r):; NijkPk(r), Fig. 2 shows the same cross section on an expanded energy
(129  scale below the excited fine-structure threshéRf,,. As
expected, the cross section is strongly affected by a series of

d®>  1;(;+1
—W—k%ﬂ—ZV(r)—kf

which satisfy the following boundary conditions: unperturbed autoionized Rydberg resonari&sBelow the
first excited fine-structure threshofd{,, that occurs around
u;;(0)=0, (12b 1 Ry, about one-third of the oscillator strength density is
concentrated into a strong series @PS,nds;, resonances
a % —b (120 and weaker series dP},,ns,, resonances on the left side of
ujj dr ' the resonances, as suggested by the effective quantum num-

r=a

bers 16.94 and 17.70 of the first two resonances. It is found
In Eq. (129 |, is the angular momentum of the scatteredthat thed resonances are considerably broader thansthe
electron,V(r) is the static potential of the target in its ground resonances. _ _
state, and\;;, are Lagrange multipliers, which are deter- The resonances occurring below the third threshold
mined in order to ensure the orthogonality of the continuum2s2p® %S5, correspond to the temporary capture qf alec-
orbitals to the bound radial orbitaR,, ,(r) having the same tron, as suggested by the effective quantum number of the
angular momentunh; . We imposed a zero logarithmic de- first resonance being 5.81. Their dispersion shape is very
rivative b=0 at the R-matrix boundary radiusi=3.4 a.u.  Similar to that obtained in the nonrelativislicS approxima-
and we retained 15 continuum orbitals for each angular symtion, given in Fig. 3. We note that above ti®}, state,
metry, to ensure convergence in the energy range considergdactically the only difference between the relativistiig.
here, namely, up to 25 Ry. 1) and nonrelativistigFig. 3) results arises from the shift of
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the third threshold, which is expected due to the inclusion ofects such as exchange, channel coupling, short range corre-
relativistic one-body operators. lations, and relativistic effect®] have been included.

Above the third excitation thresholds, the cross sections
decrease slowly. Table Ill compares the partial cross sections
for leaving the residual ion in one of its allowed final states ACKNOWLEDGMENT
in the nonrelativistic and relativistic approximations. Both
the results agree with each other within 3%.

In conclusion, in this calculation on photoionization of
Fexvii from the ground state, all the important physical ef-

M.M. is thankful to UGC and DSTIndia) for financial
support.
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