
PHYSICAL REVIE% A VOLU'ME 24, NUMBER 4 OCTOBER 1981

Relativistic Auger and x-ray emission rates of the ls2r 2@ configuration of Li-like ions
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Multiplet Auger and x-ray emission rates for the 1s2s2p configuration of Li-like ions (13&Z (92) have been

calculated relativistically in the intermediate-coupling scheme, using Dirac-Hartree-Slater wave functions and the

Mpller two-electron operator. The effects of relativity on the Auger rates of the 'P i» and 'P3/2 states are found to be
as large as two orders of magnitude. Relativity also very substantially affects the multiplet fluorescence yields of the
'P, », 'P„„and 'P'3/2 states. Inclusion of the Breit interaction, in addition to the Coulomb interaction, in the energy
matrices for the intermediate-coupling calculations is found to have a pronounced effect on some multiplet Auger
rates. The Breit interaction strongly influences the fine-structure splitting of some states, and, e.g., reverses the 'P3/2-
'P „,level order above Z 75.

I. INTRODUCTION

The properties of multiply ionized atoms are
important in connection with astrophysics and with

the physics of atomic collisions and laser-induced
plasmas. The spectra of the Li-like 1s2s2p con-
figuration have been observed experimentally. i -3

Several calculations have been performed for this
configuration to predict x-ray transition energies
and rates and Auger transition rates. These
calculations are nonrelativistic except for the
work of Cheng, Lin, and Johnson' on the I",&2

state.
In this paper we report on relativistic Hartree-

Slater calculations of multiplet Auger and x-ray
energies and transition rates, performed in the
intermediate-coupling scheme for the 1s2s2p con-
figuration of Li-like ions of 12 elements with atom-
ic numbers 13 - Z - 92.

V, 4 is chosen to be the original Mt(lier operator,
which is suitable for the local-potential approx-
imation' ' '

V, 4
= (l —a, 4r4) exp(i&or, &)/r;, .

This form of the operator includes the retarded
Coulomb and current-current interactions. The

+, are Dirac matrices and ~ is the wave number
of the virtual photon.

For the Dirac-Hartree-Slater model used here,
the orbital wave functions are assumed to satisfy
a set of Dirac-Fock equations with a local ex-
change potential. These wave functions have the

form

where '

II. THEORY

A. Multiplet Auger transition rates

0„=Q C(-lj;i4, m —/4) Y4„(e, 4}})g4 /2 „(4)

The radiationless transition probability is cal-
culated from perturbation theory assuming frozen
orbitals. ' ' The transition rate is given by the

familiar "golden rule No. 2" as

T = —
tin g V, i g,) p(a} .

0 = Q C( , lj; p, m —/4) Y-;„(8,4/})g«, „(5)
with

Here, ~t); and g& are the antisymmetrized many-
electron wave functions of the initial and final
states of the ion, respectively, p(&) is the energy
density of final states, and V, z is the two-electron
interaction operator.

In the present work, the two-electron operator

The Auger matrix elements between three-
electron j-j coupled initial states

~
j|}j&j3(J»);Zlzz)

and final three-electron coupled states
~
ji(Jf),

ej4,'JM) can be separated by Racah algebra into
angular parts multiplied by radial integrals. %e
find
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)(( () r)4 v'M' Z v;, )) )))s( )Gvt)r)
~ ~ ~ ~ ~ ~

=&2(2J', +1)'"(2J»+1)'"W(j,j,Jj4 ,J', J. »)5«5» A(j,jsJ»M»-A j4J»M»), (f)

where W(js jsJj4,J',J») is the Racah coefficient and A(jsjsJ»Mss Jf j4JssM») is the two-electron coupled
Auger matrix element

A( jsj,J»M»- j,j4J»M») =D + IP —E' —E", (6)

1D' = j~ j4J23M23 —P ""i2 j2 j3J23M23
+12

(9)

D = Aj4J23M23 8 ~2 &f' ~2 j2j3J23M23
+12

(io)

with similar expressions for E' and E"obtained by exchanging j2 and j3 in D' and D .
The two-electron Auger matrix elements have been derived in our previous work. Expressions for D'

and 1Y are given in Eqs. (11) and (19), respectively, of Ref. 10 where details are given. The transition
rate, in atomic units, is

2

r„(vM J'Ar')= () (vl), r)-4 v Ar Pv„')'„) ) (vG)JM,
Here, the continuum wave function ej4 is normalized to represent one ejected electron per unit time.

B. Multiple«-ray emissio~ rate j,j2 j3(J23)g j,(J,')j2+'

From first-order perturbation theory, the emission of a photon of energy h~ and momentum Sk into a
solid angle element dQ, with polarization vector &, by an atom going from an initial state i to a final state
f, is given by

2

T = —
(I) (s. ~ ee'f' ()) dGfk 2& f (12)

where

S(d=hkc=E,. —Ef .
For the three-electron j-j-coupled states, we have

e( = lii js js(Jss) JM& 0~ =l j~(Jl» js'J M ) . (14)

We follow the procedure of earlier calculations for atoms with an inner-shell vacancy. ' ' The plane-
wave radiation field is expanded in terms of multipoles, and Racah algebra is used to separate the angular
part from the radial integrals. After some algebra, the multiplet x-ray emission rate in j-j coupling for
the three-electron configuration is found to be

T„=Q(ID,xv',"l'+ lD, xr,' l'), (is)

where
Ilia is Jl I

D~=v 2(-1} s IJ») J'ir J r j&l ~ J L J' S,

IJss jsjs I

(16)

,"'=[ ( + )]'"(- )' '"I,
I I lII(( 2L+1)&&s(A L js

(L L+ 1)) (1/2 0'—1/2j

R~(e) = —L(L+ 1}jr,(kr}(FqGs —FsGf)
dr
ar.

kr+(,—r~)(EG~+r~G, ) j (ar)r +) IGj, (ar) —(G+llj .,(ar)I) (is)
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)) ( ) = (k + K3)f (G&)'~+ )', G)) (kr)dv,

1 if lf+ L+l3 even,
(E(Llg) =

~l
0 otherwise.

1/2 Jt L

(120-12
(20)

(21)

Here, T~ and T~ ' are just the relativistic x-ray
matrix elements for atoms with an inner-shell
vacancy only, and we have used the notation

[jq, j2, j&, . . . ]' = [(2jg+ 1)(2j2+ 1)(2j3+1) ]

I!(1) 1s, 2s2pf/2(0);2

J= -( (2) 1s, 2s2j)f /2(1); 2

! (2) 1s, 2s2P&/2(1); —)

and

(4) 1s, 2s2pg/, (1);3,
J=-&(5) 1s, 2s2j)g/2(1);

! (6) 1s, 2s2&3/2(2);2

(22)

C. Relativistic intermediate coupling

We use the j-j coupled states as basis states.
The mixing of states with the same total angular
momentum due to the residual Coulomb interac-
tion is then inct. uded. For the 1s2s2P initial con-
figuration considered in the present work the
total-angular-momentum J=

2
and J=

2 states,f 3

respectively, contain the following three mixing
states:

The energy matrices obtained through Racah
algebra are contained in Tables I and II. In these
matrices E and E are the average energies of
the configurations 1s2s2pf /2 and 1s2s2p3/2p re-
spectively.

The eigenfunctions and eigenvalues are found by
diagonalizing the energy matrices. The eigen-
states for J=-and J=-, with energies in de-

2 2y
scending order, are designated as 'Pf /2, 'Pf /2,
Pf /2 and P3/2, P3/2 P3/2p respectively. These

eigenfunctions and eigenvalues are then used to
calculate the Auger and x-ray energies in inter-
mediate coupling. The reader is referred to our
previous work on K-LL Auger spectra for de-
tails. "

In order to investigate the effect of the Breit
interaction' on the fine structure and multiplet
transition rates, we have repeated the inter-
mediate-coupling calculations with not only the
Coulomb interaction but also the Breit interaction
in the energy matrices. For the three-electron
configuration the Coul. omb- and Breit-interaction
matrix is

TABLE I. Energy matrix for the mixing calculation of J= T states listed in Eq. (22).

(2) (3)

(1) E —
6

G (2s2pf /2) ——G (ls2s)
2

G (1s2pf/2)
1

3 (3) Rf (ls2pf /22p3/21s)

(2) —
2

G (ls2s)
~3 p

G (ls2pf/2)
1 1

G (2S2pi/2)

+G (ls2s) —9G (ls2pf/2)

+2
R (ls2pf /22p3/22s)9

+ R (1S2pf /22p3/21S)
~2

(3) -3 (3) R (ls2pf /22p3/2ls) — R (2s2pf /22p3/22s)
2 i/2 f 2~2

+—R (ls2pf/22p3/2ls)
~2

& +
Ta G (2s2p3/2)

/

—
2

G (ls2s)+ ~G (ls2p3/2)
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TABLE II. Energy matrix for the mixing calculation of J= ~ states listed in Eq. (23).

(4) (5) (6)

(4) E+ isG (2s2pf/2)

—
2

G (ls2s)+ WSG (ls2pf/2)

R, (2s2pi/22p3/22s)

~2——R (ls2p f /22p3/2ls)

3 (&) / R (1s2pf /22p3 /2 ls)

(5)
@2

— R (2s2pi/22p3/22s)

~2
1 R (ls2pi/22p3/2ls)

E'+ —,', G'(2s2p„, )

+
4

G (ls2s) —~6G (ls2p3/2)

G'(ls2s)

+i12 ($)' ' G'(1s2p3/2)

(6) s()) R (1s2pti22p3i21s)
~15

G (ls2s) E —
6

G (2s2p3/2)
f f f

+
4

G (ls2s) +
4 G (ls2p3/2)

h A7s(~cd ~M Z ~i; fi fK/i~ 13~ JM)

b z23z23 bityt02 j3~23M231 ~23 I j2 j3J23M23)

[~12 ~12 ~23 ~231 4jt j2~j3 ~12~23)Kjt j2~/3 ~12+23)bg3j)( jt j2~12M12 I ~12
I jt j2~t2M12)

~f2

+ Z lJ13 ~13 'f23 J23 ] W(jtjs~j2 'ft3'f23)W(jtjs~j2 'f13~»)b& S'(jt j3'f»M13I ~&3 Ijtj3~13M13)'2 2
i3

X(-1)32'~3 23 i2'~3 ~23 . (24)

Here, V;& 'is the real part of V,~
as given in Eq.

(2), W(abed;ef) is the Wigner W coefficient, and

(j,j2J12M12I Vtz 'I jt jzJ12M12) is the two-electron
coupled Coulomb- and Breit-interaction matrix
element, which is just the real part of the gen-
eral relativistic Auger matrix element derived in
Ref. 10.

IH. NUMERICAL CALCULATIONS

The relativistic Auger and x-ray matrix ele-
ments in j-j coupling were calculated from Dirac-
Hartree-Slater (DHS) wave functions that corres-
pond to the appropriate initial electron configura-
tions. The average transition energies used in

TABLE III. Calculated K x-ray energies (in eV) for the ls2s2p configuration of Li-like
ions.

Initial
state 18 20

Atomic number
22 26 30

Pf/2

3/2

(-)
P3/2

Pf /2

4
P3/2

4
Ps/2

1588.24 3125.09 3885.66 4730.43 6157.88 6676.35 8969.91

1588.35 3125.71 3886.66 4731.93 6160.29 6679.24 8974.67

1579.28 3112.29 3870.88 4713.22 6136.07 6652.01 8933.54

1579.70 3114.01 3873.64 4717.49 6143.44 6661.43 8952.61

1561.77 3086.34 3841.40 4680.09 6097.39 6611.34 8885.14

1561.95 3087.20 3842.74 4682.07 6100.47 6615.07 8891.13

1562.43 3089.31 3846.14 4687.31 6109.46 6626.44 8913.47
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TABLE IV. Calculated K-shell Auger energies (in eV) for the 1s2s2p configuration of Li-
like ions.

Initial
state 13 18 20

Atomic number
22 25 26 3Q

'J'I"iL

2P (+)
3/2

2~ I-)

2P (-)
3/2

4
Pi/2

P3/2

Pg/2 1120.33 2171.40 2689.30 3261.47 4228.57 4580.73 6129.88

1146.12 2207.19 2728.82 3304.58 4276.98 4630.64 6186.32

1146.24 2207.81 2729.82 3306.09 4279.39 4633.54 6191.08

1137.17 2194.38 2714.05 3287.38 4255.17 4606.30 6149.95

1137.58 2196.10 2716.81 3291.64 4262.54 4615.73 6169.01

1119.65 2168.44 2684.56 3254.24 4216.49 4565.63 6101.54

1119.84 2169.29 2685.90 3256.22 4219.58 4569.36 6107.54

the present calculations were found by performing
separate self-consistent-field calculations for the
initial and final configurations, thus automatically
including relaxation energies. Contributions due
to quantum-electrodynamic corrections, such as
Breit interaction, vacuum polarization, and K-
she11 self-energy, were also included in the energy
calculations. ' The electrostatic Slater integrals
required for the intermediate-coupling calcula-
tions were computed with DHS wave functions.
The two-electron coupled Coulomb- and Breit-
interaction matrix elements were calculated with
the slightly modified general Auger program.
We use the configuration average energies for
calculating the x-ray and Auger matrix elements.

IV. RESULTS AND DISCUSSION

70-

l

I
li

ll
gl
gl

4

3/2 I /2

The x-ray and Auger transition energies for
seven elements with atomic numbers 13 - Z - 30
are listed in Tables III and IV. Contributions
to the transition energies from electron-electron
Coulomb correlation (-1 eV) are not included.
The x-ray energies found in the present work a-
gree quite well with Vainshtein and Safronova's
calculations using charge-expansion perturbation

TABLE V. Comparison between theoretical and ex-
perimental x-ray energies for ls2s2p-1s 2s transitions.
(All energies in eV.)

50-

40-

P r-

r

Atomic
number

Initial
state

Energy
Present theory Experiment ~~

13

18

22

(-)
Pi/2

3/2

4
P3/2

Pg/2

4P

2p (-)

'J'I'jl

'&I'jf

1/2

1579.6

3112.3

3114.Q

3087.2

3089.3

4682.9

4716.1

6652.0

6661.4

6676.4

1579.6

3111.4

3113.3

3087.5

3089.7

4682.2

4715.1

6655.5

6662.3

6676.6

References 1 and 21.
bC. Corliss and J. Sugar, J. Phys. Chem. Ref. Data 4,

353 (1975); 8, 1 (1979).

30-

~20-

10-

-10-

-20-

Coulomb + Breit--——Coulomb only

I I I

IO . 20 50
I I I I I I

40 50 60 70 80 90
z

FIG. 1. Fine-structure splitting (in eV) between P3y2
and Pg/2 levels of Li-like ions with the 1s2s&p configur-
ation as a function of atomic number. When the Breit
interaction is included in the energy matrix that deter-
mines the intermediate-coupling coefficients ("Coulomb +

Breit"), the splitting is reduced and the level order is
actually reversed above Z =75.
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TABLE VI. Theoretical Auger and x-ray emission rates (in atomic units) for the Pg/2, Pg/2, and P3/2 states of the
1s2s2p configuration of Li-like ions.

Auger

2P (+)
i/2

X ray Total Auger

2PC )
i/2

X ray Total Auger

2P e)
3/2

X ray Total

13
18
20
22
25
26
30
36
54
67
80
92

2.1s(-s)
2.21(-3)
2.i8(-s)
2.11(-3)
1.98(-3)
1.88(-3)
1.59(-3)
1.21(-s)
e.o5(—4)
S.94(-4)
2.vs(-4)
2.S5(-4)

8.49(-5)
4.67(-4)
8.63(-4)
1.5s(—s)
s.2i(-s)
4.25(-3)
9.v4(-s)
2.514(-2)
1.499(-1)
3.568(-1)
7.116(-1)
1.204

2.2i(-3)
2.68(—s)
3.04(-3)
3.64(-3)
5.19(-3)
e.is(-3)
i.iss(-2)
2.es5(-2)
1.505 (-1)
3.5V2(-1)
v.119(-1)
1.204

2.28(-4)
4.05(-4)
5.2V(-4)
6.86(-4)
9.58(-4)
1.10(-3)
1.60 (-3)
2.se(-s)
4.84(-3)
7.60 (-3)
1.209 (-2)
1.912(-2)

5.83 (-4)
2.iv(-3)
3.23 (-3)
4.54(-3)
v.oi(-s)
7.80 (-3)
1.175(-2)
1.928 (-2)
6.517(-2)
1.338(-1)
2.435(-1)
3.876 (-1)

8.11(-4)
2.58(-3)
s.ve(-3)
5.2S(-3)
v.9v(-3)
8.90(-3)
1.335(-2)
2.164(-2)
7.001(-2)
1.414(-1)
2.556(-1)
4.067 (-1)

2.18(-s)
2.42(-s)
2.50(-3)
2.56 (-3)
2.64(-s)
2.66(-3)
2.v2(-s)
2.ve(-s)
3.00 (-3)
s.s8(-s)
s.91(-3)
4.54(-s)

5.56(-5)
i.ss(-4)
1.47 (-4)
1.3V(-4)
8.41(-5)
4.5e(-5)
1.77(-5)
8.9V(-4)
2.229(-2)
7.128(-2)
1.688 (-1)
3.194(-1)

2.24(-S)
2.55(-3)
2.65(-3)
2.vo(-3)
2.72 (-3)
2.vi(-s)
2.v4(-s)
3.66(-3)
2.529(-2)
v.466(-2)
1.728 (-1)
3.244(-1)

Numbers in parentheses stand for powers of ten, e.g. , 2.12(-3)= 2.12 X 10

I0-4

b

& io-5

8,

l0 6

/
/
I
I
I
t I
1 I

i]

j
~l

]
L~

lI
I

II

isasap P„,

——.DHS (C+B)

DHS (C)——NRc (vs)
L HS (BGP)

I

20
I

40
I

60
I

80 l00

FIG. 2. Relativistic multiplet Auger decay rates of
the 1s2sgp tPP j state calculated in intermediate coup-
ling as a function of atomic number. The curve labeled
DHS (C+ B) was computed including both Breit and Cou-
lomb interactions in the energy matrices that determine
the intermediate-coupling coefficients; the curve labeled
DHS(C) was computed including only the Coulomb inter-
action in these matrices. For comparison, two sets of
nonrelativistic intermediate-coupling results are shown:
those of Vainshtein and Safronova based on Coulomb
wave functions (Ref. 6) labeled NRC (VS), and those of
Bhalla et al. based on Hartree-Slater wave functions
(Ref. 4) labeled HS (BGP). All rates are given in atomic
units (1 a.u. =4.134&10'6 sec ').

theory: the discrepancies range from -1 eV at
Z= 20 to -4 eV at Z= 30. Qur x-ray energies
also agree well with experiment (Table V). The
present theoretical DHS results for the Auger and

x-ray emission rates in intermediate coupling
(including the Breit interaction) are listed in
Tables VI and VII.

The effect of the Breit interaction on fine-struc-
ture splitting is quite important for some of the
states, especially for the splitting between 'P3/2
and Pi/2. The Breit interaction reduces the
P3/2- P&/2 splitting and reverses the order of

these two levels above Z =75 (Fig. 1). For two

elements, P splitting has been calculated both

by Cheng, Desclaux, and Kim' with a Dirac-Fock
(DF) code and by us in the DHS model. Agree-
ment is excellent: for the 1s2s2p P' 2- &2split-

ting, the DF results are 3.39 eV and 11.35 eV
for Z=20 and Z=26, respectively, while our
DHS results are 3.40 eV and 11.37 eV. For the
J=—', - splitting, the DF results are 1.33 eV and
3.70 eV for Z=20 and Z=26, respectively, while
the DHS results are 1.34 eV and 3.73 eV.

In Figs. 2-5 our calculated DHS multiplet
Auger rates in intermediate coupling are com-
pared with nonrelativistic intermediate-coupling
calculations. For states with large Auger decay
rates (e.g. , 'P"), the differences between our
relativistic DHS results and nonrelativistic Har-
tree-Slater (HS) values are -10%, while for
Pg/2 3/2 states they differ by as much as two

orders of magnitude. The results from calcula-
tions using Coulomb wave functions are quite
different from those based on self-consistent-
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FIG. 3. Relativistic multiplet Auger decay rates of the
ls2s@ P&y2 state computed in intermediate coupling:
the results labeled DHS Mgller (C+ 8) were obtained with
the full Mgller operator and included both Coulomb and
Breit interactions in the energy matrices that determine
the intermediate-coupling coefficients; the curve labeled
DHS aller (C) was computed with the full ~lier opera-
tor but included only the Coulomb interaction in the
energy matrices for the intermediate-coupling calcula-
tions. The rates labeled DHS Retarded Coulomb were
calculated with the retarded Coulomb interaction alone
instead of the full Mgller operator. For comparison,
nonrelativistic results are shown: The rates labeled
NRC (VS) were calculated from Coulomb wave functions
(Ref. 6); the rates labeled HS (BGP) were calculated
from Hartree-Slater wave functions (Ref. 4). Rates are
indicated in atomic units (1 a.u. =4.134 &10 sec ) as
functions of atomic number Z.

field models.
The weak transitions usually involve large can-

cellations. Consequently, such transitions are
very sensitive to differences in atomic models.
This is illustrated by comparing Auger rates
computed with the full Mgf lier operator with rates
computed with the retarded Coulomb interaction
alone (Figs. 3 and 4). It is seen that inclusion of
the retarded current-current interaction through
the Mgf lier operator can change the transition
rates for Pq&2 and I'3&2 states by as much as
one full order of magnitude. The importance
of relativistic effects in the transition rates from
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FIG. 4. Relativistic multiplet Auger decay rates of the
1s2s@ P&y2 state calculated in intermediate coupling:
The results labeled DHS Mgller (C+ B) were obtained
with the full Mgller operator' and included both Coulomb
and Breit interactions in the energy matrices that deter-
mine the intermediate-coupling coefficients; the curve
labeled DHS Mgller (C) was computed with the full
MPller operator but included only the Coulomb inter-
action in the energy matrices for the intermediate-
coupling calculations. For comparison, nonrelativistic
results derived with Coulomb wave functions [Ref. 6;
NRC (VS)] and with Hartree-Slater wave functions [Ref.
4; HS (BGP)] are shown. Rates are given in atomic
units as functions of atomic number Z.
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FIG. 5. Relativistic multiplet Auger decay rates for
the 1s2s2P P f/2 3/2 states calculated in intermediate
coupling: the results labeled DHS (B+C) were obtained
by including both the Breit and Coulomb interactions in
the energy matrices that determine the intermediate-
coupling coefficients; the curve labeled DHS (C) was
computed including only the Coulomb interaction in the
energy matrices for the intermediate-coupling calcula-
tions. For comparison, nonrelativistic results derived
with Coulomb wave functions [Ref. 6; NRC (VS)] and
with Hartree-Slater wave functions [Ref. 4; HS (BGP)]
are shown. Rates are given in milliatomic units (1 ma. u.
= 4.134' 10 sec ) as functions of atomic number Z.

I.O-

P states for relatively small atomic numbers
is clearly seen in Figs. 3 and 4.

Inclusion of the Breit interaction in the inter-
mediate-coupling calculation has an important
effect on states with small transition rates, such
as Pgg'2 and Pf/2 (Figs. 2, 3), but affects states
with large transition rates (e.g. , 'P") by only a
few percent (Fig. 5).

The I'5 &2 state decays via a radiative magnetic-
quadrupole (M2) transition in the x-ray branch
and through spin-spin interaction in the Auger
branch. ' The lifetime of the P5&2 state from the
present DHS calculations is compared with results
from previous DHS calculations' and with exper-
iment ' in Fig. 6. Discrepancies between the
present Auger rates and those from previous DHS

IO'-

10-2

I Exper)men

I I I I I

I5 20 25 30 35

FIG. 6. Mean life (in nanoseconds) of the 1s2s@ P&y2
state as a function of atomic number Z. Result from the pre-
sent relativistic DHS ca1culations are compared with the
DHS results of Cheng, Lin, and Johnson (Ref. 5) labeled
DHS (CLJ) and with experimental values (Refs. 21 and 22).
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FIG. 7. &-Shell Guorescence yields of the & multiplet
states of the 1s2s@ configuration as functions of atomic
number Z. Results from the present relativistic calcul-
ations are. shown: the Quorescence yields labeled DHS
(C+ B) were computed including both the Coulomb and
Breit interactions in the energy matrices that determine
the intermediate-coupling coefficients, while for the
results labeled DHS (C) only the Coulomb interaction
was included in these matrices. For comparison, non-
relativistic results are also shown: NR (VS) computed
with hydrogenic wave functions (Ref. 6), and HF com-
puted with Hartree- Fock wave functions (Ref. 7).

s2p

——— DHS(C+B)

DHS (C)

--- NR(VS)

HF

20 40 60
I

80 100

FIG. 8. K-shell Quroescence yields of the 4I' multiplet
states of the 1s2s2P configuration as functions of atomic
number Z. Results from the present re],ativistic cal-
culations are shown: the Quorescence yields labeled
DHS (C+ B) were computed including both the Coulomb
and Breit interactions in the energy matrices that de-
termine the intermediate-couplirig coefficients, while
for the results labeled DHS (C) only the Coulomb inter-
action was included in these matrices. The DHS yields
are compared with those from nonrelativistic hydrogenic
calculations [Ref. 6, NR (VS)) and Hartree-Fock calcu-
lations [Ref. 7, HF).

calculations' range from -&0% at & = i3 to 3%%uo at
Z=26. These differences could be due to the fact
that we include the transverse correction in our
calculations. For the x-ray decay rate of the P5&2

4

state, results from our present DHS calculations
agree with those from early DHS calculations
to better than 2/0 for all atomic numbers. Our
present theoretical lifetimes of P5 &2 states agree
within experimental uncertainty with measured data
for Ar that have been corrected for cascade con-
tributions.

The 4-shell fluorescence yields for multiplet
states of the 1s2s2p configuration are shown in
Figs. V and 8 as functions of atomic number; we

compare results from the present DHS intermedi-
ate-coupling calculations with those from non-
relativistic Hartree-Fock' and hydrogenic' cal-
culations. The multiplet fluorescence' yields are

seen to be quite sensitive to the atomic model.
The present DHS intermediate-coupling calcula-
tions predict much higher fluorescence yields for
low-Z P&&2 and P3/2 states than predicted by
nonrelativistic calculations. ' For the P3/'2
state there is a strong accidental cancellation in
the radiative matrix element near Z= 30. Con-
sequently, the fluorescence yield of this state in
the vicinity of Z=30 is exceptionally sensitive to
relativistic effects and to the details of the atomic
model.

Accurate experimental determinations of the
P-state lifetimes and the average fluorescence

yield of the 1s2s2p configuration would be most
useful.
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