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Radiative and Auger transition probabilities to the 1s state have been calculated for the individual multiplets
of Ne(15)'(2s)/ (2 p)¥ configurations. From multiplet fluorescence yields, the effective fluorescence yields &' for
Ne KL' charge states were derived. For statistical distribution of multiplet states, we find &' = 0.0159, 0.0176,
0.0199, 0.0248, 0.0390, 0.0862, and 0.229 for i =0,...,6. These theoretical fluorescence yields agree well with
experimental results from collisions of 30-MeV O°* jons with Ne.

I. INTRODUCTION

Radiative and Auger decay rates of a 1s vacancy
in Ne atoms containing ¢ L-shell vacancies (charge
states KL!, i=0,...,6) have been calculated.
From term transition rates, fluorescence yields
were calculated for the individual multiplets LS
that arise in a configuration #:

T'R(LS, n)
TR(LS, n) + T,(LS, n)

w(LS, n)= 1)

Here, I'y is the radiative width and T, is the ra-
diationless width of the decaying multiplet state,

The effective fluorescence yield of a given con-
figuration is

@)=Y GILS)w(LS, n), (2)
L.S

where the C,(LS) are the population probabilities
of multiplet states LS in the configuration n. For
statistical population, we have

@(n) =Z (2L +1)(2S +1)w(LS, n)

L,S

x<2 (@L+1)(2S +1)>", 3)
L,S

The effective fluorescence yield of a charge state
iis

@' =) o), (4)

ALS, PQ)=(n+1)(§€++11)(2Q+1)

|3 (- 1Y @F+ DI 1P)
f

in atomic units, where we have?

where the summation extends over all possible
configurations that belong to the given charge
state ¢, and c, is the population probability of con-
figuration » in charge state ;. For Ne charge
states K L', the relevant electronic configurations
are (1s)'(2s) (2p), i=8-j—¢.

The present approach, in which fluorescence
yields for individual multiplet states are computed
and subsequently averaged,'*? differs from the
traditional ansafz in which radiative and total
widths are separately averaged over all multiplet
states.®~® The older approach led to large dis-
crepancies between calculated x-ray and fluores-
cence yields and experimental data from ion-atom
collisions, particularly for the higher charge
states (Sec. VI). The present theoretical results,
by contrast, appear to agree well v’ th experiment,®

II. AUGER TRANSITION RATES
A. Initial vacancy configurations [1s] [2p]"
1. [1s]2S.[2p]"L,S,; LS,el,; PQ~>[2s] 2S,[2p]"+1P,Q,;
PQ transitions

Formulas for the Auger decay rates of the per-
tinent multiplet states were derived from
McGuire’s general expressions for multiplet
Auger transition rates in LS coupling.”™® The
Auger rate for transitions between vacancy states
indicated in the heading of this subsection (where

€ and [, are the energy and angular momentum of
the continuum electron) is

6PP4§IL4Z 2Q,+1)(@""'P,Q, 1 p"L,S,)?
Q

Qf S)(r s )
; (5)
S z) @ Qs

I(*P)=-R(1sep2s2p) ~ sR,(1s€p2p2s), I(3P)=-R,(1sep2s2p)+5R,(1s€p2p2s),
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© 0 K
Ry (1sep2s2p) = Ry R () iRe (7, )Ry ) iy dir,. (6)
0 Jo v

2. [Is]2S,[2p]"L;S;; LS,el,; PQ—[2p]"+ 2PQ transitions

The Auger rate for this type of transitions is

n+1)n+2)2P+1)
2L +1)

A(LS, PQ) =

51,1,3 ng[ 1(1353292P)2@"+2PQ s p'L,S )2

+13R,(15€d2p2p(p" 2PQ [ 1? 'D; p"L,S, ], (M

where

(0" 2PQI p*'S; p"LsS, )
=[6(2Ly +1)(2S 3+ 1)]7" 5, p

and

(ﬁn+2PQ {pz ID; anSS:s)z

2(2S +1)|5

3. [1s] 28,[2p]"Ly Sy, LS,el,; PQ—[25]2 18,[2p] "L Sy,
PQ transitions

In these transitions, the active electrons origi-
nate from a closed shell. If one neglects the ener-
gy splitting caused by the presence of spectator
holes, then the ordinary Auger transition-rate
expressions are applicable.!® The total rate is
the same for all multiplets:

A =R,(1ses2s2s)?, (10)

B. Initial vacancy configurations [1s] [2s]%[2p]"

The only possible Auger transitions from this
configuration are [1s]2S,[2s]21s; 25,[2p]"L,S,;
LS, el,; PQ—[2s]?1s,[2p]""2PQ; PQ. Equations
(7)=(9) can be used to find these multiplet Auger
transition rates, because the empty 2s subshell
has no effect on the calculation.

J

Z (2P'+1)(2Q'+1)]2 (=1)*'
p'Q’

Do LEP 1)@+ D]V2(= )P ("2 PQ [ p" P'Q") ("™ P'Q’ [p"L,S,) ’
P,Q'

(8)

., 1 P
(P'HZPQ [pnﬂP:Q/)(pnﬂP/Ql Hanas:;) .
1 p 2

9)

C. Initial vacancy configurations [1s] [2s] [2p]"

Some of the initial LS terms occur more than
once in these configurations. For such multiplet
states, mixing of the parent-ion states is included
in the calculation. The mixing coefficients are
found by diagonalizing the energy matrix.!! If pure
parent-ion states are assumed, then the wave
functions and transition probabilities for multiplets
occurring more than once will depend upon the way
in which the parent ions are chosen. However, the
energy eigenstates are independent of the order of
coupling of the three open shells.!! We couple the
initial configuration as [1s]2S,[ 2p]"L,S,;

LS, [2s]2S; L;S;, in order to take advantage of
existing information on electrostatic-interaction!!
and x-ray transition!? matrix elements,

1. [1s]28,[2p]"L;S;; L,;S,[2s] 2S; LS, el,; PQ—>[2p]"*1PQ,[25]2 1S; PQ transitions

The Auger rate is

A[(LyS)L;Si; PR =(2P +1)(2Q +1)(25 +1)(2L, +1)7'0p,

X | (n +1)2(0"1PQ [ p"L,S, ) (28, +1)7'R,(15€p252p)6 5,

- (= 1)5%3[3(25 + 1)] 'R, (15€p2525)]5, 5|2 (11)
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2.[1s] 28,[2p]"L;S;; L;S.[2s] 2S; LS, ely; PQ~[2p]"+2P;Q;,[25] 2S; PQ transitions

For the Auger transition rate, we have

1 S. S 2
2P+1)(2Q +1)(2S +1 2 Vs
A[(LyS)L; S;,(P,Q,)PQl= 3@ L(‘: 1 )( ) (n+1)(n+2) 1 8p,pOrz, 05,0,
z S @
X[5(p"2P,Q, 192 'S; p" LS, PR (15€52p2p) +5 (0" 2P, Q, [ p? 'D; p" LS, PR (1s€d2p2p)?].

(12)
If the energy splitting between multiplet states is neglected, we can sum over P, Q:
Al(LsS)LiSi, PyQs]=[3(2Ly + 1)]7M(2 Py + 1)(r +1)(n +2)0,z, 85,0,
x{3(P"2P,Q, [ p?1S; P"LyS, PR (15€52p2D) + 5 (12 PyQ, L7 'D; p"L,S, )R, (1s€d2p2p)?}.
(13)

One can see that all the A[(L,S)L;S;, P,Q,] are independent of S; and S.
If mixing of parent terms is included, we find

AL(LsS) LiSi, Py@)PQI=[3(2Lg + ) TH@P +1)(2Q +1)(n +1)(n+2)8 5, 50,1, 5.0
28, 8|
XD (= 1)°C(LsS, L,S,)(25 +1)72 F?, (14)
: Si Q
where the C(L,S, L;S;) are the mixing parameters, 6 is the phase factor, and F is the quantity in curly

brackets on the right-hand side of Eq. (13).
We have

ol

A(LeS)LiSi, PoQyl =Y Au[(L3SVLiS;, (PyQ)PQI =D C(LsS, LiS; FAI(LyS)LsSy, PaQsl. (15)
e g
Because A[(L,S)L,S;, P,Q,] is independent of S, and the sum 255C(LsS, L;S;) is equal to unity, the relation
A[(LSYL;S;, PyQs] =A[(LyS)LyS;, P3Qs) (16)
follows; including the mixing of parent terms does not change the rates for transitions of this type.

1II. THE MULTIPLET X-RAY TRANSITION RATES

The x-ray transition rates were calculated in dipole approximation, in LS coupling, following the
approach of Shore and Menzel.'?

A. (15)28,2p)y*(S3L'); S'L'J'~ (15)218,(2p)*—1(SL); SLJ transitions
The x~-ray emission rate is given by
(2J'+1)R(a’S’ L', a SLJ) =2k3S(a’S’L'J’, .S’ L J)dgsr, (17)

where we have

, 1/2 ’ 1/2 S J L
§12 = (~1)8 +J+L+1[(2J+1)(2Sl+1)]1/2‘]'_l(pn-!SrL ]p"SaL')<§§3,:11> <2L3+ 1> a(s - p) (18)
1 L J
and
§(s —p)= - f P (r) Pyy) dr. (19)
The rate is in atomic units if the wave number % is
k=(E;- E;)/27.21c, (20)

with E in electron volts.
If the energy splitting between multiplet states is neglected, then the total transition rate for each L’S’
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state is
I8 AT (2J,+1)R(a’SIL’J"aSLJ) _4.3 233+1 n=1qQzs 7 72 - 2
R('S'L )—LZS:JZJ; GL1)ES 1) RLEToosy ;n(p S'L 1p"S,L"?9(s = p)°. (21)

B. (15)28,(2p)*S3L'; S, L',(25) 2S; S'L'J'~> (15)2 18,(2p)*~ 1S, L; S; L (25)2S; SLJ transitions

For transitions of this class, the x-ray emission rate is given by

(2J'+1)R(a’S'L'J’, a SLJ) =5k%S(a’S’'L'J’, @S’ LJ )51, (22)
where
s dJ L 1/2 ’ 1/2
S12= (= 1)SH (27 +1)(2J7+1)] 12 b5, VR ("'S, L 1p"S,L) 285 +1 2L 1) (s-p)
152 1 3/\25, +1 3
1 L J
(23)
and
(2J’+1)R('S’L'J’,aSLJ) _a,5 2S;+1 o )
QI Y = 2 == n ’ —
R(a'S'L") 22 D@D k 3(252“);11(9 SiL 10"S;,L")85 s 8(s ~ p). (24)

IV. THE SPIN-ORBIT INTERACTION MATRIX ELEMENTS FOR THE (1s)! (25)! (2p)" CONFIGURATION

The matrix elements of the spin-orkit interaction for sp” configurations were taken from Condon and
Shortley'3; those for sp"s’ configurations were evaluated following the procedure of Wybourne, ** through

which the following expression can be derived:

((1s)2S, (2p)"S,L; S,L, (25)2S; SLIM|H,|(15)32S, (2p)'S;L’; S5L', (25)%S; S'L'J'M)

=(=1)%[(25 +1)(25/+1)(2S, +1)(2S; +1)]'/2

L/

where

L JY(s; s, 3)(s; s,

1)(s s 1)(s, s 1
VB (0"S,L [V | "S{L" )5y,

ol

(25)

(B"S,LIIVAY | p"SIL") =n(3/2)2[(2S, +1)(2L +1)(2S] +1)(2L"+1)]'/2

X3 (0"S,L [p"'SL)(p"~'ST 1 p"S{L")
3

and
6=dJ+25+2S,+L +S;.

V. NUMERICAL CALCULATIONS

A. Atomic model

The Herman-Skillman'® Hartree-Slater model
with Xo exchange potential was used in these cal-
culations to generate the wave functions needed
for computing the Auger and x-ray radial matrix
elements.'® The single-particle wave functions
for each ion state were evaluated in the appropri-
ate self-consistent-field (SCF) potential for that
state. The neutral-atom exchange parameter!” o
was used for all ionization states.

S, S; 1)\L L' 1 o
(- 1)s+L+sl+L-1/z (26)

15Vl oz

(27)

B. Auger and x-ray energies

Average Auger and Xx-ray energies were used
for all multiplet transition-rate calculations. In
Ne, the typical Auger energy is ~700 eV and the
typical x-ray energy ~850 eV. Neglecting multi-
plet energy splitting implies an error of <10 eV,
this error affects the Auger transition rates by
<2% and the x-ray transition rates by <3%.

The average energies for the (1s)*(2s)?(2p)" con-
figurations were taken from Larkins’ adiabatic
Hartree-Fock calculations.!® Energies for
(1s)'(2s)*(2p)" configurations were derived from
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TABLE I. Auger and x-ray transition probabilities (in multiples of 107% a.u.) to the K shell
for initial (1s)!(2s)%(2p)" configurations of Ne, multiplet fluorescence yields w(LS), and effec-
tive configuration fluorescence yields @ () (calculated for statistical population).

X-ray
Auger transition probability transition
n  Multiplet K-LL; K-L{Ly3 K-L Ly Total probability = «(LS) w(n)
6 s 8.366 25.12 58.61 92.10 1.489 0.0159 0.0159
5 p 9.472 19.773 48.026 77.271 2.219 0.0279 0.0168
3p 9.472 26.357 48.026 83.855 1.109 0.0131
4 kS 10.815 23.193 35.498 69.506 1.237 0.0175 0.0185
p 10.815 15.472 29.192 55.479 2.475 0.0427
p 10.815 27.053 29.192 67.060 0.619 0.00915
p 10.815 23.193 45.446 79.454 1.237 0.0153
3 3g 12.379 9.040 0 21.419 2.747 0.114 0.0229
5s 12.379 27.027 0 39.406 0 0
ip 12.379 13.537 21.275 47.191 2.060 0.0418
p 12.379 22.530 21.275 56.184 0.687 0.0121
ip 12.379 13.537 29.122 55.038 2.060 0.0360
3p 12.379 22.530 29.122 64.031 0.687 0.0106
2 %S 14.055 15.642 9.112 38.809 0.760 0.0192 0.0272
p 14.055 5.254 0 19.309 2.280 0.106
p 14.055 20.836 0 34.891 0 , 0
D 14.055 15.642 22.780 52.477 0.760 0.0143
1 p 15.742 0.0549 15.796 1.672 0.0957 0.0239
3p 15.742 11.856 eee 27.597 0 0

the work of Matthews, !° and those for (1s)'(2s)°(2p)"
configurations, from the Hartree-Fock-Slater cal-
culations of Bhalla ef al.® In fact, the energy dif-
ference between a 2s hole and a 2p hole is virtually
negligible, being of the same order as the multi-
plet splitting within a single configuration.

C. Calculation of multiplet Auger and x-ray transition rates

Auger and x-ray transition rates were computed
in LS coupling from expressions derived in Secs. I
and III (Tables I-III). In the (1s)(2s)*(2p)" configu-
rations, some of the multiplets occur more than
once. In these cases, the mixing of parent terms
was included.!* The electrostatic-interaction ma-
trix elements were taken from Slater’s work.!!
Numerical values of the Slater integrals were cal-
culated in the present atomic model (Table IV).

The initial configurations (1s)(2p)°, (1s)'(2p),
(1s)1(2s)}(2p)?, and (1s)'(2s)'(2p)* contain some
multiplet states for which Auger or x-ray decay
channels are closed in LS coupling. For these
multiplets, the initial states were expressed in
intermediate coupling. The final states, however,
were expressed in LS coupling, because after
Auger transitions the final states contain only one
multiplet. It has been shown by McGuire® that,

if the initial state is expressed in intermediate
coupling and the final state in LS coupling, then
there is no interference and the Auger transition
rate can be written as a linear combination of
transition rates in LS coupling:

A(LST, PQ)=Y  C(LSIFA(LS, PQ). (28)
LS

The mixing parameters C(LSJ) in the intermediate
coupling scheme were obtained by diagonalizing
the energy matrx. The matrix elements of the
spin-orbit interaction for sp" configurations were
taken from Condon and Shortley,'® and those for
sp"s’ configurations were evaluated through the
expressions derived in Sec. IV. The matrix ele-
ments of electrostatic interaction were taken from
Slater’s work.!! The calculated spin-orbit param-
eters ¢, are included in Table IV.

V1. RESULTS AND DISCUSSION

Auger and x-ray transition probabilities, as well
as fluorescence yields w(LS, n), are listed in
Tables I-III for all initial multiplet states pertain-
ing to the configurations (1s)'(2s)*(2p)",
(1s)*(2s)*(2p)", and (1s)'(2s)°(2p)". Effective fluo-
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TABLE II. Auger and x-ray transition probabilities (in multiples of 10 a.u.) to the K shell

for initial (1s)(2s)!(2p)" configurations of Ne, multiplet fluorescence yields w(LS), and effec-

tive configuration fluorescence yields w (z) (calculated for statistical population).

X-ray
Auger transition probability transition
n  Multiplet K-L Ly, K-L 3Ly Total probability w(LS) wmn)
6 Is 42.990 70.639 113.629 1.644 0.0143 0.0196
3s 5.029 70.639 75.668 1.644 0.0213
5 (p)p’ 22.667 53.548 76.215 2.227 0.0284 0.0215
ép)%p’ 25.171 53.548 78.719 1.346 0.0168
ép)p 4.042 53.548 57.59 1.191 0.0203
4 ()l 38.079 38.920 76.999 1.315 0.0168 0.0260
(%)% 4.151 38.920 43.671 1.315 0.0292
¢p)p 2.375 31.942 34.317 0.658 0.0188
¢r)’p’ 30.421 31.942 62.363 0.754 0.0119
ép)ip 9.501 31.942 41.443 2.631 0.0595
er)’p’ 14.785 31.942 46.727 2.536 0.0513
¢p)'p 38.079 49.711 87.790 1.315 0.0147
(p)D 4.751 49.711 54.462 1.315 0.0235
3 (s)8s 2.345x107%  1.926x107%  2.161x107°  6.318x107° 0.0284 0.0459
(¢S)%s’ 33.946 : 0 33.946 0.0879 0.002 58
(s)4s’ 6.092 0 6.092 2.912 0.323
(s)%s 11.149 0 11.149 3.003 0.212
(p)’p’ 15.987 22.897 38.884 2.063 0.0504
épyp’ 23.976 22.897 46.873 0.940 0.0197
ép)ip 2.787 22.897 25.684 0.751 0.0284
(p)’p’ 15.987 31.252 47.239 2.063 0.0418
ép)'p 2.787 31.252 34.039 . 0.751 0.0216
ép)p’ 24.053 31.252 55.305 0.940 0.0167
2 (ol 24.808 9.653 34.461 0.830 0.0235 0.0855
(%)% 3.262 9.653 12.915 0.830 0.0604
(P)°P, 2.455x 107" 1.812x 107  2,058x107%  6.246x107°  0.0295
(PP 7.917x107°  4.386x107'  5.178x107!  1.291x107°  0.0243
(P)°P, 2.677Tx 107 7.869x107% 10.544x10™%  8.818x10™°  0.0772
¢p)p’ 27.225 0 27.225 0.1281 0.00468
¢pP)'p 9.785 0 9.785 2.490 0.203
ép)p’ 4.296 0 4.296 2.362 0.355
éP)'p 24.808 24.078 48.886 0.830 0.0167
p)’p 3.262 24.078 27.340 0.830 0.0295
1 (p)p 1.687 eee 1.687 1.611 0.488 0.237
ép)p’ 17.703 17.703 0.213 0.0119
PPy, 8.323x107° oo 8.323x 1075  6.380x 107 0.434
ép)py, 2.165x1074 2.165x 107 1.629x107%  0.429
P)Py, 2.824x107° . 2.824x107%  5.370x1077  0.0187%

aThe %, rates are from Ref. 21.

rescence yields @(n) for each configuration are
also listed. In Table V, we indicate the possible
configurations for each charge state KL, the fluo-
rescence yields @(n) and weights of the configura-
tions, and the effective fluorescence yields @' of
the charge states, computed according to Eq. (4).
The configuration fluorescence yields ®(n), cal-
culated in accordance with Eq. (3), can differ sub-
stantially from results derived through the (erro-
neous) old averaging procedure

2 s(2L+1)(2S+1)T (LS, n)

5.5 @L+1)@S+ DT A(LS, n) + TA(LS, n)]*

For low ionization states, the old and new ap-

(29)

proaches give similar results, because the Auger
widths I',(LS, n) are nearly equal for all the mul-
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TABLE III. Auger and x-ray transition probabilities
(in multiples of 10™4 a.u.) to the K shell for initial
(1s)'(25)°@2p)" configurations of Ne, multiplet fluores-
cence yields w (LS), and effective configuration fluor-
escence yields w (z) (calculated for statistical population).

Auger rate  X-ray

n  Multiplet? K-L Ly, rate w(LS) wm)

6 %s 82.125 1.806 0.0215 0.0215
5 p 64.312 2.672 0.0399  0.0253
3p 64.312 1.336 0.0204
4 ES 45.973 1.478 0.0311  0.0325
2p 37.677 - 2.956 0.0727
’D 58.624 1.478 0.0246
p 37.677 0.739 0.0192
3 3 0.0644 3.254 0.981  0.106
5 0.00402 0.000123  0.0297
ip 26.658 2.444 0.0840
3p 26.658 0.815 0.0297
ip 36.423 2.444 0.0629
3D 36.423 0.815 0.0219
2 P, 0.118 2.667 0.958 0.238
P, 0.00871 2.667 0.997
£ 11.160 0.889 0.0738
p 27.813 0.889 0.0310
Py, 0.00828 0.000265 0.0310
P, 0.00125 0.000172  0.121
P, 0.00232  0.000245 0.0957

2 Primes indicate inclusion of spin-orbit interaction
mixing.

tiplet states and much larger than the respective
radiative widths, T',(LS, n)>> I'g(LS, n). Equation
(29) then approximately agrees with Eq. (3):

s (2L +1)(2S +1)[T(LS, #) /T 4(LS, #)]
2on,s L +1)(2S + 1)[TR(LS, n) /T A(LS, n) +1]

@(n) =

2.5 (2L +1)(2S + 1)w(LS, n)
2or,sRL+1)(2S5+1) *

1R

(30)

For the higher-charge states, the differences
between results from Egs. (3) and (29) grow,

TABLE IV. Spin-orbit parameters ¢,, and Slater in-
tegrals F* and G* for (1s)!(2s)™(2p )" electron configur-
ations of Ne. (All quantities are in eV.)

m n 9 F%@2p,2p) Gl(is,2p) Gl(2s,2p) GO(is,2s)
1 3 0.16354 18.229 8.6349 20.952 4.2031
1 2 0.18223 19.225 9.3920 21.596 4.4840
1 1 0.19917 20.220 10.128 22.275 4.7863
0 3 0.17784 19.036 9.1994

0 2 0.19459 20.086 9.9487

TABLE V. Possible configurations, their fluorescence
yields w (z) and statistical weights, for Ne charge states
KL*, and average fluorescence yields & ¥ for each charge
state, calculated for statistical population.

Charge

state Configuration wn) Weight wt

KL° (1s)'(2s)22p)®  0.0159 1 0.0159

KL1 (1s)'(2s)2(@2p)°  0.0168 12 0.0175
1s)tes)tep)®  0.0196 4

KL? (1s)1(2s)2(2p)*  0.0185 30 0.0199
(1s)'@s)ep)®  0.0215 24
1s)1(25)°@2p)®  0.0215 2

KL3 (1s)'@s)2@p)®  0.0229 40 0.0248
(1s)t@s)tep)*  0.0260 60
1s)12)°@2p)®  0.0253 12

KL* 1s)1(2s)2(2p)%  0.0272 30 0.0390
(1s)1@s)12p)®  0.0459 80
1)12s)°@p)t  0.0325 30

KL® 1s)'@s)?@p)t  0.0239 12 0.0862
(1s)'(2s)'2p)2  0.0855 60
1s)12s)%@2p)®  0.106 40

KL (1s)1(2s)2@2p)° 0 2 0.229
(1s)t@s)t@p)t  0.237 24
1s)1@s)°@2p)2  0.238 30

reaching a factor of 3 for the (1s)'(2p)? and
(1s)*(2s)*(2p)! configurations. In these higher
charge states, the Auger channel is closed for
some of the multiplets, in LS coupling, due to
selection rules. For such multiplets, the fluores-
cence yields are very large., This effect is not
taken into account when average yields are com-
puted through Eq. (29).

The metastable state *P, , in the (15)!(2s)'(2p)"
configuration has both x-ray and Auger channels
closed. The M2 x-ray decay rate and the Auger
transition probability for this state have been de-
termined through a Dirac-Hartree-Fock calcula-
tion by Cheng, Lin, and Johnson.?! Their results
are included in Table II

The question can well be asked whether configu-
ration mixing affects the present results signifi-
cantly. In particular, the 3S state of the 1s(2p)®
configuration and the 2P state of the 1s(2p)* config-
uration have very high fluorescence yields because
for these states the Auger channel is closed in LS
coupling. Conceivably, these configurations might
draw Auger strength from other configurations,
due to configuration mixing, with a consequent
large reduction in multiplet fluorescence yields.
This, however, is not the case, as indicated by
the following argument. For 1s(2p)®3S, the nearby
configurations with which mixing might occur are
1s(2p3p %S, 1s(2p)4p3S, and 1s2p(3p)?3S. For
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FIG. 1. Theoretical K-shell fluorescence yields for

Ne KL' charge states, calculated for statistical distribu-
tion of vacancy states and for sequential stripping; the
maximum possible fluorescence yield for each charge
state is also indicated. For comparison, theoretical
results from Ref. 5 and measured fluorescence yields
from Refs. 22 (MJSMM) and 23 (SSRK) are shown; ex-
perimental values have been adjusted for a *P/KLS ratio
of 0.40.

D

o

these latter three configurations, the Auger tran-
sition 3S - (1s)*2p %P (n=2, 3, 4) is forbidden, be-
cause the selection rule AL=0 requires that the
continuum electron be emitted in a p state, while
parity conservation requires that the continuum
electron be in an even state, Similar reasoning
shows that the 1s(2p)?2P state cannot pick up Auger
strength from mixing with the nearby 1s2p3p%P

and 1s(3p)? 2P states.

Charge-state fluorescence yields @ are com-
pared in Fig. 1 with those from Ref. 5, and with
experimental results of Matthews et al.? and of
Stolterfoht et al.?® Details of the comparison have
been discussed elsewhere.® The original semi-
empirical results of Refs. 22 and 23 are at vari-
ance because the respective authors used different
correction factors in an attempt to account for the
overlap of the KL® peak in the measured x-ray
spectrum with the *P line from the KL% state. The
points indicated in Fig. 1 have been adjusted® using
our theoretical ratio between quartet and doublet
X-ray decay rates, which is 0.40. The two sets of
semiempirical fluorescence yields then become
consistent with each other and with the present
theoretical yields computed on the basis of statis-
tical distribution of initial states. Experimental
results in Fig. 1 pertain to the bombardment of
Ne with 30-MeV O°* ions.®22:2% QOn the other hand,
results from the bombardment of Ne with O%* and
C1'#* jons, when analyzed with the present theo-
retical transition probabilities, show that in these
latter cases nonstatistical vacancy distributions
are produced.?

Note added in proof. A paper by C. P. Bhalla
[Phys. Rev. A 12, 122 (1975)] has been called to
our attention. Results from the two articles are
in general agreement, even though the formalisms
employed to compute Auger rates are quite differ-
ent,
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