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ABSTRACT"

Life time as well as transnlon probabilities of the first p-excited
states of neon’ argon"; and krypton have been calculated,
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LIFETIME AND TRANSITION PROBABILITIES OF
np* - (n +1) p STATES OF Nell, AIl AND KrlI

Lifetime and transition probabilities of some of the first excited
"'p' states of neon II, argon II and krypton 1'% ? for the configuration
of np* - (n+ 1)p, have been calculated. This information is needed to
determine the possible efficiencies of current and proposed laser
systems and to aid in the identification of the energy levels involved.

The exact mixed wave functions v, (E;) corresponding to the exper-
imentally found energy levels Ej can be expressed in terms of purely

LS coupled wave functions ¢j, with ¢j corresponding to the LS coupled
states of the form |p*TS; fexs; LiSiJiM;i>, i.e.,

(1) ¥ (Ey) =z aij $;-
J

where LS are the orbital and spin angular momentum of the p* core
electrons while Lj Sj are the total orbital and spin angular moments.
J =L+ Sand M is the projection of J on the z-axis. f,yis the excited

p electron with its spin s. The function:¥j (Ej) were found by treating

the radial integrals as adjustable parameters so as to obtain the best

fit with the experimentally found energy levels. This was done by choos-
ing arbitrarily close test values for the parameters [ID], [3 P] core
energy states, F, , Go, Gz direct and exchange integrals and {  and )
corresponding to the spin orbit interaction terms of the np* core and ex
(n + 1)p excited electron. '

With the inititially chosen test parameters EDJO,E,’ P]o . . . etc.
and the Hamiltonian

2 N .2 Y 2 Y
2 H = -Z—h—-\—z-zﬁ-+ Y &~ + DEr) L,S.,
@ 2m m Ly LE S
i i>j i

the matrix [Hg was constructed having elements {Haij where
1
L = .>
(3)  [Hdy; =<4 He>

In Eq. (3), the subscript naught designated that in the calculation of
the elements lhaij the first set of test parameters are used,



A matrix [M,,] is found such that,

(@ ] [d [ = [Dd

with [Do] being a diagonal matrix., If the choice of the parameters
were appropriate LDO] will differ little from the experimentally found
energy levels. If not, a new matrix equation is constructed having the
form, '

5 [ [Hl v = [E]

where [E] is again a diagonal matrix having for its diagonal elements
the experimental energy levels Ej, [Mo] is the matrix which was used
to diagonalixe [Ho] , and (H] is the Hamiltonian matrix with its elements
expressed in terms of the radial parameters?, i.e.,

(6) ]y = <& 1ule> =a;00] + u;PP]+ g5 + 4560+ . ..

Multiplying out [Ma"l [H] [M] and equating it to [E] one obtains, taking
the diagonal terms only, a linear set of nineteen simultaneous equations
in terms of the seven parameters [ID] , [3P_] s 5 Goy G, 8 and

n
{pex- Solving the equations and least-square-fitting the results, we
obtain a new set of parameters [1 D]1 [3 P]l . . . etc. These parameters

are now used to obtain the matrix [Hl] , with matrix elements [H;l Cim
i
which the set of the newly found values of the radial parameters have been

substituted, i.e.,
) = ag;['D], + by [ ]+ Cij(F,), + dij(Go), +

Once again we find a matrix [Ml} which diagonalizes [Hl.! giving the
diagonal matrix [Dl] i.e.,

m  []7s) P - (0]

If again the elements [Dl] would differ much from the experimentally
found energy levels E; the process is repeated by solving the simul-
taneous equation obtained from the matrix equation,

® ] 7 [E ] =[]

where again the elements of the matrix H are given by Eq. 6. A new set



of parameters [ID]Z , [ ]z oo 2 etc., are found., The process is
repeated until the parameters 1D . . . etc, converge and the

matrix equation [Mn] -1 [H:} [M ] = [ “:l

If the initial set of test parameters are close to the actual values,
the process would terminate after a few cycles, and the parameters would
converge to fixed values. If not, the convergence is not easily attained,
In the above calculations the states arising from the !S core were not
taken into consideration. However, their coatribution to the states 2 P,,
2 P, 2 Pl' and 2 P3’ can be calculated by perturbation theory. The 2

0 z 2 2 ..

shift in energy would be AE = - I]-E_-:I--IJE— . Table one gives the values of
the parameters Ip , p s Fa2, .0 ,J. . « etc, using Hartree Fock®
wavefunctions and also the values which were obtained by the above
fitting techniques. The two sets of values are more or less very close.
Table II gives the theoretical and experimentally found energy levels

and the mixing coefficients ajje Table III gives the transition probabilities
for the states arising from the np% - (n + 1) p configuration of neon,
argon, and krypton to the lower states of np? - (n + 1)s configuration,

Finally Table IV gives the lifetimes of some of the higher states of
interest,
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TABLE 11

Transition probabilities between 3p-3s levels of Ne I, 4p-4s
levels of Ar Il and 5p=58 levels of Kr I, each with a p* ’P]

core, A in gec*"!,
Neon II Argon II Krypton 1I
Pure L's Mixed Pure L's Mixed Pure Lt's Mixed
fp, - 4P§_ 197.81 x 10% 197,71 x 10°[ 146,53 x 10%[ 146,06 x 10°| 168,15 x 109 164 x 10°
tp -‘pz_ 0 0.28 0 4,67 0 5.28
"Pi- 0 412 0 31,65 0 91, 27
-2 Pi_ 143,30 140, 31 103,65 80,03 140,97 77.08
‘Dg_ -*pi_ 61,37 43,08 46,53 18,91 52, 37 4,59
‘Pi- 135,98 149.75 97,25 90, 69 89,85 68,27
z pi_ 0 2,20 0 ) 19,70 0 31,29
‘PQ_ -4p 101,86 114,65 79.28 96, 24 91,38 122,90
- 4p 41,20 28,96 30, 06 14, 84 27,86 4.29
‘si_ ‘pi_ 142,05 124, 62 116,11 87.65 167. 69 71,85
"Pi_ 90, 42 93,83 70. 32 77, 64 87.52 92,20
‘P 44,00 52.87 33,11 49.39 32,51 69.82
z Pi_ 0 1. 41 0 0,088 0 0,26
zp;_' o . 1,17 0 0.13 0 7.28
2 Pi_ ‘Pi_ 0 0,59 0 2.80 0 10.91
‘Pi_ 0 3,29 0 0.0073 0 44,51
"P_;_ 0 1,31 0 0,088 0 24,04
2 Pi_ 166, 49 119.05 106,91 36, 64 117, 77 78.98
z Py 31,30 62,62 18, 56 69, 40 16, 22 0.029
2 Dy 4p§_ 0 0.20 0 1.60 0 0,036
‘Pi_ ] 1.00 0 12,59 ] 0.53
"P% 0 1.35 0 8.83 0 17,24
2 Pi_ 25,27 52,23 19.01 61.98 20,15 0.74
2 P% 118,08 91,00 82,01 29,97 107,19 105, 87




Neon II con't,

Argon II con't,

Krypton II con't, .

: Pure L's Mixed Pure L's Mixed Pure L's Mixed
Tni_ *pg_ 10,48 x 10§ 4.97 x 10 8.26 x 105 0,47 x 107 11.60 x 105 12,58 x 10°
‘Pi_ 106, 23 96. 59 79.06 58,08 93,66 48,92
‘P, 80.54 93,00 57.72 65, 89 51,96 41,17
F A
z Pi_ 0 0.72 0 7.74 0 20,95
2 P% 0 0.58 ] 3.79 0 2. 66
4pi_ ‘Pi_ 67.11 79. 86 51.03 67.56 61,83 92,72
‘Pi_ 18,77 21,67 13.38 16.69 13,11 14. 86
4% 56,72 41,97 38,69 20,49 26.90 4.76
ZP} 0 0.11 0 0.73 0 3.75
2 P% ] 0.040 ] 0.052 0 0.055
2 51 i Pi_ 0 0.82 0 0.0000053 0 0, 41
“P% 0 0.0018 0 0.32 0 2.34
# Pi_ 115, 86 161, 43 95.83 27.62 126, 35 14,90
2 p% . 54,30 9.24 41.81 98, 32 45,17 115,01
“Dy 4pi_ 33,68 25. 84 25.55 14. 40 26. 51 24,72
‘P% 163, 34 170,51 119,48 128,23 133,01 97.62
2 Pi_ 0 0.12 0 0.50 0 24,71
2 P% 0 0,17, 0 0.43 0 0,000026
‘P% 4p§_ 119,75 124, 82 88,10 94,35 102, 62 106,05
‘P% 23,162 17.90 16.33 9.74 13,92 2,02
2 Pi_ 0 0.20 0 0.41 0 5,47
2y 0 0.0045 0 0.020 0 0.16




TABLE IV

Lifetimes of some of the 2p of Ne II, 4p of A iI and
5p.of Kr II (innanoseconds)

Ne II A1l Kr II
4D%_ 5.0579 6. 8457 6.0841
4D_g_ 5.1276 7.7325 9.5710
"Dy | 6. 9104 8.5926 5.7454
4P§_ 6.9598 8.9995 7.8594
4DZ_ 5.1102 7.3537 7.2848
2 Dz_ 6.8593 8.6801 7.8240
4P3_ 6.9615 9.4748 8. 6004
z P%_ 5.3463 9.0649 6.2623
453_ 3. 6508 4, 6504 4,1172
4D% 5.0853 6.9650 6.3331
4P% 6.9967 9.5673 8.7047
2 s% 5.8307 7.8869 7. 3880
2 Pé_ 5.5149 9.2892 8.5162
z F'%_ 6.1745 8.0360 6. 3348
2F1; | 6.2084 7.9657 6.7005
2
2 D'_g_ 4.5647 5.5537 4,6621
2 D'%_ 4, 5505 5.4526 4.5695
2 P'%_ 4.1451 5.3876 5.0771
Z pu 4.7836 2, 7494

3.9419

10
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