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By using a characteristic Green’s function for an exactly solvable Schrodinger equation with an approximation to
the central potential of Hermann and Skillman, the cross section for nonresonant two- and three-photon ionization
of Ne, Ar, Kr, and Xe were calculated in j/ coupling. Expressions for cross sections in j/ coupling are given.
Comparison with the Ar two-photon cross section of Pindzola and Kelly, calculated using the many-body theory,
the dipole-length approximation, and LS coupling shows a disagreement of as much as a factor of 2. The
disagreement appears to arise from distortion introduced by shifting the Green's-function resonances to

experimental values.

1. INTRODUCTION

Much of the theoretical and experimental work
on atomic multiphoton ionization'* (MPI) has been
done on the alkalis. Some experimental work has
been published on the alkali earths.*® For the
noble gases there have been a number of measure-
ments® of ionization due to many (>10) photon ab-
sorption, but there are only a small number of
papers on ionization in the noble gases due to ab-
sorption of a small number of photons.™ This
arises from the development of long wavelength
glass and ruby laser technology and the high
ionization potential of the noble gases com-
pared to the alkalis. However, the rapid de-
velopment of eximer lasers'? will allow measure-
ments on noble gas ionization rates due to absorp-
tion of two to five photons. For example, the pos-
sible NeF laser'® at 1080 A can ionize Ne with just
two photons. Such systems will be of both scientif-
ic and practical significance, allowing the study of
Beutler structure,!* on the one hand, and the pos-
sibility of developing reliable nanosecond switches,
on the other hand.

The MPI cross sections for the alkalis are domi-
nated by resonances as the energy gap between
ground state and low-lying excited levels is small.
In this situation intermediate virtual state wave
functions can be calculated accurately by summing
over a finite number of excited states.'®!® For the
noble gases there is a large gap between the
ground and first excited state. Pindzola and
Kelly,® in calculating the two-photon cross section
for Ar, including a sum over both a large discrete
set and the continuum, found large differences be-
tween their extensive calculation and small basis
set approximations which work reasonably well in
the alkalis.

Recently I pointed out!” that by approximating
atomic central potentials [actually »V(7)] by a se-
ries of straight lines, one has a Schrddinger equa-
tion exactly solvable in terms of Whittaker func-
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tions; but more importantly, one has an exact
characteristic Green’s function which replaces the
infinite sum in the MPI matrix element arising
from the eigenfunction expansion of the virtual
state. I showed this Green’s-function technique
produced cross sections for two- and three-photon
ionization in the alkalis in reasonable agreement
with other calculations and some measurements.

In this paper the characteristic Green’s-function
technique is used to calculate the two- and three-
photon ionization cross section for the noble gases.
The calculations are done for both linearly and
circularly polarized light, and are done in jl cou-
pling, appropriate for the noble gases.!® In Sec.

II expressions are given for the two- and three-
photon ionization cross sections in jl coupling.

The one electron eigenvalues occuring with the
approximate potential are presented and compared
with experimental level energies, and the proce-
dure used to locate resonances at experimental en-
ergy levels is described. In Sec. III the cross sec-
tions are presented for two-photon ionization and
the Ar two-photon cross section is compared with
the calculation of Pindzola and Kelly.® In Sec. IV
the three-photon cross sections are presented.

With the Green’s-function technique, the calcula-
tion of the radial part of the MPI matrix element
is straight forward. The coupling algebra is then
the hard part of the calculation. However, the
simplicity of the Green’s-function technique intro-
duces a difficulty. The Green’s function contains
one free parameter (the ionization energy). It can
be adjusted to produce a resonance at its experi-
mental value. But this choice fixes the energy of
all other resonances with the same quantum num-
bers, and these energies are not, in general, ex-
perimental values. In these calculations the free
parameter was adjusted in different spectral
ranges to produce resonances at experimental val-
ues. This led to match-up problems at the boundry
of the spectral ranges, i.e., differences of as
much as twenty-five percent, and the differences
were smoothed over.
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II. MECHANICS OF THE CALCULATION

For two-photon ionization the cross sections oS and ¢f, for circularly and linearly polarized light, in
units of cm® sec are given by

02-41r(?0) (ML)?, | )

where AE is the photon energy in Ry, the continuum orbital is normalized per Ry, the energy in the
Green’s function is in Ry,*® and F,=3.22 X10%*/cm?sec. The intermediate state isdescribed by the quan-
tum numbers J,,n, 1, K, J, where {,(2 or 3 is the total angular momentum of the (np)® core of the noble
gas ion, and K1 J +1 and K1+ 2 =J, defines jl coupling. Since J, must be 1, the energy of the intermedi-
ate state is defmed by E,(J,,n,1, K, 1). In terms of the quantltlesz"
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For the matrix element to diverge at the experimental E,(J,, N, [, K,1), E, is changed to E, -E(n,1,)
+E,(d,,n,1, K1), where E(n,l,) is the model one electron eigenvalue. For a particular range in w it is
assumed that only the nearest resonance with a particular ! value need have its resonance energy speci-
fied exactly. By changing E,, one shifts all the resonances with a given J,, I, and K,. For the two-photon
case, eight Green’s functions are calculated. The energy of the continuum orbital is either 2w - E; or 2w
-E,-Ayw, Where E, is the atomic 1omzatlon energy and A, is the spin-orbit splitting in the ionic ground
state.

For three-photon ionization the cross section, in cm®sec?

ol=81(AE/F)3(Mi)?, , (5)
with
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In the calculation it was assumed that g;, was in-
dependent of K, and four Green’s functions were
used corresponding to J,=%, 3 and l,=s,d. For the
second term, eight Green’s functions were used
i.e., 1,=3, J,K,J,=(3,3,2), (%, 2,2) and (3, 3,2
and for I, =1, g K,J,=(3,%,2), 3,3,2), (2,2,0)

3,5,2), and (3,3, 0) As in the two-photon case
we adjust E; in g;, so that the resonances in the
three-photon cross section occur at the experi-
mental energy levels. ’

Since an adjustment in E; in each of the Green’s
functions shifts all the resonances with the same
1,K,J values, the adjustment is reasonably accu-
rate only if the adjustment is considerably smaller
than the level separation. The level designation
used, and experimental and calculated energies
and adjustments for Ne, Ar, Kr, and Xe, are
listed in Tables I-IV, respectively. Generally the
adjustments are less than ten percent of the separ-
ation of corresponding levels, though there are
exceptions. Levels, not assigned in Moore’s ta-
bles,'® are omitted.

III. TWO-PHOTON IONIZATION CROSS SECTIONS

The calculated cross sections for Ne-Xe are
shown in Figs. 1-4, respectively. The figures
show the cross section for circularly polarized
light and the ratio of circular cross section to lin-
ear cross section. The ratio R=05/0% has a nar-
row range of variation in the noble gases. From
Egs. (3a) and (3b), when the matrix elements to
continuum f orbitals dominate the matrix elements

to continuum p orbitals; R=3. At (zp)® (»'s) reso-

nances, R=1. At (np)® ?P;;,, (n’d),.s , resonances
(designated nd in Tables I-IV and in the figures),

R=3[S(,3)2+35(3,1)2V/[5(3,3)%+3 S(5,1)7].
I the I, =3 matrix element is dominant R 3 and
if the l = 1 matrix element is dominant R= At

(np)® Pl, 2 (n'd),.s » Tesonances (demgnated nd”
in Tables I-IV and in the figures),

R=3[SG, 3)2+&SG, 1)2V/[S(z, 3)*+ 1S, 1)?].

K S(3,1)2>5(3,3)%, R canbe as small as . At
(np)® ?Py, 5, (n'd),.,,» resonances (designated nd’
in Tables I-IV and the figures),

R=3T (3 +4T (G, 1°V/IT (3, 3)*+3T (3, 1)°].
R can be as low as § if T(3,1)2> T(3, 3)%.

The structure in R described above is due to
competition between continuum final states. Addi-
tion structure can arise from interference between
nd and nd’ resonances providing the resonances
are close together, so the matrix elements are
large enough to dominate the background, and the
matrix elements have opposite sign. The only in-
stance where significant structure in R appeared
in the two-photon cross sections was the 3d, 34’,
3d” resonance in Ne.

The wavelength scale in the figures is not linear;
it is compressed when the cross sections vary
slowly and expanded near resonances. In Fig. 1
for Neat1 A per division near the 3d resonances,
the 3d and 3d’ resonances overlap. The 3d” reso-
nance is merely a glitch in the curve. The dashed
curve in Fig. 1 is 3d” resonance on a scale of 0.02
A/division. But on a 1 A/division scale the struc-
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TABLE 1. Level designations, quantum numbers, and experimental and calculated energies

E. J. McGUIRE

and differences (in cm™) relative to the (2p)°%Pg,; and 2Py, ion levels for Ne.

Jr=% Jr=z
desig. K,J E (cm™!) Egyc A (em™!) desig. K,J E (cm™!) Egyc A (em™Y)
3s 2,1 39471 36698 2723 3s’ 4,1 38821 36698 2123
4s 2,1 15134 14613 521 4s’ 1,1 15175 14613 562
5s 21 8017 7829 188 5s? i1 8054 7829 225
6s 2.1 4963 4872 91 6s’ 1,1 4982 4872 110
s 21 3373 3323 50 7s! 3,1 3386 3323 63
3d 3,1 12293 12187 106 3d» 3,1 12274 12187 85
4’ 3,1 12406 219
4d 21 6903 6855 48 4d» 2.1 6902 6855 47
dr 31 6962 107
5d 21 4413 4387 26 547 3,1 4414 4387 27
5 3,1 4442 55
6d 1 3062 3047 15 6d” 31 3065 3047 18
6d’ i1 3079 32
7d 21 2247 2238 9 7an 2,1 2249 2238 9
7d’ 11 2258 20
3 2,2 24106 1175 3pm 3,2 23852 22931 921
3p’ 2,2 23615 22931 684 3™ 2,0 21739 -1192
3pr 3,0 23013 82
N 2,2 11031 340 apm 2,2 11001 10691 310
4’ 2,2 10892 10691 201 @ 3,0 10424 —267
47 3,0 10529 -162
5p 2,2 6339 146 5pm 3,2 6331 6193 138
5 32 6281 6193 88 ™ 3,0 6123 =70
5”7 70 6063 -130
6 2,2 4115 76 6pm 2,2 4113 4039 74
6’ 3,2 4086 4039 47 6™ L0 4021 -18
6” 30 3953 -86
() 5,2 2886 44 " 3,2 2882 2842 40
7’ 3.2 2870 2842 28 wm Lo 2197 —45
3,0 2781 -61
& 2,2 6861 6855 6 4 5,2 6863 6855 8
4 3,2 68717 22
5f 3,2 4391 4387 4 57 $,2 4392 4387 5
577 3,2 4400 13
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TABLE II. Level designations, quantum numbers, and experimental and calculated energies
and differences (in cm™!) relative to the (3p)52P3/2 and %p, /2 ion levels for Ar.

desig. K,J E em™!) Ecac Alcm™) desig. K,J E (em™) Egyc A em™)

4s 3,1 33359 30316 3043 4s 3,1 33141 30316 2825
5s 3,1 13467 12885 582 5¢’ 3,1 13566 12885 681
6s 3,1 7350 7129 221 6s’ 3,1 7380 7129 251
s 31 4361 4522 109 78" 3.1 4659 4522 137
8s 31 3174 3123 51 8’ 4,1 3188 3123 65
3d 3,1 12962 12540 422 ad» 3,1 13174 12540 634
adr 3,1 15292 2752

a3 7262 7083 179 a3 7529 7082 446
a1 8459 1376

5 3,1 4596 4525 7 san 3,1 4725 4525 200
5 1,1 5177 652

& 1 3134 & %1 3255 3134 121
6’ 3,1 3642 508

7d 31 2322 ar 3,1

5,1 2555

4 3,2 21493 1503 ~ 4p7 3,2 21251 19990 1261
4 3,2 20872 19990 882 4™ 10 19818 -172
4" 3,0 20056 66

5p $,2 10111 435 s 3,2 10072 9676 396
spr 3,2 9926 9676 250 spm 1.0 9670 -6
57 4,0 9547 -129

6 3,2 5918 189 6m 3,2 5906 . 5729 177
6’ 3,2 5839 5729 110 ™ 3,0 5750 21
6 3,0 5640 -89

3.2 3889 99 T 12 3882 3790 92
%2 3848 3790 58 ™ L0 3791 1
" 1,0 3725 -65

8 £,2 2753 gm 32 2749

g 3,2 2729 g™ 1,0 2710

8”7 1,0 2671

& i 6880 6855 25 47 5,2 6886 6855 31
4 3.2 6921 66

5f 3.2 4402 4387 15 5 3,2 4404 4387 17
57 3,2 4424 37 '
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TABLE III. Level designations, quantum numbers, and experimental and calculated ener-
gies and differences (in cm™!) relative to the (4p)°%Pg,, and 2Py, ion levels for Kr.

=3 =1
Jf_z Jf_Z

desig. K,J E (cm™) Egye A (em™) desig. K,J E (m™) Ecyc A m™)

5s 2,1 31997 28516 3481 5s' 3,1 32437 28516 3921
6s 4,1 13020 12373 647 6s’ 2,1 13138 12373 765
s 31 7143 6915 228 78’ 3,1 7281 6915 366
8s 3,1 4541 4414 127 8s’ 3,1 4574 4414 160
9s 31 3135 3061 74 9s’ 21 3157 3061 96
4d 2,1 13268 13007 261 d» 2,1 13397 13007 390
4’ 3,1 15829 2822

5d 3.1 7266 7368  ~102 sdr 3,1 7551 7368 183
sd' 3,1 9112 1744

6d 3.1 4655 4689 -34 6dr 3,1 4785 4689 96
6t 3,1 5238 549

d 31 3225 3233 -8 dr 3,1 3275 3233 42
3,1 3571 338

8&d 21 2400 sdr 3,1 2375

&' 3,1 2624

5p 2,2 20607 1774 spm 32 20339 18829 1510
spr 2,2 19791 18829 962 5™ 10 19429 600
5p*  $,0 18820 -9

6p 22 9793 530 r 3.2 9716 9263 453
6 3,2 9552 9263 289 ™ 3,0 9463 200
6p* 4,0 9153 -110

7 2,2 5773 236 w32

7’ 32 5668 5537 131 ™ 10

W 3,0 5504 -33

8p 3.2 3808 123 gpm 3,2

8p’ 22 3753 3685 68 g™ 3,0

8" 3,0 3618 —67

9 2,2 2704 74

9’ 3,2 2671 2630 41

9" 3,0 2606 -24

& 2,2 6893 6855 38 i 3.2 6903 6855 48
4 3,2 6949 94

5 3,2 4410 4387 23 5 2,2

5 3.2 4443 56
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TABLE IV. Level designations, quantum numbers, and experimental and calculated ener- -
gies and differences (in cm™') relative to the (5p)°%P3;, and 2Py, ion levels for Xe.

Jg=

njw
-
]
(ML

desig. K,J E (m!) Ecpyc A m™!) desig. K,J E (em™!) Egye A em™)

6s 2,1 29788 24961 4827 6s’ 3,1 31185 24961 6224
7s 3,1 12393 11293 1100 7s’ 3,1 12570 11203 1277
8s 3,1 6901 6451 450 8s’ 3,1 6945 6451 494
9s 3,1 4411 4173 238 9s’ 3,1 4417 4173 244
10s 3,1 3046 2921 125 10s’ 3,1 3055 2921 134
54 %,1 13944 13173 771 54 3,1 14752 13173 1579
5d' 3,1 17847 4674
6d 3,1 7801 7450 351 6dr 11 7953 7450 503
6d’ 1,1 9284 1834
a3 5119 4730 389 dr 3,1 4952 4730 222
a1 5705 975
&d 3,1 3148 3255 =107 &gdr 3,1 3342 3255 87
&d’ 3,1 3605 350
o 1 2335 2373 -38 a7 31 2406 2373 33
o 3,1 2605 232
6 3,2 19714 2309 6pm 3,2 19208 17405 1803
6’ 3,2 18621 17405 1216 6™ 1,0 18510 1105
67 5,0 17715 310
7 3,2 9482 740 L LI
3,2 9147 8742 705 ™ 20
" 3,0 8991 249
8 2,2 5612 320 gpr 32
g 3,2 5463 5292 171 g™ 1.0
g” 1,0 5278 —-14
9 3,2 3723 173 o 32
9! 1,2 3643 3550 93 9™ 3.0
9* 3,0 3548 -2
10p 3,2 2652 104 1™ 3,2
100 3,2 2604 2548 56 10p™ 3,0
10* 3,0 2547 -1
4 2,2 6923 6855 68 biid 2,2
4 3,2 6984 129
5 3,2 4430 4387 43 57 3,2
57 3,2 4467 80
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FIG. 1. The cross section for two-photon ionization with circularly polarized light and R=0§/0¥ for Ne. The wave-
length scale has been expanded and contracted to show resonance structure. The dashed curve and scale of 0.02 A/
division illustrates the narrowness of the 3d ¥ resonance.
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FIG. 2. Same as Fig. 1 for Ar. The open triangles are from the LS-coupling calculations of Ref. 8, while the open

circles are my LS-coupling calculations.



[

(cm* sec)

o

TWO- AND THREE-PHOTON IONIZATION IN THE NOBLE GASES

ETTTTT T T 17 1T T T T T T Tmr I T [T T T T T T T T 71 E
E 3
- -
1644 - R=1.5 - ]
X H"‘x.x-\x—x’ x,w X= =X X e e x
E ]
ﬁ ]
164 : 3
; %

-

il

10 - | 1 I ! 58 ! -
F7sfsd 6s| Jad” sd' esflad ad’ s E
1647 -
1548 -
]
]
~49 -~
10 3

sol 1 L1 11 L1 1 TS IR NN (NN NN SN £ WU ¥ § BN § G | P S I N 1 S
107945 950 960 970 980 990 1000 1010 1020 1030 1040 1050 1100 11601165 1170 1230 1235 1240 1300 1350 1400 1450 1500 1550 1600
1150 1200 1250
AR)
FIG. 3. Same as Fig. 1 for Kr.
T T T T T T T 1 T T T T 10T 1 T m T T T T §
R=1.5 2.0,
falil W e X X X P el (=S Wy
-44 XugOpX' X -_E1,0 ~
10 3 ob
3 "
- x
-45 —{0.1
10 3
ed *’ 7s L 5d’ 6s’ 6s 7
hatd| | | | | —
10 g 3
~ 3
o E
° .
« -47 —
E 10 3
° E
i =
o 3
) -
-48 __J'
10 _ 3
7
-
-49
10
-50 | 11 1 1 1 | IS N I N A I I | I 1 I W N 1 |
10 1100 1120 1140 1160 118012001220 1240 12601280 1300 1320 1340 1460 14701480 1600 1700 1800 1900 2000
1310 1330 1400 1500
[
A (A)

FIG. 4. Same as Fig. 1 for Xe.

843
2.0
10
¥
2
Y
0.1 n
@



844

ture in R is apparent. The dip in R at the 3d” res-
onance is due to the dominance of the ! ;=1 channel
compared to the l, =3 channel. The dip-peak-dip
structure in R at the 3d-3d’ resonances arises
from dominance of the Z,=1 channel (2 dips), and
the interference between the resonances of the /,
=1 channel leading to dominance of the I, =3 ma-
trix elements (peak).

In Fig. 2 for Ar some points from the calcula-
tions of Pindzola and Kelly are shown as open tri-
angles. Pindzola and Kelly® present values for of,
and with my calculated R =05/0%, I converted their
dipole length results to 05. My results are higher
than Pindzola and Kelly’s® by as much as a factor
of 2 at shorter wavelengths. While it is well known
that the single-photon ionization cross section of
Ar (3p)® calculated in a one-electron model differs
by a factor of 2 when compared with accurate
many-body-theory calculations such as those of
Pindzola and Kelly,® this is unlikely to be relevant
to the factor of 2 here, as near threshold (1375 A)
the calculations are in good agreement. Pindzola
and Kelly® did their calculation in LS coupling. In
their calculation the 4s’ resonance is shifted over
to the 4s resonance and the 3d’ resonance is
shifted to the 3d resonance. To check the effect
of the difference in coupling schemes, I readjusted
E, in each Green’s function to relocate the 4s’ res-
onance at the 4s, -and 3d’ and 34" at the 34, i.e.,
an LS coupling calculation. The results are shown
as open circles in Fig. 2. The choice of coupling
does not resolve the factor of 2 discrepancy. How-

E. J. McGUIRE

24

ever, inadjusting E ,inthe Green’s function so that
the 4s and 4s” resonances are located at their ex-
perimental resonances in jl coupling, and at the
4s resonance in LS coupling, all the higher ns and
ns’ resonances are shifted to longer wavelengths.
This shift could account for the discrepancy.
These considerations suggest the two calculations
are in reasonable agreement.

In Fig. 4, the Xe two-photon calculation, there
is a step in both 6Sand R at 1843 A. At longer
wavelengths ionization to the (5p)° *P,, , channel is
energetically forbidden. For A>1843 A, Beutler
structure'® should be present with large and inter-
esting resonance effects. They have been neg-
lected in these calculations. ‘

IV. THREE-PHOTON IONIZATION
CROSS SECTIONS

The cross section for three-photon ionization
and the ratio R=05/0f for Ne, Ar, Kr, and Xe are
shown in Figs. 5-8, respectively. Unlike the two-
photon case, R=05/0l shows considerable varia-
tion. Table V lists expressions for R at the eight
resonances. When matrix elements to continuum
states with [, =4 dominate those with /,=0 and 2,
R=2.5. At resonances with J,=0 (p” and p"),
R=0. Atf andf” resonances there can be struc-
ture in R dueto final-state (Z,=2,4) channel com-
petition. Atf’, p, p’, and p’” resonances, struc-
ture in R can arise from both final-state channel
competition and interference of matrix elements.
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The three-photon cross section for circularly ized light and R values near the 4f-4f’ resonances
polarized light in Ne is shown in Fig. 5. The cross is seen clearly on a scale of 0.2 A/division. An
section near the 4f-4f" resonance is shown as a interesting feature for three-photon ionization in
dashed curve on an expanded scale (0.02 A/divi- all the noble gases is the extent to which the R
sion) and the expanded scale R values are shown value differs from its maximum 2.5. In two-pho-
as open circles connected by solid lines. In Fig. ton ionization, except for Ne, away from a reso-
6 for Ar, the cross section for circularly polar- nance the ratio was R~1.5.
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V. DISCUSSION

The two-photon ionization calculations in Ar dif-
fered from those of Pindzola and Kelly® by as much

as a factor of 2. An immediate question is the re-

liability of these calculations for Kr and Xe. This

can only be assessed via other calculations and ex-
periments. However, for Xe, I earlier used the

TABLE V. Values for R=05/0¥ at eight resonances in terms of matrix elements.

Designation s, 1oKydp Ratio
f 3,332 jled,2,22,47+250¢.4,32,2)%
Q¢.2.22,49%+ 33}9@,%;’- 2,2)%)
f 3,332 Sle¢.b.32,9+¢.2.22,91%+20¢.}.12,2)+0¢. 1.1 2,2)1"
[IQ(z,;,32,4)+Q(3,2,32 2+ @e.t.iz,2+10¢. 1. 22,2)%
5 2
i 1,332 2Q¢.2,22,49+ 550G, 3.3 2,27
Qd.3,22,0%+80¢.3,22,2)%
» 3,132 ¥rr¢.3,22,2)+15¢.4,12,2)P
0P¢.2,22,2)+1s¢,2,52,2)2+§IP¢.3.32,00+ 154, 4. 42,007
p' 1,182 81p¢,2,02,2)+5¢,1,22,2)-45¢.3.§2,2°
ip¢.2.32,2+5¢.1.32.2)-4s¢.3.3 2.2+ &P ¢. 3.5 2.0
+S<2- 1,82,0-4s¢.3.32,00%
" 3,1t0 0 .
™ 5132 Zp¢.3.22,2)+45¢.5.32,2)°
0P¢.t.82,2)+1s¢.4. 32,2+ °1P(2,2,22 2)+1s¢.1. 52,207
p™ L,1%o0 0
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same central potential to calculate term splittings,
Lande g factors, oscillator strengths, and life-
times.?? A comparison of these lifetimes calcula-
-tions with other calculations and experiment may
illuminate the reliability question. Table VI lists
my calculated lifetimes for terms of the (5p)° (nl)
configurations in Xe where nl =6s, 6p, and 5d.

For the K,J =3, 1 term of (59)°(6s) the calculation
is in excellent agreement with the measurement of
Anderson® (fifth column), who determines life-
times from linewidths; for the K,J=%,1 the calcu-
lation and experiment differ by at least a factor of
2. This is a surprising result. For the (5p)°(6s)
configuration jl and jj coupling lead to equivalent
wave functions, and the calculations in Ref. 21 in-
dicate almost perfect jj coupling. Condon and
Shortley?® show the transformation from LS to jj
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coupling as
0(3,3,1)=Y% ¢P)+VEoCP),

0(3,3,1)=-Y3 o(P)+VE ¢(P);

then the A S=0 selection rule leads to the two to
one lifetime ratio.

For those terms of (5p)%(6p) for which measure-
ments exist (columns 7 and 8 of Table VI) the tab-
ulated values Allen et al.* are in excellent agree-
ment with mine. These are essentially the values
of Statz et al.?® as corrected by Allen et al.*
Reference 24 is essentially an experimental paper
and their experimental results are listed in column
7. Two of their three measurements with small
error bars are substantially larger than the calcu-
lated values. Jiminez et al.? have also measured

TABLE VI. Comparison of my calculated Xe excited-state lifetimes with other calculations

and measurements.

T (ns) T (ns) T (ns) T (ns) T (ns) T (ns) T (ns)
Configuration K J Calc Ref. 22 Ref. 24 Ref. 24 Ref. 26 Ref. 27 Ref. 28
Gp)es) 31 3.5 3.8
;1 7.4 3.2
Gp)°6p) L 1 380 47.0
2 2 857 45.0
3 3 299 33.0
g 1 323 35.0
gz 27.6 271  33%20
1 0o 287 27.0 40%12
% 1 28.0 28.7
L1 231 24.8 43.5:1.5 29.5:3
32 264 28.0 29.0£1.5 30.5%3
% 0 21.9 23.0 38.5x1.5 30.7x1
Gp)°(ad) § 0 670.0 2200.0
% 1 63.0 2700.0
g 4 1210.0 5250.0 1200.0 1330.0
‘;L 2 862.0 2500.0 2900.0 1020.0,2100.0
1 3 4950 1365.0 1000.0 1170.0
g 2 360.0 900.0 1700.0 101050
2 3 3370 720.0
g— 1 1.1 174.0 <350.0
2 2 5300
;L 2 610.0
2 3 4950
i 0.73 <350.0
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the lifetimes of these three levels. For two there
is excellent agreement with the calculations. For
the K,J=3,0, their measured value is 50% larger
than the calculations.

For the lifetimes of the terms of the (5p)°(5d)
configuration my calculations differed significantly
from those tabulated in Ref. 24. For both sets of
calculations agreement can be found with some of
the measurements of Schlossberg and Javan®’
(column 9) and Davis and King? (column 10).

Given the sometime indirect nature and the diffi-
culty of lifetime measurements, the differences
between calculation and experiment shown in Table
VI are not surprising. The agreement between the
two sets of calculations for (5p)°(6p) is surprising
in light of the disagreement for (5p)°(5d), as the
calculations of Statz et al.,?* as modified by Allen
et al.,® are quantum defect method (QDM) calcula-
tions. While applying the QDM method to low-
lying noble-gas excitations is dubious, it should be
no worse for (5p)°(5d) than for (5p)%(6p).

VI. CONCLUSIONS

The two- and three-photon ionization cross sec-
tions in the noble gases, presented here, should
prove a useful comparison with measurements
made with short-wavelength lasers. In compari-
son with the many-body—theory calculations of
Pindzola and Kelly on two-photon ionization in Ar,
these Green’s-function calculations differed by as
much as a factor of 2. However, it is likely this
difference is an artifact of the computational ap-
proximation, and, after accounting for the arti-
facts, it appears the two calculations are in rea-
sonable agreement.
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