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Photoionization from excited states of helium
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The cross sections for photoionization from the 2 8, 238, 2 P, and 23& excited states of
helium axe calculated for photoelectron energies below the n=2 threshold of He+ using
Hylleraas bound-state wave functions and 1s2s2p close-coupling final-state wave functions.
The resonant structures associated vrith the lowest-lying ~S, ~P, 3I', and ~D autoionizing
states of helium are found to be characterized by large values of the line-profile parameter
q. The cross sections and the photoelectron angular-distribution asymmetry parameters
for the I' states are calculated for various polarization states of the target atom and the
incident photon. Experiments which vrould lead to the separate determinations of the S-
and D-wave partial photoionization cross sections are discussed.

I, INTRODUCTION

Photoionization from excited states of helium
pl.ays an important role in the transfer of radia-
tion through laboratory plasmas' and hot stellar
atmospheres. ' In addition, accurate cross sec-
tions for single- and multiphoton ionization from
excited states of helium may be required for a
quantitative understanding of the interaction of la-
ser radiation with a helium discharge. ' Recent
advances in atomic-beam methods and in frequen-
cy-tunable laser techniques have led to an accu-
rate experimental determination of the photoioniza-
tion cross sections for the 2'S and 2'S metastable
states of helium in the near-threshold region. '
Accordingly, the theoretical investigation of photo-
ionization processes from excited states of helium
is worthwhile.

In this paper, the cross sections for single-pho-
ton ionization from the 2 xS 2 sS 2 'P and 2 3P
states of helium are evaluated for photoelectron
energies below the n= 2 threshold of the residual
He' son, using 1s2@2p close-coupling foal-state
continuum wave functions. Results for the 2'S
cross section in the nonresonant region have been
reported in two earlier papers"' and the near-
threshold values' are in good agreement with the
experimental determination. More recent theoret-
ical studies of photoionization from the 1'S, 2'S,
and 2'S states of helium were restricted to photo-
electron energies above the n = 2 threshold, ' '
where transitions can occur to the 2s and 2P ex-
cited states of He', and the resulting photoelec-
tron angular distribution is a function of energy.
From these studies and from the results of a re-
cent helium photoionization experiment, '" it has
become apparent that the inclusion of close cou-
pling between degenerate excited states of the He'

ion is essential, not only for the accurate calcula-
tion of the resonance properties below the excita-
tion threshold, "but also for the correct determi-
nation of the distribution between the degenerate
ionic states above the threshold.

Norcross" has evaluated the 2'S and 2'S helium
photoionization cross sections using 1s2s2P close-
coupling continuum wave functions, but he em-
ployed Hartree-Foek bound-state wave functions
which are not expected to be as accurate as the
Hylleraas wave functions used in the present ca1,-
culation. In previous evaluations of the 2'P and
2'P helium photoionization cross sections, the
final continuum states were represented by hydro-
genic" and quantum defect"' "wave functions.
These approximations may provide reliable esti-
mates in the near-threshold region, but they can-
not account for the prominent resonant features
which are predicted by the 1s2s2P close-coupling
calculations.

An important feature of photoionization from ex-
cited states of helium is the significant enhance-
ment of the total cross sections which results from
taking into account transitions to excited sta.tes of
the He' ion. It is therefore not surprising that the
resonant structure associated with the n = 2 thresh-
old has been found to be more conspicuous in the
photoionization continua of the metastable states
than in the ground-state continuum. This fact is
clearly illustrated by the line-profile parameters
reported by Noreross" for the lowest-six 'P reso-
nance in the 2'S cross section, which are in some
cases more than a hundred times larger than the
corresponding parameters obtained for the helium
ground state by Burke and MeVicar. "

The study of photoionization processes from the
P and 2'P states of helium would be difficult

with present experimental techniques because of
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the short radiative lifetimes of these excited states
in comparison with the helium metastable states.
However, photoabsorption from the P states using
laser light may ultimately provide the most pre-
cise method for the experimental investigation of
the S- and D-wave ionization continua of the heli-
um atoD1.

In contrast to photoionization from the helium
S states, photoelectric transitions from the I'
states will in general give rise to an energy-de-
pendent photoelectron angular distribution below
the n = 2 threshold. In the case of unpolarized I'
states the angular distribution can be character. -
ized by a single asymmetry parameter P regard-
less of the polarization state of the incident radia-
tion. " " The angular distribution of photoelec-
trons from polarized P states can be determined
from a knowledge of two asymmetry parameters,
which may show a complicated dependence on the
initial polarization states.

An important simplification would occur if the
helium atom could first be excited intq an aligned
P state and then ionized by linearly or circularly
polarized photons incident in a suitable direction
with respect to the atomic quantization axis. In
these cases, the D partial-wave ionization con-
tinuum miLl be observed directly, and the photo-
electron angular distribution below the n = 2 thresh-
old will not depend on the incident-photon energy.

II. THEORY OF DIFFERENTIAL PHOTOIONIZATION

CROSS SECTIONS

A formulation of the theory of differential cross
sections for atomic photoelectric transitions has
been developed in terms of the irreducible tensor
components of the initial and final polarization
states. " In this section it is appropriate to pre-
sent the results of this formulation which are ap-
plicable when the ejected electron and the residual
ion polarizations are not measured. The discus-
sion will be fur ther restricted to cases where the
coordinate system can be chosen to reduce the
form of the differential cross section (for the tran-

sition to the ul, state of He') to the Legendre poly-
nomial expansion

tr„, ,(k„( = ""(( ~ + 8„,, P (cos8}),
$&p

where the appropriate definition of 6} will depend
on the initial polarization states. It is important
to note that the electric-dipole selection rules al-
low only a few even values of I to contribute.

The initial bound state of the helium atom may
be specified by a principal quantum number n, and

by the total orbital and spin angular momenta I.„
and S„. The polarization state of the helium atom
with respect to the orbital angular momentum I.„
may be represented by a (2L, +1)x(2L,+1) density
matrix p„which can be expressed in terms of the
complete set of (2L„+1)' irreducible tensor opera-
tors~ in the form of the multipole expansion

(ML„~ p ~ML,') = g p, (K„N,)(-1) 0

&Wo

Lo Ko
ML N ML'

(2)

Similarly, the polarization state of the incident
electric-dipole photon may be represented by a
3X3 density matrix p„, which will depend on the
orientation of the photon beam with respect to the
atomic quantization axis. It will also be convenient
to expand p„ in the form (2) with irreducible tensor
components denoted by p, (K„,X,). Explicit expres-
sions for the irreducible tensor components of the
initial polarization states that are treated in this
paper have been given previously. "

The final-state continuum channels of the He'
—e system are defined by the quantum numbers
I/, E „L~S„where /, is the photoelectron relative
orbital angular momentum and I.~ is the total or-
bital angular momentum.

The expressions which are derived for the total
cross section o„,, (in units of a„'}and the asymme-
try parameters p„&, L may be written in the forms

o„, =4x'o~ g g (-1}'' o' r ' "
p, (K, O)p„(K, O)~M(l„L )~'

L~Ly IC

P„(,, ~ = Q Q Q Q (-1)"' r (2L+ 1)[(2Ko+1)(2K,+ l)(2l, + 1)(2l,' + l)(2Lr+ l}(2Lr+ 1)]'~'
nl
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where cv is the incident-photon energy measured
in rydbergs ((d =I0 +/(, 2, where I0 is the ionization
potential) and a is the fine-structure constant.
The summations are to be taken over all values of
the angul. ar momenta which are consistent with the
selection rules associated with the 3-j, 6-j, and
9-j symbols. The transition amplitudes M(/„Lr}
may be defined in terms of either the dipole length
or the dipo1, e velocity forms of the matrix ele-
ments as follows:

M' '(/ L ) =S' "2
x (n/, / „L S, ll r, + r, ll II,L,S,}, (6}

M'"'(/„L ) =(2e""2 '2' "/&u}

x(s/, /„L,S, II V, +~,ll&, L,S,),

where 0, denotes the Coulomb phase shift for the'2
He' ion. In the reduced matrix elements of the di-
pol, e operators the final continuum states are as-
sumed to be normalized to a Dirac 6 function in
the photoelectron energy.

The theory presented up to this point can be ap-
plied to any helium transition and, in fact, to any
atomic system for which the LS representation is
appropriate. In the remainder of this paper only
transitions to He'(ls) will be treated, and there-
fore, the subscripts nl, will be omitted.

The photoelectron angular distribution resulting
from ionization of unpolarized helium atoms is
given by E(l. (1) with only the L= 2 term included
in the summation. The associated asymmetry pa-
rameter is customarily denoted by P. %hen the
incident radiation is 1.inearly polarized 8 measures
the angle between the photoelectron momentum k,
and the photon polarization direction. For unpo-
larized or circularly polarized photons it is neces-
sary only to replace /) by -P/2 and to define 8 as
the angle between the photoelectron and incident
photon propagation directions. For photoioniza-
tion from the helium S states, the well-known re-

suit that P is identically 2, independent of energy,
can be recovered from E(/s. (2} and (4}. In the
case of unpolarized P states, the interference be-
tween the transition amplitudes corresponding to
the 8- and D-channels will result in an energy de-
pendence of the asymmetry parameter P which is
expected to be rapid in the vicinity of an autoion-
ization feature.

The photoelectron angular distribution from
aligned (ML, = 1) P states of helium is determined
by a knowledge of two asymmetry parameters,
corresponding to J = 2 and 4. In the cases of inci-
dent photons with linear polarization in the direc-
tion of the atomic quantization axis and unpolarized
or right circularly polarized photons propagating
along the atomic quantization axis, the definitions
given previously for 8 still apply. For the circu-
lar and linear polarizations, only the D partial-
wave channel will be excited in the photoelectric
transition and the asymmetry parameters P, and

P4 will then be independent of energy.

III. HELIUM KA VE FUNCTIONS

The 2'8, 2'8, 2'P, and 2'P bound excited states
of the helium atom are represented with high pre-
cision by the Hylleraas wave functions

I~ ~ 1 ( ) 12 nn kn--
n, I.,S,(r1 r2) =

~Sk 1 2+12 F00(+1)~I JII (
4/k

where e» is the electron exchange operator. The
values for the exponential parameters a and 5
were taken from the work of Accad and co-work-
ers,"and 56-term expansions were computed by
diagonalizing the matrices of the Hami1tonian
operator.

The 'L,~ and 'J ~ final-state continuum wave
functions with I.~ = 0, 1, 2 are expanded in the
close-coupling form"

8 (-)
( ) ~ ~ 1 1 +(—1) P12 n'11'(r1) n'1(1~2(+2
1s, )2=Ir, s 1i 2& ~2 yr 1" )= r

+ lsgt 2

m' t

xQ (/, '/, ', LrMLr)/, 'm, ', /, 'm, '& r, '(S ) r1~(-, ), (8)

where P„., i(r, ) is the reduced He' ion radial wave
function. The incoming-wave boundary condition
appropriate to the description of the photoioniza-
tion process is indicated by the superscript (-).

The couplea integrodifferential equations which

are satisfied by the ejected electron radial wave
functions S„i~,i, .(2 )we2re solved in the 1s2s2pn lgl2
close-coupling approximation for the photoelectron
energy range 0.15 «A, ' «2.80 using the collision
code of Burke and McViear. " The photoelectric
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transition matrix elements were then evaluated
from the numerical continuum wave functions and
the bound-state weight functions as described
previously. '"

TABLE II. The oscillator strength for the 2 3S state of
helium. The length and velocity results are denoted by
L and V, respectively. The numbers in parentheses are
the powers of ten by which the entries are to be multi-
plied.

IV. PHOTOIONIZATION CROSS SECTIONS

The L,~-wave partial cross section for the photo-
electric transition

He(n, L,S,) +Ra-He'(1s) +e (f, = Lr)

from an unpolarized I.o state of helium, is con-
veniently expressed in terms of the oscillator
strength per unit rydberg energy interval dfl, /dE
according to the relation

2 dr= 4w'Q.
dE

The oscillator strength may be defined in terms
of the transition amplitudes introduced in Sec. I
by

L p (gP 2

d~ =3(2~ 1) I (2= ri rI

k i (Ry)

0.15
0.20
0.25
0.30
0.40
0.60
0.80
1.00
1.20
1.40
1.60
1.80
2.00
2.20
2.40

0.4385
0.3914
0.3466
0.3074
0.2442
0.1625
0.1148
0.8491 (-1)
0.6527 (-1)
0.5183 {-1)
0.4244 (-1)
0.3588 {—1)
0.3164 (-1)
0.3038 (-1)
0.4648 (-1)

(
—

),
0.4498
0.4111
0.3642
0.3235
0„2567
0.1712
0, 1211
0.8960 (-1)
0.6882 (-1)
0.5460 (-1)
0.4464 (-1)
0.3766 (-1)
0.3311 (-1)
0.3162 (-1)
0.4768 (-1)

TABLE I. The oscillator strength for the 2 '8 state
of helium. The length and velocity results are denoted
by I- and V, respectively. The numbers in parentheses
are the powers of ten by which the entries are to be
multiplied.

kg (Ry) (
—).

It is important to note that the cross section aL~
given by Eq. (10) is independent of the photon
polar ization.

The oscillator strengths associated with the
2'S-E'P and 2'S -E'P transitions are presented
for the photoelectron energy range 0.15 &k,' &2.4
in Tables I and II, respectively. Because the
evaluations of the two alternative forms of the
transition matrix elements are known to depend

most strongly on different regions of configuration
space, the fact that in most cases the length and
velocity results differ by only a few percent may
be taken as an indication of their reliability. The
present results are in good agreement with the
oscillator strengths calculated by Norcross" in
the near-threshold region, but at the higher en-
ergies there are differences of more than 10%.
Since the same fina1. -state wave functions have
been employed in both calculations, the discrep-
ancies must be attributed to inaccuracies in the

TABLE ID. The 8- and D-wave partial oscillator
strengths for the 2 'P state of helium. The length and
velocity results are denoted by I- and V, respectively.
The numbers in parentheses are the powers of ten by
which the entries are to be multiplied.

0.15
0.20
0.25
0.30
0.40
0.60
0.80
1.00
1.20
1.40
1.60
1.80
2.00
2.20
2.40

0.5545
0.4736
0,400S
0.3431
0.2564
0.1528
0.9842 (-1)
0.6737 (-1)
0.4812 (-1)
0.3526 {-1)
0.2611 (-1)
0.1922 (-1)
0.1364 (—1)
0.85S9 (-2)
0.2869 {-2)

0.5903
0.4805
0.4022
0.3402
0.2519
0.1503
0.9713 (-1)
0.6635 (-1)
0.4696 {-1)
0.3398 (-1)
0,2480 (-1)
0.1797 (-1)
0 ~ 1254 (-1)
0.7695 {—2)
0.2372 {-2)

k1 {Ry)

0.15
0.20
0.25
0.30
0.40
0,60
0.80
1.00
1.20
1.40
1.60
1.80
2.00
2.20
2.40

s
dE

0.3467 (-1)
0.2621 (-1)
0.2033 (-1)
0.1626 (-1)
0.1091 {—1)
0,5625 (-2)
0.3288 (-2)
0,2114 (-2)
0.1486 (-2)
0.1134 (-2)
0.9465 (-3)
0.8787 (-3)
0.9578 {—3)
0.1463 (-2)
0.1436 (-1)

0.3720 (-1)
0.2634 (-1)
0.2030 (-1)
0.1598 (-1)
0.1043 {-1)
0.5178 (-2)
0.2988 {-2)
0.1935 (-2)
0.1380 (-2)
0.1075 (-2)
0.9154 (-3)
0.8652 (-3)
0.9540 (-3)
0.1466 (-2)
0.1433 (-1)

0.3350
0.2196
0,1540
0.1107
0.6027 (-1)
0.2060 (-1)
0.7940 {-2)
0.3201 (-2)
0.1247 (-2)
0.3970 (-3)
0.5795 (-4)
0.1306 (-4)
0.2489 (-3)
0.1091 (-2}
0.5340 (-2)

0.4201
0.2211
0.1527
0.1081
0.5733 {-1)
0.1913 (-1)
0.7222 (-2)
0.2810 {-2)
0.1010 {-2)
0.2663 (—3)
0.1507 (-4}
0.5505 {-4)
0.3841 {-3)
0.1347 {-2)
0.5815 {-2)
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TABLE IV. The 8- and D-wave partia l oscillator
ngths for the 23P state of helium. The length andstrengths or e

V res ctively.velocity results are denoted by L and, pe
the wers of ten byThe numbers in parentheses are e po

which the entries are to be multiplied.

dfg
k~j {Ry)

0.15
0.20
0.25
0.30
0.40
0.60
0.80
1.00
1.20
1.40
1,60
1.80
2.00
2, 20
2.40

0,4146 (-1)
0.3280 (-1)
0.2546 (-1)
0.2046 (-1)
Q.14Q4 (-1)
Q.v23v (-2}
0.4149 (-2)
0.2512 (-2)
Q, 16Q6 (-2)
0.10V3 (-2}
0.7290 {-3)
0.5127 {-3)
0.3666 {-3)
0.2634 {-3)
0.1889 {-3}

0.4825 (-1}
0,3801 (-1)
0,2780 (-1}
0,2235 (-1}
Q.1485 (-1)
0.7489 (-2)
0.4253 (-2)
0.2812 (-2)
0,1701 {-2)
Q. 1156 (-2)
0.8104 {-3)
0.5819 (-3)
Q.4242 (-3)
0,3110 ( 3}
0.2255 {-3)

0.4484
0.3617
0.2891
0.2058
0.1272
0.5658 (-1)
0.2917 (-1)
0.1678 (-1)
0.1052 {-1)
0.7043 (-2)
0.4975 (-2)
0.3689 (-2)
0.2809 (-2)
0.2222 (-2)
0.1819 {-2)

0.3715
0.2884
0.2013
0.1223
0.5367 (-1)
0.2778 {-1)
0.1808 {-1)
Q.1010 (-1}
0.8748 {-2)
0.4734 (-2)
0.3459 (-2)
0.2617 (-2)
0.2047 {-2)
0.1859 (-2)

orcross "bound-state. wave functions used by Norcross.
The 8- and D-wave partial oscillator strengths

df~/ an/dE d df /dE for photoionization from un-
2'P and 2'P states of helium are tabu-polar ized an

lated for the energy range 0.15 ~k, ~~.4 in a
III and IV, respectively. The total cross sections

bt d by adding the t%'0 partial wa

contribution is dominant near the threshold in
both cases, and for the 2'P state the dominance
of the 'D-wave partial cross section extends over

'dered. The increasedthe entire energy range considered.
importance o ef th 2'P -E'8 transition at higher

energies ls a r 1tt 'butable mainly to the occurrence
of a zero minimum in the 'D cross section. The
agreement between the length and velocity results
ls vex'y goood except at the zero minimum.

tions for theThe total photoionization cross sections or
2 '8 and 2'8 states and for unpolarized 2 'P and

Fi . 1for2'P states of helium are shown in ig.
photoelectron energies in the nonresonant region
below the n=2 threshold. The cross sections for
photoionization romt' from the P states, while decreasing

thresh-more rapl y awa'dl y from the first ionization thres-
old, are pre lc e od' t d to be comparable to the 8 state
cross sections in the near-threshold region. In

'8 d 2'8 crossrevious calculation for the 1 an
ctlons e the continuum asymptotic expan

'~ ~ sion
lo d b Norcross" was incorporated in o

the collision code of Burke and McVicar so a
it could be operated for k', & 0.15. This procedure

linear threshold behavior as functions of wave-
length. This suggests that an accurate extrapola-
tion procedure should be possible.

ith the lowestThe resonant features associated wi
'8 'P 'D and 'P helium autoionizing states are

visible ' the semilogarithmic cross-sec-
tion plots presented in Figs. 2 and . ac p
wave contribution was fitted to the Fano line-shape
formula"

(12)
dE o 1+2

h
' defined in terms of the resonance

position E„and the width 1„according to the
relation

238

21
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CO 30z
{2

LLI
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I
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FIG. 1. The photoioniza-
tion cross sections for the
2'S and 238 states and for
unpolarized 2 'P and 23&
states of helium in the non-
resonant region, evaluated
using the length matrix el-
ements.
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TABLE V. The line-profile parameter qr and the
background oscillator strength {dfL /dE)0 obtained for
the lowest-lying tS, 3P, 'P, and tD helium resonances
using the length matrix elements. The numbers in
parentheses are the powers of ten by which the entries
are to be multiplied.

TABLE VI. The photoionization cross sections {in
units of 10 ' cm ) f'or unpolarized and aligned {ML 0

=1) P states of helium evaluated using the length ma-
trix elements. The numbers in parentheses are the
powers of ten by which the entries are to be multiplied.

Transition E,(eV) ' 1"„(eV)' 41 {Ry)

Unpolarized He atoms Polarized He atoms '

2'Z- (2s'} 'S 57.865 ~ .1.41 (-1) -29.30 9.487 {-4)
23S- {2s2P) 'Z 58.360 1.06 (-2) 1.521 (-2)

2.17 (-2) '
2 1~~ (2P2) 1D

2'8- {2s2P) 'I
60.025

60.269 4.38 {-2~

172.4 7.792 (-4)

76.21
64.V3'

8.1V5 (-3)
1.29 (-2)

' Reference ].3..
~ E„ is measured arith respect to the helium ground state.
" Reference 12.

( ) 1+12 +oL rQ (ff 0) . (ff 0) 0 0

(14)

times the width below the resonance position is,
therefore, attributable to the large positive value
of the line-profile parameter. In the case of the
helium metastable states, Table V indicates some
rather large discrepancies bebveen the line-profile
parameters and background oscillator strengths
obtained from the present calcul. ations and the
values reported by Norcross. " These discrep-
ancies may be accounted for by the assumption
that qL ~ is energy-independent vrhieh, as has been
pointed out by Norcross, "may not be valid for
large values of q~ .

For a polarized I.o state Gf the helium atom,
the total photoionization cross section may still
be expressed as an incoherent superposition of
individual L~ wave contributions given by Eq.
(10) provided the factor 1/2(2L, + 1) in the defini-
tion of the oscillator strength (11) is replaced by

0.15 2.983
0.20 1,983
0.25 1.406
0.30 1.024
0.40 5.743
0.60 2.116
0.80 9.057
1.00 4.288
l.20 2,204
1,40 1.235
1.60 8.103
1.80 7,194
2.00 9.735
2.20 2.061
2.40 1.589

(-1)
(-1)
(-2)
{-2)
(-2}
(-2)
(-3)
(-3)
(-3)
(-2)

3.952
3.183
2.376
1.825
1..139
5,148 (-1)
2.688 {—1)
1.556 (-1)
9.778 (-2)
6.547 (-2)
4.602 (-2)
3.374 (-2)
2.562 (-2)
2.005 (—2)
1.618 (-2)

3.258
2.178
1.550
1.134
6.426 (-1)
2.426 (-1)
1.070 (-1)
5.269 {-2)
2.854 (-2}
1.708 (-2)
1.194 (-2}
1.074 (-2}
1.374 {-2}
2.695 (-2)
2.190 {-1)

4.300
3.461
2.587
1.991
1.247
5.668 {-1)
2.973 (-1)
1,725 (—1)
1.085 (-1)
7.264 {-2)
5.096 {—2)
3.729 {-2)
2.823 (-2)
2.201 (-2)
1.767 (-2)

' Unpolarized photons.

linear polarizations, respectively. It is apparent
that measurements of the photoionization cross
sections for unpolarized and for aligned P states
of helium with circularly or linearly polarized
light would lead to separate determinations of the
individual S- and D-partial-wave contributions.

V. ASYMMETRY PARAMETERS

TABLE VII. The photoelectron angular-distribution
asymmetry parameter P for unpolarized 2 'P and 2~P
states of helium. The length and velocity results are
denoted by L and V, respectively. The numbers in
parentheses are the powers of ten by which the entries
are to be multiplied.

In the experimental investigation of photoioniza-
tion from the P states of helium by photoelectron

As an illustration of the effect of the atomic po-
larization for the ease of unpolarized light, the
photoionization cross sections for unpolarized and
for aligned (ML0=1) 2'P and 2'P states of helium
are compared in Table VI.

In the case of photionization from aligned helium
P states by right circularly (linearly) polarized
photons„with the atomic quantization axis chosen
along the photon propagation (polarization) direc-
tion. only the transition to the D-wave continuum
will occur. The photoionization cross sections may
then be obtained from Eg. (10) provided the D-wave
contributions given in Tables III and IV are first
multiplied by 1.8 and 0.9 for the circular and

u', {Iey)

0.15
0.20
0.25
0.30
0,40
0.60
0.80
1,00
1.20
1.40
1.60
1.80
2.00
2,20
cy 40

1.566
1.521
1.468
1.416
1.310
1.095
8.699 (-1}
6.269 (-1)
3.594 (—1)
8.690 (-2)

-7.228 {-2)
9.796 (-2)
5,322 (-1)
8.659 (-1)
6.019 (-1)

1.538
1.520
1.469
1.416
1.311
1.096
8.701 {-1}
6.170 (-1)
3.266 {-1}
4.163 (—2}

-5 417 (—2}
2.243 (-1)
6.514 (-1)
9.220 (-1)
6.260 (—1)

1.696
1.673
1.657
1.640
1,600
1.504
1.404
1.308
1.220
1.142
1.074
1.016
9.675
9.283
9.000

1.703
1.679
1.664
1.619
1.515
1.410
1.311
1.221
1.140
l.068
1.005
9.504 {-1}
9.058 {-1)
8.727 (—&}
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that the hypothetical values of P associated with
pure 8 and D transitions are 0 and I, respectively.

VI. CONCLUSIONS

The photoionization cross sections presented
in this paper should be accurate to within 10%%uz

or better. The introduction of Hylleraas terms
into the final-state continuum wave functions
would lead to greater precision and a more bal-
anced calculation.

Taking into consideration the available ex-
perimental techniques, it appears desirable to
attempt a measurement of the 2'P helium photo-
ionization cross section by excitation of a helium

gas with 2'P —1'S resonance radiation from a
helium discharge and subsequent ionization using
a tunable laser.
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