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Test of the Pluvinage wave function for the helium ground state
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The accuracy of the Pluvinage wave function for the ground state of helium is investigated by considering
a number of different physical processes including double ionization by photoabsorption, Compton scattering,
and electron impact. In the high-energy limit of these processes, the accuracy of the initial ground state can be
ascertained without reference to the final double-continuum state. In this limit, we find that a Hylleraas
description is superior to the Pluvinage one. For intermediate energies, final-state correlation becomes impor-
tant, so we employ a 3C description of the final stéite 3C wave function is the double-continuum analog of
the Pluvinage wave functionin this case, however, better agreement with experiment is obtained with the
Pluvinage initial state. A possible explanation for this seemingly paradoxical result is suggested.

DOI: 10.1103/PhysRevA.70.012712 PACS nuniber34.80.Dp, 32.80.Cy, 32.80.Fb, 31.12&

I. INTRODUCTION tion by electron impact10] and photoabsorptiofi3]. It was

Continuum distorted wavéCDW) approximations offer a found that the 3C calculations are in b_etter agreement _With
relatively simple way of treating the few-body problem. For absolute measurements when the Pluvinage wave fu_nctlon is
N interacting charged particles, the idea is to diagonalize th&#sed for the initial stat¢as opposed to a wave function of
HamiltonianH in the N(N-1)/2 two-body interactions by the Hylleraaq17] type). On the other hand, when a nonper-
constructing a product dfi(N-1)/2 exact two-body eigen- turbative “convergent close-couplingCCC) approach is
functions. The primary advantage of this simple model is thagmployed for the the final staf&8], the use of the Pluvinage
itis realistic enough to provide considerable insight into few-function for the initial state yields much poorer results than a
body reactions. The primary disadvantage is, of course, thatlylleraas function. Here, we suggest a possible explanation
the part ofH that is neglected in constructing the CDW, for these conflicting results.
dubbed the “nonorthogonal kinetic energy” by Crothgrk One argument pertinent to the Pluvinage wave function
is not always negligible. for two-electron processes is that these are processes that can

CDW methods have been successful in describing ioneccur even in the limit where the nucleus chafyeanishes.
atom collisions for intermediate and higher energies since thghen, the Pluvinage initial state with the 3C final state ex-
mid 1960s[1-7] and, more recently, electron[8-10 and  actly treats the transfer of energy between atomic electrons
photonic[11-13 collisions with atoms. A CDW wave func- in processes where two electrons are ejected by photoabsorp-
tion, ¥cpw, shares a number of important properties with thetion, Compton scattering, or electron impact in the Born ap-
exact wave function/: (a) for three-body problems, it re- proximation. Of course, an expression that is exact in the
duces to an exact eigenfunction of the two-body problem ifimit Z—0 does not ensure that it will be accurate for
any one of the three particles is removeéll; it diagonalizes = 0: however, it shows that the double-scattering component
H in all two-body interactions(c) Hycpw, like Hy, has no  requires consistency of initial and final states.

singularities;(d) it satisfies the cusp conditions of Kaftb4] The double-scattering component is known to be impor-
at all two-body coalescence points; a@lit satisfies correct tant for double-electron ejection by Compton scattering at
asymptotic boundary conditions. intermediate energie$l9]. Alternatively, the high-energy

The Pluvinagg15] approximation for the ground state of |imit of these processes depends only on the initial-state cor-
two-electron atoms or ions may be considered a CDW. It igelation [20]. We will show that in this limit the Pluvinage
the product of(i) a hydrogenic & wave function for one wave function is unreliable, but the limit values improve
electron in the field of the nucleus of charge(ii) the same when corrections are introduced.
for the other electron; andii) a continuum Coulomb wave  This paper is organized as follows. In Sec. II, we discuss
for the electron-electron subsystem. The well-known 3Cihe Pluvinage and Hylleraas wave functions for the ground
CDW [16] is the double-continuum analog of the Pluvinagestate of two-electron atoms, and construct a two-parameter
wave function. wave function that is the sum d¢is, 1s) and(1s,2s) Pluvi-

Some interesting results have recently been obtained withage wave functions. Local energies for the Pluvinage, two-
a 3C description of the helium final state for double ioniza-parameter, and Hylleraas wave functions are also presented

and discussed. Next, we investigate various physical pro-

cesses using these wave functions. In Sec. Ill, we study the
*Present address: Physics Department, University of Missouri-high-energy limit of double ionization and “excitation-
Rolla, Rolla, MO 65409-0640, USA. ionization” (single ionization of the target atom with simul-
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taneous excitation of the residual target)iof He (and H) U k= Dn.o(r1) Pno(12)0(r12). (6)
by photoabsorption. In Sec. IV, we do the same for Compton v : z
scattering. In Sec. V, we consider 5.6-keV electron-impactere
double ionization of helium within the first Born approxima- 3
tion, using the 3C wave function for the final double- — | &z
. . ¢ns(r) 3 1Fl<

continuum state of the atom. Our conclusions are summa- n
rized in Sec. VI.

Atomic units (a.u) are used throughout, except where
specified otherwise, and we denote iyandr, the coordi-

1 —n,2;E> (7)
n

is the ns eigenfunction for one electron in the field of the
nucleus of charg&, and

nates of two electrons _relative to an infinit_ely massive 0u(r1p) = €12 F (1 =i, 2; 2k ) (8)
nucleus of chargeZ. The interelectronic coordinate is de-
noted byr,=r,=r,. is an(unnormalizeyl eigenfunction ofh,,, i.e., a continuum
Coulomb wave for the electron-electron subsystem. Here,
Il. GROUND STATE 7n=1/(2k) is the Sommerfeld parameter akds the wave

) number, which can be varied to minimize the energy. Al-
For a two—electron_ atom in a8 state(zero _tot_al angul_ar though it is not obviousg, (8) is a real function of the
momentun), the Hamiltonian may be written in interparticle complex variablek.

coordinatesry, r;,r15) as The Pluvinage approximation is simplistic in that only 1
H=hy+hy+hp+h (1) orbitals are considered for the electron-nucleus subsystems.
-

It also has only a single variational parameter, the wave num-
Here, hy, h,, and hy, are the Hamiltonians for each of the ber k of the Coulomb wave for the electron-electron sub-

three two-body subsystems acting independently: system. To approximate the exact solution to high accuracy
5 would require a complete set of orbitals, including the con-
1l ¢ 29 zZ . , . - i
h=-2| S+-—|-=, =12, (2)  tinuum. In an attempt to improve upon the original single-
20 dry ridr r parameter Pluvinage wave functiafp, while keeping the
desirable propertiesa)<e) (cf. the Introduction intact, we
and . ; ! A
include a(1s, 2s) Pluvinage configuration in a two-parameter
# 2 9 1 wave function
="t |t 3
ar rlzﬂrlz r12 (2) —
12 P =N 1y + Al o5+ o100 9
The cross 'Ferms for this nonorthogonal coordinate system arg o parameterk andA were chosen to minimize the energy
contained in
— ({2 2)
A __{riﬂiz-r%i r§+r§z-r§i} p) @ E=(?IHIy?). (10
X~ 2l Al 2501 Iy ]arg, Y n,k () is an eigenfunction oh; +h,+h;,, with eigen-

L value k2-Z9(1/n?)+(1/n3)]/2, which makes it easy to
and represent the nonorthogonal kinetic energy. derive (/) +(2/m)] y

The Pluvinage approximation for the ground state is given
by [19] Hy? = N[Ey 11 1+ A 2xthi ok + B 12,1001,
p(r1,r2,r12) = Njg 1, (5 (11
whereN is a normalization constant and where

F<2 n 3-—er1>

27r 2rqr
lF1<1 —n1,2;—1> rie
Ny

z2(1 1 1 Fi(2-i7,3;2kr) 1 1
Enl'nz'kzk2——<—2+—2>+z[(—+ik>1 d Thoe 12)—Ik] —+(1——)
2\n; n; 2 1F1(1=i%,2;2Krq,)

F (2—n 3-@>
v 7, r5+rf,=rf

27Zr, 21,00
1F1<1 - n2,2;—>

+ i+(1—£) (12
ny ny

We calculated the energgl0O) using three-dimensional normalization constant and the energy. The usual single-
numerical(Gauss-Legendjeguadrature. The optimal values parameter Pluvinage wave function is also summarized in
of k andA are listed in Table I, along with the corresponding Table 1. (It should be noted that Pluvinagd5] did not

2
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TABLE I. A summary of the variational parametdesandA, the
normalization constar¥l, and the mean ground-state enekgyor
the two-parameter wave functiaff?. The exact energyto three
significant digit$ is given in parentheses in the bottom row. For
comparison,k, N, and E are also given for the usual single-
parameter Pluvinage wave functi@ip (previously given for He by
Pluvinage[15]).

H™ He
p Y2 p y?
k 0.12 0.42 0.41 0.70
A -0.27 -0.11
N 0.332 16 0.312 92 0.603 37 0.637 70
E -0.498 -0.523 -2.88 -2.89
(-0.528 (-2.90

PHYSICAL REVIEW A 70, 012712(2004)
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0.5
T, (a.u.)

present results for H so even our one-parameter wave func-

tion ¢p is new in this caseg.lt is interesting that including a

(1s,2s) configuration increases the optimal wave number by

more than a factor of 3 for Hand by almost a factor of 2 for
He.

The effect of the(1s, 2s) configuration is much larger for
the negative hydrogen iofH™) than for helium(He). The

FIG. 1. A representative slicér;=r,=0.5 a.u) of the wave
function (top panel and the local energybottom panel for the
Pluvinage wave functioril5], the two-parameter wave function,
and the 20-parameter Hylleraas wave functig] for the ground
state of helium. The two-parameter wave function is the energy-
optimized sum of(1s,1s) and (1s,2s) Pluvinage wave functions.
The horizontal solid line is the local energy for the exact solution.

usual single-parameter Pluvinage wave function fails to pre-

dict binding for H (it yields a ground-state energy of

—-0.498 a.u., which is higher than the energy of a hydrogen

atom). Including the(1s, 2s) configuration not only leads to
binding, but to a substantially lower energy, —0.523 a.u.

H(2tPute™s)

Satbuce—)\s ! (16)

éa,b,c(sa ta U) =

We also investigated Hylleraas wave functions of theand is given explicitly by

form

Pu(s,t,u) = Ne™s D) C,p, SHOUC,

ab,c

(13)

wheres=r+r,, t=r;—r,, andu=r4, are elliptic coordinates

(see Ref[21] for the specific values of the parameters in the

case of the 20-parameter wave funcjiom these coordi-
nates, the Hamiltonian is written

g 2_2i_ 2 _ i
+u{s(u )t Sz)at

J
4s—

al
IU? d

gs ot
9
Ju

The local energy for the Hylleraas wave functi¢bh3d) is
given by

Sh

1

(14)

2 ea,b,c(s1ty u) Ca’bycsatbuc
HlﬂH _abce

n

: (15
E Ca’bycsatbuc

ab,c

where

_1 , a@-2xs-1) bb-1) c(c+1)
€abc— a -AT 2 - 2 - w2
a+(Z-N)s-b (@a=As) (U2 =t?) - b(u?- <9
- P -t? - (- t)u? '

17

Arepresentative slice;=r,=0.5 a.u) of the local energy
is shown in the bottom panel of Fig. 1 for the Pluvinage
wave function ¢p [15], the two-parameter wave function
2, the 20-parameter Hylleraas wave functigff® [21],
and the exact wave function for the ground state of helium.
The local energy for the exact wave function is, of course,
known to high precision—it is constant and equal to the
exact ground-state energy, whido six significant digitg is
—2.903 72 a.u[22]. The local energy provides a better test
of the structural quality of a wave function than the mean
energy, since the latter is just the expectation value of the
former.

The local energy for the Hylleraas wave function is poor
(becomes infinitgfor ry,— 0, as expected, corresponding to
the singularity in the electron-electron Coulomb interaction.
Forr,, greater than about 0.2 a.u., however, it is nearly con-
stant and very close to the exact energy. In addition, the
mean energy[21] for the Hylleraas wave function is the
same as the exact value to six significant digits. Thus, the

012712-3
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) T ' 1T TABLE Il. Ratios (in %) of single to total ionization for photo-

\ — § absorption by H and He, leaving the residual atom or ion in the

i - Huvmage state indicated and the ratRy (%) of double to total ionization in
---- Hylleraas L P . .

. the limit of infinite incoming photon energy. The results using the

Y 20-parameter Hylleraas wave function of Hart and Herzlj2dg,

&)
I
]

local energy (a.u.)
=)
I
|

L . Iabeledcﬂ(zo), are from Dalgarno and Sadeghpg@b]. The present
2 / results employ the Pluvinage functiafy and the two-parameter
I — function y/2.
1 1 1 1 I 1 1 1 1
“*o 0.1 0.2 H- He
ru(a.u.)
(20) (2) (20) 2)
FIG. 2. A slice (r;=r,=0.1 a.u) of the local energy for the Ui Ie i Y Ve 4
Pluvinage[15] and 20-parameter Hyllera§81] wave functions for 1 59.10 85.98 60.42 9294 96.75 94.19
;[Qsalg[;uer:d state of helium. The horizontal solid line is the exact, 38.85 8.28 38.45 4.45 1.46 4.67
- 3 031 117 056 055 027  0.28
positive and negative singularities in the local energy cancei 0-11 0.40 0.04 0.18 0.10 0.07
each other to high precision when the mean is taken. 0.05 0.18 0.01 0.08 0.05 0.03
In contrast, the local enerdy, ;i for the Pluvinage wave Ra 151 3.65 0.51 1.68 1.29 0.71

function [Eq. (12), with n;=n,=1 andk=0.41 a.u] remains
bounded forr;,— 0. However, away fronr,=0 it is not = i _ . )
nearly as close as the Hylleraas local energy to the exadpnization cross sections of helium-like atoms or ions by
energy. The local energy for the two-parameter wave funcPhotoabsorption in the limit of infinite incoming-photon
tion ¢/? is also shown in Fig. 1. It is obtained by dividing €N€rgy-:
Hy?, given in Eq.(11), by 4/?, given in Eq.(9). It is similar

2
to the Pluvinage local energy but is overall slightly closer to ‘fd3r2¢;|m(r2)¢i(0,r2)
the Hylleraas local energy. Importantly, the local energy for Ry=1-> (18)
the Pluvinage and the two-parameter wave functiomas nim 3 ’
flat. The Pluvinage local energy has a nearly constaah- J d°ral44(0,r)|

negligible) slope over the whole range of,. The local en-
ergy for the two-parameter wave function is only slightly Here,;(rq,r,) is the wave function for the initial state of the
flatter. We may therefore conclude that neither the Pluvinagévo-electron system. Each term in the sum of EB) rep-
wave functionygp nor the two-parameter wave functia”?  resents the probability for ionization of one electron while
is very close to the exact solution. the other remains bound in an eigenstatg, of the residual
The top panel of Fig. 1 compares the wave functions forion or atom with principah, orbitall, and azimutham quan-
r=r,=0.5 a.u. It is clear thag/? is closer toyj>” thanyp, ~ tum numbergi.e., the probability for excitation-ionization
and that a very small difference in the wave function forHere, our interest is when the initial stafg is the ground
ri,— 0 can produce an infinite change in the local energystate.
Thus, while examining the local energy is extremely useful, In Table Il, we present the relative percentages of single
an infinite local energyloes notimply [23] a large error in  and double to total ionization, calculated from E8) using
the wave function. three-dimensional numerical quadrature. We see that the
The local energy for the Pluvinage wave function is closerprobabilities are very sensitive to the description of the
to the exact energy than the Hylleraas local energy when afiround state. Including éls, 2s) correction to the Pluvinage
three particles are close togeth@eparations smaller than wave function leads to large changes and brings the results
about 0.1 a.u.; see Fig).2 into overall better agreement with the benchmark calcula-
Since the large deviations of the Hylleraas local energy irtions of Dalgarno and Sadeghpd@s5], which employed the
Figs. 1 and 2 are confined to such small regions, it seem80-parameter Hylleraas wave functiopf_fo) of Hart and
unlikely they imply a large error for the wave function in Herzberg[21]. In particular, the(1s,2s) configuration has a
these regions. Moreover, even a relatively large error for theery large effect on thesexcitation-ionization cross section,
wave function in such a small region should not significantlyespecially for the negative hydrogen ion, leading to much
affect the high-energy limit of the two-electron processesmproved agreement with the calculations of Dalgarno and
investigated below, sincelyy,~Eyy (whereE is the exact Sadeghpouf25]. On the other hand, results for single ion-
energy over mostof the region that contributes to these pro- ization with simultaneous excitation to higher states, as well
cesses. as double ionization, are not in good agreement, especially
for helium (in the case of double ionization of helium, there
Ill. PHOTOABSORPTION is experimental evidenc§26] _that the ratioR, predicted by
the Hylleraas wave function is accuraté/e believe that this
In 1960, Dalgarno and Stewd24] derived a simple for- indicates that the contribution from continuug@as well as
mula for the ratioR, of double to totalsingle plus double higher bound-stajeorbitals is important. Thus, our two-

012712-4
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TABLE lII. Ratios (in %) of single to total ionization for Comp- 0.02 —— T
ton scattering of a photon off Hand He, leaving the residual atom
or ion in thenl state indicated and the ratiR: (%) of double to L
total ionization in the limit of infinite incoming photon energy. The
results using the 20-parameter Hylleraas wave function of Hart and
Herzberg[21], Iabeled¢(2°), are from Suid et al. [20]. The present
results employ the Pluvinage functiafp and the two-parameter
function ¢42). r

0.01

FDCS (a.u.)

H - He 0 L L 1 ] 1 1 ] 1
0 90 180 270 360

20 20) angle (de;
A R e o R S gle (deg)

1s 79.68 88.02 78.71 96.00 97.15 96.20 FIG. 3. FU”y differential cross sectio(rIFDCS in the scattering
s 18.53 4.06 18.73 249 0.78 278 plane for 5.6-keV electron-impact double ionization of the ground

state of helium. The incident electron is scattered 0.45° and the
2p 0.75 3.00 0.93 0.16 0.51 0.12 ejected electrons have equal enerdig8 eV). One of the ejected

3s 0.06 0.55 0.26 0.28 0.14 0.14  electrons is observed at the fixed observation angle of 41° and the
3p 0.09 0.47 0.33 0.03 0.10 0.06 FDCS is presented as a function of the ejection angle of the other
4s 0.03 0.18 0.02 0.09 0.05 0.03 atomic electron(all angles are measured in the same sense relative
4p 0.03 0.16 0.10 0.01 0.04 002 O the forward beam directignThe absolute measuremerisolid

circle are from Lahmam-Bennarget al. [27]. The calculations
were performed in first Born approximation using the 3C wave
function for the final double-continuum state of the atom and dif-

D) i ekill infard ferent initial ground states as follows. Thick solid line: Pluvinage
parameter wave funCt'O'ﬁ( is still inferior to the Hylleraas wave functionyp. Dot-dashed line: two-parameter wave function

wave function, which implicitly includes such contributions. ;2 \hich includes a(1s,2s) correction to the Pluvinage wave
function. Dashed line: 20-parameter Hylleraas wave funo&’rﬁ??.
IV. COMPTON SCATTERING Dotted line: three-parameter Hylleraas-type wave funciih

Suri et al. [20] derived a formula for Comptoinelastic
photon) scattering analogous {d.8)

Re 0.69 3.10 0.80 0.80 112 0.58

was introduced. In this model, the final double-continuum

state of the atom is given by the 3C wave function and the
2 initial ground state is given by the Pluvinage function.

f CrodymT)Ui(rLr)| . (19 It was shown that the use of the Pluvinage wave function

for the ground state leads to improved agreement with the

In Table 111, we present the relative percentages of single an§Verall magnitude of absolute measuremefi#t| as com-
double to total ionization, calculated from E(L9) using Pared to a three-parameter Hylleraas-type functigl,
six-dimensional numerical quadrature. We again see that th&hich leads to cross sections about 65% too large. It can be
probabilities are quite sensitive to the description of theS€en ggm Fig. 3 that the 20-parameter Hylleraas wave func-
ground state. Including éls, 2s) correction to the Pluvinage tion ;™ of Hart and Herzber@21] leads to results not very
wave function leads to large changes and brings the resuldfferent from the three-parameter ones. It can also be seen
into better agreement with the benchmark calculations of Suthat adding &1s, 2s) configuration to the original Pluvinage
ri¢ et al. [20], which employed the 20-parameter HylleraasWave function raises the overall magnitude of the cross sec-
wave function[21]. As for photoabsorption, the improve- tion significantly, leading to strong disagreement with obser-
ment is largest for €excitation-ionization and larger forH  vation. Note that including &ls, 2s) correction to the Pluvi-
than for He. It is also clear that our calculations using thenage wave function means that the nonorthogonal kinetic
two-parameter wave functiog/? are in better agreement €nergy is no longer being neglected in the formation of the

with Hylleraas results for Compton scattering than forinitial state. Since itis neglected in the 3C final state, it
photoabsorption. seems possible that the transition amplitude could be con-

taminated by spurious contributions from using an inconsis-
V. ELECTRON IMPACT tent treatment of the initial and final states of the helium
atom[29].

In this section, we consider electron-impact double ion- The above explanation is based on experience with earlier
ization of helium at high incident-electron energy and smallcalculations[10,13; however, there are more basic reasons
momentum transfer, with a very large difference in energyfor maintaining consistency between initial and final states
between the projectile and either ejected electron. Undewhen computing transition probabilities. First, it is usually
these conditions, the use of the first Born approximatiortrue that the error in transition probabilities computed using
(FBA) is justified. approximate wave functions is of first order in the error of

The motivation for the present work was provided by athe wave functions. With special procedures to maintain con-
recent Letter[10], where a “3C-Pluvinage” model for sistency between initial and final states, it is sometimes pos-
electron-impact double ionization of helium within the FBA sible to obtain transition probabilities that are of second or-

Re=1-2 | dy

nim

012712-5
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der in the error of the wave functiofi30,31. In this case, an (the analog of the Pluvinage wave functjpthen the use of
inferior initial state could nonetheless give more accuratghe Pluvinage function for the initial state evidently leads to
transition probabilities. more accurate transition probabilitiésee Fig. 3, and Refs.
[10,13). The 3C wave function approximates the three-body
final state as a product of three two-body states. For interme-
diate and lower energies, the part of the Hamiltonian that is
We constructed a two-parameter wave function for theneglected in constructing the 3C wave function is not negli-
ground state of helium that is the sum of the origift, 1s) gible, which means that the model of the helium atom for
and a(1s,2s) Pluvinage wave function. The purpose of this Which the 3C wave function is an exact solution differs sig-
was to test the accuracy of the original Pluvinage wave funcbificantly from the “full” model. One possible explanation
tion. Although our primary interest is the helium atom, we for the conflicting results is that the use of the Hylleréaas
also considered the negative hydrogen ion to gain a mor8ven the exagiground-state wave function leads to spurious
general perspective. f:o.r_ltnbunons., since different models are used for the atom
We compared local energies for the Pluvinage wave funcinitially and finally. . .
tion, the two-parameter wave function, the 20-parameter If this conjecture is true, then it also helps explain the
Hylleraas wave function, and the exact wave function for theP0Or results obtained in Ref18] when the Pluvinage wave
ground state of helium. Thi@urely theoreticalcomparison fpnctlon is used for the initial state, since the Pluvinage ini-
immediately suggested that the Hylleraas wave function iéial state is obtained by neglecting the cross terms of the
generally closer to the exact solution than the Pluvinagéinetic-energy operator expressed in interparticle coordinates
wave function. (the nonorthogonal kinetic energwhile the CCC final state
We considered the high-energy limit of double ionizationiS obtained from the full Hamiltonian. Combining the CCC
(and single ionization with excitatigrby both photoabsorp- final state with the 20-parameter Hylleraas initial state
tion and Compton scattering. In this limit, only initial-state Should provide a consistent treatment of the two-electron
correlation is important and the quality of the two-electrontransition. Nevertheless, CCC-Hylleraas resiit8] are not
atomic ground state can be ascertained without reference t8 agreement with the overall magnitude of the absolute mea-
the final double-continuum state. At infinite incoming-photon Surementg27] for electron-impact double ionization of he-
energies, the Pluvinage and 20-parameter Hylleraas wavéim. (They are, however, in agreement with absolute photo-
functions yield very different results, especially for single @bsorption measurements; see RE28|.) Thus, further
ionization with simultaneous 2excitation of the residual €xperimental and/or theoretical work is needed to resolve
ion. When a(1s, 2s) correction to the Pluvinage wave func- these issues.
tion is included, however, the results fors Zxcitation- [N light of these findings, we would modify conclusi@in
ionization for both photoabsorption and Compton scattering? the abstract of Jones and Madis¢h0] by replacing
in both H™ and He become quite close to the Hylleraas val- POOr” with “inconsistent,” since a Hylleraas description is
ues. It should also be noted that we observed a small overdlot Poorper se but evidently leads to poor transition prob-
improvement in the local energy and that the wave functiorfPilities when combined with a 3C description of the final
itself moved closer to the Hylleraas function. In the case oftate. As noted in the Introduction, poor transition probabili-
photoabsorption, experiments have confirmed that the Hy|L|es _W|th inconsistent initial and final st_ates are particularly
leraas wave function yields an accurate asymptotic ratio foPertinent for two-electron processes since these can occur
double-to-single ionization of helium. Both the Pluvinage €ven in the limitZ—0.
and two-parameter wave functions fail to predict the correct
ratio. These observations provide additional evidence that the ACKNOWLEDGMENTS
Hylleraas function is generally closer to the exact solution We thank Bill McCurdy for suggesting a sum of Pluvi-
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