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Precision calculations of the energies of the (2p%) ®P¢ states of He and H- are carried out
with a Hylleraas-type wave function and are the lowest variational results yet obtained. The

associated wave functions are used to calculate the mass polarization of the state.

With the

reduced mass correction, the wave numbers of the transitions (1s2p) *P°— (2p%) °P° in He and
(252p) 3P — (2p%) ®P€ in H™ are found to be 312222 and 3783 cm™, respectively. This former
value is in disagreement with the experiment of Kruger (1930) who obtained 312118 cm™. The
discrepency between the experimental and theoretical values of 100 em s large enough to en-

courage renewed experimental observation.

I. INTRODUCTION

The (1s2p) *P° - (2p?) P° transition in He was
observed by Kruger! in 1930. He obtained 312 118
cm™! for this transition. The most detailed calcu-
lation of Aashamar? gives 312 217 cm™! for this
transition and it differs by 100 cm™ compared to
the experimental value. He calculated the eigen-
values of (2p?) ®P° states in He and H- by using
variational perturbation method of Hylleraas-
Scherr-Knight procedure. ® This method of calcu-
lation does not give any bound on the eigenvalues
obtained. In view of the discrepancy between the
theoretical and experimental results, it is appro-
priate to carry out a detailed variational calcula-
tion which gives an upper bound to the eigenvalues.
The eigenvalues obtained are lower than the results
of the other variational calculations.*~®

II. NONRELATIVISTIC EIGENVALUES

The most general P-wave function for even
parity can be written’

‘I’(Fn ir2)=[f(7’1, V2 7’12) +f(rs, 71, 7’12)] 01* (Q'); (1)

where the () is the rotational harmonics, depend-
ing on the symmetric angles 6, ¢, . The trial
radial function f(#y, 7, 74,) is of Hylleraas type and

TABLE I. Variational nonrelativistic energy E and
the mass-polarization correction E for He in units of
rydberg (R ). The nonlinear parameters are ¥ =0.786

is written as positive power expansions in terms of
71, V25 N2y namely’

f('rb 715 1’12) =e-<w 1 Brz)

X Z Z: Z: Clmnri 7}'217';.'2' (2)
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Since under exchange’
81, 0¥ (Q)=-22(Q) , (3)

the above wave function is antisymmetric in ex-
change and therefore refers to the triplet state. It
is of even parity” because of

® D (Q) =+ 0¥ (Q) . (4)
The expectation value of the energy is given by

E =(¥YH¥)/ (¥¥) (5)
where the Hamiltonian H (in rydbergs) is given by

H==Vi{-V5-22/r\-2Z/rp+2/r1s . (8)

The eigenvalue E and the wave function ¥ are ob-
tained variationally. The wave functions obtained
are used to calculate the correction to the eigen-
value due to mass polarization, which is given by

Ey=~©@m/M)(¥V,. V,0) . (7)
The resultant eigenvalue is given by

ET:E +EM . (8)

and 6=1.390. TABLE II. Variational nonrelativistic energy E and
N 5 By x10° the mass-polarization correction Ey for H- in units of
rydberg (Ry). The nonlinear parameters are y=0.48
20 1.42091341181 0.12518918 and 6=0.153.
35 1.42099575267 0.12526075 N _E E, x10°
56 1.421 000099 87 0.125 26776 o
70 1.421 00028102 0.125 268 33 20 0.250633 9181 0.83193836
84 1.421 000 28553 0.125268 24 35 0.250679 3267 0.82907873
90 1.421 000 299 90 0.125 268 26 56 0.250 704 3288 0.81986173
95 1.42100030200 0.125 268 26 70 0.2507070029 0.818446 92
96 1.421 00030303 0.125268 25 84 0.250707 1403 0.81839141
97 1.42100030414 0,125 268 24 90 0.2507094102 0.816 45284
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TABLE III. Comparison of the calculated values of nonrelativistic energies with previous calculations and experiment.
Author/System He H"- Remarks
Transition Transition
E (Ry) (152p)°P" = (2p)° F? (cm™") E (Ry) (252p)3P" — (2p9° P¢ (cm™))

Drake?® —0.2507008 3670 Variational, two non-
linear parameters

Drake and Dalgamob —1.420999 312220.99 Variation, two non-
linear parameters

Holdien® —1.421000299 0 312220.85 —0.250702012 Variational, one non-
linear parameter

Present calculations —1,421000304 14 312222, 224 —0.2507094102 3787.03¢ Variational, two non-
linear parameters

Aashamar® —1.42100031120 312217 —0.250653 6415 Variational
Perturbation®

Experiment” 312118t

2Reference 4.
PReference 5.
°Reference 6.

®Reference 2.

III. RESULTS AND DISCUSSION

The nonrelativistic energy E and the mass-polar-
ization correction E ; are given in the Tables I and
II as a function of the number of terms for He and
H", respectively. In Table III the present results
are compared with other calculations and also with
experiment. The present results for the eigenvalues
are lower than the other variational calculations.

The sharp line in far-uv regionwith wave number
312 118 cm™!, corresponding to a wave length
320. 392 f\, has been observed by Kruger! and is
ascribed by Wu® to the transition (1s2p) *P°- (2p%)
3p¢ in He. In order to compare with experiment,
we use the Pekeris® value - 4. 266 556 218 R, for
the energy of the (1s2p) 3P° state of helium in com-
bination with our theoretical value of the (2p?) °P¢
state. This gives rise to a line with wave number
312 222 cm™!, corresponding to a wavelength
320. 284 A. This number differs by that of Aashamar
by 5 ecm™, which is the contribution due to relativ-
istic corrections. ? The discrepancy between the
experimental and theoretical values is nearly 100
cm™. As noted by Aashamar also, this discrepancy
cannot be accounted for on theoretical grounds and
should be ascribed to the experimental errors. It
will be worthwhile to repeat the experiment to ob-

Yncludes mass polarization corrections.

'Includes mass polarization and relativistic corrections.

éReference 3.
PReference 1.
iSee Note added in Manuscript.

serve this transition in question.

The state (2p?) 3P in H™ can decay radiatively
into (1sKp) *P° continuum or to the (2s2p) *P°
autoionization state with a lifetime of 1072 sec. The
position and width of the autoionization state of H-
have been calculated accurately’® and are
—0.285194 02 Ry and 0.006 eV, respectively. Com-
bining with energy of the state (2p®)°P°, we find after
reduced mass correction, the transition should
give rise to a line of wave number 3783 cm™!. The
width of the line is dominated by the autoionization
width of (2s2p) *P° state and, therefore, should be
of the order of 0.006 eV, corresponding to 50.9
cm™,

Note added in manuscvipt. The transition (1s2p)
$p°— (2p?) ®P° in He is under reinvestigation by
Dr. J. L. Tech and J. Ward of the National Bureau
of Standards. The preliminary results appear to
agree very closely with the theoretical calculations.
More details will be given in their publication.
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