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Comment on the lifetime of the Li 1s2p® 2P state: How probable is radiative autoionization?
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The 1s2p? ?P state of lithium can autoionize by decaying radiatively into the adjacent continuum. The
probability is smaller than the discrete transition probability to the ground state 15°2p *P° and equal to the
decay probability to the 2P° Rydberg series. Our thecretical lifetime, 7 = 0.041 X 10~? sec, differs from the
experimental value of 7 = 0.015+4-0.01 X 10~° sec. The mechanism of radiative autoionization affects. the
deexcitation dynamics of many valence excited states of neutral species.

I. INTRODUCTION

In a recent paper,’ Fox and Dalgarno presented
atheoretical result for the lifetime of the Li 1s2p22P
state from large configuration-interaction (CI)
calculations. Their value (7=0.054 X 107 sec) is
in substantial disagreement with a recent experi-
mental value? (7=0.015+0.01 X 10 sec).

In view of the seemingly high accuracies of both
theory and experiment, we carried out a rigorous
calculation of this lifetime taking into account all
possible modes of decay. The Fox-Dalgarno cal-
culation took only the 1s2p®2P —1s%2p2P° transi-
tion into account. )

Our result, 7=0.041 x107° sec, does not resolve
the discrepancy and suggests that the experimental
value is in error.

Examination of the energy spectrum of Li and its
ions reveals that the 1s2p?2P state cannot decay to
the adjacent continuum (it lies at about 56.3 eV
above the Li* 1s®'S state®) via its own nonrelativ-
istic Hamiltonian. Direct relativistic autoioniza-
tion or indirect, via the other terms of the same
configuration, is considered negligible.

However, there is another possibility for decay
into the continuum and this is via the perturbation
of electric dipole matter-radiation interaction.

We shall call this process radiative autoionization
(RA).

II. RADIATIVE AUTOIONIZATION IN NEUTRAL SPECIES

The phenomenon of RA in neutral species is ana-
logous to the radiative Auger effect observed in
positive ions in the x-ray region.*™® It is also
analogous to the process of autodetachment com-
puted previously’ for the metastable °P states of
the negative ions H™ and Na~ whose spectra do not
have any bound states of *P°, 35° or 3D° symme-
try.

It is a one-photon two-electron emission trans-
ition with one of the two electrons ejected into the
continuum. It is described by the following mech-
anism:

M:lec. dipole_'M++e-+hV (1)
with
(B, —Ey ) =E +hv=2a, (2)

where E, is the kinetic energy, M* is the at-
omic (molecular) initial excited state, and M* is
the final ionized state. The system (M*+e”) has
different parity than M*.

We note that mechanism 1 can, in principle, in-
duce molecular dissociation if its probability is
high. For instance, a hypothetical example is

)

He; 1o, 1031n% *2 R4, He,10%10+e  +hv
—L—~2He+e +hv.

In neutral atoms, inspection of the existing ta-
bles of atomic spectra® and of recently observed
new excited states® reveals the existence of a
few valence excited stable states for which RA is
possible, e.g.,

C 252p°38°_RA _ C* 2522p2P°+¢" +hv,

K 3p°4s22po_RA _K* 3p®iS+e  +hv,
(3)
O 2s2p°3P° _Rra_, 0*25%2p°S°+e ™+ hy,

Li 1s2p%2P_RA _Li* 1s%'S+e " +hv.

For O, this decay mechanism complements the
usual ones discussed and analyzed before.®***® How-
ever, we estimate that, due to the small overlap
(¢p |2p) (ep,2p are Hartree-Fock orbitals) and the
small A, its probability is very small, Of
course, many other atomic states can be thought
of as candidates for RA especially those with
large A (i. e,, inner hole states such as the
B 1s2s22p? 2P) or those for which other impor-
tant decay channels are closed (e.g., He”
152p*2P—He 1s® +e~ +hv-, The Li 1s2p?%P
state which we examined is a borderline case.
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[II. CALCULATION OF THE Li 1s2p® 2P LIFETIME: AN
APPLICATION OF A FIRST-ORDER THEORY OF
OSCILLATOR STRENGTHS (FOTOS)

The calculation of the Li 1s2p?2P lifetime was
carried out within the general scheme of a recent-
ly developed many-body theory of photoabsorption
called FOTOS."'™® The Fermi sea''’'? of the Li
2p state is spanned by the 1s2p? configuration only.
Then, the first-order symmetries (FOS) of 2P°
overall symmetry, which are dictated by symme-
try quantization, are s%p, spd, p°. The trans-
itions of interest can be obtained by imposing the
radial (enevgy) quantization on the s?p FOS. It
follows that decays can occur to the discrete spec-
trum, i.e., the 1s®zp2P° Rydberg series, and to
the continuous spectrum, i.e., the autoionizing
1s [(252p) 3P°]2P° and scattering 1s%ep?P° states.
Thus, the lifetime of the Li 1s2p?2P state is given
by .

T= (Zw: A,CP—~1s’np?pP°)

n=2

A -1
+f dEAE(ZP-—1s2s2p2P",1s2Ep2P°> .(4)
[0

From the computational point of view, apart
from the Hartree-Fock (HF) orbitals for the dis-
‘crete and autoionizing states, Slater-type-orbitals
(STO) were used to describe electron correlation
in initial (1s2p®2P) and final states. The FOTOS
analysis indicates that correlation is relatively
unimportant for these Li transitions (i.e., the HF
f values are fairly accurate). For example, the
ground state of ?P° symmetry was expanded in
terms of only 11 vectors while the 1s2p?2P in
terms of 8. The HF coefficients were 0.9999 and
0.9974, respectively.

The continuum states were approximated by a
Coulomb function,** R(E;Z ,,). Since the matrix
elements involving Coulomb functions are very
sensitive to the choice of the effective nuclear
charge Z ., this choice was made consistent by
utilizing the well-known property of the continuity
of the oscillator strength across the ionization
threshold. Since electron correlation effects on
‘the transition amplitudes of the 1s2p%2P — 1s%up, Ep
transitions are very small, the continuity condi-
tion was practically reduced to

1}}3}”2““"17{2?}]2:?3? |<EP‘217>F . (5)

By explicit computation of n_,, and (p|2p) for
n<"T and extrapolation to large » we obtained a
Z,=1.01. The overlap integrals (Ep|2p), which
in fact give rise to RA for most examples of Eq.

TABLE I. Oscillator strengths for the Li 1s22p2P°
—1s2p% 2P transition. Note that, due to the orbital struc-
ture and symmetry of the states involved, the effect of
electron correlation is very small. The three forms
yield comparable results in the HF and FOTOS approxi-
mations (see Ref. 16 for a similar case involving K-
shell electrons). Our FOTOS computations employed
wave functions obtained from a 11 x 11 CI with optimized
virtuals for the ground state and a 8 x8 CI for the ex-
cited state.

This work
Hartree Fock FOTOS Reference 1
fL fv N L fv fa L
0.128 0.126 0.163 0.134 0.122 0.158 0.121

(3), were done analytically using the integral rep-
resentation of the Coulomb function* and an ex-
pansion of the 2p HF function in terms of 2p STO’s.
The overlap integral is then given by a sum of in-
tegrals of the type

I= f r3dre"R(E; Z o4,)
0

_ §_<Zeﬁ(1 +y2)>
N '_EZ (1 _e-2m/)

with

1/z (2“— V) v cot™!
(Z17° u (6)

=2, /VIE, p=t/VIE.

I reduces to a constant in the limit E -~ 0.

The results of our Li computations are presen-
ted in Tables I and II, together with the experi-
mental lifetime of Buchet et al.? and the theoreti-
cal f value for the 1s%2p2P°—1s2p®2P transition
and corresponding lifetime of Fox and Dalgarno.
It is seen that RA is a factor-of-10 less probable
than the discrete transition at 207 A. In the length
formulation, it has an 8% contribution to the total
transition probability while another 9% is taken up
by the Rydberg series. In the velocity formula- '
tion, these percentages become 11% and 10%, re-
spectively.

We point out that the Rydberg-series contribution
for n>1T was estimated by employing the small-»
expansion for the hydrogenic np in the overlap in-
tegral (up |2p). Two infinite series result, multi-
plying a constant factor which was deduced from
(Tp | 2p), one depending on n™ and the other on n™,
which were evaluated using tabulated Riemann ¢
functions.'® The Rydberg n=3-T7 members de-
crease the lifetime due to the 1s2p® — 1s22p trans-
ition by about 10% and the » =8-« members by
another 0.6%.
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TABLE II. Transition probabilities and theoretical lifetime of the Li 1s2p?2P state from FOTOS calculations (length
and velocity forms) and comparison with previous theory and experiment. Radiative autoionization contributes 8%—11%
and the Rydberg series another 9%—10%. A= E(Li* 1s®1S) — E(Li 1s2p?%P)=2.07 a.u. The integrated continuum transi-
tion probability includes a contribution of 1.2 X 108 sec! from the ls[(:Zszp)3 P ipe autoionizing state and (3 x 10-6) x 108

sec! from the 1s[(252p)!P°] *P° autoionizing state (length form).

Transition probabilities

Lifetime of the Li 1s2p%?%P state

(sec™) (sec)
FOTOS Ref. 1 : Experiment
Length Velocity Length This work Ref. 1 (Ref. 2)
1s2p%2P—~15%2p 2P° 208 x108 189 x108 185 x 108 0.040 x 10-° (length) 0.054 x10-®  0.015 +0.01 x 10~

—3p 13.5 13.9 0.042 x 10~ (velocity)
—4p 3.8 4.0
—5p 1.7 1.8
—6p 0.9 1.0
—T7p 0.5 0.5
——Z np 1.5 1.7

=8

A

= dE 19.1 26.2
Total 249 x10% 238.1 x108

IV. CONCLUSION

The herein proposed deexcitation mechanism for
neutral species of radiative autoionization is not
sufficiently probable to explain the existing dis-
crepancy between theory' and experiment® for the
lifetime of the Li 1s2p®2P state. In view of the
completeness of our calculation, we consider the
theoretical value of 7=0.041 X 10™ sec tobe a reason-
ably accurate one. This and other preliminary

studies on RA!" indicate that this phenomenon might
be a non-negligible component of the decay dynamics
of a certain class of excited states, producing con-
tinuous radiation over a wide range of short wave-
lengths. For example, it may be importantinthe ra-
diative deexcitation of Ne*1s2s22p®2Swhich has been
studied before through approximation.® Along iso-
electronic sequences, it is more probable on the
neutral end due to the larger magnitude of the
overlap integrals of the discrete with the continu-
um orbitals.
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