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Lifetime of the 1s2p 3d F9/2 metastable state of Li-like ions
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The metastable highest-spin F9/2 state among 1s2p 3d configurations of three-electron ions has
unique characteristics. The decay rates of this state have been calculated relativistically by the mul-
ticonfiguration Dirac-Fock approach for ions with atomic numbers from Z =6 to 42. The major
decay channels are found to be Auger transitions made possible by the Breit interaction, as well as
2s-2p and 3p-3d electric dipole, 2s-3d electric quadrupole, and 1s-2p magnetic quadrupole x-ray
emission. The Auger rate scales as Z, the 2s-2p3/2 E1 radiative decay rate as Z ', the 2s-3d&/2
E2 rate as Z, and the 1s-2p3/2 rate as Z . The differential metastability among the 1s2p3d F
fine-structure states caused by the effect of relativity is noted.

I. INTRODUCTION

The 1s 2p 3d F9/2 state of doubly excited three-electron
ions is unique among the F states of these systems. For
the other ls2p3d FJ (J= —, , —, , —,) states, Auger decay
and electric-dipole radiative transitions are forbidden in
L,S coupling, but these channels are opened through spin-
orbit coupling with doublet states' and thus become the
dominant decay mechanisms. The effects of relativity
play a major role in the decay of these states. ' Quite
different are the decay characteristics of the F9/2 state of
three-electron systems, which is immune to the spin-orbit
interaction. In this paper, we report on an investigation
of the decay modes and lifetime of this highest-spin F
state. Leading decay modes are found to be radiationless
transitions, electric-dipole transitions in which the princi-
pal quantum number does not change, 1s-2p magnetic-
quadrupole, and 2s-3d electric-quadrupole transitions.

The other states of the 1s2l2I' and 1s2l3l' configura-
tions of Li-like ions have been studied previously. '
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In the multiconfiguration Dirac-Fock (MCDF) model,
a physical state i with total angular momentum JM is ex-
panded in terms of n configuration state functions (CSF)
as

(4)

Here, the mixing coefficients C;~ are obtained by di-
agonalizing the energy matrix

The reduced multipole matrix element in Eq. (3) can be
expressed in terms of a CSF basis as" '

where the a; are Dirac matrices, and co is the wave num-
ber of the exchanged virtual photon.

The spontaneous transition probability for a discrete
transition i ~f in multipole expansion is given in pertur-
bation theory by'
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with wave function P; to a final state f with wave func-
tion tj'tI, in the frozen-orbital approximation, is
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where p(e) is the energy density of final states.
The two-electron operator V tt in Eq. (1) is taken to be

the sum of the Coulomb and Breit operators, which in
atomic units is

Here, the d~~()t3, a) are the CSF-dependent angular factors.
The one-electron reduced matrix elements (p

~ ~
TL

~ ~q ) of
electric and magnetic types are defined in Ref. 10.

The energy levels and bound-state wave functions were
calculated using the MCDF model with an extended
average-level (EAL) scheme which minimizes the statisti-
cally averaged energy of all the levels. In the present
work, separate EAL calculations were performed for
1s 2l 3l' and 1s 3l states. The final Auger state is
represented by a 1s single configuration. The transverse
Breit and radiative corrections were taken into account
through first-order perturbation theory.
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scales as Z '; this represents a much stronger Z depen-
dence than that of allowed Auger transitions due to the
Coulomb interaction, which scale with the first power of
Z. The radiative rates are found to scale as Z ' for 2s-
2p3/2 E1, Z ' for 2s-3d5/& E2, and Z for 1s-2p3/2
M 2 transitions.

In Fig. 2, the lifetimes of the 1s2p3d F fine-structure
states are compared. The Auger and radiative rates for
FJ states with J= —,, —,', and —, were taken from Ref. 1.

The lifetimes of the F3/2 F5/2 and F7/2 states might be
uncertain by as mush as a factor of 2 in the low-Z region.
The lifetime of the F9/2 state is found to be about two or-
ders of magnitude longer than that of the other F fine-
structure states at Z =12. The disparity in the lifetimes
of the fine-structure states of the low-Z ions is caused by
the effect of relativity. The differential metastability of
the fine-structure states has been observed in the other
quartet states of Li-like ions. ' ' Experimental tests of
the present theoretical predictions could probably be car-

ried out by beam-foil spectroscopy of low-Z ions
more extensive experimental possibilities will arise with
the advent of suitable heavy-ion storage rings. '
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