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ENERGY SPECTRUM OF Hen IN A STRONG MAGNETIC FIELD
AND BOUND-BOUND TRANSITION PROBABILITIES
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(Received 8 November, 1972)

Abstract. The ground state energy of the Hen (singly ionized helium) atom is determined in magnetic
fields up to 1012 G. The 13 lowest excited states and bound-bound transition probabilities are cal-
culated in magnetic fields from 107 to 10°G.

The discovery of strong magnetic fields in pulsars and white dwarfs (Kemp, 1970b;
Kemp et al., 1970) has led to an investigation of the properties of atoms and ions
in magnetic fields so strong that conventional perturbation theory is inadequate. The
ground state energy of hydrogen has now been determined for fields up to 10'?* G
(Rajagopal et al., 1972; Smith et al., 1972). The lowest excited states and the cor-
responding bound-bound transition probabilities for hydrogen in the region 107—
10® G have also been calculated (Smith et al., 1972, 1973).

In this paper we present a similar calculation of the ground state energy of singly
ionized helium in fields of up to 10!'? G; and, in addition, the first 13 excited states
and bound-bound transition probabilities in fields of 10’-10° G.

The Hamiltonian for a hydrogen-like ion of charge Z in a magnetic field B oriented
along the z-axis is (neglecting spin)

H,= p—z - z + oL, + tuwir? sin?@, (1)
2u r
where
eB
Wp = 2—‘uc .

As previously pointed out (Rajagopal et al., 1972) the eigenstates can be labelled
by the eigenvalues of L, and the parity. The trial solution is of the form

Vo (1) =Y, = Zl:{aﬁ”r’ + 611} My, (6, 4), 2

where /=0, 2, 4... for even parity, /=1, 3, 5... for odd parity, the f®’s are the va-
riational parameters and a®, b® the coefficients determined in the calculation.
Figure 1 gives the ionization energy of the ground state of He 11 as a function of
the magnetic field B (curve (a)), as compared to that using perturbation theory
(curve (b)).
In Figure 2 we present the energy spectrum for the 13 lowest excited states for
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Fig. 1. The ionization energy of the ground state of Hem as a function of the magnetic field B
(curve (a)), as compared to that using perturbation theory (curve (b)).

fields from 10° to 10° G. The labelling corresponds to the hydrogenic energy levels
in the absence of a magnetic field. The calculation of the transition probabilities is
similar to that of hydrogen (Smith et al., 1973).

In the electric dipole approximation, the probability per unit time for an atom
to undergo a transition from state m to m’ and emit radiation of frequency w,,,,=

=(E,—E,/)/h in the polarization direction é, into a solid angle dQ is (cf. Smith
et al., 1973)

A dQ=ia), <m'[<V+i~uw§xr>-élm>2dQ 3)
m’'m 27_[#203 m'm h L q ’
where
1
é‘il:——}_-m(éxiiéy); é0=éz.

2

We may rewrite 4,,.,, in terms of the dipole length matrix element R,,.,,= (m’|r|m) as

COS IRm’m'éq|2 dQ, (4)
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Fig. 2. The energy spectrum for the 13 lowest excited states for fields from 108 to 10°G.

For spontaneous emission in the dipole approximation we have two of the usual
selection rules: parity change and 4m=0,+ 1. Using (1) and (2) we have calculated
transition probabilities in the dipole length and momentum approximations. As in
the case of hydrogen, we find that with the exception of a few cases, where the energy
level seperations are small, the results are the same. Tables I, II, III give the wave-
lengths, in A or u, on the first row and, 4,,., in 10® s, in the dipole length ap-
proximation on the second row; and Table IV gives 4,,,, in the dipole length and
momentum approximations (whenever there is a difference), for fields of 107, 108,

10° G.
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TABLE IV

Transition probability Am'm[10® s~1] from Equations (3)
and (4) for B=10°G, in the dipole length (L) and the
dipole momentum (p) approximations.

Transition L P

3d_1-3po 0.525(—1) 0.509 (—1)
3do-3p_1 0.396 (—3)2 0.376 (—3)
3do-3po 0.301 (—2) 0.352 (—2)
3do-3p1 1.28 1.22
3s0-3p_1 0.323(—1) 0.620 (—2)
3s50-3po 0.450 0.400
3s0-3p1 0.111 0.212(—1)
3d1-3po 0.251 0.243

8 1.0(—1)=1.0x 101
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