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Abstract

The electronic states of degenerate E, orbitals of d-levels in transition-metal ions coupled with vibrational modes
of ey are discussed on the basis of numerical calculation. This is the typical system of dynamic Jahn-Teller ef-
fects(DYTE): As the coupling of these electronic states FE, with e, vibrational modes expressed as Q1 and Q2 is
essentially non-adiabatic, we obtain structures of vibronic levels by the method of exact diagonalization. In addi-
tion, we investigate vibronic levels for systems in low-symmetric potentials, where the trigonal fields expressed as
b-(Q% —3Q1Q3) are taken into account. Using these results, we discuss features in level-structures for systems of

DYTE.
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1. Introduction

We investigate the electronic states of degenerate
E, orbitals of d-levels in transition-metal ions cou-
pled with vibrational modes of e, expressed as Q1
and Q2. This is the typical system of dynamic Jahn-
Teller effects (DYTE), which has been traditionally
discussed in the field of magnetism in transition-metal
compounds. [1]. The Hamiltonian Matrix H for bases
of E,4 orbitals is expressed as

A 0 Q1 Q2
g tagtt ng —Q1]
L@ QL (1)

where I is the unit matrix. Bases of electronic orbitals
E, are determined to be v = 32> — 72 > and v =
|#% — y* >. Here, k is the coupling parameter between
electronic states and vibrational modes. As well con-
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firmed, the corresponding adiabatic potential of (1)
has the Mexican-hut shape as shown in Fig.1, where
Q1 = pcosf and Q2 = psinf. The minimum occurs
at p = po = k/w? with an arbitrary value of . The
energy of the minimum is k?/2w?. Namely no static
point is given on this potential. In fact, vibronic lev-
els for quantum Hamiltonian has been discussed [2] as
the problem of DYTE on the basis of numerical cal-
culation in rather small dimensional Hamiltonian ma-
trices. Recently, this model has been investigated from
the viewpoint of the geometric phase.[3] Further, the
effect of the trigonal fields expressed as the anharmonic
term —(b/3)(Q% —3Q1Q3) has been also analysed as to
some low-lying levels [4]. In short, she has adopted the
low-energy approximation in which electronic states
are confined at po.

2. Present calculation

In this work, we perform the exact diagonalization of
the vibronic Hamiltonian without the approximation
used in previous papers [2,4]. As results, we can make
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Fig. 1. The adiabatic potential of Mexican-hut shape. Here, p is
\/ @2 + Q2. The potential has the minimum at p at pg = k/w?.
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Fig. 2. The dependence of vibronic levels on the coupling pa-
rameter k between electronic states and vibrational modes.
Here, the trigonal field is not considered.

quantitative discussion of DYTE in comparison with
observations in magnetic compounds.[5]

3. Results and discussion

In Fig.2, we show the dependence of vibronic levels
on the coupling parameter k between electronic states
and vibrational modes. Here, the trigonal field is not
considered. In this case, the energy matrix decomposes
into the matrices labeled by quantum number of the
total angular momentum ¢ which is half-integers of
m + 1 and m — 1. Here, m denotes two-dimensional
angular momentum in the space of (Q1,Q2). The frac-
tional angular momentums is caused by the degenerate
electronic states Ey, The doubly degenerate electronic
states treated here are non-Kramers doublets having
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Fig. 3. Level structures for the case with the trigonal field. The
value of k is fixed to be 1. The dependence on the strength
of trigonal field b is shown. Here, the braking of the axial
symmetry induces the additional splittings.

non-vanishing orbital angular momentum, though sig-
nificant repellings appear with increasing k. Because of
properties by the non-adiabatic coupling between elec-
tric states and vibrational modes (Q1,@2), the char-
acteristic re-appearances of the degeneracy are clearly
found with increasing k. The fact that £ with these val-
ues of half-integers is conserved originates from the the
axial symmetry of the adiabatic potential in Fig.1.

Further, level structures for the case with the trigo-
nal field are illustrated in Fig.3, where the dependence
on the strength of trigonal field b is shown. The value
of k is fixed to be 1. Here, the braking of above ax-
ial symmetry induces the additional splittings: Each
level can be assigned as A,B or E representation of Cs,
symmetry. We can find more vigorously repelling of vi-
bronic levels than that shown in Fig.2. Orbital angular
momenta are almost quenched as b increases. In par-
ticular, vigorously repellings near at b = 1 should be
noted.
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