Geometric Phase Effect in Non-Hermitian Theories
David M. G. Williams!?, Eirik F. Kjgnstad!?, and Todd J. Martinez!?

1Dept. of Chemistry, PULSE Institute (Stanford University), Stanford, CA, USA
2SLLAC National Accelerator Laboratory (Stanford University), Stanford, CA, USA

Understanding the spectroscopy of many Jahn-Teller systems necessitates the
correct treatment of conical intersections and their associated geometric phase effect,
EXe Jahn-Teller systems being a prominent example [1]. It has been well-
established that the topography around conical intersections between excited
electronic states is incorrectly described by coupled cluster [2] and many other single
reference theories: the intersections are “defective”. In coupled cluster theory, this
IS because the description of electronic same-symmetry degeneracies is flawed and
has a number of well-known non-physical artifacts [3,4] that can only be fully
removed by modifying the standard coupled cluster equations [5,6]. In spite of this,
we show both analytically and numerically that the geometric phase effect is
correctly reproduced upon traversing a path around a defective excited-state conical
intersection in coupled cluster theory.

The theoretical analysis is carried out by using a non-Hermitian generalization of the
linear vibronic coupling approach. Interestingly, the approach qualitatively explains
the characteristic (incorrect) shape of the defective intersections and intersection
seams. Moreover, the validity of the approach, and the presence of the geometric
phase effect, indicates that defective conical intersections are local (and not global)
artifacts. This implies that a sufficiently accurate coupled cluster method could
predict nuclear dynamics including geometric phase effects as long as the nuclear
wave packet never gets too close to the conical intersections.
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