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The structure of the second-order non-Born-Oppenheimer den-
sity matriz D2:1 EDUARDO LUDENA, CIDNA-ESPOL, Guayaquil, Ecuador,
PETER IZA, Department of Physics, ESPOL, Guayaquil, Ecuador, YOSSLEN
ARAY, MAURICIO CORNEJO, CIDNA-ESPOL, Guayaquil, Ecuador, DIK ZAM-
BRANO, Department of Physics, ESPOL, Guayaquil, Ecuador — Properties of the
non-Born-Oppenheimer 2-matrix are examined. Using a coordinate system formed
by internal translationally invariant plus the total center-of-mass coordinates it is
shown that regardless of the point of reference selected, the operator for the reduced
second order density matrix, 2-RDM, solely depends upon the translationally invari-
ant internal coordinates. We apply this result to examine the nature of the 2-RDM
extracted from the exact analytical solutions for model non-Born-Oppenheimer four-
particle systems of the Coulomb-Hooke and Moshinsky types. We obtain for both
these models explicit closed-form analytic expressions for the electron and nuclear 2-
RDM. An explicit expression is also obtained for the electron-nuclear 2-RDM in the
Moshinsky case, which shows coupling between the electron and nuclear coordinates.
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