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Theoretical analysis of positron-attachment to small molecules:
Vibrational enhancement of positron affinities
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Synopsis To theoretically demonstrate the binding of a positron to small polarized molecules, we have calculated
the vibrational averaged positron affinity (PA) values for small molecules with multi-component quantum Monte
Carlo and molecular orbital methods. Our most accurate prediction of the vibrational averaged PA values at the

fundamental and overtone states for formaldehyde molecule are 31 and 36 meV, respectively.

The positron is now widely used in both
scientific and technological areas. The detail
mechanism of such processes, however, is still
unclear in the molecular level. A positron affini-
ty (PA) value, which is a binding energy of a
positron to an atom or molecule, has now been
experimentally measured by Surko and co-
workers for many molecular species [1], based
on the vibrational Feshbach resonance by inci-
dent low-energy positrons. Thus, in order to
elucidate the mechanism of the positron binding
to molecules, the theoretical analysis including
the effect of molecular vibrations is indispensa-
ble.

In this study, we developed a new theo-
retical method for analyzing the effect of mo-
lecular vibrations on positron affinities. Our
strategy is based on ab initio multi-component
quantum Monte Carlo (QMC) [2] and molecular
orbital (MCMO) [3, 4] methods for the elec-
tronic and positronic wave functions simultane-
ously, and the anharmonic vibrational state the-
ory using quantum Monte Carlo (QMC) method
[5, 6]. In the case of formaldehyde (CH,O)
molecule, the vertical PA value at the equilibri-
um position is predicted as +25(3) meV with
QMC calculation. Applying the anharmonic vi-
brational analysis, the vibrational excitation of
the C=0 stretching mode drastically enhances
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the PA value, whereas the excitation of CH,
rocking mode deenhances it. We confirmed that
such PA variations arise from the change in
both permanent dipole moment and dipole-
polarizability at each vibrational excited state.
Our most accurate prediction of the vibrational
averaged PA values at the fundamental and
overtone states are 31 and 36 meV, respectively,
which strongly supports the conclusion that a
positron can bind to formaldehyde [6].

References

[1] G. F. Gribakin, J. A. Young, C. M. Surko, Rev. Mod.
Phys. 82, 2557 (2010), J. R. Danielson, J. J. Gosselin, C.
M. Surko, Phys. Rev. Lett. 104, 233201 (2010), J. R.
Danielson, A. C. L. Jones, M. R. Natisin, C. M. Surko,
Phys. Rev. Lett. 109, 113201 (2012).

[2] Y. Kita, R. Maezono, MT, M. Towler, R. J. Needs, J.
Chem. Phys. 131, 134310 (2009), 135, 054108 (2011).
[3] MT, R. J. Buenker, M. Kimura, J. Chem. Phys. 119,
5005 (2003).

[4] MT, Y. Kita, R. J. Buenker, Phys. Chem. Chem. Phys.
13,2701 (2011), New J. Phys. 14, 035004 (2012).

[5] K. Koyanagi, Y. Takeda, T. Oyamada, Y. Kita, MT,
Phys. Chem. Chem. Phys. 15, 16208 (2013), Y. Kita and
MT, Eur. Phys. J. D 68, 116 (2014).

[6] Y. Yamada, YK, MT, Phys. Rev. A 89, 062711
(2014).

Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
BY of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.

Published under licence by IOP Publishing Ltd



