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Comments

Comments are short papers which comment on papers of other authors previously published in Physical Review C. Each Comment should state
clearly to which paper it refers and must be accompanied by a brief abstract.
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Recently it has been proposed that contributions from inelastic processes can explain the experimental
results for nuclear excitation by positron annihilation. %e find that these calculations overestimate the
cross section for the inelastic process by many orders of magnitude and the mechanism for the excitation
process is still an open question.

has to be satisfied, T being the positron kinetic energy, mc
the electron rest mass, AE the energy and 5E the width of
the nuclear level, and 8~ the E-shell binding energy. For
an E1 excitation, the cross section for exciting the 1078 keV
level of " In was calculated to be —3x10 cm2. It is
now known that this level is excited via an E2 transition
and Grechukhin and Soldatov have calculated that, in this
case, the cross section is —6x 10 ' cm'.
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FIG. 1. Diagram (a) represents the resonant process originally
suggested by Present and Chen. Diagram (b) represents the more
probable of the inelastic processes suggested by Raghavan and Mills.

The first prediction of nuclear excitation by positron an-
nihilation was made by Present and Chen, ' who considered
the process illustrated in Fig. 1(a) in which a nucleus is ex-
cited by absorbing a photon from the annihilation in flight
of a positron with a E-shell electron.

A resonance condition

I T+ 2~c' (&E+a&) I & —&E/2

Mukoyama and Shimizu, ' in the first reported experimen-
tal investigation, irradiated " In with positrons from a Na
source and observed conversion electrons from the 335 keV
isomeric level (Ttg —4.5 h) which is populated in the decay
of the 1078 keV level. They obtained a value of 4x10
cm for the cross section for excitation of the 1078 keV lev-
el, a value which is seven orders of magnitude greater than
the value predicted assuming an E2 transition. This result
has been confirmed by other investigations. "

Recently, Raghavan and Mills' suggested that the cross
sections for inelastic processes are sufficiently large for
them to be in approximate agreement with the experimental
results. A diagram of the more probable of the two inelastic
processes is given in Fig. 1(b). The emitted photons carry
off a range of energies and, as a consequence of this, the
energy requirement of the resonant process is relaxed.
Although the inelastic process is of higher order, and they
assume that a term n(= »7 ) must be included in the cross
section, they note that positrons with a greater energy range
can contribute to the nuclear excitation and they propose
that this results in a much larger cross section. They claim
that the ratio of inelastic to elastic (resonant) probabilities is—a ( T ~

—To ) /5E, where Tq is the initial positron energy
and To is the threshold energy for the inelastic process. For
a 22Na source and a "51n target, (Tq —To) is —105 eV and
5E is —10 3 eV. This gives an inelastic to elastic probabili-
ty ratio —10 and the proposed inelastic process is claimed
to be in approximate agreement with the experimental
results.

Unfortunately this seemingly attractive proposal is very
simplified and it leads to an estimate which is too large by
many orders of magnitude. The basis of the overestimate is
the inclusion of the term 0, to allow for the higher order of
the inelastic process. Although this is usually regarded as
the correct procedure it must be emphasized that a value of
0, is only obtained when a complete summation is made
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over all the possible photon energies. However, in the
mechanism under consideration only photons which excite
the 1078 keV level should be included, and instead of o.

representing the higher order of the process, the relevant
correction term would be much less than o. If the energy
dependence of the cross section is neglected, a rough esti-
mate of the correction is nSE/(T+2mc2), rather than a. If
this more realistic correction is applied, the ratio of inelastic
to elastic probabilities is —10 rather than the value of
10 which has been proposed. ' It should be noted that all
the estimates we have discussed, both resonant and non-

resonant, are based on the two-step model for the process.
The estimates we present are only approximate but they

are sufficient to show that the inelastic process proposed by
Raghavan and Mills cannot explain the experimental results
and it must be emphasized that the mechanism for the exci-
tation of nuclear levels by positron annihilation is still an
open question and more investigations are needed.
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