Lawrence Berkeley National Laboratory
Recent Work

Title
SEMIEMPIRICAL CORRELATION OF B+ ANNIHILATION RATES IN METALS

Permalink
https://escholarship.org/uc/item/0Osw278rx

Author
McHugh, James A.

Publication Date
1961-07-01

eScholarship.org Powered by the California Diqital Library

University of California


https://escholarship.org/uc/item/0sw278rx
https://escholarship.org
http://www.cdlib.org/

UCRL -9793

UNIVERSITY OF
CALIFORNIA

Ernest Of gwrence
Radiation
Laborator

([ | )

TWO-WEEK LOAN COPY

This is a Library Circulating Copy
which may be borrowed for two weeks.
For a personal retention copy, call

Tech. Info. Division, Ext. 5545

J
BERKELEY, CALIFORNIA



DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California. ' ‘ :




UNIVERSITY OF CALIFORNIA

Lawrence Radiation Laboratory
Berkeley, California

i _ ' 4‘ Contract No. W-TL405-eng-48

.
N

* ~

SEMIEMPTRICAL CORRELATION OF B+ ANNTHITATION RATES IN- METALS
James A. McHugh

July 1961

[T S
A8

¢
et



iii | UCRL-9793

<

: %
SEMIEMPIRICAL CORRELATION OF B+ ANNTHITATTON RATES IN METALS

James A. McHugh
Lawrence Radiation Laboratory
University of California

Berkeley, California

July 1961

"‘ABSTRACT

"It is shown that the annihilation rates of positrons in metals can be
y : o .
correlated to a good degree by a simple model of the annihilation process

based on an assumption that the fractional number of electrdns available for

annihilation varies as the inverse of the atomic volume of the metal.
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The aqnihilation rates of positrons in metals has been shown in the
work of Bisi et al. to be defendent oh electron density.l‘ However, theoretical
correlations of the annihilétidn rate With the electron density have not been

.completely successful in fitting the'data.g’j

In this paper, a:sémiempiriéalbrelationship between the annihilation
rate and the electron density in metals is reported;

The mechanism'assumed'applicéble to the énﬁihilation process in metals
is based on a model suggested by Gerholm, in which the formation of positronium
and its subsequent interaction with the frée'eleCtrons of the metal is £he
basis.2 Thebannihilétion-broéess, in view of this model; can be ﬁhought oF _
as-consigting of two competing.procesées: annihilation with the positronium |
electron (partial rate Ab), and annihilation with the_freevelectrons (pa:tial

rate >\.f). The total rate A is then merely the sum of two terms:

A= N Mg | (1)
The rate associated with the positronium electron (Ab) should be
approximately equal to the spinh-averaged rate in the limit of rapid singletf

> 14

triplet conversion,2 XS/M, W'h.ere'7\,S is for the unperturbed singlet rate.
is essential to note that Ab is a constant, independent.of electron density,

-and equal in this approximation for all metals.
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The raté'associatga with the free electrbns, using positronium as a
reference state, is then equal to hép/hné,'whefe n is the éffective éleétron
density éncountgred.by the positron, and.nS is the density of thg bositronium
18 state electron at the positron. The density—n must now be evaluated in
terms of"éomeAparameters thaticharacterize ghe various metals.

‘The tofal number of electrons per unit volume in a given metal is
'NZ p/A, where N, Z; p and A are Avogédro's number, atomic number , density,
and atomic weight, respectively.. The total humber‘is not available for
annihilation because the'positron is excluded from the vicinit& of the inner
electron shells by the nuclear field. Theréfore, oniy a fraction F of the
- total can annihilaté. If éne observes that the fraction F will in genefal
be smail, and that the atomic binding in metals is a measure‘of the electron
density in the interstices and varies in a crude'manner'as the inverse of the
atomic volume Va’ one can, as & first approximation, set F = C/Va or Cp/A.

In order to be dimensionally correct, the proportionalify coﬁstant C could
be associated with a quantity V-Vc, the total volume minus a core volume.
The core represénts the bound electrons cﬁ‘ electrons unavailable for annihi-
lation. The partial rate associated With.the free electrons can nQW'be written
as (LS/Hns)(NCZ pE/AE);,or by grouping the constants togethér‘és K in the
expreésion.forle and substituting into Eq. (1), the total rate becomes /

A - A, + KZ o2 /n2.
In plotting annihilation rate versus 'Z pg/Ag, a_straight line should result.
Fig. 1 shows such a plot. |

The intercept Ab is not equal to the'spin-aVeraged rateB:(2X109 sec;l)
as was expected. This-suggests; providing the model is correct, that the

actual rate in the limit of complete triplet quenching is of the order

3.6x109 sec_l.
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Fig. 1. Positron_annihilation rate in_ metals as & function of % p2/A2.
- (Rate data of A. Bisi, et al.t) - .. -
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- The annihilation rates of Mo, Fe, Ni, and Sb show déviations from
the expected rates. It should be noted that Fe and Ni are ferromagne£ic‘
.and_Sb.is approaching nonmetallic character. These propérties might tend
to have a great effect.on the rate. |

The interesting point of this devélopment is that the rate is propor-

tional to Z p2/A2, which is not subject to a‘parameter defining a fixed number
of free electrons, sﬁch as the falenqe, The major assumption open to question
is the one of the fraction F being truly proportional to l/Vé. In view of
thé previous arguments and the experimental agreement with the majority of
the métals;,it seems - to be a regsdnable assumption. However, the final result
'should be viewed as gamismpirical,, in light of our inability to furfher Justify,

on a rigorous basis, the interpretation of the electron density.
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