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u~MESIC MOLECUIAR IORS AND RUCLEAR CATALYSIS
Stanley Cohen, David L. Judd, and Robert J. Riddell, Jr.
| Redfation laboratory
University of Californie
Berkeley, California

Apr1l 10, 1958

The experimental observaticnl’a of the catalysis of nuclear reactions

by u mesons in 1iquid hydrogen> created interest at & mmber of laboratories
end led to seversl independent theoretical invegtigations of the processes
mvolvad.a Although it soon became clesxr that this phenomenon could not
lead to the production of useful power, some of the estimates of particular
reaction rates were in wide disagreement, primerily because of the gross
approximations made. Bamae of the intrinsic interest in the effect, and
in order to obtain a more eatisfuctory understanding of these processes,
we have made a detailed ;mangatmofthemleeum systems involved in
these reactions,
It 15 assumed that muclear catalysis proceeds through the following
processes:
(1) The s meson is slowed down by collisions in the liquid
hydrogen and captured by & proton, forming a (pu) atom.
(2) The (pu) atom migrates and encounters a deuteron which
captures the meson by exchange. omng to the difxerenee
in reduced mass this process releases 135 ev to the
system,
(3) The (4u) atom slovs down by collisious and forms & (pud)”
mlecﬁl&r ion by a process of elsctron ejection.
{4) 'The nuclear reaction p + 4 ~He’ + (5.5 Mev) occurs.
The ¥ ray moy then eject the meson.
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In all these processes there 1is competition with the natural decay of the
meaon, while in Processses (2) and (3) there is aleo & emmeﬁtian with the
formation of other molecular ioms, such as (pup)’ and (aud)*.

' In our investigations of the molecular ions wo heve used the Borne
Oppenheimer agpmxiniatmns as & starting point for a variational calculation
of the bound-state and scattering-wave fimections of the threesbody system.
In this calculation, mct&ens to first order in the ratio of mesic to
nucleonic ress were included. In the unequal-mass case, (pud)’, this leads
to & pair of coupled second-orfer differential equations, while in the
equal-mass cases, (pup)” and (dwl)*_, the two equations are not coupled.
The aoluti_.oné to these equations vm-e. carried out mmerically by use of an
T84 701 computer. The vave functions end elgenvalues for all the bound
molecular-ion states vere obtained. These binding energles relative to
the totally separeted systems are given in Table I.

The frec-state vave f\metiona vere also caleulsted, and the energy
dependences of the mtterm cross aectidns wvere investignted. The results
of these calculations are shown in Fig. 1. Of particular interest is the
anomalous behavior of the mtterms cross section for (au) a‘wms on protons,
For enpergles in the thormal renge tmg cross section is extremely arall,
corresponding to & sogttering length &0.08 times the mai__cvﬁohr radfus.
The unusually long gaps betveen the ending of the initisl mesom track and
the beginning of the eecondary track, which were observed experimentally,
can probably be explained by such & Ramsaver effect. In eddition, the
exchange cross sections were caloulated, giving for Process (2) an exchange
rate R nesr gero energy of 11.5 x 10 sec™! 1n pure umd deuterium.
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From the wave functions, estimates for rates of moleculareion
formation at low energies were also obtained. These are as follows:

(pu) + B - (pup)” + e, Ry, = 8 % 10° sec™? (1n 14quid hydrogen);
(au) + B = (aup)” + o, Ry, = 3 % 206 gec™? (1n 1tquid hydrogen).

By & phenomencloglicel analysis af the experiments one can determine
the ratio R“AR‘% +R), vhere R, 1s the natursl mesonedecay rate.
Our calculated value for this retic is 1.5 x 107, in good agreement with
the experiments. .

A full account of thase calculatiocns m{l be published.

This work was performed under the suspices of the U.3. Atomic
Energy Commission.
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TABIE I
Calculated energies of bound states of w-mesic molecular fona.
Binﬂtng energy
System Btate | (ev)
(pup)" Ls0 . 2m
L=1 - -
(pua)”* L=0 2878
L=1 2Tk
(aua)”® L=0 2986, 2845
L=1 2887 |
L=2 276
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FIGURE CAPTIONS .

__gm___ The energy Mpendence of elasticescattering cross sectiams Lor
m-mme atoms from pm’wns am deutezma
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