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In the course of a recent expepriment invelving the s'}‘tmpp’mg of
negative K megons in a 10=inch liguid hydvogen bubble chamber,” en interesbing
now reactlion was observed o take place. The chamber is traversed by many
wmore negative p mesons than K mesonus, so that in the last 75,000 phobographs,
approximetely 2500 p° decaye 2% rest have been observed. In the same picturss,
saveral hundred 87 mesons have heen observed to dissppesr at rest, presumably
by one of the YPanofsky veactions." For tracks longer than 10 em, it is pessible
be distinguish & stopping ¢ meson from 8 stopping n meson by cowparing ite
curved path (in a field of 11,000 gauss) with thet of & ealculated tewplate.

In addition vo the noymal w™ and p™ stoppings, we have observed 15 cases in which
what appears {from curvature measurcment) to be a p° meson comes to yest in

the hydrogen, and then gives rise to a gecondary negative particle of 1.7 cm
rYange, which in twrn decays by emitting an electron., (A h.l-Mev u meson

from 7t » p decay has a vange of 1.0 ¢m.) The energy spectrum of the electrons
from these 15 sscondary particles looks remarkably like that of the p meson:
There ave four electrons in the energy range 50 to S5 Mev, and none higher: the
othey electrons have energies varying from 50 ¥Mev %o 13 Mev, The wmost convineing
proof that Ghe primary pariicle actuslly comes to rest, and does nok -- for
example == have a large resonant crosgs section for scaitering abt a vesidual

range of 1.7 om, is the following: In five of the 15 special evenits, thers is

& Jarge gep between the last bubble of the primary tvsck and the first bubble
of the secondary track. This gap is a real sffect, and not merely a statistical
fluctuation in the spacing of the bubbles, since in some cases the tyacks form

a letter X, and in snother csse the secondary track is parallel to the primery.
buy displaced transversely by about 1 mm at the end of the primary. These real
gaps appear also {although perhaps less frequently) belween soms otherwise normsi-
looking 1~ endings and the svbeeguent decay electroni they are thought to be the
cistance traveled by the small neubral mesic abom. s

1. Alvevez, Bradner, Fall=Vairant, OGuw, Rosenfeld, Solmits, and Tripp, X°
Interactions in Hydrogen, UCRI=3583, Nov, 8, 1956,

2, Ue have telephoned bo inguive il other groups ohserve these geps. Re. He
Hildebrand has noticed occasional Jemm gaps in pee decays in the Chicago
hydrogen bubble chember. Ison Iederman weporbs thal no suvrprising gaps
have been nobiced by the Columbia diffvsion chanber group. {C. P. Sargent,
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‘rather then the observed vnigue Tange of 1.7 om. Bul, most in;poi‘tantiy,

e “um

Ome pay guicliy dispose of %the mosi obvious : !
events are w ”»—p» " decays. I, bY some unknown procese, negatise § neson
eould decay at rasi :’;rz hydrogen, their secondary u! ;i

curveture of the stopping purticles gGefinitely precludes any possibility that
they are n's. Therefore, if ome is to explain the new ob sarqmpon» in terms of

* ¥mown perticles, he must say thet the primerv is s u meson (as dstermined by

curvature and range). &nd t.‘qe secondary is also 2 4 meson {az determined by its
decey-electron spectrum). The problem presentsd is then to £ind the source of

the energy that "rejuvenates® the y meson after it has come to rest. The energy
that must be supplied to the u meson is 5.4 Mev, as determined from the range-
energy relationship in bydrogen. (We explorsd the possitility that ons of the
particles was en ordinary u meson, while ths other was either hesvier or lighter
by sbout € Mev. In this cass, the hesvier could not decay into the lighter in
free space, as & w decays into & u, because lhis process requires more of = wass

; diff erence between the two perticles than was &llowed by the messurements. One

eould just suay within the experimentel limils by assuming thet the decay ook
place in the field of 2 proton, and that the .L:.ghter particle then dﬂcayeh in
'l:.he uaual prreson manner., )

~ The following explanation seems saglsfaxztory.:" If the u-p mesic atom
referred to above finds = deuteron, and the deuteron becomes bound in the mesic
equivalent of’ ar H-U moleculsr ion, then the mean H-D spaecing is about 1/200
as large as that in the ordinary H-D molsculer lon. The meson, in effect, conlire:
the twe nuclei 1n a small box. Rough cstimaites of the tarrier penetratmn factor
(approximately 10™2) and the vibration frequency (spproximately 1017 per sacond)
indicate that the time requi.red for & nuclear reaction between H and D shouild be
small comparsd with the life of the x meson. In some yet unknown fraction of
the cases, ths reaction energy is taken up by the u meson, which appears in ft‘.ha
bubble chamber with 2 kinetic energy of 5.4 Mev, i.e., nearly *the mass difhersnce
betwsen H + D and He3‘ (The recoil He’ should mot be visible in any cese.}

If, as we belisve, the explanation outlined sbove is correet, several
apparant discrepancies rmust be resolved. For example, early suggestions thai
deuterium might have someuhing to do with the observations were discarded
because the ratic of 1.7-om pls to decey electrons is sbout 1/ 203‘,, whersas tne
deuteron contaminatiorn in the bubble chamber is only sbout 1/5000. It seens
possible to cvercome ithis difficdty if a devleron is able to m‘o the meson from
s proton. The u mesons will be bound tlghter by deuterons than by ; ‘fons,
Loceuse of the 5% larger reduced mess. This amounts to 135 ev for tie ground

state. This effect, and seversl others of & similar nature, ere being invesiigated

sxperimentally by increasing the concentration of deuterium .m the bubﬂe rhg,m:}c-r
and by & search for the unconverted 5.4-Mev gamme ray.

It 'na aisc be that the surprisingly lonz geps at the end of some of
tm stopping i's cen be understood bty invokirg the 135 ev avallable for rece oil
whan The daute:‘on robs the 4~ from & 8 mesie a.tam during & collisicn.

orand have inlprmed us thet
7y T Goltdenskii ocutlivied’ ;
plare 3‘ {7 indeuterium, e%d
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.przcaso if a sufficien ;lx heavy, negatively chargsd, 3 weall:
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mportance of this
v interacting
more long-lived then the 4 is ever found. The particl :; servaed by AL Y
et 2l,* in the cosmic »ays has & mass of about 50 Mg, ANT WAS observed % cone
%o rest in a cloud chamber withoul interacting or ej’*cting a decay fragn
& bubble chamber filled with liquid deuterium should be an excel tam‘ det
for such particles. One might expect to see large "etars® at the end of

It 4= ‘mte' e’!’c:.mr tc» speculate on “f:?' pranticsl

03 v."F.—‘ :
- hesavy meson track, due to = sequence of {.ate.lyzed reacumn‘. .th,at would continue
 until t:te mescn di sappseared by decay. - o

Wa wish %o oxpress our thanks to the bu‘bble cham‘oer cravs, unc%er the
directmn of B. Watt and G. Eckman, and to our scamners. We are also ind: shted
to the three new members of our group, M. Cresti, L. Goldzshl, emd K. Gottsteiny -
and to E. Teller for an interesting discussion. This work was czc:zze unées“ the

_auspa.ces of ‘the U. S. Atomic Energy Gommission.
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‘I‘he:m is prelimfna:y evidence {'basa\z on statistics of aa]y '::‘..» aig«

‘nificent . gaps) that the dependence of the freguency of geps on Geuterium. -
- concentration is consistent with the frequency dependence of the He’ + u S

reaction. We have seen ome case where the same u~ catalyses the He3 « -
reaction fwice, We have seen & few evenis which we interprét esc the re&ctimx
D + D28 + B-5 in one of them a si.ngle g catalysea the same macticm
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