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In the course of a recent experiment involving the s&@pping of
negative K megons in a 10«inch 1liquid hydrogen bubble chamber,™ en interesting
new reaction was observed to take place., The chamber is traversed by many
more negative p mesons than X mesous, so thab in the last 75,000 photographs,
approximately 2500 ¢~ densys ab rost have been observed, In the same piectures,

‘several hundred 7" mosons have been observed o disappear at yest, presumably

by one of the YPanolsky reactions.® For itracks longer than 10 cmy, it is pogsible
bo distinguish a stopping ¥ meson from a stopping 7 mason by comparing its

curved path (in a field of 11,000 gauss) with that of 8 galeulated template,

In addition vo the normal %™ and u™ stoppings, we have vbserved 15 cases im which
what appears (from curvature measurement) 6 bs a p” meson comes %o yest in

the hydrogen, and then gives rise to a secondary negative particle of 1.7 cm
range, which in turn decays by emitting an electron. (A h.l-Mev i meson

from ® - p decay has a range of 1.0 em.) The energy spectrum of the elecirons
from these 15 secondary paviicles looks remarkebly like that of the u mesont
Theye ave four electrons in the energy range S0 to S5 Mev, and nome highers the
other electrons have energies varying from 50 Mev to 13 Mev. The most convineing
proef that the primary particls actually comes to rest, and does not <« for
example == have a large resonant crogs section for gcabtiering at a residual

- range of 1.7 cm, is the following: In five of the 15 special events, there is
& jarge gop btetween the last bubble of the primary track and the first bubble

of the secondary track, This gap. is a real effect, and nol merely a statistical
fluctuation in the spacing of the bubbles, since in some cases the twacks form

a letter X, and in another case the secondery ¢rack is parsllel to the primary,
bui digplaced transversely by about 1 mm at the end of the primary. These real
gaps appear also (although perhaps less frequently) between somz othenrise normale
looking ¢~ endings and the subseguent decay eiec‘cr%n; they are thought to be the
gistance traveled by the smell neubral mesic atonm. .

i, Alvarez, Bradner, FalksVairvant, Gow, Resenfeld, Solmitz, and Tripp, K
Interactions in Hydrogen, UCRL=3583, Wov, 8, 1956.

2. Ue have velephoned to ingulve if other groups chserve these gaps. R. He
Hildebrand has noticed cccasionzl lema gaps in pee decays in the Chicago
hiydrogen bubble chambeor. Icon Lederman veporis that no surprising gaps .
have been noticed by the Columbia diffusicn chamber groups (Co P. Sargeni,
Thesis, Colwnbin University, (uipublished) 195%).

Lgvronony Dopaviment, University of California, Berkeley, Califoimia
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rather then the ouserve! v.agus rangs of 1.7 cu. Bul, wos. ‘trort.ntly, ih:
curvature of the stoppirz pa-ticles def'inive y procludas aay possioility v i
they are n's. Therafore, if oae is to exyia n the new obtssrvations in terws o
knovn particles, he mast &.y that the primarv i{s a g mescn {as deturmined by
curvature ani range), erd ihe secondarv is a so & u meoson {as detemined ty ite
decey~electron specirar). The problem preserted is tien t» find tie souscs of
the energy tial "rejuverates™ the g meson afte~ i% ha. comz w res.. The ararqy
that must be supplied to the p meson is 5.4 “lev, as determined from the rence-
enerzy relationship in F,drogzen., (We explor:d the possitility that one of the
particles was an orliqary i meson, while the other was either hesvier or li:ates
by stout 6 Msv. In tals cass, the hesvier could not decay into the lighter In
free space, as & w decays in%o a f, because this process requires wmovrs of - Tre-
difference between the two particles than wa- allowed by the measurements., Jaw
could just suay within ths experimental limles by assuming that the decay ot
place in the fiold of 2 proton, and that the lighter particle then decayed ia
the usual u-neson manner. )

The following explanation seems sa: sfactory.3 If the y-p mesic . on
referred to above finds & deuteron, and the dsuteron becomes bound in the wi ¢
equivalent of an H-D molecular ion, then the mean H«D spacing is abtout /220
as large as uhat in the ordinary H-D molecular lon. The meson, in effect. coui.
the two nuclei in a snall box. Rough cstimates of the barrier penetration iaci)
(approximately 10™2) and the vibration frequency (approximately 1017 per s:cnal’
indicate that the time required for s nuclear reaction between H and D sho . !}
small compared with the 1life of the x meson. In gome yet unknown fraction ¢
the ceses, the reaction energy is taken up by the 4 meson, which appears .+ i
bubble chambor with & kinetic energy of 5.4 VMev, i.e., nearly the mass dxi‘ RE R
betuzen H + D and Hel, (The recoil He? showld not be visible in any ¢nse.

If, as we believe, the explanation outlined above is corrsct, ser: il
appersnt discrepancies must bs resclved. For example, early suggestions tiel
deutarium might have somevhing to do with the cbservations werv discerded
becanse the ratio of 1.7~em u's to decey electrons is about 1/200, +hereas .
deuteron contaminatior. in the bubble chamber is only about 1/5C00. Tt seens
poasidle to cvercome this difficulty if a devteron is able to rob ti- meson ‘o

« gobton. ‘e u mesors will be bound ilghter by deuterons than by | £,

1 cense of tte 57 Jereer reduced mess. Thic amounts to 135 ev for . : gove

stat2, Th.s of’2et, and severrl otharr of e similar nature, ave veing inver {7 t-
azpe “imentelly vy 'nere 8 ng the concortraticn of deuterium in the bublT Lhe w1
and trorozrtiou Por uie raceovected S.4-Mev pamma ray.

Tuwcwy aled boobal the surpiisingly long gaws at the ead o L oLua ol
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Iv is intereziing tc speculeis on b prastic:l L voranse of 4l
peacess il a sufficier 1y aesvy ne; ..'vely eharged, veabldy inwe rUlp oo
more loag-lived than the u is ever {found 7The particle ostservec by &l .. ua
et al.® ir the coswiz -ays hes 8 wass of about 50 m., ap! was observed o cown
to rest in a cloud chamber without interacting or ejecting a dscay Iragus iu.

A bubble chamber filled with liquic¢ Jeuterium should bz an excalient delrotpr
for such particles. One might expect to ses large "atars" at th: end o ohe
haavy meson track, due to z sequence of cstelyzed reactions that +ould coali-wne
until tae meson dicanpoared by decsy.

Wa wish to express our thanks to the bubble chasmber crews, undes cha
direction of R. Vatt end G. Eckman, and to our scauners. We are also radsblse
to the three new membe: s of our group;, M. Cresti, L. Goldzahl, ¢nd i, Gouustziy .
and to E. Teller for en interesting discussion. This work was dons urdar e
auspices of the U, 5. Atomic Energy Commission.

NOTE ADDED DECEMBER 15: PRELIMINARY RESULTS OF INCREASTRG DEUTERIUM CO IRy« . -

Tne following nunbers come from sput-checking and fast scanning oalv:

Douterium Concentration: HRatural 1/3% Esimated »'.
u e 2500 1600 1000
B +D—Heo +4" 18 18 30
Heo + ‘u.- per 1~ ending 1/150 1/40 J:/ 33
3 - o .
Be .r,u per 4 ending 35 " 0.75
Czuterium Concentiation
there is proliminary svidence (bassd. on statistics of only . .'g-

nificant zaps) thet the dependence of the frequency of gaps on ceutgr:um
cencantracion is consistent with the frequency dependence of the ded oo
iceetion, Ye have seen one case where the same f~ catalyses the 3 o u
reacilon bwice, UtYe have zoen a few events which we interprét ar tne sezcl. o
N Dy H'L; in ore ol them a single 1™ eatalyses the same .::ulioc

(GNP





