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In the eourss of a recent; experiman·t. involving the slapping of 
negative K mesons in a lOQinch liquid hydrogen bubble chamber, an in·teresting 
n0w r~ac.tion was observed t.o take place o The chamber is traversed by m&'"ly 
100ra negati va p. llWsons than K mesous, so that in t.he last 75 ~000 photographs f1 

a.pproxi:mately 2500 ti'"' decays a·t rest h!ave been obse:t~ved~~> In the same pict'l.ll'es, 
· several hu.-·1d..~ n- masons have been observed to disappear a:t rest$ presumably 
by one of the '~'~Panofsky reactionson For t=racks longer than 10 em., it is possible 
·bo durtinguish a sto.pping tt meson f".com a stopping n meson by comparing its 
cux·ved pa:th (in a field of 11 61000 gauss) t<7it.h ·C.ha:C. of a ealculated ·t:.er~Wla:l:.e. 
In addition t.o the no:rmal n'"' and iJ."" s"l:.oppings, we have observed 15 casas in whieh 
what appears (from eurva·t:.urG rneasurement) ·t.o be a~ ... meson comes to rest in 
the hydrogen, and then gives rise to a secondary negative particle of lo7 em 
range~ WhiCh in ·turn decays by em:l',·i;ing all electrono (A h .,1--Mev iJ. mesol'l 
from n ,., v. dseay has a range of 1 .,0 em.,) The energy spect.l"U.t'fl of the elect.ror£ 
from these lS secondary pai"ticles looks re."Jlal'ke.bly like that of the 1..1. 1neson: 
Thel"e a..ve .four electrons in the energy range So to 55 !Jfev !f and nm1e higher; the 
o·:.her electrons have energies varying from So Mev to 13 Mev.., The most convincing 
proof that the primary particle actually comes to rest, and does ncrt. ~... for 
example - have a large resona.rtt .. cross se~:rtion for scat·tering at .a residual 
?ange of lr.7 em; is the following: In five of ·the 1!:> spaeial.evoots, thera is 
a large gap between ·t.ha :L:ist bubble of the priraary track a.."ld ·iihe .first bubble · 
of tho secondary ·~rack.. This gap~ is a roo! effect, and no·t merely a· statistical 
t'luctua·(.ion in the spacin.g of the; bubbles, sines in soma eases the t.\"S.ek.'i fOl'Iil 
a let't,er X, and in another ease the secondary track is pa.nllel to the primary, 
but displaced ·transversezy by al)out 1 mm at the end of the p:rima.ry o These r<aal 
ga-ps appear also (although perhaps less fi'equently) oo·Gl-Jeen some othen;r:ise normal ... 
loold..'lg v.... endings and the subsequen-t. decay electr~; ·they ar.e ·hhough'\:. to be the 
distance traveled by the small neutral mesic atom.. • 
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Al1rarez: Bradnel"'3 Falk.,.Vairant, Grna, R.osenf'ald, Solm.i·(;.z_, and Tripp0 Ir" 
:L'Tteractions in Hydrogen~ UCF..Le3583, Novo 8, 1956~ 

t.Ye have ·telephoned ·oo inqui:l:'e if othe:r· groups obsel"'Ve these gaps .. R~~' Ho 
Hildebrand has no·:-iced occasional l~n gaps in t-tee cleca:-.ts in the Chicago 
h.yd:t"'gen bubble chaJnbor.. !eon Lederman a•epor·t:.s that no su:rp:r.ising gaps 
have baen not.icoa. by ·the ColuwJ:>iu d..i.ffu.sicn chamber gl"'up .. (C .. P .. Soo:-ge11t~ 
ThcsisJ Colurnb1 .. <l Uni'!j€Jrsity ~ (un.pu'Qlished) 1951) .. 
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eveu'~s are ol - fl,- · ., · 3 t; • -,. If • · •.cri : • u:; 1 WT' , _ t ;,~ s ·,, •1 :! : i ·""3 ' •. •:'! ~·n, 

COt.J.d deC!J at ... e-st Jn l., 0 'J'{::i. thui:. scrr· ·;,·y .'.)S ~'CJ..1 d ;t~ e :' ::"{.~ o 0 ·. 
ratt1Hr then i:.he o'uscrvu· r<Lqu;: 'range ·.•f .L7 en~ But, • .:·os~ '.t .• por·t..ntly: \h;· 
cur\'E.ture of the st.oppit-3, pn:t.icles d~J'iniie y prc;cluctns O..lj r~msi:.>ility ''1: t I 

ther are ·r. 1s .. 'fh,~r,3f::ue, lf o.1e is to exr:~a·n the ne·, o'tservat•ons in t.er[,}!.- "; 
kno~m partie tes, he y;.r.;s t. r,. :y that the prirrar•· is a J-t :meson {as det . .:mrri.ned b.; 
curYature anj range): end i.he f:t:lCondar,· is q so a /-1.· m>'Mon (as date··minerl l y it;' 
decE.y-electrJn spcctt.J111). 'J'~e problem preseded ~s ti1e!l '1/:> f~nd tJ,e ~ot: .. •t3 :>f 
the enerfD! t1at "reju'Jer.ates'' che ,u me:1~on afLe" it. ha. .• cor:1~! to res·,. 'i'he a:ar•,_y 
thai:. must ba supplied to the i" meson j_s 5.l. ·lev, H<J de terminoc\ i'ro:,1 th\J l'P n•;.:
enerror relattonship in r r'{~T'Oglm., (t-le explor;!d tho possll:·Uit.y that one of i.'"-e 
particles wn.3 nn ordi·1o.ri p, meson, whUe the other was either heav;er or li:-'lt\i: 
by s.tout 6 H·;v. In t~1ls ca.sa1 the he&vier C·.:>uld not decay int:> th:.J lig:1ter- tn 
free space, 11.s s. tT decays in··~o a f..l, because t.his process l't;qutres mo-ra J.f -. -r:·•t
difference but~rteen the t\+::> p.':l.rticles t.han t.Ja~ allowed by tb.e measurements. ).lJ 

C<Juld just s·~ay viitllin the 6J..']Jsdmental limhs by assumin5 that thr. decay ut.O.{ 

place in the f'iold of a protonJ and that th~ lighter :r-article then decayec .1.1 
the usual ,tHleson manner. ) 

ThEl follo\:Jing explanation seems S1Lisfactory.) If tl1e f.P-P m,omic ,· .. on 
referred t:> ubove finds a deuteron0 and the deuteron hecome:J bound i.n the IL, ; .t 
equivalent of an H-D rnolecular ion, then the mean H-D spacing is al::out. ~/2·)t) 
as large as •~hat in the ordinary H-D molecu.lnr ion., The meson, in effc-;c t, c- .>,;t " 

tho two nucloi in a st.mll box.. Rough estimates of the barrier penet.ra·i-5 on i''ld J 

{approximately lo-5) nnd the vibration frequency (approximately 101'7 ps:r s :c-'H::·· 
indicate t:tai; the timo required for a nuclear reaction between H und D sho '-·· ; 1 

small compar£:Jd with the l'lfe of the J1. meson.. In eome yet unknown fraction o · 
the ~ases, the reaction energy is taken up by the fJ, meson, which appears ... ~ :h::
bubbla chambor with a kineti<! energy o!: 5 .. 4 Nev, i.e .. , nearly the tr£.Ss dif '• ·.r ~
betv:~en H + D and He.3. ('l'he recoil He-' shou!.d not be visible in any cn.se .. ' 

If, as ye betlieve, t.he e:x.plana tion outlined above is correct, se·· .~ ·:J 
apper.snt discrepancies Must be resolvedo }i'or aXtlmple, early suggestions titr ;, 
deut3ritliD mie:ht have so.::ne":;hing to do wi.th the observations weru discn1·ded 
because th0 x-atio of 1 .. 7-cm J-t's to decay electrons is about 1/200~ •..-hereas i:.·.c 
deuteron cont s.mj_natior~ in the bubble chamber is only about 1/5000. !t :.~eens 
poos l':lle tu cvercome this diffi<..--ulty if a del. teron is able to rob t,<· .. ~"'-"'SO!t '··o ,, 
'• .,~·.,~on.. 't'l· s I-£ mesor.s w:.ll bc-J bound i.lghter by deuterons t.han by 1 r ,.-: _ 

l .::1,, ;e of ·1:.1: e 51 J tlrf?'e;;. .. r-educed masn. Thit- amounts to 135 ev foe' ~. ~ gr.o1· c 
stat..~, Th-u "'f,'Jct, ar.r1 nev.:rrl othaJ.1 ~- of f. sim:na.r nature, a;-a bc.i.ng Jm·,~· !L::., 

J;-:oo·im~ntnJ.J;.; cv 'uc.te a·ng the ccmca.d.rat~.cn of deuterium in ·t.he bubl.J; ;.L. ,,;:, -.· 

:..r.d ·; r :· :; :·~ ' ~1 t'o1· \.'.: t- •n c .. -, "f .·tee 5~1. --Mev fllllrln ray .. 

·•· ''''" aJ~; t, -.bi: the BUl"JlliE:int;lt lon3' ga,s at ti1,::, i3ad o· 
!.l-:3 •• ~•.;'Ji.J• ·,,.c.--.• ,:f •_;-11 )~•:;od l·y Lfvok1r.~ t:1e 135 ev ata'Luo.Le fot 

(- 1;· ,h • d• 1 • •. 1 ' l·, ,,- L'<·..-,m ""- /lr- r t, "; 1 • e.-i~·J.., du.-ing ~ c,-.; li ~ -_ .t 

' ' fl l ~ ; .,.j ,. ~ 
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1;, is :i.ntcrezt '<~ tc speCi.•lci:.8 en } J pre.ct·lc''~ -- ).:x:n·-:;.n,;:'-- u:_- ,, 1 

pl")~ess if a suf;fici.~r .. ly nuv;. ne.c .'.'v•'~Y cb.:Lcge~. •,t-l.l~:1y ,_,..i;.t.,~· '. '"';., · r·.-
mor-e lo;.lg-lived than the .u ls ever .found 'l'he particlo otstwvec.. by AJ J •• u.a , 
ei al .. 4 ir4 the cos1c.i:: "8.ys has a •r<>.ss of .abcut ;o m"', an~1 :..ras obse•ved ·v t.,o., ~ 
to rest in a cloud c'lar:1ber without interacting or ejecting a d.scsy l'rhgJ.l:> ;i,, 
A bubblt:l c-hamber fiJ.leci with 1i quir: :leuterit.un should ba an· e...ccsJ} ant t'.e·~~:! ~cr:-
for suc:1 rarticlos. One might expect to see large "stars 11 at tk: end o:' i:.he 
hgavy meson track, d·.1e to a sequence of <:& talyzed reac tioris that •.ould t~o . .t :,j ~nc 
until t_le meson dieaup·~ared by decay .. 

W13 "rish to expreHs our thanks to the bubble chamber craws. unde"· ,;h"1 
direction of R .. \latt end G. Eckman, 'aDd to our scatmers. We arE' c:olso J. 1dubt~)(: 
to the three neu membe :-s of our group. 1<1~ Cresti > L. Gold zahl 1 t nd ;~... Go ~·,;s t.z i.l 
and to &. Teller for 8'1 interesting discussion., This •tJork was dol!e u~.,_d.,:;.· :,,:-a 
auspice3 of the IJ., Sg Atomic Energy Commission .. 

NOTE ADDED DECEUBER 15: PRELIMINARY RESULTS OF INCREASING DEU'l'ERI!JM co ~G&lf)·: .. 

Tne following numbers come from SJX>t-checking and fast scanning o,11 'r • 

Douteri urn Conc·3ntra. tion: Uatural 1/3% Es ~- i.ma ted ) ~. 
-------- ---r~·- .. --
J.i.- ~e- 2500 1600 :•000 

H + D -• He3 + 11-- 18 38 30 

He3 - par 11-'"' 1/150 1/40 1/33 +p end:ing 

ae3 - .... 
ending _,. Ji psrf..J-

35 7 Oo75 
Deuterium Concentlat.ion 

1ho:c-e is p\•al!mtnary evidence (based. on statistics of onl~r .• '% · 
nificant ~ps) thP.t the dependence of the frequency of gaps on t'r:..~--::.er •. .Y"' 

c.c•ncentrEH:.ion is consistent Hith the freqttency dependence of th( ao3 : ,, · 
l"Lr.ction.. "Je hFtve seen one case where thB same 11-- cataJ yses th~? Je3 .. ~~ 
r t .3.c ~ion t,•.-tice, ~-!e have :~3en a fe\oJ eventr which we interpret at, ;.ne J..~en t._ • • -, 
n ··· D --" E J ·•· ul J in one of them a single p- catalyses the same ~ ,:.· r; ~j or. 

' ' 




