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• ABSTRACT.· In an exposure of the Ferndlab15 'neon (64 atomic '.%) Hi 
' b~bblechamber to a bro~d b~~~ (~) be~.3J/~-X and 6 /e+x e~ents 

~ "., :-: . ..,J'. _ . j .' • • 1~~".< 'o' . ," 

(with estimated irackgro1,lnds l.l,and 0.6 events, respectively) were 
, ".' +'" .. " ' "+' ,. 

'found~'with .t:he J.I- identified in the' EM!. Th'e fractions of J.I e - and·· _ +. f.' .' ~ • - • '." .-.""* .'. • .'. . 
J.I e . production relative to V . and V

ll 
ph/!r,f}ed curre~t in.teractiC;ns· 

" ,- H 13 . . , 0.23 
are respecti~~~~ f = (0.10 ±'0:07)% and f = ~0.34 ± 0.13)%' giv~ng 

flf = 0>3 ± 0.2,' . , 
.~' , 
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";.:i>.a1itz.~nd(!io~e; e,+e- pairs,. ccf~pion':~I~~i:rons·;·o':'~aYSi;1!' ~ 'K, de;ayS; 

:·':~t:!i.:,F~~··th'ose .eventswhcise: ef !Showed .~t' ieastctwo:independen{: ~igna';.; • ':.<~ 
:~;.f~;~i~~:~.li: ·ch~~ge~,·tr~~~s,a~d;'~~~ocia.ted Vo, s;:·ne~J~~I.st;~s;andkh~ig~t~c.}· -' ,~~ '". ,'< .',';J'- ". ',' 'i'" , .""",, ~-~ ~ ... ,", .," , ' .... _, '.-~ +.-. ~,~ ~_ --"; .. --~.:~~.;~"~j::j 

·;.;;~~,~S:,r~:~~~,e.:S;~Jed, and'reco~~;~~uct~d ,with TVGP)~rliYD~:,,;,~e:e~~:tr~~,k', ";9 "··~··.1~: 
"'III()m.enta,were' •. c:orrect'ed· for. br/!!DSs,~rah1ung . losses; by, a Behr-Hlttner me.tho,d~ 

,~~rid/fore~~i~':'~~'t~~troPhic.bremss~rahl\1ng by, 'adding the' ene,r&Y ·~f. the' . 

corre~ponding co~verted "pairs. . ..: f' , • 

We thusopt~in ,74 e - events and 4'2 e'f'~vents" (w~th~ .~,O.S .. GeV a~d' 
E"," >10GeV .imd .sai:isyi~g;: other' cuts6): which we':i.iit~rp~e·t as'resuli:irig J 

m:!~lY' frc;Jm' Ve ~ndv~~nteraCJ::l:~riS' :respectiVely.Tbe. 3' ie7 and6~ - e+ .. 

. cimdida~es 'amo~g~ them, whQse,ch~~acteHstics:are give.I{·ii:J.'Tabie I, ail have 
± 

e y',= l-p")I:pabove "'.O.,a:The y 'distributions (Fig. 1:): of the 'other 
e ex' . ~ .:. e _' ,I>'.',., . '.. -+' 

events are appro~imatel:' uniform 'f9r e. , and peaked' at' ;low y' for"e , and. 

-thus.'resemble thP~~',observ;c1 fo~ l e~eni:~·:?~?,lO <rue .f~ci~~~+ eve~ts witil 

-'-.'.' 

Ye~>,o;a andnojl ~: can.bea:c:cQ~nted·' for by p \i e . events (1. 9 even:: ,as sum- .I' 

ii:J.g:a·.lO%:irac~:l:onof 'antiquarks' in"tlie 'nuCl~on2!~;loj jU)-'jl'":e:+-' ~vents " 

whe·~e;the. ~":;ui~sses~he OO',or!:.fail;$ ,.to;~egist~r·::i.n itacceptably6 -(LO ' '. 

e';ent)j' ~nd iiI) a~'ym;netri~,~alitzor c1o~e 'ccinve;:t~d'lt e,':' p,airs on n~utral 
.c~rrent ~eve~ts(O. 2 ;e'vim~);Thus oury'djqttibutio~ for"i)~intei:act;i~ns ',: 
.' ~ - . " ~~"" . 2 '10 
'is .·.·not . significantly 'd'ifferent'from that' bbservtid' for ';vjl in~era:ct~~ns ' " . 

;at similar' energies'. ',' -, " .• ,' " 

, _Th~'·i:.eeven't sample 'was 61?ta:£ned from the 'sample ofprimarye± . events 

as"f.oHow,s~· All the"l'ea,ving 'tra~kswere extrapolated 'to tlleEHr; . For 

those'·wh'lch--ald not' geome'tiit:allymiss' ,it';' the exti,appiatedp~sition was 

compared'. to;,the 'closest . actual hit ~ri-d,C~:, the p~oba1ii1itythat 'Ii. :mucin 

.w.~~td;~a:Ye •.. ~i~~n}I~Or~~~t~li"\iaS~a{C~J.#~~;alOrii(~!til :Ch":'-th~' prob­

~~il{fy;,:t:~at;:a, l,IB.d,J:~n'~o!;1ld,iiavegiveD:· a .p~tter ui.atch: ' Td, be':id-entified 

...• ,~' ,.!C;:~~~!f,::£:.:~~~;~~~:::~::~~::c:e~~~:~:h:o"i·:~:l:~:::~~t;~~l:~:/~~:~:: . 
'. greater.' .than 5., Six:'iIi7et-aiid.~thre'j{'jl + e~ . candidate:everits' wete 'thus' idend-' . - '. -. ~. . ,'," .".' . "" .' . , '., . . -

_ ;,' ned., .. rlielr' ~haracteristic~'::ar~' given' incTable"1..'A'traHnl(of on/! of the 

::~:t~-:'\ev'~n,t;s':(~ve~i;gi>;is~!;h~n' oil :ft~~" 2 {.:along· with a'p~c~u~e"of the' v~rtex 
imd~F~ high;magnificatioti,;,.' " \', ,I 

- . ~ ~, ,'(" " ;- .. ~. , 

," 
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Table 
due to 

,<"~';';' orCCE'\);'; 1!chdrge·:exchaiigfi';interactiori{I!CEX")~:J.E3,lding· an "AD1Lor . 'ACP I 

1!~~I'ift!l~~i;~!li~s~~i~;;'~:~ 
. ~:·~t~.1l,i~;.9~r~~C;,!M:~~.~~~Ro~~e~~p.lf.!" '~~_lil.ne~~ ;K;3' and 11':-+,.,,\.1 ,.. e 
. >;~1;'~~,,~~~::'I~ii~in';ted~ by,-;l.oidiat:lon;'infciimation arid by .the'requir-e-

~~ .. - ~11&3··~~,~:'.-·";'::~':-"'P' :.: .. '~~' • ~ ':"-:"'-'"; --::;"~- ~ .: .. ; +' 
the,:e:rli1iv~~~;i,siiAAtures;. ~ r"of(whi~h must.occur"before the e~ 

,*i~iitlI1fl!ri'I!~l~f~~? 
;; ·· .• Ge.Vlc.:·we.have·onei'additionaIIL e:·· :candidate and one IJ' e'. The'~false 

~}~~t:~iic,'>"" /. . ....... . . , ... I 
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-5- -,'. ~. ~.~ +~J'-\ ~~:i,t\~-t.~ 
... ' ~,:~,;,~" ~ ::,:~~,~,' 

. -r' " .' ~. 

;-'e"'b~tk~~o~ndtQ \I-e'-is r~~ghiy t;!qual ~o ;h/ilt fO~:~l!te"'.:.~e';,~~v:erio·,,;l~ ',",)f 

""~+~t',j~d;6~~~"'Ei'""calidi'da~e event; this ':is, cqmpatible with~~e.,~ecie4-.!\'· " 
;,', , of:':: ;",:;f,,':',"::' ;,,:; '~', ",;;,.::, ::", " '" ',' ':' -

, false e -, ;+. false lJ' bac~g~o~d .• ·.,.,~ .. _ "~~ ;~~ ~/ ) ... ' 

,:' ;;~ "" ~~'e' ~i~:i.~i~nd~s'~~~ ,the:.i~~~ii~, d,ue 'toour::,r/ defining ~c.ut~· a,re 

, "'~lSO :~u~,:,~~~~~-i~'·'~~b;~"II:';~'~~'fal~~._J);rit~p~!rs;~:e,~~~p-~~Il~l,e ,pri'; 
,. - '+ ;',". , -.' . '" " ' ; 

mary e- which are mistaken as part of:'showers, caused by DaHtz (o.r ,close), 

f} ··p·~~r~: o~:··~~l~~:~. '~ri~i;~ts- ~~c:·~~e.~-;~~·. ~~~e ~~h~~~e .~~~erp-os~t~-~n·:~~:~ .~~ ~eai .' ;" ,I, 

Dal~tz ,pair"et~~" The (~l%) ,probab~lity' o~ a,dos:e: ~-ray"on'-~ne+ is 
_. .• ..~ _. ',8, .: ,,_. ", '. .".: , ~ , 

included in this. 'By false Compt6~, ~e mean a lone, primalJ1 e-: rejected 
.- ' . . " .. ,. 

", b!'!C;iuSe., of a, gap .caused by ;J fluctuation' of 'the: bubble, density near' the 

\1" 

vertex.,·~ , 

. Taking, theSe backgrounds, lo~ses and:" efficiencies, intq ,account. the 

:3 /~~ ~;;:.a 6' \I:':~+ c~rre;sPo~dto;i~(O.i6 ±g:~?%':aIid~=.'(o·~~4. ;!;:ti,~)% ,. 
relative to all, (~~ ee 'events's.atisfying ou~cuts,6Thusf!£~O.3± g:~ • 

.... (Ii~re:>~y~-temat).~ ~.rr~~s ~~nce~ ·a~p~~x!~t~lY.) I~ '-'ts' :"wcirth.':' '~p~asising, ~ ',. 

th~t the total' false:'e'"' ba:ck~9uni( expected 'for p' ,; 3-;OckV/c'is < ,D.} 

e~eriL Tl1erefo~e th~ probabilitY that both ev;;nt: with-p~·':>~3 Ge'v/c (everits, '< 
: .' ,.:. .' ,'. ,.'.'.'. '." '-' ...•. ,;~ ...... :-'~., - .. :", -.~ ~-, . 

. 'lJl and- 2), arise from any 'of the sources 'o~ false single 'prima'ry"e is'« 1%. 

~e:'probability that alI, three (or,' more)' JJ+ ~- events'a~edue 'to' a fluctua-' 
" ,-" ~" '.' 

tion, in the expected D.6 event Pilnchthru,backgr~wid;fs<" ~% •. The',sum of 

'the probabilities that ~ll three (or'more)' \I+e;"events arise from the . .' .',' . 

various" possible combin~tions of punch~hru and fals,e e 'bac!tground ,is 

about 7%. 

The median v\I (vp> ee event energy is "',47, (~D) GeV ,i: ~1:1r experiment 

compared with 65 G~V fo~the 6 \I-e+ and ,'2£ GeV fqr the 3 \.I e. We"have 
, ,'" ' ",' +'- ",' , 

therefore ho ,.evidence that' the '\I' e events 'ar'e proquced by higher energy' 
, '", . . , ',' " ,. ':' 4 'v than are~ typical ii, ee, .events, contrary to ',what might be expected if 

they came fro~,a very heavy particle carrying a new quantum number beyond 

cliarm. , . 

:: In thes:tanda~d (~iH4) model cont'ext, flf provides 'a constraint on 

,the'-frac~ionofthe nuc;leo~ momentUm carried by the nonEtrange and strange" 
:\ . 

'~ntiq~!lrks of the ,sea; For example, if there were no sea, ':(f/f wo~ld h'e" 

~ .~ :-
.\ . 

. ' 
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L' ·:r.' BlleEEichal,iCet aL, PIl1i;~.:.~ett"; 60B',' 207· (19?6) .'~,.' 

" 'J. v~n Kiiiih'. ~t ,il.·~ Ph};S'. R.e~·. ~ ~~h~'3:6~jiio ';(1~76Y::' .." 

',';' ~:.:~i::'~~;:.;.~::::t·:!::~;3:~;~l!~{,~~~:l)'i ,'; 
"2. A.Be~venut:i et' al., Phys. Rev. L'etL 34, 419~(1975)j 35, 1199 

(19.75);. 35, 1203 (1975) j , . :,;.....:;-

Ii:·"c~.'B-~~:Lsh·~t a1:, PhYs. 'R~v. ,~et;·.36~ 939.':(1~76). 
' .. M:~"Hoider :~t al., ';Opposit{ sigri;~i~~on' Ev-ents . Produ~';din~iariow 

B'lAd ~~ritr1hci' and ADUneutrino Beiuos, subinittlid'iO' piiys~.'iiett.·,· 
t-' ~.I -

, 
.. i. .f.;·p·;'a~rge et'a1~;; Phys •. Rev. :ce~i:.' :38~ 266, (1977). 

··:i~" . ';. ',:,' ' .. 
4.. .This fact.ha.s been recognized, fo~ examji1'e, by R~N."Cahnan'd" 'i. .. 

• S.·~.El1is·in'''Hci~\o19okfor ·b..;qua~ks" (PhYs. Rev;, Sept: 1977). " 

. ". ':! ,. if; :!.'~ .~:u~~~y;' ;i~~ija;~~ ,~:~~i:~~~lcU1ad.onsforEH21I,: UniVersity of .. 
Washiti gtori ·Int~tnal·Repo;:t.· VTL""HEP-'49 '(1977);' cc , .. <:> ".< i '.0' 
s. i:.' 'G1a:8ho...~,J~ 'iriopci~~os an:ci 'L.Mil1.atii, Phys. Rev;'~fl; 1285 . 

• OJ ~ , .... :' 

(:1,970) ;' 

5~"R; J. 'C~nceef'lh.; LBL4816 and Nuci'. Instr. an~Meth. 138, 245 

(1976) • 

. G. Lynch, "Mrir~ orithe EMI ,De~i8i~n' A+gorithiD's" , LBL Physi:cs:,:Not:es 

H808, S~pt>'24, 1975."· 
, 1 '. " 

C. 'Balligh, ·'~P~raDie.ters for ~ Confidence Level Calculations for 

.·Ein";iJnive~sity 'of Ca11fdmi.a ;rn'terna'l, Report, UCB~CB, June 4· •.. i977 •. 

6 .·:w~:~,~~q~~e:. -,;~j.: ~~~ ko"t~ ~~ '10 G~v~~~r~'thf/'BuJ::i~~ O!~r~~l~eiB)lrec! 
., particles (includingy-rays,lfl's and neutral stars) arid xis the: beam . 

, dire~ti~n';''fo~i~~~':werequ~re::a'lBoeachof 11) ~p .,~ 0 •. 8 GeV/c., 1.11) ~ 
. .' ,:. .;' . 8 ". .... e .':' . . :':.;. .. , 

2 independent.s·ignatureB .. ~ 1 ofWhich·.occursbefo~e p falls below: 
. '. ' ... " ".' " . =F' • e 
~O.l GeV/c,'iv) M ± =F > III 0, 'where x 'is any trca'ckwbich'coUld be.the 

. . ." e+x .11 . . ' ; 

. companion of the s- "in·8. Da~1.tz pair .• ~) t.he angle betweeh· this"~-: and, 

an~ o.ther track, x, . lie inconsistent (> 20') with the angi~ this e - would 
=F ". '. 

have if·it were a 6-ray on Xj for \I we require vi) Pp > 4 GeV/c.and.,· 

:,'. 

. i 



'1'il~~4~rf~~~f,t',.,;,;,.,::" .. , 
~J,{,~_L;: ." ......,. . .', in:;c;,ji:'"'~~S{i'&;;; ~;)'';;::2:~:?:'::;;~:' :". . ._J, 

,vi:I)!;~\lat;',thiE! :leaYip:g; t;ack~egister .iri. the·'EMI.,.~;a.'.ll with likeU';', 
c:;:;~·~ .•. -. "';:>"':','5 : .... ;.:";.::.,; .. :: ·.c·";·.,.'.,, ", ,,1,:'3"",;. :.,'! " .. , , .. c· ,'.', ,', ,'.' .... • 

,~>c;hood~t.>·5~~ ;1:Within~'.0i1r;:('14·m .,fid\lciuvo1ume . (whidiproV1lies' ~90 

'1";~~':f~~~~~4*~~f~t'~~~~:~:~~~t1!f~~~~~i~ 
. .:;;;abUityto;show'~2of; i~e':i:equiTed si'gnatures;'theef:fective e-:; e'1ent 

;':"7;.I~ts~.~~iii~~~~~~,~:t~5'~}~O:.';:·~ ;~4;.~~ .. bY 
">:~ ,'.' ~~:~,.:m:~lt!pii:i.ng '. i1ie'n~bei-;:of e'iienis; with'only, a 1.1. and ,.ev:~pt\ra:d.on . prongs. 

''''.:''... ·::i';::~~,.'~~~~l.f,;¥~%.{~if~~~··:rf~~:,'~n"~r';·~.i~Y,·:~F~;·~~~·jl;,o'~~~~:(:(+~~~~:~\~fh only a . 
. :::0~: ,pr~~9I1iiw~,~vapo1:at~oI1·p~~ng8) ••. · we. aS~ulnethat tn,'T,pr.i~p.9rt1ons 

.';%~~,~;~~~~ft~~4~~1~i~::~:~;~1~:.,~~~::;:" 
,.' :'!.~ ~;', ".aila1yslsf'ii£:,:the",fQllQw.i~g,;dElrit;lfYing chaiac~ei'istic~ ("signi,tures"): 
'/-:,:. ",,-. i:'.~,. ~?;',~'~::~-:'{<. _,.-::,;'>: ;~~L;~':~.~ ."h·.l(.::·_~,,~,~,,~.:.:._ ~ :::~!,~:_ ;:~~_:?<;:-:~,: '"'. -:'-7... ,.:.!.:. ";;. ::.;-' :~. '::';' ~. •..• ..- -.' ~.,':"" ':~;":' "l:- ;.- ;::,.-<. : ~.:: .' i, ' • 

.. ;. , 'i) spiralization, to a pOirit, ·in, the, chamber;" i:l.) \-i.sib1e sign of . 

,~;:';::~remS~tr~h!~ng: i~~d:d~ri'Ch~ri;~ ~f ~~1t~~e ~rid/'Drmat;~i~li;at~,;n in 
}: ':)~:-~~-"":;~:::..' {~;~;i;,;-~:' :');:;--~:"~~<::-~<'=:i:':~/~ .:·~::?-'~·i :i>:\:'~.:: . <-~~.t..~~:~~. .r>.;':·~ ':< <~:o._l·':'¥·:~ ~,. . "~'. ;"';'-::- :'::" ~: .' J _ -: .-

.,' _diechainb'er.ofthe·~tailfated:ql,1atituln); 1f1.) o .... ray ortrident'Qf,an energy 

'! •• rt:;;s~~t~~,~k;;,+i~;~~:;~}~dq't~~;¥~!'?,~J~~,ld~:~:,~~;, \o.r:·}'~), J,o; ·p~o~~.ro~s. 
·!;a:miihilaHQb.,~nf1igh{yi.eliling a~ tangen.t y,-ray. . ...' .. 

, •. i:;9,r:;;i:;~";:'(ie~::t~4:'.~X:*t,sn~G~:,;~iJS~:,'+,1],~t.·,!~~,}~f?·;.2~r,-,4~~"·(19.63) •. 
··)'10~,:B,~~C. :Barish~et do, Phys.Rev. L~tt. 38. 3.14 (1971). ,": 

. . 

~ . ':'" . 

. " .. . ... ,'., . 

., 
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,TABLE I 
, . 

6 r' Characteristics of the lie Eyents 

.. Visib1ell sir.' ' 
-, '. n~h IQ Ip PII Pe x Y l'ar-t.: .-

~ --. .- + .;. 1 7 +3 26 20.5* 3.6 0.17 .0.22 " II e' 

2 4 0 17 4.9 3.4 0.02 0.7 , ...... , 

3 5 +1' 28 4.9* 2.0 0.10 0.83 A:!' 

'- + II e 4 9 +1 82 31.5*, 1.1 0.18 0.62 

5 7 . +1 42 23.2* 0.9 0.24 0.45 
.,.. 

6 5 ' +1 70 59.0* 5.1 0.66 0.16 ' K+(?) 

7 ,.5 ... ,..,...., . -.. 1 33 .25.1* 0.9 0.13 0.25 K+ 

8 '11 +1 60 28.9* 7.6 0.31 0.55 

9 '6 0 73 49.1* 10.9 0.23 0.33 KO 

$n 
ch is the number c.: outgoing prongs (not coun~ing protons of range, 

< 4 cm) and IQ . their charge. The momenta are in GeV/c. Ipx:="_ Ev' 
;'\ 

",. net 

* J 

This track has,highest transverse momentum, relative to the incident 
. 

'v 1iirection, ,of any outgoing track of the event., 
.-

•. j 

: 
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r .' I)" '<-: ,.-I" ~. c: •. ,~~r"~';.l 
TABLE.: II 

';":'J~~i:'~OJ"JATKii 
I 

false e 

Dalitz~"~i~s 
A~YIIi·'·:J?iJ.:j;t's , 

'c~is)~;8f~;~';J~;:~u' ,C 

, 'Charge, exchange' 
K±e~3 r:".« r~.f.~~ 

subtotal'" :} 

• 2,.(~r+ '£!11~~ ,IJ, . ~; .. , ~., .' -. " 
background 

".r.~~,~;s, ~:~.'r'i.,,» 
·Da-1itz pair cut;· 

" '\.s~~~~,~~t :,? {:'j '" 

4J'- ,]' 

.; 

'", ~ 

.- .\ 

. /. 

~ 

4B.'5K, 

)036 

with EMI 4SK 

'e , no II 71 

.. '2.3K II~: 
" +7 

'2·.Bk II; 
'-,+, 

6 II e' 

- + ,to Il e, 

~6.04 
.,0 .• 13, ... ' 

o. :L'7 
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FIGURE CAPTIONS. 

1. ~istrib~tion of Ye,c 1-Pe/EPx ~ l-Ee/Ev for the events
6 

with 

a) a r.rimary e 
, . + 

b) a primary e 

The events ''lith 'an identified6 + 
~- are shown hatched. 

2. a:) Event III (see Table I)." 
" 

b)' A dIagram labelling: the tracks of event 01. 
c) The vertex' region of 'event nl. The invariant mass of the 

proton and the n- is ~ompatib1e with the ,ho mass. The 

kinking track may be 'a K+. The other tracks are protons 

,(or nuclear debris). 
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