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: :.~ "'t.. • " " .' .' • I 

Angela Barbaro-Galtieri and Robert D •. ,Tripp, '; .. ' :".: :·:· .. ::.~··~:.:·~'~/~~··::::;:;:,<~::··':i·' 
" . 

~ .. :. ; "\ .:. , .~ " " . ,' .. ' . 
~. .' 

,'~/\'~r:".:,: ::'" '. , :.::~;;;;;~;;~~~;:::, ",' ,," ," : )', c._:'~;',>~.~}-:-:\ .. 
, ;.<};,::':: " Berkeley. California. '. .,':. ," .< .. '.,.:~";::" ... "\:. 
,.' : .. " ..... :',"/ July 31, 1964 ",' ,.<~:"" 
: .. , .... : ... .'.: .. :, " ',' . ,'" .. '''~' ,<.,'i.:;··>:)"·: 
J; .' ", ::.:.: Recently Ne'eman suggested the existence of a fifth interaction,' siiniiar .... ~'.:/',;.::' : 

.:~ -:,:~·.>:·:<.to electromagnetism but some ten times stronger, mediated by a ;ector field "<:~<:::<" 
••• ' " ':',: •• '.' • , • • ",. '. :.' : ~ -:. ';.:.o~ • • ,:, .0'. ',';. ,.". :. . 1.' .. ,:,.'",: /.' .',' 
:":.":-,.:,,;;,::.;,~"~': '.: .or particle X, coupled to the strangeness current S = Y -B. . In connection >~~>'~'':'. ::. :.', 
.f.· .• :;::)(;;.:'·~:.~>/':<'.With SU

3 
this i~te~action woul~ provide symmetry-breaking effects in the. " ·::,:\·.·;::>r,:i' 

:", '.' ..... : " . '. . '1\ ' .. -Zr·:,:.::·.:.-.'::,,, 
>::':'J:'.;:-'":.~':''' ~:correct direction to' 'require all masses to obey the first-order mass form.u1a. ·.L~,':./\\:}' 

.~ >;.~ .. i,;:::.<, '~:~<':,Furthermore, if th~ X is ~ massive 'particle, it could also explain the' I :--~-:::)::r.~X:.':·~~;·: 
.;, •.. i~:~( 4.;..·~ .. :l .. ;'.>:··· 

; :~:/.;.::.:,:::::,<:::,~;'. muon's mass. A mass ~x· > m 21T see~s conSis~en~ with ~ost exPerime.nta~., .. :,~ :.~\~:.:::::::~'~;:.'·i 
::":"::'.: '::':, \ results, and Ne'eman suggests that the IP '(1020, 1 ) is a good carididate to: .::'::' ,,;:' : 

" .... :,:. ;"' .. :;.. be the'x field. Its connection .with the muon can be checked by me~~uring ". :;~'/:>:':>:~',:~'. ': . 
• ". " . . '., ,;' . . . . , . -1 ~ f " • ,1. ' 

: .. :...~ .... :.' .. ,':~.<.' :' the, IP.- tJ. + tJ. i decay rate and comparing it with the . ~ - e + e" decay mode. :'<.::'<~~:~,.';;/;\ .. /,'.; 

',',': <i .. Beder et al. find that if the . ~ is the X field and it is responsible fO~,the .\U:;g~?g~ 
.. ',.,..' ::': muon mass, it should decay via a muon pair ten times more rapidly than .:; .. :·':->·;·:·i<!:<~, 

'/:- .. ~ '!":;.:';'.' via a KR ~air. 3 ,That is, R'·[(IP-tJ.+~)I<IP-KK)] would'be approximate~f 10~'.j':~}j;\::~~~J~r: 
.;.·:;~::\.<.t,:·:X···: 'th~ calculat~d Wi~th' fO~ IP - tJ. + tJ. -' being 30 MeV, about t~n times the ex·-.: '::.:\~;~~.·S,f{:,,:;:~/~· 

. ": "I'.' ',i. ".,' . 4. .. ~ ". ~ '.' ' ... :~~~~~:.:: .. ,~.:~;:);!.\~~)~:: : 
;,;, >.,::','1,. : .. ' . perimental width r ~ = 3. ~ :.0.6 MeV. We report ln t~ls paper an ex.- .. ::/~: .. ,;'~(l5::";>~~<.· 

l .. :~:.::: .: ..... >. perime'nt pert~rmed to check the validity of this thed.ry. In particular, we>·)·:,~,'.';::~~AS;;:,,:<-. 
"c',:;/': ',h';ve inve. ti7ated the decay modes ~ - f' + f' - and .~ ~ e t e - • !nan experi:'{':J!;!:';;~':.', 
~ ",> .... : .... , ment performed with the' Lawrence Radiation Laboratdl"Y 72.-inch hydrogen :''':>.:::',';::,' ;·?1;·5 .. 
,:"'<:/.;!':. . i :-'. • • _, 

::~I' ,'::".~. bubble chamber while making'a general study'of K p interactions at 

" : .,. ~.:,~,':' ·2.4-and 2..7 .. BeV / c incide~t K- momentum,5 we have in~es:~igated the'.reacti~~8 
, '. ,::t't' .. .' 
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~( '.:'. :.,. . .: . .', ~ . . '~~. ',; ,: .-:' -/ \" .... : ~.~ ~.:.,,; .•.. ~: :,' -', . 
~ , : ;, 0. '-~., . '. , • " .. . 

.' . '.. ,~". ~ • • I· : . . .r·'· :. :' "":::. " '. 
'" . . . .-4-. UCRL"';11428 Rev~" ' /'''<' ." 

:;:.:.{:;,';;/~,:':,: '~~', "" • ", " " .• .'o' ;';',,' ~:~V>:;:'< ;'; 
.,:,:,'.':"''/'':'.: lepton-"pair decays of the 'wand cp mesons, which we produce in other .. ,: >':", >:/>- ' 

:'::;~:(:,~,~~:,/,:» ','; " ('. , :,: . .', :: '~ . " " :;:;. 

;f~;f.-'::;":~i.:::e:~. B:::hi::=:r::: "1::0:::::" ~eCaYSOf w and ~. .,;,:ii/iN':}; 
====================.:,-:' ...... ";':. 

+ -,fJ.fJ. 

2? 

+ -e e 

o 

a . 

Total (a) 2/3 X total(b) Branching ratios ".~:,~\;)~:h:'~}:'~:,: 
+ - + - I ,·rr ", .,.'., 

540 360 

111 74 

w-f.L f.L < 0.005 w-e e < a 003 ~, .. ' :;'.:': :~;';'" 
total w ' total w • :.· .. ·\.7;:.'(' ... :,'. 

1-(KI;) -.< 0.013;'-(,;; - < O.013t~,~r:;1:'y'.:: 
t..'-I ~~,' ::.... . , ----------------------------------_ .. ,.' :';.:,~.",. 

i ..... ".,~;.::{'>:~.·. (a) Total number of wand cp found in the same K path length examined' '-'~"";" 
,," \. - ',_ •. I .... . .·,;,'I;~(.:.~~ .. :.:'~· .. , .. ~: .. ', 

~ . ~/~ ", ,::. >' ;.:~.\ ;,;. :'. ..... . . . . -. .'~: ,"' . 
;':/:'~!y\t):/·):~here. corrected for ne~tral decays. . '~:X :,.{;',~.:.: .. ,'~. 
' .. ::'. :':::::':>/,'~.' (b) This factor 2/3 takes int~ account the fact that we examine only events' '.' ,,' 

'.";,;) fQr ~hich CLZ (or CLZ ) > ~CLZ1T' \!.';:<~:C 
.~,(;' :";:":':"c'. ~. e . :' "~',:;')~~<.<.' 

.. :.'·<~· .. "~"·i i·.~t;>.'.' .~:~~ .. c.~ .:.:; 

. • . 4·.... • ~. • ',' " 

, '.:.,':'<.' ::, , The upper limit for w - e + e decay is not in disagreement with t~e previously::::':': 5.' '\ 
;.: ;'.' .:,-" , . ." '. 6: ;~;: -:":: .: 

.. , ;',:.::,' ·.'c··, .' published result of Murray et al. (R < ·0.01) and of Barmin et al. (R <0.0039). . ./,.,,: .. ,"~'" 

... ~'."':.:::'/;", The upper limit for R(iJ? - fJ. \L-V(q, -KK)] tur.ns out to be 0.013 which:: .:::.::.<./~.:;:c .. 
I. • .' " •• j • ' • . . '" ," 



...." . ~ 

.. 

9 !,' ',,'.' " 

'''1-:'~ ;.~. 1 '~ '.:';, r. : ' .. , • .' 

" . .' 
~ " . 

, '. ~.. . . ';'5- UCRL-11428 Rev; 
:',' -: ',\ .' ,. .!. / :-:" ':,;:.! .! " ,'.' • ' 
<."'" ,,,',' . FOOTNOTES AND REFERENCES "', .,.\ . 
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~. !~.' .. ";'::~:.',,; ':.:':" 0, . . . ' •. ":.'.,' "~':" 

:; ::':; .. :'- :.::;·;·:~4."::· i 'Weighted average from the values of P. L. Connelly et al., 'in . . ,. 
,>.;"'< ;<:.:<';.:,~. ,: ."': . ," ' " . 

~:, :~":.': ... ~;<:: .:.' .. , Proceedings of the 'Sienna International Conference on Elementary , '. .' ,., ,I 

,~: ... ":, '~-<'.',:' ",. -,";: .. :::, Particle s, 1963 (Socie~ Italiana di Fisica, Bologna, Italy, 1963), ... ~ 

"'/.>.'.:;::; < .. '<" ,', '.:: ' '. :' .... : 
" ,,' ' .... '. '.,'. ':-.-.. ,.,.. Vol. 1. p. 130; N. Gelfand et ~l., Phys. Rev. Letters 11, 438 (1963);' .. ' :c. 
# •••••• J ... :~"" .~~:~:,. ,". ." ~~~ •. ""': '. • - ~, ",4 • • .~: "'. 

:.: >.~., , .... ,: .. ':-\:::::,,::, R. Armenteros et al., quoted by A. Berthalot in Proceedings of the' .... : ,.<.~..,.,. 
. "'.:. . ....... ,,' ... : . :~~. ,',' :,'" .' r .. : ,.' ':". 

"':J~ ";;:":::"~'.;~'.,.:,:" Sienna International Conference on Elementary Particles, 1963 .; ,""',!.';'" 

"':-';". '.,\'.': ":"<>, .. "":~:{SOcieta Italiana di Fisica. Bologna, Italy. 1963}, Vol. 2, p. 70 ...... ,.',>:''-~/<~>'''' 
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',-'::' ~ .. ;.-;- ';',': J. A. Kadyk, ·A. Rittenb~rg, D. M. Siegel, J. S. Lindsey and D., W.:' :~'''' . .-:.i.>;. :' '. 
',: ~ ..... ,' :' " I. . .' .< .~" .,~.'r.~ ;~~:<':.'~ ::.' . " ';'. .e :'-,:.:. · .. Merrill. Lawrence Radiation Laboratory Report UCRL-11426, May ~':~;">"':.;"~"<':.J 

. . . 0.;;" .. ' ...... '.~. ",.:. .. . .' .. ',:";~ ~ ':,'.."/~' 

," ;.::-,.: .,,!.:.:» . '.' .: .. ' 1964. to be presented at the 1964 Int~rnational Conference on High Energy. ,;:~i./:: 

:< ~:'. )::C.··::~·;.:\~:,,;·;.' ';.:'. P~YSiCS,' Dubna, USS~, Aug. 1964.'. ' .' ... ..:.', ' .. < ?r;,~.:~~>· 
"'-:·>·'··:::i:·':;::.:"//';·:6~··"<·:J. J. ,Murray. Jr .• M. Fe:rro-Luzzi, D. O. Huwe" J. B.·Shafer •... "',.~"~~,:\.);;:'. 
• .'.; ;' ~ _ ;", • :' ',.- ,: • . '#, '.. • '. I " .' : . :. ; ;~<t.~ ,': . ' .... f>:".·,. ">,;.:".; ',:' F. T. Solmitz. and M. L. Stevenson, Phys. Letters 2., 358 (1963); '. ·:~'n.~>'{).:: 

~:",;';':'!~:jj)'i:~'V' V. Barmin. A. G. Dolgolenko. Yu S. Krestnikov. A. G. Meshkovsky.o;,,';:', 

,,~,~,.,!:'''''' •.. ''{...:,':' ',,;,:,: .and V. A. Shebanov. in Proceedings of the Sienna Internation~l Conf~ .-':':,:>,'<::;/)'. 
; :?<;'''~'.''.':-:'.;.~ ':,::;;,: -:-:': '. .... . j' " • • i ; ""('>', .. ,' ~' : 
... :, .. .,. .• ' .... ::: .. : .... ~.,:,::. . .:'.:.,:;.~ ... ;!;, ....... ". on El~mentary Partlc1es, 196.3, Vol. 1. p. 207.; .. : ' .... ,t···:·· . 

!X~)/'::,~,7.' ',' It ShO~d be pointed outt)lat this expe riment caJ~t prove whethe r the:~'?i'/,X 
~:.;:).'::;:>\'.\(. . . ~"'.' ~ '.is .~r is not the ~ostulat~d vector field, X. of the ; fifth interaction. .:,',<\';:'.:"::; 
". f • .: ~ ~ • ,,: "; ~, ,I _ .,' .';' '. ; 
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;./~~):;!:;;,;.f~~., . ~ .. :.~, XZ
" for .. ~~-r: : f~t. '<.X Z~) .. :ver,sus X .: for,: AZJl~. ~1~. '<.X Z~) .• ;<. ~n t~~.:.~.l.gh~.:~:~;:.:·;,?'::"~;:::·i'/St:;\~ 

",·I)~':::()/::;:,':>:. ':~ ...... ~'.' Z .: .' .'. ", '. ',. '.' ~ ":.:! \ :',!.;. '~ •. ~':. ~.,,,:,:~;,<":f.~':~'~~'~': .. ::~:<':Jj 
:: .. >;·:;;;~::.)7.~. '::':'::':'" the X 'distrlbutlon for' A'1.Tr. On the X axes i.~ ~eported ~e.' X .\.«: :.<. :.:.r:~:.:. r.~~.~·.q .~~~;::}::::~.: 
I~·;:~~.:i~i:,;·r:::·/::~!.·;;~··· . .'. .' :. . . :.,' . '; .' ,.,:::." ~·~:-·"~:~;::·~'~':)~'~l;·:.>.i~:~.::~::~::~:~ 
:;".'::·.:;~:;;r::r~: ":: :: .. distribution fOr.:' only ~o'~e events sati'sfying eL

Z 
>{S':CLi '.:. : The solid: ". ; :,,~·:~.;;::~·:·;~.':lr'·)~ 

:·J;··kf:·::~·;':,·CY~~#.:~.:·.~ .. ·.~::. " .,'. . . ' .' ~. ,11' I ~. : ;.::'.J" .::>.r[:·:.i~·:;!::~ .. ;(~.:~·~·;·~};~~~:.{ 
:;}:~ ·:;'··:;:·':'f:~\:·:·: lines represent different ratios of confidence level for':'./!,.ZtJ./ AZTr:·::-;t., .:,.;-.:.~;:. :;·:·;~.!..}.;i'>.··;"';~~:· :~.~··,.~~~5 

>r~t,jJtt1J~~;~hYPo~e.e~. ....., z .' " .... . : z ,'>" "'z' ?"":' ':;i"~~;~:,!;;~~:{fI){j~1\;;tJ.~1~ 
;,,~'.:»:..; .• Flg.';.Z.·:x.for A'1.e flt (X Ze)·:ver~us X for AZTr·fit (X Z ) •. On.the~rlghtis,\:"",:;~<:·:r't·,;;.:~;,' 
:;·;.\~:!:·~f.:~.I: '~::"':'\: ... '.~~~ . .' '. '. . I.L .. ~ ). ." .. " !: .... : .. ,/,~;~.;~~; .. ~: .. :!~~.;~. ;,.::~:~: 1 

. :"' .. :.:, .. ;,: ..... ,::. '<',:, the 'XZ . ", di'stribution for ATr + Tr -. On 'the X axis is reported the ; XZ,.'>-:;:~;:,;:~·/~< .. /i"~I,,~: I 

:·.:~~·:~~~:~?::.:~.:~,()X·V:· . " .. ATr ~ 1J". . ". ~.: .. .'..: f~~!st.;!~\:f?~~iJW~hl·! 
"', .. ;,",',::::':": .. dlStrlbutlon for only those' events satisfyi~g eLZ .>5 eLZ 0, . The solid :h·;;':·""~·.:··l",,',;;:,,;;'i).: i 

,~.::~?~~/<:. ~:':"::::',r:; :, .' ". . \ . . . tJ.. Tr. . '. .: .. ' ~ .~ ... :. '. \}:~:; ~·~:f:}(;!:;·~~V;;;~:th! I 
:::.\' : ... :.:·::::::;:·:.:;;,hnes represent dlfferent ra~los .of confldence levels for A2.e/AZTr ,' .. '.'.: .," .\" !~:. ~:~;':;:;':':"'~"':\:.(': 'I . 4", ~ .. , " .' .• . . '.' . t) .• -, J' ... ·It' .. -.0 t."I ... ~·t·(. 1-' 

::::(~ :Y~:{::'<:'(;~':>/ ' .:' ... . .;. . '. . ','~' :::.". :::'.,:.:: <: \~ r,?:>~f~.~"?:~.i:.::\Y:i;\; i 
'.- , ... ,.:., ... "f. hypotll.eslS. ..... .. , ' ........ '. , .. ,\. ( ... ~ :J. ••• t!.".'l~ ..... , ...•. n W!:;;~;{':/ . , . . ," ., ' ',' , + ' , ,; ... ,', " ..,'. ,':'i.:i:iHJi~:;;;((~' i:{! : 
::';':.~' .. :'" . Fig. 3 (a). Invariant mass distribution of the (tJ. tJ. .. ) 'syste~ for. ZZ events' :i:\ '/' \:::"'~':"'\~ ~'.~',;.;(! : 

(\.~ .. ~.<:h/~:./\: ' .. ··;satiSfy~ng the criteria (~ee t'ext) for fitting ,K."p;A~+tJ.·~. -. (b) !nvar~~~:~·: .. ~/~·t;;-:~;·~(:\iJ?;'t:~~:..~j: 
':~~:{';:"/~)/;:;:;~;: .. '<,.:" . <. .~. .,....., . , : .. ' _'" . ~:'.f:?:~Gi~}~kA~:~:(i i 
;.:.:~::'.'.~<'.:".:::~:" i··mass dlStnbutlon.o£ the' (e + e',,:,) system for. 11 events fItting K. p'~Ae e ...... ;.';'.:·.:.!·,~~V;;~···~·:;.~:'~;·. 
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This report was prepared as an account of Government 
sponsored work. Neither the United States, nor the Com
mission, nor any person acting on behalf of the Commission: 

A. Makes any warranty or representation, expressed or 
implied, with respect to the accuracy, completeness, 
or usefulness of the informati6n contained in this 
repnrt, or that the use of any information, appa
ratus, method, or process disclosed in this report 
may not infringe privately owned rights; or 

B. Assumes any liabilities with respect to the use of, 
or for damages resulting from the use of any infor
mation, apparatus, method, or process disclosed 1n 
this report. 

As used in the above, "person acting on behalf of the 
Commission" includes any employee or contractor of the Com
mission, or employee of such c~tractor, to the extent that 
such employee or contractor of the Commission, or employee 
of such contractor prepares, disseminates, or provides access 
to, any information pursuant to his employment or contract 
with the Commission, or his employment with such contractor. 
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