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L. the course of a general study of K - P interactions at 2.4 and 2.7 BeV Ic 
incident K momentum, in an expe riment pc rformed with the Lawrence 

Radiation Laboratory 72 -inch hydrogen bubble chamber, we have investigated 

the reactions 

- + -
K P - AfJ. fJ. 

and 
- + -K P -)0 Ae e . 

,; 

( 1) 

(2 ) 

Approximately 18000 events with the V 2-prong topology have been measured. 

In about 8000 'events the V fitted a A, and 1250 events passed the criteria for 

- + -fitting K p-ATi Ti. A cutoff in the iour-constraint,'fit.<;t6 'ithis' ,reaction!;. has 

2 i 2 ' 
been set at X = 24. The X distribution is reported in Fig. L Since the 

momentum distribution of muons and electrons is expected to be peaked above 

200 Me V / c. ,ye do not expect to separate muons and electrons from pions on 

the basis of ionization measurement; A sample of events has been selected 

with the following criteria: (a) events that did fit A for the V, but did not fit 

any of the usual reactions involving a A; (b) events that had a fit for Arr + 10-

but for which the x.z was larger than 5. In our sample 435 events are of 

type a and 487 of type b. 

';11c se selected 922 events have been' fitted again with the assumption 

that the two tracks at the production vertex are muons or electrons. Table J 

Si.lln11"lt.:ri~cs, the l"csults of these fits. 
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Table, I: Summary of the events fitted to:.AJ.I. J.I. :;.atidi)\e. ,e .. 

,,: ,;",', ' .• r "', 
========================;====" ':'" . ~,' , 

CL>CL
2 
,~~t/CL>5CL >:.'-": ',';,.: ' ,: 

:. , 1'1':" "'" 21'1' '.:~>··i':'~·',;"('., 
Fitted 

, reaction ,Good fit 

" Type a, 435 + -A\-L \-L 

Ae+e-

13 

9 

326 

128 

.. ' 

, " 

,63 
" 

24 

: : ~.; ,,", i 

. ,. ': ': .' ~. ~f 

13 
\ 

"I 

t 9 
.. 

' , i'9' , .. ~ 

8 

(a) CL = confidence level for the fit . '~ .' 

, Few events of type a.~: have a good fit, because badly measured events fail in,', 

this category~ The last two columns report the number of events whose fit is " 

better for the \-L and e hypothesis than for the 1'1' hypothesis. 
, ,\1 " 

We consider a'~ , , 
I 

candidates for Reactions (1) and (2) only events for which CL> 5 CL
2

T1" 

In Fig. 1)'., we plot X2 for A2T1' fit versus X2 for A2J.1. fit. The solid 

, curves represent different ratios of confidence level (CL). Figure 2 

represents a similar scatter diagram for the e + e - hypothesis. On each axis" 

the histogram r~presents the X2 distribution for that hypothesis; the shaded 

area refers to events that did not fit the other hypothesis for the particle 

f f · + - + - ' masses. ,Some 0 the events lt J.I. J.I. as well as e e ; in ~his case the ' 

, ' 

hypothesis with the h.igher CL has been chosen. ' We are left with 22 candidates 

+ - '+ -for J.I. J.I. and 11 for e e • 

+ - + -In Fig. 3a we plot the invariant mass M{\-L J.I. ) of the system J.I. J.I. of 

Reaction (1), and in Fig. 3b, M(e + e -). Neither distribution shows any peaking 

at any particular mass, but they are similar to a 1'1'1'1' mass spectrum for the 

- + -reaction K p - ATI' 1'1'. Of the known resonances, ,only th,e. w shows two 

possible candidates in the \.1+\.1. system. In Fig. 3c we plot the p distribution 

of the secondary tracks of the 33 ca~didates~', The total length of these t:f:t,J.',::,; ,j, ' 
',' . , 

I" ',' ." 

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

~ .r •• 

.', ,: 

';.. ), 

'. ,~ 

" ", 

", " ' 

.;, I: j:, 

" ' 

'. ' .' " 

... ·,.r. 

.' ,.' :i 

, " 
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" 
,', " 
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i'., tracks is L = 2.4 m. We observe three interactions' ai'ong the tracks, 'while ~e:.':\:;._';'<\.'::.::·:;:"·" 
:.:~": . <".'.':'. expect none formuo'~s ~r electrons.' We~e thes~ track~ 'all .1f+, or ".:., fro~~,;r}·:::·:;:,:~>·:·:;);:,: 
•• ~.~~ • .;~. • . .' . . • •••.• ~'/':':.;;~':.~"~,'.: ••• ~; •• Ij,~~·'~"~' 

.;., " ::":-.. the known cross. sections at thei;r momenta : «1a~ .. ~ 30 mb),- we would expect' .. . L>.·.\::· .. :i!·:···.::.~:~ 
.. ;, • .' ~.~. ".>.'. .... ~ ... .. ' . .... .. · .. }.~.:.~~·~~:.·1·>·}'. ~';.':.' 

"':. "::.:" 2.7 interactions in this path length, which is consistent with what we observe~;',~!: ,"~.:::'; : '<'" 
) .... ;. ", . ' . . .. :\ .. ~.';, ,":. ;'~: = :-~'~ .. '.:~ 

.'. :>'·.L· ':: <" In conclusion, in the sample examined, all events are consistent with;·' ;h,->,'.':J,·~~:';:~: ~':-:": .. :: 

'.;.&' ••..• ':ii:: t::e P:rO::: :::: ~i::~:.t ::r ~:s:~:: :~:: :::~:;::. :~:i :.-r::~:-··' · .. At.:,:;~~rp;;i':>! 
'~'. ~ .. ~...., .. '. '. . ... : .:. ;'. .'. "':.;~~:'.~ i·~.~·~·~i: .. ~·<:·~:·.:)··: ':~~):~;: . 

.. : .. :': " ... : .... electromagnetic decays of the wand q, me~ons, which we produce in other' .. <'>'.: ........ :.:' ... <'.:::~ . 
. . :. '.::' : '.': .:. . '. .' . . .'. ..:' ". .... .:. ~ '. ;.\:~:~ ';':.',' ':'.'; ... :' :.:: 
. ·:·:...·,:; .. 'channel~· .. Table.II summarizes the results. .... ..:;. " . .' '.,': ~,>, .. ; .. : :~":'."< :' 

. . . :>.:; .. ' ::,. ~. . :":~ '~'::'~'\~'.' :,' ;:::~~':!j;. ~,\· .. ,~>·f~;. ~.:. ':);: 
'<\.:'~.~: /':. . . ..' Table II.' Branching ratios for: electromagnetic ':: ':,\ '" ; .... :/ 

t.' 

. il ' .;. ":-'.,,':: ... J 
. ~~ ~.: •• ! ... :-:' ':': .•• > .. :'~ 

.. decays of wand cp. 
.', 

i " :.::".::' ','t' .... ' t; 

===;:==:;::======;=;================= ' ... ' . 
f.1 + f.1 .. ·e + e - Total (a) i/3xtotal (b) Branching ratios, './;:.O:::f<:<:/'\ 
-: + + .. !(.I .. :,'::·-' 

w-f.1 po < 0.;00.5, w-e e. <0.003 .:> .: :';"":.' 
Total.. Total . . ",,' .. 

. + _ +' :.:: .. : .' ;;, .:. ~::i:;j 
<I>"'!J. f.L <'0.013' q, - e e - .', ...... ' . i"'1 ~---< 0.013 ' .. " • ', .. , Total Total' . :o' .' ,,,,, 

--------~-------------------------------. . .' '.~ .: .:" , .: : ..... ~.~ . ". <> ! 

(a) Total number of wand q, found in. the same K path length examined here, ... :::':" . .':" .~i .. .' . ., ...... ,' : ... .', > 
" ; .. .. f .' .'~ -:.-.~ ~ •. 

. .' / . .','- ' .. ' .... 

. '. 

. ,!'. 

corrected for neutral decays. . .' .... 
. " 

(blThis factor 2/3 takes into account the fact that we examine only events·for ... : ..... :. '>:'.' 
. , ~' '. . . 

. a· . .. ~ . ;, ' . 

. '': : . 
. , 

.,' + -The upper limit for w-e e decay is notin.disagreement with 'previously 
.. '-

• : .1 ~ 

t .. ·.~· .... ' •• '.' .• ,:>: '; . '. " .. ~ ~.', 

' .. ~. ~" 

. . 1 
', .. :;:.,. published results. " '. :. 

: ;: .' '::.' i, 
:."":.'1 ." -, .. '.' . . .. , : " .... ..' -: . ~ '.:' 

t, " 

The .negative results of this experiment are of interest for the following·~~ .... .' .. ,.::.:.:. 
. . , . '. . . . ." ., ........ .': .. :. 

" 

'.' I.,.. ,. '.;' .. :." 

roun~ .in 8tr~nge-part;ci~· c~~lisi~n8 :L:l~;~~uC~i~no~';: .•...... ,.';~" .•• ': 
. '.' ' . ;.. '. : : ~, 

. :,' : ..... ' reasons; 
, . 

' .. 
" '.' 1 .. No evidence is 

'.. I~' 

any 1l:ew meson resonances •. uP to a' mass. of 1Z00 MeV,· ... whose dominant decay .. . 

. . ,.... ',,:::' .,' ' •. :.' h./t::·i··.· )'~:. ";/;:!'i',<I';J :":".: ' .... . 
'~. .,~ I' • 

:.. " : ... ' .:~ . 

,,' : . 
. '.' ." 
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mode might be into muon pairs. Heretofore no systematic search for 

short-lived, states with this decay mode has been ,reported. For the known"J " 

resonances w' and <I> these decay modes show a very low rate. One of the 
. . . . 

" tests for the validity of the w mixing mode12 is to verify 'the ratio of 
'. ,," 

electromagnetic decay rates by wand <1>,", In fa~t according to ,this model, 3 
", . 

::.- , " +-
" 

" ' 

" 

r(w'-e e ) = 
+ ' 

r(<I> - e e-) 
and the same for ( 3)::" 

"' j", 

"" 

. . ~ ,',: 

'. ','. 

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

. ':j ,;:, . 
':....... ~. 

• f.,' 

: where 8 is the mixing para'meter. By use of the mass formula for the vector;', ,", 'j' 

", ". ,- . ~. '. 
I 

•. ~/ • i" 
", '( 

meson octet, 'tan 8 is found to be tan. 6 Q, :t:.0!5.5.~·,!·:T.his~value"predicts>fot!ithe 
, , . , 

, '. . 

. ,,' 
,', r' 

" .: . 

." ' 

ratio (3) a value 1/3.3, which means 

R r R " , 
'tI); (A)" __ ' I tal' f' 9 0 ," f"" 

'~><:~~. =:~"'I '.' 

R~r* R~ 3.1 3.3 

, ; 

" "R ,:-w ..... ,-
R~ 

.. ," 

I' . 

= 1 
10' 

..... 

, ' l.., 

With.the present statistics we can set only upper limits for Rt.), and R<I>" but, 

, , our re sui ts are not in contradiction with the foregoing prediction. 

2. In the past few years many experiments have been performed to check 

'" ,the validity of the quantum electrodynamic description of the muon 

propagator. No
l 
difference between muon and electron pair production. has 

' .. ; : 

" .~ 'j. I 

" " 

" 

. . 

been observed up to now.4 , A different approach for checking electrodynamics', 

over sma~l distances consists in comparing7 the branching ratios of strongly 

'interacting. vecto~ mesons (w~<I» decaying into an e pair or a I.l. pair.5 Any 

difference' in the branching ratios.would suggest an anomalous interaction for 

the muon. In the limito£ statistics we do not see any such difference." ',' 

, . ~'" ; -: . , . 

,.' '. 
" ,',; 

, ,",I 
'. 1 

'"., .' 

. .',~' 

. ' 

.,i " 

:. ,,', '; 

!-,~~3.,.· Finally~" Ner,ema.n"ina .. recent.pap~r.~t!_f:!ugges'te·dl:the ~exis,tence ;o£~a'Lfifth 
\ .j'" 

;;.: .• ', . ;",'" .r"·, 

'.,' 

inte,raction, similar to electromagnetism but some, ten times as strong, 
,,'," .... . . . .' 

': ;.:: :. " .,'.,. 

mediated by a vector meson coupled to the strangenesscur,rent. This 

" : interaction may.be responsible for the muon mass. ' The ,( 1020) meson may,: '. 
, " 

.be this intermediate vector meso~, and in this case ,< .... \ .. -)/<I>(e +e -) ~ 10." 

" ,; ,,', ' 

.. ,l '. '. 
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The branching ratio <I> - JJ. + JJ. -/<1>'- KK ,should he 
1 ' 

~ 37 X 10 X phase space factor S'f 

Beder et al. 7 estim~te a width for ~-JJ.+JJ.- of 30 MeV,' i. e., this decay mode 

should be 10 times stronger than the KK decay, if Ne 'eman's theory is, 

'correct. Our upper limit is in contradiction with this prediction.Ne 'eman's 

theory c'an still hold, but the strong coupling of this interaction to the muons; 

seems ruled out by our experiment":~' . . ~ 

,,' 
, .. ' 

',' 

, , .. 
" 

" . ", 
>, 

',. 

" .:; 
" ' 

" • J". 

,; 

" ' 

'" h ~ 

" 
" 

" ,: I.', 
", 

" ~ .- : .. 

.' . "" 

., " 

" 

',' 

. ~ . 

.. , 
,;.<,', 

," . 

" 

'. i 

, , 
" 

.', ",.' 
r,," 

'.j"" 

~\ ... ..:. " 

.. ~ . . . 
',' : ~ 

~ .. , 

. , .. '. ...... i ..... 

.'.'. ,.: ." 

'\ 

:'" 

, " 

" 
~ " 

.... '. 
" .of 

,. : '! , •••• ~,' .' " • ,~ •• 

• ,. • ",' 'f~ f,.":.· .. 
••• ' .1" :~'.: • ." 'I .~ ~ ~. ',' 

'" ..... 

',",' 
. ',' 

" 

" 

'\ 

\',: 

',' 
.f,' : 

,. ,'.,' 

. ," .. 
I . ,'. 

.:, .. . : " . ,',:- ',/ ..-

• 

.... 
, , 

-, 

-" 

" :0 ".,,;, .. : .• \ .t,.,·~· :, . ~:~ " ... 
'; " 

" 

I .. " 

" 

. ~ ; 

, , 

~ :-.: ,. f I" 

" , .: ,",' 

,', <~, .~, ' 

. ,1',: ..... ' 
'.' 
~: 

, ',. , .::~ . 
~: . 

'I .' .::', ,}.:. " .' 
, , . .;, 

" • c • 

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

,I 

" 

.• ! .' '~·~··\t.· .. ...... 

. ".f ' ..... 
' .. " .' ~ .. ',' " ~ . .' .. . , :', ',:'.':::: '~,''',''.::,:(.' <>~: ,: :':' ~ ,; " 

I '; ... > ". 
• ~ I .. ', ~.. _: ':.~:" 

.', ",;' 
. " .• ", tv",;: 

I,. \'" '", ,t- ~ • 

, " " 

" .1 • 

,',; 

,. 
. ; 

; ~", 

.... 

. ' . ~: 

. .... 
. ~' '" 

" 

: ~. 

.. ',' 

," 

. ,; 
l,i . 

";-', 

::1 
..: '".' 



" 

,,~. ' 

-6 .. ' 
,.' o. 0 ., ~ 

" UCRL-11428: '0', • 

.1 

REFERENCES' 
'" 

I. ' :;. "," 

, : . 
;,' '.:' •• !.·r' 

, , 0" .~, • ! '., I '-

" ',: .'.-

. ':,";,1 .. ': J" J." Murray,' Jr. " M.' Ferro-Luzzi, D.' 0.' Huwe~·'J. B. Shafer, . ,',', . . . '. 

, '~, .' : 
" .", .' .. ' '/ '. " 

,'."" 'i 

, F. T. Solmitz, 'and M. L. Stevenson,'Phys. Letters 7; 358,{1963); "«':~, 
: .' 

.. V. V. Barmin,' A.G.'Dolgolenko, Yw. S. Krestnikov,'A. ~. Meshk~~sky,":':<~:'~.~<:~/ 
. . .... _....:' I'~,( ~~,~,'~" ': '~':' '~.'~ 

,",and V. ,A. Shebanov, in Proceedings of the S,ienna International Conference;~'> ~:!,'f/,< 
',: <;'·r,· 

,' .. , vol. 1, 207 (1963). ~. .~, (~' .. ~~' , ,> : " - .. 

, . 
',' . 

. t " 

.,' . 
.; .... 2. 

'.' " 
'" . 

S" Okubo, Phys., Letters 5, 165, (1963); S. L. Glashow, Phys.· Rev:,', 
'. : 

Letters 11, 48 (1963);' J. J. Sakurai,: Phys. Rev. 132, 434 (1963) ... 

., "~:: .:: .' 3/", R. H. Dalitz, in Proceedings of the Sienna-',Ihter,national Conference, 
'. 

'z' : . ~ 
' .. ' vol. 2, 171 (1963). ....... 

: '{ 

. ..... 
A~ Boyarski, G. Glass, J.I. Friedman, H. W. Kendall, M. Gettner, 

:. , 
• :1; • 

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

./' '. i ~. " . 
. . '; ". .~. ~,~ 

.; .. ' 

, '. 
" 

;,:. ::;i, : ,. ; ." ~ _: " J. F. Larrabee, and R. Weinstein, Phys. Rev. Letters 12, 739 (1964). ?:' C': 

~ ~:\. ':: ;".' 
., .... : t.': 5~ ':,:' E. D. Zhizhin and V. V •. Sol<:>v'ev, in Proceedings of the International 
.. ' . . ~. '.' 

: ,: .... 
. Conference on High-Ener'gy Physics at CERN, 1962, 493 (1.962). 

'6. 
I 

Y ... Ne leman, Phys. Rev. 134, B1.355 (1964). ,: ; . 
,',.: .... . ~. '.: :. 

. " 7. 
;~ 

D. Beder, R. Dashen, S~ F,rautshi" Private Communications, July 1964.,,/,:; ','::" :":" 

) 

: " .' 
" ',' .'. 

, " 
: • :",t •• _ 

" 
" " : . .. . , .... . " 

. :', "; :;.". 

,:! t' 
....... , : 

t : .• ' 

;. I 

, 
" • t'· 

.,' ~: . , ... ~ 
I.' • '. 

r, ..... 
,", . 

.' . , ' 
.1' •••• ' 

<, .',. " • .. , 

, ~'I.:.;· .', 
...... 

< ••••• 

',:,. ,',.,,'.: 

" "':. 

'. 



• 

, " 

• 

. ' 

-7- UCRL-114Z8 

Figure Captions 

Fig. 1. XZ for AlTr fit (Xll )' versus XZ for Al .... fit' (Xlz). On the right is 
,Tr .... 

the Xl distribution for AlTr. On the X axes is reported the' Xl 

distribution for only those events satisfying CL
Z 

>!S'·.CL
Z

• The solid ..... Tr 

iines represent different ratios of confidence level for' Al .... 1 AlTr 

hypothese~. 

, . .. 

l l l Z 
Fig. Z. X for AZe fit (X Ze) versus X for AZTr fit (X Z .... ). On th~ right is 

th Z d"b t' f A + - 0 h X ' . d th Z e X + _ lstrl u lon or Tr Tr. n t e axlS 1S reporte ex, 
ATr Tr . 

distribution for only those events satisfying CLz~ > 5 eLZTr• The solid 
. 

lines represent different ratios of confidence levels for A2~1 AZ!!" 
.• 0.·... .f 

hypothesis. 

( (11+11.-)' 'f Fig. 3 a). Invariant mass distribution of the r- r- system or ZZ events 
. . 

satisfying the criteria (see t"ext) for fitting K~p-A .... + .... -.- (b) Invariant 
, 

mass distribution of the (e+e~) system for 11 events fitting K-p·-Ae+e-. 

(e) Momentum distribution of .... or e tracks of the above 33 events. 
I 

' ... 

(' .' 

, .' . . ~t. 

.' . 
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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 information contained in this 
report, 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 in 
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 contractor, 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. 




