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~- ·:- ·, -
:-:; . 

Previous ·atte~pts have been made to discover:a Gtrangenese +1 baryon 
. . ~ . . . ·, . . . 

(henceforth referred to as Z in thi-s letter) aa a resona.n~e in the NK system .. 

These. experiments yielded negative ~esults t) • b~t the. possibility ·r~xhains that . 

such a par~icle could ha~e a mase between that ~ithe proton; and t.43 <:rev (the. 
. ' 

· NK mass threshold). ·In thi0 ease it would decay by a weak atra.ngeness-changing · .. · 

reaction to a nucleon and. one or more pions. to a nucleon and ·s: lepton pair,. or to 

a nucleon and a -y ray. 
-~· . · .. . . 

Interemt in such a possibility has recently been stim:ula.ted by o~veral 

theoretical speculations •. Thus it has been cuggeated that the z ~ay be the .. _.· 

isosinglet member of the w repres~ntation of so~. the doublet and. triplet .. ~ .· 

· perha.pm being the N;/Z (15!0) and the 7; (1.660) ~)~ · . Then the ~qual-mass epaci~~ 
' + . . .. 3. . . . . ' . . . : .· 

rule predicts a Z maa11 of t.36 OeV ) •. We might aloo expect that, apart from · .. 

. simila.r for the reactions . \ ' 
~ ', 

_I', 

' ' 
;' .. ~ .. 

.·· ,,', 
. .. . ' i : (t) . 

and .· ,."( 
-~ ," :0 I ... 

.. · -, ~' 

' 'l.·"· ~ ' 1 I 

... 
_:·; _i·-.... -

·;! •. 

. since these proceesetl involve members of'the·. same sol repreoentations, and . ' 
. . I!) . : . ·, . . . . . . . . 

'both require K -type exchange procesJDee.: . The cross section for reaction (Z~ ·:_/ 

at 2.2 OeV/c is- 60Jtb4). · · · · · · . 

. :' 

.' 

.' . -~- . 
' . 
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A. z+ has also beceU: ~r~&.~te<t b; ·aebre~dm and :t.andovitz 5> p. ~aing ·the 
• . •• ' • '• • t . . . ' . ' ' . . 7 

group Gz: They e:q:>ect a mass of i.09 GeV arid a lifetiine of the order of i\1 .. 

sec. . ... ; 

Ha.rari 1f.nd Lipldn 6~ poi~t· ·~ut t~t if-the 35. representation of s~3 io 

popu.la.tedo a Zoffso·spi.:niZ .. would exist, but the mams of such a particle would 

probably be above the NK maes. 

',!',',. 

We have Qearched for re&ction (1) in film taken in the couree of a._ 

systematic ~t~d.y ·~f 1.5 .. to 4.Z~OeV /c ·~..;p ~nteractions in 'th~ Uwr~n~e' ,Radt~tion . 
;· j 'l ,' '•. ( . . :· •'' .':' ) . . 

·Laboratory's 7Z-in. hydrogen bubble c:hamb~r •. The amount of film .used in ~his 
' ' ' ', ' ' ' ' I • I ' I ' ) ; • ~~' ' ' ' ' ' ' ~ 

analysis is shown for- each incident momentum in· Ta.ble i. · It im to be noted that 
.. · ' ',- ; . '" . ' ;. · ' ·, . ; • +' ' . i , . : :·. I :·. . ,', ... 

the threshold for produ~tion of a Z of.mass 1.43 OeV (i.e., maximum maos for 
' . , ; ' I ~ 

dominant weak decay) by reaction (t) iz i.S GeV /c •. 
'.• ', ' < • • • ' :. , • ·I . ' ' i , . o' ' , '+: I ~ l 

VIe find no evidence for the existence of a Z •. The ~pper limit that we . 
+ . 

can set on its production depends on the proceea by which the Z _ decays •. 
. r: '' .. ·: .. ; l •• 

·.-

,·i ..... ' ' .:. ** · .. ;·;, -;q + ..... , .. ;. •· .. ·,;:-:. . ....• ,·.:· .... :··:. ·'···:·.'··-, 
A. Fast d.ecaz to p1r 0 or nw . _ _ _ _ _ 

',+',,; : (. , .. ' . .- .. -~· . .':_ .. ·· .-~ .· .. _:;· ~.·.:·', ''· , .. ·. -·: .··,· 

If the Z decays before it can give a. visible track& we would observe .. -

. ~hat a~pears ~o be a. otr~g~~ema-~i,olati~~ 'p~~~ee~ ft ·/ ·:_ . '.;~ . :. · · .. •.' .-.. ' 
-;·, ''·· 

. ~ .. 

. . 

. '·., 
• 0 -". + p- P +,.. + .K.· , . ·.· . · . 

• ; ' ' • < • 1 • , , ' )_ '. t •• f..:, • , 1 , " ; ~ 1 

.. ;;. (3) ;• · .. : '·' ·._· 
~ .· ~- ·. ,'. ~ . . . ; . r· ·: 

or •. 1-. , 
~ , ' [ t ·I \ i · 

- ' .. ~ 

• · tr .. :+ p ·-. n+ 'II'+. + K~ • · : . <. . . 
.. ,. · .. 

':· ·,-··,· ... _· .. 

; ' .. ,. . . \' . ~ . ·. ·~ . ' ' . ; :. ' ' ~ ·. 

·. ' ' . ' ' . \ '. . . ' ' . .·.-:. . ; . ~ 
We bav0 searched for-thea~ reactions in the topology of z.:prong events where . , ' ,: 

. the negative tr~ck ha~ measurable curvature, and d~c:~ya (~~pology T) •. ;J:l~ee': .. · .. 

events fitting the 2 .. body reaction · 
i ! -t,~ : .·, ' ~- ·. ~ :· 

.,·,'-

. . ,' . ,, ....... ... 
w· + p- l: .. + K · 

. ·, 
) , .. 

' : ,· 

·, : ··.· 

·,' .. 
'· ' .' ~ . :,' ' 

1\ .. , .:. ;:,·1 \,,·.- ' '' ~,.... ··: .( • ' ; \: • 

where not analyzed further •. The remaining events were fitted to reactions (3) 

and (4), with zubaequent K- decay 

·,, 

';·. 

-~. . r·' 

- ·'· .. 
* ' ~' ~ ' ~ • 

, I·, 
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: .. · . . ·:·. . ,. i ' I :~ ~ 

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

. : K"' - .J.l. .{ v : . . . ',. 'I, .' '' i.' ., ' 

• ! ~; • .• ~: ~·· .:··. -~:·-~-~ --~ 
·; -~ J ~-~h·(: ~~.:· \~_:;_-~.~ .. :--· ~-:.i>;_ :~··.t:;.-_~-~ ·l_·:: 

.-,·, 

. i ·: ' \· ',. • t ~ ' : • ; ·\r, • . i -: <- ·: 

·. .. . . - .. ·. ·o· · .. · 
K -·'n'.•,+,w, ;.o'. t.:,, ..• :··· 

. • ' ~ • ·• ' . ' i . . ' . . 
> 0 •, • I 1 • ~ ! I, ~ 1 ; ~ • <' : 

~l ev~nte. that gave s~tlsfac:.tory. fits at production and decay were· ex-

' ., 

.···. 

fl..m~n~d. o.n the scanning ·'!table .• ,; and thOG~: that were obviously inconsistent. (on 

~.l:a~ .hf+!S~S .of ~:r.a:<qk iordzati~n) ~th. the fi~tecl hypotheGis were rejected.$_~. A · 

hiatosram o! ~he .. mass.equ~reci ~~ the.nucleon +pion system tor the remaining· 
. '., ... '. .. 

' ; ~ ,. . '' 1 t ' ·~ ' ' ; : ' I . • ' • i ;' ' ' ' •, ' : ' ' ' ; ·~ ' ~ '' l ' • ~ \ . ' \ ' I ' • 

e:venU is. shovm.in, fig. i., :The mass .resolution is ,shown. on the histogram and · ... 
< • • • ••• ~ • • • 

:·hi' s~all~r.than ·the bin ·aizef ~~ ii' see~~ "that an. ~pp~r. umit·' ~~.the. number of ·' . 
. ' . ...... . ' . ·~ .· i \ \ ' !:._ •. ' •., : . 

· ~y~nts above.b.i.~kgroun~··~~:any,:eingle.m.a.ss :value is:'about ·s:z .. ,This_ correaponda 
•' ' } . • • •, I ~. ~ . 

·, .. • 

: ~ _; : ' ' ' ' ' I • ' :' ', < j ' ~ 

'· ·. 0: ·~~ a, c;rOSS! .. s~c~l9n of S~ f.l.b .•. ,; .<. • ,. _,l ·.: > . , . <; ,' • • : .... '' <: ~-'> .. .';.:;.': :.:' .!). · -,'' 
' / ' ~ : .' : ,I ' ! ' ' ' I I ' ' . •' ·. I' ' I :1 ,'! i, t, I, I . :, 

. : :.:~ . 

. J .. . 

. . ' · .. ~ ', 
(,,~: ·' _;,· •• ; ~ 1,',.• 1-' ,1-~ !~;' :.•··~- 1 .· . .' .• 1, •<.1_;1 :,, .'I ~ • i :·· 

• ·., t ' , .": '· I ~ ;''; , ' ' . . . :' ..... + ... ' ,., .. ·' 
1 B. , Fast decay to, pw .w . ·,. :; 1 ,. ; •• 

. ' ~ 

'• I I 

. : 1.·· .•. !! 1 : ;··,, ,' . ~ . 

. , .. · ' 
.. ,j,·, •.• ·· ; '.t:!-1 

' .. :. ·· Faetdecar of the _ z_~·~.·:.~~, :.~1r~.1r~ ~~-~~~s in':·~.~ .. tina\l:stat~ ·.K"'p1r+w~~ , We.-
. I ' .~ 

·have. perfor~ed producti~n and d0cay fits to aU 4-prong. e.vente in whi~h ~ne. oi ' 
j t • . . • ~-·. 

:- t 
l 

the negative: ~racks decays in 'the chamber. Of the 389 events. of this category .• 
. ' ' . . '· ' . . 

,;. 

· three g&vs possible fite. &wt~ver, theal!!i'were ~~o :coneistent with being: :' \. 
. . .'' ! ' • :' ·, ,. ! • . 't • • - • ·, . ' : : •. ( 

. ~"'K+ n + n· ·~: and indeed seemed more likely candidat~$ for the 7; . final state ... 
I' ' ' ' I ' • . . • 

when examined on the scanning table~ , :, · . ·.. · - , .·: . . ,, 

. , .. Tbe ~ass ~o~binations pw+~-<· ·p~~~-,~~d ~~{:~a.re, calculated for the,· .. '. · 
. . . ' 

:. ', . ~ . ·.-.·. . 
three paaeing events. No two o£ theme rune ma.stJ values agreed. within their 

' · .•. '? . 

1 • , 
1 

o I + ! q.' I .' . , ~ \ r 1 I ' > ~ ' I 1 
1

' , I • :' '~ ' , i l , • ' • • ; ' · . ." ' ~ ' ( .'; . ., 

errors. We thus set a limit of z. ?ii=Z. 7 JJb on the cross section for . · .. · ., , ... 
'. ,t ,,· .. ' .''' 

1. \ 

.·. 

a.ewell~s·f~t.th·e.re'actio~s,.',.'.·.,, !.• ,, .;.;=··' ,.-·_.,.,. ·.·' ;.,;:.: .. < ... <; 

and 

. , : 

- ;'.' ' ' ... :. ~' ~ + ! ' ~.. ' ... ' ... . ·~· '. ~ . 

v +p .- K +:rr, +Z0 .. Z 0-.p+w ~": ·i : <1 
• \ ~; • ' ., ' • ' • ' •• ~ .;;·, ·, • > ' ~ :: • 

•·•'\. r ._. ·':·,,.·,· ·.~,' j',' .;.\·;,.:!_!·:' ·~·. d~ .. ;~_.'t':·.,.;'_t 1·:·; ~r). 

· •· · ,·+rK·+~..:+z++·· · z++-p+w+• ···· ·;·:,· · · 

_,:. ,, _.:·. 

'i\,··.·· i' :Jtt\_.·· .. ·., , . \ ' .. 

. ' 

\. 

v., 
·' .. ~ .. ·. 

,. 
' ~ .. .. 

... . 

... . .... :. : • t ~ ,•: -.~\ 
. · ... ,-,_ . 

,; 

... , . 

·, 
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·We also looked for the reaction · · 
,(: •' '< :"' 'I\', ..... ... 

· 1r-+p .... z + +1r ... + R0 
~. 

··· ... ·' 

A search among thoae· events consisting of fouJ' .prong a and a. V 
·. ;; • : . l •· .. : : . • 

r 

produced no event fitting this finaf etate. . Her.e, ·one event woll,ld. correlilpond to 
• \ ., ' •• ' • •• •. ••• •• • :', "·\ • j; .• ' •. • ., ··\ ' • • • • ,. ' \ ·:· . 

a eros a ·section ox 0.4qJ.b, whi~h !a, the limit we set on the. following possibilities: 
' • < 1 . , ~ • 1 , , I • , 

. '. + . . 
;··· ····· ·w .. +p -'R0 +'IT-+ Z ":·· · ."?··· .... ··~ .; 
.• , • • ' • .J .... ' .::· • 

.. 
.1~ ·:· n 

.. t '; 
' : 

l· 
i: 
!. 

y ·n· · z·-.. ·_.. 'p +· 'n + TT 

. . ·· 
, zfo+~ - P .~,·'ITt; ,d. , , . 

. ',·., :.· 

~ · ... 
.. · · .,.o · · - , +: 'o.~ . ,_ :~ · · ~ 

1l' +p- .&.'\. • + Tr + , ·+. z ,. z '· _,. p • 11 
'' ' . . . ,•· .. '•"·'': . ; I 

il: 

... ···.z~··- P·:.+ ,...: , ·: '" . .. . . . .,. 0 ... 
I· .. 

f ' :.: :. : ~;. 

j '·. 

, \ '·•1;;.~· ~·! ·.·r:·~·:.:•t: ~~.',' :t ' '. .. '!.\ ·,;;:··.:i;.~.,.~;\.~.\:·t,.)· .' ';, ' .. ':~ • ... t'·' ''•. :''. ~ ~ ::. ...... 
. ·' .; ·,' j. . '·.· 

, . c.· Fast de car to three particles inelud.ins two neutrals · ... • .·.,,. ... · . . ~ . 
~ ' .·~ 

.· •' · · The ma'ite· obvious three..;~rtic:le decay ·modes that inclUde two neutrel 
• • • i • 

. particles are':'':~''··'! ' 11 ·,, ,' ,. •' 
r ,'·.:}·'· .••,."'l 1 ,. 

z + _ P + ..ro + uo . · ,. · . 
• ::·· •. • • ' : •j, '. ' •••• 

~· .. -· . ' .. • 1 i ·, I ; •. ! .. ·:~. ~ i: l. ' -· I '. 

. ; .' ("' ..... -. ~-~ -, ' • l ; ·• ..• ''" " 
. .... 

:. -

· . : 
1 

.., Z + ·- n t w +\ + ,o · '/. · · . 
. . L~. ~ ; ' 

Z
+ . ...; ' + + " '.·,·. :,":,•.·, ·. >: -n T e v · ·· ·.·.;,.;.· .. ;,. 

. · .. i " ' ; ' : . l •." ~ ·, ~. '>; ·: • !: 

'. ·. .. ~ .. i . . .. . ·, 
' ~ . "i ~ : . \ • • • ' . ' • ' •• 

' : ·~ 

,. 
", ·~: ,r ., ," 

., ·i·· ... ? 
·•,\ .•·. r ~· . ~ 

·Howe.ver»' from .experience of other strange-particie.decaye:~ .. ~e nught expect 
I ' • ' ' ' ' • ' • • \ ' • 

.... 

' ' . . ·. ' . + ... 
the last two modes to be relatively unlikely •. unless the tna,ss of the z were be..;'·, 

· -... low the .N'i1' maee threshold.· .... · , .. ..... · .. '·,; .. ·, ··, .. ' ' . . '·'· .. ' ::'··· 

It is difficult in & hydrogen· bubble chatnber to idenUfy the .above modee '' 
. . 

· . of decay, b.ut we can eet an approximate upper limit .on the pionic. decays am 

follows •. W~ examined those events of topology .T: tha.t. are inconsistent With 

the 2-body reac,tion ow~ + p -1: .. + K+ , · \1\'he~e the cle.::aying track is consistent. :·: .· 
. •, . 

( . . , . . 

. ·. ·.with being a 1,{7' • . and where the missing maae. (MM) i.a the reaction · 
_-·· .. ·' 

. " ' . ~. ' .:-4: 

.~.: 

.. , 
r.· 
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. ·, . ' 

••. .. ' '·. •• t 

• 'i, .+.P.- K:, + p +.'~Mi 
' I 

., ' 

' • I·, or · ... · ... ·· · .~· .. ·.1: · ·· ,· .. ,· 
•rr + p - K + ""., .+ MMz · < . · '· \ .· · · · . , , , '· 

' • . } I ' ' . I • • • ! I ·: ' •' ' '· ' : ' . ' ·; ; ' : ' • . '. ' . . ' . . . . : . . . ~ . . ' ' . . '1 ~ ' ' • I . : 1 ~ • ' ~ . • • 

is in the r&nge O.OZS to· 0.425 or i.04 ·to i.4t GaV • respectively. ·These two 

r~~g~~ 'include ~ la~ge fracu·~n' ot the available ·p~s~ '~pac~ lo~' the' p~0 1r0 atnc! 

.... : n~+ 1r0 .·d~cay' modes:' all~~Q~~'to'r:'tlie'rejeet,ed part ham been ~de,·il~·caiculating 
the'crosa·c~'Ciione below.· · •i ......... ·~· .. ·• ·~ .• .,,; :.:·,· ... :. ··:~:::". • •• ...... •• •· • · ! ••. ··:. 

, , .... ·. ... . . . . . . .. ·,.· · .. · .. ·. , ·'. . ·Z .. . : . , . . . . . . . 
· ·Those ·events giving ta. tnase squared'' below Z.2 QeV: for either the proton . 

' '• ' '+ ·. ,' . ' .. : ' .. '" ' · ... ' ... ' 
+ MM{ · or the w + ··MM2 w~re e~ned on the· scanning 'table. and those that 

:~:. • • • • ' ' . ' : f • • • ' : : ~ ; ,· • • • • ' • • • • • 

were obviously inconsistent on. the basis. of track ionization were rejected. A 
. •, • ~ . ~- , . . . ; . . . ' ; I ~ ' ' , 

' ., ''. ' ' ' ' ''. : ' '' ·, ' ., ' . ' "' •' " '·. ' : . ' ' '' '; + . " •' ' ' ' . . 
:: · .. histogram :o£ tho z:na.ae squared of:the 'i) t._l\4¥t: ·or. 'l:t >+ MM2· foz; the remaining . 

'.· " : '' ' . , : , ' ' ,. , . ' , ' "c ' , ' ' ' ' .' +" ' ' ': ' I ., , , ., 

... · events. i~. sho~ in fig. 2.. Ths i>eoolution. on the ·z mae& is worse· than for the . 

,;. 

. ·. fiited cve~ts. of ~atre·g~ry ·~ . ~·:typlc~l' mass. ~rror \ l~ ·~ppt-oxbriately 4o MeV •. 

. Ther~ :are· at mc)at .3z2·events ·above backgro\Uld at any ·one. 'maae vatu~~· This 
. . . ' . ' . ' . 

'·c~rrespolidiJ' to'&n 'upi)er limit' of. i5~t0 JJli· •. ···. · .' ·: ·· :~ !. • ,:. ·'::, .. 

.... .' ' . . . .. ' . .· 
' . .. . . . . . ~ \ ' .. '• ,. .. . ' ',, • . . ' • . . . . . . t . . 

\ 'i> • :'i. yre do, ~ot ~et a'l_imit on the cross s~ctio~ lf}~c .ma.in decay is .'"ia leptonic ' 

'I .,'i. 

··. ·' 

':1 ' .. • 

. ,, 

.. ·. . . . . ·. 

tectedby the, above method.~. but the end proportion· ~~qtdres a detailed cal-
. . , . + . , , + ' . . ' , .·. ' .. · +',' '.· .··. ' ·.. . .··, 

. culation of the : e · and .f.1 : spectra· expectedJrom.. Z. •decay,: and also depende 

on the production angular distribution o£· ~he z +. ·· · ' ~ ·: , · ;: ' 
' . 

: ~: \' ' ·, ~ .· ; (. ' .. · . . \··.·,, ... 
·, .· .. · ; ' 

'.- ;:· .·· 
., :· . ' . ' . . . ~- '' ' f.\' .. . i' .. , 

, · D! ~edium-ra.te decay •: ·.:·~:! ,.'~ ..... f "' '.,.:: .' ,·, .. ·. · • • . ',', ·:· ••• ' ,,. ',.·. , .. 

We attempted to fit all 2-prong events with a deca.yirig pc;sitiv~ i~'ack to 
··• 

theproduction.·reaction, ·.-.:-, ·,,-: ·': .. :',.· ... .-·· ;.· ··•. ·,·~,· .•.... ;,,···.,· ·······: ... ···;,·.,_ 

. . . - . ·.K ...... + ..... :,·'.·'·:.. . . ·.·.··:· .. ·.!· .• '.·.· .• ,··· .•. • :.·.-.· ..• ••• ....... -.·~ .• :.·,·.' ..• ".· .. · .. '·.':·.·~.~·· .. · ..... .. .. ,,,, ,;··:··, ,: ... , ... · . w +·p . ..., ... +·Z ...... :.; ... · .... ·.·:· ... . .... ,:· ..... ·:, ·. . ·~ .. 
. , '· • , . ' . I , I. ,, ,\ .. •· .. ~·, ~ ' •' ,'. 

'1'~· . '' ·• . ' ', ' ,. :···:.' .··' + '·: ,' ''·.! ' ·,. ' 

using' values of t.33,. t,.36, anc1 t.39 OEtV for the Z . ·mass.·: .A· parabola \vas·' . 

' ' 
' .. 

',>"" .·, 

··:.; ' .. 

"' '·: then fitted through the three. :values of X Z for ea~h event, t~ determin~ the 

value o£ th~ z+ ~ss at which · x 2 is a. ~b,~mum. · ~ti t:l\ca ell!'l'or i:n tbiCJ ~amo. 
' ;_ 
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From the· widths of these pa.ra.bolae,,,we.ostimate that we would obtain a. 
• • 1 : \ .'• • • ,. •• ·,·,·. '}. ' •• •• . . + . .. . . .. ; . . .. ' . 
,aatislfactory fit provided the Z .. mass ie greater than i.ts GeY.: The decay 

wa$ also fitted u 
' ,.· ·.· .·• 

or 

·•, (·' ' . ··' . 

·;,. ::.· 
·~· i:.. . .• ·'· J ·. ~. 

. + ..... ; ,, ' 0' .. , .... ·.; .. 
z -p~ '11' 

. ' ~ .. ', ... " . 
. ·'•'-! ; • . ,} _, •... 

.·. ' . 
,, :. l' '! '~ . ,:; 

_:·, ··:· ·.. z+ + +. . .. .~ .. 
.. . _, >'· ,-_ ,. ··' - n ,. . , ,. . .. : , . . , : 

for the S~a.ine .~hl"ee.~alu~s of the· z+ mass.· · , 
•' ' ,·. . ·. . . ' . . 

"' 

• • ~ •. ' ' ~ " ••• 1 

'· ;·. 

,. -:·t>. -~·: .. 
.. :·.!'•. :;: ... 

' ,\ •.· ';-. ::.t. ··. _,, .. ·.· 
r ~ 0 

0 

I 0 • 
0 

• 
00

0 
; , , • ·. ·.·· 

:~ '· ~ , · , ~i. \, /\I., .;.·' . ,..., 

The. events giving a. cu~.tiefactory fit were ,examined· on, the scanning ta~l~,.. 

'·.Ftve eventa. were· not inconsistent \vith the required tr~ck io~ization .... Th~0e all 
·. ; . . '. . .. ' . . .... ' •'. 

-. . . ' + ' .. , . . . 
ha.~ d~~e~ent.maea,.values for the Z .•.. an~ none ga.ve .sat~sfactory decay fits •. 

·' .wrr ,se~ It _limit ,of 0.1*0 •. 1 !>Lb .on: the prociuction ~ro•e section f\l~ .. fl.~l :decay modes • 

. ~:· Note.that there is &·scanning loss £9~ ~mall-angle z+decay~· •. ,,W~-ba~e not.,,,_: . ' . ' . - - . . ' ~ . . .' ' . .. , . 

'allowed f~r t¥s. :in the above crooe~eectio_n esti~ate_ since .. the -~valu.at.~on of this 

corr~ct~on depends on the ,data.UEi.of;~he:prod'?-ction a.n.d.4ecay;tdnematice o_f the 
of• ' . . . . . . - . -. . . . : • • .:"'.. . . . . - ... ! .. . 

Z. for the! parti~~tu: decay:m:ode.co.nsi~ered.· · '· · .. ,, ''· · 
: ·, ; ! . t(;i- .. _ ••• 

' ~- '. ',_ .·.,· ( ; ' .,·_ ' ; ,l ~i •• •• ,_. · .. ', -•. : ·• '. "-. . ·:·!; i~~-:~ .. '"\ ;. .•. ~ · : •..• ··: .. ;:::. ·~·· :.:.~~-~ _ . . r'·:.·;·-:~~ :~ · !'"·· .;, ,_-_ 
\ ' ·, t 1 { : • . . • : ',_. ' ' ' ~ . : ' ' ~ ·, .,_ • . . • ' ' ' ' , .... 

. E; , Slow decay .. ~. i , : · ."·· ••. ·,:_·.:. ·;.·: > :1}, _: ! •• : -.• ';, : • •• :. 1\•: ;. , · ~: ( .,,. • ... , ~.,.·,;,: : · .: , • :, .. '· 
, , • ; •l 

1
• 1 '• ' t '.' ~ • ~ • , , , i ' , 1 ' \ • ' , ':·' .\ .! ! I • ' :. ': ' : • ··; 

·.: : ;:_ : .. _;.; > ~ ;, .· . ·. . \ Events_ ;~t. topology; ,T;.,i ~~r,~ ·~sed, .t~e. ~ll?itiye_ ,t;r~c* t?ebig interpreted · 

. ,, "<: :,';. · as the, .. z+. ,AgS.in ~~~nts e~~~l~t~~t ·~~h .~be t~o~bod~ ·:f,~~~-t~o~,-: ~-~ _+. p ~ .z:: + K+ 

. : 

. ~ ' ~ . 

. >:;. . '!V"ere not' ~~alya_ed further •.. ·.•r;_·\~····),:i,';:_;~ b ·. '•.:"· ':· .. ,.,-;'.,..· ;i .'. ·:: i 'i '< '' ' \. --~· ' 

.·· .:~:.,,: ....... : , .... The,.K~ _de~ay wae,.,t~rm_~ _fitte~ ~~ ·.KJ.tz ,_or· ~Z'·:~d ~hen.productio~.f~~s .. -'.; 
. were made for Z mass values of 1.06, ·i.09. and '·tiZ CieV as well &e 1.33, 

t.36.~ and t.39·:cev. • ·I'he p&ralJolic fitting•· technique_ was' again used to de~ermine 

. the best>· zt. 'mase for each eve.nt. ·>Here we estimate th&t:We are ,s~nsitive to.•. · ··. 

~<, 

' 

·, · ·; :, <. ·,the whole of':t,he. mass range fo~ which the Z + would de.c::.ay ria a. weak i~tera.ction. . , 

. ~. '' 

.•:·.·:. 

· · , , ~· : ,,-, .. The· iO successful events'were examined o~ the eca.nning table •. · ,Only· · 
. . . . . 

,., ' . 

. onv, of these could not obviously. be: :rejected on. the basis·()! track ionizat~on.<. ··We· ; 

I • < ~~,I • • ! I 1 ' ' ,., ', .:.·,,· ....... . .-.: ''1. 

, ~ ~ f. I,\'· . ' 

.. , ... 

. ' .. 

'\ ., 

•. ,- ! .. :,;·,' . 

• I , ~ 

' ,1 r • o I,.': ,; < H; ~ (• -:•· , 1 l 1 

. ·. '' 
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''· ·. 
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are ·thus abls ,t 0 set. an upper· lh'nit of s fJ.b. ·on the production· •of a. 'long·lived 
. . ~ ' 

+ ', 
Z · of a.ny·mass. · · '\ 

Thus we find no evidenc.te for the· existence of. a et':rangenes s . + 1. baryon 

' 
. '\ ' 

in the mass region below the NK thre$hold. The Umit11 that we aet on its pro-
.. " ) I • 

duction eros~ section are aum.ma:r.h:ed in Table Z. In pa.rticula~ f.t eeems that 
'' + ' ·.' ' ' ' . " ' : 

if there exists a Z · am predicted by Sakurai or by Behrend.&"~ and Landovit~~ 
. . . ' . . 

then it is produced. more weakly than considerations dioeuflsed above would. 
. ' ,; . ' . ; . 

. . ": ~ ,l 

lead one to expect. 
' : ~ ; ~ ' . ; _,_ 

' ' ' 
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. ,· 
' . ' .. '; . ' .; ~ .. ' ' ) 

Film used in ~eareh for· Z~ , :. I '!, 

;-. .'.! ·.;. 

:Seam Momentum · . Quantity o£ Film ;: . 

(GeV/e): · 

i.6s· · ·· 

Rolle. 

iS 

t3 

.. p;vents/fj?.· · 

690 

. . . . . . . 
Events .with .identified · K-decay/ !J.D .·~ · 

l:' 

,;: . .-
•.• ,, 

. ' 

t.S 

1.9· 

.... L' •• 

.. ~ .. 

iSS 

i3 

· ' Total • · Z44 

' ..... 

6QO 
. . ·~ 

Z070 

7Z50 
·' 

. . 600 
' . :\ ·: :, ~ .. _J 
.... t,i,''; ,. 

,. 10810 
'' •, '•' . ':, 

1: . 3Z 

'·' Z3 
• ~ ,l •. 

70 
··J .. .. 
' ; I ·.'1 ··zzs .. l'· ' ·' .. 

·.·.' 

'' • ; !7. 

'. ~ . ' . . ' 

• I ,• 

· *The numbers in the last column allow for the following factors: . 
•.. ' ') . . . . . 

... 
. ' '. 

i. · Only a fraction of the K~' s decay within the chamber •. To obtain an upper . 

"·. 

limit on thfl production cross section, we assumed the K-• s to•be produced 
. ! ' • • 

· in the forward direction, when they. have tb.eir maximum momenta.. 
. . . ,·. 

2. .Only 8So/o? of K• mea.ons decay by the K~z o~ ~z·modes •... , ; . . :· .... .. _: . 

. 3. · . There is a ~canning loa o of ZOo/o for one-preng dec~ya. of. K . mesons at . · .. 
. 7) 

· .. these momenta • 
. · ., 

. . 
. 4 •. :10o/o o£ the _events failed to pass the geometry programs.·'··.. · 

. ,.l·' 

' , .. :_ 

To check our eotimate of the efiidency of observing I{• decays, we have. · . ·· ·· 
I' 

calculated,. from the obs;rved number ot K-K0 p events in ·which t~ . K~.· .. , • 
.' ... ' 

· gives a. visible decay .within the ~hamber, that 30~ ~vent' of this final 

state. obould appear in topology or •.. The obs·erve.d number is 33~. · . ·. 
:' • ' I • • I' ' • ' ' ' ' ' : ' : ' 'o • • ' ' •• • :,.,··t, ~,'. ' 

.·· :· .. . ,_,. ··:;·. ·,., ·. ~ . \ '. . ; '·,' 

' '··· 
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'Table·z '• ·, ·, ', \"' I,,, ! ~ ;. . ~ ; .. 

I j, Sukuna:ry of 1resulU of search,for a Z particle 
·1 . • 

·: • • . ~. ,.,·_ ·.: •. , f ' .. ( 

Production'· · · · Li!etime Decay: Mode 
.,,.,, ' ,· ' * . 

Un:.U.t·on croos section · · 
(&Job) 

f: t :~ . . . ~ 1!' 

sho:rt 
•. 'i 

\,. .. 
.. :.: 

short 
'r': \ :·;. ···.:-.,·-·:: 

. I .•· ··:. 

2. 7~Z.7 

15 :t;10 '' '· 
• ' .I ~ • 

ehort. . .. 
!/'' ' I 

., . , ... ' :' .. :.· : ,O .• i&O.t!:' :, '· medium 

.i'' 

. ~.-. •z++. · .. 
·.~.'>. 'If ' ·'' ' 

short 

'··' 

' ,· 

:,._,:. 
: ~ ' 

'. 

. . ,·· ·, 
.·. :. ·." . short .. · .·: .. , ... · .. · .... 

r:-• 

I ;·. 

·.)· .. 
. ·'· 

' '" + ' '' •, p1t' '·' '' .. 
' '~:.: : .. ' : 

+ ... p'IT 'IT 

. '! . I ' ! ' ~ ·.; .. ',· 5·; 
.:·:' '· : ... 

. ' . 1 
'2.1ifl:i~1 

: . :. (' ; ' ~ i' ' ,-!_ 
.,· 

••. l.' : ~ 

. • I • •;' 

~ ) " ~ I ; 

0.4 
,.\ . 

. ' J;; .': ,\·, :',. 1

,. • •• ,:,· ··<· ·. 2.7.*2~ 7 -P11'.· '• 
' .. 

p'lr~~7 ,: ! .,i 

- G .. .. ++ .· . . . , . + 
K 'It w .. Z .. ·.'· '~" ,:: i ~ ... short ... , .. ·~.d , ~·:.·., •.• ; , p'IT · :.... -'''i '· 

: .. '. 
'' ''• '-~· ·.; ·~ !' ' . ,. ' I ' ' '' •' • l l ·' ' .. 

1{0 ,/'IT ~.Z 1\., ·.·.<,,,,, .. :.short . , .·. :, .. ~.·.. . ·:·; ;. P"··: · ; ·li'· :- .. ; · .. 
'tC 1. ., 

'I: " '·'' . 
• j ·,1 !I :0. • 

'. ,-; I.' ' ~~ .. l.' •, 

··.{ 

' ; 

·, ·'. 

.,, .· 

j; ' ~ : ' 

.,., .,, 

. .·. 
·.. ~ ., . 

l. .. ·' .. 

¢ . ·.. . . ' ·. . . ' . . ~ ... , . ;. ' ' ' '. . .. 

'"J'he. ya.lues .quoted ~ere ar~. for .a~y, ;Z, ~&IS~ Vcalue. ~vithin, the ~hysical ranges 
' • ' • • ' ~ • ·, ' ' : • • ' • : \ • \ ' ' •. • • • ' ' • • ' • > 

, The limit or1 a; particul&r· Z i:n&s&_ is uaually more l'iltringent. 

t 'I'his applf.~es only !or a Z ~so~~ .above 1~1.5 · OeV ,· and d~es not includ.~ 
a· factor to allow for·tb.e Alcanning efficiency for detecting smaU .. angle ·.· · 

' ' . . . . . . . .. 
.. • -~ ·. ; '.I.' 

·, :· 

,'"'· 

... 
. ' 

. : ·. 
: ' ' ' ' . -: ..... :~ ·.· .. • . ·.,. _::.v. < ... ~.: ,., . . .. :-.·>" ·,·. 

;.;'.' ·· .... :·-
. ·,. . ~ . '·.·:.··· 

•' 'I • :. \ 
'!;. ' .... : 

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

~ ~ : 

.· . 

• ; j • 

1 • ~- • ,·; 
·., .•.. 
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1
(l f Pre~erit address: Nuclear Phymics Laborato.ry, Oxford,· England. 
'II· / • . . . . . /ii $jhe n'la!B~ cannot be below the proton·mass, since otherwise the proton ' 

/ l · ; wo~ld. be unstable. · . · · · ' 

' I ' ... ~/ ** .. ·. ~ . . . ~ 

4 / By shor~, medium •. or long lifetime we mean that the Z will typically . 

_ 1/ decay before_ it leav~u a visible trackth will decay after having left a. visible 
. ; .{" , I 

i 
;§if·· 

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

. I 
··t\ 
1· 

(If, 
/' 

••!. 

· t .. •ack. or will decay out side the_ chamber, respectively. 

:!.tit is posoible to hy~theaize other weakly decaying particles with lifetimes 

such that they do not leave a virdble track in the bubble chamber, and thuQ give 
i 

rise to events that do not appear to conserve st:ra.ngenezs. Apart lrom the Z, 

the only such pa:rticle th&t might merit looking for at present ie ·a strangene!it&J 
+ . + 

+Z boson,. L. This could. be produce.d in reactions such as K +n-A+L , 

+ + + .. -· + . I< +p- ~ +L , or ,. +p- 2 +L or. if the isospin o£ the. L is i, 
+ ++ . . .. 

K +p- A+L • etc. Then the L would decay into K + oft-, K + .Zn-,. !{ + a. 

lepton pair, .K + 'V• Such an L could not be heavier than 1 OeV~ since it would . -· 

then decay strongly or electromagnetically into two kaonll, nor could it be much 

·.lighter than a K, sirice otherwise th~re would be appreciable decay o! the K into · 
. . . 

H.. An. L with a·mass towards the lower end of this range could be long-lived·. 
:,: . .'' . 

.· "j.>·~~r~'...~:, :r.~· .;.:.-:,'.-;:;;-;-:... ~-

(compare our disus91on of . Z-decay and lifetime in the text). : ·· 

tt Theae fito ~re proba.bl} aU spurious. Certainly those events that give e. mas~,_··. 
' . .: ' +' :. . ' . . :-.;~.:- '. .. _., .. · ' 

for the Z above the NK thresh?ld cannot be ~enuine, BJince such a particle 

would decay almo!illt entirely by strong hiteractlona._ 

•.i·. 

''i 

., 
't·"'.r; ., 

',, ' '•. 

' . " ~.; 



.··· 
I' 

i 
' \ 
i' ., .... 

r ·. 

... ·' ' .... ~- ' . ' 

UCRL·U.754 
/:'' ; .. 

'•,. 

l'' 
, ... · ,i~~gen~ 

·; • t 1., • .. ..... ; f' ' .. t ! l . \ ~ • • : \ ... -4 ; .... 

Fi~~ · t •. :!-Iiatogram of ma.ee· squared of pion plus nucleon from events consistent 
.,1 
' 

! !, • , ' ~ ~ > • , ', 
1 

• •. > l ' , , ! ' ' 1 , , , 
1 I ' . . ; • { I , 

1 
1 , • ' • . ~ , ', , 

v
4 

f'p-EC +p~·tt" ; or w~ +p-K"'+n+~+. The width of the :resolution function· \~hi 
/. >\ :' •, IJ , ,/ 1 , _··; :, '; ,:. ; I', ' .': 1 :2; 

/is\ shown above. the histogram for mase squared values of t.6 and Z.3 C-eV • 

:Histogram of ma.sa scaua~ed.o~ ~pfMMi or ifig.' z •. 
l., 

for ~vente con .. 

' i . h .. .,,... MM - K:.. + MM . / e etent W1t ·. 'It +p-.._ ... +p+ t' 0:' · ~. i:r . '+~ +, , · z• The width of the r.esolution 

_,/ f~1ction is approximately 0.05 to o .• tO QeV~·z.·; . 
_,.-·\:I 
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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. 
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