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l~·~u.·reH 0. Huw~'l, George R.'lKal~fleisch, Don.::l'.ld H. ?,.~iHerp Josr~ph J . .lVn.1n:..a.y~ 
AJ:·tt.ux H. nosenf~dd., Janice B. S!n:tf'~!r, Frank T. ::~d1::·.itx.r a.nd C}ta.nley G. V{ojcicld 

· l..aw:l.'ence I~.adLlltion Labr~ratory and Depa.x·txnent of F'hysic~Jl 
Univerait.y of CHJ.i.f.;).rnia., Bexkel~'Y• C:::dJ.f.c~rnia 

body €'df.nctive~n).~1.13i? dht:dbuti.on: for Y'IT'l< t-llt:~~.tee. produe(H~ in 1r .. ! p interacti.ons at: 2.. l 

tn .~ .• 3 J;;<,r._~\tfc. 2. '.f};H~Y obae1·vcd i3!110. <~;'H'l.ha.t;,cement in t.he region lvi(Y'I'f) r,:; 1685 l'v1~V, a.nd 

T•J! ut-tain additional ~Jvidi'!:~1C:!.~ :t·egarding the md.st~~mce a:tr.d proptn:ties of illuch a 

mt&'t(~. v,.w'.' ha .. ve ~Jtu.d.i0d. th~t~ three- ;:md. four ·-h::-dy final z~tz~:te·s p:r•.':>duced i.n :t-C + p i.nt~~r .. 

acti.r.m.}:; at p,., ~·. l. S 1 BeV /c ('8 -:1: 2.025 MeV). Thl;'!l ~ff(~ctf.ve-n.:u~.iH~ diiiltdbut.~.on for 
· r-.. . cit n·t. 

* . t.h~.se e~..-m~.tfi· eJ>t:::~.blhlh th<:1 1:'\~:d.st<.:l~'l\C(~ of a.:n l:o 1 :reso:n:a.nt ~~tate. Y 1 , with rnean e:r).ergy 
·' 

* M. IJ'I; 1661') :*; lO 'lvJ.~?.\V and !till ·.;vidth at haJ.f .roa.xirn.um r~ 40~1: 10 J.,1.eV. :B~nh.\!f.nc:en.1.enh 
/ 

in. th.<!l n·~;o;..\••F np(:!ict·r;:~ as!S!ociat1,~d 'Nitb the po~it:ive C<>n.lponen.t of Y 
1 

*< J 6,.60 l'vi~V); are 

particul<~~:r.ly .~tx·ong and h;,;:ve be:~en u.~HHl to esUrn.':l'.t.e 7:6:4:4:: < 1 as the rt;rlat:tv·e :r.!l!.tes 

* I'he pm.i!.ili.ble releva.1•Ct~ of. Y 
1 

·(1660 MeV) to the 

oratory's 7?.-in. hydrogen bubble chaml:..;,'!r to a K- ·bea.rn. At the rnom.entum setting of 

r:: 
1. 51 BeV /c the obLHHV(~d path length p1·ovided 5000 events p<'lr m.illiba.rn of cross section •. ~ 
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After scanning and measurement, events were fitted kinematically by using an IBM 

program "PACKAGE". 

We have studied the effecti~e':"inasa distributions for the .reactions 

K- ;.. p A+w + - (Ia) - + , 

/1.1-W 
+ - I· ,o (lb) - t , 

-1:0 + -'lr -4· " (lc) 

-- ~:t rw•+w 0 (ld) 

I:~ + + - (le) - + , ·!- 1f + 1f 

-"K' - (If) ·t 1f + p. 

The final states Ia, b, c, and f appear topologically ln the bubble chamber as 

lnteractl~na l.eading to two prongs plus an associated V. . For approximately 98«fo of 

the eventa, reaction lf could be unambiguously aeparated from the · A/"lf final states 

by kinematic lit~ to both the decay and the production vertices. The· more difficult task 

of apportioning the two-prong-plus-A events among reactions la, b, and c was 
. . z . . . . 

pe:rlormed by using the x criteria enumerated in Table. I,. 

. Events arising from. reaction• ld and ~te. were obtained :by ·measurement ot 

two· and four-prong interactions having a kink in any track at a·di'stance gl'eater than 

0.3 em from the production vertex. Kinematic fitting resulted ln almost unambiguous 

. . : ;t: t . :1:: + ·+ - . 
identification of the I: , w0 and I:· " " " ~nal· states. The nwnber of events 

assigned to reactions la to U l8 given in the firet column of Table U. 

Several of the final states studied arise predominantly through production of 

low-mass resonances in association with one or .two additional particles.· Therefore 

lt ie difficult to establish the existence of more weakly produced higher-lying resonances. 

which must appear as superpositions on this large background., The effect is illustrated 

ln Fig. 1, which shows the Dalitz plot for the 185l events ldendified as K-+ p-A 1;, ~ t· "-. 

• • I. • 

This final state is clearly dominated by the sequence!< ~p-Y1 (138S.MeV}ron-.t\4W ·' w • 

Nevertheless, an enhancement of= 130 events may be observed both on the Dalitz plot 
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b 

A·«~'fl'\ ;t:()ir·'·. :i: 1
7r\\. ::f:·i'if±'fi'.;, and "'F:'p al·e given in lt'ig. 2b,c,d, end F'ig. 3a al1ld b • 

&tively charged and neu.tral coxnbinati<ms indicate~ that en.hanctEm;umt a.t lvl ~ 1660 M.eV 

hl wea.\k o:~:· abse11t. Accordingly, we a.re led to conclude that the positively chax·ged 

eornponta!nt of an X::x 1 (since Aw 1 is pure I .. epin))resonant state with mass 1660 MeV h 

p:t·od.uced at thi~1 energy. 6 

* . The :relative t·atee £o1· Y 1 ( 1660 l\·l'.eV) decay into various channels were obtained 

from au.itably cor:rected estcin'latea for the numbez: of resonance events !n each £'b1al 

EJtate. To estimate these numben; in a. ayst<'i!!.rnatic manner, .we fitted the data in the 

rt:!!gion of t·ha peak with a smooth background curve plus the Breit .. Vtigner resonance. 

distribution N(M.) =' ~;~~ [(M-M111 )'~ } (r/2)2} -l. Since the .filllal states (1~ through f)· 

are dominated by production of low-mass x·esonancea, interference effects may modify 

significantly the shapes of the distributions observed for Y~ J660 MeV). Figur~e l 

and .3 suggeat that the apparent mean energy and width may yary by as much as u1:: 10 M~V. 

Noverthelemao because of the large uncertainties in background and statistical limitaUono 

in e~ome channels, a single mass and width have been used. An adequate fit ~s obtained 

l\1t 
with ~ .. 1 :: 1660 MeV and T:: 40 MeV. 

• The data on the hramching ratios of Y
1 

(1.660 MeV) are summ.~rized in Table II. 

It is <.l£ inte:t:®mi: to note that, within statistics, no enhancement whatever hl obl5e;t·v!Bd in. 

thi& 1t''p (1r -) fi~n-.al 1.\jtate. 7 In addU;ion; an e.:.tamina'Uon of the Dr:tUh: plot (not shown'll) for 

the '~ 01 w +w • ewenta indic~~es that tthe aaym.mehic reHion.ancs diae:d.hution reeulee !rcan 1:1 
. . 

con.r:Jtructive in~rE>rfenm.ce between the ovedapping bands for Y i*'t-. (1660 !\o~eV)....,.. I/' w::t. 

!t sbo>ttld b~ ernph~sized that ptuely expel"irrumtal tU"Acr~~!l'~(].intiee a,.r.Hzociated witth ef3ti.n:t.<.~~U.nf$ 
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• The numbers quoted in Ta.ble 11 yield a cross section of &ppro:rl.~.-natcly 0.4 mb 

.. ~·~ 6 .. 
icn: the procesm ~-, + p .~ Y 1 (1 60 MeV) + 1r • The best eJ:•timate for the production 

:ratios Y t''+ i ::J to :: Y:'[r.:.· iJ 5~:: ~I·i <. i: 
One may attempt to relate Y 

1
*< 1660 MeV). ~.nd other baryon resona.nces to the 

. 3 4 
appro:trlmate ayr.nrnetry model proposed by Gell-Mann and Ne.1eme.n G.UAd dioct.ifH~cd 

fu1·ther by Gla~~»how. and Sakura.io S it has been sugges~ed U.a~ ~he stable ba1·yon~3 ph1.Gi the 

low-lying t-~:.~soru1nt eta..tes may be a.ccomo'dated in un.itary ~upermultipleto of dimlL'lnsiox1.aHty 

lo So a~ aind 10. 9 Approxhnate sum 1·ulea for m.a.<1H~es reaul\t from the adeJ.i~:!.or:l&l ac;surnptio;;J 
'· 

that violations of u.nita.1·y symmetry occur in a particular and t~i.t:nple mom:aer.. The 

Because o£ 1.1ncertainty in quantum nu."nbere, fH:aVel"al a.scigli'..menta are speccla~:1.ve. How ... 

* •o . evGr~ if ebe 1385-!v:IeV Y
1 

ia calle~ :E 6 ~ in accordance wi~h 'xecen~ evidence for J o:: 3/2.1
• 

11 LLM• II.,~ *· from the .t~.:ro decay no.ode8 . then the ocly ::·en1<J.ining vac.;;~:c.cy for the hJ'O'v-M.e >1 Y 
1 

:~.a 

~ with spin J = 3/2...,. Fu:rthermoreg this assignmeiD.t givf.ls excellent agreement will:h 
\' 

~ ..... 
the equ.al~mi?.SS spacing rule of the .S decuplet if the precently known :Z is a J'" 3/2. · 

resomu:ace. 

It has already been pointed out Chat SU{3) requires an S=- 3 ;:;ii,;.;.gletu fl- 0 of mass 

1676 !v1taV0 to complete the 10-£old B multiplet. lZP 13 We fur~her oboe:;;:ve~ ~hat if the 

assignment of 'Z'I for the 1660-MeV Y 1 *is correct, then the p1·edlcted l:na..as of. the 

remaining mexnber of the Y. octet, an . s ::::; - 2 doubleto ":::' ~ i:;; ~PDl'O:lcimately 1600 r .• ,leV 
"'V - J, 

(s~e Table Ill). 

Acco;:dingly, the _theory now predicts the e:~:iatenco and rnasses of two v.ew p-<:!.:r~;;ic:k:.s. 
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The author::; are indebted to tJH':l oper<:rJ;or3 of the 72.-h'l. bubble chaxnb-~~x· and 

the Beva.tro•:. for their sltill and patience •. Fu:rthc:t·r.c.ore, this work would have b•?.{:rs. 
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.., 
v ... < 40 
'a 

2. 
Xa > 40 
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* y~'> plus }. -p:i:oXtg Gv~nbll. 

b. c. 

L 
'<;;;. 

< 4 
-~ L t. 
X c 

2. 
xb 

< 1 
-r l.. 
Xc 

-~ ... ·' 20 Xc .... 

* 2 The average expected value of x is propol·tional to the number of c:onatraird;s. · For 
') . 

an event to, bQ assigned to a give11 bypotheah it muot satisfy all three }t testa .li~tad 

in the row as,eoc:ia.ted with that interp1·etation. Note that the xz criteria are ch;osen in 

a manner such that no event can be assigned to more tl1a.n one interpretation. Further-

more. the highly a.rnbiguous events are not accepted anywhere in this table. This reault* 

b1. :t•ejecting approximately 9'·%.~ of the data. 

., , ... , 
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• • Table n. Summary of data used ln determination of Y l ( 1660-MeV') decay 

branchbig ratios. 

Estimated number of Yi events Relative 
decay 

Final state• Number of events Observed CorrectedP- rate 

Aw + 18SZ 130 700 7 
l;o,;+ 50.4 60 3ZO} 6 + 0 
~11' 75Z 70 Z80 

+ 0 1736 90 440 4 Aw w 
( I:ww) + vlslblec 1058 180 Z70 
c ~.,.,+ total 400 • 
R:Op . U.23 0 0 <1 

·a. We have ·also examined about 400 evente of the tYpe K .. + p-~NZw, corresponding to 

allghtly mor.e· thaQ half ol the entire tUrn sample. No aatletlcally slgnlfteant en­

hancement ifJ tibleTVed in C:u:r l:!e~lon of 1660 MeV ill the maea apectra of the RNw 
system. 

b. Tbf.l numbers _ln thle column_bJ.ve been obtained by applytn• COI'I'ectlona lor 

detection efllclency •. ne1aral decay modes, and amollbl of path lenph analyzed for 

each topology. 
e~ O.f the four charge statel that make up ~e ( E1n1')+- eomblnadoa,. both 1':0 w0 w+ and + . . . ;·:. . 

I: '11'011'0 involve two missing neutrals and thua are lna.ceeeaible to v.a. :S.cauee ol 

the three polaible I:w amplitude• (1=0~ . l. or 2) which can make up an. I• I I:'ll''lf 

state. the ratio of the two visible modes :z:+,+,· and %:•.,.+,+ to the other two 

can vo.ry anywhere from hl ·to 4:1 •. Aa a compromise we have arbitrarily 

taken.thls ratio to be lsi in eatlmating the total rate into En. 
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IE. 7'he 5U(3) rcPreoento.ttiost o£ low~rn~~ss ba:cyon.m. Noli: ::;ho"Nn ia the !3 clin§le'to 
~ ~.,() 

"''/h~ec Go1c~ rn.eJ."l'll·h~ll.' .1.\f.l: could well he Y"" ( 1405 MeV). L"'A its :Er:r eha.l!mfJA0 A,. 
p ~ 

~:-1ould rep:z·es~:;l'llt a reEIO!J.i:l,W..!e; in its YZ:N chmmelg it VlOJul!.d represent an 61-v;t~.ve 
bo1.md ot1::.te. ·~ve h::~:'ll'~ nm~d the $ymhol A fo1· Chtt~ mctaotabl~ 1115-MeV A pal·V:ide 

., ' ·""\(lG • .• .. 
r:;..s -;•; .. ch as tJ.'lC two Y resonances vihtch have tiHl sarne values for ba:s-yon lc"lU.mber. 

str~n.[,:;t-3::-:ter.Hl 0 and isotopic spin. Vle.tre:?:~ z. !..,!~ and :::~ cimilady and, invent 11 to 

.. I'. 

~----.... --"";"~----,.-----~---1.~-·;;,------------------:p 
a. octcd :r·, :;'; 1/l...,.. · y octcd Jk"" -· 3/2""'.. . .S.de<ctlpl~t J .~ 3/i

1 

r~· .j,.,O; 

-c·~ •• ,.;Jon .::;;;:A f\ .: ; r .. ~ .. > .. ~~~~v__ 2I+i :a~rx~ 

;:~b 132.0 2 ~ ('? ) 
....... H90 3 

•-C v ~~ 
£.J;· 1.' :"-' :e ... l 

A 1115 1 A.i:.:Ya* 
' I • • ..._, 

N 9"~ 2 N N.,. .,.,. 
:::J: 1/2. 

'. 

Total':: B 

:r.t.&. 

~MeV) .?.It l 

1600 
,. 
r~ 

,!660 '' 3 ., 

1540 ! 

1512 .. 
"' 

Total: 8 

lTA 

; · Da1:trori ' U•·1eV) --
1676 

)t l"d. 
1530 v. . •.tQ 

} 145 
!~85 

} ' 147 

, ZI+ l 

·.2 

3 

4 

T.otal: 10 

---------------------------------------------------------·--------------------------------------------------

c~'i:~"# " · .. d h t. 
J, Ili.s assigr>a-n~r~t: ~-a opecul~ti,ve; t.t'l'.e p..aritf if> yet t-.r-tdei:errnine ·; ~~ e spin aseignmen.t ~.~ 

.sugl}li.Hilted by the ,work of Bc.sthn1 and !k.n:.-g<Z~. 1 

: . . ' 
:;-~-=--"":""·...-:-~ ..... .::;;:~~:--... ~~ .... _,.~.. . .... ~~..z::t:.._-=.;-...=:-.;:~..:...-~ .. C~..:,_..._._.......;:;.:.'r.:'.C:~-~te;::'"~~:m:::::m+"-"'::=T::~..._..,_,~ .. -1:'.: 

·'. ' . . 
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E'JGURE LEGENDS 

Filg. 1. Da.litz plot of 1852. exan:~.ples oi the :reaction K- -r p- A''lr,.. 'It'-. 

. *+ 
Fig. z. ':(wo-body decay modeo of the 1660 MeV Y 1 • The dashed portion 

, of the .Fig. 2d includes only non .. K* events (evente satisfying the criterion 

850 MeV< M( I<1r) < 940 MeV have been removed). The curves represent 

the best fits of the data to a smooth ba.ckgt•ound curve plus a Breit• Wigner 

distribution. Here r indicates the experimental resolution in the 
~ . 

· 1660-MeV region. 

Fig. 3. . ·~ Three-body de'ea.y modes ot the 1660-MeV Y 1 • The curves 

represent the beat fit of the data to a smooth background curve. plus a 

B1·eit• Vligner distribution. Here r indicates the· expedm.ental resolution . r . . . 

in the 1660-MeV region. 
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Mass (A7r-) MeV 

~~~30~0~i4~o~o~l5~o_o~l~6o_o~_l7~o~o~l_s~o~o~~~9R~oo 

1800 

1.50 11..------~----~---....__ ___ ___.,____.. 
Ia 50 2o00 2.50' 3.00 3.50 

Mass 2 ( A.,;.-)" BeV.2 

Fig. 1 
MU-28877 
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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. 




