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The extent of possible oimilaritles between w-N and tr-Y coupllnga 

hae been a subject for continuous theoretical speculation. In the original 

gloL>al-aym.rn.etry model proposed by Gell-lvian.n 1) and independently by 

Schwinger2), all tr•baryon couplings were assumed equal and dominant over 

the weaker K-baryon coupHngs. As a direct consequence, the W•N isobar, 

* N3; 2(1Z38 MeV), implies the existence o! analogous P 3; 2 reoonances in the 

I= 1 and I= 2 states of the Yw s.ystem 1' l). Estimated masses rind full 
! 

widths3• 4 ) !or those states are ~1(Y;) ~ 1380 MeV with r(Y;) e:. 50 MeV, and 

* • . 
M(Y2 ) et 1535 MeV with rcv2) ~ 140 to 200 MeV. Some support for an 

approximate symmetry of this type haa been provided by the discovery6 ) of 
• . 7) . 

Y 1(1385 MeV) and the analysis of low•energy N• Y interactions • In addition, 

Dowell et al. have recently rer>orted tho results of a counter experiment ln 

which tr"' + p interactions were used to study resonances in the I= 1 and 

1 = 2. Yw states8 >. The cross section for production of fixed-momentum 

... 
· This work was done under the auspices of the U.S. Atomic Energy Commission. 

t Now at the hra.el Atomic Energy Commission Laboratories, Rehovoth. 
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(0. 91.1 BoV /c) K+' ~ at·O deg wa:; 'IY.n.'l;unncd while the .rnornentum, P,..• of the 

hchlont tr~ wa.r~ varied from 1.3 to .2.4. noV/c .. Foi· any P,..• ·the mnru of 

+ . 
the ''ystcrn recoiling agldnst the K hi uniquely detenni.necl, and enhance-

mentt:'l in cross l)cction were observed for v· momenta cot·reapondi.ng to 

. - * i>roduction of :: a.nd . Y 1 ( 1385 MeV). How~ver, their data indicated an 

additional cnhancen1.ent £or systems with mass in the region 1550d:ZO MeV. 

Since no eviclcnc~ !or nn 1 = .1 resonant stat~ at this mas a has 'a~peared9 ), 
tho i)OGsibility thnt tho effect ariSe a from a resonance ln the I ill 2 state of 

1 

the Yv ~ystem must be conaidered. 

ln the present Letter we report a study of the elfcctive .... 1nass di.stri­

butionru fot· systems recoiling against K.+' 1!.1 produced both in v· + p and 

,. +n interactiona. Although all the known energet1cnlly nccesaible 

rcsonancelil arc prQduced the data ahow no systematic onha.ncem(;)nt that we 

can identify ~:to arhing fr(>m an I"' Z Yw resonant state. In addition, alncc 

the final state~1 are so st1·ongly dor:nii1atcd by the known resonances, we 

conclude that convincing evidence regarding the possible existence of a 

weakly produced l"' 2 .resor1ant ~>tate wlll be difficult to obtain ln '11' + N 

inte ractiono. 

II an I::: 2. Ytr resonance c.:dstm, U can be produced in a.usoclation 

with a K mcs<>n only from the 1.::. 3/Z component of the 1r +N syaten'l. 

Consequently, un.der the aesumption o! charge independence, the relative 

p1·oduction rates in ,-tp and ,- + n interactions are uniquely determined. 

The anaplitudc for * Y 2 production may be written 

( .. -PIT I y; K) • A [ (Z/5) I/Z y~~ K0 • (1/S)I/Z y~ -IK+ l ( la) 

( ~-nb·l Y; K) • A [< 1/5)
1
/ 2 Y;- I 1<0

- (4/5) 1/ 2 Y;- i K+] (I b) 
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• • 

whete the supersc:rlpt deelgnatoa the Y z charge. Fo1• ayatems recolllng 

+. 1 against K s, it is app;.uent that any effect associated with th~ n 2 Y1t 

sy~tcrn observed iu .., .. + p interactions mut~t occur four tlmes more strongly 

in ..,- + n interactions. 

The data for ·reacti<)tUl ( la) were obtained durh1g an extensive expo8ure 

of the La.wa.·ence Radiation Laboratory's 72.-ln. hyclro{~EHP·filled bubble chamber 

to an incident 1r • beam at momentum settinga ranging !rom .1.89 to 2.36 BeY/c. 

In order to study reactiou~,; ( lb), the bubble chamber was filled with deuterium 

and expoaed to 2.26 ~BeY/ c .., .. •a:· After· scanning and measurement, evefth 

were fitted ldnex'na.tica.Uy by meana of. the lBM progra.m P.ACI<AGE. ln 

general, e'w'ents could be prollel'ly identi!iecl on the bn~;is of the adequacy of 
., ' 

fit (as measured by x"') to both the p.roductlon and decay vertices. ln 

ambiguous c1ueG, a decision was rnnde dter t.~o·a:ck hmlzhtlon was checked on 

the Hhn. The data uu:d in thv preoe,l.t analysis are summari:.eed l.i1 table L 

The corrdntions ill. th1·ec -body ilnal statet~ p1·oduced ln ,., .. + p collisions 

have been examined in detail. In most cases, the reactions nre clearly 

- ~ . . dominated by th€J sequence& 1r + p- Y + K or Y + K - Y + 11' + K. ln particular, 

the !:rt 'II'+ K 0 final state a contain contributions .frorn Y~{l405 MeV), 
~ . . . 

Y0{1520 MeV), ar.d at higher momenta, from the reccH:.tly established 

* 10 11) - + 0 Y 1 ( 1660 lvteV) ' ; the :E ~ K Dalitz plot shows an additional crossing 

band due to K* (885 MeV) production.· ~onsequently, ln these cases there is 

little possib+lity of dlstingulshing any effect arising from a broad I::; 2 
. ' 

· ·l I .- · ~·r: .· • , 

resonance in the 1·egion M~ 1550 MeV. However·, a more favorable situation 

exists for the Q-:; .. 1 systems 1·ecoiling again at K+• s • 1. e. , ~- w0 and 

since the only low-lying l= l ba1·yon resonani::e, 

decays predominuntly via the /\.1r channel. In ~111. attempt to Gimulate the 
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experiiY1ent of Dowell et al., we have plotted the effective-mass distributions 
• • I ' 

in fig. 1 for all two-body final at.:1.tes t produced in associatio~ with K+•a. 

The solid curve drawn through the data _represents approximately the distri· 
' -

. . 1) . • 

bution e:>tpected for final states dominated by K (835 MeV) production with 
•lc . ~:c . 

. small contributions from Y 1 (1335 MeV) and Y1 (1660 MeV). Since the normal-

ization of the phase space cu:rve is somewhat arbitrary, the data do not rule 

outan enhancement of<... 40 events in the 1·e~ion Ms::: 1550 MeV, although a 

substantially larger effect app~ars unlikely. For the path length examined, 

such an enha.ncernent would correspond .to the production of a Q = .. 1 (1 = 1 or 2) 

. < resonant state with a cross section """ 2Jlb. 

The 1r- + n interactions produced in the deuterilUI'l·filled -bubble chamber 

. . * 
are particularly useful .in ~he search for an I::: 2 re_sonance, since Y 2 + K 

. ,_ ,··! .. + . . . 
production would lead predominantly to the ~ ·11' K final state. Not only 

is this configuration readily fittea kinematically whether or not the spectator 

protonis observed, but alao the 1isotopic spin of 1: ·11'- is uniquely I::: 2. 

The Dalitz plot for the 123 events identified as ::l:-11'-K+ is given in fig. 2, 

and the effective-mass distributions in fig. 3, band c. The distributions 

appear remarkably simple in structure and suggest that the reaction proceeds 
. I. . , 

almost entirely through the intermediate state ~ + Krlc. The tendency for the 

t Dowell et al. (reference 8) have pointed oU:t that if y* production is peaked. 

in the backwards direction, the selection of K+' s in the forward direction 

* (a·s in their experiment) could substantially enhance the number of Y events 

* relative to tho.se resulting from K production. Because of statistical 

limitations. a similar selection cannot be performed in the present case. 
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MZp:; "'1r·) distribution to peak near the center reflects the anisotropic decay 

* ~ o£ the K with respect to its production direction in the 1: + K center-of-

mass system 1 Z). Figure Z suggests that at most 15 to ZO events are not 

readily attributed to K'~ production, and that the events outside the K~" band 

do not tend to accumulate in the region M ~ 1550 MeV. On the basis of the 

observed path length, we have estimated the erose sc·ction for the reaction 

. - + 1 n·tn- ~ +n"'+K to be 70±IO.,..b; ifan 1=2 resonant state eadingto 

- - + 1.: n K is produced, its cross section must be less than 10 JJ.b. Because of 

the coefficients in eqs. {la) and (1 b), this upper limit is equivalent to that 

implied by the 1r- + p data. 

Soi'ne estimate for the result of the present experiment inay be obtained 

if we assume that the enhancement reported by Dowell et al. arises from an 

I= Z resonant state. t Their data indicate that at plt' = 1. 99 BeY/ c, the differ­

ential K+ cross section rise a 2 to 3 fJ.b/ sr above a smooth background curve. 

- *-- + If we use eqs. (la) and 1 b), the total cross section for 'If + n- Y + K 

is s::: (4n/3) (4) (2 to 3) !J.b ~ 34 to 50 jib. The factor 1/3 is included because of the 

t The presence of an enhancement in the data of Dowell et al. as well as the 

extrapolation to the present experiment depends upon the assumption that the 

cross sections are slowly varying over the momentun1 interval studied. How-

ever, some part of the effect observed by Dowell et al. may be associated with 

the recently discovered I= 1/2 resonance in the '11'-p system at 2.1 BeV/c 

A. N. Diddens, E. W. Jenkins, T. F. Kycia, and K. F. Riley, Brookhaven 

National Laboratory, to be published in Phys. Rev. Letters. 
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observed tendency for Y~:<,s to be produc~d in the backward direction. t Con­

sequently, !or the path length exarnin.ed, we e:i~pcct 65 to 90 events, with 45 

':< to 65 lying outside the K band. This prediction disagrees markedly with 

the data. 

We conclude that the present experimental data in both hydrogen· and 

deuterium provide little support for the existence o£ a resonance in the I= 2 

Yv syotem. If such a state exiats, it is weakly produced in 1r + N interactions 

and its effects arc largely obscured by other resonances which dominate the 

final states. 

The absence of such a resonant state appears incompatible with theories 

which assume the dominance and approximate equality of pion-baryon couplings. 

It is of interest to note, however. that if the SU(3) symmetry model o£ Gcll­

Mann13) and Ne'eman14) is approximately valid, the low-lying baryon states 

can be accommodated in unitary multiplets of dimensionality 1,8, and 1 o11 • 15>. 
None o£ these contains an 1:: 2, S::: -1 resonant state. 

It is a pleasure to acknowledge the interest and encouragement of 

Professor Luis Alvarez through the course of this experiment. We are indebted 

to the operating crews of the 72-inch bubble chamber and the Bevatron, as well 

as our scanning and measuring staffs for U1eir ability, .effort,. and patience. 

:t: The factor was obtained from a study of the angular distributions for 

:lc * * -Y 1 (1385 ~1eV), Y 0 (1405 MeV), and Y 0 (1520 MeV) produced in 1r p inter-

actions. ·However, it is important to note that although these resonant states 
!:~ ~:c·_ -

can be produced in peripheral (K exchange) collisions, the Y 2 can-

not, so that its p1·oduction angular distribution would probably be leas peaked 

ln the backward direction. Under these conditions, 1/3 !nay be considered 

a conservative lower limit to the correction factor. 
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Table 1 

Surnnuiry of evenh used in the present analysh . 

Eve:1t type 

2:; .. ,.+I<o 

:0• , .. Ko 

A1rOKO 

z;o, .. K+ 

:B·,oi<+ 

Aw·K+ 

I: .. , .. K+(p) 

9
All nt 2.26 BeV/c. 

. Number of events 

1.89 and 2.0S BeV/c 

2.67 

86 

110 

116 

158 

Z61 

2.17. Z.26, end 2.36 BeV/c 

6tJl 

.238 

153 

295 

310 

4.30 

lZ3a 
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Figure Legends 

2 
1) M distributions fox·· Q:: *1 y, systems p1·odq.ced in ,- +'p interactions. 

The ::'B 0
1r- and A1T • distributions have boeo corrected for .neutral decay of 

the A. The solid curve represents the expected distribution for final states 

* . * ' dominated by K (885 MeV) production w1th contributions from Y 1 (1385 MeV) 

* ' 
and Y 1(1660 MeV). 

Z) Dalitz plot for ~* 1T -K+ final states produced in ;r- + n lntera.ctions. 

3_) M2 distributions for the !:-,-K+ final states. 
' z ....... + ' 

The width of the M ("'"' 1T K ) 

distribution (a) arises from the momentum spread of the neutron in the 

deuteron and the :t:Z% spread in the incident ,._momentum. The dashed 

. ' ' * curv.e shown ln-(b) is the d1Stribution expected for production of a K with. 

M~775 MeV, and f':::s 58 MeV. The dashed curve in (c) corresponds to the 

* distribution resulting from d~cay of t:maligned K 1 s. The finite width of 

z-·- + . 2 - _ 
the M p:: ,-K ) distribution iresults in a spread for the maximum M (1; 1T ) 

indicated by ~ M 2p;-,-), 
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Fig. 2 
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