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Fecently, Bastien et al, reported the results of an extensive analysis of K;+ P
interactions below 1 BeV/e. ! They found that both the £ ' /T 7" ratio and the cross -
- goctions for prn&m:%wn of Awn{w) and Tw{n) final states varied rapidly in the region
Py 760 MaV /o .’ﬁi‘lc' a® 1681 -MeV)., In addition, Alexundsr ef al, examined thg T -
body effoctive-maes diatribution: for Yl states produced in « ¢ p interactions at 2.1
to 2.3 HeV/c, ¢ They observed an enhancement in the region M{Yw) = 1685 MeV, and
tentatively ascribed the effect to a resonance in the 1=l Yw systemn,

To ehtain additional evidence z-e;:;éwcﬁng the swgiﬂmncé and p‘.mpmrﬁess of puch a
state, we have studied the three- and four-body final states produced in ¥+ p intere

actlons at p, < L91 }iﬁe‘i«”/c‘(?ﬂ:r = 2028 MeV), The effective~inass distribution for

* ' .
thege events estabiish the existence of an =1 resonant etate, ¥, , with mean energy
ES

# 1 e N " -
Boom 16604 10 MeV  and f&) width at balf maximaen s 404 10 MeV, Enhancements
7 .

o

R - P e - 3@'} r b A : .
in the mavse puectve associated with the positive component of ?{} {1660 MeV) are

&

particularly strong and have been used to estimate 7:6:4:4: < 1 as the relative rates
for decay into Ar: Zw: Aww : Dwew KN, Because of interference with the large back
ground of competing rmechanisms in each ch.;‘u.'zmal;,; neither the spin nor parity of the |
Crasonant state could be inferred, The possible relevance of YIW ‘{;3660 MeV) to the

& ]
7w discussed.

rvecantly proposed SU(3) symunetry scheme
The data were pltained during an extensive sxposure of the Lawrence Rasdiation Lab-
oratorys 724n hydrogenbubble chamber to a K~ bearan, At the momentum setting of

A
1,81 BeV/e the observed path length provided 5000 events per millibarn 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 éifecti;iefmaes diatr"ibu'tions'for'the, reactions

K +p= A+ _f +n (1a)
- Atw iw v wf (1b)
- s w (lc)
. z*int 4w (1d)
- % w"'t;o' yr" - | - (le)
B A +'p'.‘ o | S § ¥4

;fbc' ﬁnal 'stateq'”la, b, ¢, and { appear topologically in the bubble chamBer as

'_Intefuct;f)nn -_igading to ttwo prongs ﬁius an aoso@:iated V. For approximately 98% of

the events, reaction if could be unambiguously separatiegl from the A/X° fin;;f states
4_by kinematic ﬁtp to both the decay and the production vertices, The more _c'!ifﬁc.ulrt.taqk
161 apportioning the two-prong-plﬁs-A 'e\'r‘enta ambng reactions la, b, and ¢ was.
performed by using the xz critefla énumerate'd in Table I,

| . Events ar.iaing-from:ea_c.tjion/- '1d and e were obtained by measurement of
two- and four-prong intar'ac'_:.tions having a kink in any track at a distance greater than
0.3 cm from the pro’duk:tion_ vertex, Kihematic fitting resulted in almost unambiguous
ide.nti,ﬁcatibn' of the £* w; #° and Z*ir; X final’at_ates.; The number of events
assigned to reactions la to 1f is given in the first column of Table II.

| Several of the final states studied arise 'predomi'nantly through production of
low-mass resonances in assocfation with one or two additional particles, Therefore
:"it is difficult to establish the existence of more weakly produced higher-lying resonances,
which must appear as superpositions on thié large background, The effect is illustrated
in Fig., 1, which shows the Dalitz plot for the 1852 events idendified as K + p--A;Wr+ v,
This final state is clearly dominated by the sequence K +p-+ Yl,.(1385 MeV)§w‘.A““ﬂ%-~t v,

Nevertheless, an enhancement of ® 130 events may be observed both on the Dalitz plot
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aind in the nrojected effsctive~mass distribution given in Fig. Za, No significant elfwct
@catxx;ss- in the distribution for M{Aw ).

Etfective -rnzs3 digtributions for the positively chai*ge combinations
pe'e®, 2097, 2lal, v v, and “iét"-’p are given in Fig. 2b,c,d, and Fig, 3a and b,
. With the exception of the K‘Idpﬂ’- mass spectrum, each distribution shows a sigeificant
enhancement in the M= 1660 MeV region. An examination of the corrasponding neg-
atively charged and neutral combinations indicates that enhancement at M= 1660 MeV
e weak or absent. Accordingly, we are led to conclude that the msi&iﬁ@l*y charged
cormponent of an Isl {since Ax’ ié pure I-spinl)resonant state with mass 1660 MeV ie
produced at this energy, 6

The relative rates for Y;m(lééo MeV) decay into various channels were ottained
from auvitably corrected estimates for the number of resonance events in each final
mmm; To estimate these numbers in a systematic manner, wa fitted the data in the
region of the peak with a. smooth bad::ground curve plus the Breit-Wigner re&ogﬂance,
dim‘ri-bu&ﬂon' N{ME) = ’I::%r [(M-Mm)?‘ + (I‘/Z)Z] 'l Since the final states (}é. through f)
are dominated by pro‘auction bf low-mass resonances, interference effects may modify
- gigrificantly the shapes of the distributions observed for Yf‘( 1660 MeV). Figures 2
and 3 suggest that the apparent mean energy and width may vary by as much as 10 MeV.
Ncw@r&hewsw, Lecause of the lgrge' uncertainties in background and statistical limitations
.in gsome channels, a single mass and width have been used. An adequate fit is obtained
with M= 1660 MeV and T = 40 MeV. | |

The data omn tlw’bramc:hmg raﬁpa of 'Y.l-@.'(lééo MeV) are summarized in Table 1.
It is of interest to note thant'. within statistics, no enhancement whatever is observed in
the K?p (»7) final @m&éj In addition, an e:*#amiﬁaf;ion of the Dalitz plot {(not shown) for
the £ w events indicates that the asymmetric resonance distribution resulte from a
constructive interference between the overlapping banda for ‘Yzm* {1660 eV}~ Eﬁﬁ'&; .

It should be emphasized that purely experimental uncertaintics associated with estimating

the mumber of resonant events make the relative branchiag ratios relable to ouly aboug 25%.
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Furthermore, any strong interference effects, eﬁ&h‘@r with three- or four-body backe-
grovad or cther reaon&n& states could alter these numbers even further,
The swnbers quo‘é:@d in Table iI yiekd a croes section of approximately 0.4 mb

for the process K +p - Y 6166\9 MeV) + w~. The best sstimate for the pr@ﬁmﬁiém

. iﬁ"}‘ - ’7:" ‘*0 . 0;\};‘_ V
ratios ¥y :'Li :3.1‘ 1s 5: <1 <1

One may attempt to relate Y‘ (1660 MeV) and other baryon resonances to the

appr w-nmaﬁ:@ ayrarmetry model prm;msed by CGell- Maxm3 and Ne’emané and dicecussed

8

further by CGlashow. and Sakurai, =~ It Ms been suggested ﬂ*aﬁ. the stable baryons phw the

_ Iavwwlymg reconant smﬁ;é:«:é may be accomodaﬁed in unitary @npermulmphem of dim@msioma.kiw

1, 8,8, and 10¢ ° Approximate sum rulea for masees result from the additlonal asswoption

- that violatiors of unitary symmetry occur ina paréicﬂar and ﬂixﬁ@le monner, The
suggested awigmmenm 1‘:‘01' i@w-lying baryon re@awmc@s are summarized in Takle 1.

| Because of uncertainty in quantum numbers, several assignments are speculative., Howe

s ' @ + . v -, -
ever, if the 1385-MeV ¥, is called Eé‘e in accordance with recent evidence for J =3/2"

v o 0
from the Aw decay mode,

“then the only remaining vacgney for the 1660-MeV Y;ﬁ is
E'\! with spin. J = 3/27. Furthermore, this aszignment gives excellent agreement with
the equal-mass spacing'rule of the & decuplet if the procently known "‘:‘& isads 3/2+
resonanca.

It has already been poinﬂ;e& out that SU{3) requires an 5= - 3 zinglet, 0, of masse

12, 13

1676 MeV, to complete the 10-fold § multiplet, We further obaexve, that if the

e

: ®
spignment of 'E‘( for the 1660-NMeV Yi is correct, them the predicted mass of the

-t

remaining member of the yoctet, an. 8 = - 2 doublet, ¥ _, i3 approximately 1600 MeV
14

s

{sea Table IIl}. Moreover, ’3\, should ba very narrow, and hence easy to detect,
Accordingly, the theory now predicts the existence and masses.ofgwo new particles,
both of which can be produced relatively easily using presently available experimontal

ﬁ.e«.um\,‘ues,
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_ resonant state is produced in association thh other partxcles or is formed aﬂzreetly
from the interaction of two apeciﬁc particles, In the former case, the final ssﬁ:aﬁ@

" may be cénsidered to be the result of a set of three-body production proce@ses,"

{e. g. Awn, Zaw, 'Rgm) followed by coherent rescattering of some groups of particles

_fornﬁéd ' Since only one of the possible intermediate states will be a“xalagauﬁ to

. ~..\_-£urma&wn in the two-body sﬁtwa.tien, the observed final states may hewe g @d%»r
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3. Glashow and A. H. Rosenfeld, submitted to Physical R evievé I;zettex'a.v .
The threshold for the reaction K™+ p-0" 4 KJ’ + K% {e:about 3.2 B‘eV/c.' The
threshold for the production of ""Y is only about 1,7 BeV/c, 6o it is slightly dis- =

concerting that it has not yet been observed.‘



C Table I Selection criteria for apportioning V° plus Zeprong eveuts,
SRR . 1 MR N K e R A S S A TR a R YRR R “"‘““-.“*' S : Db i A SRR Afiaes bl NI ey T SRR e S SSEnLBSLIER
Final stafe Constraints a. b, <,
- : 2 2 , & .4
a8, Aw w 4 Xy < 40 X4, >1¢ - < 5
A Z
EoN &
; e S b 1 2 b 1
b. \7 ax s v, o« ’ K
b Amw ! =<3 p < 10 7~ <3
" Xa Xe
\’2
: gt - 2 e 2 2 .
c, o Z > 40 < - \ < 20
p> - Xg ~ 4 73 Xe
‘ Xy .

" Phe average @:ﬁp@:ét@d value of xz is proportional to the number of constraints, lFor .’
an event to be assigned to a given hypothesis it must satisfiy all three x;?' tests listed |

in the row agsociated with that interpretation, Note that the xa criteria are cl{osen ’iﬁ
& manner such that no eveﬁt can be assigned to more than one interpretation. Further-
. more, the highly ambiguous events are not accepted anywhere in this table. This reéulta‘

in vejecting approximately 9% of the data,
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Table II, Summary of data used in determination of Y'; (1660-MeV) decay
branching ratioa. _ '

€,

. - Estimated number of Y‘ events Rgtaé?; e
Final state® Number of events Obgerved - Cc:orx'et::tedb rate -
At 1852 130 700 7
=o' 504 60 320 o
o 752 70 zao} |
A«*’«° 1736 90 440 4
(Z‘mr) vioible . 1058 180 270 ,
(Zwm* total : - 400 ¢
- K°p 1223 0 0 <1
‘., We have also examined about 400 events of the type K"+ p-RNziv. corresponding to

slightly more than half of the entire film sample. No ntatinticany significant en-
hancement is obxerved inthe region of 1660 MeV in tho mass lpectra of the KNw
system, ' :

The numbers in this colwunn have been obtained by applylng corrocuona for
detection eiﬁciency, neutral decay modes, and amount of path length unalyzed for
each topology. '

Of the four charge states that make up the (Zww)’ combhution. ‘both z°w°1r and
= ndn® involve two missing neutrals and thus are inaccessible to us, Bacaue of
the three possible Tw amplitudes (I=0, 1, or z) which can make }up an Isi Tww
state, the ratio of the two visible modes Z'w'w" and X “w"u' to the other two

can vary anywhere from 111 to 4:1. As a compromise we have arbitrarily

taken this ratio to be 2:1 in éotlmating the total rate into ZXwrn,
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oy i) 4 )

Table I, The SU{3) repres ce:"’mﬁmn of low - amw baryons., Not showsn iz the § singlet,

whose sole member A, could well be Y (i&“f‘% MeV)., Inite Zw channel, A

P

{41

would represent a rezonance; in ite ¥ channel, it would reprecent an &-w ave ‘
- tound ctate. We have used the symbol A for the maetastable 111%-MeV A particle
N " \éi
ag woil as the two ¥ esounznces which have the same values for baryon number,

a i:«;cswpic spin. Weirezt 2, M, and T similazly and invent Lo

Thiz notation is further explained in reference 7.

Prrahe RO SRk 3 % Do S e . N SOOI o
ra,, o, m_ ¥ 3m, : .
' * m ) :"‘f h'v: L:E Al‘ T v I e éw ! o I'i 'ﬂ lﬁ &
v % iy B Equal-masg spacing rule
o . = g . - ) ‘ T3 T
oo gcted Jh =3/ yected I =3/27 . o b.deecuplet | JT =3/
Fs Eo A J _ R S
Baryvon - (kieV) 2I+1  Baryon {MeV) 2I+! Y Barvon (MeV)  Am 0 2141

o 31320 C 2 W) 1600 2 {2y 1676 BRI |
RS ¢ "ﬁ.umas&,.'.- 3 =P '““f: 5 353035 Mé 2
A=T® 1520 1 2= us”} s
STy T T e L }o147 R
Nzgfl 2 1812 2 By, 1238 e

> M

[

-
N A

[E R ]
LI o

.8
L
O
L
A

Totale & - Total: 10

“The two mass ferzﬁﬁ.aa ‘aré afp al © . eo of fﬁkgm“s g @p;i;a.limaé;xazﬂ of &c.zzi«?v am“g zﬁa*s
forinula {:.s Okube, Pr@ga ‘Eﬁéor@t Ph* 27, 949 (1."&362;)}.
Tim: asslgnment is zsg;eculaﬁive; neither the e,u.n nor Par 1&* i ;‘1@&@ rinined,
“ruis assignment is ocpeculative; the parity is yot undetern mcd" the spln aseignment g
suggested by the worl of Restien and Bervga. ‘3 o o R R
= ez = T ST ; '.va’mm_mg
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FIGURE LEGENDS

Fig. 1. Dalitz plot of 1352 examples of the reaction K + p-+ At
Fig. 2. Qwa«body decay modes of the 1660 MeV Yﬁf The dashed portion
of the Fig, £d includes only non-Ks' events {events satisfying the criterion
850 MeV < M{Kw) < 940 MeV have been removed). The curves represent
the best fits of the data to a smooth background curve plus a Breit-Wigner
 distribution, Here r, indicates the experimental resolution in the
- 1660-MeV region, o |
' i{‘ig. 3,  Three-body decay modes of the 1660-MeV 'Y.l.w . Thg curvires‘
reprasent the best fit of the data té a amo;:th background éur#eﬁlua a
Bx~§it-Viigner distribution. Here I indicates the experimental reaolgtvi'c‘m‘
in the 1660-MeV region, o



-12- UCRL-10569 »
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