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'ABSTRACT

The 7Z-inch hydrogen bubble chamber has been expoaed to a

o o separated beam of K mesons at incident momenta of Z 45, 2.55, 2. 64.

- and Z 70 GeV/ c. Approximately 475000 pictures with 6 to 7 K" and
i to 2 17 per picture have been taken in the approximate ratio 1: 1.3:2 -

- at each of the respective momenta. Scanning and measuring of =Kr,

© " EKem, AKRs AKRw, and IKR reactions have yielded 518, 85, 426,

26, and 3t eyents. respectively, Tnese nurnbers repreeent approxim‘atelyt
two-thirds of the total available data. - Production of E*(1530 MeV),
$(1020 Me;\f). and K*(Séﬂ MeV) is observed in these events over this
range of momenta., A detailed discussion of the dominant characteristics
of_ these reactions and the possi‘oie existence of new strangeness -2

baryon states of mass less than 2 GeV is presented.

Work done under the auspices of the U. S, Atomic Energy Commission.
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L INTRODUCTION
o In fhis paper Qe ciiscuss two topics of recent intereat in our
contmuing analyais of K~ -p interactions in the vicinity of 2.5 GeV/ c. .
| These topics are ('1) interpretation oi the ~ 1820-MeV enhancement in | =
- the 8=-2, B H eystem and (2) determination of the strong decay modes _ _
of the ¢ meson. Theee analyses have resulted from a study of ﬁnal states with
ZI§| = 3 produced from an initial K -p system. During an extensive : .
- exposure of the 72-inch hydrogen bubble chamber to a separated K™
beam at incident momenta of 2.45, 2,55, 2.64, and 2.70 GeV/c, approxil-ir |
- mately 530000 pictures have been taken, with six to seven negat{ve
kaons and one to two pions per pi;ture. In this paper we confine our
discussion to the 2,45-, 2.6\4-. and 2.70-GeV/c momenta. The reactions

of general intereaot in these s@nalyses are:

(1) Kp==2"K 1r+ . (6) E-Kgugﬂ."
(2) AIKOR® R C (7)) 20K %% ': ‘
@ oak'k (8)A°R°K: - '*
@ RS L (9AKT 7::+ &

(5)  ZK'R®
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‘Il S= -2, B=+1 ENHANCEMENT AT ~1820 MeV |

_ Ina facent paper we presented evidence for the existence of a h
vbr;)a'd S=-2 baryqn_state with a mass of 1810 MeV. ! We wish to review |
s properties and make several qualifying remarks that were not discusscd}“ ‘
previously. v-'lwie ﬁrst consider the three kinematically fitted four-bddy
final stafes of (6) 'vénd (7). We have identified 112 of these types -- 18 at
© 2.45 GeV/c, 68 at 2.64 GeV/c, and 26 at 2.70 GeV/c. Figure 1a shows
a Dalitz plot df-Mz(‘E‘,an") versus MZ( =3:7) for the = “K'y"n' and ""°K°
Hf'inal states. These two have been grouped together, since each reaction

| has only oné Zw pair in the t, = +1/2 state. We see that both final states
are domin;ated by j:he E’:/Z(\1530 MeV). In Fig. 1b we have plotted
' MZ(E'-«+) versus MZ(':?I-w")l for = K%¢ #°. In this case, both Tt systems ‘
have t = £1/2; two o'rthogonall bands centered at 4530 MeV. are evident

on this plot We cohcludé that the combined three final states involve

the production of = (1530) in appfoximately 80% of the cases.

Considermg now the poasib‘hty of a Eunw interaction. we turn to |

.Fig. 2 where we have constructed Dalitz plots of Mz Zww) versus M (Kw)
for the three final states under consideration. Fig. 2a conﬁains_ only those
events in which a E"(1530) is produced; the latter is defined by

2.3 s M?*(T0n7) < 2.4 GevZ and 2.3 € MP(E" «%) € 2.5 GevZ,

" K°n'n° the event is accepted if either or both masses satisfy these

In the case of

il

criteria. The pion common to both axes is that one not included in the
E*(iSBO). For those events in which only one & (1530) {s produced, one
point is plotted on both the Dalitz plot and the projections. Each event
in the =" (1530) overlap region (= K°x " only) is plotted twice on the

- Dalitz plot and Kw projection, and once on the E*w projection. Turning

. ._‘*
our attention to the projection of these events on the = (1530)w scale,
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A

‘we note an enhancement in the 3. 1 to 3 6- GeVZ region. However. we

note also an_enhancement in the Kr mstribunon in the vicmity. of 890 Me\".'
Since the latterv deﬁ.nes a region in which one woulc.lv expect to observe fhe o
1/2. this fact could cast some doubt on the validity of a true ’E-I*v .

*
resonance. Nevertheless. a plot of those events outsxde the K region.

(unshaded 'events) still indicates a amall enhancement in the'vi'c;inity of

3.1 to 3.4 GeVZ.‘ In Fig. 2b we present a Dalitz plot for those events that

S *x .
do not satisfy the = (1530) selection criteria. In this case we always

) Mplot the ‘tz =x14/ 2 Kw combination versus the T combination. We plot

 two points per eirent forva.ll K"u n° events on the Dalitz plot and Kv

projection, and one pomt on the Swn projection. Although somewhat limited

| -statistlcally. the Zuw projecnon gives some indication of an enhancement

in the 3.2 to 3.5_ C}eaV_2 rogion. If we interp:et the enhanccments in the

* ' : .
% (1530)w and Eww projections as a resonance, the best parameters are

-

L4

Eg = 1820220 MeV and T ~ 80 Mev.'

L)

In Fig. 3 we show the mass distributions of S=-2 pairs from three- . |

body final states (1) through (5). In the vicinity of 1820 MeV an excess of
0.

- 0 =
. events is observed in all three distributions (= ¥, AR", and- Zt,K ¢

: respectively). The curves represent our best estimate of the nonrescnant

background for these events. It appears 'highly unlikely that the

simultaneous observation of enhancements in = #, Trm =w, AR, and =R

- could be accidental, although ih each case the ratio of resonant events to

apparent background is not overwhelmingly large.' Plote of ARwr mass

- distributions from reactions (8) and (9) do not indicé‘te the presence of

the 1820-MeV enhancement (plots not shown). Using :‘pnly the data at

2,64 and 2.70 GeV/c (total sample minus {8 EKun }eve\t}ts at 2.45 GeV/c)

: 0
,and including corrections for neutral decay loss, we find that FZ* (1820)
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| decays in the £ollowing proportions' o e o
= e 2w AR: TRi80:> 22t 44: 64: 3.
| ""Conaidering now posgible is.oapin asaignmentsj.}' ;w_;e}not-e thét 6bsex"vavt'io'nv
ofa AR decay rxigde unambiguouniy determines the ieo'svpi:i to be one -half.'"
In addition, charge independence in the decay of a E*(1=1/2 or 3/2) , -
_produced in the reaction K™ + p = g%0 + KO ana decaying via an inter- .
- mediate stété F:Z*(iSBO)w §redicts the ratib |
gé"msso); = w ] w0/ (27 7(1530)= E7x%] v |
| (On; for 1= 1/2, four for 1= 3/2). 'We find this ratio to be 0;5:1-;0 3 for
thaﬁ eample of events in which only one Ex combination in 2K n° “'
a =* (4530).. At the moment there is no direct evidence for any particular.'
spm or pa.rit_y asaignment for the 1820-MeoV state. |

| In summary, we have observed enhanc-ementva in vaeve'ral S=.2,
$= +1 i:article systems in the 'vicinitfo:f 1820 MeV, We interpret these
enbancements as manifestations olf a resonant state wit;x a2 mass of
4820420 MeV and I" ~ 80 MeV. The isospin of the state is one-haif;
ao information has been gained on the spin and parfty qf the étgte. Total
| trt;s.ck lengfh scanned at 2.64 and 2,70 GeV/c amounts to ~ 4.0% 106 meteia. "

giving a total corrected cross section of ~ 45 ub for the production of

EI (1320)
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1l STRONG DECAY ‘MODES or THE $ MESON |

In addition to the a&'orementzoned reactions (2) and (3) which involve

the production of KK pairu. wa have attempted to observe other deeay

- modes of the ¢ meson consistent with the established quantum numbers of

this particle. 012° Specifically, the only decay modes above thréshold. _

+-

' othcr than KR that one would expect in the strong decay are % w ¥ and

TP, To look for these modes. we have studied the reaction

K +p-» A°v a"v° at 2, 45, 2.64, and 2,70 GsV/c. Figure 42 is a ;;{

K +p - AK'K™ and A°K°R®, where we have restricted the latter:clags

~of events to thoge in which a lambda and a Kz are observed in the bﬁbble

£

. ' ) o st
chamber. Normalizations for the two typesg of events are not the same.

t

The shaded portion of the histogram containsg those events with low :-5.
2

»momentum tranafer to the lambda (A poA < 0,80 GeV )e . Approximmely

80% of the svents in the ¢ peak (1010 to 1030 MeV) fall into this catcgury.

e
Turning our attention to the question of v w “%° and wp decay modes. in

Fig. 4b we have plotted the effective mess distribution of the . r w® ;‘:’
triplat from the Aow 7 w° final state. No apparer-t etructure is obaﬁ' ved

}.ﬂ;

at 1020 MeV. However, wher we consider only the low-momentum-&knsfer

‘-’ events where all s:harge states of the Yi(i 345 to 1435 MeV) have been k

rernoved (shaded area), we observe a peak of approximately 20 events over
background at 1020 MeV, . |

To test the hypothesis of 2 #p decay mode, in Fig. 4c we have B

plotted the effectivé masgs of events (with low-momentﬁm-transfer events and

%
Y'e removed) which have at least one wn combination {n the interval 700 to
800 MaV, correspondxng to the p meson. A substantml peak is observed

at 1020 M eV Subtraction of tha events of Fig. 4c from the shaded area
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. of 4b givea the disﬁribution which containa no ple. lt shows no enhancement
at 1020 MeV. We conclude therefore that the ¢ decay to 1r vl is
" predominantly via the intermediate state wp. From these data we calculate

‘the relative rate R[M‘ffp)/@"K{'K_)]ﬁ 0.7% 0.3, where we have used

only the low-momentum-transfer data, and have corrected for the phase

. « . . .
space omitted by the Yi removal in A% ”.“ v . It is not now possible

B 'to determine the total relative rate R[(cb-’ﬁp)/(d)*KK)] because of

difficulties in estahhshing the absolute normalization for the A’K*K™ or
® samples. ,

The authors s\}ish to acknowledge the generous support of the
bubble-chamber operations group ;md the scanning-and-measuring group.

We thank Professor Luie Alvarez for his ‘continuing interest,
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FIGURE LEGENDS

" Fig. 1. (a) Dalitz plot of M*(20x") versus M ", 5.%) for the final states (e)

" ghaded. . (b) Dalitz plot of M2 ") versus M2(2"x%) for the final state

" Fig. 2. (a) Dalitz plot of M

27K « «~ and (0) 2°K% ¢~. In the projections, the 29K%" eventa are

-0 +
E K% «?

22*(1530)w verous M%(Kx) for all EKnn eveats contatatng

Il

a 38(1530). Final states are deﬁoted by (O) ""-K“Lw'e'w.. (O) "'°K°1r w . and A
(@) E'K°w+w°.x Events in the = (1530) overlap region (= K°w ° only) are
plott‘ed twice (D). The solid curve is the best estimate of the nonresonant
backéround for all events, the dashed for those events with the K* band
removed (unshaded). (b) Dalitz plot of M (..mir) versus M (Kw)‘ for all

ZXww events not containing a = (1530). Final states are denoted by
* + -

(O)EK 7 v, (O) E°K°1r+1r'._ and (8) E-K"we‘v" (2 points per event).

Fig.

- + - -
3. (a) Mass distribution of = v and E"v° for the final states = v K° and

':'5."1;°K+. The K*(890) events have been subtracted. (b) Mass distribution
of A°K + AR  A°K" for the final states AOK°R® and}&°1§+K'. Since the
K® and R? are i’ndiatingu‘whabié.ﬁ:'tﬁo points are plotted for each A°KR® |
event. Thé 45(1020) svents ha?e.been gubtracted. (c) Mass distribution of
£°R® and Z'K" for the final states T R°K" and Z+K'K°.l The data in all

plots are at 2,64 a2nd 2.70 GeV/c. Curves in (a) and (b) are our best

. estimate of the nonresonant background.

Fig. 4. (a) Mass distribution of K°R® (events with visible A® and K?) and K'K™

' pairs from the reaction K™p -A°KR. (b) Mass distribution of v % 7°

triplets from the reaction K p -A°w+1r.1r°. (c) Mass dis_tvribution of

. *‘ - ' b
7 v w’triplets, where at least one wr pair is in the 700-to 800-MeV

interval. 'I‘he ahaded evants have been selected for low momentum

transfer (A: AS0.80 Gev? ) to the lambda, with Y 1;3(1 385) having been * :

removed in (b) and {(c).
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