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'ABSTRACT 

The 72-inch hydrogen bubble chamber has been exposed to a 

separated beam of K- mesons at incident momenta of 2.45, 2.55, 2.64, 

·and 2.70 GeV/c. Approximately 475000 pictures with 6 to 7 K• and 

1 to 2 "'- per picture have been taken .in the approximate ratio 1: 1: 3: Z · 

at each of the respective momenta •. Scanning and measuring of :=;K1r, 

·· S:.K11'11', A.,K.R. AKK1r, and I:KR reactions have yielded 518, 85~ 426, 
. , . -~.~- . .. . 

t 

26, and 31 events, respectively. These numbers represent approxim,ately 

. * two··thlrds ~f the total available data. · P;-oduction of :=: (1530 MeV), 

• • 4>(1020 MeV), and K (890 MeV) is observed in these events over this 

range of momenta. A detailed discussion of the dominant characteristics 

of these reactions and the poasible existence of new strangeness -2 

baryon states of ~ass less than Z GeV is presented. 

• • • 

Work done under the auspices of the U. S. Atomic Energy Commission. 
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. I. lNTRODUCTIO~ 
·;·_• 

.- ••. 1;, . . . 

In this paper we discuss two topics of recent ~nterest in our 

continuing analysis of K .. -p interactions in the vicinity of z. 5 GeV I c. 

These topics are (i) interpretation of the - i8ZO-MeV enhancement in 

the S=-2, B=+i system and (Z) determination of the strong decay modes 

of the ' meson •. These analyses have resulted from a study of final states with 

1: IS I = 3 produced from an initial K"' -p system. During an extensive · 
. . 

exposure of the 7Z-inch hydrogen bubble chamber to a separated K"'· ·. · 

beam at incident momenta of z.~s. Z.55, Z.64, and 2.70 GeVIc, approxi~ 

mately 530 000 pictures have been taken, with six to seven negative 

kaons and one to two pions per picture. In this paper we confine our 
' 

discussion to the 2.45-, 2.64-, and 2. 70-GeV I c momenta. The reactions 

(2) AoKoRo (7) :!°K0 n +'II'- " 
A°K+K-

0 0 0 

(3) (8) A 0 R K+'ll'- . ..., ~-

0 t 
.(4) ~+K°K .. .. (9) A °K"'K+ 'II' '" 

(5) 1:-K+Ro 

• 

,': 
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II. S = -2, B = +1 ENHANCEMENT AT ~tSZO MeV 

In a recent paper we presented evidence for the existence of a 
' . . 1 

broad 5=-Z baryon state with a mass of 1810 MeV. We wish to review 

its properties and make several qualifying remarks that were not discussed 

previously. w.e first consider the three kinematically fitted four-body 

final states of (6) and (7). We have identified 112 of these types -- 18 at, 

2.45 GeV/c, 68 at 2..64 GeV/c, and 2.6 at 2.70 GeV/c. Figure ia shows 

a Dalitz plot of'M2 (~i11':t:) versus M2(~ 0 11'+) for the :s:·K+1r-1r+ and !::°K0 1r+11'· 

final states. These two have been grouped together, since each reaction 

has only one !::1r pair in the tz ::: ::t:i/2. state. We. see that both final states 

are dominated by the ~~/2.(,1530 MeV). In Fig. ib we have plotted 

2. -+ 2 -o· -o+o M (S 1r ) versus M ('E: 1t' ) for ?: K w 1r • In this case, both E:1r systems 

have tz = ::t:i/2.; two orthogonal bands centered at 1530 MeV are evident 

on this plot. We conclude that the combined three final states involve 
. . . .. - . 

-* ~ ~ the production of.=. (1530) in approximately 80,o of the cases. 

Considering now the poaaib:.lity of a E!11'1t' interaction, we tum to 

' z z 
Fig. 2. where we have constructed Dalitz plots of M (~v1t') versus M (K1r) 

for the three final states under consideration. Fig. Z.a contains only those 

events in which a::::* (1530) is produced: the latter is defined by 

3 z. ~" r z. . z. · - o z Z. ~ M (.~ .. Tr ) ~ 2..4 GeV and z.. 3 ~ M. ~ Tr ) ~ Z.. 5 GeV • In the case of 

:;:- K0 Tr i·11' 0 , the event is accepted if either or both masses satisfy these 

criteria. The pion common to both axes is that one not included in the . . ' 

:S: (1530). for those events in which only one E: (1530) is produced, one 

point is plotted on both the Dalitz plot and the projections. Each event 

in the :;:* (1530) overlap region (E:-K0 tr + 1!' 0 only) is plotted twice on the 

Dalitz plot and Ktr projection, and once on the :;::* 11' projection. Turning 

our attention to the projection of these events on the ~·(1530)Tr scale, 

/ 

···'.• ' 
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·we note an enhancement in the 3_. i·~ to 3.6~GeV regio11.: However, we 

r·· note also an enhancement in the K;r dist:ribution in the vicinity of 89'0 MeV. 

Since the latter defines a region in which one would expect to observe the 
• . . $ . 

K1; 2• this. fact could cast some doubt on the validity o! a true ~ 11 . 

resonance. ·Nevertheless, a pl~t of those events outside the K* region 
' ' 

(unshaded events} still indicates a small enhancement in the vicinity of 
2 ' 

3.1 to 3.4 GeV . In Fig. 2b we present a Dalitz plot for those events that 
'.· . 

do !:2..t satisfy the ~ (1530) selection criteria. In this case we always 

. -~lot the tz = :1: i/Z K'tl' combination ve~sus the !::'11'11 combination. We plot 

two points per event for all ~-Ko'!r + ,o events on .the Dalitz plot and K'll' 

projet:tion, and one point on, the :e;'Tf'll' projection. Although somewhat limited 
\ 

statistically, the ~'ll''tl' projection gives some indication of an enhancement 
' . 2 

in the 3. 2. to 3. 5 GeV region. If we interpret the enhancements in the 

::!*(1530}w and ::!'ll'tt projections as a resonance, the best parameters are 

Eo = 182.0±~0 MeV and r - 80 MeV. 

In Fig. 3 we show the mass dist.ributions of S=-2 pairs .!rom three

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

.·.· .... events is observed in all three distributions (~-'tl'+, AR· •. and,:t*,R 0 
:,,·. 
'••' 

respectively}. The curves represent our best estimate of the nonresonant 

background for these events. It appears highly unlikely that the 

simultaneous observation of enhancements in =:* ,, :;:11''tl', ::!w. AR. and l:R. 

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

apparent background is not overwhelmingly large. Plots of AR1r mass 

dil3tributions from reactions (8) and (9) do not indicate the presence of 

the 1820-MeV enhancement (plots not shown). Using '~nly the data at 

2.64 and 2.70 CcV/c (total sample minus 18 ~KtrTr.eve~ts at Z.45 GeV/c) 
. .o 

.and including corrections for neutral decay loss, we find that ~ (1820) 
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decays in the following proport.ions: 

;;.* w: :B:ww: :E:tt: AR: I:'R::SO:> 22: 14: 64: 3. 

· Considering now poosible ieospin asoignments, we note that observation 

of a :AR decay modo unambiguously determines the isospin to be one-hal!~ 

. * --
.In addition, charge independence in the decay of a Z: (l=t/Z or 3/2) . 

produced in the reaction K- + p- E:*o + K 0 and decaying via an inter- , 
. . . 

· mediate state :=: (1530)w predicts the ratio 

... ' ... 

~E:.0 (1530)- :=:-,,+] w0 / r:z*-(1530)- E:-'lf0 ] ,.,+ 

(one for I= t/2; lour for I= 3/Z). We find this :ratio to be 0.5::1:0.3 for 

that sample of events in which only one E:tT combination in :s:·Ko,., + ,.,o is 

• a Z (1.530) •. At the momen~ there is no direct evidence for any particular 

spin or parity assignment for the 1820-MeV state. 

In summa.ry, we have observed enhancements in several S = -2, 

B = +t particle syotems in the vicinity of 1820 MeV. We interpret these 

enhancementtJ ae manifestations of a resonant state with a mass o! 

1820::1:20 MeV and r- 80 MeV. The isospin of the state is one-hal!; 

no information has been gained on the spin and parity of the state. Total . 
. 6 . 

track length scanned at 2.64 and 2.70 CeV/e amounts to - 4.0X10 meters, 

giving a total corrected crosD section of- tS J.lb for the production of 

-* ) ~ uszo. 

.. 

·,. 
'· 

.. 

/· 
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Ill. ·STRONG DECAY. MODESQF THE t; MESON 
.. 

In addition to the aforementioned reactions (Z) and (3) which involve 

the production of KR pairo, we have attempted to observe other de~ay 
. i 

. ( 

modos of the q, meson consistent with the established quantum num~rs of 
~ 

this particle, 0 i ··. Sp$cifica.lly, the only decay modes above thr~1shold, 

other tha..-,. KR, that one would expect in the strong decay are w + w- ,..~ and /. 

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

K- +- p - A. 0 ,/"'-'U'o at Z.45, Z.64, and z. 70 GeV /c. Figure 4a is a 
,, 

... hiatogram of the e!!ective mass of ·KR pairs from the reactions (:~ 
+ . . . . ~ 

K- + p - A~K K- and A °K0 .R0 , where we have restricted the latter.~ class 
~ 

of events to thoee in which .~ lambda and a Kl are observed in the b~bble 
. \ . . . ~ 

chamber. Normalizations !or the two typee of events are not the o~e. 
. ? 

r .. 

The shaded portion of the histogram contains those events with low ::., 
. . z z ~. 

momentum ~ranefer to the lambda (A p,A ~ 0.80 GeV ). Approxim~ely 

- ~. 
80o/o o! the events in the q, peak (tOtO to t030 MeV) fall into this catcgbl·y. 

. ~·i\ 
+ ' . Jh 

Turning our attention to the question of 1r "' .. 'lfo and wp decay modes, ,ih 

Fig. 4b we have plotted the effective mass distribution of the 1r + 11' • w0 :;? 
' + ~ 

triplet from the A 0 w 1:r ·11'o final state. No apparent structure·· is ob'*'rved 
. . . ~~ 

at iOZO MoV. Eowever, when we consider only the low-momentum-t~~ns!er 
•· . events where all_ charge states of the Y 1 (1345 to 1435 MeV) have been·, 

removed (shaded area), we observe a peak of approximately ZO events over 

background at 10.20 MeV. " 

'I'o test the hypothcais o£ a. 1rp decay mode, in Fig. 4c we have 

plqtted the effective mass o! <llVents (with low-mom~nt~m·transier events and 

• • 

Y 's removed) which have at least one w1t combination tn the interval 700 to 

800 MeV, ,corresponding to the p mecon. A subQta.ntif.l peak is observed 
'\ 

i . i 
at 1020 M~V. Subtraction of the events of Fig. 4c !rotn .the shaded area 

\ r 
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. o£ 4b gives the distribution which contains .no p' s. It chows no enhancement 
. . '· . + 

at 1020 MeV. · We conclude therefore that the 4' decay to w 'IT-w 0 is 

predominantly via the intermediate state wp. From these data we calculate 
. + ·. . 
the relative rate. R[(~-1\'p)/(<P-K K-)]= 0.·7:1:0.3, where we have used 

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

• • • space omitted by the Y 
1 

removal in A 0w ,.. ·wo. It is not now possible 

to determine the total relative rate R[(,-wp)/(,-KR)] because of 

difficulties in establishing the absolute normalization for the A °K'*'K· or 

··A 0 w.,.. w • 1r0 samples. 

The authors wish to acknowledge the generous support of the 

bubble-chamber operations group and the scanning-and-measuring group. 

We thank Professor Luis Al~arez fo~ his 'continuing interest • 

. " 
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FIGURE LEGENDS 
'· - ' 

Fig. i. (a) Dalitz plot of M 2(S: 0,l:) yersus M~(?:3.,/) for the final statec (0) 

s:-K+ 11' J.11'- and (0) Z°K6 1r t-11' -. In the projections, the :=;°K0 w .. ,. • events- ar~-

shaded. (b) Dalitz plot of M2(s·,..t) versus M2
(S:.1!'0 ) for the final state 

-- o -~ o· .::. K v 11' • 
· - . Z-* Z ·-·-

Fig. z. (a) Dalitz plot of M .::. (1530)11' veraus M (Kw) for all :SK1r1r events containing 

a :s:*(t530). Final states are denoted by (0) ~-K~ "'+"' .. ' (0) E:°Ko,.+,.-, and 

(O) ::::·Ko,,.+ ,..o. Events in the ::!:111
(i530) overlap region (E:·Ko,+ .,o only) are 

- -

plotted twice ( 0). · The solid curve is the best estimate of the nonresonant 
- . 

background for all events. the dashed for those events with the K band 
. z z 

remove~ (unshs.ded). (b) Dalitz plot of M (E:w1r) versus M :(Kn)l for all 

:=:Kw'A' events not containing a :=:*(1530). Final statee are denoted by 

0 - ~ + -- -o o + - -- o "' o · ( ) :S: K ., 1r , (O) .::. K 11' ,. , and (II) ;::.. K 11' "'I' (Z points per event). 

Fig. 3. (a) Mass distribution of s:-w+ and z:•wo for the final states :z•w+Ko and 

:;:-11'oK+. The K*(890) events have been subtracted. (b) Mass distribution 

of A °K +-A 0 R ~A °K. for the final states A °K0 R0 and A °K.._K_. Since the 

Fig. 

' 

K0 and R0 are mdistinguishable," tv_;o pointe are plotted for each A 0 KR0 ·' · 

event. The 4'(10ZO) events have. been subtracted. (c) Mass distribution of 

~-Ro and l:+K .. !or the final states l:;~R°K·!- and ,;+K-K0 • The data in all 

plots are at 2.64 and 2. 70 GeV /c. Curves -in (a) and (b) are our best 

estimate o! th~ nonresonant background. 

4. (a) Mass distribution of K0R0 (events with visible A 0 and K0 ) and K+K-. 1 

pairs from the reaction K-p -A°Kit (b) Mass distribution ofw+w-'11'0 

' 
triplets from the reaction K-p -.A o, + w· v0 • (c) Maes distribution of 

fo - . ... "' " w?~ triplets, where at least one 'U'"'r pair is in the 700-to 800-MeV 

interval. The shaded events have been selected !or low momentum 

2 z ~ 
transfer (.6p,A ~ 0.80 GeV ) to the lambda, with Yi~i385) having been ; ' 

removed in (b) and (c). 
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