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. A . - 0 :
The investigation of reactions of the form K + p -+ A~ + resonance
. : 0.
(

has led to the discovery of the ¢ (1049 MeV) [1] and X" (959 MeV) mesons [2].

In film obtained in an exposure of the Brookhaven National Laboratory

., 20-inch hydrogen bubble chamber to a 3.65-BeV/c nt beam, we have searched -

for production of both of these particles in reactions of the type

*rr++pr>.'n'++p+Xo (1a)

or
nTip > tp+d. (1b)

It has already been noted by Lee et al. that ¢ production in 3.7-BéV/.c
7 p interactions is very small or nonexistent [3].  However, if the important
channel for either of ‘these reactions is

0 gy

e
ji, m+p = N (1238) + X (2a)

-

wip = N (1238) + ¢,

(25)

o il X : _ o ,
we expect to gain a factor of 9 in their intensity through the use of incident nt

mesons.

32

We find the féllowing: (i) the XO is indeed produced with a cross section ;
. ] H

of about 50:ub and, within our statistics, exclusively via (2a); (i1} in the reactions

i

TThis work was done under the auspices of the U. S. Atomic Energy Commission.
: ‘
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4 p -t +p+K+K, an enhancementlin the KK invariant mass in the
1000- to "1050-MeV.re'gion is indeed observed, in agreement with the result
of Aboliné et al. [4] , but our data do not agree with the interpretation that
these events are to be associated with the ¢ meson, aé the observed width
is far too large. |

We first discuss the XO production. The topology investigated is of

the type
+ A +, - o g
T +p — 21 +7 +p+ MM, (3)

V;/h_ere the missing mass carried by the neutral particles is sig!nifiCantly larbge‘r
‘than that corresponding to a single neutral pit_m. The missing-mass distribution
for the 492 events having the topolog? (3) indicates only very weak 71 ‘prbductio‘n.
We estimate an upper limit of 50 for the number of events in which the missing
particle is an m, corl;esponding to a‘c'ross section of less than 150 ub for the
process -rr+‘+ p 2rt 4w p + 7.

We have 'selec‘ted for furt.her study a sample of 142 ev-e'nts By'impo‘sing
the constraint on (3) that fhe missing mass equals the maés of the, 1 within the
'méasurément errors. We estimate that less than 40% of these events really
involve.production of an n: those remaining are background events containing
two or more neutral lpions whose invariant mass lies close to 550 MeV. In our
further discussion \x}e deal @ith the entire sample of 142 events and, for sim-

’ plicity, refer to the missing particle as an 7. — |

In. Fig. 1 we«%shov;/ a scatter plot of the 1r+'rr-n invariant mass versus the
accompanying p‘n’f ;nass‘ for.those events for which either possible value of the
'rr+7p “n mass lies .bét%:‘een 830 and 1030 MeV. We find that 18 events satisfy this i ‘

’ .. i . + - ) .
condition; for three &f these events bqth possible * ® 1 mass.combinations are

e
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‘shown, beca.u\se both lie in the above-defined range.. A clear grouping of eight

" events in the immediate neighborhood of 960 MeV is observed. In all eight the

* band, i.e., between 1140 and 1300 MeV.

The weighted-mean mmM mass for these events is 9602 MeV, in good agreement

" ‘with the value 9592 MeV obtained from the K~ experiments [.2, 5]. The three-

body phase space corresponding to reaction (1a) predicts that only 20% of the

events should lie within'th¢ N*++ band. The background events outside the
960-MeV cluster agree with fhis phase-space prediction, thus showing no signif-
i productibn. It is also worth pointing out that the N>:< + XO
ev.en"cs are produced much more peripherally than the backgroﬁnd events in the
830- to 1030-MeV mass region. v For all eight 'XO event‘s the cosine of the_ pn’+

production angle in the overall center of mass is less than -0.6, whereas only

half of the background events lie in this angular region. Althoﬁgh’ our sample‘

" is small, the X0 - TT+TT-T]' decay has such unique characteristics, and the

~Background in the region of mwm™ mass below 1000 MeV is sufficiently smali

H

that we feel very confident in our XO identification. We have-also looked for B

XO production in six-prong events of the type "r\'+ +p =~ p+ 3'n'+ + 2n + “_O

for which one Tr+'rr°'rr0 combination has an invariant mass compatible with that

of the n. Of 31 such events we find three which fit reaction (2a), T in good

- agreement with the results from the four-prong events when due account is

~ taken of the branching ratios of the m [6]. If we take the branching ratio

“

XQ - e (n = neutrals)

XO =+ all modes

+20 S » N;:_l.

to be »0.36[5] , the‘{éi?:“oss éection for reaction (2a) isv 47_14 pb.

T. Most background events have ‘rr+1r N masses above 1050 MeV; hence the

‘ident_ification of x° decays is unambiguous in spite of the small numbers.
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We now consider ¢ production; We have examined events that fit the

reactions

n 4+p > +p+K +K | (4)

~

and l . _ ’ . Y

v++p»w++p+K0+Ko. (5)

Forty-six events fit reaction (4), with regard to both kinematic {fit and |
ionization, leading to a cross section of 0.410 0,02 mb. Twenty-nine events
corresponding to (5) have been found, of which six have two K? AT
decays, the rest having just one such decay. After correctio_n'&for decay loss

§
and unseen decays, the total cross section for (5) is 0.42 £0.03 mb.

The general properties of the p1r+ and KR mass distributions are shown
in the triangle plot of Fig. 2, with approprié.te projections onto the p‘n’+ and KK
axes. The important features are the subslt;a.ntial N*++ enhancefnent, and a
- marked peak in the KK mass distributi‘on befwéén threshold and about 105.0
MeV these two effects bemg completely uncorrelated Although one may at
flrst sight be tempted to associate the KK peak with the ¢ meson, this inter-
pretatlon is not correct. To demonstrate this point we plot in Fig., 3 the KK
mass value‘s and errors in the region below 1050 MeV. It is evident that'th'ere
is no cluster of masses at any particular value, and especially not at the ¢
mass, 1019.5 MeV [6], which lies within one standard error of only two events.

In order to verify that our estimated mass uncertainties are correct
~ and that there is no significant systematic error in our meaéurements of

effective masses, we have refitted our - p - wt +p+ K(i) + KO events, <o

using the topology TT+ +p - e + p+ KO + ﬂ'k + Trk, where the "k pair are -

the decay products of the second Ki' The invariant mass distribution obtained '’

for the "kvk pairs, shown in the inset of Fig. 3, has a mean value of 498.5 1.2

MeV, in good agreement with the accepted value of 497.7 0.3 MeV [6], and a
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width _cémplefeiy édnsislfent with the c.al'culaté‘d uncéftaintieé. Fﬁrther evidence
for the valivd.ity. of our mass determinations is afforded b}; the fact that our
measured value of the Xo mass discussed earlier agrees v;ary well with
previous determinations.and that the width of .the mass distribution is again
complefcely compatible with the calculated errérs ofvrrieasurernent. We there-
fore conclude that our data confain no‘evidenée for ¢ production. We set an
upper limit of 10 ub for the total cross section for ¢ production in reactibns
(1b) and (2b). | : - .

A comp(arison'pf neutral-meson-prqduction in r'eactibns of the form
0 Ty p - N*"'Jr + MO, ‘v.vhere M0 is a neutral méson,

is given in Table I. The K~ results are taken from data at center -of-mass

energies as close as are available to the one in the present experiment. Itis

0 +

interesting to note that, whereas in 'rro, X", 1N, and w production the ™ and

K~ channels have comparable effectiveness, ¢ production by the pion channel

' ié'l strongly suppressed. If we assume that the principal mechanism for w

f :
production is p exchange [7], then the low ¢ production in m+p interactions

is presumably related to the very small ¢pm coupling, another manifestation

"of which is the low rate of the decay ¢ = p + » [8]. It is also interesting to

note the very marked difference between the K~ and nT cross sections for p

production.

Given that the observed KK enhancement is not due to ¢ production,

it is presumably the same effect as one of the KK enhancements near threshold -

that have already béen reported [10¢42]. Evidence-for an I= 0, S-wave KK

interaction has be:éf;repc;rted by Alexander et al. [10], and Armenteros et al. )

sible I=1, KK interaction [11]. Recently Miller et al.

i

P

‘have reported a new;f KKmr resonance at 1280 MeV whose decay angular and
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energy distributions are somewhat suggestive of the existence of an I=1, S-wave
KK interaction ['12]. The only contribution we can make from our very limited

sample is to no.te that for an isoscalar KK state, pion exchange might be ex-

pected to play an important role leading to co’nsider'able simultaneous N*++ . +
production, in contradiction to the experimental observations. On the other hand,

an:: S-wave isovector KK enhancement having the quantum numbers 1957 = 470"
caﬁnot be produced by w, p, or w exchange, and would therefore not necessarily

. . w4+ . . :
be associated with N . Obviously, considerably more data are required to

" establish this interpretation.

| We wish to express our appreciation to Ralph Shutt for making the
Brookhaven 20-inch bubble chamber available to us, Hugh Brown for help with
the run at Brookhaven, the AGS and 20-in. bubble-cha.mb‘er crews, and our
scanning, measuring, and computing staffs. We also wish to a,cknowledgé the

help of Benjamin C. Shen in various étages of this work.
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'Tab:-le I. Comparison betweén cross sections for the production of '
o ‘ neutral nonétrange mesons (M ) in the reactions K~ + p -+ A° + Mo o
N s : = ’ ‘ ‘ " .
R and LA P~ N R M Al wt p results exc_:ept-.the n° productiOn

are from this experiment.

0 : + R 0

sy AT e - SR e w5

1 K™ +p-~ A+ M m+p+NT+M
Meson K.Momentum .Cross section T Momenturﬂ er'oss section
(Bev/e) (D) ~ (BeV/e) BTy
e | 3.0 138 £ 15 2) 4.0 -_ 300230 )
| 3.5 20040 ©)
N 2.45 5015 9 3.65 , 140440 ©
o0 245 150424 9 3.65 41702120
N e 2.5 320670 Y 365 700280
L xO . 30  77%15 f)'_ 3.65 . | 47'_“:32
e . 3.0 3gx7 P 13.65 | <10
L | o S 3650 . 13050

.2) Reference 13

.b) ‘Reference 14
c) Reference 15"
d) Reference 16. The Aow and A’qi cross section'.s" ate based on the fractiods,
16% and 0.8%, of tfhe reaction K+ p - ‘Ao trt e 20 goiog into n and w

, : -

.production, corrected by the appropriate branchihg ratios. Both these fractions

are based on more complete data than those in the UCRL report, and the erroks '_

-3

' quoted reflect to. s’bme extent the fact that the analys1s is not yet complete and
are therefore larger than the statlstlcal uncertalntles We are indebted to

Stanley Flatt€, Lawrence Radiation Laboratory, for giving us these results.

é) Based on observ'a.ﬁn.‘von of the ' m “n0 mode corrected by the appropriate

-branching ratio.
f) Reference 9.._The:quoted ¢ .cross section contains only the contrlbutlons from.

‘the K K~ and KOKZ decay modes.

oy
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FIGURE CAPTIONS

'+, Fig. 4, Scatter plot of pTT+ mass versus T T M rnass for all evlgnts for -

- which the 'g'r+1r,'-"r] mass lies between 830 and 1030 MeV. 'Thre.e‘ events
‘ ar“e' plotted tWi(Se,l haviﬂg bo.th nn T'q combinations in the required' |
range.
Flg 2. Triangle plot of p_1'r+ 'mass.versus KK mass, with béth pfojections
shown. |
_Fig. 3. Scatter plot of p'n'+ mass versus vK—K r'ﬁas‘s for-all events f_or'~which; v

the KK mass is less than 1050 MeV. For the topology
|

nt +p = A p+ KO + RO; only events with a single K(j - nt 4 L

. + -, . . s
decay are shown. The inset shows the ™ 7 invariant mass distribution

from K(i) decays in events of the type o+ P nt + p+ Kci) + Kg fitted

0

. as 1r++p —>7r'++p+'K1

TRy
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