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A J =0 X& X& enhancement at a mass of 1030+10 MeV with a width of 45 &5 MeVI'C ++ 0 p

is observed in RV interactions. An s-wave resonance interpretation of this enhancement
is favored over an s-wave scattering length effect. Within experimental uncertainties,
we associate this enhancement with the 8* observed in x p interactions.

The experimental evidence for an isosinglet,
scalar E,nK,o enhancement (IG =0+, 8+ =0+)
comes mainly from a study of the reaction v p
-E~ E,nn at pion momenta from 2 to 12 GeV/c. '
Because the enhancement is near the KE thresh-
old the available data can be interpreted either in
terms of an s-wave resonance or a simple s-
wave complex scattering length. ' The resonance
interpretation, namely the 8* with mass M =1069
+10 MeV and width I'=72+14 MeV, is favored by
the experiments with incident pions of 5, 6, 7,
and 12 GeV/c, s whereas the scattering-length fit
is favored by the experiment at 2.0 GeV/c. 4 In
some cases, such as the experiments at 4 and 5

GeV/c, either interpretation can be used to de-
scribe the data. ' In addition, an I= 1EK enhance-
ment near threshold, vN(1016 MeV), has been
observed in the reaction pp-K~E, 'n+ at rest. '
This effect has been related to the 6*(975) boson
resonance' below the EK threshold. '

Data for this study come from a number of ex-
posures of the Brookhaven National Laboratory
(BNL) 80-in. bubble chamber filled separately
with liquid hydrogen and deuterium to separated
beams of K mesons at 3.6, 3.9, 4.65, and 5.0
GeV/c. A further breakdown concerning the ex-
posures is shown in Table I.

The reaction of interest in this study was K N

-E,DK,O(MM), where N was either a proton or
neutron and the missing mass (MM) was equal to
or greater than that of the A hyperon. The main

Table I. A detailed breakdown of the exposures of
the BNL 80-in. liquid-filled bubble chamber to separat-
ed beams of X mesons.

Beam momentum Liquid Events/pb nucleon

3.6
3.9
3.9
4.65
5.0

Total

Deuterium
Deuterium
Hydrogen
Hydrogen
Hydrogen

10
40
10
15

5
80

requirement was that both K, 's decay in the
chamber via their visible decay modes K, -n+n-.
The criteria for the identification of the K,' were
that: (1) the E,' decay make a satisfactory three-
constraint fit to the production vertex, this be-
ing defined by a X' ( 12; (2) the ionization of the
n+ and ~ from the decaying &~' be consistent
with that expected from the kinematic fit; and

(3) in the case of a A', Ko ambiguity, the K' inter-
pretation be omitted from the sample" because
A"s can often be fitted as E,"s but the opposite
is not often the case.

In Fig. 1(a) is plotted the E,'E,' mass distribu-
tion for this sample of 568 events. Marked en-
hancements are evident near the RK threshold
(1030 MeV) and at the well-known f~ resonance
(1515 MeV). These regions are indicated in the
figure. The cross-hatched events in Fig. 1(a)
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correspond to the reaction & Ã-+g +y + where
I' denotes a A', Z', or I;*(1385). It is clear
that the 1030 enhancement is produced mainly in

the multiparticle final states, whereas produc-
tion of the f* occurs mostly in quasi-two-body
final states. Figure l(b) is the relevant Chew-
I ow plot for these reactions. Here the (K| K~ )
effective mass is plotted versus the square of the
four-momentum transfer between the incident K
and the K~0K,D system (tK K 0K o). It is evi-
dent from the Chew-Low plot that there is very
little or no production of this 1030-MeV enhance-

for t&- & 0~ 0) 1 GeV . In order to en-
1 1

M(Ki K, ) IN Gsv

FIG. 1. {a) Total K& K& mass spectrum. The cross-
hatched events correspond to the quasi-three-particle
final states. See text for details. {b) Chew-Low plot
of K& K& mass versus tK- K pK p. {c)K~ K& mass
spectrum for events with tK- K pK p-1.0 GeU . Shad-1. ked events are those which have a visible h decay in ad-
dition to the two visible K& 's.

hance the peripheral contribution we have re-
plotted the (K~OK~ ) mass spectrum for the sam-
ple of events with g--~,o~,o - 1 GeV, as shown
in Fig. 1(c). Two multi-standard-deviation ef-
fects are evident at masses of 1030 and 1515
MeV. Only this purer sample of events is con-
sidered for further purposes of this study. An s-
wave Breit-Wigner resonance fit to the lower
peak gives a mass value of M = 1030+ 10 MeV and
a full width I'=45+ ', MeV.

Several alternative explanations for this 1030-
MeV enhancement were investigated. The fore-
most was the possibility of p meson production
in the E,'E,' mode with the subsequent transfor-
mation of &, into &, via the regeneration process
(K,'N-K, 'N). This possibility was ruled out by
the following procedures: (a) All events with
M(K,K,) &1100 MeV were examined visually for
any possible interactions along the &,' flight
path. No such interactions have been observed.
(b) Assuming that all the K,OK,' events in the
1030-MeV region were due to the regeneration
process along the direction of the &, flight path
which produced no visible or kinematically de-
tectable nucleon, we estimated a lower limit for
the p production cross section in the reactions
K lV-++others to be -100 mb. This is clearly
not possible, since the known total cross section
of the E N interaction is less than 30 mb. In
order to determine whether the &,&, enhance-
ment could have been produced by m N interac-
tions from any m beam contamination, ' the
(KP,) effective mass spectrum from three-V'
events, namely K,OK,OA'(+v's), which cannot be
easily induced by pions, is shown in the shaded
area of Fig. 1(c). The 1030 enhancement is
clearly evident. We therefore conclude that the
low-mass enhancement is a &,'E,' effect origi-
nating mainly in & N interactions.

We now turn to an examination of the quantum
numbers of this enhancement. The &, E,' signa-
ture restricts the spin, parity, and charge-con-
3ugation quantum numbers to ~ = 0++, 2++, 4++,
etc. Since the f*(1515) is also observed, it is
used for a comparison; its spin and parity are
known to be 2+." In Figs. 2(a)-2(d), we plotted
the decay angular distributions, namely the Jack-
son and Treiman-Yang angles, for both the 1030-
MeV and f* mass regions. Within the accuracy
permitted by the limited statistics, the angular
distributions in the 1030 enhancement region are
consistent with isotropy, to be contrasted to the
strong anisotropy in the Jackson angle for the f*.
This evidence, coupled with the low available Q
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value (40 MeV), favors a &+G = 0++ assignment
for this enhancement. Experimental difficulties
in the identification of charged &-meson tracks
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FIG. 2. Distributions of cosine of polar angle folded
about cos8 = 0 are given for (a) the 1030-MeV and
(c) f*(151 )5mass regions. Distributions of Treiman-
Yang angle folded about y= 0 are given. for (b) the 1030-
MeV and (d) f*(1515)mass regions. (e) A section of
the K& K mass spectrum with tK- K OK 0-1.0 GeV .
The dotted curve is the best fit to the data with an s-
wave resonance; the solid curve is the best fit with an
s -wave complex-scattering-length effect.

in multiparticle final states preclude an isospin
(therefore G parity) determination for this en-
hancement. However, we have searched all pos-
sible charged ER systems and found no signifi-
cant excess of events near the threshold (not
shown). This observation may suggest the iso-
spin-zero assignment (and therefore G =+) for
this enhancement.

We have fitted the data with a simple s-wave
resonance using two extreme assumptions for
the total width of this enhancement (&T), na, mely
I' = F —or I" ." We find little resultingT EE
change in the mass and width. This is allowed
for in the errors quoted below. Figure 2(e)
shows a section of the &,'K,' mass spectrum, the
resonance fit being shown as the dotted curve
with I = I IY. The mass and width values ob-T ZIY

+85tained are 1030+ 10 MeV and 45» MeV, respec-
tively-, the indicated fit having a X

= 4.6 for six
degrees of freedom (60'%%uo probability). These val-
ues are to be compared with ~= 1069+10 MeV
and I'=72+14 MeV obtained for the S*. We have
also tried to fit the data with a simple complex
s-wave's scattering length (i a I+ ib) and have ob-
tained a best fit for i&i=2.3+,",' F and & =0+,"F
with )('= 15 for six degrees of freedom (2'%%uo prob-
ability) as shown in the solid curve in Fig. 2(e).
It is evident that the best scattering-length fit
cannot reproduce the spectrum near the thresh-
old. On the other hand the resonance interpreta-
tion gives an excellent fit to the data.

PC ++In summary, we have observed a ~ =0
E 'E ' enhancement at a mass of 1030+10 MeV1 1
and a width of 40+,', MeV produced in K N inter-
actions. The resonance interpretation for this
enhancement is favored over a scattering-length
interpretation. To the extent that the simple
scattering-length procedures carried out are val-
id, the data presented here give strong support
of the existence of a JP =0++ boson resonance
at a mass of 1030+ 10 MeV. We associate this
resonance with the S*(106S), since both enhance-

PCments have the same J and, within errors,
similar mass values.
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~~This observation is consistent with the peripheral
argument that the t distribution should have the form

t/(f —mk2)2.
~2We obtain this cross section in the following way.

(a) We note that the forward regeneration (K2 p- K& p)
amplitude f2&(0) equals 2[fy(0)-f (0)], where f+(0),f (0)
are the forward elastic scattering amplitudes for IC"n

E+n and K n E n (b.) We assume the f(0)'s to be
imaginary [Itef (0) « Imf (0)] and take Imf+(0) = (k/4w)o'&+
(optical theorem). (c) We then write the differential
cross section for regeneration in the forward direction,
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et al, , Phys. Rev. 168, 1466 (1968). We obtain values
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IC& P for Ã2 momenta )2 GeV/c by A. Firestone et
al. , Phys. Rev. Letters 16, 556 (1966). They also find
f2&(0) to be substantially imaginary, in agreement with
our assumption in (b) above. Experimentally, dQ is
taken to be 0.001 sr because our kinematics program
would not accept any K& as being associated with the
production vertex with a dg & 0.02 rad. Therefore,
&2i( 0)=f0 (0.2 mb/sr)dQ. (d) If we assume that all
the K& K~ events arise from y events in which the K2 's
regenerate K~ 's in and about the forward direction of
the K2, we obtain a cross section of K N y +others
to be &100 mb. We have considered the decay depen-
dence of K~ in flight and found'its effects to be negli-
gible.

3Such an occurrence would not, however, alter the
establishment of the K~K& enhancement since the quan-
tum numbers of the K& K& system are unique and inde-
pendent of its production process.
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