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The cross sections for K+p interactions at a center-of-mass energy of 3 GeV (4.3 GeV/c

incident momentum) have been determined for the K+p~+~, K pm+a, and K m. +m+n

final states. The shape of the differential cross section d cr/dt ' for the quasi-

two-body final state K* (890)+6++(1236) is not a single exponential. Characteristics of
the low-mass Kmm and pew enhancements are discussed.

I. INTRODUCTION

The interaction of E+ mesons in a hydrogen bub-
ble chamber has been extensively studied and many
of the characteristics of the interaction have been
reported. ' The present experiment was designed to
obtain knowledge of the details of the interaction.
For this reason an experiment with high statistics at
moderate energy was performed so that we could
analyze a large number of events in the various re-
action channels.

II. EXPERIMENTAL DETAILS

The 7' beam at the Argonne National Laboratory
Zero Gradient Synchrotron was tuned to transport a

43-GeV/c E+ beam to the Midwestern Universities

Research Association —ANL 30-in. liquid-hydrogen
bubble chamber. The p and m. contamination of the
beam was monitored with a Cherenkov counter im-

mediately before the chamber. The counting rate in

the Cherenkov counter was consistent with the ab-

sence of any low-mass particles in the beam and we
have therefore made no corrections for possible p or
m contamination in the beam. A total of 450&10
pictures were taken in two separate exposures.

The density of hydrogen was determined from
the measured vapor pressure and temperature of the
chamber. The density of the hydrogen was deter-
mined to be p=0.062+0.001 g/cm . The stated er-
ror in the density is an attempt to account both for
the uncertainty in the operating conditions of the
chamber and variation in the operating conditions
during the run. The number of incident E+ was

determined by counting beam tracks in every
fiftieth frame. The total K+ flux and density com-
bine to give the sensitivity of the experiment as
7.37+0.18 events/pb.

Interactions of the E+ mesons were located in a
double scan of all the film. The scanning efficiency
for all channels discussed here is &99%%ui. The
events were measured on manual digitizing projec-
tors connected to an EMR-6050 computer. The
measurements were analyzed by the computer at the
time of measurement to ensure that the measure-

ments were accurate. Tracks which failed the accu-

racy criteria were immediately remeasured. The
geometric and kinematic reconstruction of events

was performed off-line using standard programs.
An event to be assigned to a given reaction hy-

pothesis was required to have g &20 for four-
constraint (4C) fits. In addition the ionization den-

sity calculated from the mass, momentum, and dip
angle for all tracks had to agree with the ionization
estimates made by the measurer for a hypothesis to
be accepted. As a result of the kinematic fits,
events were assigned to particular reaction channels.

III. THE REACTION K+p —+ENmm

The four-body final states have been studied ex-

tensively in E+p interactions. The principal
features of the final states are well known: large
cross sections for production of the E~(890) and the
b, (1236), and low-mass enhancements in the
(ICsrtr)+ and (N~n)+ mass spectra. .Cross sections

for the various reaction channels observed in four-

body final states are found in Table I.
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TABLE I. Cross sections for E+p —+ENmm.

Observed
events

Cross
section (mb)

E+p ~E+pm-+n-
K+p ~K*(890}m.+p

~E+~-
E+p ~K~{1420)m. +p

~rc+-
E+p ~K*(890)+6++(1236)

K+@ pm+
K+p —+K~(1420)+b ++(1236)

K+~- ~p~+
K+p ~6++(1236)E+a

pK

E p~K AT 77

K+p ~K*(890)m.+p
+Ko 0

K+p K*(890)~'p
~K'~+

K+p ~h++(1236}E m

pK
K+p ~A+(1236)E m+

K+p —+p+K p
~~+~'

14648
8053

1015

4883

915

8430

3506
1023

922

1235

354

1.988+0.051
1.09 +0.03

0.138+0.010

0.663+0.044

0.124+0.006

1.14 +0.05

1.456+0.085
0.425+0.041

0.383+0.039

0.513+0.044

0.147+0.022

0.183+0.023

K+p~K nm'+a+

K+p —+K*(890)~+n
~re'~+

K+p ~h+(1236)E m+
nm. +

1189
544

205

0.483+0.036
0.221+0.023

0.083+0.017

A. The reaction K+p —+K' ++

p ~
E+~-

do/dt =4.03 "+6,37te 'mb/GeV
100

The differential cross section do/dr' for the
K*A++ channel in the E+m m. +p final state is
plotted in Fig. l. The data cannot be fit with a sin-

gle exponential, i.e., do Idt'QAe ', because of the
very sharp forward peak and the more gradual fall-
off at larger t'. Many functional forms can be
used to fit the distribution. %e have used the form

~ I
D—

LLI K'p —K"5"
&~'p—K+7r

40/df =3&e +g'+2e

The results of the fit are shown in Table II. The
slope associated ~ith the fonvard peak b~ ——14.5+3
GeV is much steeper than is usually encountered
in either elastic scattering or quasi-two-body pro-
duction experiments. We believe that the shape of
the differential cross section suggests that the pro-
duction mechanism at small t' is different from that

0 100 GeV'

FIG. 1. do /dt' for
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TABLE II. Values for the parameters in a fit to
—b&t', —b2t'

da. /dt' of the form A~e + t'A2e for the reac-
tion E+p ~5++(1236)+ E*(890), 6++~pm +,
E* E+~-.

020 j
O, I6—

K" Decay
I I !

A ( ——4.03+0.14 mb/GeV2

A2 ——6.37+0.18 mb/GeV
b ) ——14.46+0.035 GeV
b2 ——6.62+0.04 GeV

0, 12—

0.08—

0,04—

at large t'.
Information about possible production mechan-

isms of a resonance is obtained from the decay of
the resonance. To study the decay of a resonance
we compute the moments of the real part of the
spherical harmonics Re(F~ ) about the axes suggest-
ed by Gottfried and Jackson. For values of l&2
the moments for the decay of both the E* and the
6 are consistent with being zero.

In Fig. 2 we plot the decay moments for l &2 of
the E* and the 5++ as a function of t'. All mo-

ments with m+0 are consistent with zero for
t' &0.024 GeV. For t' g 0.024 GeV the l= 1,m = 1

moment for II.* (890) decay is different from zero.
The one-pion-exchange model has long been in-

voked as the mechanism for the reaction
E+p +E~b, at sma—ll t (and therefore at small t')
This model requires that the moments with m@0
be zero and our data are consistent only at very
small t', r' & 0.024 GeV, with this prediction of the
one-pion exchange hypothesis.

B. The Q and N(1570)

We observe low-mass enhancements in the
E+m+m, E m. m+, and pm+a mass distribu-

tions (Fig. 3). These are due to the well established

Q and X(1570) resonances. The Q region does not
show the narrow peaks reported in experiments at
other energies (Ref. 6).

The Q region has been subjected to an elaborate

partial wave analysis (Ref. 7) which our data do not

justify repeating. We have however fit the distribu-

tion of events on the Emm Dalitz plot in an attempt
to measure the relative decay rates into E*m and

Ep. We have found that the relative rates are very

sensitive to the way that ambiguous events are han-

dled. The 4C fits to the reaction
E+p +E+pn. +m are —sometimes (approximately
7% of the events) ambiguous in the identification of
the m+ and the K+. These ambiguous events are
not distributed uniformly in the Emw mass distribu-

tion, but are concentrated in the Q region. We be-

lieve that proper analysis of the Q region requires a
correct handling of ambiguous events. Our pro-
cedure is described in Ref. 8. Using that method
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FIG. 4. The decay Q ~X+m +n

M (K+~+~ ) g 1470 MeV/g, t& & 0.45 GeV/g, no
5++ events. (a) K+m mass spectrum. {b) K+m+
mass spectrum. (c}m+~ mass spectrum.
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FIG. 3. (a) The K+~+m mass spectrum from the
reaction K+p~K+pn. +m . (b) The K m. m+ mass
spectrum from the reaction K+p —+K pew . (c) The
pm +m mass spectrum from the reaction
K+p ~K+pn. +m . (d) The pm +m mass spectrum
after removing the K~(890).

for resolving ambiguities we have fit the distribu-
tion of events on the Dalitz plot for different inter-
vals of E+m+m. mass. No significant variation in
the branching ratios, which could be indicative of

structure in the K+m. +~ mass distribution, was
found. The results of a fit to the projections of
(Figs. 4 and 5) the K+a+rr and E ~ m+Dalitz.
plots to an incoherent sum of E*m, Ep, and fiat
background are given in Table III. The much
larger background observed in the j' m m+ decay
mode of the Q+ makes a direct comparison of the
ratio K*m/Ep for the different decay modes of the
Q+ difficnlt. It is clear, however, that the Kp de-
cay is far more prominent in the K m. m+ final
state.
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FIG. 5. Q E rrorr+. M(E+~+rr ) &1470
MeV/c, tp ~0.45 GeV/c, no 5++ events. (a) K g
mass spectrum. (b) K ~+ mass spectrum. (c) m+m.

mass spectrum.
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FIG. 6. The decay X(1570)—+pm +m

M (pm+ad ) & 1870 MeV/c, t'(KK) & 0.45 GeV,
t'(p, A++) (0.6 GeV, no K~ events. (a) m+p mass spec-
trum. (b) m p mass spectrum. (c) m. +m mass spec-
trum.

A similar fit has been done for a sample of
N(1570) events. We have selected events with
M(pn+rr ) (1870. MeVlc with no E~(890) and

tgg (0.45 GeV and tpg(0. 6 GeV to enhance the
N(1570) signal relative to the background. The pro-

jections of the N(1570) decay are shown in Fig. 6.
A fit of the distribution on the Dalitz plot gives a
ratio of 6++m:5+m+=(3.5+1.3):.I which is in

1

agreement with the usual T = —, assignment for the

N(1570).

TABLE III. Fractional decay modes for the Q+.

Background

Q+~K+rr+n 0.841+0.02 0.091+0.05 0.061+0.02
Q+ 1L m m. + 0.521+0.05 0.351+0.09 0.131+0.05

IV. CONCLUSIONS

The reaction E+p —+ENmw is dominated by copi-
ous production of two- and three-body resonances.
The differential cross section der/dt' for the quasi-
two-body reaction E+p —+E 6++ cannot be fit
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with a single exponential because of a very steep
falloff at small t'. The broad enhancements in the
Emm and Emm final states have T =—, and no obvi-

ous structure. The decay of these resonances is

predominantly into quasi-two-body systems.
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