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The reactions of 24.6-GeV/c X and:- incident on a scintillator target were studied in a
counter- spark chamber experiment. Upper limits on the production cross sections of Z* resonances

which decay into A m' and:-a resonances which decay into A'K were obtained. A single 0
that was produced in the scintillator target has been observed, corresponding to a 115-p,b/nucleon

production cross section if produced by a = . The A m mass spectrum was found to be consistent

with a Deck-type threshold enhancement.

%e report the results of a search for hyperon
resonance and Q production by negative hyperons
incident on a plastic scintillator target:

(~„*j
+ nucleus - =* + anything.

lg- I

The experiment was performed in the high-ener-
gy negative hyperon beam at the Alternating Gra-
dient Synchrotron (AGS) of the Brookhaven National
Laboratory. Scintillator and spark-chamber ar-
rays were used to identify the final states

Aoz-
and

P1T Pn'

from resonance or 0 decay, and to measure their
effective mass.

The hyperon beam is a short, curved magnetic
channel that delivers fluxes of approximately 200
Z and 2 = per 1.5X10" interacting protons, at a
momentum of 24.6 GeV/c. Figure 1 is a plan view
of the hyperon beam and detection apparatus, which
is described in detail elsewhere. ' Beam particles
of mass less than 1 GeV/c' are tagged and vetoed
by a threshold Cerenkov counter (Cs) which forms
part of the magnetic channel. A high-pressure,
high-resolution (o &100 gm) magnetostrictive
spark chamber' measures the momentum (to +1%)
and direction (to &.5 mrad) of hyperons emerging
from the channel. Small scintillation counters (B)
define the beam. A hole veto counter (V„) down-
stream of the high-resolution spark chambers dis-
criminates against beam halo and upstream hyper-
on decays.

A 5 & 5 x 25-cm-long plastic scintillator produc-
tion target follows the high-resolution spark cham-
bers. The pulse height from this target is re-
corded for each event to help differentiate between
diffractive and nondiffractive production processes.

Located downstream from the 1.5-m-long decay
region is a double magnetic spectrometer with
conventional magnetostrictive spark chambers.
The first spectrometer analyzes the relatively
low-momentum (&10 GeV/c) v and K mesons
from the target or from hyper on decays. The sec-
ond spectrometer measures the momentum of the
high-energy protons from A'- p n decays. The
field integrals of the two magnets are 13 kG m and
26 kGm, respectively, so that particle momenta
are typically determined to between 2~/& and 5o/(;.

A counter hodoscope (S) between the spectrometer
magnets serves to trigger on one or more slow
negative particles. Two proton counters (P) and an
iron-scintillator calorimeter (PC) define a proton
trigger. The calorimeter rejects background
muons, which can otherwise simulate good trig-
gers. A large phase-space threshold Cerenkov
counter between the two spectrometer magnets
separates A'm from A'K final states. This count-
er, which is filled with N,o at atmospheric pres-
sure, is sensitive to pions and kaons with mo-
menta above 4.8 GeV/c and 16.8 GeV/c, respec-
tively, and is therefore used to separate n from
K in the momentum range of 5 to 12 GeV/c.

The trigger for either final state coming from
the interaction of an incident hyperon is

C~'8' V~ S P PC.
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FIG. 1 Plan view of the negative h erog
' yperon beam and apparatus used f thor xs experiment.

t d one
This signals a massive beam parti 1 f
on and one

'c e, a ast pro-
d one or more relatively slow tnega ive par-

ic es. The trigger rate was a few per AGS pulse.
For each event we recorded the configuration of
scintillation-counter hits d t fa a rom the spark-
ehamber readouts, and pulse heights from the
ta.rget sc intillatorscin i ator, the Cerenkov counters and h

calorimeter.
, an te

To be accepted for analysis, events were re-
quired to have a topology consistent with one posi-
tive and two negative tracks. In add' '

owing criteria were required of the events: a

h ero
beam track consistent with a trajector fr thy rom e

yperon production target through the m n

channel all tr
e magnetic

; a tracks within a restricted fiducial
volume; a minimum angle of 10 mrad between the
Ao and the negative pa, rtiele in the Ao~- ' o

OR5 cm
y; a istance of closest approach of 1 thess an

Ao deca ver
cm at the production vertex and 0.4 emem at the
ecay vertex; and a, A' decay length which is

te
greater than zero, allowing for a 1 'tud'ongi inal ver-
ex reconstruction error of 20 cm.

The ione pion from A' decay was identified b recon-
e pm effective mass for each negat'

particle in turn. In Fiig. 2 the elean, narrow peak
-4 MeV F%'HM& in& in the Pm mass spectrum at the

A' mass cont '
n ains solutions with a correct choice

h'
of the negative track whil th bi e e road spectrum at

igher mass contains
events for which

tains the incorrect pairings. Th
ch one of the two solutions for the

s. ose

Pm invariant mass was within 5 MeV of the A'

mass were accepted. (Even if the wron
a e ecause of the finite momentum

tion of our s
n um resolu-

our spectrometer, there would be no effect
on the invariant mass of inal states and

only a small effect on that of p K f'inal states. )
o so utions werevents for which neither or both solu '

uous, respectively.reconstructable and ambiguous
Figure 3(a) shows the pv v invariant mass

spectrum for events whose dec tecay vertex lies in-
side the scintillator target aft her t e above cuts
were made. In. addition to production in. the t
we see a shharp peak at the " mass. The trigger

ion in e target
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is thus seen to be dominated by beam = 's. In the
analysis, a minimum angle requirement of 5 mrad
between the momentum vector of the incident hy-
peron and that of the outgoing A'n system serves
to discriminate against the beam = . Figure 3(b)
shows the resulting spectrum. %'e interpret the
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FIG. 4. (a) Deck-effect diagram for Z P —Aom P.
{b) Monte Carlo prediction of A ~ invariant mass dis-
tribution due to Deck effect. Note the similarity to the
observed spectrum shown as the shaded histogram in
Fig. 3(b).
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FIG. 3. {a) Mass distribution of A ~ states with decay
vertex in the scintQlator target. (b) Unshaded histo-
gram: mass distribution of the above events after re-
quiring at least a 5-mrad angle between the incident hy-
peron momentum and the Aon' momentum. Shaded histo-
gram: the same distribution after the subtraction of
background " peak determined from decays dosenstream
of the scintillator target.

remaining = peak as those beam = 's which
scattered elastically in the scintillator target.
Events with a vertex downstream of the target
show the cascade peak only.

There is no evidence for the Z~ resonances in
the spectrum from the target [Fig. 3(b)]. After we
subtract the remnant beam cascades as deter-
mined from the number seen decaying in the decay
region, a broad enhancement remains at the mass
threshold [shaded region in Fig. 3(b)]. A Monte
Carlo calculation, starting with the simplest Deck-
effect' matrix element [Fig. 4(a)] and simulating
the acceptance of our apparatus, gives the pre-
dicted invariant mass spectrum shown in Fig. 4(b).
The Deck-effect prediction closely resembles the
shape of our data [shaded portion of Fig. 3(b)].
The inclusion of other Deck diagrams would not
change this result since the predicted shape of the
mass distribution is strongly influenced by our de-

(a)
I-

20
0
LU
CL

15—
IJJ

10—

0 I

1200 1300 1400 1500 1600 1700 1800

O

(9z
C3

30-
G3~

-"+20-z 1-
Oy
~& 10-
4J
ff)
(n
CI)
O

12tx) 1300 1400 1500 1600 1700 1800

Z MASS (MeV)

FIG. 5. (a) Acceptance of the apparatus as a function
of resonance mass for A07t' final states produced within
the target. The three curves illustrate different assumed
production cross sections, do/dt ~ e', where a =4 for
nondiffractive Z* production, a =20 for diffractive
excitation on protons, and a =60 for diffractive excitation
on C. (b) Upper limit (90% confidence level) on the
cross section for the production of Z * which decay into
A ~, assuming do/d t fx: e4' and a resonance width of
10 Mev.
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tection efficiency, which is limited by the magnet
apertures and decreases rapidly above 14OO MeV,
as shown in Fig. 5(a). (The reason for this strong
dependence of detection efficiency on resonance
mass is that the spectrometers were designed for
use in studies of hyperon production' and leptonic
decays. ') Figure 5(b) shows the upper limit on the
cross section. for resonance production of Z* as a
function of the Z ~ mass.

The absence of a signal from the Z~(1385) reso-
nance is an interesting feature of the data. We
put an upper limit (90/q confidence level) of 80 pb
on the production of this resonance, assuming a
width of 40 MeV. Its absence may be due to the
fact that the production of the Z*(1385) from a Z

requires unnatural spin-parity exchange, as well
as the exchange of SU, quantum numbers. ' Either
of these factors can prevent Z*(1385) production
by Pomeron exchange. Production of Z*(1385) by
m exchange is possible, but the cross section for
this process is small at the present energies.

One aim of this experiment was to detect the
production of the strange SU, analogs of the
N*(1470}. The masses of such states, if they
exist, may well be beyond the acceptance of this
apparatus. If not, then either the production or
the two-body decay of these states must be sup-
pressed. The inhibition of such two-body decays
is predicted by a quark model of Lipkin. '

Candidates for ™*~resonances and 0 produc-
tion A'K final states were selected by requiring
that the meson that is not from the A' decay be
within the geometric acceptance and valid mo-
mentum range of the N, O Cerenkov counter. This
counter was then used as a pion veto Figur. e 6(a}
shows the apparatus acceptance as a function of
:-*mass. Previous searches' using K beams
have not observed any states =~ -A'K with

masses below 1820 MeV, which is above our sensi-
tive mass region. However, it was felt that such
lower mass states might be produced more readily
by diffractive processes, just as np and diffractive

Pp processes favor the production of different
groups of N* states.

No evidence was found for A'K production. in

those events which had vertices in the scintillator
target. Figure 6(b) shows the experimental upper
limit on the cross section for the production of a
single =* in our mass region.

Events with a A'K vertex in the decay region
were analyzed for 0 decays since there was no
background from target excitations in this region.
One possible 0 event was found in this data sam-
ple. This event, which was produced in the scin-
tillator target, has a reconstructed Ao mass of
1118 MeV/'c' and a reconstructed pm K mass of
1676 MeV, /'c'. A large pulse height was observed
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FIG. 6. (a) Acceptance of the apparatus as a function
of "* resonance mass for AoE final states produced
within the target. Two assumed production cross sec-
tions of the form do'/gf tx e are shown. (b) Upper limits
{90% confidence level) on the cross section for the pro-
duction of "~ which decay into AK . The same two
production models are considered.

in the target scintillator with a, large (7.36 GeV/c)
imbalance in longitudinal momentum. These sig-
nals are characteristic of a highly inelastic event
needed to produce an 0 in a F N reaction. How-

ever, the high spark multiplicity of this event does
not permit its unambiguous interpretation. Using
a Monte Carlo calculation of our acceptance we
find that one event would correspond to an 0 pro-
duction cross section of 115 gb/nucleon if it were
caused by an incident:", and 1 p, b/nucleon if
caused by a Z . The corresponding 90%) confidence
limits are v&450 pb/nucleon and cr&5 pb/nucleon,
respectively.
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Magnetostrictive spark chambers were used with a large magnet spectrometer to study the
reaction w P —~+n+n at 5.0 GeV/c at Argonne National Laboratory. We measured differential
cross sections for this reaction in the region of low nucleon momentum transfer and by ex-
trapolation obtained cross sections and phase shifts for the reaction ~'~+ —~+a+ in the region of
dipion mass less than 0.7 QeV. Effects of the interference between the strong n+ n' amplitude
and the Coulomb amplitude off the mass shell were investigated and were found to be small.
The 8-wave phase shifts for m'7f+ scattering near threshold were parameterized in terms of
a scattering length, a2, and an effective range, r2, the D wave by a scattering parameter, b2.
The fits obtained by extrapolation techniques were insensitive to b2 and gave a2 = -0.24 + 0.02 F
and r2 =-1.0+ 1.7 F, where the error quoted is statistical. The fits obtainedby off-shell fitting
gave a, =-0.22+ 0.04 F, r2 = —0.34+( 2 F, and b2=-0.0041 0 OO2f F These results for a2
are inconsistent with a number of theoretical calculations.

I. INTRODUCTION

The scattering of pions from pions is the sim-
plest example of a strong interaction amplitude
and is, therefore, very fundamental. Its sim-
plicity is due in part to the facts that the pion
has no spin, obeys Bose-Einstein statistics, has
a short-range force, and at low energy has but
few partial waves. Because of the light mass of
the pion it has the longest range of the hadrons
and thus the one-pion-exchange inechanism dom-
inates in many reactions. Thus an understanding
of the mm interaction is important not only in itself
but for the understanding of many other reactions
as well. The n'n' interaction is particularly simple

because it is in the pure isotopic spin state I=2
and is not complicated by the presence of inelastic
channels for energies less than four times the
pion mass.

As there is at present no direct way to study
the m'n+ interaction, we have chosen to explore
the dipion system in the reaction m'p - m'n'n. By
assuming the dominance of the one-pion-exchange
mechanism (OPE) the s'p - s's'n cross section is
related to the cross section for the scattering of
a beam pion by the exchanged pion. The exchanged
(virtual) pion is off the mass shell by an amount
4'+ p.', where p. is the pion rest mass and 4' is
the square of the momentum transfer between the
incoming proton and outgoing neutron. The g'g'


