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ABSTRACT 

A search has been made in neutron-beryllium interactions for 

neutral narrow enhancements produced at Feynman x ~ 0.2. Upper limits 

are presented for production cross sections times branching ratio into 

the 2-body channels w+w·. w+K-. pK- and pp for masses in the 1nte~val 

2 GeV ~ m~ 4 GeY. Comparisons are made with, production observed in 

the same experiment. 

*Work supported� by the National Science Foundation. the U.S. Energy
Research and Development Administration. and by the Nationa' Research 
Council of Canada. 

**Present address. Marquette Un1v •• MilwaUkee. Wisconsin 

+Present address. Ferm11ab. BataVia. Ill. 60510 

ttpresent address. Dept. of 'Radiology. Stanford Un1v •• Stanford. Calif. 
94305 



-1

Mounting evidence from hadronicll , electromagnetic~ and weak~ 

interaction experiments indicates that new quantum numbers are being 

excited in hadrons. Mesons and baryons explicitly possessing these new 

quantum numbers are predicted to have masses ~ 1.5 GeV.Y The lowest 

mass states will presumably decay weakly and have small decay widths. 

Our experiment has searched for the inclusive production of such 

long lived states in neutron induced reactions at Fermi1ab. Two-body 

decay channels were analyzed for resonances produced with Feynman x ~ 0.2 

and with Pi ~ 1.0 GeV/c, for example by associated production. This 

forward geometry has potentially smaller ba~kgrounds from uncorrelated 

large Pi secondaries than experiments at x - O. 

The spectrometer is shown schematically in fig. 1. The neutron 

beam is incident from the left onto a beryllium target just upstream of 

counter 51' Charged secondaries are reconstructed using eleven 1"", and 

2mm spacing proportional chamber planes upstream and between 2-BM109 

dipole magnets. These are followed by fourteen planes of magnetostrictive 

wire spark chambers. Both upstream and downstream arms contain x, y 

and rotated u,v planes. The magnet apperture is au vertically and 24 11 

hori zonta11y. 

Produced particles were analyzed by a low pressure N2 threshold 

Cerenkov counter divided optically into two cells, and instrumented with 

RCA 3l000M phototubes. Cerenkov pressure curves. using 300 GeV/e dif

fractedprotons down the neutra1 beam 11 ne , confi nned that the two cell s 

had equal efficiencies to within 10% and predicted a maximum of ~4.5 

photoelectrons for tt threshold set at 20 GeV/c. This choice of threshold 

allowed pions to be distinguished from kaons and protons since typical 
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particle momenta were ·45-50 GeV/c. The detailed particle selection 

criteria were as follows. Particles producing light in the Cerenkov and 

having momenta between 22 GeV/c ~ p ~ 130 GeV/c were classified as pions. 

Particles yielding no light in the Cerenkov were classified as kaons be

tween 25 GeV/c ~ p ~ 80 GeV/c and/or as protons between 25 GeV/c ~ p ~ 

140 GeV/c. Muons were identified by a 10-foot range requirement in steel. 

The neutron beam, produced at ·lmr from 300 GeV/c pBe interactions 

° in the meson laboratory target, peaked at ·240 GeV/c and had .<1% KL con

tamination above 100 GeV/c~. Photons in the neutral beam were removed 

with a lead absorber of· 9 r.2.. The neutron flux was continuously moni

tored using a 1.7% converter-counter telescope placed downstream of the 

spectrometer. 

To obtain a mass selective trigger we utilize the technique of 
Ollp01nt to parallel focus1ng li often used in K exper1ments§l; thus, the 

required transverse momentum "kick" from the dipole was approximately 

one half the 2-body mass. "rhis geometry provided the optimalinvar1ant 

mass resolution for a forward spectrometer, and.the large magnetic field 

strongly defocused low transverse momentum secondaries. The parallelism 

trigger required ~ 1 track on each side of the beam line plus "parallel 

logic", using hodoscope elements on Hl and H to accept particles within 2, 
±10 mr of the beam direction. This trigger resulted in a mass bite of 

Am· 600 MeV for the spectrometer and necessitated 4 mass (magnet) settings 

to survey the mass interva1 :.. 2 GeV to ~ 4 GeV. 

Tracks were reconstructed starting downstream of the dipoles using 

hodoscopes Hl and H2 to establish roads. Downstream line segments were 



-3

then extrapolated through the magnet creating roads in the proportional 

chambers. Finally. a fit was made constraining the tracks to originate 

from a cOl1ll1on vertex. Accepted high mass pairs were required to satisfy 

the experimental trigger independent of additional background tracks in 

the events. 

Running was divided into two basic modes: "hadronic". using the 

parallel 2-body trigger (and for part of the data a semi-inclusive trigger 

requiring a multiplicity of two in ", and "2)' and "2\.1". requiring two 

penetrating particles in addition to the parallel trigger. Hadronic data 

were obtained with ~ 2 x 106 n/pulse incident on a 3.75 em Be target. the 

2lJ data with ~ 4 x 106 n/pulse on a 7.25 cm two piece Be target. These 

targets were clearly resolved in the reconstructed vertex distributions. 

The mass distribution of the 2lJ data near 3 GeV is shown in Fig. 2. 

A two bin enhancement is observed at the ~ mass; the 2lJ continuum is pri

marily from hadronic decays before the iron absorber. To obtain the ~ 

cross section we assume an isotropic decay distribution in the ~ rest 

frame and take the production model: 

2 -ap 2 
d C1 ~ f(x) e 1 

dxdpf ~ 

with f(x) constant near x = 0: 11 (1 ) 

1.0 for x < 0.35 

f(x) = 
{ e-5(x-0.35) for. x ~ 0.35 

The resulting ~ cross section times branching ratio into 2~ for 

x ~ 0.2 is 3.6 ± 2.0 nb/nuc1eon for a • 1 GeV-2 §V in agreement with the 

results of references 7 and 9. The cross section is ~10% larger if 
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f(x) • e-5x for all x ~ O. To obtain the cross section/nucleon we have 

taken the cross section/nucleus to have a linear dependence on atomic 

numberY . 

The invariant mass distributions for the 2-body hadron1c channels 

w+n-.n+K-. pK- and pp are shown in Fig. 3. Data from the lowest mass 

(magnet) setting and the three higher mass settings are plotted sepa

rately; the former indicates the mass bite of the spectrometer. The rela

tive normalization of these data is arbitrary. Additionally, some over

lap does exist in these data since protons and kaons are indistinguish

able below 70 GeV/c. 

These mass spectra are compared to smoothed distributions, for 

example generated with randomized tracks from different events, to search 

for ~ 4 standard deviation enhancements. One such enhancement is observed 

in the n+K- mass distribution at m~k = 2.29 ± 0.03 GeV with a width con

sistent with the experimental mass resolution, omFW O.Olm 10/.HMz 

Assuming the production model of eqn. (1) with a = 3 GeV-2 we obtain a 

cross section times branching ratio of 65 ± 26 nb/nucleon for x ~ 0.2. 

This corresponds to a production cross section of'~ 36 0 W. We 
llJ -+ uu 

note that this 1140" enhancement has a purely statistical probability of 

~3% 1lI. Additional data are now being taken to increase our sensitivity 

in the 2.3 GeV mass region. 

In the absence of enhancements, cross section times branching ratio 
11upper limits for x ~ 0.2 are calculated corresponding to a 114 0 effect. 

These results. shown in Fig. 4. incorporate the experimental mass resolu

tion. and include corrections for two track reconstruction inefficiencies 

(~13%). losses from secondary interactions and decays of particles. 
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Cerenkov efficiencies, losses from vertex cuts and x2 cuts on track 

reconstruction (~5%), trigger bias losses for data obtained with the 

H1,H2 multiplicity cut (50 ± 10%), and neutron beam attenuation before 

the monitor. The upper limits are at the level of? 20 a,.. • 
~ + ~~ 

An evaluation of our sensitivity to the production of narrow reso

nances can be obtained by scaling these cross sections for all Feynman 

x, a multiplicative factor of ~3 in the model of eqn. (1). With the 

exception of one possible w+K- enhancement. we observe no narrow reso

nances with a cross section times branching ratio of? 0.1 ~b. 

We wish to thank C. Brown, P. Koehler, L. Reid and the meson tab 

staff for their invaluable assistance. P. Brindza. B. Dodge. G. Duck. 

J. Fitch and C. Rush made essential contributions to many phases of the 

experiment. We would also like to thank D. Leith and F. Pipkin for the 

loan of their equipment. 
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FIGURE CAPTIONS 

1) Plan view of the spectrometer. 

2) ~+~- mass distribution near the ~' The smooth curve is a polynomial 

fit to the data plus a gaussian for the ~ . 

3) n-n+. pp • K·p and K-n+ mass distributions from the lowest mass 

settings a). c). e) and g) and the three higher mass settings b). d). f) 

and h) of the spectrometer. 

4) "40" upper limits for the inclusive production of narrow resonances 

i h 1n the c anne s - + K- +~ ~. . ~ - -• pp and K p. 
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