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nonresonant background is assumed to fall with
increasing energy, as is to be expected on simple
theoretical grounds. '

This theory makes a number of other simple
predictions: (i) ( particles are produced in pairs
in white-hadron collisions. (ii) The main had-
ronic decay modes of g, contain a real photon. 'a

(iii) There are charged counterparts (positive and

negative) to g, and g, (colored p mesons) with the
same masses (apart from electromagnetic ef-
fects). The heavier decays into the lighter like

The lighter has only weak decay modes.
(iv) There are two colored 1 K* mesons of
masses 3.9 and 4.5 GeV/c' [from (11), (12), and

(13)). (v) There are 56 other colored vector me-
sons of the (8, 8) multiplet with masses in the
4-5 GeV/c' range all fixed by one further param-
eter. The lightest of these has a main decay
mode into g, +K.

A more detailed discussion of the above points,
together with an exposition of their weak interac-
tions consistent with Salam-%'einberg theory and

the observed selection rules of neutral currents
for white hadrons will be published elsewhere.
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The production of $(3.1) mesons is reported for the reactions 7t +Fe p, ++p, + any-
thing, at 200 GeV, andP+Fe p++p +anything, at 240 GeV. For g production, distribu-
tions in x=—P~/Pb~~~ and P~ are given. For x-0.5, the ratio of the g production cross sec-
tions in iron for pions to that for protons is found to be 7.4+2.0.

m +Fe-p, '+ p. +anything, Pa=200 GeV, (1)

and

p+ Fe- p.'+ p, anything, Pa = 240 GeV, (2)

We report here results of an experiment car-
ried out at the Fermi National Accelerator Lab-
oratory (FNAL) in which enhancements are ob-
served in the dimuon invariant-mass spectra at
about 3.1 GeV. The reactions studied were

where P~ is the monoenergetic beam momentum.
We interpret the enhancements, whose widths are
consistent with the resolution of our apparatus,
as the g(3.1) meson. '

The g-pair detector is shown in Fig. 1(a). The
ILL pairs were created at the front end of the first
iron (Fe) absorber. Muons were identified by
their traversal of 5.6 m of Fe. Muon momenta
and angles were measured using a 56-kQ-m gap-
less magnet and associated wire-chamber system.
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FIG. 1. (a) Muon-pair detector (top view). SC =—spark chamber; M =—scintillation counter; PC =proportional cham-
ber; SC2 limits the vertical aperture to + 24 cm. (b), (c) Dimuon invariant-mass spectra for Reactions (1) (pion
beam) and (2) (proton beam), respectively.

Events were recorded whenever there was a six-
fold counter coincidence, MQ M1 (M2 M3) ~ (M4

~ M5), in time with a beam particle defined by
scintillation counters and hodoscopes (not shown).
The split-counter coincidence, (M2.M3) ~ (M4 M5),
required that there be at least two particles at
the rear of the magnet. For each event, coordi-
nates from the chambers, counter tags, and
pulse heights from counters MP1, MP2, MO, M1,
two beam Cherenkov counters, and the final
beam-defining counter were recorded.

The dimuon invariant mass was calculated from
the tracks measured by the spark chambers, un-
der the assumption that the dimuon was created
inside the first Fe absorber 12.7 cm from its
front edge along the beam line. The muon mo-
menta and angles were reconstructed by taking
into account the bending and energy loss of the
muons in the magnetized Fe spectrometer. The
proportional chamber was used only in checking
the reconstruction technique and the spark-cham-
ber efficiencies for a subsample of the data.

The reconstruction process selected p, pairs for
which the total charge was zero. This eliminated
=2%%uq of the 2p, events. Also, in the horizontal-
plane proj ection, where there is no bending, each
muon track was extrapolated back to the region

of the production point. In this region, the tracks
were required to deviate horizontally from the
production point by less than 2.2 times the ex-
pected standard deviation. The standard devia-
tion, b, , was calculated from the bending' the
muon in the vertical plane (muon momentum) and
the expected multiple scattering of the muon in
the spectrometer. (At 100 GeV, b, =1 cm. ) This
requirement removed =1(F/q of the events. For
the accepted events, the distribution of the track
positions at the production point agreed well with
the distribution calculated from the properties of
the spectrometer. Monoenergetic muon beams
with energies of approximately 100 and 200 GeV
were used to calibrate and check the spectrome-
ter and measure its resolution. Also„counters
MP1 and MP2 were used to show that the con-
tamination of the g data from p pairs produced
upstream of the Fe is small and does not affect
the results significantly. (A 60-cm hydrogen tar-
get was centered 60 cm upstream of the iron. )

The dimuon effective-mass (M„„)spectra ob-
served in 45 h of beam time are shown in Figs.
1(b) and 1(c). Only events which satisfied the
reconstruction criteria discussed above and
which had a total laboratory dimuon momentum,

P~, above 90 GeV are plotted. These data are
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FIG. 2. (a) x distributions for pion (4) and proton (I-j) beams. For additional details, see text. (b) E'~ distribu-.
tions for pion f (&), times 10] and proton (D) beams. For additional details see text.

not corrected for variation of spectrometer ac-
eeptanee with mass. In the interval 2 ~M+ +4
GeV, the mass acceptance is a smooth structure-
less function of mass and varies by about +3@&.
The low-mass regions of these spectra are pre-
sented as an indication of the overall p,-pair spec-
trum and will be discussed elsewhere. The
dashed curves drawn in the region JIf„„=3GeV
represent the spectra calculated by a Monte
Carlo method which takes into account the resolu-
tion and detection efficiency of the apparatus and
assumes that all of the events in the interval 2.5

&Mz &3.7 GeV, the g region, result from tbe
decay g-p++ p, . In the g: regions, we observe
104 and 45 events in the pion and proton data,
respectively. An extrapolation of the data with

M» &2.5 GeV into the P regions indicates that tbe
non-g contributions to the g regions are less than
2(F/~. Since the agreement between the dashed
lines and the data is good, ' we interpret the ob-
served enhancements as g(3.1)- p++ p .

The acceptance-corrected distributions in x
P~/P~ and dimu—on transverse momentum, P~

are shown in Figs. 2(a) and 2(b) for the g region.
(In calculating the geometric acceptance, iso-
tropy for tbe decay g-p. '+ p was assumed. ) The
solid lines are fits to the measured cross sec-
tions of the form

d'o/dxdP, '~exp(-ax —bPJ
The results of the fits' are a, =6.2+0.8 and
=1.6+0.2 QeV ' for incident pions, and ap 9 7

+1.6 and bp =2.2+0.5 GeV ' for incident protons.
We calculate that for both v's and p's, tbe effect
of P production from secondaries produced in the
Fe is negligible.

We have compared the yields of g mesons per
incident w, F„ to the yield per incident p, F~.
The ratio of the yields, R=F„/Y', is xdependent.
For x ~ 0.5, R = 7.4 + 2.0, where the quoted error
in R is dominated by the statistical uncertainty in

Systematic uncertainties in 8 are estimated
to be significantly less than the statistical uncer-
tainties and have been neglected. The fact that
R is significantly greater than unity suggests that
the mechanisms for g production at large x are
basically different for m's and p's. This differ.-
ence may indicate that the antiquark in the p
plays a critical role in g production.

For a total Fe inelastic cross section of -0.7 b,
our data give, for x ~ 0.5, a total inclusive cross
sectionfor p +Fe-g-p+ p, of =85nb, +5Q%%uo,

where the error is dominated by systematic er-
rors. Previous results for g production by neu-
trons~ of average energy 250 GeV from beryllium
gave the probability per interacting neutron for
n+Be-g-p+ p, Ixl&0.32, as P(n)=0. 43X 10'
(quoted error of a factor of 2). Our result for
protons from Fe for Ixl ~0.38 is P(p) =(0.59
+0.30) x 10 ' in reasonable agreement with the
neutron result. The distributions in x and P~
for the neutron data also appear consistent with
our proton results.
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The differential cross sections for coherent production of K* (890) were measured with
nuclear targets. These measurements are interpreted using a two-component model
which accounts fox Coulomb production and exchange. The radiative decay width is
determined to be F(K*0(890) K y) =75+35 keV, which is 3 times lower than expected
from a simple quark model.

Exact SU(3) symmetry leads to definite rela-
tions among the radiative widths for the various
examples of the generic reaction: vector meson
-pseudoscalar meson + y. ' In a less restrictive
quark model, the rate for this reaction is propor-
tional to the transition magnetic moment between
quark levels. ' In either case, the octet radiative
transition is an important (electromagnetic) probe
of SU(3) symmetry breaking. Following the origi-
nal suggestion of Primakoff, ' several experiments
have measured radiative widths using virtual pho-
tons in the Coulomb field of heavy nuclei as a tar-
get. We report a measurement of the radiative
width I'(K*o-K y) using the Primakoff effect.

The experiment was carried out in the 4.7' neu-
tral beam at the Brookhaven National Laboratory
alternating gradient synchrotron (AGS). The K'
component of the incident K~' beam produces K*'
coherently from the target nuclei according to

K +A -K* (890) +A.

The outgoing K &' system was detected in a modi-
fied version of a proportional-wire-chamber
spectrometer originally developed for K~' decay
studies and described in detail by Carithers et a/. 4

Pions were identified with a threshold Cherenkov
counter.

Thin targets of Pb, U, Cd, Cu, Al, and C rang-
ing in thickness from 0.1 to 0.25 radiation lengths
were used. The targets were enclosed in an evac-
uated volume and surrounded by a lead-scintilla-
tor-sandwich anticoincidence system to suppress
nuclear breakup reactions.

The K~' beam decays provide a convenient cali-
bration reference for measuring both the t' reso-
lution and the flux normalization. A 50-cm decay
region upstream of the target was maintained un-
der vacuum and events with a vertex in this re-
gion were identified as K~' decays. Thus the rel-
ative cross-section normalization for the six tar-
gets was provided by K~'- (all charged) decays.
Since these data were recorded simultaneously
with Reaction (1), beam-rate effects and ineffi-


