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transferred energies in the region of 3 GeV.
This is in contradiction to some of the cosmic-
ray experiments which reported deviation from
the Bhabha cross section. Our results for the
scattering of positive muons on electrons up to
transferred energies in the region of 1.5 GeV
also show agreement with Bhabha cross section.
This is in contradiction to some extent to the
charge-asymmetry results of Kotzer and Ned-
dermeyer. '

Thus we believe that to the best of our knowl-
edge this is the first muon-beam experiment in
nuclear emulsion in which a systematical study
was made for the pure knock-on process. We
are checking the results at 5-GeV/c negative
muon momenta and also extending our observa-
tions to a 10.1-GeV/c positive-muon beam.

We are very grateful to the late Professor
J. Hornbostel for making the arrangement for
the exposure; to the Brookhaven, Columbia, and
Rochester Group for letting us use their beam
for our emulsions. The Research Foundation of
the State University of New York is gratefully
acknowledged for awarding one of the authors
(P.L.J.) a Joint-Award, Faculty Fellowship that
was used in part in the research work presented
here. The other author (N.J.W.) would like to
thank T. Fecteau and D. Phillips for their kind
help in scanning and measuring a part of the data

presented here and to his other colleagues in the
high-energy group for their assistance.
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Recent Regge-pole models have predicted the existence of particles of well-defined
mass lying on daughter trajectories of such known particles as the p. A search for the
coherent photoproduction of these mesons from carbon has been made. None was
found. We conclude that in the mass range 1.0-1.8 GeV such mesons are coupled to the
photon or the nucleus, at least two orders of magnitude more weakly than is the p.

A common feature of various Regge-pole mod-
els is the existence of daughter trajectories. ' In
particular the Velleziano model leads to faml"
lies of particles lying on parallel, linearly ris-
ing trajectories. Thus, each particle on the p
trajectory is degenerate in mass with particles
of lower spin lying on daughter trajectories. We

report here a sear ch for the 1 daughter s of the
2' and 3 mesons of the p trajectory. Hence-
forth, we shall refer to these 1 mesons as the
p' and p", respectively. Shapiro, ' applying the
Veneziano model to nm scattering, obtains the
following values for the masses and 2m decay
widths of the p' and p": m~ =1300 MeV and
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FIG. 1. Experimental apparatus.
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We have looked for the coherent photoproduc-
tion of these particles from carbon and their sub-
sequent decay into n'w . At finite energy coher-
ent production is reduced due to the longitudinal
momentum transferred to the carbon nucleus.
The reduction factor at 0' is approximately
exp(-40m„'/4k'), where m„ is the meson mass
and k the photon energy. At our highest energy,
10 GeV, this factor becomes 1/e for m, „=1.7
GeV.

The apparatus is shown in Fig. 1. The brems-
strahlung beam of the Cornell 10-GeV synchro-
tron passes through a carbon target and is buried
in the uranium and lead beam stop. The beam is
monitored by a calibrated thin ion chamber up-
stream of the target. Pairs of oppositely charged
particles produced in the target pass through the
uniform field magnets M» M» and M, . A five-
fold coincidence between counters I-g 1-2 13,
R„and R3 triggers the four optical spark cham-
bers SC1, ete. from which the particle trajecto-
ries are determined. Assuming the particles to
be pions, we compute their invariant mass. The
mass resolution is Lm, „=+8MeV. At a single
magnet setting the counters define a mass accep-
tance of approximately ~m„,/m„=+0. 05. To
scan the mass range 500-1800 MeV the three
magnets were scaled together. As a result the
photon energy and m„are very nearly propor-
tional to each other. Care was taken to vary the
magnets in small steps (Am„„=25 MeV) and to
vary smoothly the running time at each point,
from a short time at the low end to a long time
at the high end. This permits all the events, af-
ter precision spark-chamber analysis, to be
lumped in a single mass distribution. ' This pro-
cedure reduces the danger of introducing spuri-
ous st ucture due to errors in efficiency calcula-
tions.

The mass distribution obtained in this way at
zero degrees from carbon is shown in Fig. 2

where d'o/dQdm, „ is plotted against m„. So lit-
tle time was spent at the low end that the bump
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FIG. 2. Mass distribution of pion pairs observed
from carbon. ~„~ is proportional to the photon ener-
gy k and is 2 GeV when k =10 GeV. See text for ex-y. y
planation of and comments on the solid curves shown.

at 600 MeV is statistically insignificant. Of
course, the p dominates the plot. Qualitatively
the data show a rather smooth decrease for m„
&rnp. Above 1100 MeV, the data are also shown

expanded by a factor of 40. The smooth curves
are two possible Breit-Wigner forms normalized
at the p peak, ' modified to include the form factor
due to the longitudinal rnomenturn transfer and

the k' dependence due to the diffractive nature of
the process. We attach no particular significance
to the detailed comparison of the data with the
curves, but only comment that, superficially, all
or most of the events could belong to the tail of
the p. We will make that statement more quanti-
tative in what follows.

There is nothing significant at m„=1300 MeV
(p') and there is a suggestion of an effect at m„
= 1670 MeV (p"). The most significant "bump"
occurs at m„= 1400 MeV. We consider first the
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1670-MeV region and estimate the upper limit
for producing a 1 meson of this mass by assum-
ing the following: (a) At 1670 MeV the measured
value of d'G/dQdm„ is due entirely to produc-
tion of the p". (b) In analogy to p dominance the
meson is directly coupled to the photon with a
coupling constant fz~ ~ =em~-'/2y~. .. We will con-
centrate on the unknown yp ~ in quoting our upper
limit, or rather, since our data included the p,
we will quote yp '/y~'. This is inferred from the
ratio of the rate at the p" mass to that at the p.
Recall that y~'/4w is known to be approximately
0.5 or 1. (c) The cross section for the coherent
production on carbon is given by a formula analo-
gous to that assumed for p production:

da n 4p
(t = 0) = GT'(p" C),

df, 4 y 16m

where o T(p", C) is the total cross section of the
p" on carbon. We assume that o T(p", C) =GT(p, C).

In considering the ratio of p" to p it is still
necessary to include the total widths 1

p
120

MeV and I' -as well as the partial width I"p. ,„.
We then obtain
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If we take I'p ~
= 50 MeV, as suggested by the data

of Fig. 2(b), and I'z, (2ii) =14 MeV, as computed
by Shapiro, we obtain y~„'/y~'&190.

We will now optimistically attempt to interpret
the bump at 1400 MeV as being Shapiro's meson.
First consider the statistical significance. In
the mass range 1390-1440 MeV there are 142
events, while there are 98 background counts as
obtained by comparison with the rates above and
below this ra,nge. Had the energy at which we ob-
serve the bump been predicted this would have
been an excess of some 3 standard deviations
and hence of some significance. But the prob-
ability of our having seen a bump at least this
large, somewhere in our energy range, is 10 or
20%. Hence our data cannot be taken as self-
contained evidence for a new particle.

We can, however, make an analysis for this p'

meson similar to the above p" analysis. We as-
sume that d'G/dQdm„„ is half due to the p' at
1400 MeV and we take I'p = I"p 100 MeV as a
compromise between Shapiro's value of 110 MeV
and the somewhat smaller value of I'p. suggested
by our data. This yields y~. '/y~'&240.

We conclude that any 1 meson in the mass
range 1.0-1.8 GeV is coupled much more weakly
to either the photon or to the nucleon than is the

p meson.
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4In calculating the acceptance at each mass setting
of the spectrometer we have assumed a sin20~* decay
distribution throughout the di-pion mass spectrum,
where & * is the decay angle of a pion in the di-pion
rest system. The acceptance of the spectrometer cen-
tered at 6~"= 7/2 is not wide enough to determine the
decay angular distributions independently from the da-
ta.

5The two smooth curves A. and B used in Fig. 2 are
calculated as follows:

d cr(m„) d cr(m„=m„)
' dQdm«dQdm„„

(m„21 „/it)F(m )
{m -m )+m (1/2) '

d 0(m ) d 0(m „=rn„)
' dQdm«dQdm«

(1 „/it')F (m )
(m 2—m 2) + (I'o/2)2 '

where m
p

= 760 MeV, I'0 = 120 MeV, and from our data
d G(m&)/d&dm«=182 mb/GeV sr. Also F(m„~) =e 40~~min~

x k2(m«)/k2(m ); )t~;„~=m 4/4k2(m ); k(m )
= 5m». We emphasize that these curves are shown
for qualitative comparison with the data and are not in
any way "fits" to the spectrum.
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