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tractive forces in each of these states. ) It should
be noted that these assignments are just those ex-
pected for the third members of Regge trajectories
containing the P», E» and I'», I"» pairs already
discussed. Another possibility is G» (induced by
D» exchange) and G» (induced by D» exchange),
although the nucleon-exchange terms are repulsive
in G» and G». In this case G» (G») would be the
second member of a trajectory beginning with D»
(D»). The members of the pairs G», G» and
8y9 Hs» each have the reciprocal bootstrap rela-
tion.

Figure 1 summarizes the way in which the pair-
ing of Regge trajectories arises through the ac-
tion of the exchange forces. The regularity arises
from the basic simplicity of the crossing matrix
in the pion nucleori system. The results agree
qualitatively with the isospin-dependent spin-orbit
force proposed by Kycia and Riley. " Further
details, numerical calculations, and a more care-
ful analysis of complicating effects will be pub-
lished elsewhere.
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ELASTIC m +p SCATTERING FROM 7 TO 17 BeV/c
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The experiment was performed at the Brook-
haven AGS using the counter hodoseope, data
handling, and on-line computing system previ-
ously described. ' The beam setup was unchanged,
the only difference being that the differential gas

do/dt
(do/dt)

opt

for elastic scattering, of the type predicted by
the Regge vacuum or three-pole theory, '~ in the
p+p case; but in the m +p case we observed with-
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Differential cross sections do/dt for elastic m in errors either no shrinkage or only a ver
+p scattering in the momentum range 7 to 17 BeV/ fraction of the shrinkage occurring in p+p
c have been measured. The range of 4-momen- tering.
turn transfer squared (-t) covered was 0. 2 to 0. 1 In the Regge-pole theory considering vac
(BeV/c)'. These measurements were made con- (P and P') and vector-meson (u, p) traject
currently with those for 71 +p and p+p described the n++p and m +p scattering amplitudes a
in a previous publication. ' pected to be similar except for the p contri

In the same momentum and t range we found which is coupled with opposite sign in v++
earlier a substantial shrinkage with increasing m +p cases. The w++p elastic-scattering
s (center-of-mass energy squared) of the curve reported here also demonstrate either no s
of ~ ~ ~
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Cherenkov counter in the incident particle tele-
scope was tuned to select m+. The data were
treated in the same way as for the m -P experi-
ment.

The resulting differential cross sections are
shown in Fig. 1 in the form and units used in
reference 1,

cr (20 BeV/c) 'dg mb dg/dttot
a (P) dt

' (BeV/c)' (do/dt)tot opt

vs -t (BeV/c)' in order to facilitate comparison
with shrinkage predictions of the Regge-pole the-
ory. This normalization is such that at 20 BeV/c
the quantity plotted is the measured do/dt. Val-
ues of the n++p total cross section were taken to
be otot = 22. 26+ (25. 10/p)(BeV/c) from a previous
fit. ' The abscissa is the mean effective value of
(-f) for the relevant interval which was calculated
using the shape of the differential cross sections
and allowing for the beam shape, beam momen-
tum spread, for the target size, and finite counter
sizes.

K and p contaminations in the m beam were
measured (6'; $); their effect on the measurements
of da/dh for ~++@ was estimated to be negligibly
small. Muon and electron beam contaminations
were estimated for each momentum and correc-
tions (2-6%) applied. The background of inelastic

I QO g

events was one to a few percent for most of the
t range, but for a few cases at the highest t values,
it became as high as 30%.

The errors shown are compounded estimates of
relative errors which affect conclusions regarding
shrinkage. These include statistical errors
(standard deviation), relative efficiency errors,
relative normalization errors, uncertainty in
background subtraction, and relative errors in-
troduced in calculating mean t values due to mo-
mentum and angle uncertainties. The absolute
normalization is uncertain in addition by 10-15%.

Figure 1 indicates no evidence for shrinkage of
(do/dt)opt 'do/dt with increasing s.

A function of the form exp(a+bf+cf') fitted to
all 53 n++P points gives a g' of 62 where 50 is
expected, which can still be considered as a rea-
sonable fit. This fit is shown as a solid curve in
Fig. 1. For comparison, a similar fit to the m

+p data is shown as a dashed curve. The m +P
fit yields a g' of 51 where 47 is expected, and
therefore is a good fit, As can be seen in Fig. 1,
the m +p and m++p fits are within errors about
the same at low t, but there is a somewhat greater
average slope in the n +P fit. '

The predictions of the vacuum (P) Regge-pole
(or one-pole) model' and the three-pole (P, P',
and ~)' model, using spin-averaged amplitudes
and approximately parallel straight-line Regge-
pole trajectories, can both be represented by an
equation of the form'

log = logP'(s, t) + [2o.(t) —2] log(s/s, ).dg/dt

2.0

1.0
LB

I

In
O
cu

, b

G2—

CL

7- 0.1

, 0.05-

0.02—

I I I I I I I I

0 Ql Q2 Q3 Q4 Qs 0.6 0.7 QB Q,9 1.0
—t (Bev/c)

FIG. 1. X= fotot(P)] [atot(20 PeV/c)) der//dt, which
is proportional to (dff/de)opt do jdt versus t. The solid
line is a least-squares fit to all the m +p data; the
dashed line is a least-squares fit to all the m +P data
from reference 1.

The results for n are independent of the choice
of s,. The s dependence of P is absent in the one-
pole model and relatively weak for the three-pole
model. '~' Of course, the one-pole analysis can
very well demonstrate whether the over-all effect
of all contributing poles leads to shrinkage, no
shrinkage, or possible expansion of the curve of
(do/dt)opt 'do/dt in the Regge-pole theory sense.

Figure 2 is a plot of log)f at fixed f plotted ver-
sus logs. Least-squares fits to the data of the
form do/dt =exp(a bt +ct'+) for each incident mo-
mentum were used to interpolate to fixed t values,
since the original data (Fig. 1) had small t differ-
ences. The errors were taken from the adjacent
experimental points, and as previously mentioned,
include all effects relevant to a discussion of
shrinkage. The points in Fig. 2 have been least-
squares fitted to straight lines, which according
to Eq. (1), have slopes 2u(t)-2 (i.e. , we neglect
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FIG. 2. Log X versus logs for constant values of t.
The small differences in t values of the original points
were eliminated by interpolation of the least-squares
fits to the data, the errors being taken from the near-
est point.

the s dependence of F). The values of n(t} thus
obtained are shown in Fig. 3. The least-squares
fit of n(t) = a + bt yields ev++ p(t) = (0.96 + 0. 04)
+ (0. 086+ 0.097)t.

It is clear from both the above fit and Fig. 3
that for the w++p data, n(t) has no t dependence
within the errors and, therefore, either there is
no shrinkage of (da/dt)opt 'dv/dt for w++p or, at
most, the shrinkage is a small fraction of that
found for our 7- to 20-BeV/c p+p data, for which
o'p

+ p
(t) = (1.07 + 0.03) + (0.83 + 0.07)t, giving for

the ratio for

do, , (t)/dt
= 0 ~ 10+ 0. 11~

p+p

It was previously found' that over the same mo-
mentum and t range o.„-+p(t) = (0.96~ 0.03)+(0.008
+ 0.080)t. Within the errors, both w +p and m+

+p have the same n(t)
From the foregoing, it is established that there

is no evidence for shrinkage of the elastic-scatter-

FIG. 3. o.(t) versus t for z++P data (7-17 BeV/c).

ing curve of either m++P or m +P with increasing
s (7- to 17-BeV/c incident momentum) in the t
range 0. 2-1 (BeV/c)', and within error limits the
shrinkage is a small fraction of the effect in the
p+p case.

As was also found for the m +p data, the m++P
data contradict the dominance of the vacuum pole,
or the more sophisticated three-pole model' (P,
P', and ur}, neglecting spin effects and assuming
parallel straight- line Regge trajectories. As
previously pointed out, the three-pole model neg-
lects the p-pole contribution and reduces to a
two-pole model for m*+p since the ( has wrong
G-parity. ' The fact that a(t) is the same within
errors for 7l +p and m++p also supports the as-
sumption of a small effect due to the p pole since
it appears with opposite signs in the n +p and ~+
+p scattering amplitudes.

Therefore, in view of the present m++p data,
the previous p+p and v +p data' and the foregoing
discussion, it seems more unlikely that a reason-
ably simple Regge-pole theory solution will be
found to fit all our data.
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~The normalization factor fotot(20 BeV/c) /&tot( p)]
is the same (within 2Vo) at any P for r++p and m +p,
and its average is about 1.15. Therefore, the fits in
Fig. 1 are consistent with a small fraction for the
quantity

(«/d&)(~ +p) -(«/d&)(& +p)
—,'[(da./dt}(m. +p) + (da/dt)(&++ p)]

at low t which increases somewhat with increasing t.
Hence the data are consistent with the usual assignment
of only a small effect due to the p pole at least at low t.
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The generally accepted values for the quantum
numbers of the q meson are given by J I =0 0+.'
These assignments have been established primari-
ly through studies of the Dalitz-Fabri plot for the
decay q- m+v m'. ' The existence of the expected
mode q-v+m y has recently been established,
with a branching ratio given by

r(q —w+w-y)/I"(q —w+w-w') =0.26+ 0.06. ' (1)

The existence of the mode rj-yy has been estab-
lished by using etas produced in a heavy-liquid
bubble chamber4; but its relative probability has
not been determined prior to the experiment re-
ported here. The expected decay mode g —3m' is
difficult to observe~ and has not been established
by direct observation prior to this experiment.
However, the ratio (neutral/charged) = I'(q —neu-
trals)/I'(q —w+w x'), with x' unresolved into w'

and y, has been determined in several experi-
ments by counting "missing neutrals. "' An aver-
age over these experiments gives (neutral/charged)
= 2. 7+ 0.6. The neutrals should correspond to
q-yy plus g-3m' if the g quantum numbers are

0+ 5

In the experiment described here we confirm
the existence of the decay mode q —yy, and find
a branching ratio

1(q yy)/[1-(q w+w w'-)+ r(-n w'w y)-]

= 0. 99 + 0.48.

%e also establish directly the existence of the
mode q-3mo, and find

r(q —3w')/[I (q —w'w-w') + I'(q w'w-y)]

(2)

= 0. 66+ 0.25. (3)

The sum of our results (2) and (3) gives (neutral/
charged) = 1.65+ 0. 53, in only fair agreement
with the result 2. 7+ 0. 6 others have obtained by
counting missing neutrals. '

Calculations based on the model g py + p2',
p, '-y, p, '- w+w predict I'(q-w+w y)/I'(q-yy)
=1/4. ' If we combine our results (2) with our
earlier result (1), we find

I'(g- w+w y)/I'(q-yy) =0.21' 0. 12.

Since q —3m should go into the 3m state with I= 1,
one expects I'(g-3w')/I"(q- w+w w') =3/2. Phase-


