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in Fig. 1 in terms of the conventional Mandel-
stam variables s, t, and u sloping at 45'. It is
apparent from this figure that because of the
spread in s, a structure (dip) at constant u will
be less well defined in a projection on t, and con-
versely for a structure at constant t. Figure 2

shows the differential cross section in terms of
t and u for the full range of each variable. Note
that the effect of the spread in s is to cause the
cross section to appear to turn over at the upper
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FIG. 1. Mandelstam plot showing the kinematic re-
gions covered by this experiment. Note the effect of
the spread in s. A portion of the data is also displayed
here.

The differential cross section of m+p elastic scattering has been measured
statistics bubble-chamber exposures at laboratory beam momenta of 3.7 and
A new feature suggested by these data is a dip in de/dn at —n = a GeV2. Thi
sponds well to the third zero of Jo(bl-n'}. , where Kc/b =1 fm. The effective
Regge trajectory computed for these two energies has a slope of 0.22+0.26.

I

Some 189000 events of w+p elastic scattering
have been observed in the Stanford Linear Accel-
erator Center 82-in. hydrogen bubble chamber
exposed to m+ beams of momenta 3.7 and 7.1 GeV/
c. At 3.7 GeV/c, 50000 events have been ob-
tained from 550000 pictures having a sensitivity
of 14 events/pb, while at 7.1 GeV/c, 139000
events have been obtained from 700000 pictures
having a sensitivity of 43 events/}1b. ' The over-
all statistical level of this experiment thus ap-
proaches that typically attained with use of count-
er apparatus. Furthermore, the acceptance of
the bubble chamber is essentially flat for values 0-
of the square of the momentum transfer greater
than about 0.07,' while background is negligible
in the four-constraint-fit category of elastic scat-
tering (both relevant considerations in observing —10—
structure in the differential cross section). A
further important feature of this experiment is
the significant spread in beam momentum about
the two nominal values. The full width at half
maximum of the beam distribution is about 110
and 260 MeV/c, respectively, at 3.7 and 7.1 GeV/
c, while the momentum of an individual beam
track is known to about 0.5%; i.e. , about 18 and
35 MeV/c, respectively. '

The kinematics of the experiment is displayed
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FIG. 2. Differential cross section with respect to t
and N. The spread in s causes the apparent turnover
at the upper limit in either variable (see Fig. 1).
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limit in both projections, and, in particular, the
backward peak and dip (at -u = 0.15) are not vis-
ible in the t projection. This effect should be
kept in mind when examining previous data, as
discussed further below.

Figure 2 shows a dip in the 3.V-GeV/c data at
—t = -u = 3. In the V. I-GeV/c data, a similar
dip occurs at -u = 3, which corresponds to —t
—10. Furthermore, there is no significant diy
near -t =3. Inspection of Fig. 1 suggests that
the simplest interpretation of these observations
is in terms of a fixed-u feature (zero) of the am-
plitude (or a fixed-u' feature'). For greater clar-
ity, the region -u&6 is shown in Fig. 3. The
shapes of the two distributions are quite similar
for -u & 3. The backward peak and well-known

dip at -u = 0.15 are evident at both energies.
The dip at -u = 3 is the absolute minimum of the
cross section in both cases. The position of this
dip is shifted downward by about 0.3 from the
lower to the higher energy.

A determination of mN scattering amplitudes is,
of course, not possible with a measurement of
only dv(m+p m+p)/du. However, some qualita-
tive observations can be made.

(a) The observed dip at -u =-u™3 corre-
sponds well to the third zero of J,(bt-u') with
Ieb=1 fm. The well-known dip at -u'= 0.2 (-u
~ 0.15) falls at the first zero of Jo. Thus the ma-
jor structures in the data at both energies can be
associated with zeros of J, (which corresponds
asymptotically to the s-channel helicity-flip am-

plitude). These structures are also qualitatively
in accord with the model of Chu and Hendry' in
which dips are associated with the zeros of the
rotation functions (d functions). Furthermore,
their model shows a zero not only in the helicity-
Qip amplitude at -u = 3, but also in the nonf lip
amplitude at -t=3, and since these two points
coincide at 3.7 GeV/c (see Fig. 1), the dip at
that energy is predicted to be quite pronounced.
Zeros of the helicity-flip amplitude, calculated
by Buttimore and Spearman from a phase-shift
analysis, have been found to correspond to the
first two zeros of Jp in an energy region in which
the third zero is inaccessible. ' Also, over a
range of lower energies, a dip at -u = 1.3 (near
the second zero of J,) has been reported by Abe
et al. ' The observed structures thus suggest
models in which absorptive effects dominate,
that is, those in which zeros of the amplitudes
correspond to zeros of the Bessel functions.

(b) The conventional N Regge trajectory has
its second wrong-signature nonsense zero at -u
= 2.3,' and so does not correlate well with the diy
at -u= 3. However, more complex Regge mod-
els, such as that of Donnachie and Thomas' in-
corporating quark rearrangernent processes, ap-
pear to be capable of reproducing a broad mini-
mum near -u = 3. As a further test of simple
Regge ideas, an effective Regge trajectory has
been computed for the two energies of this exper-
iment by use of the standard dependence

da/du ~ (s —t)'~«&"
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staffs of Group A and the Trilling-Goldhaber
group for their effort in processing these data.
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FIG. 4. Chew-Frautschi plot showing the effective I-
channel Begge trajectory for the two energies of this
experiment. The straight line has been fitted to the
points in the range —1&u& 0.

The resulting values of e«i(u) are shown in Fig.
4. This effective trajectory represents a mix-
ture of isospin —,

' and 2 in the u channel, but iso-
spin 2 is presumed to dominate. " A straight-
line fit to the points in the range -lou&0 yields
the result

n, &i(u) = (- 0.55 + 0.14) + (0.22 + 0.26)u.

The slope obtained is consistent with zero. This
slope is quite insensitive to the relative normal-
ization of the two energies, having the same val-
ue for relative normalizations differing by + 30%.
The data points obtained by Barger et al."for
the isospin-2 trajectory are also consistent with
this slope.

In examining results from past experiments at
neighboring energies, it was found that experi-
menters either have not displayed do/du beyond
-u = 3, or have aggregated the data in bins of
such width that no dip is discernible near -u
= 3." Furthermore, in this region of u, previous
experiments appear to be inconsistent among
themselves with regard to both dips and the ab-
solute value of the cross section. " However,
keeping in mind the kinematic effect illustrated
in Fig. 1, plots of dc/dt can be read approximate-
ly in terms of u. The data of Brabson et al. '~ at
3.5 GeV/c and those of Eide et al."at 5 GeV/c
indicate a dip at the t value corresponding to -u
= 3, and so offer corroboration of the dip ob-
served here, while the data of Bust et al."at 5
GeV/c show no significant effect in this region.
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iThe data at 2.7 Gev/c were measured with th«y-
mg spot digitimer; those at 7.1 GeV/c with the spiral
reader. Reconstruction and kinematic fitting were
done with TvGP-sQUAN&. Elastic events are taken as
those having a g confidence level greater than 1% for
the four-constraint fit.

Square of momentum transfer is given in GeV
throughout this Letter.

The momentum is correlated by the beam optics
with the transverse position of the beam track in the
bubble chamber.

The variable u' ls Q Np where up is the u value of
the lower boundary curve in Fig. 1. The value of up is
about 0.09 and 0.05, respectively, at 9.7 and 7.1 GeV/c.
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