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It was first argued by Wu and Yang' in 1965
that there should be a qualitative connection
between high-energy (s»m~'), large-momen-
tum-transfer ( t »m—N'), proton-proton scat-
tering (or more generally hadron-hadron scat-
tering) and the structure of the proton as re-
vealed in elastic electron-proton scattering
at large momentum transfers. We would like
to pursue this idea with a suggestion of an or-
igin for this connection and a remark about
how it will exhibit itself in the differential cross
section for P-P elastic scattering. We also
present some implications of our suggestions
for future experiments.

Our starting point is Fig. 1 which shows the
normalized differential cross section for P-P
elastic scattering, '

We would like to suggest here the following
correlation and interpretation of these data:
In the amplitude for p-P scattering there is
a piece, the "diffractive tail, "which dies pre-
cipitously for fixed t as s grows and, in addi-
tion, a point interaction of current-current
form' which depends on t alone and emerges
as s becomes asymptotic. The differential cross
section then appears as

at" 't +R s, t
t=0

where a is independent of s and t and R(s, t)
vanishes as s - ~ for large, fixed -t.

For concreteness we have chosen for R(s, t)

d(x/dtX(s t) —
( / )'t=o

plotted together with the fourth power of GMt, (t),
the magnetic form factor measured in e-P scat-
tering, ' normalized to GMt, (0) = l. Earlier at-
tempts to correlate the p-p scattering data at
large s and -t with GMf, '(t) have proceeded
by searching for a suitable universal function
which would represent all the t)-P data. These
efforts have yielded forms such as
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(Krisch'). It is not very transparent, howev-

er, how to map these proposed data fits along-
side the form factor GMI (t), since they depe. nd

on special kinematical constructs of energy
and angle that differ from the invariant momen-
tum transfer t. In particular, the form proposed
by Allaby et al. vanishes as s —~ for fixed t.

FIG 1. The normalized differential cross section

do/dt
(do/dt)

for p+ scattering and the fourth power of g (t)/
GMP(0) plotted against t. The experimental points are
labeled by the corresponding value of s, the square of
the c.m. energy, and are taken from Ref. 2. Equal-s
contours are shown by dashed lines.
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the canonical "Regge form, "
-isa (t)

( )
()(1+e ) a(t)-1

sinn a (t)

although our ideas are weakly coupled to any
special model for R. In a Reggeized world,
of course, a(t) refers here to the usual vacuum
trajectory. The experimental basis for choos-
ing such an R(s, t) is the observed dramatic
drop in X(s, t) by a factor of ~ 2 for each 20k
increase in s in the range 20-60 BeV~. It is
tempting to propose that sa(t) accurately de-
scribes the approach to the high-energy lim-
it. Not only is this in accord with the data shown
in Fig. 1 and more transparently by the straight
line segments of Fig. 2 whose slopes measure
a(t) at the labeled values of t, but it is also
theoretically appealing. If one particular Reg-
ge trajectory has a slightly smaller slope than
all others, then by the time we move out to
large values of both s and -t it will dominate
the others and a simplified parametrization
of the elastic-scattering amplitude such as pro-
posed for R(s, t) is a natural consequence. The
small slope for the Pomeranchuk or vacuum
trajectory, compared with other known trajec-
tories, ' which is suggested by p-p and w-p da-
ta at small t, is in agreement with this behav-
ior. We repeat, however, that our main point
of comparison between the e-p and p-p scatter-
ing is not rigidly tied to a specific Regge mod-
el. More broadly stated, as s-~, R(s, t), which
may be interpreted as the decreasing tail of
the diffractive or unitarity contribution from
the inelastic channels, falls below the postu-
lated s-independent contact term revealing the

GM p'(t) structure.
How might such a contact interaction origi-

nate? Consider the reaction nucleon (p,)+nu-
cleon (p, ) —nucleon (p, ')+ nucleon (p, ') in the
region where s» t»m)V'. Wr-iting out the

T matrix in terms of the Fermi invariants,
we find that the pseudoscalar and scalar con-
tributions are of order t/s or mph /s compared
with V, A, and T. If we imagine that in this
kinematic region, where all masses are neg-
ligible, the scattering occurs with no flip of
the nucleon helicities, the amplitude becomes
to order t/s

&~~=+p(p2')y u (p2)u ( p 1')y u (p1)

+&~u(p2')y y5u(p2)u(pl')y y5u(pl).
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This resembles one vector density probing an-
other plus an axial density interacting with an-
other. We propose to take this resemblance
seriously and suggest that the proper statement
of the "contact interaction" which is exhibited
in the p-p data is that for s»-t»mN', Fy
and I'A become proportional to the squares
of the vector and axial-vector form factors
one measures in the weak' and electromagnet-
ic interactions. ' The contact terms enter da/
dt as

I
I' I'+ I I I'+4 Re(F *F )t/s.

V A

If, further, the vector and axial-vector form
factors become similar for large I;, or if the
contact interaction cannot distinguish between
right-handed and left-handed protons so that
the contact interaction is purely of the vector
type and FA = 0, then the structure a'GMp'(t)
for X(s, t) emerges.

Our picture of the large-s, large-t proton-
proton scattering is now drawn. The differen-

FIQ 2. The normalized differential cross section
X(s,t) for p-p scattering and the fourth power of

GMp(t)/GMp(0) plotted against s for t= 10.0, -11.1,
and 15.0 BeV . If X(s, t) were purely of the form
p(t)s+|t~, the plotted points for given -t would lie on

the straight lines. The deviations from these lines we
attribute to the emergence of the form factor term.
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tial cross section is written"

+ interference terms .
The magnitude of the interference terms depends
on the relative phases of the contact terms and

R(s, f), given by the signature factor in the Reg-
ge case, as well as on the spin structure of
the diffractive contributions. " Ne need only
consider the interference terms in the limit-
ed range of s and t where R(s, t) and GMf (t)
are of comparable magnitude, and in our pre-
liminary fits we have ignored them. Turning
our attention again to the data we find that it
is possible to fit the conjectured approach of
the p-p scattering data to GMf (t) with the fol-
lowing representative set of parameters'.

a(t) = 1+ o."(0)t+~a"(0)t2, o'(0) =0.5 j 0.1,

o."(0)=+0.02 ~ 0.005, and a = 0.85+ 0.15.

The small value of n'(0) is consistent with our
earlier remarks. % ithin the uncertainties per-
mitted by the unknown interference term, more
complicated guesses are possible for these pa-
rameters.

There is an appealing simplicity to the idea
that, in hadron processes, under a "diffractive
tail" there should emerge a contact interaction
of a current-current nature with the same cur-
rents whose transition form factors are being
measured in weak and electromagnetic process-
es. Let us proceed by supposing that this is,
in fact, what we are being told by the existing
P-P data and ask where we might seek critical
tests and verification of this behavior as well
as where we expect corrections to it.

(1) In higher energy P-P experiments (such
as will be performed soon at Serpukhov and
before long at CERN and Weston) we expect

doer, f /dt to follow the GM&'(t) curve out to high-
er values of -t before departing from it near,
say, -t= 4s. This makes it important to reduce
the size of the present experimental errors
on the e-p data at large tas well as -on the
corresponding P-P data at the highest values
of s presently attainable. Larger-s data can
rapidly confirm or shoot down the whole idea
since we enjoy a welcome dearth of parame-
ters.

(2) In the region where t and s are of the same
order of magnitude, we expect contributions
in P-P scattering from possible interference
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terms if both I"g and I" ~ are present, u-chan-
nel current-current interactions, and other
t- and u-channel processes which are negligi-
ble in the kinematic limit we considered. Sim-
ilarly, for small t, we do not attempt to use
our form for dg/dt since the contact term is
buried under a manifold of diffractive phenom-
ena. "

(3) If the Regge structure for R(s, t) is cor-
rect, then the absence of polarization corre-
lations in the region where R(s, t) dominates

&G~f,'(t) is expected. Another consequence
of our assumption that one trajectory dominates
R(s, &) is that the s dependence for fixed t is
completely determined up to corrections from
the interference terms, and thus a larger num-
ber of accurate data points checking this behav-
ior would be of great importance. In particu-
lar, experimental evidence confirming or de-
stroying the straight lines in Fig. 2 would be
very interesting at high s and -t values.

(4) The structure of P-P elastic scattering
should be the same as for P-p scattering in
the s» -t»m~' kinematic limit, up to those
correction terms of order t/s that are of oppo-
site sign in the two collisions. Processes such
as p+p-n+n, p+p-Z+Z, etc., are very im-
portant for determining the isotopic and unitary
spin structure of the currents in the proposed
contact interaction.

(5) In inelastic processes such an N+N -N+N~
we expect to see emerge, in the same limit,
the product of the nucleon vector (or axial-vec-
tor) form factor times the appropriate NN~

transition form factor. If it is indeed the vac-
uum trajectory that is dominating the unitar-
ity tail at large s and t, as we have earlier
suggested, the form-factor term should emerge
at lower energies since the vacuum trajectory
will not contribute to the N* excitation.

(6) For ~+p elastic scattering and for mN charge
exchange, we expect in the given kinematic
region that dv/dt will take the form

do /dt = [a'F (t)G (t)+R'(s, t)],

where a' is independent of s and t, E„(t) is the
pion electromagnetic form factor, and GM~(t),
the isovector nucleon magnetic form factor.
The absence of the vacuum trajectory in mlV

charge exchange means that the contact inter-
action should show up more quickly than in P-P
or m~-p scattering, analogously to the case
above for N* production.
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FIG. 1. The ZGS 17' beam. The m of the desired
momentum were focused on the momentum slit by quad-
rupoles Q& and Q2 and bending magnet B~~. Q3 Q4s

BM2, Q5, and Q6 were tuned to select x of given mo-+

menta from the target.
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We have studied m+ production at 0' by 2- placed just after the momentum slit, a choice
to 6-BeV/c ~ incident on beryllium, carbon, dictated by the physical arrangement of the

copper, lead, and polyethylene. The experi-
Q~

ment was done in the 17' negative pion beam MOMENTUM

at the zero-gradient synchrotron (ZGS) at Ar-
gonne National Laboratory.

The experimental setup is shown in Fig. 1.
s, c"

The arrangement consists of a two-stage beam
spectrometer followed by a detection system.
The first section of the spectrometer uses the
fringe field of the ZGS followed by a system NOT TO SCALE

of two quadrupoles and a bending magnet. A

momentum slit is placed at the focus of this
first section. The second section is a symmet-
ric system consisting of four guadrupoles and

a bending magnet. Our target material was
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