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Abstract :

3\ We obtain a very good description of all available large angle
pp elastic scattering data using a dual model with logarithmic
irajectories. Our.fit strongly suggests. that thé dual amplitudé’is
responsible fo% f£illing in a pronounced dip produced by the Pomeranchuk
singula&ity. This new explanation of the shoulder‘in pp data survives
the test of an enormous extrapolation from s ¢£20~(GeV/c)2 ~to
s & 2600 (GeV/c)2 and succesfully predicts the depth of thg dip at
t o ~1.2 (GeV/c)2 in the recent ISR data. The addition of an
eikonalized Pomeranchukon exéhange term to our dual amplitude results

in an excellent description of pp scattering data at all angles.



We present a simple description of all available high energy pp

1,2 in terms of dual and nondual contributions

elastic scattering data
t0 the amplitude. Although some details of our picture might change,

the

<t

ests provided by the vast range of pp data are so stringent, that
the fits presented here constitute strong evidence for the validity of
our general picture. A étriking new feature is that the range of
applicability and usefulness of duality and Reggeism is extended to

~—

high momentum transfers far beyond the normal range.
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Our amplitude has the form
APP(s,t) = P + (dual contribution). (1)

P, the nondual component, is the contribution of the Pomeranchuk
singularity. It is responsible for the forward diffraction peak, and
becomes unimportant at large values of |t|. The differential cross

section at large !t] is governed by the dual contribution.

The flat behavior, at large negative values of t, of the
effective Regge trajectory in pp scattering cannot be explained by the
linear trajectories of the Veneziano model, for any reasonable value
of the slope o . Consequently, the dual model which we use is a
generalization of the Veneziano model, which allows logarithmic

trajectories.More precisely, we use a modified, tachyon-free version

of a dual amplitude proposed by Coon and.Baker.4’5
G _iL) oL{t) ol (u)
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where T =b-at, =D>-au, o((t):ln"é/lnq, ®{(u) = Inw/ln q.
a,,b, and the "base" q (0£q<1) are parameters of the theory and C is

the normalization constant. The infinite product G(x) is defined by

. © : -
a(x)= T (1 -x") . (3)
L=¢
This function has been extensively studied by mathematicians.6 Roughly
speaking, ¢(g®) is analogous to the inverse gamma function I"-l(d).
The poles in any channel (for example the t —~ channel) are located at
=q® (n=1, 2, 35...) . The Regge trajectory X(t) is logarithmic,
and goes to infinity at t =’b/a , which is an accumulatiorn point of poles,
reminiscent of fhe threshold point in Coulomb scattering. The ampliiude

#(t) *(u)

also has a branch point here, due to the factor q When

q—>1, the Regge trajectory becomes linear and the amplitude reduces to
the fgmiliar Lovelaée amplitude.r

In nucleon — nucleon scattering, the Harari-—Freund hypothesis
togefher with the absence of exotics, implies exchange degeneracy for
both the (?-—AZ) and (w- £f) contributions.8 Therefore, the dual
amplitude, which is real, must ccntain two terms Dy and D, having
the form given in Eq. (2). For simplicity, we neglect both the spin and
isospin of the external protons. Since we must have %, (ﬂwz) = CXQ,(”M?)z I,
D? and D, have only three free parameters eacﬁ. However, factorization

properties of the amplitude regquire that q? =4q, .9 Also, if we

constrain the amplitude to describe both the s dependence and normalization
< - - c-— ‘ . ot S
of Gftot(PP) tot(pp) , then all parameters in D,, are practically
fixed. Therefore, the description of all available large Jt] [—t;;S (GeV/c) ]
V/o , must be accomplished with
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only three adjustable parameters, nomely the ones which characterize
ithe f contribution. It is indeed remarkable that 2 very satisfactory
. ) ’ '

£it can be obtained with gq, = q, = .79, dr(o) = .80 , o(w(o) = 31

C, = 00T , C, = .42 .

| S W ' -

Fig; 1 '(drawn for pI‘; = 19,2 GeV/c) shows all the typical features
of our dual fit. The comparison between theory and experiment at 90°
is shown in Pig. 2. For‘pLz 8 GeV/c , the § ventribution is dominent.
The w contribution, which we fixed from total cross section data (i.e.
the amplitude at OO), fills the difference between the experimental 900
data and the f contribution fqr pL,é 8 GeV/c . This shows that our
dual amplitucde has good extrapolatioﬁ properties in the whole angular
range. Our model gives a natural explanation to the observation of
Barger, Geer and Halzen 10 concerning the existence ‘of two types of

contributions in large angle pp scattering.

Some consequences of our fit are :
a) | o(f(O) = .80 . This value is somewhat ﬁigher than the iﬁtercept
deduced from the Serpukhov measurements Y a—tot(ﬁ+p) - rtot(ﬁ—p)
which give olf(O) = .69 .]-'2
b) Universality of w and  couplings turned out to be approximately
true in the range 5 GeV/c épL £ 25 GeV/c . We found the ©/p
éontribution ratio at t = 0 to be about 10 for I;L = 12 GeV/c y as
compared with the expected theoretical value of 9. 13
c) It is possible to extract._the Pomeranchukon contribution P from the -

data. If we assume that P is pure imaginary, then since Df + D,

is real, there is no interference, and we have

(df) : (dx) (df‘ (4)
T a Ty - T 4
dt P dt exp dv )dual

U



The "pure" Pomeranchukon contribution at Py = 19.2 GeV/c is shown in
Fig. 1. Observe the presence of a proﬂounced dip at t& -1.2 (GeV/c)2

i; this curve, whereas only a shoulder is observed in the experimental
cross section. In this region of t, the Pomeranchuk singularity dominates.
Consequently, it is reasonable to expedt that as s increases, the dip
coming from the '“pure" fomeranchukon will begin to show up as a dip at

t & -1.2 (GeV/c)2 in the experimental data. Recent ISR data confirms

. 2
this expectation very clearly (see Fig. 3) .

(%) -
dat /p at p; = 19.2 GeV/c  is that

d) The reason for the dip in
the dual contribution passes just below the shoulder in the data at

tx 1,2 (GeV/é)2 . When extrapolated to ISR energies, it is remarkable
that the dual amplitude again passes just below the dip (Fig. 3). This
strongly suggests that the dual contribution can be thought of as a

form of background,.which, when subtracted out, reveals the trué shape,

zeros, and diffractive nature of the “pure" Pomeranchukon.

One possible description of P is provided by the eikonal formalism
with the Pomeranchukon Born term taken to be proportional to the square
of the proton's electromagnetic form factor.l4 This description has a

dip at t& -1,2 (GeV/c)2.

/
I+opt 1 (5)
'F\ .
Born T2 L
P = K | G(t) - ¢(t) =
Lot (E) ! (1-w°
: !/
where, EL = laboratory energy of the incident proton, and cKP = slope

of the Pomeranchuk trajectory {taken to be 0.1). The addition of this

Pomeranchukon contribution to our previous dual amplitude leads to an

excellent {it of pp scattering data at 21l angles. The results are shown

in Fig. 4. The theoretical curves are almost as good as smooth lines



drawn by hand through the experimental data points !

) Like all dual amplitudes, Eq. (2) has the deficiency of not being
unitary. Its n-point generzlization is not yet known, although a closely

-

related theory does have a good n - point function and full factorization

5

properties, The physics underlying logarithmic trajectories which go to
infinity producing a finite resonance region, followed by a smooth Regge
region are not clear. However, it is physically acceptable to view logarith-
mic trajectories as resulting from a simple approximation in which

4

Im X = constant on the right hand cut.

Our successful fits to all available elastic pp data over big energy
and angular ranges, are better fits, with fewer parameters, than any other
previous work. Besides, each term we have used has a definite theoretical
significance in terms of Regge pole exchanges. Therefore, a dual theory
with nonlinear trajectories is not only a phenomenological success, but
may quite possibly contain many significant features of a complete theory

of strong interactions.

A detailed account of our fitting procedure, a comparison with other

15

previous attempts to explain pp data, an extension of this work to
include polarization, an application to DPp scattering via crossing, etc.

will be given at length in another forthcoming article.
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FIGURE CAPTIONS

Differential cross section for pp elastic scattering at
p&19.2 GeV/c . The solid and dashed lines are the dual and

"pure" Pomeranchukon contributions respectively.

Comparison of experimental points with theoretical dual

model curve for 90° pp scattering.

pp data at ISR energy s = 2016 (GeV/c)g. The dual contribution
(solid line) passes just below the dip at tm -1.2 (GeV/c)z.
Subtraction'of the dual contribution from the experimental

data [ Eq. (4)] yields the dashed "pure" Pomeranchukon curve.

Comparison of theoretical curves with high energy pp elastic

scattering data.
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