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Scaling behaviors of the structure functions I
&

and F2 in high-energy inelastic lepton-
hadron collisions are obtained with the help of the off-mass-shell scattering amplitude con-
structed from five-point Veneziano functions. Our method reveals the drawback of the per-
turbation approach and suggests a fermionic character of the partons. A quark model is
seen to be favored by our results. Unlike the existing theoretical attempts, the over-all re-
sults of the present formulation seem to be supported by experimental data.

INTRODUCTION

Recent experimental findings concerning the
scaling behavior of structure functions and angu-
lar distributions" in high-energy exclusive reac-
tions have opened a wide field of investigation in
elementary -particle physics. Several theoretical
explanations of such phenomena have been put forth
by different authors. ' ' Attempts have also been
made to obtain compatibility between such theoret-
ical findings, where ambiguities have been seen
to be present owing to different basic assumptions.
Recently, the sum rule of Callan and Gross' (CG)
has predicted two relations for the transverse and
longitudinal cross sections. As the two results are
from different hypotheses regarding the constitu-
ents of currents, it is quite natural to hope that
experimental verifications of such theoretical pre-
dictions will be useful in understanding the basic
structure of hadrons.

Until now we have had no criterion to choose be-
tween two such alternative characteristics of the
basic constituents of matter, although there have
been several attempts to select the proper one.
Recently Jackiw and Preparata' (JP) have shown
that the prediction of the CG sum rule, viz. ,

E,(~) —~E,(~) = 0 (quark model),

ruE, (u&) = 0 (gauge field algebra),

cannot be tested in a canonical field theory where
perturbation is the only tool. In their paper JP
have shown that F, —3mF, diverges logarithmically
with v as v-~, implying a nonscaled behavior of
the structure functions. In this note we have dem-
onstrated that such wide deviations are due to the
use of perturbation theory, and our results also
favor the fermion character of partons. Further-
more our results for F, and F, suggest a zero for
E(a&) at v =2 and the proper behavior as ~-0."
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FIG. 1. The diagram contributing to the discontinuity
in Eq. (1).

~,= Jf 2(2: u'-(z(9l)2(t. ' u'-)z(2i)

xA(s, t)X(s, t)d p, d p4,

where A. is the amplitude for the process

y(virtual)(Q) + v(p)- n(p, ) + w(p, ),
with

s =(q+p)',

t=(~ -p.)',
u=(V- p.)'

(4)

FORMULATION

In order to avoid the complexities of spin we
have considered the scattering of an electron and
a pion, which in turn implies a study of the imagi-
nary part of the forward virtual Compton amplimm

tude, i.e., the process yw - yn. Such a disconti-
nuity can easily be computed in the fashion of JP
from the diagram of Fig. 1, where the blobs rep-
resent all possible strong-interaction effects.

The general structure of the imaginary part of
the forward virtual Compton amplitude is written
as

and

a4= 6(((rX(2 f((p~p2X p4(2B(S2 t2 q )

1

B= )I du, du, u, ""' '(1-u, ) "u
0

x(1 -u, ) "& ' (1 —u2u, )"& ' '

(5)

The only plausible expression for the scattering
amplitude of y7t- wm with y being off the mass shell
can be obtained by the technique of Rashid, "from
the five-point Veneziano amplitude. Such a pro-
cedure for obtaining dual amplitudes for current-
hadron scattering has already been tested. In its
simple form the amplitude reads

+(permutation of s, t, P,') . (6)

Tp, = dxe" " p Jx J0 p

= V pal+ pp+ —F2 (dy V
eP& ei
(d )

' (d

The constant y, has been fixed to be equal to zero
by extrapolating Eq. (3) to the (d-meson pole. (We
have neglected isospin totally. ) The fourfold inte-
grations in E(l. (3) are done with the help of a
known identity,

which defines the structure functions F, and F,.
It is easy to note that E, (E,) is even (odd) under
e - -co and v- -v and that they are dimensionless.
We denote the Bjorken limits of F, and F, by

lim F,((d, v) =E,((u),

)td p, 5(p4' —p, ')8(p4) =

when we are left only with an angular integration,
with the integrand being a function of the scaling
variable ~. As we are interested only in the as-
ymptotic limits, we obtain

lim(u' " "-Tp„=E,(&u) (dE, ((d) =0,—

limE, ((d, v)=E, (m) .

An alternative expression for T„„obtained from
Fig. 1 is

lim ~T» = E,(&u) —3&uE,(ar)

= (2 —~)'f((d),
with

�

21 "+' ' ' vg+'(&u, z)
4p = dz 1 ——

ro ) sin'vg, (&o, z)

z(2 —ra) r((2 —ra)zm 2m(2 —ra), ((2 —ra'(' '"}2(~'

+a similar integral with (z + 1) replaced by (z —1), (6)
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where

DISCUSSIONS

Equations (7) are enough to suggest the' proper
scaling behavior of E, and E,. Again, as f(co) in
Eq. (8) is finite, (7) clearly suggest a zero at &o

= 2 in E(&o), which is the case found experimentally.
Improvement over the perturbation-theoretic ap-
proach is quite clear from (7), which is here finite
and scaled while the result of JP diverges as
in(v '/p, ').

In this connection it is interesting to compare
our result with some previous attempts to con-
struct the off-mass-shell amplitude for yn- y7t

to study the behaviors of F, and F,. Such an in-
vestigation worth mentioning is that of Sakurai. "
Using a vector-dominance model for the Pomeran-

chon he obtained a scaling behavior for F„but F,
is not found to be a function of (d. Until now the
experimental information about F, is very meager,
so that the exact behavior of F, is still in doubt.
But the behavior of fundamental constituents de-
pends on the combination E,((d) —&oE,((d) which de-
mands a scaling behavior of F,. We note also that
our result suggests

4w'nM(E, -(dE, ) =oi((o) =0, or x0,
which yields

oi(~)
or((o)

implying a fermionic character for partons, which
is also a result of quark-model commutation rela-
tions. In light of the above discussions it seems
quite appropriate to comment that our purely dy-
namic approach to the problem of scaling behavior
is useful in the search for the basic commutation
rules in the theory of fundamental particles.

~Frederick J. Gilman, SLAC Report No. SLAG-PUB-
842, 1970 (unpublished).

2M. Breidenbach et a/. , Phys. Rev. Letters 23, 935
(1969).

3R. P. Feynman, Phys. Rev. Letters 23, 1415 (1969).
J. Benecke et al ., Phys. Rev. 188, 2159 (1969).

5D. Silverman and C.-I Tan, Phys. Rev. D 2, 233
(1970),

6R. Hagedorn, Nuovo Cimento 56A, 1027 (1968);
C. Callan and D. Gross, Phys. Rev. Letters 22, 156
(1969).

~R. Jacktw and G. Preparata, Phys. Rev. 185, 1748
(1969).

J. D. Bjorken and E. A. Paschos, Phys. Rev. 185,
1975 (1969).

90ur co is really proportional to the inverse of "~"used
by Bjorken and Paschos (Ref. 8). E(w) is proportional to
d a/dQJE. E, Q refer to the outgoing lepton.

~ G. Murtaza and M. A. Harun-Ar-Rashid, Phys. Rev.
D 2, 236 (1970).

+J. J. Sakurai, Phys. Rev. Letters 22, 981 (1969).


