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A new parton model is defined. Two predictions are obtained for deep-inelastic e-p
scattering: (1) At an invariant momentum transfer —Q of l GeV, at least half the final
states will contain a K meson. (2) For a value of —Q somewhere between 8 and 30 GeV
the Bjorken scaling prediction will be violated and a large fraction of the final states will
contain an antibaryon.

One of the questions raised by the recent Mas-
sachusetts Institute of Technology-Stanford Lin-
ear Accelerator Center (MIT-SLAC) experiments
on deep-inelastic e-p scattering' is whether these
experiments provide information about possible
constituents of the proton. To test this question
some simple "parton" models of the proton have
been constructed. ' The purpose of this paper is
to present a different kind of parton model to be
called the "multiple-parton" model. The model
described here is not well developed as yet; one
cannot make quantitative calculations with it. It
will be used to make some simple qualitative pre-
dictions about the final states in deep-inelastic
scattering.

To define the multiple-parton model it is neces-
sary to introduce a cutoff A. The limit A- ~can
be taken, but here the case of a fixed and finite A

will be discussed. One can think of A as being
10' ev or some equally ridiculous energy. The
basic assumption of the multiple-parton model is
this: As many quantities as possible depend only
on A and not on the proton mass M or other
strong-interaction mass parameters. ' Thus the
mass of a parton is of order A. The size of a
parton is of order A '. The rate at which virtual
parton-antiparton pairs are produced is of order
A per unit time. Due to this rapid rate of virtu-
al-parton-antiparton pair production, there is a
high density of virtual partons and antipartons
inside the proton; the basic assumption now gives
this density to be of order h' per unit volume.
By "density" one means the equilibrium density,
namely, the density for which the rate of virtual-
parton pair annihilation equals the rate of virtual-
parton pair production.

There must be strong binding potentials in the
proton to cancel the rest masses of all the con-
stituent partons. According to the basic assump-
tion the range of these potentials must be of or-
der A ' and the strength of order A. Thus, most
of the binding occurs between neighboring partons
which are separated by a distance of order A '

due to the parton density being of order A'.
Now an oversimplified picture of the effects of

the binding potentials will be described. ' Suppose
that the partons bind in pairs (whether in parton-
parton pairs or parton-antiparton pairs, or both,
does not matter). One can then think of the par-
ton as made up of these bound pairs rather than
of the partons themselves. This is analogous to
thinking about molecules as being composed of
atoms rather than of electrons and nuclei. It is
also analogous to thinking of nuclei as being made
up of n particles instead of protons and neutrons.
(The choice of having two partons in a bound
state instead of four, or some more general pic-
ture, is part of the arbitrary oversimplification
of this picture of parton binding. ) The binding of
a parton pair is very strong (of order A) which
means these pairs will not be broken easily; for
example, one would expect a virtual photon to be
able to break up such a pair only if Q' is of order
A.

A real photon of high energy has very little
chance of breaking up a parton pair. The reason
is that high-energy interactions of real photons
with protons seem to be mostly peripheral and
cannot supply the strong forces needed to break
apart a bound pair. However, photons with large
Q' are expected from the Bjorken scaling theory'
to have a size of order Q ', and if Q is of order
A it is perfectly possible for the photon to be ab-
sorbed by a single parton pair. If the photon also
supplies enough energy then the pair can be bro-
ken apart. By a similar argument one can expect
that parton pairs are unlikely to be broken apart
in high-energy hadron-hadron collisions.

Not all of the binding potentials will go into the
binding energies of parton pairs, for there will
still be the potentials between partons of different
pairs. There will also be potentials due to ex-
changes of bound pairs. These residual potentials
will be strongest at short distances. The residu-
al potentials ran therefore bind pairs of parton
pairs to form clusters containing four partons
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each. Then two clusters of four partons bind to
form a cluster of eight partons, etc. , until one
finally has the proton itself as a cluster contain-
ing about (A/M)' partons.

We now assume that one can think of the proton
as being made up of parton clusters of arbitrary
size. That is, the properties of the proton should
be determined if one knows the properties of par-
ton clusters containing 2' partons, for any given

l, and the binding potentials between these clus-
ters. To characterize the properties of the par-
ton clusters one can make a simple scaling as-
sumption. Let the parton clusters containing 2'

partons have a size A, '. Then assume that the
properties of these clusters depend only on A,
and not on any other mass (neither the proton
mass M nor the original cutoff A), So the mass
of a cluster is of order A„ the rate of production
of pairs of clusters is of order A, ', the density
of clusters is of order A, ', etc. With this scal-
ing assumption one can easily imagine that there
will be a scaling law for deep-inelastic electron
scattering, namely a photon with momentum
transfer Q will interact with a parton cluster of
mass of order Q; since the properties of this
cluster are independent of Q except as a scale
factor, the deep-inelastic cross sections should
only involve Q as a scale factor. Exact scaling
puts a restriction on the binding potentials: Giv-
en that clusters of adjacent sizes have a size
ratio A, '/A. .. ', then the mass ratio must be
exactly A, /A. ..,

In order that the proton be of finite size the
scaling must break down for A, -M. It will be
assumed that this breakdown is caused by poten-
tials of strength M which violate the scaling con-
dition. These potentials are negligible for small
clusters, but for large-sized clusters they should
cancel the scale-invariant potentials and prevent
binding of clusters with a size larger than the
physical proton.

The most interesting question to study is the
problem of the internal quantum numbers of the
parton clusters. First we make the assumption
that parton clusters cannot have smaller masses
than the physical particles which have the same
quantum numbers. For example, clusters car-
rying baryon number + I cannot have a mass
smaller than 930 MeV/c', and clusters carrying
strangeness + I cannot have a mass smaller than
490 MeV/c'. However, clusters with the quantum
numbers of the pion can have a mass as small
as 140 MeV/c'. If quarks exist, quarklike clus-
ters must have a mass greater than the physical

quark mass. This mass will be assumed to be
much larger than the proton mass. It mill con-
tinue to be assumed that the binding potentials
are of strength A, for clusters of size A, '. This
suggests that the largest scale for which the pro-
ton can be built up of clusters is the scale with

A, -m „' on this scale the proton can consist of a
protonlike cluster coupled with one or two pion-
like clusters. In this case the binding potentials
need only to compensate the masses of the pion-
like clusters, which they are strong enough to do.
On this scale. it is not possible for the proton to
contain a pair of E-type clusters or a pair of
baryon- and antibaryonlike clusters because the
binding potentials are not strong enough to com-
pensate for the masses of the extra clusters. For
scales A, »M there is enough binding energy
available to bind both E- and baryon-types of
clusters. On this scale it is reasonable to expect
all types of clusters to be present with compara-
ble densities. Alternatively, one might try to
argue on grounds of simplicity that only baryon-
like clusters occur for A, »M, with the mesons
being bound states built from these clusters.
(For very, very large A, one might have quark-
like clusters, but this possibility will not be ex-
plored here. )

It will be assumed here that a scaling region is
a range of A, over which the properties of the
clusters are unchanged except for the change in
the scale A, itself. In a range of A, for which the
relative densities of different types of clusters
are changing, the virtual-photon absorption cross
sections at corresponding values of Q' will be
changing in a nonscaling manner.

Given this general picture of the proton, what
can one say about deep-inelastic scattering? Let
us discuss deep-inelastic electron scattering as
a function of Q' as Q increases. For small Q,
say Q& m ~, the photon should be large enough so
that it sees only the simple structure of a baryon
cluster coupled to pionlike clusters. In this case
the final state should be a nucleon plus mesons;
through final-state interactions, p's and N*'s
can also be produced. For somewhat larger Q
the photon should be small enough so that there
can be E-type clusters of the same size inside
the proton. Once one is considering small enough
lengths so that there is enough binding energy
available to bind K-type clusters, there should be
a reasonably high density of K-type clusters.
This is due to SU(3) symmetry, which would sug-
gest that the density of E-type clusters should be
about equal to the density of z-type clusters once
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the K-p mass difference can be ignored. Given
that there are E-type clusters of size Q ', one
would expect photons of momentum transfer —Q'
to be able to knock out such a cluster, resulting
in a K meson in the final state. The K would be
accompanied by a Z, A, or E meson. Final-state
interactions would probably result in several
pions accompanying the K, either as separate
particles or as decay products of K*'s or F*'s or
both. It seems unlikely that the K meson would
be annihilated by final-state interactions. If the
K clusters are equally as dense as p clusters,
then roughly half the deep-inelastic events would
include a K meson.

The first prediction is, therefore, that for suf-
ficiently large Q' at least half of all deep-inelas-
tic scattering events will include a K meson in
the final state. ' How large must Q be? In the
present picture the relative density of p clusters
and K-type clusters cannot change in a scaling
region. Since the MIT-SLAC experiments show
scaling in the range 1 to 8 GeV' for Q', then the
relative density must be constant in this range. '
It is hard to imagine K-meson production becom-
ing important only above 8 GeV'. Therefore the
best guess is that K-meson production is impor-
tant already for Q'-1 GeV'.

As Q increases still further, Q becomes large
enough for there to be antibaryon clusters inside
the proton. According to the picture described
above, at sufficiently short distances one would
perhaps see only baryon and antibaryon clusters
and not mesonlike clusters. ' There should be a
breakdown of scaling associated with the transi-
tion from mesonlike clusters to baryonlike clus-
ters. It seems unlikely that this transition could
take place for Q' & 1 GeV', so this transition
must occur for Q' &8 GeV'. Accompanying this
transition there would be a large increase in anti-
baryon production.

The second prediction is, therefore, that the
scaling seen in the NIT-SLAC experiments from
1 to 8 GeV' will break down at some Q' above 8
GeV'. At the value of Q' where breakdown occurs,
a large fraction of the events should include an
antibaryon in the final state. As a guess, this
breakdown will occur between 8 and 30 GeV'.

These predictions would be remarkable, if true,
because they are very different from anything
seen in hadron-hadron collisions.
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