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ABSTRACT - g
A new parton model is defined. Two predictions are obtained for
deep inelastic e-p scattering: 1) At an inveriant momentum itransfer
_(_Q?) of 1 (GeV)?, at least half the final states will contain a K
meson: 2) For a valus of -q% gomewhere between 8 and 30 GeV> the

Bjorken soaling prediotion will be violated and a large fraction of the

final states will contain an antibaryon.
R

One of the questions raised by the recent MIT-SLAC experiments
on deep inelastic e-p scattering 1) is whether these experimentis pro-
vide information-about possible oconstituents of the froton. To test
thia‘anestion some simple “pafton" models of fhe proton have been con-
atructedf) The purpose of this paper ig to present a different kind
of parton model to be called the "multiple parton” model. The model
described here is not ue}l developed as yetg one cannot make quantita-
tive caloulations with it. It will be useﬁ t0 make some simple qualita-
“tive predioctions about the £inal states in deep inelastic scattering.

To define the multiple parton model it is necessary to introduce
a cutoff A . The limit A =)o can be taken, but here the case of a
fixed and finite A will be discussed. One oan think of A as being
1020 eV or some eqnaliy ridiculous energy. The basic assumption of
the multiple parton model is this: as many qﬁgntities as possible depend
only on A and not on the proton mass ¥ or other strong interaction
mass parameters 3). Thus the mass of a parton is of order A . Tuc
size of a parton is of order A=l . The rate at which virtual partoa-

antiparton pairs are produced is of order 1\/unit time. Due to this
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rapid rate of virtual parton-antiparton pair ﬁroduction, there is a
high density of virtuéi partons and aqtipartoné ingide the proton; the
basic assumption now gives this density to be.of order .A;/unit volume..
By "densityﬁ one means the equilibrium density,_namely the density for
which the rate of virtuﬁl parton pair annihilation equals the rate of

virtual parton pair production.

There must be strong binding potentials in the protoﬂ to cancel
the rost maspes of all the oconstituent ﬁartons. According to the
bgsic assumption the range of these potentials must be of order 1\“1
and the strength of order A , Thus,most of the binding occurs
between neighbouring partons; neighbouring partons are separated by a
distance of oxder .ATJ' due fo the parion dengity being of order .A3 .

Now an oversimplified picture of the effects of the binding
potentials will be described 4). Suppoge that the partonsa bind in
pairs (whether in parton#parton pairs or ﬁarton—antiparton pairs, or
both, does not matter). One can then think of the proton as made up of
these bound pairs rather than of the partons themselvés.' This is
analogous to thinking about molscules as being composed of atoms rather
than electrons and nuclei. It is also analogous to thinking of nuclei
as being made up of oL particles instead of protons and neutrons. (The
choice of having two partons in a bound state, instead of four, or .
scme more general pictﬁre, is part of the arbitrary oversimplification
of this picture 6f parion 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 fo

break up such a pair only if Qz is of order 1\2 .
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A Treal photon of high energy has very little chance of breaking
up a parton pair. The reason is that high-energy interactions of real
Photone with protons seem to be mostly peripheral and cannot supply the
strong forbes needéd_to break apart a bound pair. However, photons
with large Q2 are expected from the Bjorken scaling theory 5) to
have a size of order .Q-l_ s and if Q is of order A it is perfectly
possible for the photon to be absorbed by a single parton pair. if
the photon aléo supplies enough .ene:rgy then the pair can be broken
apaft. By a similar argument one can expect that parton pairs are un-
likely to be broken apart in high-enqrgy hadron-hadron oollisions.

Not all of the binding.potentials will go into the binding
energ@es of ﬁarton pairs, for there will still be the potentials
between partons of different Pﬁirﬂii" There willralso:b; potentials
due to exchanges of bound pairs. Thesge reaiduﬁl potentials will
be strongest at short diatances.: The residual potentials can therefore
bind pairs of parton pairs to form clusters containing four partons
each. Then two .clusters of four partons bind to form a ocluster of
eight partons, etc., wntil one finally has the proton itself as a
cluster'containing about QLAM)B partons.

We néw assume that one can think of the proton as being made up
of prartort clusters of arbitrary size. That is, the propertiss of the
proton should be determined if one knows thé properties of parton
clusters containing 24 partons, for any given £ , and fhe binding
potentials between these clusters. To characterize the properties of
the parion oclustiers one can make & simple Boaliné agsumption. Let
the parton.olustars containing 21 partons have a size 1&;1 « Then
assume that the properfiea of these clustéra dépend only on AI and

not on any other mass (neither the proton mass M nor the original
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cutoff A ). So the mass of a cluster is of order fi , the rate of
production of pairs of clusters is of order .A;l y the density of

clusters is of order Ai ’ gto. With this scaling assumption one

can eagily imagine that there will be ascaling law for deep inelastic
eleoctron scattering, namely a photon with momentum transfer @Q will
interact with a parton ocluster of mass of order @ j since the proper-
ties of this cluster are independent of Q except as a scale factor,
the deep inelast%o oross—-gections should only invelve @ as a scale
factor., Exaoct scaling puts a restriction on the binding potentials:
given that clusters of ad jacent sizes have a size Tatio ll_lfAfl '

0 2+1
then the mass ratio must be exaotly'.AI/hI

+1

In order that the'proton be of finite size the scaling must break
down for AI ~ M . It will be assumed that this breakdown is caused
by potentials of strength ¥ which violate the scaling condition.
These potentials are negligible for small clusters, but for large size
clusters they should canocel 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
intermal quantum numbers of the parton clusters., First we make the
assumption that parton clusters cannot have sﬁaller masses than the
physical particles whioh have the same quantum numbers. For example,
clusters carrying baryoh nunber +1 cannot have a mass smaller than
930 MeV/cz, and clusters oarrying strangeness +1 cannot have a mass
smaller than 490 MeV/oz. However, clusters with the quaﬂtum numbers
of the pion can have a ;ass as small as 140 MeV/cz. Ifrquarks exist,
quark-like clusters must have a mass greater than the physical quark

mass. This mass will be assumed to be much larger than the proton

mass . It will continue to be assumed that the binding potentials are
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of strength A£ for clusters of migze A;]' + This suggests that
the largest scale for which the proton ocan be built up of clusters is
the scale with 4, «g:ﬁw 3 on this scale the proton can conmist of a
protoﬁ-like cluster coupled with ons or two'pion—like clusters. .In
this case the binding potentials need only to compensate the
masses of the pion-like olusters, which they are strong enough to do.
On this socale it ié not j:ossible for the proton to contéi_n a pair of
K-type clusiers or a pair of baryon and antibaryon-like cluatei's
because the binding poxtential-_s are not strong enough to ‘compe‘msa.te for
‘the masmes of the extra clusters. For scales Aﬂ >>M there is enough
binding energy available to bind both K and baryon fypes

of olusters. On this scale it is reasonable to expect all types

of clusters 'Eo be present with comparable densities, "Alternatively,
one might try to argue on grounds of simplicity that only baryon-like
olusters occur for A.E > M , with the mesons being bound states built
from these clusters. (For very, very large AJZ one might have quark-
like clusters, but this possibility will not be explored here. )

It will be .assumed here that a scaling i‘egion is a range of Ag
over which the properties of'the clusters are unchanged except for the
change in‘ the scale Aﬂ itself. In a range of AEV for which the
relative densities of different types of clusters is changing; the
virtual photon absorption cross-sections at corresponding values of
Q2 will also be changing in a non-scaling manner.

Given this general picture of thé proton, what can one say about
deep inelastic scattering? Let us discuss deep inelasiic electron
gcattering as a function of Q,2 y a8 @ increases. For small Q .,

say Q 5 P tle photon should be large enough so that it sees only

the simple structure of a baryon cluster coupléd to pion-like clusters.
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In this case the final siate should be a nucleon plus mesons; through
final state interactions, p's and N*'s ocan also be produced. For
somewhat larger Q +the phofﬁn should be small enough so that there
caﬁ be K-type clusters of the same size inaide the proton. Once one
is considering small enough lengtha.so that there'is‘enough binding
energy.available to bind K-type clusters, there should be a reasonably
high density of K-type oclusters. This is due to SU(3) symmetry,
which would suggest that the density of K-type oclusters should be
-aBout equal to %the density of #—type clusters cnce the K-7T mase
difference c¢an be ignored. Given that there are K-iype clusters of

size Q-l ,'oﬁe would expect photons of momentum transfer -Q2

to be
able to kmock out such a cluster, resulting in a X 'meson in the final
state. The X would be accompanied by a L or A or K meson.
Final state interactions would probably result in several pions accom-
panying the K , either as separate particleé or as deocay products of
K*¥'s or Y¥'s or both. ‘It seems unlikely that the K meson would
be annihilated by final state interactions If the X oclusters are
equally as dense as 7 c¢lusters,then roughly half the deep inelastic
events would include a K meson.

Thé first prediction is therefore that for sufficiently large
Q2 at least half of all deep inelastic scattering events will include
a X meson in the final staté.s)‘How large must Q2 be? 1In the
preaent-pioture the relative density of w-clusters and ﬁ-type clusters
cannot change in a soaling region. Sinoe the MIT-SLAC experiments

2

show scaling in the range 1 to 8 GeV® for Q2 ; the relative density

must be constant in this rangej) It is hard to imagine K meson pro-
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duction becoming important only above 8 GeVz. Therefore the besit

guess is that K meson production is imporﬁant already for Qz; 1 Gevz.
ds Q increé;es atill further, Q becomes large enough

for there 1o bé_antibaryon clusters inside the proton. According

to the picture described above, at sufficiently short distances one

would perhaps sse only baryon and antibaryon clusters and not meson-

like cluatera.e) There should be a breakdown of séaling associated

with the transition from meson-like clusters ‘to baryon-like clusters.

It seems unlikely that this transition could take place for

2 2

Q? < 1 GeV® , so this transition must occur for @ > 8 v .
Accompanying this transition there would be a large increase in anti-
baryon production.

The second prediction is, therefore, that the scaling seen in the
MIT-SLAC experiments from 1 to 8 GeV> will break down at some G
above 8 Gevz. At the value of Q2 where breakdown ocours, a large
.fraction of the events should include an antibaryon in the final
state 9). A8 a guess, this breakdown will ocour betwsen 8 and
30 (Gev)z.
| These predictions would be remarkable, if true, because they are

very different from anything seen in hadron-hadron collisions.
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