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E. Etim: CONFIGURATION MIXING AND ELECTROPRODUCTION
SUM RULES IN THE QUARK PARTON MODEL,

ABSTRACT, -

Hadronic configurations and their mixing in the quark par-
ton model are examined and shown to lead naturally to the
association of every hadron with a statistical ensemble who
le elements are exact copies of the hadron in all its possi-
ble configurations, Configuration mixing is achieved by con
sidering every result of scattering as an average over this
ensemble, From this point of view it is shown that the usual
expressions of the structure functions in the parton model
are not statistical averages in any acceptable sense and are
therefore incorrect, Previous attempts to incorporate mi-
xing in the parton model have been confused and misleading
for this reason., A unified treatment of electroproduction
sum rules is given together with a discussion of two of their
special solutions in the literature,
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1, - INTRODUCTION, -

The concept of configurations and their mixing is not new; it
has been discussed by Feynman and vernon(1) in connection with the
theory of influence functionals where configuration mixing occurs be
cause the physical situation is unsure either through an incomplete
knowledge of the type of interaction system or of the nature of its
initial and final states or both., In the quark parton model this pro-
blem seems to have been completely' misunderstood as évidenced by the
erroneous duplication of probabilities 2) and from rather special so-
lutions of some electroproduction sum rules(2,3), The incorrectness
of these solutions have been established either by counter examples
which invdlidate them or from wrong conclusions derived there from,
No proof as yet exists of why they are invalid not of what the correct
general solution should be, The purpose of this paper is then two-fold:
firstly to discuss as simply as possible the concept of configurations
and their mixing within the framework of the quark parton model and
secondly to give a unified treatment of electroproduction sum rules, for
which experimental numbers exist, and extract therefrom those con-
clusions that can be retained generally valid, After the ground-work
has been laid it will become immediately clear why previous attempts
to incorporate mixing in the parton model have been inconsistent hy
bridizations leading to incorrect solutions of the electroproduction sum
rules, The 'expressi ns of the structure functions in the usual form of
the parton model{4: 9} are not statistical averages in any acceptable
sense and are therefore incorrect.

2.- HADRON CONFIGURATIONS IN THE PARTON MODEL. -

In the parton model the nucleon is regarded as a free gas of
non-interacting constituents {partons);to relate the results of such
a model with those of current algebra it is necessary to identify partons
with quark)s. Experiments- indicate that for the parton model to sur-
Vi__,‘v‘ei,‘z’ 3, if only as a useful hewristic device, complicated parton
arrangements are necessary. This is the motivation for configuration
mixing. The conventional form of the parton model does not incorpo-
rate mixing but it is very simple to indlude it once the basic ideas
about configurations are understood,

2,1,-SU(2) Configurations. -

To see how configurations arise assume that the free parton
gas belongs to an SU(2) doublet formed' by N+ 3 proton and neutron
type quarks q; and q, and N antiproton and antineutron type quarks
q; and gy respectively, A system soconstituted will be called an N
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parton assembly even through there are 2N+3 constituents, A proton
can be formed from the product state

9 M7 R B Muey Yiey Seey ey,

v
of 2N+3 terms by reduction with the SU(2) invariant tensors EF‘
&‘u«v and Ev in two ways corresponding to an uncontracted upper and
lower index respectively

o p= p® (SU(2) Scalar S;)

n m k
s, =(pn)_" (pA)_' (pp+am) |

(pn) =pn-np, (pn) =pn-np

q () a, () et

where n;, m, and k; are integers satisfying

n+m_ +k =N+1
1 1 1 (1)

nl-m1=1

(C.2.) p= n(® (SU(2) Scalar Sz)

n m k
= (pn)  (pn)_° (pp+in) -

and the integers n,, my, k, satisfy

2

n2+m2+k2=N+1, nz-m2=2 (2)

The two ways in which the product state has been reduced to form

a proton will be called configuration classes which because conjugate

SU(2) representations are equivalent actually coincide, To better bring
out this equivalence rewrite the reduced states, making use of egs.(1)
and (2), as

-}
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Ni+2 No+1 Ny _N
e B e b SRR N +N, =N (1)

e ) P=P
! ) i 1
P n

(C.2.) P=pP n

Wi

' i
' " i
" N1+N2 N (2')

in which forms there is indeed no difference between (C.1.) and (C.2.).
For any fixed N there are 2N +1 different specifications within a class
indexed by the difference & =N; - N, which runs from -N through zero
to + N, Each 6f these 2N+ 1 specifications will be referred to as a
configuration or composite degree of freedom, The two SU(2) classes
are thus as follows

. 1:) X =N_-N -Ng& o ¢ N, N.+N_=N (1")

(C.2.) B -x'-N., N<Psg N, N'1+N'2= N (2")

where by definition & = (N;-Ny) is an SU(2) proton configuration of
class (C.1.) in an N parton assembly and similarly for ﬁ i

2.2,-SU(3) Configurations, -

If the free parton gas of N+3 quarks and N antiquarks belongs
to an octet the produ%‘i‘ state can be red ‘&ed with the aid of the SU(3)
invariant tensors gf‘L 5 EI’““" and v in three ways to give a proton

(€.1.) p= ppn ) (SU(3) Scalar S,)
(€. 2.) P= PX @(pn)\ )_@ (SU(3) Scalar Sz)
(C.3.) paH?\X@(pn)\)_@(pn)\)ﬂ@(SU(B) Scalar S,)

(pnA)_=(pn) A+(n \) p+(AP) n,  (pn)_=pn-np etc.
5, =(en ™ (BAN)_(FB+An+AN )5 _(m, k)
s, =(pn)_(Fim)_ S (m-1,k)

$, = 'ﬁp(pfl)_(ﬁﬁ")_so(m-z, k)

- b



5.

As in egs, (1') and (2') (C.1.), (C.2.) and (C.3.) can be written as pro
ducts of the p's, n's and A's with integer coefficients

N.+2 No+l No N; _No =N
1 2 Ny _
(C.1.) p= p n N3p a2 N8
(3:.1)
=N, +N_+
N=N +N, +N,
N +2 N‘2+1 Né+1,_N'1 _N! _N'3+1
(C.2.) p=pl n A p n A
1 1 ' (3.2)
-1=N_+N_+
N-1=N +N,+N,
N+1 Not2 N'42 N 41 N
o i+ 5 N_+2 Ny-1_ Nb+l — No+2
(e 8.1 P= P n A8 p1 n o’ )\3
(3.3)

n 1" 1
N-2=N_ +N_+
1 Nz N3

Because conjugate SU(3) representations are inequivalent the three
SU(3) configuration classes are different as seen from egs. (3). A spe
cification of the classes equivalent to egs. (1') and (2") takes the form

(C.1.) o, = N, +N,; 0 &N
(4.1)
Hg= N -Nyi & &y ¢ &K, 5 N +N,+N, =N
i I
. = 4 . < -
(C.2.) ‘51 N +Ny; 0 B eN-1
(4.2)
- I- T N & & . f ! ' _
ﬁz N} - Ny Pl f:zﬁ. f-”l, N +N, +N; =N-1
(C.3.) 3, =N”+N”' b L.K < .9 b’ -N” N”-
i 1 1 2’ Lk 2 1 72’
(4.3)

For notational convenience the pairs of integers (0| 1 0(2) etc, speci-
fying a configuration will be written compactly as



A = (al,qz); (NI, N, N3)

¥ = (¥.Y,)=0N,N,N)

From the above examples it is clear that the concept of hadronic con
figurations can be easily generalized so that it is neither necessary
nor compelling to retain partons less yet limit the consideration to
configurations of albegraic origin only. Therefore independently of any
model and of the type of configurations one can associate with every
hadron the set of all its possible configurations, This set will be re-
ferred to as the configuration ensemble,

3. - STATISTICAL WEIGHT OF A CONFIGURATION AND THE MIXING
PROBLEM, -

The task in this section is to define a unique probability func
tion for each of the configurations introduced in the last section. To
this end consider an SU(3) configuration of any class in an N parton
assembly of the proton., The total energy of the proton as a non-interac
ting gas of partons is given by

BE= ) N (a) §( (6)
q,k

where q runs over all quarks and antiquarks, Ek(q) the energy of the
k-th level of the parton gq and Ny (q) the occupation number of the level
in question. The occupation numbers satisfy

N1+2-'=ZiNi(q1).; N1=§j__Nj @,): N2+1=Zl; N, (q,); 2
: 7
Ny LN @) Nt N_ ()= 2 N_(a,)

5]

The specification of the occupation numbers N, (q) for all energy levels
and all partons consistent with egs. (6) and (7) defines a dynamical state
of the configuration O = (Nl’Nz’NS)' A particular dynamical state can

be obtained in many ways since it is determined by the number of par-
tons of each kind in an allowed energy level without stating which ones(7),
Thetotalnumber of ways of obtaining a particular state will be referred
to as usual as the number of complexions (not to be confused with con- '
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figurations). If g (q) is the statistical weight of the k-th energy level
of the parton g the total number of complexions of the state with
occupation numbers N, (q) subject to egs. (6) and (7) is in standard
form

Ny (q)
gk(q) i

. q k

where j(j=1,2,3) stands for the configuration class, We now define

the probability py (N,j) of the configuration gtz (N, NZ’N3) 6f the j-th
class as proportional to the total number of complexions obtained from
Wot (N, §) by summing over all values of the occupation numbers Ny(q)
consistent with the constraints (6) and (7). Calling this number W, (N‘j)
we get

We (N, )
. — “ ’ 3 . =T TR
Py (Nsj) = S W, LK E p, (Nj=1  j=1,2,3 (9)
A N, j
M, k, B A

The probabilities of the j-th configuration class p(N,j) and of the
N-th assembly p(N) follow easily from eq. (9)

2. W (N, ])
. XK - . o
M, k,& “ N’J
> W, (N§)
o ds - . -
p(N) = 5 WB MK Z P (N,i); Z p(N) =1 (11)
M, k,ﬁ j, xR N

The probability pj(N) of the j-th class in an N parton assembly for
any fixed N is given by

2. Wy (N,i) :
I . _p(NJ) z 2
k, B k .

The value of any function F of scattering, such as structure functions
etc., which one would expect to measure is therefore given by



{F)- Z_ p,(N)E (N )= Zp Fy (13)

N,j, &

where F, is the value of F in the configuration¢ and in the last step
the configurations have been reordered so that o runs over the entire
configuration ensemble so that explicit indication of the configuration
class and assembly becomes unnecessary. Eq. (13) agrees with a simi
lar one given by Feynman and Vernon, The measured value of F is
thus an average over the configuration ensemble; this averaging will
be referred to as configuration mixing. Using egs, (10) -(12) (F) can
be written in other useful forms

( F) =2 p(N) F(N); p(N) F(N) = % P, (N, j) Fu (N’ j) (13.1)
3

(F)- 2 pN{)FND;  pNi) FON =) B, (N ) Fye (N, 3) (13.2)

N, ] o

{F)- Z JN); py(NIF(N) =2 B (NJ) F (N 3) =N, ) F(N, )
o

(13.3)
F,(N) = F(N, ) zk p(N, k) -

From these equations it follows at once that it is wrong to write

(Fy=) p(N)Z p,(N) F(N) (14)
N i

because it involves an incorrect duplication of probabilities since in-
serting into (14) from (11) and (13. 3) gives

. z . PB(Nk)P (NJ)F (N)j) (15)

N,k i, B .

which has absolutely nothing to do with eq. (13). Eq. (14) was first
written down by Llewellyn—Smith(z) in the hope of introducing mixing

through the pj(N). This is unnecessary as mixing is already contained



in p(N). Before closing this section we sketch briefly the derivation
of some results which will prove useful in the next section. To every
‘c_onfigurationo('-_: (N ’N2’N3) there correspond unique mean values

Nk(q) of the occupatlion numbers Nk(q) calculable from the method of

steepest descents;

g (ae Byl

Z(q) ;

Z(a)=) g la)e T

k

ﬁk(q) = N(q)

where B is related to the temperature T of the assembly and to the:
saddle points in the Darwin-Fowler method by

b ey

with the Boltzmann constant, Thus an equivalent specification of
a configuration is in terms of the mean values ﬁk(q) which because of
egs. (4) and (7) satisfy

> Nla) =5 N(g)=2N+4-j, j=1,2,3 (18)
q, k q
where q runs over all quarks and antiquarks and j is the class to
which the configuration specified by the Ny (q) belongs. If the only as-
semblies realised in the nucleon are those for which N—~ oo it follows

at once that the three SU(3) configuration classes coincide asymptotical
ly and we have from egs. (9)-(12)

freg Y = i=9) = =3 . 2 L
p(N j=1) = p(N j=2) = p(N j=3);  p, (N)=p,(N)=p, (N)=— (19)

If the only configurations realizable are those for whichg{ = (Nl’Nz’NS)
—p o eqs, (19) remain valid but in addition we have

P (N,j=1)=p , (N j=2)=p, (N ,;i=3) (197}

Py (N,i)= pg (N.J) (20)



10,

Eqs.(19) and (19') but not (20) are always true for the two SU(2) con
figuration classes for all N,

4, - ELECTROPRODUCTION SUM RULES AND THEIR SOLUTIONS, -

In the familiar form of the parton model the electroproduction

structure function Wz( Y qz)_ is given by(4, 5)

YW,y D) =F ()= o2 Qo N(w) (21)
N i

wherew=q2/2MJ) is the Bjorken variable; Qi the charge of the i-th
parton, f?r(x) the probability density that the i-th parton has a fraction
x of the nucleon's longitudinal momentum and p(N) the probability of
the N-th parton assembly. f?(x) is normalised

i
S di f?](x) =y (22)
0

We shall first show that eq. (21),as it stands, is incomplete and in-
correct, To this end consider the quark parton model and let the nu-
cleon belong to an octet, Define the functions f (x), for g running over
all quarks and antiquarks, by .

N(q)

1
Ny A N, .. N, o\ _
) s Z £ el defq(x)-—l (23)
1 0 ‘

where the summation index (1) covers all partons of type q and the
total number N(q) of such partons depends on the configuration and the
SU(3) class, The N(q) satisfy

ZN(Q)=2N+4'J: J=112:3 (18)
q

where j stands for the configuration class. Substituting from (23) into
(21) yields

Fo(0)= ) BN o ((N,3); w) (24)
N
where
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L 2 N
Py (M) = > @G (W) (25)
q

is the structure function in the configurationgt . Eq. (24) or its equiva
lent eq. (21) is incomplete because there is no summation in it over
all distributions of the N(q) consistent with the constraint (18) for fixed
Nand j=1,2,3 8 . It is also incorrect because it and the equation obtai
ned from it by summing over all values of the N(q) subject to (18)

= i -(_,IJ

P BN ) P, o (N i) (26)
N j, %

do not agree with egs, (13) and with any acceptable method of avera-

ging. To see clearly the error in egs, (24) and (26) introduce into
them the expression of p(N) in eq. (11) to obtain

Fy0)= D b () Fy () w) (241)
N,k

F (W)= > p, o 2 F o (N3 0) (26")
N, k,p j, %

which are anything but statistical averages. Little doubt then that pre-

vions attempts to incorporate mixing in the parton model starting from
eq. (21) have been confused and misleading(z:?’). Making use of eqgs,(25)
and (13) the correct expression for the structure function is

Fy@)= D py (T, ((NDiw) =S p, F, (0)={Fy(w)) @)
N, j, & X

where in the last expression but one the index ¥ runs over the entire
configuration ensemble Egq, (27) is the correct statistical average which
accounts for configuration mixing(l).

The structure functions of the proton and neutron may be diffe-
rent for a host of reasons which we need not go into. Denoting with
bars all quantities referring to the neutron we have for the proton and
neutron structure functions sz(w) and an(w) respectively

§6



12,

sz(uf)=qu sza (W) = Z Py (N,j)szq((N,j);w) (28.1)
o N, j,

an(w){EdFan(wa Py N, Fyp (N i) (28.2)
I

N, j,&
. . (2;3,8)
Consider the electroproduction sum rules
1 :
dw 2

I=S—F m=z N'Z N(q) (29.1)

o oo Fop®) . R W, | Ng
0 N:qu q
1

_ ¢ dw A . 2 B =

I S—w F, (W)= Z by (i) 2 Q N(@) (29.2)

0 N: JJq q

1
- = 3 2
Jp- S dw sz(w) = E - By (N,J)w (N)Z QqN(q) (30.1)
"0 N: Lo q

WwF, (W)= ) _5m(N,j)w(N)zQ2ﬁ(q) (30.2)

[
=
"
O (omyi—

N, j,& q
where 1 1
W(N) = Sw fg(w)dw = S\w f_lc\:(w) dw (31)
0 0

is the average value of the Bjorken variable in an N-parton assembly
of the nucleon, Making use of the charge symmetry relations

N ()= Nym)  Ny(p)=N ()  N(p)= Ny(n) (32)

where the subscripts stand for the three kinds of quarks q;= P, dy= 1,
da= )\ , (p) and (n) indicating the number of these quarks in the proton
and neutron respectively, and the canonical values of quark charges
we get from (29) and (30)
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m[._.

Al=1-1,= Z —(N (p)p (N, j) - Ny (p) b, (N,j)) +
N, J,&

+ > 20, m)n, (N0 -N () By (N30 + (33)
N, j, &

A % N, (p) (py (N, §) - Pgy (N, 1))
N, J,

j,of

AT Iy Ehlwy ¢ D o (N (R)B, (N,1) - Ny(p) B (N, D)+
N, j,

£ 2N, p (N3) - N () By (N, W(N) + (34)

N, j, &

> —g—NS(p) (Py (N,3) - Py (N, )3 (N)

ijlm
The above equations are greatly simplified if
Po (N3} = g (N, ) (35)

that is if the probability of a configuration is a property of the nucleon,
In this case egs. (33) and (34) become

Al=F+ D> p NHD O (33")
N, j. &
(wy o |
QA== Z po‘(N)J) Dq (N{J)W(N) (34")
N,J.&



14,

with

{w) = Z Py (N, HW () (36)

N, j,X

the overall average of the Bjorken variable and

Dy (N §) = = (N, (p) - Ny (p) (37)

4,1,- Llewellyn-Smith's Inequality for AI.
Llewellyn-Smith(z) has derived the following inequality for 4l

‘IAIl‘L‘l/B (38)

Later shown to be invalid. It is interesting to go through the deriva-
tion of (38) to better understand the assumptions involved. Smith con-
siders SU(2) configurations and writes

2
A 1=% p(N) gl pth)A IJ.(N) (39)

with

arm- ZQ N(a) -ZQ N(q) = = +2(N, (p)-N,(p)) (40)

and for the two configuration classes j=1,2 sets

Nl(p)—Nz(p)=0 ¥=1; Nl(p)-Nz(p)=-1 j=2 (41)
so that (40) yields
A1 (N)=1/3; AL(N)=-1/3 (42)

Substituting from (42) into (39) and defining

E =z p(N) pz(N) 0£ g.&1 (43)
N
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yields

& e E (44)

which together with (43) gives the inequality (38), To begin. with

eq. (39) is wrong because it is not a meaningful statistical average

as it duplicates probabilities (c.f. egs. (14) and (15)); the values of
Nl(p)-Nz(p) in eqgs. (41) are completely arbitrary and since SU(2) con
figuration classes are equivalent

pl(N)= py(N) = 1/2 (c.f. egs. (19) and (20)).

so that eq, (44) should give AI =0 and the inequality is trivially sa-
tisfied,

4.2.- Gourdin's Solutions.-

Since experiments exclude simple parton assemblies it has
been argued that neutral vector mesons (gluons) which could provide
binding of the charged partons (quarks) are necessary, Treating the
partons (both charged and neutral) as free is then a first approximation.
Gourdin(3) has considered this possibility and tries to extract infor-
mation on the average values of the Bjorken variable @)= q2 /2M ) and
the ratio of the total number of neutral partons (gluons) to charged
ones from the sum rules in eqgs. (30). These averages are understood
o be taken over all parton assemblies; however values for them are
given for the three SU(3) classes (C.1.), (C.2.) and (C. 3.). It is theo
retically possible to define such averages but they cannot be related
to or extracted from experimental data because these latter, by their
very nature, are averages over all parton configurations,classes and
parton assemblies etc. To see the assumptions involved we now con-
sider the derivation of Gourdin's solutions for these averages.. Let N,
(j=1,2,3) be the total number of partons of all kinds in a parton as-
sembly of configuration class j; the parameter T]_J. defined by,

_ 1 _ 1
12, Z@N(cn—N_ (2N+3) (45)

where q runs over all charged partons,is the fraction of gluons in the
nucleon when it is in the configuration class j. It is also assumed that
the nucleon's longitudinal momentum is equally distributed among the
partons so that the average longitudinal momentum per parton in the
configuration class j is
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1
CUj(N)= defN(x) X = ﬁl— (46)
i J

where fg(x) is the density function in eq. (23). Using eq. (24), which
as shown previously is not a meaningful statistical average, the follo

wing averages
N(q) '} _ N(q)
(ﬁ) . Z p(N) —N‘JL (47)
N

are defined for all charged partons in the configuration class j. Ma-
king use now of egs, (47), (46), (45), (32), (25) and (24) yields for the

sum rules Jp and Jn‘

N, (p)
- § - 2 P 2 1
Jp— 5 {1- WJ.) )+ 3 (w3}+ 3 ( Nj > (48.1)

N, (p)
1 1 2 2
1 - Q)+ 5 Qw2 5 > ws.2)

where all angular brackets are averages with the weight p(N) over
all N as in eq, (47). From eqgs,. (48) one gets

N_ (p)-N,(p)
i 2 1 2
B I=T -3 = Wy +5( N, > (49)

n

On the left hand sides of these equations are experimental quantities,
J, J, and AJ while the right hand sides contain parameters which
depend on the SU(3) configuration class, The two sides cannot there-
fore be compared with each other because an experimental quantity is
already an average over all SU(3) configurations and classes thereof.
Granted one can carry through with the derivation the following values
are found for {Vl})and {W.) by making specific choices for the para
meter ((N (p)- N2(p))/N % in the three configuration classes e
(C..2.") and (C 54y )

N (p) N, (p) N, (p)
Lo R L ' ;r ! 137 ), =(1\?. > (50.1)
j j j

&L
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Substituting from (50) into (45) yields

N (p)

{77 =5 0= (yy)- o A0
making use of which together with (50) in egs, (48) and (49) gives
1 e : -
<ﬁ3—> = () =347; Myy=1-513, (51.1)

Nl(p) N (p) 3 (p)-1

(C.2.) j=2 (Nj- Y= ( e

> (50. 2)
Going through the same steps as those under (C.1.) one finds
LA - . ; i )
<TJ> =(W;) =347 (U =1-579,-347 (51.2)

N_(p)- 1 N_(p)-2

( : > (50. 3)

(2

(C.8.) j=3 (
%

Using (50.3) in eqs. (48) and (49) as before gives

(qu——):(wjr-BAJ; (T]_j)=1-—g— I (51.3)
J

Because experimentally AJ» 0, the negative value of {1/N.) in eq. (51. 3)
led to the conclusion that the configuration class (C.3.) is" excluded
experimentally(3). Actually this grroneous conclusion or any other of its
kind was unavoidable since eqgs. (51.1)-(51,3) originated from wrong
premises, The choices made in eqgs. (50.1)-(50.3) are completely
arbitrary and not physically motivated although they could be sugge-
sted for a particular configuration by the form of egs. (3,1) -(3.3).

If gluons were really necessary they could be introduced as follows:

.’Z_ N,j) be the fraction of gluons present in an SU(3) con-
figuration ¢x ; in place of eq. (45) we have:
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1 1
= i)y = —— = — !
1 T10‘(1\1,3) ~ Z N(q) = — (2N+3) (45')
t t
q
where N; is the total number of partons of all kinds, both charged and
neutral, and in place of (46)

1

0 (N) = S i fz’(x) e T\rl_ (46")
t

0

Eq. (47) now becomes

4 —"‘—) Z B, (N,3) R (a77)
N, j.& $

This and other ensemble averages are not configuration class para-
meters, Substituting from (47') , (46'), (45') and (32) into (30) gives (35)

1(p)

=_.(1 D )+—2-(Lu> +—( (48.1")

Nz(p)

(48.2")

5= (-0 )5 AWy + 2 (

and for AJ,

N, (p)-N,(p)
] _1 B i bl . e ;
8I=3 -3 = {w) +-3 ( 2 > (m)-(Nt ) (49"

t

or in an equivalent form
2 sk
B Jrd -3 =g {wy +(DW)

(owy= D » o Myd) Dy (N, )w () (34")

N, j, &

D (N,3) = 5~ (N, (p) - N, (p)
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In eqs. (48') and (49') there is no reference to configuration classes,
All of the quantities in the right hand sides of these equations are pa
rameters of the model to be determined by further inputs. Without the
se inputs nothing can be said about them and hence must be regar-
ded as unknown. Configuration mixing has therefore considerably re-
duced the predictive power of the parton model and the inclusion of glu
ons adds one more parameter to the unknowns,

The assumption of equal distribution of the nucleon's longitudinal
momentum among the partons reduces the total number of unknowns
by one as it establishes a relation between {1, (N/N ) and (W)=
(l/N Y. To see this take the ensemble average of (2N+3)w(N) and
1- "'Z (N j) and obtain from (45') and (46')

(M) +2 (%>:1—3(w) =1-3(§—-} (52)

t

where N=N_+N,+N, is the total number of antiquarks., Since N} 0
and 'lq(N,j) %0 their average values are constrained thus

(M) ¢ 1-3¢w)y; (3¢ 1/20-3¢wy)  (53)
t

To have an idea of these upper limits let us compute (w) Multiply
AT in (33') by {w) and subtract from (34') to get

AT=ALCWY + 2 gy (N5 (W (N)- (W) ) Dy (N,J) (54)
N, 3, 8

<w> can be calculated from this last equation in two ways. Ih a
first approximation identify the terms in eq. (54) as follows

1
AL W) = S dos (F, (W) -F, (@) (55.1)
1712
1/12
> py (N5 M)- Cwy 1D (N3 = | dw(F, (0)-F, @) (5.2)
N, & 0

where the cutt-off W=1/12 corresponds to the lowest value ofa for
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(6)

which the neutron data have been analysed
mental numbers in (55.1) gives

. Inserting the experi-

0.3: 1=0.13
(W) =a5/a1-= (56)
0.2: 1=0,19

The inequalities (53) then become

D ¢ 0.1: 1=0.13

0.4: 1=0.19
(57)
0.05: 1=0,13

t 0.2 ¢: I=0,18

Next note that the integral in (55.2) is over the diffractive sector

of the scaling curves F2 () and an(w) where the proton and neu
tron look very much alike; differences between the two particles cer
tainly tend to disappear for large N parton assemblies(5 . As a result
large N assemblies dominate the ensemble sum in the left hand side
of (55.2), We can thus use the results of eqgs. (19), (19') and (20), valid
for N—p oo, and define through (33') and (34') asymptotic values ofal
and {w) , call thema I, and (w)a, in this limit.

AT =1/3; Ag=al, (W), W (N )= (w), (58)
Substituting from (58) into (54) and making use of (33') gives

AJEAT - aD) 0.19: I=0,13
{wy = = (56')

2
(AIa) 0.17y 1=0,18

The inequalities (53) now become
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(71 0,42 1=0,13
P4
0.49 1=0.19
(57")
0.21 I1=0.13

N
Iz %
t 0.25 1=0.19

From eqs, (56) and (56') it follows at once that the assumption of
equal distribution of'the longitudinal momentum of the nucleon among
the partons, that is { 0) = (I/Nt) , implies that the fraction of the
three valence quarks to the total number of partons within the nucleon
is about 50%

(3) =3 () =3 ¢wye 0. 54 (59)
t !

(5)

The background sea of quarks and antiquarks is thus simply inexi
stent, the maximum fraction of antiquarks of this sea from eqs, (57)
and (57') being

(%)z <—N1T> (60)

If a quark-antiquark sea is excluded by the simplicity assumption (W% =
= <1/Nt , an interesting structure emerges if gluons are allowed to
take its place, According to eqgs. (57), (57') and (59) it is possible to
accommodate an equal number of valence quarks and gluons within the
nucleon, Disposing the former at the vertices of a triangle and the lat
ter as the sides gives rise to a rubber band structure of the nucleon,
Such a structure is widely used in the dual resonance model although
what has just been said cannot pass as an indication of a necessity

for this structure of the hadron,
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