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In the framework of coloured quark model we obtain detailed predictions for the q? dependence of the structure

functions of the proton and the neutron and the oy/o,, ratio.

In a gauge theory of strong interactions with colored

quarks the Bjorken scaling law in deep inelastic scattering

is not valid [1,2]. The deviations from this law can be
exactly computed for the difference of the structure
functions of the proton and the neutron (=1 in the
t-channel) [3}. However specific assumptions are
required to compute the deviations from Bjorken
scaling in the sum of the structure functions of the
proton and neutron (I = 0 in the ¢-channel). In this
letter we try to obtain predictions also in the latter
case.

It is well known that for each spin N three different
operators contribute to the light cone expansion of
two electromagnetic currents in the 7 =0 channels.
(Only one operator is present in the 7= 1 channel).
Neglecting y matrices, covariant derivatives and
indices, these three operators can be formally written
as:

O =fin+pp —27\; O°=fn+pp+A\;

m
Oy=VV

p,n, A and V are respectively the three quark fields
and the gluon field. We assume the presence of only
three kinds of coloured quarks; the results can be
extended to more complicated cases where 4, 6. to 7
quarks are present, provided one is able to treat
correctly the consequences of large unitary symmetry
breaking. Our results should remain valid in an inter-
mediate energy region where the production of heavy
quarks is negligible. The operators which transform

multiplicatively under the action of the renormaliza-
tion group are [4]

0% ; O =ayo3+0N; OM=by0% —0N . ()

Using the eN scattering data at a fixed value of g2 it
is impossible to disentangle the contributions of these
three operators, however each contribution has a
different dependence from g2.

In this letter we propose a minimal set of assump-
tions to fix the relative contributions of each of these
operators. These assumptions allow us to compute
the distributions of gluons and antiquarks inside the
proton; these results have observable consequences
for the g2 dependence of the structure functions and
on the ratio o;/0,,.

Roughly speaking, we suggest that the short range.
part of the interaction may be neglected; taking into
account only the long range part the proton is com-
posed in the P_, frame of only three quarks, antiquarks
and gluons being absent [5]. Turning on the short
range part of the interaction we introduce gluons,
antiquarks into the proton. We try to control this ef-
fect using perturbation theory and the renormalization
group [6] .

Technically speaking we propose that:

PP =PV Ip=0. )

However the precise definition of the Oy operators
depends upon the choice of the renormalization point
i: eq. (3) cannot be valid for any arbitrary u. We as-
sume that there exists a value of u such that eq. (3) is
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satisfied. We assume also that the vy, /(g) functions
which appear in the Callan Symanzik equation for
the Oy operators can be successfully approximated
by neglecting terms of order g* (g is the coupling

- constant of the coloured gauge field). In reality we
need a weaker assumption: we have only to assume
that the contributions to the v, functions coming
from graphs with many loops are proportional to
the one loop contribution, i.e. the functions y,(g)
factorize into the product Ay h(g) (4, being the
“anomalous dimensions of the Oy operators and
h(g) an n-independent function).

We understand that our assumptions are very strong
and are definitively wrong for particular values of
NNV = 1); their validity for general N critically
depends upon the magnitude of the coupling con-
stant at the renormalization point u. We consider them
as a first rough approximation which can be improved
after the construction of a reliable model of the
nucleon. More general but less predictive results can
be obtained studying the positivity properties of the
matrix elements of the OV operators. This approach
will not be pursued here.

Under these hypotheses we get [7,8]

1
FRaD)= [ FO(x, )" ax
0

- Cyl(1 ) G W w6 W 267N
Fo(x,4%) =3 1F3r, a9+ F3Ge, 4] @
8y =byllay +by),

e

G is defined in such a way that neglecting the high
order contributions to & and 8 one gets

Sa, 2 2 g
= + . =
G=1+"In(q" /), a=g . (5)
Eq. (4) is the main result of our work; the rest of this
note is devoted to the extraction of observable conse-
quences from it. Fy(q2) depends upon g2 only via G.
In the large g2 region we get:
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Fig. 1. Curves I and II represent respectively A%(G) and A?V(G)
for G = 10 as a function of the order NV of the moment to
which they refer.
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It is clear that our assumptions fix the relative weight
of the contributions of each operator in deep inelastic
scattering and allow us to compute the derivative of
each moment. It may be physically interesting to write
the effective anornalous dimension as the sum. of the
octet part and of a correction due to the mixing of
fermion and gluon operators. This correction is G
dependent: it is the only part of A}f(G) which depends
upon our assumptions. In fig. 1 we have plotted
A%(G) and Aj%, for a particular value of G (G = 10).

If we analize the structure of the Feynman diagrams
which contribute to eq. (4), we discover [6] that the
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right-hand side can be written as the sum of two
pieces, the first being the contribution of the valence
quarks, the second of the quark antiquark sea.

N } . -A%
1[‘1(\)/(4'2) = VN(Clz) + L"N(qz) ; VN(CI2,) = %CNG N

1 II 8
Sy(@) = Cy[(1 —8)G N 45,67V _ N |

1 11 8
(1=6)G N4 5,67N _ N
F3 @)
AN
AN

@ 2N —
L5]\/(‘1 )= 4! 4l _
(1-85)G N+6NG N+i—G

=Rp(G)FR(g?) - @)

It is possible to separate the quark and the antiquark
contributions to deep inelastic electron scattering and
consequently compute the ratio of the antineutrino
and neutrino cross sections.

In principle eq. (7) may be used to fix the value of
(; however it can be done more accurately using the
fact that 012 is the stress energy tensor and its matrix
elements among states at rest are shown. For N =2
eq. (4) can be written as:

t 2219 16 ~—0), 1 —-04 f
JFS(CI )—‘9‘ 58 T356 062]+1—sG 0 . (8)

For G = 1 we recover the naive quark model sum rule,
in the limit G -> o we obtain the G asymptotic pre-
diction 2/25. Inserting the experimental value 0.14
we obtain G = 10.

Up to now we have analysed the behaviour of the
moments of the structure functions. The results for
the structure function itself may be obtained performing
the antiMellin transform of eq. (4) and eq.(7) and
using the Mellin convolution theorem [9] . One gets

[3]:

1F°x.00) olg? ;
dF°(x,q%) _o(g®) 3 +41n(1—x)] Fo(x,qz)ﬁ-f’@_
dlnq2 3n Y

X

I 4t 4yF°(x,q°)
X [(42y(1—y)+m +a(y)) F(x/y,q2)——~lwy }}

1
. 1y
SG.a®)= [ AV Fly. 4 ©)

X

The functions a(y) and r(y) are respectively the anti-
Mellin transforms of A (G) and Ry (G) and are G
dependent. They have been plotted in fig. 2 for

G =10.
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Let us define by q(x, ¢2), (G(x, g2)) the number of
non strange quarks (antiquarks) in an equal mixture of
protons and neutrons. In our model the sea is SU(3)
symmetric and therefore distribution functions of the
other quarks can be easily obtained. These new func-
tions can be directly extracted from the neutrino and
the antineutrino data [10] ; they are equal to:

xq(x, ¢*) = L [FO(x, %) — S(x,q7)] +38(x, ¢*)] ,

xq(x, %)= 38(x, ¢%). (11)

Using as the input [11]
FH) = (1-x)°[1.274 +0.5989(1 —x) + 1.675(1—x)?] ,

FY— FY =x(1 —x)*,

at g2 ~ 3 GeV?Z (the reader may use his best fit to the
data or the data themselves), one gets the results plot-
ted in figs. 3 and 4, assuming a(g?) = 0.4 for g2 in the
few GeV range. This value is not very far from that
obtained on the basis of the width of the J-y particle
[12,13]. We notice that our predictions are wrong

in the limit x goes to O or 1, because the vy, functions
are divergent when N goesto 1 or oo,

In fig. 3 curve Lis our prediction while curve Il is
obtained neglecting the term proportional to A (G)
in eq.(6) [14]. The difference between the two
curves is small for x not too near to zero; an error in
our assumptions would only affect proportionally
this difference and would not change appreciably the
final results.
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Fig. 2. Curves I and 11 represent respectively the behaviour of
the kernels ¢(y) and r(p).

333



Volume 62B, number 3

@

/

——

Fig. 3 Curve [ is our prediction for'dlan(x, q2f)/d In q2 com-
pared with experimental data taken from ref. [15] (®) and ref.
[16] (w): the points taken from ref. [15] are [dIn W, /d ing?
+dInW,/d Ing?]/2 which correspond to (cy + ¢,)/2 of their
table 1. Curve II is obtained retaining only the octet operators
in the operator expansion.

The experimental values for d In Fg(x, q2)/d In q2
depend strongly upon the choice of the scaling variable
(x or x"). Moreover under our hypothesis the relation
xF = 2F, should be approximately valid for reason-
ably large g2 and asymptotically true. Our predictions
do not distinguish 2F,(x, q?) from xF 1 G, g%). We have
resolved this ambiguity plotting in fig. 3 the experi-
mental values for §[dInF,/dIng?+dInF,/dIng?] .
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Fig. 4. Our predictions for the amount of quarks (o) and
antiquarks (@) on an equal mixture of p and n nucleons are
presented together with experimental values extracted from
neutrino and antineutrino scattering.
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This problem arises only for the e-p data [15], the
w-p [16] data have not been used to separate F
from F.

It should be clear that we need more precise data
in a wide range of g2 to understand if the Bjorken
scaling law is violated asymptotically or its violations
are a low energy phenomena which will finally disappear
with increasing ¢2. Moreover if the Bjorken scaling
law is not valid, it is not simple to distinguish asymp-
totically free theories and scale invariant theories
with anomalous dimensions: one should determirie
the g2 dependence of the violations of the Bjorken
scaling law. We remember that it was noticed long time
ago [9] that the “observed” pattern of scaling viola-
tions (increase at large x and decrease at small x) is a
general feature of any scale invariant theory (both
asymptotically and non asymptotically free): it stems
from the conservation of the stress energy tensor {17].

At the present moment one can only compare
the derivative of the structure function with the predic-
tions coming from field theory at only one value of
q2; in this letter we have accomplished this task in
the case of coloured quarks interacting via gluon
exchange.
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