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It 15 demonstrated that recent measurements of || éFz (x, Q2) dx eliminate already all
strong interaction field theories except QCD A detailed study of scaling violations of
Fa(x, Q2) in QCD shows their insensitivity to the gluon content of the hadron at presently
measured values of Q2

1. Introduction

Recently, much new and accurate data on the structure functions of the nucleon
were accumulated [1-3] in high-energy lepton-hadron deep inelastic scattering
experiments. The Q2 dependence of the structure functions was found to be com-
patible with the predictions of QCD. Comparison of the new data with other con-
ventional (fixed-point) field theories of the strong mteractions was, however, not
seriously undertaken. A first attempt 1n this direction was started in ref. [4] for the
non-singlet structure function F4N and it was stated that only QCD is compatible
with the observed Q2 dependence. This analysis was repeated 1n ref. [5] where it
was found that fixed-point theories with smaller fixed coupling constants a* than
those taken in ref. [4] are also compatible with the observed Q2 dependence of F}N
at 0% > 5 GeV2. Such results rest of course on the (so far unproven) assumption
that there exists a fixed point coupling g* as Q% > o0, 1.e., f(g”) = 0, such that the
effective coupling constant o /4m << 1, a necessary requirement to get approximate
scaling 1n such theories.

Fixed-point theories differ from QCD manly in their singlet mixing properties
[6,7] which explains why a study of the non-singlet structure function F5(x, Q%)
over a limited range of Q? does not suffice [5] to eliminate these theories as
possible candidates for describing fundamental strong interactions. For this purpose
one must turn to the structure functions F,(x, Q%) which contain singlet components.

456



M Glucky E. Reya | Discrinunative deep inelastic tests 457

This analysis was undertaken n refs. [6,7] for the older SLAC-MIT [8] and Fermilab
[9] data. It was found that only asymptotically free (AF) theories survived the test
of comparison with the data on scaling violations.

It 1s interesting to see how fixed-point theories compare with the recent and more
accurate data [1-3] on F,(x, 0%). Especially, the new data on [§F,(x, 0?) dx
enable one to eliminate the fixed-point theories by purely qualitative arguments in
contrast to the detailed quantitative elimination undertaken 1n refs. [6,7]. In sect. 3
we shall concentrate just on the information obtainable from studying the lowest
moment of F,, i.e., the 9 dependence of the area under F,. We will see that the
recent measurements [1—3] of fAF,(x, Q%) dx, which decreases for increasing 02,
already eliminate all fixed-pont field theories. In sect. 4 the full x and 0? depen-
dence of the data will be compared with the predictions of QCD and their sensitivity
to the gluon distribution in the hadron will be tested.

2. Vector and scalar gluon theories

These are extensively discussed in ref. [7] and the reader 1s referred to this paper
for details. Here we only recapitulate and extend those parts essential for our present
analysis. The notation of ref. [7] will be followed throughout. The anomalous
dimensions for vector gluon theories are given by
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with o = g2/4n and where C5(R), T(R) and C,(G) are as follows.
(1) For QCD, i.e., eight colored vector gluons and three colored quarks (of each
flavor, the number of flavors being f):

CGRY=%, TR)=1f, CG)=3.
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(i) For non-colored (Abelian) vector gluons and three colored quarks.
CR)=1, TR)=3f, GCG)=0.
(ri) For non-colored (Abelian) vector gluons and non-colored quarks:
GR)=1, TR)=f, C(G)=0.
For scalar gluons one has [10] *
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where C,(R) and T(R) are exactly as before in the corresponding color situations (i)-
(ii).

The crucial role 1n discriminating between different field theories 1s played by the
flavor-singlet part of structure functions, which is uniquely fixed by the well-known
mixing of the fermionic and gluonic singlet Wilson operators. This comes about by
diagonalizing the singlet anomalous dimension matrix

N 7¥‘F 7¥F
7(”)_ F v
Yvv Yvv

by §=y_P~ + v, P with

Ye= 3D EFt Vv E Vv = vEp)? + 4ySvTvEl (2.3)

and where the projection operators are given by

P‘=(p1_1 Plz—)
p21 L —pna

and P* =1 - P~ with
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* Note that the anomalous dimenstons for scalar gluon theories calculated by Batlin and Love
[11] are wrong! Although these expressions have been adopted for the analyses 1n refs. [6,7],
the results obtained there for the scalar gluons remain practically unchanged.
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and similarly for scalar gluon theories. The Q? dependence of the fermionic singlet
component of Fy,

xE(x, 0)=xDlalx, 0°) +4(x, 0%)] , @.5)
q
where the sum runs over all quark flavors f, 1s predicted to be [7]

Zn(Q2) = [an 2:n(Q%) + 5n Gn(Q%)] €
+ [(1 = o) Bn(QB) — BpGn@3)] ¢ *= 2.6)

where for brevity we have defined «,, = p71(n) and §,, = p5;(n), which govern the
signlet mixing to leading order m o, and the moments are defined by

—sa_(n)

1
Gu0Y= [ axx"'G(, 07,
0

etc., with G (x, Q%) being the gluon distribution. For QCD the renormalization
group exponents 1n eq. (2.6) are given by

In(Q?/A%)

In(Q3/A%)’

with ab = (a/27) (11 — %f) and A being determined by experiment (A = 0.5 GeV).
For an asymptotically non-free fixed-point theory these exponents read

a,=v,/(ad), s=1In (2.7)

Q2
a,=3y, s=In", (2.8)

0

where now the value of the UV fimite fixed point a = &, appearing 1n 7,, has to be

determmed by experiment. The flavor non-singlet (NS) component, governed by

vEr alone, is easy to calculate since 1t does not mix w1th the gluons, and can be

found for example in ref. [7].

One of the important advantages of the recent deep inelastic neutrino experiments
[2,3] 1s that they can measure directly the singlet component in egs. (2.5) and
(2.6) since

FN(x, 01 =xZ(x, 0?) (2.9)

(above charm threshold and always assuming s =75, ¢ =€), whereas deep 1nelastic e
(or u) scattering off nucleons measures in addition the NS part, as for example
F¥Px, 0*) =& xZ(x, Q) +ix[u+a-d-d—-s—s+c+¢] (2.10)

with u = u(x, 0?) etc., and where the Q? dependence of the NS expression 1n square-
brackets is determined solely by ang = YEp/ab
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3. The lowest moment of F,

According to eq. (2.6) the Q2 dependence of the lowest (n = 2) moment of the
singlet component 1s given by

2200 = a3 + [2203) — oa) ¢~ 3.1
where we have used a_(2)=0, G, = 1 — Z, and o = $,. This quantity, being the
total fractional momentum carried by the fermionic constituents in the nucleon,
1s experimentally directly measured in neutrino scattering on matter

1
[ NG, 0%) dx =2,0Y), (32)
0
whereas for e(i) p processes we have

1
[ F¥e, 0% dx = 22007
0

+ £ [ua(Q3) + 1,(03) — d(QF) — 25,(Q8) + 2c,(03)] e 5N . (3.3)

At moderate Q% == 2—4 GeV?, corresponding to our input 03, Z,(Q3) =~ 0.52 [2,3]
and hence, since @, > 0, 2,(Q?) 1s an increasing or decreasing function of Q2
depending on whether a5 1s larger or smaller than ;—, respectively. Substituting the
different possible values of C,(R) and T(R) mto eqgs. (2.1) and (2.2), tt turns out
that a, < % only for QCD where a, = % Note that, although for n = 2 we have

@)
YERQ2) +1yv(2)

this expression 1s not sensitive to the triple-gluon couphng since the coefficient of

ay 3.4)

Table 1
Values for ay = p71(n = 2), assuming always four flavors (f = 4)

@
3
colored vector QCD 5
gluons and quarks
non-colored (Abelian) colored quarks g"
vector gluons non-colored 2
quarks 3
colored (non-Abelian) scalar i%
gluons and quarks
non-colored (Abelian) ’ colored quarks :7,%
scalar gluons non-colored 24
quarks 25
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Fig. 1 Comparnson of the Q2 evolution of the area under £, predicted by vector gluon theories
according to eqs (3 2) and (3.3), with the up data of ref. [1] (@) and ref. [12] (o), and with the
vN data of ref. [3] (w) and ref. [2] (D).

C,(G) n vy y(2) vanushes. It is a unique feature of all other presently known field
theories that a > 1, as 1t is summarized in table 1, which forces [§F,(x, Q%) dx to
increase with Q2. Since [§F,(x, Q) dx is experimentally observed [1—3] to
decrease with 02, all theories except QCD are already excluded on the basis of this
single qualitative observation.

In fig. 1 we compare the data [1—3] for f{F,(x, Q%) dx with the predictions of
QCD and of the Abelian vector field theory, for which we have taken the fixed point
" to be 0.5 in agreement with an analysis [5] of the moments of F4N. The mput
for the small NS contribution in eq. (3.3) can be easily estimated from the e(u) p
and e(u) n measurements [8,12] and the vN data [2,3] tobe uy +21, —dy —dy —
25, +2¢, = 0.12 at Q3 = 4 GeV2. We clearly see how the data eliminate the Abelian
vector theory where o, = g (see table 1); the prediction of scalar gluon theores is in

even worse agreement with the data since their values for a, are always larger than
6

7

4. Scaling violations in F(x, Q%) and their sensitivity to the gluon distribution

Besides confirming QCD it was also attempted in refs. [1-3] to extract the
gluon distribution G(x, Q%) in the hadron form the observed scaling violations of
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Fy(x, Q%). For this to be a reliable method, the predicted scaling violations must be
sensitive to G(x, Q?). To check this sensitivity we have calculated the scahing
violations once with the standard gluon distribution xG(x, Q3 =~ 4) = 2.6(1 — x)*
and once with G(x, 03) = 0. Thus latter choice obviously violates the energy mo-
mentum sum rule and 1s intended only as a check on the abovementioned sensi-
tvity to G(x, Q3). For the quark distribution we took at Q3% =4 GeV?

x(uy +dy)=4.546x0-624(] — x)>657
xdy =2.715x%77(1 —x)*7,
xs=0.17(1 —x)7 ,

xc=0.05(1 —x)3°,

which result from a fit to the data [1,3,8,13] at Q(z, ~4 GeV? and x 2 0 04, assum-
ing i =d =sand u = u, +1, etc. We have deliberately avoided the region x < 0.04

in order to avoid any sensitive dependence [14] on the charmed sea distribution. The
negligibly small charm distribution, which has been included 1 eq. (4.1), results
from the lowest two moments predicted by the virtual Bethe-Heitler process [14,15]
1e., c2(03)= 1.6 X 1073 and ca(Q3)=29X10° corresponding to m, = 1 25 GeV.
To further make sure that the results do not sensitively depend on our standard
input gluon distribution chosen, we have repeated the calculations using a broad
gluon xG(x, Q%) = 0.88(1 + 9x)(1 —x)* as suggested by the Caltech group [16]:

(4.1

>
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Fig. 2 Predictions of scaling violations in QCD for standard gluon input distribution (full lines)

and zero gluon input distribution (dashed lines) as compared with neutrmo data [3] (sohd
points) and ed data {8] (open points) multiphed by %
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Fig. 3. Comparison of the predictions for scaling violations with the 219 GeV up data (@) of refs
[1,13] and with the ep data (o) of ref. [8] The theoretical curves are as in fig. 2.

, within a few percent our predictions remain unchanged. The full Q2 dependence of
F,(x, Q%) 1s then obtained by using the standard Mellin inversion techniques as
described for example n ref. [7].

As one can see from figs. 2 and 3 the scaling violations with the standard gluon
distribution (full hines) do not differ sigmficantly (1.e., by less than a standard
deviation) from the ones with a zero input gluon distribution (dashed hines). A
distinction can be made only in the small x region at high values of 02, 1.e., 0% 2
50 GeV?2. Thus any moment analysis of F, with n 2 3 for determining the gluon
distribution is rendered meaningless.
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5. Conclusions

To summarize, we have shown that recent measurements of [3F,(x, Q%) dx which
decreases for increasing values of Q2 already eliminate all strong interaction field
theories except QCD. This should be contrasted with the information extracted
from measurements of F3(x, Q%) which, at present energies, can not be used to
distinguish between the different field theories of the strong interactions [5].
Furthermore we have shown that attempts [1—3] to extract the gluon distribution
in the hadron from the measured Q2 dependence of F,(x, Q?) are musleading since
the scaling violations presently observed are rather msensitivie to the gluon distribu-
tion. Only precision measurements in the small x region, not accessible to any mo-
ment analyss, at higher values of Q% could shed further light on G(x, Q3).

We thank G. Altarelli for a very helpful discussion
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