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Can Recently Measured Moments of FgN Discriminate Between

Field Theories ¢f Strong Interactions?

E. Reya

Ceutsches Elektronen-Synchrotron DESY, Hamburg

Abstract

It is demonstrated that moments of the flavor non-singlet structure
function F;N cannot discriminate, contrary to recent claims, between
QCD and other nontrivial fixed point theories of strong interactions,
even by taking into account the CDHS precision measurements. Only
quantities, such as FZ(X,QE), which receive also f]avor singlet con-
tributions (dominant at small x) can provide us with discriminative
tests of strong interaction theories using present experiments; it

is not sufficient to study just moments (n»2) of F_, since these

2
are sensitive mainiy to the non-singlet (iarge x) contribution.



It has become a widespread belief [1-3] that measurements (47 of moments

of the non-singlet structure function FEN constitute already a unique

test of QCD and strongly disfavor conventional (fixed point) vector and
scalar gluon field theories of strong interactions. It is the purpose of
this note to demonstrate that such conclusions are incorrect, even by
taking into account the very recent nign-statistics precision measurements
of the CDHS collaboration [ 5], as long as only flaver non-singlet quantities
are considered. Flavor non-singlet structure functicons yield at best a
consistercy check [4,5] of QCD and are equally well in agreement with all
asymptotically non-free fixed point theories known - at least in the
presently accessible range of QZ. Specifically, we show that these F':‘;H—

moment data can be accounted for by abelian vector-gluon (erw Rr) .
non-abelian scalar-glucon (? ’\a ¥ ‘-ﬁ,) and abelian scalar-gliuon (':V—Wtk)
theories as well. Such results rest of course on the (so far unproven’
assumpticn that there exists a fixed point coupling g* as Qz-a @© . T.e.

Q(g*) = 0, such that the effective coupling constantrg*/167r2<x 1 - a necessary

requirement to get approximate scaling in such theories.

In & four-flavor QCD the anomalous dimension [6]

4 1 = 1
= — - - 1
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governs the Qz-dependence of the moments of non-singlet (valence) structure

functions such as

1

M (@) = Loe " x‘F:N(x,sz‘) . (2)
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The renormalizaticn group improved prediction is that [6]

M g L (3)
" A*

i.e. the (—l/an)-th power of the n-th moments are expected to lie along
straight Tines when plotted against Q% with a common intercept

L B* = L AT These predictions have been found to be in very

good agreement [5] with the data for A= 0.5 GeV. Similar conclusions

have been reached from anajyz%ng [4] the BEBC data but it should be emphasized,
however, that these latter results rely heavily on measurements between Qe = 0.6
and 2 GeV2 - a region neither appropriate for the parton model nor for the
legitimacy of perturbative calculations. Therefore, in the present analysis

we shall mainly concentrate on the recent CDHS precision measurements [5]

where QE__6.5 Gevz, and use only those (Q2> 2 Gevz) BEBC data [4] which are

not seriously plagued by elastic events as well as by 111 understood binding

and target mass effects.

The ron-singlet anomalous dimensicn of an zbelian vector-gluon theory s

given by [7,8]

{ 16 a*
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where the fixed point oL¥ = ff: /‘HT nas teo be fixed by experiment. In

contrast to eq. {3) the Q2 dependence of Mn is now predicted to be

M LK) 5
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where the unknown normalization constants Cn(QO)EPHKQE)_I/a
V4

n have to
be fitted to the data at an arbitrary value of Q2 = Qo' Similarly, the
non-singlet anomalous dimensions of a non-abelian scalar-gluon thecry

is given by [7,8]

Sealap L~
. = 37 % (6)
with
~ A 2
a, = 7 [[—n(_ru:)J
which gives
¥
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The results corresponding to an abelian (Yukawa) scalar-glucn theory are
cbtained from eqs. (6) and (7) by simply multiplying o with a factor of
3/4.

From fig. 1 it can be seen that the predictions cf egs. (5) and (7) of
vector- and scalar-gluon field theories, respectively, are in equally
good agreement with experiment as the straight line fits [4,5] in luQZ
anticipated by QCD in eq. {3). The normalization constants Cn and En in
egs. (5) and (7) have been adjusted to the data at g% = 10 GeV®. Qur
conclusions remain essentially uraltered by fitting these constants to,

say, Qi = 5 or 20 GeVz. Considering only non-singlet quantities such as



F§N, it is therefore impossible tec distinguish between fixed point

theories and QCD in the presently measured range of 02 (£ 100 GeV2

)
not even with the recent high precision measurements of the CDHS group
(51. The allowed values of the fixed point coupling suggested by fig. 1
are 0.4 £ «* % 0.6 and 4 & «* £ 6 for abelian vector and non-
abelian scalar gluon theories, respectively. (A fixed point for abelian
vector-gluon theories in eq. (5) as large as [1] o*= 16F7/25 21 s
of course in striking disagreement with experiment.) It is not too sur-
prising that non-singlet quantities cannot easily discriminate between
asymptotically free theories and fixed point theories (unless precision
measurements can be extended to QZ = 200 or 300 GeVZ, say), since their
Qz-dependence is uniquely determined by just gﬂg anomalous dimension.

'v’_l/

Therefore, quantities such as i % are only sensitive to differences

in a logarithmic and a power-iike behavior in QZ. This 1s in contrast to
structure functions which receive also contributions from flavor-singlet
Wilson operators, such as Fz(x,QZ), the QZ—dependence of which s determined
by three different anomalous dimensions [6,8]; thus the different Qz-behavior
of QCD and fixed point theories manifests itself not simply in the difference
between a Togarithmic and power-Tike Qz-dependence but also in the very
different n-dependence of singlet {dominant for small n, i.e. small x) and
non-singiet anomalous dimensions of the various fie1d theories of strong
interactions. In other words one has to consider the whole Bjorken-x region
and not just large values of x (20.4)where only the non-singlet part plays
the dominant role. Therefore, studying only moments (n»2) of any structure
function wil} not suffice to discriminate between strong interaction theories

2

using present experiments (Q°4 100 GeVZ), since these moments test mainly

the Targe-x region of structure functions where the non-singlet contribution
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always dominates. Previous analyses [8,9] of FS’VN(x,QZJ have already

shown that deep inelastic data strongly favor QCD over other field theories.

Another theoretically very attractive test of field theories, which measures
ratios of anomalous dimensions directly, is obtained [4] by comparing the
logarithms of two moments Mn and Mn, which should result in straight lines
with slopes an/an. for {non-abelian and abelian) vector-gluon theories or
En/gn‘ for (non-abelian and abelian) scalar-gluon thecries. These slopes

are obviously independent of A and e , as well as of the number of
flavors. Note, that in this way one can discriminate oniy between vector

and scalar gluons, but not between subtleties such as their abelian or non-
abelian group theoretic structure. The slopes of the ordinary Cornwall-Norton
moments defined in eq. (2) are found [5]) to be in good agreement with the
predictiors of vector-gluon theories. However, even in the COHS experiment

[5], where Q%2 6.5 GeVe

» kinematical target mass effects play a non-negligible
role: Assuming that these effects can be in part accounted for by using Nacht-
mann moments [10,11], their slopes decrease by more fhan 10 % [5] as compared
to the ones corresponding to the moments in eq.(2)0n the other hand the pre-
dictions of scalar theories (En/gn.) are typically about 20 % smaller than

those of vector theories (an/an.). Thus, at present, scalar-gluon theories

cannot be clearly ruled out even by the high-statistics CDHS experiment.

To summarize, we have demonstrated that recent measurements of non-singlet
moments of F;N can only be considered as a (necessary) consistency check
of QCD, but are not sufficient to discriminate between other field theories

of strong interactions. Furthermore, as long as only moments (n>2) of any

structure function, e.g. F2, are considered, it will be impossible to dis-



criminate between strong interaction theories with present experiments,
since these moments test mainly the large-x region cf structure functions
where the non-singlet contribution always dominates. Apart from having
numerous theoretical arguments [12] in favor of QCD, the only deep in-
elastic structure functions which provide us with discriminative tests

of strong interaction theories are those wnich receive also flavor-singlet
contributions, such as Fz(x,QZ) [8,9]. This s, because for example the
“Towest (n = 2) moment of such quantities exhibit a Qz—dependence SO much
different [8] in fixed point theories (increasing) than in QCD (decreasing).
The recent precision measurement [13] of Fz(x,Qz) should prove unique in

providing us with clean discriminative tests of QCD.

I would like tc thank F. Eisele and M. Glick for helpful anc informative

discussions.
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Figure Caption

Fig. 1.

Comparison of measured [5] FQN-moments with the predictions

of abelian vectecr-gluon theories, eq. (5), and of non-abelian
scalar-gluon theories, eq. (7), for various choices of the fixed
point o* . The open circles and triangles are the data of ref. [4];
at higher values of QZ, these low-statistics data are of course

consistent with the high-statistics CDHS data [5] shown.
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