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Measuring the Triple Gluon Vertex

E. Reya

Deutsches Elektronen-Synchrotron DESY, Hamburg

Abstract

It is proposed to measure FL(x,QZ), or moments thereof, in order to
determine the 02 dependence of the gluon distribution. In contrast
to F2(x,Q2), the theoretical predictions for the 02 evolution of
the moments of the gluon density depend critically on the gluon
self-couplings and thus provide us with a clean test of the Yang-

Mills structure of QCD.



Most of the "direct" tests of QCD done or suggested so far are mainly
sensitive to the structure of the quark-gluon coupling, but not to the
non-abelian self-couplings of colored vector gluons. These tests include
the well known scaling violations in electro- and neutrinoproduction,
jets in ete” annihilation, Drell-Yan processes, and many others more.

Although present deep inelastic scattering data eHminatel’2

already all
strong interaction {fixed point) field theories which do not include
colored quarks as well as colored (non-abelian} gluons, such as QCD
or an asymptotically non-free fixed point version of QCD (with no local
color gauge invariance), present high-statistics experiments are in-
sensitive2 to the triple gluon vertex of asymptotic freedom. This is
not too surprising, however, since the triple gluon coupling enters the
Q2 evolution of Fz(x,Qz), for example, only in a very indirect way via
the singlet Wilson operator mixing (the term proportional to CZ(G} in
the gluonic anomalous dimension X\\:v(“) - we follow closely the
notation of Ref. 1.). Or, in the language of Altarelli and Parisi,3 the
Q2
| decay probability P

evolution of FZ(X,QZ) is not directly proportional to the gluon - gluon
9g° This is of course in contrast to the QZ development
of the gluon distribution G(x,QZ) itself. Thus, although the measured
effects of the breakdown of scaling require2 a fundamental strcng inter-
action theory to have colored quarks and colored vector gluons, the
(local) gauge structure, i.e. possible self-couplings of the gluons,

has not been seen and tested at all so far. Needless to say that this

last feature is essential for asymptotic freedom.

Possible direct tests of the gluon self-couplings, suggested so far, are

either exceedingly smaﬂ,4 and therefore non-perturbative effects due to
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final state interactions may totally mask these predictions, or5 are
experimentaliy not accessible in the near future. For this latter test
¢f the three-gluon (3g) vertex it has been proposed5 to lock for the Q2
evolution of gluon jets in heavy quarkonium decay, efe” > 00 » 3g -+ 1 + anything,
where the gluon decay function Dg(z,Qz) could be measured experimentally.
This requires, however, detailed measurements of Dg(z,Qz) for 0.3£z %1 and

100 GeV2 4041000 Gev®

, 1n order to delineate the triple~-gluon contribution.
In this note we propose to study the Q2 evolution of the gluon distribution
G(x,Qz) itself, and to determine experimentally this distribution by measur-
ing the longitudinal structure function ng,QZ) in deep inelastic electro(muo)-
or neutrinoproduction. Measurements of this latter quantity should become
available in the near future.6 The idea is the following. In order to avoid

any ambiguities on the theoretically 11 understood x-dependence of G(x,Qg)

at a certain input momentum Qg, we discuss only moments of structure functions,
which weight the large Bjorken-x region and are partly already known experi-

-3 Of course, our subseguent discussion applies to the full x-depen-

mentally.
dence as well. To leading order in perturbation theory, the n-th moment of

the longitudinal structure function FL"-:-'-I:2-2xF1 is given by

2 2

FLono1(Q) = CiF, (%) + aCEGn(QZ

) (1)

where Ci and Cg are the moments of the longitudinal projections of the

fundamental processes10 Vg -» gq and Vg = qq (V = X* or W), respectively,
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and, in the four quark model, 6L=;B: *q for electroproduction and
=4 for v and ¥ scattering on matter, and o (&%) = 121/15&(41//\1)

with A =20.5 GeV. The moments of the structure functicns are defined by

\
thﬁlt) = (dx ™ G(x,2) . From Eq. (1) we see that good
Q
data on FL n—l(QZ)’ together with the experimental knowledge of7_9
F2 n_l(QZ), n=2,3, ...., can be translated into a reascnable knowledge

of the gluon density

T (we)(nel) y _ Llws) .
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It should be noted that, for this case, FL(X,QZ) needs only to be measured
accurately for x20.3, since n>2 moments are sensitive mainly to the
large-x region of structure functions. Furthermore, as we shall see,
measurements in the regiorn 10 Ge\lzﬁst 100 GeV2 will be required in
order to clearly pin down the triple gluon coupling. At these large values
of QZ, non-perturbative contributions to FL can be safely negl ected11 since

-they are of the order k?/Q2 or m2/Q2, with kT being the intrinsic trans-

verse momentum of partons and m some typical hadronic mass scale.

Theoretically the Q2 evolution of the moments of the gluon distribution is

predicted by the renormalization group to be1

G (8" -Sd_(w) o -sa (W)
=[1-a, +"—'(l ade e T o -Z20-d)e (@) T
6,08 g B
(4)
where of = (XEF_X*')/(Y“-Y*) and (SK-.: YT\;—V/(X'“X*') with the

anomalous dimensions in the well known nctaticn as given for example in



Ref, 1. The eigenvalues K+ of the singlet anomalous dimension matrix

are simply related to the renormalization group exponents in Eg. (4)

for an asymptotically free QCD byl

£ Lo (7R
L= —— 3 S = /&L _—_— (5)
LT o (1)

with W6 = 11 -1§/3 , f being the number of flavers; for an asympto-

tically non-free fixed point theory these exponents read

L L
a, = o ) s-&w (6)

where now the value of the UV finite fixed point o« appearing in Y. ,
has to be determined from experiment: a moment ana1ys1’sl2 of'F:Nwith
non-colored {abelian) vector gluons yielded & fixed point of about C.5
and therefore, in the only relevant remaining2 fixed point theory with
colored (non-abelian) gluons which survived all tests so far, we have tc

1,2

take d*==%-0.5 in order to account for the different value of the

group invariant CZ(R). For this fixed point QCD all anomalous dimensions

are the same as for an asymptotically free QCD exceptl’d taking the group

. . . v
invariant C,(G) = 0 in Yvy

The Q2 evolution of the gluon cdistribution is now uniguely predicted by

Eq. {4} provided we know the input wave functions at Qi, i.e.

0.(8)) = @)/ 6,80 7



with the fermionic flavor-singlet component Z(x,ﬂl) B );[q(nﬂ‘h E{Q,ﬂ')] 5

the sum runs over all quark flavors f, being measured directly by8’9

¥N
-F-;, (xjat) = KZ(x,aL) above charm threshold, and where we have
taken s«s and c& ¢ for the small strange and charmed parton distributions.

In order to avoid any theoretical prejudices as far as the input gluon

2

distribution G(x,Qi) is concerned, we only use the lowest moments Gn(QO)

8,9

determined experimentally from the Q2 variation of then = 2,3,....

moments szﬁ_l(Qz). It should be noted that such a determination is in-
sensitive2 to the triple gluon vertex, which enters the Q2 evolution pre-
dicted by the renormalization group only in a very indirect way (via the
singlet mixing). The actual values obtained for Gn(Qg) in this way are
therefore practically independent of whether one uses the common asympto-
tically free QCD or a fixed point version of QCD with no gluon self-coupi-

ings. The input quantities in Eq. (7) are then estimated to be®>9

0, = 1.08%0.15 , ¢ = 2%0.5 , @.= 1.6%0.4 (8)

2

at Qgr_-il GeV™. The n = 2 moments are not very interesting for our purpose

since they refer just to energy-momentum-conservation.

Figure 1 shows the predictions for the QZ evoluticn of the lowest gluon
moments as predicted by Eg. (4). It can be seen that the effects due to
the triple gluon coupling, the term proporticnal to the group invariant

1 \
‘bfvv , are enaormous

CZ(G) in the purely gluonic anomalous dimension
(this is in <:ontrast2 to the fermionic singlet quantity Z(x,QZ) measured
by F3'(x,0%)). Already at Q%= 50-100 GeV®, the predictions in Fig. 1(b)

of a fixed point version of QCD (a non-Yang-Mills theory with colored gluons



and colored quarks but with no glucn self-interactions) differ by more
than a factor of two from the results of QCD in Fig. 1(a). But even
within asymptotically free QCD the Q2 evolution of Gn(Qz)‘is entirely
dominated by the triple gluon vertex as can be seen from the difference
between the solid and dashed curves in Fig. 1{a), the latter being the
result without the contribution stemming from the triple gluon coupling

4 GeVZ, a region appropriate for future

(C,(6) = 0 in Yy, ). At Q7= 10
ep colliding beam facilities, the effects due to the triple gluon coupling
become as iarge as c¢ne order of magnitude. These results depend rathner
weakly on the poorly known higher input moments in Eq. (8): Taking the

extreme values of ?“(Qg) as allowed by experiment in Eq. (8), the results

shown in Fig. 1 differ by Tess than 3 %.

Thus measuring, in additicn to Fz(x,Qz), the lTowest moments of FL(x,QZ)

up to Q%% 50-100 GeV?, which should be feasivle® with the p-beam and
neutrino experiments at CERN in the near future, the Q2 dependence of the
moments of gluon distributions will provide us with clean unambiguous

tests of the Yang-Mills structure of QCD, i.e., of the gluon self-couplings

which are so very essential for asymptotic freedom.
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Figure Caption

Fig. 1.

Predictions for the Q2 evolution of gluon moments according to
Eq. {4) for (a) asymptotically free QCL and (b) a non-Yang-Mills
colored giuon fixed point version of QCD. The dashed curve for

n = 3,4 in (a) is the contribution with the triple gluon coupling
turned off (CZ(G) =0 in 'Y:v); this contribution is similar but

s1ightly larger for n = 5.
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