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Abstract

It is shown that gauge theories involving massless fermions and for
which local gauge invariance is preserved (e.g. massless quantum

electrodynamics (QED) and/or massless quantum chromedynamics (QCD))

exhibit a universal anomaly in the Ward identity for the dilataticn

current.



Scaling laws at short distances continue to challcnge the understanding
of quantun field theoryrl). The short distance behaviour of fields and
composite operators and the renormalization constants reciprocally

determine each other in a nonperturbative way, even for asymptotically

2)

free nonabelian gauge theories

In deep inelastic lepton-hadron scatteriﬁg or e'¢ ~annihilation into
héarons the short distances are prepared by weak- or electromagnetic
probes vhereby the correspondingly rescaled strong interaction coupling
constanf becomes physically obéervable (in principle). The phenomenon
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of approximate Bjorken scaling interpreted within QCD (quantum chromo-

dynamics) 4) reflects the small value of this coupling constant 5).

The true ésymptotic beﬁaﬁiour.of current products néar thériigﬁt-cﬁne
reveals the breakdownrof scale invariance yet to be clearly established -
or disproved by experiment 6). Soft scale breaking terms i.e. mass terms
do not determine the short distance behaviour except for providing an
absolute meaning to the numerical value of coupling constants e.g. the

charge in QED.

The sliding scale renormalization introducing a redundant normalization

mass M and the dimensionless coupling constants
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where Myyeeem denote mass parameters appearing in the Lagrangian, enables

one to reach the limit c; > 0.



The renormalization group equation eliminates the redundancy of the
arbitrary scale M. In the limit ey 0.rescaling is governed by the
Sliding—scale effective coupling constants é = (él...én) satisfying the
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Callan-Symanzik equation
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Let the plane of trajectorles orthegenal to the vector field B, passing

through a given point g(0) be represented by

Tl e =0 Pe F(ym)

s rJ ,
and g = g1 gn_ denote a set of n-1 variables describing a point on

the plane F(g) =

o~ .. . ;
g are scale invariants of the massless theory, they satisfy the equation
(_3. ! g
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if reexpressed as functions of g1+,

“Eq. (1) reduces to the one dimensional rescaling equation
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Eq. (3) permits to define a renormalization group invariant mass M*

{unless B ( Pap? g) = 0)
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The very fact that M* can be defined implies a breakdown of scale in-
variance. For the latter to hold it is necessary that there exists a zero

of B:

'@;@):0 ;-for J= ‘f’éj’)?jf) ©)

Then the condition

gi(M) =

: '1ndependent of M, defines a scale invariant theory D with'nojconneﬁticn .

10 pertu1bat10n_theory except for g* = 0.

For g(M) # g* (and g(M) # 0) scale invariance is broken even though the

~classical field equations do exhibit it provided mass terms are zbsent.

G
The trace of the energy momentum tensor develops an ancmalous part 8), 9)

of the general form
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The renormalization group equations for gauge invariant cperators
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imply the characteristic form for the anecmalous (logarithmic) dimension

matrix

C’ vy E = ““‘"‘F St A'Z, ({(}) o

:
SN R
For definiteness we consider the gauge theory of tricolored electrically

charged quarks coupled to the bosons forming the unbroken gauge group

su3sxu®-™ corresponding to the Lagrangian
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In eq. (9) all quantities are unrenormalized. FU\)’ Gwa denote the field
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e,g: electric- and strong coupling constants.,

We are particularly interested in the chiral limit of vanishing quark

- masses M - 0.
Qq

The renormalized propagators and vertices are normalized at specific

symmetric euclidean mcmenta characterized by the (redundant) reference

scale M 5)s 11):

gluon propagator:
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photon propagator:
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" For (one particle Irreducible) vertex functions we only specify the

normalization conditions unrelated by Slavnov identities
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three gluon vertex function:
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quark-photon vertex function
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The renormalizaticn constants arc
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The renormalization group equation for an n-point (ome particle irreducible)

vertex function is of the fom
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The operators f“ 1 ?’ 7 of eq. (6) corresponding to this theory are

multiples of o
| 6 ppva S
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The bar in eq. (14) denotes the gauge invariant renormalized operators

constructed from the normal products of the corresponding fields.
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The unrenormalized operator +/ c

S(b)“ L4 { g&_
G s '_3 e.,ff ).a\/
o "
4 - o
-~ i ' G
6;\-.-5 = hhvl*} = !

¢ g

™~

is given by
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From eq. (15) where V, G denote renormallzed fle]ds we see that the re-
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normalized operator \“96 is only directly related to the renormalized

coupling constant 8y if we choose the special gauge
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Defining the renormalized three gluon vertex function at an arbitrary. -

symmetric point
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The renormaliz

ation group equation yields the relations
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“In order to obtain D(ZA), D(SV] we consider the Ward identity for the

1, 8)

dilatation current
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Teh Ward identity then takes the form
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Due to the finiteness of the matrix elements of the energy momentum

- tensor 8) and momentum conservation the limit of eq. (21) for q » 0

is regular and yields
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n v, n in eq. (26} denote the number of electromagnetic potentials (A)

or color gauge fields (V) forming the external legs of G(n)
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Evaluating eg. (26} at the symmetric normalization points for the
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Comparing equations (23} and (21) the relation of eq. (18).
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