34

Tensor-quark correlator

We shall be concerned with the two-point correlator:

s pupe = i / d*x €% (0T84, (x)8%,(0)'[0)

N =

2
<nupnva + NpoNvp — gnuvnpa) “IJZ(qz) , (34.1)
where

QZu(x) = i‘?(x)(yuDv + VUD;L)CI(X) (34.2)

-

is the quark component of the energy-momentum tensor 1, (x). Here, D, = D,, — D, is
the covariant derivative. The previous current mixes under renormalization with the gluonic
current:

o l (09
0%,(x) = —Gou Gy + Zg,wGa,gG B (34.3)

as:

008 = Z1n6L" + 21,657
05.% = 20108, + Zn5” . (34.4)
The indices B and R refer respectively to bare and renormalized quantities. The renor-

malization constants have been evaluated in [450]. For the quark currents, they readin4 — €
dimension space—time:

o\ 14 o\ 14
Ziy = 1+<—>T—CF, 2122—(—> 53 (34.5)
mw/ €3 mw/ €3

with: e = e + (In4m — yg)/2. To the order, we are working, only Z;; is relevant. The
corresponding anomalous dimension is:

% dZ]] 16 1 Uy
Y Zn dv < 9 yll) (7‘[ ) ( )
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The renormalized perturbative contribution to the correlator to order o is [452]:

2 o\ (473 8 2
U enlg® = —0%) = ~Tom 2Q log = g [1 (%) <ﬁ - 6log %)] . (34.7)

The bare quark and mixed condensate contributions read:

R 2 1 3 16 w i
\I"Z,qum(q):? —8m’ (Yryr)? +—mg zﬁa,“ lﬂGa . (34.8)

The evaluation of the gluon condensate is much more cumbersome. Evaluating the
Feynman integrals for arbitrary mass and expanding the result in powers of m?/q>, one

obtains:

s 8 -2 2 2 8 2 2
wiigh = (%) <G2>B[9 ( z ) +3 +3 (1 - 3’%) 1n—;’7] . (34.9)

In order to remove the IR logarithm appearing in the bare result, one has to write the
heavy- to light-quark expansions of the condensates discussed in previous chapters:

1 2 2
W) = -5 (Z) @+
- A m 2 m o
Cayery =2 (—Z 4 m ™ (J 4. 34.10
<woﬂzwa> 2<é+n ) ~)(6Y) + (34.10)
In this way, one obtains the bare gluon condensate contribution:
B .2 o gl 8 m? -2 q2 m?
(= 212 (1-3= . (3411
W@ =(2) @) 3[3 (1 3q2>( g RCALY

The remaining m?/ég> pole can be eliminated by the introduction of the renormalized
mixed condensate [130] discussed in previous chapters:

- A B - A R m o
Ha v — Ha v _ (=S 2\R
<wa,w ~Y Gl > <wa,w ~Y Gl > : (n ) (GHR . (34.12)
Then, one obtains the renormalized result:
R, 2 o srll8 m? q2 m?
=(= —| = —3— —-= — 4.1
wr () (n)(G) 3[3(1 g )log +7q (34.13)

This explicit exercise has shown how delicate is the evaluation of the Wilson coefficients
of the non-perturbative condensate contributions.
The four-quark condensate contribution is:

64 o\ -
Vo) =520 () 007 (34.14)

where p is the deviation from the vacuum saturation estimate.
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