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Tensor-quark correlator

We shall be concerned with the two-point correlator:

�2,µνρσ ≡ i
∫

d4x eiqx 〈0|T θq
µν(x)θq

ρσ (0)†|0〉

= 1

2

(
ηµρηνσ + ηµσηνρ − 2

3
ηµνηρσ

)
�2(q2) , (34.1)

where

θq
µν(x) = i q̄(x)(γµ D̄ν + γν D̄µ)q(x) (34.2)

is the quark component of the energy-momentum tensor θ
q
µν(x). Here, D̄µ ≡ �Dµ − Dµ is

the covariant derivative. The previous current mixes under renormalization with the gluonic
current:

θ g
µν(x) = −GαµGα

ν + 1

4
gµνGαβGαβ , (34.3)

as:

θq,R
µν = Z11θ

q,B
µν + Z12θ

g,B
µν

θ g,R
µν = Z21θ

q,B
µν + Z22θ

g,B
µν . (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 read in 4 − ε

dimension space–time:

Z11 = 1 +
(αs

π

) 1

ε̂

4

3
CF , Z12 = −

(αs

π

) 1

ε̂

4

3
(34.5)

with: ε̂−1 = ε−1 + (ln 4π − γE )/2. To the order, we are working, only Z11 is relevant. The
corresponding anomalous dimension is:

γ11 = − ν

Z11

d Z11

dν
=

(
16

9
≡ γ 1

11

) (αs

π

)
. (34.6)
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The renormalized perturbative contribution to the correlator to order αs is [452]:

�R
2,pert(q

2 ≡ −Q2) = − 3

10π2
Q4 log

Q2

ν2

[
1 −

(αs

π

) (
473

135
− 8

9
log

Q2

ν2

) ]
. (34.7)

The bare quark and mixed condensate contributions read:

�R
2,q+m(q2) = 1

q2

[
−8m3〈ψ̄ψ〉B + 16

3
mg

〈
ψ̄σµν

λa

2
ψGµν

a

〉B
]

. (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 m2/q2, one
obtains:

�B
2,G(q2) =

(αs

π

)
〈G2〉B

[
8

9

(−2

ε̂
+ ln

m2

ν2

)
+ 3

m2

q2
+ 8

9

(
1 − 3

m2

q2

)
ln − q2

m2

]
. (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:

〈ψ̄ψ〉 = − 1

12π

(αs

π

)
〈G2〉 + · · · ,〈

ψ̄σµν

λa

2
ψGµν

a

〉
= m

2

(
−2

ε̂
+ ln

m2

ν2

) (αs

π

)
〈G2〉 + · · · . (34.10)

In this way, one obtains the bare gluon condensate contribution:

�B
2,G(q2) =

(αs

π

)
〈G2〉B 1

3

[
8

3

(
1 − 3

m2

q2

) (−2

ε̂
+ log −q2

ν2

)
+ 7

m2

q2

]
. (34.11)

The remaining m2/ε̂q2 pole can be eliminated by the introduction of the renormalized
mixed condensate [130] discussed in previous chapters:

〈
ψ̄σµν

λa

2
ψGµν

a

〉B

=
〈
ψ̄σµν

λa

2
ψGµν

a

〉R

− m

ε̂

(αs

π

)
〈G2〉R . (34.12)

Then, one obtains the renormalized result:

�R
2,G(q2) =

(αs

π

)
〈G2〉R 1

3

[
8

3

(
1 − 3

m2

q2

)
log −q2

ν2
+ 7

m2

q2

]
. (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:

�2,4q (q2) = 64π

9q2
ρ

(αs

π

)
〈ψ̄ψ〉2 , (34.14)

where ρ is the deviation from the vacuum saturation estimate.
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