37

Gluonia correlators

37.1 Pseudoscalar gluonia

‘We shall be concerned with the correlator:
X(#2) = f dx ¢4 (01T Qx(x) QR(0)[0) | (37.1)

where Qr(x) is the renormalized gluon topological density which mixes under renormal-
ization with the divergence of the flavour singlet axial current J 35 g mix as follows [129]
(see Section 10.3.3 in Part III):

JSSR = ZJSSB
1
Or = Qg — m(l — )" I)sp (37.2)
where:

Tsg =Y avursq

0p = g—;Tr G" G,y (37.3)

and we have quoted the formulae for n ; flavours. The correlation function x (k?) obeys the
inhomogeneous RGE [260]:

0 0 1
P s)Ws 2 k2 — _—2 (L)k4 . 374
(Mau + Blas)e b, V)X( ) @n, P B (37.4)
The anomalous dimension is:
d o5\ 2
y =g leZ=- (;) . (37.5)

The extra RG function B (so called because it appears in the longitudinal part of the
Green function of two axial currents) is given by

(znlf)zﬁ Y= ‘321712 (%)2[1 + % (a;)] : (37.6)
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Fig. 37.1. Feynman diagrams corresponding to the OPE of the gluonium correlator: (a) perturbative;
(b) two-gluon condensate; (c) three-gluon condensate; (d) four-gluon condensate.

The RGE is solved in the standard way, giving

XK, o p) = e 2R dv@@) [m& o (1): 11"

t ”
-2 / dt” BE) (as (1"))e o d”V(“A(”))} , (37.7)
0

where o (t) is the running coupling. The different QCD diagrams contributing to the cor-
relator are shown in Fig. 37.1.

The perturbative expression for the two-point correlation function in the M S scheme is
[455]:

o \2 2 —k? oy (1 —k* 29
X (e, = _(g) K¢ log 7[1 + (;) (5,8] log — + Z) ¥ } (37.8)

The non-perturbative contribution from the gluon condensates (coming from the next
lowest dimension operators in the OPE) is [382]:

s 1 N _k2 s
X e, = = [(1 + 5681 (2)10g 7)<a562> - 2%2<gG3>} . (79)

https://doi.org/10.1017/9781009290296.049 Published online by Cambridge University Press


https://doi.org/10.1017/9781009290296.049

380 VIII QCD two-point functions

() (d)

Fig. 37.2. Feynman diagrams corresponding to the OPE of the meson-gluonium correlator: (a) per-
turbative; (b) diagram which mixes with (a) under renormalization; (c) quark condensate; (d) gluon
condensate.

37.2 Pseudoscalar meson-gluonium mixing

Let us consider the off-diagonal two-point correlator:
V. (q°) = fdx €' (0|7 Qr(x) 8, J£(0)|0) (37.10)

shown in Fig. 37.2.
Its QCD expression reads [458]:

_ ag\ 3 q° q> 2/11
875, (") = o (Z) Smig*log—T [Iog ~L (5 -3

3\
o q°
— 8 (—) m,(ss) log ——
T 1%
2 2
O ) ms q
+2(—) (@G ><—2) log - | (B7.11)
T q m?

where one can notice that the mixing from the OPE vanishes in the chiral limit. However,
one should notice that this mixing acts on the gluonium propagator, that is, it affects the mass
splitting but not its decay width which is governed by a three-point function. Unfortunately,
several authors mix these two features in the literature. This feature may justify why the
lattice prediction in the world without quark can give a prediction that is almost compatible
with the experimentally observed gluonium candidate.
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37.3 Scalar gluonia

We shall be concerned with the correlator:
W, (g% = 16i / d*x €% (0T 6/ (x)01(0)'10) , (37.12)

where 0,,, is the improved QCD energy-momentum tensor (neglecting heavy quarks) whose
anomalous trace reads, in standard notations:

0/ (x) = —/3(013)G2 + (1 + ym () Zm Vi . (37.13)

u,d,s

Its leading-order perturbative and non-perturbative expressions in «; have been obtained
by the authors of [382]. To two-loop accuracy in the M S scheme, its perturbative expression
has been obtained by [455], while the radiative correction to the gluon condensate has been
derived in [456]. Using a simplified version of the OPE:

Vg = Y CplOp), (37.14)
D=0,4,---

one obtains for three flavours and by normalizing the result with (B(a)/a;)?:

6- (%) qz)zlog-—{w?(;wil(»w &)

1+— il ’82‘ (n>log—q—2} (s G?)

2
06—2%{1 alog— }g fabe (G*G"G°)
4{(

Fane Gl G ) = ( (o fune G4, G2 ) ) (37.15)

37.4 Scalar meson-gluonium mixing

Let’s consider the off-diagonal two-point correlator:
vig®) = / dx 97 (0T Jpe(x) J1(0)[0) , (37.16)
where:
g =a,G*,  J, =2mgq . (37.17)
Its perturbative QCD expression reads [458]:

q2

2
v (%Y 3 5o q 2
\I]gq(q ) = Oy (;) ?méq lOg—; |:10g—§ — g (4 — 3)/5):| . (3718)

The evaluation of the quark and gluon condensates is very similar to the case of the
pseudoscalar channel, which the reader can easily evaluate as an exercise. The result
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382 VIII QCD two-point functions

Fig. 37.3. Feynman diagrams corresponding to the OPE of the tri-gluonium correlator: (a) perturbative;
(b) gluon condensate.

indicates that the mixing also vanishes in the chiral limit like in the case of the pseudoscalar
channel.

37.5 Scalar tri-gluonium correlator

Here, one studies the correlator in Fig. 37.3 associated to the interpolating trigluon current:
Jig = & furc (GG G*) (37.19)

Its QCD expression reads [457]:

3a 2
V3(g®) = —063{ 10”‘18 10g—z—2 + 187¢* (2, G?)

27 2 q2 3 a b e 3

-5 log —2)¢ Jabc{G“G"G ) + a,m736 x 64 (7 — ¢s) ¢, (37.20)
with:
1 wo v
¢5 = 1_6Tr<Gqu GprG )
1

¢ = 1_6Tr<Gv/LGUpGM)G/u:) . (37.21)

37.6 Scalar di- and tri-gluonium mixing

We shall be concerned with the off-diagonal correlator:
U@ =i / d*x ¢ (01T Jay(x)J3,(0)110) . (37.22)

Its QCD expression reads [457]:

2 9 9
Va3(g?) = a?{ log ‘Z‘z [mgzqﬁ - Egzwzmz} - 24ng<fath“G"GC>} . (37.23)
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37.7 Tensor gluonium

We shall be concerned with the two-point correlator:

T — 4 igx +
‘IJMVPU =i /d x e (0|T9§v(x)9§a(0)'|0>
1 2 )
= E NupMve + NpoMvp — Enuvnpa Yr(g), (37.24)
where:
g o 1 of
0y = ~GiGua + 181G, G (37.25)
and:
49y
Nuv = 8uv — ;2 . (37.26)

To leading order in «; and including the non-perturbative condensates, the QCD expres-
sion of the correlator reads [382]:

Ur(g*>=-0%=— ! (0% log 2 + ig—z(zol — 0y, (37.27)
2072 vz 12 04
where:
01 = (furcGuaGra)® and 03 = (fureGuvGap)® . (37.28)
Using the vacuum saturation hypothesis, one can write:
001~ 02 =~ = (G} (37.29)

37.8 Tensor meson-gluonium mixing

We shall be concerned with the off-diagonal two-point correlator:

T ) 4 igx T
\Iqu,u,vpa =1 /d x e' <0|TO§U('X)GZU(O) |0>
1 2 T 2
= 5 NupMve + NuaNvp — 577/41)77,00 \Iqu(q )., (37.30)
where
01,(x) = ig(x)(yu Dy + vuD,)g(x) . (37.31)

Here, D, = D « — D, 1s the covariant derivative, and the other quantities have already
been defined earlier. Taking into account the mixing of the currents, one obtains [452]:

4 2 2 2

=0~ (%Y (102 % - M 10e &) - L10e £ (%) (62

Vegld™ = Q)_15712<71)<10g V2 1510g v2 3610g v2 (n)<G>'
(37.32)
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384 VIII QCD two-point functions

Fig. 37.4. Lowest order tachyonic gluon contribution to the gluonic correlator. The cross in the internal
gluon propagator corresponds to the tachyonic gluon mass insertion A2,

37.9 Contributions beyond the OPE: tachyonic gluon mass

As we have seen previously, there are also contributions beyond the SVZ-expansion. We
shall first be concerned with the two-point correlator:

V(0% = i / d*x €' (0|7 Jag(x)(J24(0)]0) (37.33)
associated to the scalar gluonium current:
D = a,(G%,)*. (37.34)

Its evaluation leads to:
1 612
—ImWy(s) ~ (parton model) {  — — +--- . (37.35)
b4 S

The tachyonic gluon contribution comes from the diagram in Fig. 37.4.

Thus, one can expect that the A correction in this channel is relatively much larger since
it is not proportional to an extra power of «,. Let us consider now the case of the tensor
gluonium with the correlator:

wl{vpa(q) =i / d*x €'* (0|T€§U(X)9§O(O)T|O)

2 4
q q
= 1#4T <qlLQVCIpCIG - Z(ququgpa + qpqag;w) + E(g;wgpa)>
T f]2
+ v, (Zg/wgpa — 4u9v8ps — 9p958uv t+ 4195 8vp + 4vqo 8o

+49,9p8v0 + qqug,w>

1

+ on (gpwgv,u + 8up8vo — E&wé’pa) ) (37.36)

where 63, has been defined in Eq. (37.25). A direct calculation gives the following results
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37 Gluonia correlators 385

for the structure functions ¥/ and their respective Borel/Laplace transforms:

l 17 1 1 22
2.4 T 3% 2
T L TR N N PR 37.37
TV =05 Y s T g 15 < M2) (37.37)
2 2 2 2
sor_ Qo (907 | (Lo 2 M 10 2
_ Qo (297 oflue 2y 0 M7 TOATA g5

T T (6 9 20 3 M2 (37.38)

SN U NI SNPEFCY (LT N DN FRNE R BT
T = = re el S AR I )

0 20 200 4 12 20 2 M2

If, instead of considering 6};,, we would introduce the total energy-momentum tensor of
interacting quarks and gluons 6,,,, then various functions components of v,,,,,, are related
to each other because of the energy-momentum conservation. Indeed, requiring that

w}fvpaqll =0
we immediately obtain:
3 3
Yy =70% and Yy = 20%,

and, as a consequence, the following representation of the function in Eq. 37.36:

T 2 T, 2
Iﬂ,w,m(Q) = (nm)nva + Mo Mup — gn,u_vnpa) ¥ (09, (37.40)
where:
3 v
¥ = 0 W (@) M =g~ qgj . (37.41)
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