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QCD: Green functions of interpolating currents - (local) gauge-invariant operators built out of
quark and gluon fields and ⟨0| j|H⟩ , 0

1. INTERPOLATING CURRENTS

• Color structure of interpolating currents

For hadrons, globally color-singlet currents
mesons: q̄iqi

baryons: qiq jqkϵi jk

(mesons and baryons - no colorless clusters inside the interpolating currents)
tetraquarks: (q̄iqi)(q̄ jq j) - can isloate colorless clusters (reducibility)

ϵi jkqiq jϵ i j′k′q̄ j′q̄k′

(q̄λAq)(q̄λAq)
All forms for the tetraquarks are equivalent (reduced to color singlets by Fierz transforms)

Sufficient to consider singlet-singlet (q̄q)(q̄q) color structure of interpolating current.

• Flavour structure: Consider flavour-exotic currents of four different flavours a, b̄, c, d̄
Colorless clusters of two different flavor structures emerge in QCD θābc̄d = jāb jc̄d and θādc̄b = jād jc̄b.

• Lorentz structure of the currents is irrelevant for our discussion and will be suppressed

• Singularities of QCD Feynman diagrams: For tetraquark bound states four-quark singularities
are crucial
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2. GREEN FUNCTIONS OF INTERPOLATING CURRENTS

Two different color/flavor contractions emerge: θ(1)
ābc̄d = jāb jc̄d and θ(2)

ādc̄b = jād jc̄b.

Πdir(x) ≡ ⟨T {θb̄uc̄d(x)θ†
b̄uc̄d

(0)}⟩ = Πb̄u(x)Πc̄d(x) + Πdir
NF(x).

Πb̄u(x) ≡ ⟨T { jb̄u(x) j†
b̄u

(0)}⟩ =
∑
hb̄u

Rb̄u(x), Πc̄d(x) ≡ ⟨T { jc̄d(x) j†c̄d(0)}⟩ =
∑
hc̄d

Rc̄d(x).

O(N ):
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The factorizabe part contains only ordinary hadrons as intermediate states
— no relationship to tetraquarks
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Four- point Green functions of bilinear currents and tetraquark poles

• Study four-point Green functions of bilinear color-singlet quark currents of the form jab = q̄aqb.
Depend on 6 variables p2

1, p2
2, p′21 , p′22 , p = p1 + p2 = p′1 + p′2, and the two Mandelstam variables

s = p2 and t = (p1 − p′1)2.

Criteria for selecting diagrams which potentially contribute to the tetraquark pole at s = M2
T :

1. The diagram should depend on the variable s.

2. The diagram should have a four-particle cut (i.e. threshold at s = (ma +mb +mc +md)2), where
mi are the masses of the quarks forming the tetraquark bound state. The presence or absence
of this cut is established by solving the Landau equations for the corresponding diagram.

Diagrams satisfying these criteria are “T-phile” diagrams.
•We consider “direct” and “recombination” Green functions:

(dir) : ⟨ jab jcd j†ab j†cd⟩, ⟨ jad jcb j†ad j†cb⟩ (rec) : ⟨ jab jcd j†ad j†cb⟩
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Direct Green functions

⟨ jab jcd j†ab j†cd⟩ (similar diagrams for ⟨ jad jcb j†ad j†cb⟩):
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QCD SUM RULES FOR EXOTIC STATES (DIRECT GREEN FUNCTION)

W.L., D.M., H.S., Phys.Rev. D100, 014010 (2019)
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The OPE side in the tetraquark-adequate QCD sum rule starts with diagrams of order α2
s.
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T -phile diagrams on the OPE side of T -adequate QCD sum rule for 2-point direct Green function
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T -phile diagrams on the OPE side of T -adequate QCD sum rule for 3-point direct Green function
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Recombination Green functions
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Which QCD diagrams contain four-quark s-channel cut?
To answer this question: (i) Unfold diagrams (ii) solve Landau equations and find u-channel
singularities of unfolded diagrams.
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Result: (a) and (b) do not have 4-quark cut; one needs two gluon exchanges O(α2
s) (c).
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QCD SUM RULES FOR EXOTIC STATES (RECOMBINATION GREEN FUNCTION)

W.L., D.M, H.S., Phys.Rev. D100, 074029 (2019)
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(b) is T-adequate QCD sum rule for recombination Green functions
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Diagrams that appear on the OPE side of the T -adequate QCD sum rule for recombination three-
point Green function
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Diagrams that DO NOT appear on the OPE side of the T -adequate QCD sum rule for
recombination three-point Green function
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Conclusions

• Interpolating currents
For the analysis of exotic T it is sufficient to consider currents of a color singlet-singlet structure.
Such currents describe tetraquarks of any internal structure. The choice of the color form of the
interpolating current does not preselect any structure of the bound state we are studying.
An essential feature of any tetraquark current is that it produces from the vacuum (mainly) two-
meson states and only in a relatively small fraction (at large Nc) an exotic tetraquark state.

• T-adequate QCD sum rules
Duality relations for correlation functions of tetraquark currents split into two non-overlapping
relations. Only one of them contains the tetraquark contribution on the hadron side; its OPE side
contains T-phile diagrams of order α2

s and higher.

MANY THANKS FOR YOUR ATTENTION!


