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Figure: Resonance x.1(3872) previously known as X(3872).
Source: Choi et al. Phys. Rev. Lett. 91, 262001 (2003)
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X o1 (3872)
All-charm tetraquark

T-matrix approach
Quark exchange
Pauli Blocking
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Figure: Comparison of the resonances identified in di-J/v
spectrum done by LHCb (2019) and CMS (2024).
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Figure: Tightly bound tetraquark

Flavor configuration:
Tcc(6900) = cccc

uu — dd igure: Meson-meson molecule
38; 2) = cC——
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The T-matrix fulfills BSE in the ladder

| Single particle approximation:
propagator:
Vi
/. L (OT. — Ui
s |Gy = G+ GPEG Ti=VitViGTi=1"pa @
auli Blocking (1 ) y
Two particle
propagator: v .
Gj = o | -
0 0 y Figure: Two-particle T-matrix.
G,-j + G,-jK,'jG,'j = (2)
0 01 A0
Gi/’ + Gij Tf/'Gij' We establish the quark exchange - do

properly account for the Pauli blocking.
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Figure: Quark exchage in the four quark system. Source:D.
Blaschke and G. Ropke,
https://doi.org/10.1016/0370-2693(93)90269-N
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Figure: Quark exchage in the four quark system. Source: D.
Blaschke and G. Ropke,
https://doi.org/10.1016/0370-2693(93)90269-N
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T-matrix approach
Quark exchange
Pauli Blocking
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meson-meson transition. meson-meson transition.

Figure: Exchange diagram with the interaction between the
constituents included.
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Fig. 2: Capture and transfer diagrams

Figure: Capture and transfer diagrams for the meson-meson
interaction. Based on the work by T. Barnes, E. S. Swanson Phys.
Rev. D 46, 131 (1992).
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T-matrix approach

Pauli Blocking

E— EO + EPaUli
EPau/i _ EPauli,O + EPauli,1 4.

with the contribution to the Pauli blocking being:

EPault — 1N<1,Z)(a1 by )y(azbs)|
(E(ar) + E(az) + E(b) + E(b2) — E?)
| — ¢ (azby)p(arbz) — (a1b2)v(azby))

EPI2 = (@b (acbo)
(E(a1) + E(ag) + E(by) + E(b2) — E)
|¢/(azb1)y(a1b2)).
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T-matrix approach

Pauli Blocking

T-matrix for separable potentials: Coordinates

(o b . B Pap = 2525 pap = |a— bl
a’ ; b 7Zl/ =

A D w(ab)p(db)
a,b,a b’

[1 _wz(pa,b)

1-1(a)— 1(b)

Z, — €3 — €p

V(p1, P2, P1P2) =

~ / / ‘ 7
Aw(p1p2)@(p"1P2)dp, +P2:P1+P{5)  Figure: Gaussian potential
with applied for charmonia.
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T-matrix approach
Quark exchange

Pauli Blocking

Summary

The T-matrix takes on complex values:

T(a b d, b, E) = Au(ab)o(db) [1 +RIE) _ i (/E)

1+ /(E) 1 (E) (6)

with the

a®p w(ab)a)(a/b’))'

(z)=(1+A
(z,) =01+ 21 Z,—cap

(7)

= The energy shift caused by the Pauli blocking in all-charm
tetraquark system: EFaUll ~ 0.64 GeV.
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m A. Ali, L. Maiani, and A. D. Polosa, Multiquark Hadrons.
Cambridge University Press, 2019, isbn:
978-1-316-76146-5, 978-1-107-17158-9,
9781-316-77419-9. doi: 10.1017/9781316761465.

m D. Blaschke and G. Ropke, Quark exchange contribution to
the effective meson meson interaction potential

= C. Pena and D. Blaschke, X(3872) as a D — D* molecule
bound by quark exchange forces,
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= M. Kuchta, All-charm tetraquark mass and possible
guantum numbers of X(6900)
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Figure: Light tetraquark candidates. Source: A. Ali, L. Maiani, and

A. D. Polosa, 2019

Figure: The basis of the meson exchange mechanism.
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Figure: Self energy of the meson.
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