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Motivation

• Exotic States of interest: The   and the recently observed  
highlight the need to explore their unique properties and structure. Both lie 
remarkably close to heavy-meson thresholds, suggesting a non-ordinary nature.	

• Testing Molecular State Hypothesis: Their small binding energies and 
proximity to their thresholds make them prime candidates for molecular state 
studies. A joint analysis allows testing the universality of the molecular 
mechanism in the charm sector.	

• Connecting Theory and Observation: Accurate theoretical predictions can 
clarify experimental and LQCD findings and guide new investigations into charm 
physics.
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Scattering amplitude for  DD∗

                Hidden Gauge Lagrangian	

             -             - ℒVPP = ig < [∂μΦ, Φ]Vμ > ℒVVV = ig < [Vμ, Vν]∂μVν >

The Lagrangian

The diagrams
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 and  in the finite volumeTcc(3875)+ χc1(3872)
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For the Tcc(3875)+ For the χc1(3872)
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Momentum dependent LSE

T(s, p, p′￼) = V(p, p′￼) +
4π

(2π)3 ∫
qmax

0
q2dq V(p, q)I(s, q)T(s, q, p′￼),

We solve the following determinant to fit the energy levels.

det [1 −
1
L3

s
P0
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∑⃗
n

UΓV(p, q)I(q)(UΓ)†] = 0

• Here,  is the projection matrix from the momentum and vector 
polarization basis to the finite volume irrep basis.

UΓ

I(q) =
ωD∗(q) + ωD(q)

2ωD∗(q)ωD(q)[s − (ωD∗(q) + ωD(q))2 + iϵ]

• And  is defined asI(q)

Plane wave basis method



Lattice data sets
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Parameters and data for the global fit

Number of data:

• 49 data points for the .	

• 17 data points for the .	

• Total of 66 data points.

Tcc(3875)+

χc1(3872)

Free parameters:

•  and  from the - and -exchange 
potentials.	

•  and  from the coupling to the 
bare state.	

• Total of 4 free parameters

gρ gπ ρ π

c mcc̄



Energy levels from the global fit



Scattering length
For the Tcc(3875)+ For the χc1(3872)



Phase shiftsFor the Tcc(3875)+ For the χc1(3872)



 exchange onlyρ  exchangesρ + π

Phase shifts only for the Tcc(3875)+



Pion mass dependence
For the Tcc(3875)+ For the χc1(3872)



•  and  lattice energy levels from different collaborations are 
compatible among them and can be analyzed together.	

•We successfully extracted the pion mass dependence of their pole positions, 
extracting information from Lattice QCD to the physical region.	

•In those channels,  meson exchange is dominant but the  exchange is not 
negligible.	

•While the effect of the  is relevant near the lhc, it can be reabsorbed in the  
coupling outside that region.

Tcc(3875)+ χc1(3872)

ρ π

π ρ

Conclusions



Thank you!


