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Classification of hadron states
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Most of the hadrons are strongly decay resonances. 
*They need to be inferred from scattering in the experiment and/or the lattice.

hadronic 
resonances R
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➢ Variational techniques
Generalized Eigenvalue Problem (GEVP)

The spectrum 

Confinement 
Hadron spectrum

➢ Lattice QCD is a first principle numerical approach to the strong interactions

➢ QCD 



8

➢ Scattering amplitude T(E) from the lattice QCD

Virtual bound st.
     p = -i|p|
Riemann sheet II

Bound st.
p = i|p|

Riemann sheet I Riemann sheet II
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Finite-volume energy 
spectrum of Tcc

➢ Overlap factors



DD* Scattering amplitude with only meson-meson operators
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which corresponds to a Virtual bound state at 
bind. energy 

From the lattice 

Lüsher method:  

➢ t has a pole when                            

at energy                           



Lhc Just 8 MeV below the threshold:

Due to one-pion-exchange (OPE)

in the u-channel.
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DD* Scattering amplitude with only meson-meson operators
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Additionally, is the Tcc basis with two-mesons sufficient?
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DD* Scattering with EFT 

➢ The Lippmann-Schwinger equation

➢ Effective potential V derived derived from EFT to parametrize DD* interaction 

 low energy constants are parameters to be fitted to the FV lattice energies



➢ One-pion-exchange from the potential V

➢ Plane wave basis



Fit of the low energy constants
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Comparison of the DD* scattering phase shifts
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Tcc poles in the scattering amplitude
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➢ Tcc is a subthreshold resonance

2504.03473



Finite-volume energy 
spectrum of the 
Doubly Bottom 
Tetraquark Tbb

➢ Tbb ground state shows a 
significant energy shift of 
~100MeV when additionally 
diquark-antidiquark 
operators are considered



Isospin-1channel
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➢ In a previous lattice QCD study the phase shifts were computed in red below which suggest 
a pole in the scattering amplitude near the DD* threshold. Such pole would correspond to a 
bound state. 

➢ However, LHCb not observe any resonance in this channel.  
➢ We decided to extract the energy spectrum in this isospin-1 channel with our lattice data.  



I=1

Our work: finite-volume energy spectrum of I=1 channel

➢ Positive energy shifts with 
respect to the energy 
thresholds indicates a 
repulsive interaction near the 
DD* threshold.
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DD* Scattering amplitude: isospin-1
➢ No pole in the scattering 

amplitude near the DD* 
threshold was found when 
using Lusher + ERE

➢ By additional considering 
OPE to handle the lhc we did 
not found a pole in the 
scattering amplitude for the 
DD* scattering. 

2411.06266



Wick contractions for both isospin channels

26  Wick contraction responsible for the isospin channels in the tetraquark.



Conclusions
Isospin-0
➢ For the relevant isospin-0 Tcc, I implemented meson-meson and additionally diquark-antidiquark 

interpolators and find that these have some impact on certain eigenenergies. 
➢ Extraction of the scattering amplitude based on both types of operators.
➢ In the end, Tcc is found to be a sub-threshold resonance where the effect of the additional operators 

renders a Tcc pole slightly closer to the threshold. 
➢ For Tbb there is a significant energy shift of ~100MeV when diquark-antidiquark operators are 

additionally considered.
Isospin-1
➢ No pole in the scattering amplitude near the DD* threshold was found when using Lusher + ERE 

neither when using OPE to handle the lhc we did not found a pole in the scattering amplitude for the 
DD* scattering. 

➢ C2 is the Wick contraction responsible for the isospin channels in the tetraquark.
➢ Rho-exchange is a candidate for distinguish the isospin double charm tetraquark channels.
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Thanks!


