Tetraquark channels
with bb pair in the
static limit
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® challenging with Lischer formalism




Static approximation

Static b and b are at fixed positions at the distancer

mp — OQ

Extract eigen-energies E(r) as a function of r

é@k

N

® are needed for BO effective Lagrangian

® yesterdays talk by N. Brambilla: "Effective Field Theories and Lattice QCD for the XYZ frontier"

Studies done this way:

[1] S. Prelovsek, H. Bahtiyar and J. Petkovic, Phys. Lett. B
805, 135467 (2020) [arXiv:1912.02656 [hep-lat]].

[2] A. Peters, P. Bicudo, K. Cichy and M. Wagner, J. Phys.
Conf. Ser. 742, 012006 (2016), [arXiv:1602.07621].




Quantum numbers in static approximation

- Ji, - z-component of the angular momentum of the light degrees

of freedom
» (/. P - combined parity and charge conjugation
®» ¢ -reflectionover the yz-plane CP
quantum numbers
I I3 J, C-P € |A] convention
-1 -1 i [1]
+1 +1 g
1 0 0 —|—l —1 E; this work Figure adapted from yesterdays talk by N. Brambilla: "Effective
1 4 1 E_|_ Field Theories and Lattice QCD for the XYZ frontier"
LT

[1] S. Prelovsek, H. Bahtiyar and J. Petkovic, Phys. Lett. B
805, 135467 (2020) [arXiv:1912.02656 [hep-lat]].




Procedure Lattice ensemble

® Fxtract eigen-energies E(r) » ; ~ 0.1239(13) fm

®» Check which operator = mx > 266(5)

dominates the eigenstate = Np=16, L ~ 2fm
with overlaps = p =T
Ci;(t) = 32,(Oiln)e=Et(n|OT)

= smaller L gives less
populated spectrum

Compare E (r) with the non- » Ny =32
interacting energies EM" = 281 configurations

®» Dynamical Wilson-clover u/d
quarks

®» A Hasenfratz et al., PRD
78,054511 (2008)



CP=+1, e=+1
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CP=+1, e=+1, present work

= No attractive static potential

Comparison

CP=-1, e=-1 from

[1] S. Prelovsek, H. Bahtiyar and J. Petkovic, Phys. Lett. B
805, 135467 (2020) [arXiv:1912.02656 [hep-lat]].

® Conclusionsfrom this study:
» for smallr BB* dominated eigenstate has energy below the
non-interacting energy E™"
® attractive static potential
® bound state below BB* threshold
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CP=+1, e=-1
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CP=-1, e=+1
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C-P=-1, e=+1
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Conclusions

® \Ve extracted eigen-energies E,(r) for the system
bbgq where b and b are static and consider different

guantum numbers:
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this work

significant attraction for small r
small attraction for small r
no energy shift
no energy shift

[1] S. Prelovsek, H. Bahtiyar and J. Petkovic, Phys. Lett. B
805, 135467 (2020) [arXiv:1912.02656 [hep-lat]].
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