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Abstract
Baryons and mesons (collectively referred to as hadrons) have been understood as quark-gluon composite states bound by Quantum ChromoDynamics (QCD), the theory of strong
interactions. The conventional understanding is that baryons are made of three quarks and mesons are composed of a quark-antiquark pair. QCD also supports the existence of
more complex hadrons, made of more than three quarks. Only recently collider experiments such as at LHCb and Belle have reported these unexpected states, referred to as exotic
hadrons, that are compelling candidates for such complex hadrons. The discoveries of several such exotic states dubbed as X, Y, Z, and Tcc(3875) in the heavy quark flavor sector
have sparked enormous interest in the community. Understanding the binding mechanism of these exotic hadrons can play a crucial role in comprehending the non-perturbative
nature of QCD dynamics. In this talk, I will discuss state-of-the-art lattice QCD investigations of two-meson interactions involving at least one bottom meson, relevant for heavy
tetraquark channels. The computations were conducted on state-of-the-art MILC ensembles.

Lattice Setup
• We used four lattice QCD ensembles with Nf = 2+1+1
dynamical HISQ fields generated by the MILC collabo-
ration[1].

• Valence quarks up to the strange quark mass were
implemented using the overlap fermion action.

• Nonrelativistic QCD Hamiltonian was employed for
the bottom quark.

• Bottom quark masses were tuned with 1S spin
averaged quarkonia.
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Extracting Finite Volume Spectrum
In all the systems we have used two types of interpolators

1. Meson-meson ΦMBB∗ (x) = [ū(x)γib(x)]
[
d̄(x)γ5b(x)

]
− [ū(x)γ5b(x)]

[
d̄(x)γib(x)

]
2. Diquark-antidiquark ΦD(x) =

[
ū(x)TCγ5d̄(x)− d̄(x)TCγ5ū(x)

]
× (bT (x)Cγib(x))

The finite volume spectrum is determined from Euclidean two-point correlation function Cij(t), between interpolating
operators Φi,j(t) with desired quantum numbers:

Cij(t) = 〈Φ†
j(0)Φi(t)〉 =

∑
n

〈0|Φj |n〉〈n|Φi|0〉e−Ent

Rest is to solve the GEVP equation:
C(t)vn(t) = λn(t, t0)C(t0)v

n(t)

After diagonalization, the eigenvalues of C, denoted as λn(t, t0), are obtained. Fitting the leading exponential of
λn(t, t0) then yields the energy levels En.

λn(t, t0) = |An|2e−En(t−t0)
[
1 +O

(
e−∆n(t−t0)

)]
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Sacttering Amplitude Analysis and Chiral Extrapolation
The S-wave scattering amplitude for BB∗ is expressed as T = (p cot δ0 − ip)−1, where the energy dependence is parameterized using the effective range expansion. Specifically, we
consider p cot δ0 = A0 +A1a[3], including the lattice spacing dependence through the scattering length term.
To obtain the scattering amplitude in the infinite volume limit, we must first extract p cot δ0 in the continuum limit as a → 0, followed by the physical pion mass limit Mπ → Mphy

(or vice versa, as discussed in [2]).
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After performing the continuum extrapolation, our next step is to study the pion mass (Mps) dependence. The figure below represents the chiral extrapolation for bbūd̄. Same
repeated for bottom-strange systems.
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The three plots represents chiral extrapolation for bbūd̄ with JP = 1+, bsūd̄ with 1+ and 0+(from left to right).

Conclusion
We present improved results on the spectroscopy of doubly bottom tetraquarks. In an effort to enhance our previous work [2], we added an additional volume and employed box
smearing at the sink. Our findings indicate an attractive interaction (deeply bound state) between the B and B∗ mesons, which could form a compact object. The attractive
interaction is strong enough to support a real bound state with a binding energy of −116.145(+30.72

−36.83). A similar analysis was conducted for the bottom-strange tetraquark with
spin S = 0, 1.
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