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Lattice QCD

* QCD theory defined on finite discretized

space — numerical calculation.

* First principle approach to non-perturbative
QCD

» Controllable statistical and systematic

uncertainties. 4 ¢ {




Spectroscopy on lattice
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4+ Write down an interpolating operator O with certain quantum number, e.g.
pion operator iuysd

4+ Compute the correlation function

<0|0|n><n|0|0 >
<0|06(HO0)"|0 > = 2 — = = e‘Entt?oce_EOt

n

4+ At large t, fit the correlation function to an exponential.

4 Usually only the ground state can be obtained.



Spectroscopy on lattice
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Excited states:

+ build large basis of operators {0, ©,, :--} with desired quantum numbers,
construct the matrix of correlation function:

= T = nyn* —Et
C;=<0|0,61|0>= ) Zr7"e

+ Solve the generalized eigenvalue problen;l(GEVP):

n = 0,,n
(1) = 2, (DCWVI(1)

¢ Eigenvalues:  4,(t) ~ e™5/(1 + 7251

4+ Optimal linear combinations of the operators to overlap on the n’th state:
Qn = 2 Vin @i
i
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Scattering on lattice

Infinite volume

Finite volume

| spectrum | scattering parameters]
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Scattering on lattice

An example: p resonance — 7z scattering
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Scattering on lattice

An example: p resonance — 7z scattering
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Events/(15 MeV)

P. Pentaquarks

' Theory interpretations:

=D’ 5t D*0
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'R. Aaij et al. (LHCb), Phys. Rev. Lett. 115,072001 (2015) |
'R. Aaij et al. (LHCb), Phys. Rev. Lett. 122,222001 (2019) }
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* Found no strong evidence for the P, states.



P. Pentaquarks on lattice

>.D and X _D* scattering(J* = — ):

4+ a=0.08fm, m, ~ 294 MeV 4.60-
+ Live operators: 455
ZD(lp| =0)
ZD(lpl=1)
£D(Ip] =v/2)
X.D*(|p| =0)
ECD*( o= 2.0 2.5 3.0 3.5 4.0 4.5

L(fm)
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P. Pentaquarks on lattice
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[LHCb collaboration, B, Asf o al., Natare Phys. 18 Q022) 7, 751758 |
|LHC collaboration, R. Aaij et al, Nature Communicatiions, 13,3351 (2022) |
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p cot(bo)/Epp*

T.. on lattice

0.2-
0.1- 4+ a = 0.086fm, m_~ 280 MeV
/% 4 Finite-volume energy eigenvalues are
0.0 —— NL=32 - d . DD* . 1 .
e N,=24 extracted using interpolating
25,008 ~0.004 0.000 0.004 0.008 0012 operatros in rest and moving frames.

= L \2 5 5 s
\P/Epo- 4+ A virtual bound state pole is found in the

p
om=E__- - -
anCth  inereasing My OF scattering amplitude.

4 Quark mass dependence of the binding

decreasing m,
energy and pole position.
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T.. on lattice
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-1 The attraction in I=0

Repulsive

channel mainly comes
from the charged p
exchange.
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Summary

Lattice QCD can provide information on the hadronic resonance
and exotics from first principles.

Preliminary lattice results supports the interpretation of the P,
states as £.D'") bound states.

Lattice results indicate a (virtual) bound state in DD * scattering,
which might corresponds to the tetraquark T,

Further improvements are needed: including couple channel
effects, smaller lattice spacing, physical ight quark mass...
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