Three-body analysis of 77 (3875)

SUMMARY
. - 1) We lay out a strategy for a rigorous determination
SEbaStlan M DaWId of Tcc and related systems from Lattice QCD
with the honorable 2) We discuss resolution of the “left-hand cut problem”

both in the finite volume and in the continuum
3) We generalize and solve relativistic EFT three-body
equations and apply them to existing lattice data

F. Romero-Lopez & S. Sharpe

W UNIVERSITY of WASHINGTON
Chiral Dynamics 2024, Bochum, 27.08.2024



Infinite Volume

Three-body effects strongly impact properties of the
tetraquark due to the proximity of the DDt thresholds.
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Finite Volume

For heavy pion, thresholds are inverted but

three-body effec
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s still play an important role
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The left-hand cut problem

Role of the left-hand cut contributions on pole extractions from lattice data...
Meng-Lin Du et al., PRL 131, 131903 (2023)

At the pion mass increases, the right-hand cut of the
physical pion exchange travels below the threshold
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Presence of the left-hand cut:
a) Invalidates the Lischer formalism
b) invalidates the effective-range expansion
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oo o Analytic continuation of the relativistic three-body amplitudes
Dawid, Islam, Briceno, PRD 108 (2023) 3, 034016
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Analytic continuation of the relativistic three-body amplitudes

Breakdown of the Luscher formalism Dawd, am, Bricen, PRD 108 2023 3, 034016~

Romero-Lopez et al. JHEP 10 (2019) 007
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1o ¢ | STRATEGY
§ 01 | F;Zlg 1. Apply the three-body gquantization condition to states with
B s EV w/o Cut Tec quantum numbers (regardless of the pion mass)
= 2. Extract the DDm-relevant two-and three-body K matrices
S 09 AN 7 3. Solve the integral equations relating these objects to the
5 04 continuum DDmt scattering amplitude
~ -05 o 4. Employ the LSZ reduction formula to obtain the DD*

06 ’ amplitude that accounts for the pion exchanges
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R E FT ﬁ n Illle'vo I U m e q U q n IIIIZG II'I O n Relativistic three-particle quantization condition for non-degenerate scalars

Three-particle finite-volume formalism for m*m*K* and related systems
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Lattice QCD and three-particle decays of resonances Incorporating DDn effects and left-hand cuts in lattice QCD studies of Tcc*
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REFT three-body integral equations

diagrams by A. Jackura from PRD 100 (2019) 3, 034508

Mz =D + Mg,df

One—particle exchanges

Short—range amplitude
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Expressing the three-particle finite-volume spectrum in terms of the
three-to-three scattering amplitude
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Three-body scattering: Ladders and Resonances
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G e n e rq I iZi n g 1'0 D D n JP — 1 + Dawid, Romero-Lopez, Sharpe, in preparation
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Including three-body forces  J”

T:’C3—’C3P£T

Matrix-integral equation governed by the symmetric
three-body K matrix and two-body rescatterings.
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Solution of another integral equation is unnecessary
for certain models of the three-body K matrix
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1 —|— Implementing the three-particle quantization condition for nnK and related systems
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Threshold expansion

The last term contributes, for instance,

Ks(*S1]°S1) = ’Cf @y G (Vp +2) (7 + 2)

27

Relative two—body momentum 1n a pair ‘

Boost to pair’s rest frame



Fixing the scattering parameters
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Partial-wave mixing amplitude
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Observations:

we find a sub-threshold complex pole (agreement with the NR EFT analysis)
simple model of three-body forces is enough to describe data

partial-wave mixing is small (not shown here)

Dt S-wave scattering is (almost) negligible (not shown here)
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Partial-wave mixing amplitude
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a) we find a sub-threshold complex pole (agreement with the NR EFT analysis)
b) simple model of three-body forces is enough to describe data

c) partial-wave mixing is small (not shown here)

d) Dt S-wave scattering is (almost) negligible (not shown here)
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Partial-wave mixing amplitude

Mpp-(*S1°S1) Mpp-(*S1°Dy)
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simple model of three-body forces is enough to describe data

partial-wave mixing is small (not shown here)
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The recently updated lattice data

(Qb/mD) cot 5&

Preliminary (unpublished) data set presented at the Lattice 24 conference talk:

lvan Vujmilovic "Tcc via plane-wave approach and including diquark-antidiquark operators”
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(@) single-parameter model flexible enough to match new results
(b) tetraquark might appear as a virtual state?
(c) status of the ERE is unclear

11



Ortiz-Pacheco et al. arXiv:2312.13441

The recently updated lattice data

Preliminary (unpublished) data set presented at the Lattice 24 conference talk:
lvan Vujmilovic "Tcc via plane-wave approach and including diquark-antidiquark operators”
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Comparing the finite-volume spectra
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Comparing the finite-volume spectra
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Comparing the finite-volume spectra
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Summary

Finite Volume

>

Lattice QCD  Spectrum | 3_-pody QC

Towards the tetraquark from Lattice QCD
[ resolution of the left-hand cut problem
[A generalization of the three-body equations
A comparison with the existing lattice results
(Z model of Tcc = initial condition for LQCD studies

Infinite Volume

Integral egs. Resonances

Next steps
[ ] Systematics of the K matrices
[ ] Systematic application to lattice data
[ ] Three-body computation of Tcc

[ ] Formalism for the Roper resonance
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Pair-spectator amplitude Ms(p, k)

Illustrations by A. Jackura (arXiv:2208.10587, arXiv:2312.00625)

Initial state plane
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On-shell three-body elastic amplitude depends on eight kinematical variables:
- two angles defining orientation of the initial-state pair

- two angles defining orientation of the final-state pair

- one angle defining orientation between spactators (pairs)

- Invariant mass of the initial and final pair

- total energy

Pair—spectator amplitude
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