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• Strongly coupled with sub-channel  resonances 

• Complete end-to-end analysis from energy levels to partial wave amplitudes 

• Access to observables familiar with experimental analyses, e.g., Dalitz plots

ρ
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Relevant Literature

First calculation of isotensor  scattering amplitude3π

<latexit sha1_base64="TiOwxyJWxznj7yabXlkDTZBWtPg="></latexit>

<latexit sha1_base64="lbHufDsU6OXNN9GmhdQ1QBTidyw="></latexit>

m
4

ω
I
J

<latexit sha1_base64="jsWngIeGM0wc0JGgP2Gu1+dTJb4="></latexit>

Mωω /mω

<latexit sha1_base64="jsWngIeGM0wc0JGgP2Gu1+dTJb4="></latexit>

<latexit sha1_base64="lbHufDsU6OXNN9GmhdQ1QBTidyw="></latexit>

<latexit sha1_base64="kK9Yf2+iv08Ds7QPRE2Ex2UAJ8w="></latexit> <latexit sha1_base64="fyYHiOtYRT30dr42C1m9pUmnx0w="></latexit> <latexit sha1_base64="DuPfV+fsXT7NUMgL2jZI1U4dZPk="></latexit>

<latexit sha1_base64="TiOwxyJWxznj7yabXlkDTZBWtPg="></latexit>

<latexit sha1_base64="fyYHiOtYRT30dr42C1m9pUmnx0w="></latexit> <latexit sha1_base64="DuPfV+fsXT7NUMgL2jZI1U4dZPk="></latexit>

E = 3.5mω

<latexit sha1_base64="kK9Yf2+iv08Ds7QPRE2Ex2UAJ8w="></latexit>

<latexit sha1_base64="TpyO1sPTGMrLNsoWOlZ7qwr17Gw="></latexit>

<latexit sha1_base64="jsWngIeGM0wc0JGgP2Gu1+dTJb4="></latexit>

<latexit sha1_base64="TpyO1sPTGMrLNsoWOlZ7qwr17Gw="></latexit>

<latexit sha1_base64="jsWngIeGM0wc0JGgP2Gu1+dTJb4="></latexit>

<latexit sha1_base64="TiOwxyJWxznj7yabXlkDTZBWtPg="></latexit>

<latexit sha1_base64="lbHufDsU6OXNN9GmhdQ1QBTidyw="></latexit>

<latexit sha1_base64="jsWngIeGM0wc0JGgP2Gu1+dTJb4="></latexit>

<latexit sha1_base64="jsWngIeGM0wc0JGgP2Gu1+dTJb4="></latexit> M
ω
ω
/
m

ω

<latexit sha1_base64="lbHufDsU6OXNN9GmhdQ1QBTidyw="></latexit>

<latexit sha1_base64="kK9Yf2+iv08Ds7QPRE2Ex2UAJ8w="></latexit> <latexit sha1_base64="fyYHiOtYRT30dr42C1m9pUmnx0w="></latexit> <latexit sha1_base64="DuPfV+fsXT7NUMgL2jZI1U4dZPk="></latexit>

<latexit sha1_base64="TiOwxyJWxznj7yabXlkDTZBWtPg="></latexit>

<latexit sha1_base64="fyYHiOtYRT30dr42C1m9pUmnx0w="></latexit> <latexit sha1_base64="DuPfV+fsXT7NUMgL2jZI1U4dZPk="></latexit><latexit sha1_base64="kK9Yf2+iv08Ds7QPRE2Ex2UAJ8w="></latexit>

<latexit sha1_base64="TpyO1sPTGMrLNsoWOlZ7qwr17Gw="></latexit>

<latexit sha1_base64="jsWngIeGM0wc0JGgP2Gu1+dTJb4="></latexit>

<latexit sha1_base64="TpyO1sPTGMrLNsoWOlZ7qwr17Gw="></latexit>

<latexit sha1_base64="jsWngIeGM0wc0JGgP2Gu1+dTJb4="></latexit>



• Establish masses, lifetimes, couplings, etc. in a rigorous manner 

• Requires ascertaining reaction amplitudes — key objects which contain all information 

• Have ability to study hadron physics in manner commensurate with experimental colleagues
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Goal: Understand the excited hadron spectrum from QCD 

Hadron Spectroscopy
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Finite Volume 
Spectra

Contractions & Analyses

Lattice QCD  
Gauge Configurations

K-Matrices

Finite-Volume Mappings Amplitude Reconstruction

Bound & Resonant 
State Properties

Amplitude Analyses

Scattering Amplitudes

M. Lüscher
Commun.Math.Phys. 105, 153 (1986)
Nucl.Phys. B354, 531 (1991) Many many others…

• Establish masses, lifetimes, couplings, etc. in a rigorous manner 

• Requires ascertaining reaction amplitudes — key objects which contain all information 

• Have ability to study hadron physics in manner commensurate with experimental colleagues

Hadron Spectroscopy

Goal: Understand the excited hadron spectrum from QCD 

Lüscher Methodology



• Establish masses, lifetimes, couplings, etc. in a rigorous manner 

• Requires ascertaining reaction amplitudes — key objects which contain all information 

• Have ability to study hadron physics in manner commensurate with experimental colleagues
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Hadron Spectroscopy

Goal: Understand the excited hadron spectrum from QCD 

Example:   Scatteringππ (I = 1)
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Hadron Spectroscopy

Goal: Understand the excited hadron spectrum from QCD 

Example:   Scatteringππ (I = 1)
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Two-Hadron Systems



• Many resonances decay to three (or more) particles — Can we access these states? 

• Most exotics discovered have strong coupling to three-particles — What is significance? 

• BSM Physics involves studying multi-body flavor decays — Can we constrain dynamics?

7

Three-Hadron Spectroscopy

Continue pushing these ideas to three-particle systems

Example:  tetraquark candidateT
cc

R. Aaij et al., 
Nature Physics 18, 751–754 (2022)
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• Many states couple to three pions — decades of phenomenological knowledge 

• Three-pion amplitudes essential to other hadronic phenomena 

• ‘Simple’ playground to test new formalisms, construct observable frameworks
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Three-Pion Scattering

Focus on three-pion systems
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Studying three-hadron states is considerably more involved

• No simple notion of phase shift

• Kinematic rescattering effects ubiquitous 

• Relation between K matrices to amplitudes involves 

integral equations — more analysis required

Three-Hadron Systems



• Many states couple to three pions — decades of phenomenological knowledge 

• Three-pion amplitudes essential to other hadronic phenomena 

• ‘Simple’ playground to test new formalisms, construct observable frameworks
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Three-Pion Scattering

Focus on three-pion systems

C.Adolph, et al
Phys.Rev.D, 95 (2017) 032004
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Three-Pion Scattering

Focus on three-pion systems

C.Adolph, et al
Phys.Rev.D, 95 (2017) 032004
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(b) Explore three-pion systems with lattice QCD — establish analysis 

framework in manner similar to experiment

Motivation
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Follow usual hadron spectrum collaboration (hadspec) methodology

Three-Pion Scattering from Lattice QCD

•  Anisotropic Wilson-Clover fermion action, Syzmanzik improved gauge action 

• Large multi-hadron operator basis with distillation —  operators &  operators 

• Solve GEVP for finite-volume spectrum

Nf = 2 + 1

πππ ρπ

time evolution
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Here, focus on new results for three pions in I = 2

Three-Pion Scattering from Lattice QCD

• Two-pion sub-channel resonances, no three-pion resonances 

• Strongly coupled partial waves
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Here, focus on new results for three pions in I = 2

Three-Pion Scattering from Lattice QCD
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• Strongly coupled partial waves

R. Briceño, M. Hansen, AJ, R. Edwards, and C. Thomas
arXiv:2510.24894, accepted to PRL
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Map finite-volume spectrum to K matrices

Three-Pion Scattering from Lattice QCD
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Map finite-volume spectrum to K matrices

Three-Pion Scattering from Lattice QCD

• Use previously lattice QCD determined hadspec  phase shifts (input)ππ
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Map finite-volume spectrum to K matrices

Three-Pion Scattering from Lattice QCD

• Use previously lattice QCD determined hadspec  phase shifts (input)ππ
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Map finite-volume spectrum to K matrices

Three-Pion Scattering from Lattice QCD

• Use previously lattice QCD determined hadspec  phase shifts (input) 

• Parameterize  with many flexible parameterizations
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Map finite-volume spectrum to K matrices

Three-Pion Scattering from Lattice QCD

• Use previously lattice QCD determined hadspec  phase shifts (input) 

• Parameterize  with many flexible parameterizations
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Reconstruct amplitudes via set of integral equations

Three-Pion Scattering from Lattice QCD

• Subchannel resonances, strongly coupled partial waves
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Reconstruct amplitudes via set of integral equations

Three-Pion Scattering from Lattice QCD

• Subchannel resonances, strongly coupled partial waves
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• Full amplitude requires recoupling between spectator choices (symmetrizing)
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Can study amplitude features through intensity distributions

Dalitz observables
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• Full amplitude requires recoupling between spectator choices (symmetrizing) 

• e.g., view sub-channel resonances via Dalitz-plots
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Dalitz observables
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Can study amplitude features through intensity distributions



24

Lattice QCD spectroscopy is very active, making immense progress in few-body dynamics

Summary

• First calculation of isotensor  scattering amplitude 

• Three-hadron framework was years in development, now have first sets of calculations 

• Future applications will aim to extract more interesting reactions and push new observables

3π
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OPE Singularities
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OPE Dalitz Plots
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<latexit sha1_base64="fyYHiOtYRT30dr42C1m9pUmnx0w="></latexit> <latexit sha1_base64="DuPfV+fsXT7NUMgL2jZI1U4dZPk="></latexit>

<latexit sha1_base64="TpyO1sPTGMrLNsoWOlZ7qwr17Gw="></latexit>

<latexit sha1_base64="jsWngIeGM0wc0JGgP2Gu1+dTJb4="></latexit>

<latexit sha1_base64="lbHufDsU6OXNN9GmhdQ1QBTidyw="></latexit>

m
4

ω
I
J

<latexit sha1_base64="jsWngIeGM0wc0JGgP2Gu1+dTJb4="></latexit>

Mωω /mω

<latexit sha1_base64="jsWngIeGM0wc0JGgP2Gu1+dTJb4="></latexit> M
ω
ω
/
m

ω

<latexit sha1_base64="kK9Yf2+iv08Ds7QPRE2Ex2UAJ8w="></latexit>

E = 3.3mω

<latexit sha1_base64="fyYHiOtYRT30dr42C1m9pUmnx0w="></latexit>

E = 3.4mω

<latexit sha1_base64="DuPfV+fsXT7NUMgL2jZI1U4dZPk="></latexit>

E = 3.5mω
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First applications were in  in 3π
+

I(JP) = 3(0−)

Three Pions

• Simple application without contamination from higher partial waves

103 energy levels described by three numbers , , m
π

a
I=2
ππ

𝒦
I=3
3,iso

M. Hansen et al. [HadSpec]
Phys. Rev. Lett. 126, (2021) 012001
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First applications were in  in 3π
+

I(JP) = 3(0−)

Three Pions

• Simple application without contamination from higher partial waves 

• System dominated by ladder of exchanges

=<latexit sha1_base64="DmNMk2YXYyTv+zN0rWXYwO/YuLg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpv57SdUmsfywUwS9CM6lDzkjBorNW765Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2m0eRxFO4BTOwYMrqME91KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AIzNjME=</latexit><latexit sha1_base64="DmNMk2YXYyTv+zN0rWXYwO/YuLg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpv57SdUmsfywUwS9CM6lDzkjBorNW765Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2m0eRxFO4BTOwYMrqME91KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AIzNjME=</latexit><latexit sha1_base64="DmNMk2YXYyTv+zN0rWXYwO/YuLg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpv57SdUmsfywUwS9CM6lDzkjBorNW765Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2m0eRxFO4BTOwYMrqME91KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AIzNjME=</latexit><latexit sha1_base64="DmNMk2YXYyTv+zN0rWXYwO/YuLg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpv57SdUmsfywUwS9CM6lDzkjBorNW765Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2m0eRxFO4BTOwYMrqME91KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AIzNjME=</latexit> + · · ·+ + · · ·+
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First applications were in  in 3π
+

I(JP) = 3(0−)

Three Pions

• Simple application without contamination from higher partial waves 

• System dominated by ladder of exchanges

=<latexit sha1_base64="DmNMk2YXYyTv+zN0rWXYwO/YuLg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpv57SdUmsfywUwS9CM6lDzkjBorNW765Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2m0eRxFO4BTOwYMrqME91KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AIzNjME=</latexit><latexit sha1_base64="DmNMk2YXYyTv+zN0rWXYwO/YuLg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpv57SdUmsfywUwS9CM6lDzkjBorNW765Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2m0eRxFO4BTOwYMrqME91KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AIzNjME=</latexit><latexit sha1_base64="DmNMk2YXYyTv+zN0rWXYwO/YuLg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpv57SdUmsfywUwS9CM6lDzkjBorNW765Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2m0eRxFO4BTOwYMrqME91KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AIzNjME=</latexit><latexit sha1_base64="DmNMk2YXYyTv+zN0rWXYwO/YuLg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpv57SdUmsfywUwS9CM6lDzkjBorNW765Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2m0eRxFO4BTOwYMrqME91KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AIzNjME=</latexit> + · · ·+ + · · ·+

<latexit sha1_base64="czOfG+JnroNKzd0fJMLfpCYozdc="></latexit>
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<latexit sha1_base64="M38udAYB/5TcjfVMyrdKzpUa+aA="></latexit>

∣

∣

∣
M

I(JP )
3

∣

∣

∣

2

<latexit sha1_base64="ksqmBlvypf3XCWI7eTq3fovCpjs="></latexit>

I(JP ) = 3(0→)

<latexit sha1_base64="j2BP9lvAteIXhxlg9bI03bINR30="></latexit>

ω1/m
2

ω

<latexit sha1_base64="Ljhz9lTLGpVnQkeVZgWzikr6/+A="></latexit> ω
2
/
m

2 ω

<latexit sha1_base64="u+cIN4zbUDcNGHr2iJvmQmrFJMI="></latexit>

mω → 400 MeV

<latexit sha1_base64="cJW928EV9dsns30whRZgtSM2czk="></latexit>

→

s = 3.7mω

M. Hansen et al. [HadSpec]
Phys. Rev. Lett. 126, (2021) 012001

<latexit sha1_base64="/GCrt8sFmV4FP7C7rzd7mOkCwDM="></latexit>

m
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Can access higher waves — coupled integral equations

Higher Partial Waves

I
G
3π J

PC ([ππ]Iℓπ)L

3−

0−+ ([ππ]2Sπ)S

1−+ none

1++ ([ππ]2Sπ)P

2−

0−− ([ππ]2Sπ)S , ([ππ]
1
Pπ)P

1−− ([ππ]1Pπ)P

1+− ([ππ]2Sπ)P , ([ππ]
1
Pπ)S , ([ππ]

1
Pπ)D

1−

0−+ ([ππ]0,2S π)S , ([ππ]
1
Pπ)P

1−+ ([ππ]1Pπ)P

1++ ([ππ]0,2S π)P , ([ππ]
1
Pπ)S , ([ππ]

1
Pπ)D

0−

0−− ([ππ]1Pπ)P

1−− ([ππ]1Pπ)P

1+− ([ππ]1Pπ)S , ([ππ]
1
Pπ)D

<latexit sha1_base64="YFV8w4+7u4rOK9p4uopLTA3ClM8="></latexit>

M3 =

X

JP

M
J

P

3
RJP

Rotational Dependence

— Clebsch-Gordan coefficients

— Wigner D matrix elements

— associated factors

Partial Wave Amplitudes

— depends on ‘energy’ variables only

— Matrix in -space for given LS J
P

<latexit sha1_base64="TOyVEYJBn7gB0BcclC2boG/sukM="></latexit>

ZJmJ
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p

4⇡(2L+ 1)
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�

hJ�|L0, S�i D
(J)
mJ�

(k̂)Y ⇤

S�
(â)

<latexit sha1_base64="HcgMbechkipnVDNUfMkzhlW7wMk="></latexit>
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Can access higher waves — coupled integral equations

Higher Partial Waves

<latexit sha1_base64="S6M+r+8ouyQPsAZXLu59iHdocu4="></latexit><latexit sha1_base64="S6M+r+8ouyQPsAZXLu59iHdocu4="></latexit><latexit sha1_base64="S6M+r+8ouyQPsAZXLu59iHdocu4="></latexit><latexit sha1_base64="S6M+r+8ouyQPsAZXLu59iHdocu4="></latexit>

<latexit sha1_base64="qXO5iK7SuZoHYXZjRtG/UezPDIw="></latexit>

<latexit sha1_base64="IBNwAUOzSpP0dSvQfS9fIGtGoEY="></latexit><latexit sha1_base64="IBNwAUOzSpP0dSvQfS9fIGtGoEY="></latexit><latexit sha1_base64="IBNwAUOzSpP0dSvQfS9fIGtGoEY="></latexit><latexit sha1_base64="IBNwAUOzSpP0dSvQfS9fIGtGoEY="></latexit>

<latexit sha1_base64="NV3DX5t/qAUUQy8Ft4dy0Nk2iKc="></latexit><latexit sha1_base64="NV3DX5t/qAUUQy8Ft4dy0Nk2iKc="></latexit><latexit sha1_base64="NV3DX5t/qAUUQy8Ft4dy0Nk2iKc="></latexit><latexit sha1_base64="NV3DX5t/qAUUQy8Ft4dy0Nk2iKc="></latexit>
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<latexit sha1_base64="iuhrFcEXaDOcZixkfyl8tkIe/OQ="></latexit>

1
P1 !

1
P1

<latexit sha1_base64="fXjLgQmlk0/ooI+p1vyAjJ+5UWQ="></latexit>

1
P1 !

3
S1

<latexit sha1_base64="0L89zWirGs4BWkb5I+o0O/86MQo="></latexit>

1
P1 !

3
D1

<latexit sha1_base64="EUK3vdAsjhnQVDbDLpHOKKkWxIE="></latexit>

3
S1 !

3
S1

<latexit sha1_base64="qXO5iK7SuZoHYXZjRtG/UezPDIw="></latexit>

s/m2

�

<latexit sha1_base64="YzGkMySpQUN8hxOkGfpGcr8o3qw="></latexit>

3
D1 !

3
D1

<latexit sha1_base64="W2p6SIhj9oFvcNkQ2/nlZ4oPHxA="></latexit>

3
S1 !

3
D1

<latexit sha1_base64="zQYkFnO8ijXfsuAJ2rdVZN0kF48="></latexit>

T (JP ) = 1(1+)
<latexit sha1_base64="XdTTZlsBpJA6MWrDtA0GRd/f41g="></latexit>

real
<latexit sha1_base64="TkV7/G3fw4SzXbgUL6xGhekPFDw="></latexit>

imag

<latexit sha1_base64="TKdcCxcYgN5UsFsqfC7LOcyd/Uk="></latexit><latexit sha1_base64="TKdcCxcYgN5UsFsqfC7LOcyd/Uk="></latexit><latexit sha1_base64="TKdcCxcYgN5UsFsqfC7LOcyd/Uk="></latexit><latexit sha1_base64="TKdcCxcYgN5UsFsqfC7LOcyd/Uk="></latexit>

<latexit sha1_base64="ne15k7DtKFQiVlsGdpQFnFVoCFQ="></latexit><latexit sha1_base64="ne15k7DtKFQiVlsGdpQFnFVoCFQ="></latexit><latexit sha1_base64="ne15k7DtKFQiVlsGdpQFnFVoCFQ="></latexit><latexit sha1_base64="ne15k7DtKFQiVlsGdpQFnFVoCFQ="></latexit>

<latexit sha1_base64="rDB2+79946B3A2nt4Dgx+T1/1CI="></latexit><latexit sha1_base64="rDB2+79946B3A2nt4Dgx+T1/1CI="></latexit><latexit sha1_base64="rDB2+79946B3A2nt4Dgx+T1/1CI="></latexit><latexit sha1_base64="rDB2+79946B3A2nt4Dgx+T1/1CI="></latexit>

<latexit sha1_base64="9C59zRKA5XJ/+k6Wv8Wg7kUHMPs="></latexit><latexit sha1_base64="9C59zRKA5XJ/+k6Wv8Wg7kUHMPs="></latexit><latexit sha1_base64="9C59zRKA5XJ/+k6Wv8Wg7kUHMPs="></latexit><latexit sha1_base64="9C59zRKA5XJ/+k6Wv8Wg7kUHMPs="></latexit>

Testing frameworks for lattice QCD applications

AJ and R. Briceño

Phys.Rev.D 109 (2024) 9, 096030

R. Briceño, C. Costa, AJ

Phys.Rev.D 111 (2025) 3, 036029

<latexit sha1_base64="X4ryAG5WNcgHPGs8EnofRKcaWIU="></latexit>

“⇢”

<latexit sha1_base64="5FflADncA7rBmoaRMZ/1YY/TXVU="></latexit>
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