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Three particles from QCD 
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3B = “Three-Body”

<latexit sha1_base64="/GdI7aaXllXBgg6XmgHNsRH8r8k="></latexit>ω

<latexit sha1_base64="4q8WXa6fO/G64wf/YfCB2FLA0Do=">AAAB/3icbVDLSsNAFL2pr1pfVZdugkVwVRKR6rLoxmVF+4A2lMnkph06mYSZiVBCF36AW/0Ed+LWT/EL/A2nbRa29cCFwzn3cu89fsKZ0o7zbRXW1jc2t4rbpZ3dvf2D8uFRS8WppNikMY9lxycKORPY1Exz7CQSSeRzbPuj26nffkKpWCwe9ThBLyIDwUJGiTbSQy9h/XLFqToz2KvEzUkFcjT65Z9eENM0QqEpJ0p1XSfRXkakZpTjpNRLFSaEjsgAu4YKEqHystmpE/vMKIEdxtKU0PZM/TuRkUipceSbzojooVr2puJ/XjfV4bWXMZGkGgWdLwpTbuvYnv5tB0wi1XxsCKGSmVttOiSSUG3SWdiizFNDDCYlk4y7nMMqaV1U3Vq1dn9Zqd/kGRXhBE7hHFy4gjrcQQOaQGEAL/AKb9az9W59WJ/z1oKVzxzDAqyvXzWVlrE=</latexit>ω <latexit sha1_base64="4q8WXa6fO/G64wf/YfCB2FLA0Do=">AAAB/3icbVDLSsNAFL2pr1pfVZdugkVwVRKR6rLoxmVF+4A2lMnkph06mYSZiVBCF36AW/0Ed+LWT/EL/A2nbRa29cCFwzn3cu89fsKZ0o7zbRXW1jc2t4rbpZ3dvf2D8uFRS8WppNikMY9lxycKORPY1Exz7CQSSeRzbPuj26nffkKpWCwe9ThBLyIDwUJGiTbSQy9h/XLFqToz2KvEzUkFcjT65Z9eENM0QqEpJ0p1XSfRXkakZpTjpNRLFSaEjsgAu4YKEqHystmpE/vMKIEdxtKU0PZM/TuRkUipceSbzojooVr2puJ/XjfV4bWXMZGkGgWdLwpTbuvYnv5tB0wi1XxsCKGSmVttOiSSUG3SWdiizFNDDCYlk4y7nMMqaV1U3Vq1dn9Zqd/kGRXhBE7hHFy4gjrcQQOaQGEAL/AKb9az9W59WJ/z1oKVzxzDAqyvXzWVlrE=</latexit>ω <latexit sha1_base64="4q8WXa6fO/G64wf/YfCB2FLA0Do=">AAAB/3icbVDLSsNAFL2pr1pfVZdugkVwVRKR6rLoxmVF+4A2lMnkph06mYSZiVBCF36AW/0Ed+LWT/EL/A2nbRa29cCFwzn3cu89fsKZ0o7zbRXW1jc2t4rbpZ3dvf2D8uFRS8WppNikMY9lxycKORPY1Exz7CQSSeRzbPuj26nffkKpWCwe9ThBLyIDwUJGiTbSQy9h/XLFqToz2KvEzUkFcjT65Z9eENM0QqEpJ0p1XSfRXkakZpTjpNRLFSaEjsgAu4YKEqHystmpE/vMKIEdxtKU0PZM/TuRkUipceSbzojooVr2puJ/XjfV4bWXMZGkGgWdLwpTbuvYnv5tB0wi1XxsCKGSmVttOiSSUG3SWdiizFNDDCYlk4y7nMMqaV1U3Vq1dn9Zqd/kGRXhBE7hHFy4gjrcQQOaQGEAL/AKb9az9W59WJ/z1oKVzxzDAqyvXzWVlrE=</latexit>ω

~89%Many hadrons couple to 
three-particle channels

Amplitude analysis is essential 
• Not just for resonance extraction 
• Unique kinematic effects 
• 2- and 3-body forces 
• Lattice spectra and K-matrices are only a 

piece of the puzzle…

<latexit sha1_base64="82fTvVq2cCyh6QXMJo4uExn4/Pk="></latexit>

Epole = M → i
!

2



Finite-Volume

Lattice-to-Amplitude Workflow

Lattice 2026 | UMD, College Park | July 30, 2026

<latexit sha1_base64="hndp6vlOnECqQVGUSLsEK8OjYDI="></latexit>

det(F→1
2 +K2) = 0

<latexit sha1_base64="INlWWhTzhe/nTB1pHsYovECHuS0="></latexit>

det(F→1
3 +K3) = 0

Two-body 
spectra

Three-body 
spectra

Quantization Conditions
(scheme dependent)

K-matrices

<latexit sha1_base64="OedMScyc4v7rPug6uXsQR7j0Y/M="></latexit>

K2

<latexit sha1_base64="sD6q4YzbVlJcyy+Md9o7TSt7miA="></latexit>

K3

“Finite-volume 
function”
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Infinite-Volume

Lattice-to-Amplitude Workflow
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<latexit sha1_base64="OedMScyc4v7rPug6uXsQR7j0Y/M="></latexit>

K2
<latexit sha1_base64="sD6q4YzbVlJcyy+Md9o7TSt7miA="></latexit>

K3

Integral 
Equations

Post-analysis

QCD Input

• PW Projection 
• Analytic Continuation 
• Symmetrization

…

PW = “Partial Wave”
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A concluding step in the formalism…
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Need for Symmetrization

<latexit sha1_base64="/u6j5P0RY1TT76ZH8wQphBxdgGM=">AAACInicbZDLSsNAFIYn9VbrLerSzWCRVpCSiFRFhKIbN0IFe4E2hMl00g6dScLMRCghz+LGV3HjQlFXgg/jpK2g1QMDH/9/DnPO70WMSmVZH0Zubn5hcSm/XFhZXVvfMDe3mjKMBSYNHLJQtD0kCaMBaSiqGGlHgiDuMdLyhpeZ37ojQtIwuFWjiDgc9QPqU4yUllzztMuRGmDE4LWbdAljJchLZzAjyFNYHtuen0TpAfzmYboPz6FrFq2KNS74F+wpFMG06q751u2FOOYkUJghKTu2FSknQUJRzEha6MaSRAgPUZ90NAaIE+kk4xNTuKeVHvRDoV+g4Fj9OZEgLuWIe7oz21LOepn4n9eJlX/iJDSIYkUCPPnIjxlUIczygj0qCFZspAFhQfWuEA+QQFjpVAs6BHv25L/QPKzY1Ur15qhYu5jGkQc7YBeUgQ2OQQ1cgTpoAAzuwSN4Bi/Gg/FkvBrvk9acMZ3ZBr/K+PwCoo2igA==</latexit>

Mω→m→;ωm(p,k) =
<latexit sha1_base64="1mzsmORHg8JmEF4MxkMI5qxEYm8=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJdFNy4r2Ae2pWTSO21oJjMkGaEM/Qs3LhRx69+482/MtLPQ1gOBwzn3knOPHwuujet+O4W19Y3NreJ2aWd3b/+gfHjU0lGiGDZZJCLV8alGwSU2DTcCO7FCGvoC2/7kNvPbT6g0j+SDmcbYD+lI8oAzaqz02AupGftBGs8G5Ypbdecgq8TLSQVyNAblr94wYkmI0jBBte56bmz6KVWGM4GzUi/RGFM2oSPsWippiLqfzhPPyJlVhiSIlH3SkLn6eyOlodbT0LeTWUK97GXif143McF1P+UyTgxKtvgoSAQxEcnOJ0OukBkxtYQyxW1WwsZUUWZsSSVbgrd88ippXVS9WrV2f1mp3+R1FOEETuEcPLiCOtxBA5rAQMIzvMKbo50X5935WIwWnHznGP7A+fwB9KORHw==</latexit>p

<latexit sha1_base64="EXJRk72HBL7gkTb6jhz5ITLJvyM=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJdFNy4r2Ae2pWTSO21oJjMkGaEM/Qs3LhRx69+482/MtLPQ1gOBwzn3knOPHwuujet+O4W19Y3NreJ2aWd3b/+gfHjU0lGiGDZZJCLV8alGwSU2DTcCO7FCGvoC2/7kNvPbT6g0j+SDmcbYD+lI8oAzaqz02AupGftBOpkNyhW36s5BVomXkwrkaAzKX71hxJIQpWGCat313Nj0U6oMZwJnpV6iMaZsQkfYtVTSEHU/nSeekTOrDEkQKfukIXP190ZKQ62noW8ns4R62cvE/7xuYoLrfsplnBiUbPFRkAhiIpKdT4ZcITNiagllitushI2poszYkkq2BG/55FXSuqh6tWrt/rJSv8nrKMIJnMI5eHAFdbiDBjSBgYRneIU3RzsvzrvzsRgtOPnOMfyB8/kD7QqRGg==</latexit>

k

Asymmetric Pair-Spectator Amplitude
<latexit sha1_base64="nM6lnc6wAp5ONRlbyHtk2Z6E3Yk=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSxSD6UkItVj0YvHCrYWmhA22027dHcTdjdCCPWvePGgiFd/iDf/jds2B219MPB4b4aZeWHCqNKO822V1tY3NrfK25Wd3b39A/vwqKfiVGLSxTGLZT9EijAqSFdTzUg/kQTxkJGHcHIz8x8eiVQ0Fvc6S4jP0UjQiGKkjRTYVU/REUdB0oAeYazegLwe2DWn6cwBV4lbkBoo0AnsL28Y45QToTFDSg1cJ9F+jqSmmJFpxUsVSRCeoBEZGCoQJ8rP58dP4alRhjCKpSmh4Vz9PZEjrlTGQ9PJkR6rZW8m/ucNUh1d+TkVSaqJwItFUcqgjuEsCTikkmDNMkMQltTcCvEYSYS1yatiQnCXX14lvfOm22q27i5q7esijjI4BifgDLjgErTBLeiALsAgA8/gFbxZT9aL9W59LFpLVjFTBX9gff4A2HGTnA==</latexit>

ωp, ε
→,m→ <latexit sha1_base64="yTFSuvFttJXTaJgoPtHEGVCZCyw=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSyCh1ISkeqx6MVjBfsBTQib7aRdupuE3Y1San+KFw+KePWXePPfuG1z0NYHA4/3ZpiZF6acKe0431ZhbX1jc6u4XdrZ3ds/sMuHbZVkkkKLJjyR3ZAo4CyGlmaaQzeVQETIoROObmZ+5wGkYkl8r8cp+IIMYhYxSrSRArvsKTYQJBhVsQecV7EI7IpTc+bAq8TNSQXlaAb2l9dPaCYg1pQTpXquk2p/QqRmlMO05GUKUkJHZAA9Q2MiQPmT+elTfGqUPo4SaSrWeK7+npgQodRYhKZTED1Uy95M/M/rZTq68icsTjMNMV0sijKOdYJnOeA+k0A1HxtCqGTmVkyHRBKqTVolE4K7/PIqaZ/X3HqtfndRaVzncRTRMTpBZ8hFl6iBblETtRBFj+gZvaI368l6sd6tj0VrwcpnjtAfWJ8/BJmTNQ==</latexit>

ωk, ε,m

• Integral equations use pair-spectator basis 
• Singles out initial/final momenta as spectators 
• Remaining two form a pair 

• Final amplitude has unphysical dependence on spectator

<latexit sha1_base64="KHWSFavdf09Dh4bnWuzp7Yp1efs="></latexit>

MS→m→;Sm(p,k)

<latexit sha1_base64="chCktCeDbi2T7gb0Qsu4Vot1ekQ="></latexit>

S→ <latexit sha1_base64="VTSxjjs5zid8EZgDoPDuXxMuMV0="></latexit>

S
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Partial Wave Formalism

Lattice 2026 | UMD, College Park | July 30, 2026 6 21



Partial-Wave Projection

Pair rest frame

<latexit sha1_base64="2tBscg33tYOYUtH9h3e6Sg/rJJI="></latexit>

k

considering spinless particles…
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Pair-spectator Kinematics

Spectator Momenta 
Pair Invariant Masses 
Spin of pairs 
Pair-spectator orbital ang. mom 

3B rest frame (initial state)

<latexit sha1_base64="MLE+fnW/aRFt18jFL/vCd3ch2Nk="></latexit>p
<latexit sha1_base64="y5QTqozPFAt+gqWDu7tw8bITE38="></latexit>

k

boost
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Partial-Wave Projection

Pair rest frame

<latexit sha1_base64="2tBscg33tYOYUtH9h3e6Sg/rJJI="></latexit>

k

PW project pair to 
definite      (and isospin     )                

<latexit sha1_base64="gk5vyJCNA1t6e7+Co3a2+ZccQhw="></latexit>

I2
<latexit sha1_base64="bzRy0DWMQzLlLtoQHPfGmtxhQhI="></latexit>

Sconsidering spinless particles…

Lattice 2026 | UMD, College Park | July 30, 2026

Pair-spectator Kinematics

Spectator Momenta 
Pair Invariant Masses 
Spin of pairs 
Pair-spectator orbital ang. mom 

<latexit sha1_base64="MLE+fnW/aRFt18jFL/vCd3ch2Nk="></latexit>p
<latexit sha1_base64="y5QTqozPFAt+gqWDu7tw8bITE38="></latexit>

k
<latexit sha1_base64="uLz6d/TD4kywNbhHw5X2IlM6VW8="></latexit>

ω→
p

<latexit sha1_base64="toEhaCt2G18Mo2vMDvXhh0exgLM="></latexit>ωk
<latexit sha1_base64="0Ex4J0CpdNxwA8m0Zd3gt530oUA="></latexit>

S→ <latexit sha1_base64="mQlyKo7LYSLsIfm9uUeHXQVT1Rw="></latexit>

S

boost

PW = “Partial Wave”

3B rest frame (initial state)

8 21



Partial-Wave Projection

Pair rest frame

<latexit sha1_base64="2tBscg33tYOYUtH9h3e6Sg/rJJI="></latexit>

k

PW project pair to 
definite      (and isospin     )                

<latexit sha1_base64="gk5vyJCNA1t6e7+Co3a2+ZccQhw="></latexit>

I2
<latexit sha1_base64="bzRy0DWMQzLlLtoQHPfGmtxhQhI="></latexit>

Sconsidering spinless particles…

3B rest frame  
(spectator + quasi-particle)

undo boost

Lattice 2026 | UMD, College Park | July 30, 2026

Pair-spectator Kinematics

Spectator Momenta 
Pair Invariant Masses 
Spin of pairs 
Pair-spectator orbital ang. mom 

<latexit sha1_base64="oOo8FQC672ZwPpodw6EZsLJKzyA="></latexit>

ωk I2 S

<latexit sha1_base64="MLE+fnW/aRFt18jFL/vCd3ch2Nk="></latexit>p
<latexit sha1_base64="y5QTqozPFAt+gqWDu7tw8bITE38="></latexit>

k
<latexit sha1_base64="uLz6d/TD4kywNbhHw5X2IlM6VW8="></latexit>

ω→
p

<latexit sha1_base64="toEhaCt2G18Mo2vMDvXhh0exgLM="></latexit>ωk
<latexit sha1_base64="0Ex4J0CpdNxwA8m0Zd3gt530oUA="></latexit>

S→ <latexit sha1_base64="mQlyKo7LYSLsIfm9uUeHXQVT1Rw="></latexit>

S
<latexit sha1_base64="kcIMSbiywmrrqgw/DHKt7b/NfLM="></latexit>

L→ <latexit sha1_base64="oDH/qmctMFkkLzdKGexegywzeYU="></latexit>

L

boost

<latexit sha1_base64="MSsVc9//0TBYaQxZgca0eEfEoRQ="></latexit>

L

PW = “Partial Wave”

3B rest frame (initial state)
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Partial-Wave Projection

Pair rest frame

<latexit sha1_base64="2tBscg33tYOYUtH9h3e6Sg/rJJI="></latexit>

k

PW project pair to 
definite      (and isospin     )                

<latexit sha1_base64="gk5vyJCNA1t6e7+Co3a2+ZccQhw="></latexit>

I2
<latexit sha1_base64="bzRy0DWMQzLlLtoQHPfGmtxhQhI="></latexit>

Sconsidering spinless particles…

undo boost

Lattice 2026 | UMD, College Park | July 30, 2026

Pair-spectator Kinematics

Spectator Momenta 
Pair Invariant Masses 
Spin of pairs 
Pair-spectator orbital ang. mom 
Total ang. mom

<latexit sha1_base64="X+bYoI8tma4Hsu8vpPCszLO8ir8="></latexit>

(L, S) → J

<latexit sha1_base64="mQ+pZ1SvtfTOkxr1T9gAP1ukgWU="></latexit> =→

<latexit sha1_base64="MLE+fnW/aRFt18jFL/vCd3ch2Nk="></latexit>p
<latexit sha1_base64="y5QTqozPFAt+gqWDu7tw8bITE38="></latexit>

k
<latexit sha1_base64="uLz6d/TD4kywNbhHw5X2IlM6VW8="></latexit>

ω→
p

<latexit sha1_base64="toEhaCt2G18Mo2vMDvXhh0exgLM="></latexit>ωk
<latexit sha1_base64="0Ex4J0CpdNxwA8m0Zd3gt530oUA="></latexit>

S→ <latexit sha1_base64="mQlyKo7LYSLsIfm9uUeHXQVT1Rw="></latexit>

S
<latexit sha1_base64="kcIMSbiywmrrqgw/DHKt7b/NfLM="></latexit>

L→ <latexit sha1_base64="oDH/qmctMFkkLzdKGexegywzeYU="></latexit>

L
<latexit sha1_base64="ZTl3EE8B5c7Mc7ICsSmqDzRXdWE="></latexit>

J

boost

10 21

PW = “Partial Wave”

3B rest frame (initial state)

3B rest frame  
(spectator + quasi-particle)



We need to symmetrize…

Lattice 2026 | UMD, College Park | July 30, 2026

Symmetrized Asymmetric Pair-
Spectator Amplitude  

<latexit sha1_base64="l4Adncw1rYGwq/M5gpg5bAwRWrM=">AAACE3icbVDLSgMxFM34rPVVdekmtAiiUmZ8tLordaEboYqthc5QMmmqoZkHyR2xDPMPLvRX3LhQxK0bd/0bM20Xvg4kHM659+bmuKHgCkxzYExMTk3PzGbmsvMLi0vLuZXVhgoiSVmdBiKQTZcoJrjP6sBBsGYoGfFcwa7c3nHqX90yqXjgX0I/ZI5Hrn3e5ZSAltq5LRvYHQzntC5Oqk58sL+Drb1yeh0lse0RuKFExGdJ0s4VzKI5BP5LrDEpVPL29sOg0q+1c592J6CRx3yggijVsswQnJhI4FSwJGtHioWE9sg1a2nqE48pJx7ukuANrXRwN5D6+ICH6veOmHhK9T1XV6Y7qt9eKv7ntSLoHjox98MImE9HD3UjgSHAaUC4wyWjIPqaECq53hXTGyIJBR1jVodg/f7yX9LYLVqlYulcp1FFI2TQOsqjTWShMqqgU1RDdUTRPXpCL+jVeDSejTfjfVQ6YYx71tAPGB9fzWqf3A==</latexit>

M
<latexit sha1_base64="9baMhdG32fFIk+9mx01+UL+xlkQ="></latexit>

M(j→,j)

The pair-spectator basis creates an 
unphysical dependence on spectator choice

Notation

<latexit sha1_base64="/tAK/MYOZr7Q6kdquCRDRZip3dw="></latexit>

j, j→ = 1, 2, 3
<latexit sha1_base64="TGPaBQ/j0BLOijzuO7x+ExW68sg="></latexit>

pj → pj+1 → pj+2

Spectator Index

11 21



We need to symmetrize…

Lattice 2026 | UMD, College Park | July 30, 2026

Key Concept

Difficult to symmetrize in pair-spectator basis 
• Requires relating angular kinematics in different Lorentz frames

Difficult to relate

12 21



…so let’s try a new basis

<latexit sha1_base64="0ZT+QwvaBAN4PxIhItY3KZoExd4="></latexit>ωj

<latexit sha1_base64="CfVB/V67ITTa25mucjQO7Ql5Cqs="></latexit>

ωj

<latexit sha1_base64="qA06RnlqcKNvMyvWwYldUDOe9T0="></latexit>

ωj

<latexit sha1_base64="CfVB/V67ITTa25mucjQO7Ql5Cqs="></latexit>

ωj

<latexit sha1_base64="CQUMtnZmBNw00MMEOeBaK2quN1U="></latexit>

I
<latexit sha1_base64="xiDBT92k/48TS2i0pEbbL0pYSwM="></latexit>

II
<latexit sha1_base64="xDe0zWZ1/Egg8KmjoQ/13hRJtvQ="></latexit>

IV
<latexit sha1_base64="lnrxCMWkEeI808c5nkbNgFxS1PU="></latexit>

III

<latexit sha1_base64="bMjLtMXHAB7l6MxwEfLpleMvPWY="></latexit>pj

<latexit sha1_base64="rBwXVpQUXax2ppg6FANcnypXjbo="></latexit>pj1

<latexit sha1_base64="5k6vXQxvmwEHDxoLqW4peiklyTM="></latexit>pj2

<latexit sha1_base64="8baWvl9+fbgBRbil7xfTMR2fKEI="></latexit>xj

<latexit sha1_base64="vMSw0j6I1S+/EHozSv3PGsrTZr8="></latexit>yj

<latexit sha1_base64="t8N5c1NleVb7kKmhvhRRVIrTLgk="></latexit>zj

<latexit sha1_base64="KAXtRu9kss6ipeGplxFGLinOhs0="></latexit>z

<latexit sha1_base64="WEwgnTVIaJ8kW0PCaabWA4G1ycA="></latexit>y

<latexit sha1_base64="qkXNsUTxICIPKjJsUYSANw6wPyg="></latexit>x
<latexit sha1_base64="OGkqdVFuPDggUQJBdXEN9Pnmyvg="></latexit>

 j

<latexit sha1_base64="f3W/Jc4gPyeMOcaUoMge9J6X/hc="></latexit>

✓j

<latexit sha1_base64="H9pDsUDVdEeHfDw6fgU+/NvArcg="></latexit>'j

<latexit sha1_base64="KAXtRu9kss6ipeGplxFGLinOhs0="></latexit>z

<latexit sha1_base64="WEwgnTVIaJ8kW0PCaabWA4G1ycA="></latexit>y

<latexit sha1_base64="qkXNsUTxICIPKjJsUYSANw6wPyg="></latexit>x

<latexit sha1_base64="KAXtRu9kss6ipeGplxFGLinOhs0="></latexit>z

<latexit sha1_base64="WEwgnTVIaJ8kW0PCaabWA4G1ycA="></latexit>y

<latexit sha1_base64="qkXNsUTxICIPKjJsUYSANw6wPyg="></latexit>x

<latexit sha1_base64="KAXtRu9kss6ipeGplxFGLinOhs0="></latexit>z

<latexit sha1_base64="WEwgnTVIaJ8kW0PCaabWA4G1ycA="></latexit>y

<latexit sha1_base64="qkXNsUTxICIPKjJsUYSANw6wPyg="></latexit>x
<latexit sha1_base64="8baWvl9+fbgBRbil7xfTMR2fKEI="></latexit>xj

<latexit sha1_base64="vMSw0j6I1S+/EHozSv3PGsrTZr8="></latexit>yj

<latexit sha1_base64="t8N5c1NleVb7kKmhvhRRVIrTLgk="></latexit>zj
<latexit sha1_base64="t8N5c1NleVb7kKmhvhRRVIrTLgk="></latexit>zj

<latexit sha1_base64="8baWvl9+fbgBRbil7xfTMR2fKEI="></latexit>xj

<latexit sha1_base64="vMSw0j6I1S+/EHozSv3PGsrTZr8="></latexit>yj <latexit sha1_base64="vMSw0j6I1S+/EHozSv3PGsrTZr8="></latexit>yj

<latexit sha1_base64="8baWvl9+fbgBRbil7xfTMR2fKEI="></latexit>xj

<latexit sha1_base64="t8N5c1NleVb7kKmhvhRRVIrTLgk="></latexit>zj

<latexit sha1_base64="f3W/Jc4gPyeMOcaUoMge9J6X/hc="></latexit>

✓j
<latexit sha1_base64="bMjLtMXHAB7l6MxwEfLpleMvPWY="></latexit>pj

<latexit sha1_base64="bMjLtMXHAB7l6MxwEfLpleMvPWY="></latexit>pj

<latexit sha1_base64="bMjLtMXHAB7l6MxwEfLpleMvPWY="></latexit>pj
<latexit sha1_base64="rBwXVpQUXax2ppg6FANcnypXjbo="></latexit>pj1

<latexit sha1_base64="rBwXVpQUXax2ppg6FANcnypXjbo="></latexit>pj1

<latexit sha1_base64="rBwXVpQUXax2ppg6FANcnypXjbo="></latexit>pj1

<latexit sha1_base64="bMjLtMXHAB7l6MxwEfLpleMvPWY="></latexit>pj

<latexit sha1_base64="8baWvl9+fbgBRbil7xfTMR2fKEI="></latexit>xj

<latexit sha1_base64="vMSw0j6I1S+/EHozSv3PGsrTZr8="></latexit>yj

<latexit sha1_base64="t8N5c1NleVb7kKmhvhRRVIrTLgk="></latexit>zj

<latexit sha1_base64="KAXtRu9kss6ipeGplxFGLinOhs0="></latexit>z

<latexit sha1_base64="WEwgnTVIaJ8kW0PCaabWA4G1ycA="></latexit>y

<latexit sha1_base64="qkXNsUTxICIPKjJsUYSANw6wPyg="></latexit>x

<latexit sha1_base64="KAXtRu9kss6ipeGplxFGLinOhs0="></latexit>z

<latexit sha1_base64="WEwgnTVIaJ8kW0PCaabWA4G1ycA="></latexit>y

<latexit sha1_base64="qkXNsUTxICIPKjJsUYSANw6wPyg="></latexit>x

<latexit sha1_base64="KAXtRu9kss6ipeGplxFGLinOhs0="></latexit>z

<latexit sha1_base64="WEwgnTVIaJ8kW0PCaabWA4G1ycA="></latexit>y

<latexit sha1_base64="qkXNsUTxICIPKjJsUYSANw6wPyg="></latexit>x

<latexit sha1_base64="KAXtRu9kss6ipeGplxFGLinOhs0="></latexit>z

<latexit sha1_base64="WEwgnTVIaJ8kW0PCaabWA4G1ycA="></latexit>y

<latexit sha1_base64="qkXNsUTxICIPKjJsUYSANw6wPyg="></latexit>x
<latexit sha1_base64="8baWvl9+fbgBRbil7xfTMR2fKEI="></latexit>xj

<latexit sha1_base64="vMSw0j6I1S+/EHozSv3PGsrTZr8="></latexit>yj

<latexit sha1_base64="t8N5c1NleVb7kKmhvhRRVIrTLgk="></latexit>zj
<latexit sha1_base64="t8N5c1NleVb7kKmhvhRRVIrTLgk="></latexit>zj

<latexit sha1_base64="8baWvl9+fbgBRbil7xfTMR2fKEI="></latexit>xj

<latexit sha1_base64="vMSw0j6I1S+/EHozSv3PGsrTZr8="></latexit>yj <latexit sha1_base64="vMSw0j6I1S+/EHozSv3PGsrTZr8="></latexit>yj

<latexit sha1_base64="8baWvl9+fbgBRbil7xfTMR2fKEI="></latexit>xj

<latexit sha1_base64="t8N5c1NleVb7kKmhvhRRVIrTLgk="></latexit>zj

<latexit sha1_base64="bMjLtMXHAB7l6MxwEfLpleMvPWY="></latexit>pj

<latexit sha1_base64="bMjLtMXHAB7l6MxwEfLpleMvPWY="></latexit>pj

<latexit sha1_base64="bMjLtMXHAB7l6MxwEfLpleMvPWY="></latexit>pj<latexit sha1_base64="7ycyotT9lX5ZxzypDr8zLY0eFA4="></latexit>pj+2

<latexit sha1_base64="HHjyxlsRdRqiBW5a49wVeK7DOdc="></latexit>pj+1

<latexit sha1_base64="HHjyxlsRdRqiBW5a49wVeK7DOdc="></latexit>pj+1
<latexit sha1_base64="HHjyxlsRdRqiBW5a49wVeK7DOdc="></latexit>pj+1

<latexit sha1_base64="HHjyxlsRdRqiBW5a49wVeK7DOdc="></latexit>pj+1

<latexit sha1_base64="R6m4dgAeTXE+3sQeNcJRtoDi5QE="></latexit>

i
<latexit sha1_base64="zyMRanTv5C2+PVpxdhEglfO4ynI="></latexit>

ii
<latexit sha1_base64="k8r884GO8aJpmJhv821ehvpNvKY="></latexit>

iii
<latexit sha1_base64="PKt6IKIYKSQMtzGzJ/Eg57Cty9M="></latexit>

iv

<latexit sha1_base64="EnnBeFxEPekV8zyyai4/uUWl5U0="></latexit>

ωj

<latexit sha1_base64="H5gO4MNO0HRV1BWtj6xCqcx9viw=">AAAB+HicbVDLSsNAFJ3UV42PRl26CRbBVUlcqBux6MaFiwr2AW0ok+mkHTqZCTM3Sg39EjeCirj1J9y7Ef/G6WOhrQcuHM65l3vvCRPONHjet5VbWFxaXsmv2mvrG5sFZ2u7pmWqCK0SyaVqhFhTzgStAgNOG4miOA45rYf9i5Ffv6VKMyluYJDQIMZdwSJGMBip7RRaV1J0Fev2ACsl79pO0St5Y7jzxJ+S4tmHfZo8fdmVtvPZ6kiSxlQA4Vjrpu8lEGRYASOcDu1WqmmCSR93adNQgWOqg2x8+NDdN0rHjaQyJcAdq78nMhxrPYhD0xlj6OlZbyT+5zVTiE6CjIkkBSrIZFGUchekO0rB7TBFCfCBIZgoZm51SQ8rTMBkZZsQ/NmX50ntsOQflY6uvWL5HE2QR7toDx0gHx2jMrpEFVRFBKXoAT2jF+veerRerbdJa86azuygP7DefwCjMZa+</latexit>

=→
<latexit sha1_base64="GawbtbhKt50IlMC+byx8PoGarTc=">AAAB+3icbVC7TsMwFHXKq7Q8QhlZLApSWaqEoTBWPCTGItGH1EaR47qtqeNEtlNRRfkVFgYQYoUf4A/Y+BCYcdoO0HIkS0fn3Kt7fLyQUaks69PILC2vrK5l13P5jc2tbXOn0JBBJDCp44AFouUhSRjlpK6oYqQVCoJ8j5GmNzxP/eaICEkDfqPGIXF81Oe0RzFSWnLNwkWp4yM1wIjFl4kb3yZHrlm0ytYEcJHYM1KsHny9vY/y3zXX/Oh0Axz5hCvMkJRt2wqVEyOhKGYkyXUiSUKEh6hP2ppy5BPpxJPsCTzUShf2AqEfV3Ci/t6IkS/l2Pf0ZJpTznup+J/XjlTv1IkpDyNFOJ4e6kUMqgCmRcAuFQQrNtYEYUF1VogHSCCsdF05XYI9/+VF0jgu25Vy5Vq3cQamyII9sA9KwAYnoAquQA3UAQZ34B48gicjMR6MZ+NlOpoxZju74A+M1x9i7Jh4</latexit>

D(Ej)

<latexit sha1_base64="0ZT+QwvaBAN4PxIhItY3KZoExd4="></latexit>ωj

<latexit sha1_base64="CfVB/V67ITTa25mucjQO7Ql5Cqs="></latexit>

ωj

<latexit sha1_base64="qA06RnlqcKNvMyvWwYldUDOe9T0="></latexit>

ωj

<latexit sha1_base64="CfVB/V67ITTa25mucjQO7Ql5Cqs="></latexit>

ωj

<latexit sha1_base64="CQUMtnZmBNw00MMEOeBaK2quN1U="></latexit>

I
<latexit sha1_base64="xiDBT92k/48TS2i0pEbbL0pYSwM="></latexit>

II
<latexit sha1_base64="xDe0zWZ1/Egg8KmjoQ/13hRJtvQ="></latexit>

IV
<latexit sha1_base64="lnrxCMWkEeI808c5nkbNgFxS1PU="></latexit>

III

<latexit sha1_base64="bMjLtMXHAB7l6MxwEfLpleMvPWY="></latexit>pj

<latexit sha1_base64="rBwXVpQUXax2ppg6FANcnypXjbo="></latexit>pj1

<latexit sha1_base64="5k6vXQxvmwEHDxoLqW4peiklyTM="></latexit>pj2

<latexit sha1_base64="8baWvl9+fbgBRbil7xfTMR2fKEI="></latexit>xj

<latexit sha1_base64="vMSw0j6I1S+/EHozSv3PGsrTZr8="></latexit>yj

<latexit sha1_base64="t8N5c1NleVb7kKmhvhRRVIrTLgk="></latexit>zj

<latexit sha1_base64="KAXtRu9kss6ipeGplxFGLinOhs0="></latexit>z

<latexit sha1_base64="WEwgnTVIaJ8kW0PCaabWA4G1ycA="></latexit>y

<latexit sha1_base64="qkXNsUTxICIPKjJsUYSANw6wPyg="></latexit>x
<latexit sha1_base64="OGkqdVFuPDggUQJBdXEN9Pnmyvg="></latexit>

 j

<latexit sha1_base64="f3W/Jc4gPyeMOcaUoMge9J6X/hc="></latexit>

✓j

<latexit sha1_base64="H9pDsUDVdEeHfDw6fgU+/NvArcg="></latexit>'j

<latexit sha1_base64="KAXtRu9kss6ipeGplxFGLinOhs0="></latexit>z

<latexit sha1_base64="WEwgnTVIaJ8kW0PCaabWA4G1ycA="></latexit>y

<latexit sha1_base64="qkXNsUTxICIPKjJsUYSANw6wPyg="></latexit>x

<latexit sha1_base64="KAXtRu9kss6ipeGplxFGLinOhs0="></latexit>z

<latexit sha1_base64="WEwgnTVIaJ8kW0PCaabWA4G1ycA="></latexit>y

<latexit sha1_base64="qkXNsUTxICIPKjJsUYSANw6wPyg="></latexit>x

<latexit sha1_base64="KAXtRu9kss6ipeGplxFGLinOhs0="></latexit>z

<latexit sha1_base64="WEwgnTVIaJ8kW0PCaabWA4G1ycA="></latexit>y

<latexit sha1_base64="qkXNsUTxICIPKjJsUYSANw6wPyg="></latexit>x
<latexit sha1_base64="8baWvl9+fbgBRbil7xfTMR2fKEI="></latexit>xj

<latexit sha1_base64="vMSw0j6I1S+/EHozSv3PGsrTZr8="></latexit>yj

<latexit sha1_base64="t8N5c1NleVb7kKmhvhRRVIrTLgk="></latexit>zj
<latexit sha1_base64="t8N5c1NleVb7kKmhvhRRVIrTLgk="></latexit>zj

<latexit sha1_base64="8baWvl9+fbgBRbil7xfTMR2fKEI="></latexit>xj

<latexit sha1_base64="vMSw0j6I1S+/EHozSv3PGsrTZr8="></latexit>yj <latexit sha1_base64="vMSw0j6I1S+/EHozSv3PGsrTZr8="></latexit>yj

<latexit sha1_base64="8baWvl9+fbgBRbil7xfTMR2fKEI="></latexit>xj

<latexit sha1_base64="t8N5c1NleVb7kKmhvhRRVIrTLgk="></latexit>zj

<latexit sha1_base64="f3W/Jc4gPyeMOcaUoMge9J6X/hc="></latexit>

✓j
<latexit sha1_base64="bMjLtMXHAB7l6MxwEfLpleMvPWY="></latexit>pj

<latexit sha1_base64="bMjLtMXHAB7l6MxwEfLpleMvPWY="></latexit>pj

<latexit sha1_base64="bMjLtMXHAB7l6MxwEfLpleMvPWY="></latexit>pj
<latexit sha1_base64="rBwXVpQUXax2ppg6FANcnypXjbo="></latexit>pj1

<latexit sha1_base64="rBwXVpQUXax2ppg6FANcnypXjbo="></latexit>pj1

<latexit sha1_base64="rBwXVpQUXax2ppg6FANcnypXjbo="></latexit>pj1

<latexit sha1_base64="bMjLtMXHAB7l6MxwEfLpleMvPWY="></latexit>pj

<latexit sha1_base64="8baWvl9+fbgBRbil7xfTMR2fKEI="></latexit>xj

<latexit sha1_base64="vMSw0j6I1S+/EHozSv3PGsrTZr8="></latexit>yj

<latexit sha1_base64="t8N5c1NleVb7kKmhvhRRVIrTLgk="></latexit>zj

<latexit sha1_base64="KAXtRu9kss6ipeGplxFGLinOhs0="></latexit>z

<latexit sha1_base64="WEwgnTVIaJ8kW0PCaabWA4G1ycA="></latexit>y

<latexit sha1_base64="qkXNsUTxICIPKjJsUYSANw6wPyg="></latexit>x

<latexit sha1_base64="KAXtRu9kss6ipeGplxFGLinOhs0="></latexit>z

<latexit sha1_base64="WEwgnTVIaJ8kW0PCaabWA4G1ycA="></latexit>y

<latexit sha1_base64="qkXNsUTxICIPKjJsUYSANw6wPyg="></latexit>x

<latexit sha1_base64="KAXtRu9kss6ipeGplxFGLinOhs0="></latexit>z

<latexit sha1_base64="WEwgnTVIaJ8kW0PCaabWA4G1ycA="></latexit>y

<latexit sha1_base64="qkXNsUTxICIPKjJsUYSANw6wPyg="></latexit>x

<latexit sha1_base64="KAXtRu9kss6ipeGplxFGLinOhs0="></latexit>z

<latexit sha1_base64="WEwgnTVIaJ8kW0PCaabWA4G1ycA="></latexit>y

<latexit sha1_base64="qkXNsUTxICIPKjJsUYSANw6wPyg="></latexit>x
<latexit sha1_base64="8baWvl9+fbgBRbil7xfTMR2fKEI="></latexit>xj

<latexit sha1_base64="vMSw0j6I1S+/EHozSv3PGsrTZr8="></latexit>yj

<latexit sha1_base64="t8N5c1NleVb7kKmhvhRRVIrTLgk="></latexit>zj
<latexit sha1_base64="t8N5c1NleVb7kKmhvhRRVIrTLgk="></latexit>zj

<latexit sha1_base64="8baWvl9+fbgBRbil7xfTMR2fKEI="></latexit>xj

<latexit sha1_base64="vMSw0j6I1S+/EHozSv3PGsrTZr8="></latexit>yj <latexit sha1_base64="vMSw0j6I1S+/EHozSv3PGsrTZr8="></latexit>yj

<latexit sha1_base64="8baWvl9+fbgBRbil7xfTMR2fKEI="></latexit>xj

<latexit sha1_base64="t8N5c1NleVb7kKmhvhRRVIrTLgk="></latexit>zj

<latexit sha1_base64="bMjLtMXHAB7l6MxwEfLpleMvPWY="></latexit>pj

<latexit sha1_base64="bMjLtMXHAB7l6MxwEfLpleMvPWY="></latexit>pj

<latexit sha1_base64="bMjLtMXHAB7l6MxwEfLpleMvPWY="></latexit>pj<latexit sha1_base64="7ycyotT9lX5ZxzypDr8zLY0eFA4="></latexit>pj+2

<latexit sha1_base64="HHjyxlsRdRqiBW5a49wVeK7DOdc="></latexit>pj+1

<latexit sha1_base64="HHjyxlsRdRqiBW5a49wVeK7DOdc="></latexit>pj+1
<latexit sha1_base64="HHjyxlsRdRqiBW5a49wVeK7DOdc="></latexit>pj+1

<latexit sha1_base64="HHjyxlsRdRqiBW5a49wVeK7DOdc="></latexit>pj+1

<latexit sha1_base64="R6m4dgAeTXE+3sQeNcJRtoDi5QE="></latexit>

i
<latexit sha1_base64="zyMRanTv5C2+PVpxdhEglfO4ynI="></latexit>

ii
<latexit sha1_base64="k8r884GO8aJpmJhv821ehvpNvKY="></latexit>

iii
<latexit sha1_base64="PKt6IKIYKSQMtzGzJ/Eg57Cty9M="></latexit>

iv
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<latexit sha1_base64="IqClcyjug7DXQ2gL2oRuUJFXfBs="></latexit>

M(j→,j)(p,k)

13 21



Symmetrizing Dalitz PWs

Lattice 2026 | UMD, College Park | July 30, 2026

Now, it’s easy to move between spectator choices 

• Rotate, then re-orient reaction plane

<latexit sha1_base64="i63bzkxzsraQGeNq3bmMwxV04Ic="></latexit>

Ry(ωj→j+1)

14 21



Symmetrizing Dalitz PWs

Lattice 2026 | UMD, College Park | July 30, 2026

New strategy: 

1. Construct amplitudes from K-matrices in pair-spectator basis 
2. Complete symmetrization step in Dalitz basis

Symmetrized PW Amplitude

Jargon Recoupling Coefficients 
• Clebsch-Gordans 
• Wigner-d matrix elements 
• Wigner 6-j symbols (isospin)

[Jackura, Chambers, Briceño. PRD 113, 014019 (2026)]

“Target Quantum Numbers” (e.g. omega)
<latexit sha1_base64="gP+vzYQoN+/kMa4vj/WJsLoLiWk=">AAACnnicdVHbbtNAEN2YWwmXtvDIy4oIiYfI8iZOYr9VRQJeEAWRNlIcRev1OF2yvrC7hkYrfwBfwyt8Cn/D2gmorcpIuzqaOTNzdCYuBVfa8353nFu379y9t3e/++Dho8f7B4dPTlVRSQZTVohCzmKqQ PAcppprAbNSAs1iAWfx+lVTP/sKUvEi/6Q3JSwyusp5yhnVNrU86EUaLnQ7x3wWNF7GooLaRBnV56mka/Olri3Lc4kfjoZj7Lm+NyJBYMEwnIxCHxPXa6OHdnGyPOywKClYlUGumaBKzYlX6oWhUnMmoO5GlYKSsjVdwdzCnGagFqZVUeMXNpPgtJD25Rq32csdhmZKbbLYMhuV6nqtSd5Um1c6DRaG52WlIWfbRWklsC5wYw1OuASmxcYCyiS3WjE7p5IybQ28suViK7UbJZBa4y/ZJyGpzcc3x7Uh4aCPh2Ef+6ObiFufW6Y/6WMyGDQfuUb9li1Xhfg3Mhhakj/u42BSd+1Z/nqP/w9OBy4Zu+MPfu/oeHegPfQMPUcvEUETdITeohM0RQx9Rz/QT/TLwc5r553zfkt1Oruep+hKOLM/kNrNGg==</latexit>q

<latexit sha1_base64="CcsoOQpDjO8kpMAqQof5omoxs9g=">AAAB7XicdVDLSsNAFJ3UV62vqks3g0Wom5BJQ+qy6EZdVbCt0MYymU7asZMHMxOhhP6DGxeKuPV/3Pk3TtoKKnrgwuGce7n3Hj/hTCrL+jAKS8srq2vF9dLG5tb2Tnl3ry3jVBDaIjGPxY2PJeUsoi3FFKc3iaA49Dnt+OOz3O/cUyFZHF2rSUK9EA8jFjCClZbaF9XL2+Zxv1yxTFRHds2Blum4bs22c1JHNQdBZFozVMACzX75vTeISRrSSBGOpewiK1FehoVihNNpqZdKmmAyxkPa1TTCIZVeNrt2Co+0MoBBLHRFCs7U7xMZDqWchL7uDLEayd9eLv7ldVMVnHgZi5JU0YjMFwUphyqG+etwwAQlik80wUQwfSskIywwUTqgkg7h61P4P2nbJnJN98qpNE4XcRTBATgEVYBAHTTAOWiCFiDgDjyAJ/BsxMaj8WK8zlsLxmJmH/yA8fYJqiuOkA==</latexit>

I(JP )
<latexit sha1_base64="ujX6TldT8S5MlIIbzvzlBE3PWfk="></latexit>

Mq
ω→ω =

∑

j→j

(
R(j→)

ω→

)↭ · Mq (j→,j) · R(j)
ω

<latexit sha1_base64="eVGm61ei2lCHPymHjrOkyK4KjBs="></latexit>

{L, S, I2}

15 21



Toy Model Application
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Model input: Three Pions

Lattice 2026 | UMD, College Park | July 30, 2026

<latexit sha1_base64="sSNALuecd9JuKKmjoKQznhcxCPs="></latexit>

iM3 =

<latexit sha1_base64="NEptNwuAUO5Yxb+7LwLb1OSnefY="></latexit>

G → 1

(P ↑ p↑ k)2 ↑m2

<latexit sha1_base64="X+GY2D7cwReb7U+Qkibwd7H+BHc="></latexit>

G

“OPE function”

One-particle exchange (OPE) 

•   
• No integral equations

<latexit sha1_base64="Fk3f+uromFFEqoubA5kySK5Bnh0="></latexit>

K3 = 0
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<latexit sha1_base64="zkenCwDS+c3XrOYNr4xJd44eA5E="></latexit>→
ω /mω

<latexit sha1_base64="r8locWQaYpr3I5ek7DoYZVj06eU="></latexit>

ω20

<latexit sha1_base64="x3BGAx61dDYIke7MZhQAaDq5X6I="></latexit>

ω00

<latexit sha1_base64="ZRm5QJe18qtpchKDNNB5juILWGw="></latexit>

ω11

<latexit sha1_base64="A4aD51qNRttqv1DOCILRgWUNn4Q="></latexit> ωI S
/
→

<latexit sha1_base64="3368ehymW2nsLHitiIdu0ctTz1M="></latexit>

ωω|thr.

<latexit sha1_base64="f6Ydm0cEdCwEH1uyichLUkmnVho="></latexit>

K
K̄|thr.

        amplitude input 

• Exact isospin 
•     
•     
•

<latexit sha1_base64="Gd73QXjhrJS4Xy8/AF+y3ItPWVY="></latexit>

S → 1
<latexit sha1_base64="PB+smmem7+q3ij+g2E367XhTFqw="></latexit>

mω → 400 MeV
<latexit sha1_base64="ee5+00M6FBZ9f2U+9zvEiXzLp3M="></latexit>

mω → 2.2mε

<latexit sha1_base64="qs8pHVC3H59mc/ZxCAJi7vzqCMQ=">AAAB7XicdVDLSsNAFJ3UV42vqks3g0VwFTJtaHUhFN3oroJ9QBvKZDpph04mYWYilNBvcCUoiFs/yJV/46StoKIHLhzOuZd77wkSzpR23Q+rsLK6tr5R3LS3tnd290r7B20Vp5LQFol5LLsBVpQzQVuaaU67iaQ4CjjtBJOr3O/cU6lYLO70NKF+hEeChYxgbaTWDbyAaFAqu07dc88Rgq5TQa5XreXE81C1DpHjzlEGSzQHpff+MCZpRIUmHCvVQ26i/QxLzQinM7ufKppgMsEj2jNU4IgqP5sfO4MnRhnCMJamhIZz9ftEhiOlplFgOiOsx+q3l4t/eb1Uh2d+xkSSairIYlGYcqhjmH8Oh0xSovnUEEwkM7dCMsYSE23ysW2Twter8H/Srjio5tRuvXLjcplHERyBY3AKEKiDBrgGTdACBDDwAJ7AsxVbj9aL9bpoLVjLmUPwA9bbJxkxjfk=</latexit>

I = 1

<latexit sha1_base64="nSbpezVkBVJlBjPDiBTtdgF2GlE=">AAAB7XicdVDLSsNAFJ3UV42vqks3g0VwFSb2ZRZC0Y3uKpi20IYymU7aoZMHMxOhhH6DK0FB3PpBrvwbJ20FFT1w4XDOvdx7j59wJhVCH0ZhZXVtfaO4aW5t7+zulfYP2jJOBaEuiXksuj6WlLOIuoopTruJoDj0Oe34k6vc79xTIVkc3alpQr0QjyIWMIKVltwbeAHRoFRGll1tOLYNkVVFTs3JScWpILsGbQvNUQZLtAal9/4wJmlII0U4lrJno0R5GRaKEU5nZj+VNMFkgke0p2mEQyq9bH7sDJ5oZQiDWOiKFJyr3ycyHEo5DX3dGWI1lr+9XPzL66UqOPcyFiWpohFZLApSDlUM88/hkAlKFJ9qgolg+lZIxlhgonQ+pqlT+HoV/k/aZ5Zdt+q31XLzcplHERyBY3AKbNAATXANWsAFBDDwAJ7AsxEbj8aL8bpoLRjLmUPwA8bbJyqkjgU=</latexit>

I = 0

<latexit sha1_base64="Qu09U9ED3yziWWgv2auYiYdVhmk=">AAAB7XicdVDLSgMxFM3UVx1fVZdugkVwNcz03YVQdKO7Ck5baIeSSdM2NJMMSUYoQ7/BlaAgbv0gV/6N6UNQ0QMXDufcy733hDGjSrvuh5VZW9/Y3Mpu2zu7e/sHucOjlhKJxMTHggnZCZEijHLia6oZ6cSSoChkpB1OruZ++55IRQW/09OYBBEacTqkGGkj+TfwAhb6ubzr1CterVyHrlN0q+VywRC3WPKqReg57gJ5sEKzn3vvDQROIsI1ZkiprufGOkiR1BQzMrN7iSIxwhM0Il1DOYqICtLFsTN4ZpQBHAppimu4UL9PpChSahqFpjNCeqx+e3PxL6+b6GEtSCmPE004Xi4aJgxqAeefwwGVBGs2NQRhSc2tEI+RRFibfGzbpPD1KvyftAqOV3Eqt6V843KVRxacgFNwDjxQBQ1wDZrABxhQ8ACewLMlrEfrxXpdtmas1cwx+AHr7RM2644N</latexit>

I = 2

<latexit sha1_base64="nNgSyiaRYSj4muvKf1p4PSqTg3c="></latexit>

2ω

17 21



Differential 3B “Reaction Rate”

Dalitz Distributions

Exhibits symmetry 
predicted by Zemach

C. Zemach, Phys. Rev. 133, B1201 (1964)
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Dalitz Distributions
Dalitz distributions exhibit rich symmetry features 
and two-body subchannel physics
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Dalitz Distributions
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Dalitz distributions exhibit rich symmetry features 
and two-body subchannel physics
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Final Thoughts
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1. 3B integral equations produce 
asymmetric amplitudes 

2. Symmetrized amplitudes lead 
naturally to Dalitz distributions 

3. These symmetries are only visible 
through post-analysis of 3B 
amplitudes 

4. Results already applied,  
see [2510.24894]

Next Step: Particles with intrinsic spin
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We need to symmetrize…
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Key Concept

Difficult to symmetrize in pair-spectator basis 
• Requires relating angular kinematics in different Lorentz frames

Difficult to relate
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Rotating between 
spectators
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Dalitz Distributions

Nodes of vanishing intensity correspond to symmetric momenta cfgs.
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Log singularities in Dalitz Plots
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Subchannel Contribution
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Initial kinematics


