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� ! ⇡⇡
<latexit sha1_base64="ZJ7AtQ2sxQjVUBkc+T46JnUe1AY="></latexit>⇡⇡



<latexit sha1_base64="Kb1s0RtMbpIDruw+NeIrLhnbW7Y="></latexit>

Production amplitudes from LQCD
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[PRD 93, 114508 (2016)]

<latexit sha1_base64="oh6b7XGXATUzk9zSKnpb6tWi1BY=">AAACMHicbVBNS8MwGE79nPOr6lGE4BA8jVZkehx68TjBfcBaRppma1jShiQVStnJX+N1/hk9iVd/gwfTrQe3+ULCk+d5X948TyAYVdpxPqy19Y3Nre3KTnV3b//g0D467qgklZi0ccIS2QuQIozGpK2pZqQnJEE8YKQbjO8LvftMpKJJ/KQzQXyORjEdUoy0oQb2mTdCnCPoCerpBHoyMlcBzFvQgV1z6s6s4CpwS1ADZbUG9o8XJjjlJNaYIaX6riO0nyOpKWZkUvVSRQTCYzQifQNjxIny85mNCbwwTAiHiTQn1nDG/p3IEVcq44Hp5EhHalkryP+0fqqHt35OY5FqEuP5omHKoPFZZAJDKgnWLDMAYUnNXyGOkERYm+QWtogoUxSrBSO5Mk4jEk6qJi53OZxV0Lmqu4164/G61rwrg6uAU3AOLoELbkATPIAWaAMMXsArmII3a2q9W5/W17x1zSpnTsBCWd+/ifeqSg==</latexit>

�⇡ ! ⇢ ! ⇡⇡
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100
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[PRD 106, 114513 (2022)]

<latexit sha1_base64="/1WAta3hqps6DJgjJfTOcY3gvn0=">AAACHHicbZDLSsNAFIYn9VbrrepSkMEiuCqJSHVZdCN0U8FeoInlZDpph84kYWYilNCdz+EDuNVHcCduBZ/A13DaZmFbfxj4+M85nDm/H3OmtG1/W7mV1bX1jfxmYWt7Z3evuH/QVFEiCW2QiEey7YOinIW0oZnmtB1LCsLntOUPbyb11iOVikXhvR7F1BPQD1nACGhjdYvHbh+EAFzDro5w7cFVGuSMsRuzbrFkl+2p8DI4GZRQpnq3+OP2IpIIGmrCQamOY8faS0FqRjgdF9xE0RjIEPq0YzAEQZWXTu8Y41Pj9HAQSfNCjafu34kUhFIj4ZtOAXqgFmsT879aJ9HBlZeyME40DclsUZBwbM6chIJ7TFKi+cgAEMnMXzEZgASiTXRzW+LBSDGixgWTjLOYwzI0z8tOpVy5uyhVr7OM8ugInaAz5KBLVEW3qI4aiKAn9IJe0Zv1bL1bH9bnrDVnZTOHaE7W1y+KI6EB</latexit>

�K ! K? ! K⇡

Finite volume 
partial-wave mixing 

• Couplings to hadronic decay channels 
• Couplings to electroweak currents
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<latexit sha1_base64="vOtEkS0Jxlekuk81PWELhcVzfbA=">AAACD3icbVDLSgMxFM3UV62vqS7dBIvgqsyIVJdFNy4r2FboDCWTZtrQJBOSjDIM/Qg/wK1+gjtx6yf4Bf6GaTsL23ogcO4593JvTiQZ1cbzvp3S2vrG5lZ5u7Kzu7d/4FYPOzpJFSZtnLBEPURIE0YFaRtqGHmQiiAeMdKNxjdTv/tIlKaJuDeZJCFHQ0FjipGxUt+tBpIGQ8Q5goFJoK36bs2rezPAVeIXpAYKtPruTzBIcMqJMJghrXu+J02YI2UoZmRSCVJNJMJjNCQ9SwXiRIf57PQJPLXKAMaJsk8YOFP/TuSIa53xyHZyZEZ62ZuK/3m91MRXYU6FTA0ReL4oThm0n5zmAAdUEWxYZgnCitpbIR4hhbCxaS1skaNMU6wnFZuMv5zDKumc1/1GvXF3UWteFxmVwTE4AWfAB5egCW5BC7QBBk/gBbyCN+fZeXc+nM95a8kpZo7AApyvXxS4nKA=</latexit>

⇡� ! ⇡
<latexit sha1_base64="0Evb/5t2VFNpJ/yVeGpBwMa2vek=">AAACD3icbVDLSgMxFM3UV62vqS7dBIvgqsyIVJdFNy4r2FboDCWTZtrQJBOSjDIM/Qg/wK1+gjtx6yf4Bf6GaTsL23pI4HDOvdx7TyQZ1cbzvp3S2vrG5lZ5u7Kzu7d/4FYPOzpJFSZtnLBEPURIE0YFaRtqGHmQiiAeMdKNxjdTv/tIlKaJuDeZJCFHQ0FjipGxUt+tBkPEOYKBSWAgqX19t+bVvRngKvELUgMFWn33JxgkOOVEGMyQ1j3fkybMkTIUMzKpBKkmEuExGpKepQJxosN8tvoEnlplAONE2S8MnKl/O3LEtc54ZCs5MiO97E3F/7xeauKrMKdCpoYIPB8UpwzaO6c5wAFVBBuWWYKwonZXiEdIIWxsWgtT5CjTFOtJxSbjL+ewSjrndb9Rb9xd1JrXRUZlcAxOwBnwwSVoglvQAm2AwRN4Aa/gzXl23p0P53NeWnKKniOwAOfrFxMLnKA=</latexit>

� ! ⇡⇡
<latexit sha1_base64="ZJ7AtQ2sxQjVUBkc+T46JnUe1AY="></latexit>⇡⇡

?

<latexit sha1_base64="MgX1poOnneDOHTgOoOW5XwQ60xg="></latexit>

KK



<latexit sha1_base64="Kb1s0RtMbpIDruw+NeIrLhnbW7Y="></latexit>
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Form factors from LQCD

+

=

+
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finite-volume  
spectrum

finite-volume 
one-body

matrix elements +

=

+

+...

partial wave 
amplitudes

amplitudes
two-hadron
form factors +

=

+

+...

finite-volume 
two-to-two

matrix elements
2+ J ! 2

<latexit sha1_base64="bo0j1Ljgtq+2HxeRnhholob7S8E=">AAACDXicbVDLSsNAFJ34rPUVdelmsAqCUJIi6LLoRlxVsA9oQplMJ+3QySTM3Iil9Afc+CtuXCji1r07/8ZJG0RbDwwczrmXuecEieAaHOfLWlhcWl5ZLawV1zc2t7btnd2GjlNFWZ3GIlatgGgmuGR14CBYK1GMRIFgzWBwmfnNO6Y0j+UtDBPmR6QnecgpASN17EMP2D0EIa7gE+xFBPqUCHyNPYjxj9WxS07ZmQDPEzcnJZSj1rE/vW5M04hJoIJo3XadBPwRUcCpYOOil2qWEDogPdY2VJKIaX80STPGR0bp4jBW5knAE/X3xohEWg+jwExm9+pZLxP/89ophOf+iMskBSbp9KMwFdhEzarBXa4YBTE0hFDFza2Y9okiFEyBRVOCOxt5njQqZdfwm9NS9SKvo4D20QE6Ri46Q1V0hWqojih6QE/oBb1aj9az9Wa9T0cXrHxnD/2B9fENv52aEw==</latexit><latexit sha1_base64="bo0j1Ljgtq+2HxeRnhholob7S8E=">AAACDXicbVDLSsNAFJ34rPUVdelmsAqCUJIi6LLoRlxVsA9oQplMJ+3QySTM3Iil9Afc+CtuXCji1r07/8ZJG0RbDwwczrmXuecEieAaHOfLWlhcWl5ZLawV1zc2t7btnd2GjlNFWZ3GIlatgGgmuGR14CBYK1GMRIFgzWBwmfnNO6Y0j+UtDBPmR6QnecgpASN17EMP2D0EIa7gE+xFBPqUCHyNPYjxj9WxS07ZmQDPEzcnJZSj1rE/vW5M04hJoIJo3XadBPwRUcCpYOOil2qWEDogPdY2VJKIaX80STPGR0bp4jBW5knAE/X3xohEWg+jwExm9+pZLxP/89ophOf+iMskBSbp9KMwFdhEzarBXa4YBTE0hFDFza2Y9okiFEyBRVOCOxt5njQqZdfwm9NS9SKvo4D20QE6Ri46Q1V0hWqojih6QE/oBb1aj9az9Wa9T0cXrHxnD/2B9fENv52aEw==</latexit><latexit sha1_base64="bo0j1Ljgtq+2HxeRnhholob7S8E=">AAACDXicbVDLSsNAFJ34rPUVdelmsAqCUJIi6LLoRlxVsA9oQplMJ+3QySTM3Iil9Afc+CtuXCji1r07/8ZJG0RbDwwczrmXuecEieAaHOfLWlhcWl5ZLawV1zc2t7btnd2GjlNFWZ3GIlatgGgmuGR14CBYK1GMRIFgzWBwmfnNO6Y0j+UtDBPmR6QnecgpASN17EMP2D0EIa7gE+xFBPqUCHyNPYjxj9WxS07ZmQDPEzcnJZSj1rE/vW5M04hJoIJo3XadBPwRUcCpYOOil2qWEDogPdY2VJKIaX80STPGR0bp4jBW5knAE/X3xohEWg+jwExm9+pZLxP/89ophOf+iMskBSbp9KMwFdhEzarBXa4YBTE0hFDFza2Y9okiFEyBRVOCOxt5njQqZdfwm9NS9SKvo4D20QE6Ri46Q1V0hWqojih6QE/oBb1aj9az9Wa9T0cXrHxnD/2B9fENv52aEw==</latexit><latexit sha1_base64="bo0j1Ljgtq+2HxeRnhholob7S8E=">AAACDXicbVDLSsNAFJ34rPUVdelmsAqCUJIi6LLoRlxVsA9oQplMJ+3QySTM3Iil9Afc+CtuXCji1r07/8ZJG0RbDwwczrmXuecEieAaHOfLWlhcWl5ZLawV1zc2t7btnd2GjlNFWZ3GIlatgGgmuGR14CBYK1GMRIFgzWBwmfnNO6Y0j+UtDBPmR6QnecgpASN17EMP2D0EIa7gE+xFBPqUCHyNPYjxj9WxS07ZmQDPEzcnJZSj1rE/vW5M04hJoIJo3XadBPwRUcCpYOOil2qWEDogPdY2VJKIaX80STPGR0bp4jBW5knAE/X3xohEWg+jwExm9+pZLxP/89ophOf+iMskBSbp9KMwFdhEzarBXa4YBTE0hFDFza2Y9okiFEyBRVOCOxt5njQqZdfwm9NS9SKvo4D20QE6Ri46Q1V0hWqojih6QE/oBb1aj9az9Wa9T0cXrHxnD/2B9fENv52aEw==</latexit>

amplitudes and 
form factors

1+ J ! 1
<latexit sha1_base64="Me3IU5esO6jY3WXc770pEOr+QFY=">AAACDXicbVDLSsNAFJ3UV62vqEs3g1UQhJKIoMuiG3FVwT6gCWUynbRDJ5MwcyOW0h9w46+4caGIW/fu/BsnbRBtPTBwOOde5p4TJIJrcJwvq7CwuLS8Ulwtra1vbG7Z2zsNHaeKsjqNRaxaAdFMcMnqwEGwVqIYiQLBmsHgMvObd0xpHstbGCbMj0hP8pBTAkbq2AcesHsIQuziY+xFBPqUCHyNPYjxj9Wxy07FmQDPEzcnZZSj1rE/vW5M04hJoIJo3XadBPwRUcCpYOOSl2qWEDogPdY2VJKIaX80STPGh0bp4jBW5knAE/X3xohEWg+jwExm9+pZLxP/89ophOf+iMskBSbp9KMwFdhEzarBXa4YBTE0hFDFza2Y9okiFEyBJVOCOxt5njROKq7hN6fl6kVeRxHtoX10hFx0hqroCtVQHVH0gJ7QC3q1Hq1n6816n44WrHxnF/2B9fENvHqaEQ==</latexit><latexit sha1_base64="Me3IU5esO6jY3WXc770pEOr+QFY=">AAACDXicbVDLSsNAFJ3UV62vqEs3g1UQhJKIoMuiG3FVwT6gCWUynbRDJ5MwcyOW0h9w46+4caGIW/fu/BsnbRBtPTBwOOde5p4TJIJrcJwvq7CwuLS8Ulwtra1vbG7Z2zsNHaeKsjqNRaxaAdFMcMnqwEGwVqIYiQLBmsHgMvObd0xpHstbGCbMj0hP8pBTAkbq2AcesHsIQuziY+xFBPqUCHyNPYjxj9Wxy07FmQDPEzcnZZSj1rE/vW5M04hJoIJo3XadBPwRUcCpYOOSl2qWEDogPdY2VJKIaX80STPGh0bp4jBW5knAE/X3xohEWg+jwExm9+pZLxP/89ophOf+iMskBSbp9KMwFdhEzarBXa4YBTE0hFDFza2Y9okiFEyBJVOCOxt5njROKq7hN6fl6kVeRxHtoX10hFx0hqroCtVQHVH0gJ7QC3q1Hq1n6816n44WrHxnF/2B9fENvHqaEQ==</latexit><latexit sha1_base64="Me3IU5esO6jY3WXc770pEOr+QFY=">AAACDXicbVDLSsNAFJ3UV62vqEs3g1UQhJKIoMuiG3FVwT6gCWUynbRDJ5MwcyOW0h9w46+4caGIW/fu/BsnbRBtPTBwOOde5p4TJIJrcJwvq7CwuLS8Ulwtra1vbG7Z2zsNHaeKsjqNRaxaAdFMcMnqwEGwVqIYiQLBmsHgMvObd0xpHstbGCbMj0hP8pBTAkbq2AcesHsIQuziY+xFBPqUCHyNPYjxj9Wxy07FmQDPEzcnZZSj1rE/vW5M04hJoIJo3XadBPwRUcCpYOOSl2qWEDogPdY2VJKIaX80STPGh0bp4jBW5knAE/X3xohEWg+jwExm9+pZLxP/89ophOf+iMskBSbp9KMwFdhEzarBXa4YBTE0hFDFza2Y9okiFEyBJVOCOxt5njROKq7hN6fl6kVeRxHtoX10hFx0hqroCtVQHVH0gJ7QC3q1Hq1n6816n44WrHxnF/2B9fENvHqaEQ==</latexit><latexit sha1_base64="Me3IU5esO6jY3WXc770pEOr+QFY=">AAACDXicbVDLSsNAFJ3UV62vqEs3g1UQhJKIoMuiG3FVwT6gCWUynbRDJ5MwcyOW0h9w46+4caGIW/fu/BsnbRBtPTBwOOde5p4TJIJrcJwvq7CwuLS8Ulwtra1vbG7Z2zsNHaeKsjqNRaxaAdFMcMnqwEGwVqIYiQLBmsHgMvObd0xpHstbGCbMj0hP8pBTAkbq2AcesHsIQuziY+xFBPqUCHyNPYjxj9Wxy07FmQDPEzcnZZSj1rE/vW5M04hJoIJo3XadBPwRUcCpYOOSl2qWEDogPdY2VJKIaX80STPGh0bp4jBW5knAE/X3xohEWg+jwExm9+pZLxP/89ophOf+iMskBSbp9KMwFdhEzarBXa4YBTE0hFDFza2Y9okiFEyBJVOCOxt5njROKq7hN6fl6kVeRxHtoX10hFx0hqroCtVQHVH0gJ7QC3q1Hq1n6816n44WrHxnF/2B9fENvHqaEQ==</latexit>

up to O(e�m⇡L)

corrections
<latexit sha1_base64="VBcyslBUw2GSuQ3AyAFroHWlGmk="></latexit><latexit sha1_base64="VBcyslBUw2GSuQ3AyAFroHWlGmk="></latexit><latexit sha1_base64="VBcyslBUw2GSuQ3AyAFroHWlGmk="></latexit><latexit sha1_base64="VBcyslBUw2GSuQ3AyAFroHWlGmk="></latexit>

Lüscher 
formalism

finite-volume 
zero-to-two 

matrix elements

<latexit sha1_base64="ZGOmfYPodadIRsh5Rq2i+z7GFs0=">AAACLXicbVDLSsNAFJ3UV62vqDvdDBaLq5IUX8uCG3FVwT6gCWUynbRDJ5MwMxFKCPg1buvPuBDErT/hwkmahW09MHDmnHu59x4vYlQqy/owSmvrG5tb5e3Kzu7e/oF5eNSRYSwwaeOQhaLnIUkY5aStqGKkFwmCAo+Rrje5y/zuMxGShvxJTSPiBmjEqU8xUloamCc1J0BqjBFLHlJHhTD/en7SSAdm1apbOeAqsQtSBQVaA/PHGYY4DghXmCEp+7YVKTdBQlHMSFpxYkkihCdoRPqachQQ6Sb5DSk818oQ+qHQjyuYq387EhRIOQ08XZltKJe9TPzP68fKv3UTyqNYEY7ng/yYQX1rFggcUkGwYlNNEBZU7wrxGAmElY5tYUo0nkqKZbooIqaj5GEWl70czirpNOr2df3q8bLarBXBlcEpOAMXwAY3oAnuQQu0AQYv4BXMwJsxM96NT+NrXloyip5jsADj+xcKXanN</latexit>J ! 2
amplitudes timelike

spacelike

See also previous talk 

by N. Miller

<latexit sha1_base64="WrWWDYe/LdaXhJfsNm4ZlBEqk2g=">AAACInicbVDLSgNBEJyN7/iKevQyGAVFDLsi0YsgCOJFUDAPSGKYnXSSIbMPZnrFZdkf8Dv8AK/6Cd7Ek+Dd33A25qDGgoaiqpvuLjeUQqNtv1u5icmp6ZnZufz8wuLScmFltaqDSHGo8EAGqu4yDVL4UEGBEuqhAua5Emru4DTza7egtAj8a4xDaHms54uu4AyN1C5sNhHuMOkApttNj2GfM5lcpDfJnpPSXXq2Q4+p3S4U7ZI9BB0nzogUyQiX7cJnsxPwyAMfuWRaNxw7xFbCFAouIc03Iw0h4wPWg4ahPvNAt5LhNyndMkqHdgNlykc6VH9OJMzTOvZc05kdrP96mfif14iwe9RKhB9GCD7/XtSNJMWAZtHQjlDAUcaGMK6EuZXyPlOMownw15awH2vBdZo3yTh/cxgn1f2SUy6Vrw6KJ0ejjGbJOtkg28Qhh+SEnJNLUiGc3JNH8kSerQfrxXq13r5bc9ZoZo38gvXxBQ6+o0A=</latexit>

det(M�1 + F ) = 0



<latexit sha1_base64="Kb1s0RtMbpIDruw+NeIrLhnbW7Y="></latexit>

Lattice parameters
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<latexit sha1_base64="zHIZFOyfkcvlN1QKsZ1VUm70Dkk="></latexit>

atm m/MeV
⇡ 0.0474 284
K 0.0866 519
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JP(IG)=1−(1+) <latexit sha1_base64="2dXVfTncnq3hHvU5s6I3W+neG9Q=">AAACGnicbVDNSgMxGMzWv1r/Vj3qIVgET2W3ttWLUPDiwUOF/kG7lmyabUOz2SXJCsvSi8/hA3jVR/AmXr34BL6GabuIbR0ITGa+j0nGDRmVyrK+jMzK6tr6RnYzt7W9s7tn7h80ZRAJTBo4YIFou0gSRjlpKKoYaYeCIN9lpOWOrid+64EISQNeV3FIHB8NOPUoRkpLPfP49v68q6hPJKzDK1gs/V6L5UrPzFsFawq4TOyU5EGKWs/87vYDHPmEK8yQlB3bCpWTIKEoZmSc60aShAiP0IB0NOVIBznJ9BdjeKqVPvQCoQ9XcKr+3UiQL2Xsu3rSR2ooF72J+J/XiZR36SSUh5EiHM+CvIhBFcBJJbBPBcGKxZogLKh+K8RDJBBWuri5lHAYS4rlOKebsRd7WCbNYsGuFMp3pXy1mHaUBUfgBJwBG1yAKrgBNdAAGDyCZ/ACXo0n4814Nz5moxkj3TkEczA+fwB1wJ8z</latexit>

L3 ⇥ T = 243 ⇥ 256

<latexit sha1_base64="s9Rg44ESA2yIEeg8A7cd2MwZQ2U=">AAACD3icbVDLSsNAFJ3UV62vVJduBovgqiRSqsuiGxcuKtgHNCFMppN26EwyzEzUUPoRfoBb/QR34tZP8Av8DadtFrb1wIXDOfdyLicUjCrtON9WYW19Y3OruF3a2d3bP7DLh22VpBKTFk5YIrshUoTRmLQ01Yx0hSSIh4x0wtH11O88EKloEt/rTBCfo0FMI4qRNlJgl3ngCQpvoYeEkMkTrAV2xak6M8BV4uakAnI0A/vH6yc45STWmCGleq4jtD9GUlPMyKTkpYoIhEdoQHqGxogT5Y9nr0/gqVH6MEqkmVjDmfr3Yoy4UhkPzSZHeqiWvan4n9dLdXTpj2ksUk1iPA+KUgZ1Aqc9wD6VBGuWGYKwpOZXiIdIIqxNWwspYpgpitWkZJpxl3tYJe3zqluv1u9qlcZV3lERHIMTcAZccAEa4AY0QQtg8AhewCt4s56td+vD+pyvFqz85ggswPr6BVyxnC8=</latexit>

m⇡L ⇡ 4

<latexit sha1_base64="LqfnAvsH7zpiSKy2vX+MSMdfkdM=">AAACHHicbVDLSgNBEJz1GeMr6lGQwSB4MeyKRI9BD3qMYB6QxDA76SSDs7vDTK8kLHvzO/wAr/oJ3sSr4Bf4G04eBzUWNBRV3XR3+UoKg6776czNLywuLWdWsqtr6xubua3tqolizaHCIxnpus8MSBFCBQVKqCsNLPAl1Py7i5FfuwdtRBTe4FBBK2C9UHQFZ2ildm6PtfE2OfJS2mRK6WhAi7SJMMCEXkI1befybsEdg84Sb0ryZIpyO/fV7EQ8DiBELpkxDc9V2EqYRsElpNlmbEAxfsd60LA0ZAGYVjL+I6UHVunQbqRthUjH6s+JhAXGDAPfdgYM++avNxL/8xoxds9aiQhVjBDyyaJuLClGdBQK7QgNHOXQEsa1sLdS3meacbTR/dqi+kMjuEmzNhnvbw6zpHpc8IqF4vVJvnQ+zShDdsk+OSQeOSUlckXKpEI4eSBP5Jm8OI/Oq/PmvE9a55zpzA75BefjG2kfoYk=</latexit>

a�1
t ⇡ 6 GeV

<latexit sha1_base64="z9KbjEA6XwlfUnZ4dMZxeMBxcxM="></latexit>

⇠ = as/at = 3.455(6)

400 gauge configurations



<latexit sha1_base64="Kb1s0RtMbpIDruw+NeIrLhnbW7Y="></latexit>
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 Two-meson like operators

<latexit sha1_base64="ZhdKyPBQuApULdfDSC5Nrn6eoxA=">AAACIHicbVDdSgJBGJ21P7M/q8tuBiWwC2U3+iMIhAi6NEgN1JbZcdTB2dll5ttAFu97jh6g23qE7qLLeoFeo1GXSO3AwOGc8/F9c7xQcA22/WmlFhaXllfSq5m19Y3Nrez2Tk0HkaKsSgMRqDuPaCa4ZFXgINhdqBjxPcHqXv9y5NcfmNI8kLcwCFnLJ13JO5wSMJKbzTWFCbeJKwtQBNc+wBeY3cfFq19h6GbzdskeA88TJyF5lKDiZr+b7YBGPpNABdG64dghtGKigFPBhplmpFlIaJ90WcNQSXymW/H4L0O8b5Q27gTKPAl4rP6diImv9cD3TNIn0NOz3kj8z2tE0DlrxVyGETBJJ4s6kcAQ4FExuM0VoyAGhhCquLkV0x5RhIKpb2pL2BtoTvUwY5pxZnuYJ7XDknNSOr45ypfPk47SaA/lUAE56BSV0TWqoCqi6BE9oxf0aj1Zb9a79TGJpqxkZhdNwfr6AXzEoeQ=</latexit>

�n(t� t0) = e�En(t�t0)

1. GEVP

2. Fit eigenvalues

6

3. Lüscher Quantization Condition
<latexit sha1_base64="WrWWDYe/LdaXhJfsNm4ZlBEqk2g=">AAACInicbVDLSgNBEJyN7/iKevQyGAVFDLsi0YsgCOJFUDAPSGKYnXSSIbMPZnrFZdkf8Dv8AK/6Cd7Ek+Dd33A25qDGgoaiqpvuLjeUQqNtv1u5icmp6ZnZufz8wuLScmFltaqDSHGo8EAGqu4yDVL4UEGBEuqhAua5Emru4DTza7egtAj8a4xDaHms54uu4AyN1C5sNhHuMOkApttNj2GfM5lcpDfJnpPSXXq2Q4+p3S4U7ZI9BB0nzogUyQiX7cJnsxPwyAMfuWRaNxw7xFbCFAouIc03Iw0h4wPWg4ahPvNAt5LhNyndMkqHdgNlykc6VH9OJMzTOvZc05kdrP96mfif14iwe9RKhB9GCD7/XtSNJMWAZtHQjlDAUcaGMK6EuZXyPlOMownw15awH2vBdZo3yTh/cxgn1f2SUy6Vrw6KJ0ejjGbJOtkg28Qhh+SEnJNLUiGc3JNH8kSerQfrxXq13r5bc9ZoZo38gvXxBQ6+o0A=</latexit>

det(M�1 + F ) = 0

<latexit sha1_base64="Rkn2byltcmgvxmWwANIk1jEFH/s="></latexit>

Cij(t)v
n
j = Cij(t0)v

n
j �n(t� t0)

 
<latexit sha1_base64="QQPWRBQ4ydCgPOp/dNAr//pESUw="></latexit>

qq̄ like (single-meson) operators <latexit sha1_base64="eXCIv9QFlSjKd7zvbKWQxWajl7k=">AAACE3icdVDLSsNAFJ3UV62vqktFBkvBVUkUU5dFNy5bsA9oQ5lMJ83QSSbMTIRQunTrTvRTCu7ErR/gN/gHrpykFazogYHDOfc1x40Ylco0343c0vLK6lp+vbCxubW9U9zda0keC0yamDMuOi6ShNGQNBVVjHQiQVDgMtJ2R1ep374lQlIe3qgkIk6AhiH1KEYqlXrC5/1iyayYGaBZOcugiW1ZVfscWnOrVDucNj7ujqb1fvGzN+A4DkioMENSdi0zUs4YCUUxI5NCL5YkQniEhqSraYgCIp1xdusElrUygB4X+oUKZurPjjEKpEwCV1cGSPnyt5eKf3ndWHkXzpiGUaxIiGeLvJhBxWH6cTiggmDFEk0QFlTfCrGPBMJKx7OwJfITSbHUI+asUO65nA3SnTqs70Tg/6R1WrHsit3QqV2CGfLgAByDE2CBKqiBa1AHTYCBD+7BI3gyHoxn48V4nZXmjHnPPliA8fYFusKiow==</latexit>⇢
<latexit sha1_base64="DhIFbESoSbzypG5V5v2HR3W15lA="></latexit>

b1
<latexit sha1_base64="ZJ7AtQ2sxQjVUBkc+T46JnUe1AY="></latexit>⇡⇡

<latexit sha1_base64="MgX1poOnneDOHTgOoOW5XwQ60xg="></latexit>

KK

<latexit sha1_base64="gK1zAFmBFo0sUenwj3E90rLKx4o=">AAACFXicdVDLSgMxFM3UV62vqktFgqXgqswUrLorunHZgn1AO5RMJtPGZiZDkhGGoUv37kS/pBt34ta13+AfuDLTVrGiBwKHcx/n5jgho1KZ5puRWVhcWl7JrubW1jc2t/LbO03JI4FJA3PGRdtBkjAakIaiipF2KAjyHUZazvAirbduiJCUB1cqDonto35APYqR0lKzKwa8V+7lC2bp2LTOKhY0S+YE8FuxZkqhuj+uv98ejGu9/EfX5TjySaAwQ1J2LDNUdoKEopiRUa4bSRIiPER90tE0QD6RdjK5dgSLWnGhx4V+gYIT9edEgnwpY9/RnT5SA/m7lop/1TqR8k7thAZhpEiAp0ZexKDiMP06dKkgWLFYE4QF1bdCPEACYaUDmnMJB7GkWOoVM5Yrdh3O3NRTh/WVCPyfNMslq1Kq1HVq52CKLNgDh+AIWOAEVMElqIEGwOAa3IEH8GjcG0/Gs/Eybc0Ys5ldMAfj9RP7+KNI</latexit>⇢2

Mixes JP into 
cubic irreps

…

<latexit sha1_base64="Feg/7dO4r3nTiIuLszaBBX2a/xE="></latexit>

Cij(t) ⌘
D
Oi(t)O

†
j(0)

E
=

X

n=0

Z
n⇤
i Z

n
j e

�Ent

5 |P|’s, 10 irreps



<latexit sha1_base64="Kb1s0RtMbpIDruw+NeIrLhnbW7Y="></latexit>

Scattering coupled channel fit
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¬2/dof = 28.70/(32 ° 6) = 1.10

gKK = 0.17(30)
gºº = 0.441(9)

∞KK = °2.2 ± 4
∞KK,ºº = °2.4 ± 5

∞ºº = 2.9(9)
m = 0.1338(5)

ρ resonance

<latexit sha1_base64="Gf+Ditl0m5KZOyAvhkaETp4tYL4="></latexit>

Re(
p
sR) = 797± 2.6 MeV

Im(
p
sR)/2 = 28.5± 1 MeV

<latexit sha1_base64="KP2bmNwM5WZaCEAukLDdjNDSSRI="></latexit>

M�1
ab =

1

2k?a
K�1

ab

1

2k?b
� i⇢CM,ab

<latexit sha1_base64="XvVJFe1ovE1toEi/ZrMGZqTkDPM="></latexit>

Mab(s ⇠ sR) ⇠
ca cb
sR � s

Pseudoscalar momentum 
in CM frame

<latexit sha1_base64="T9s7pjFtzS2kW3a5nH01moqdft8="></latexit>

⇡⇡ ! ⇡⇡

0.0

0.5

1.0

ΩiΩj |Mij |2

ºº KK

0.100 0.125 0.150 0.175 0.200 atE?

0.00

0.01

0.02
<latexit sha1_base64="tU90LpjW8gPhETTyMkOkIOCSHlI="></latexit>

⇡⇡ ! KK
<latexit sha1_base64="5a7BAzCM58q/Bdv4ELgW4QfW/i4="></latexit>

KK ! KK

<latexit sha1_base64="zy3oWwGF3b2cW+GtUW8skBXPRbI="></latexit>

Kab =
gagb

�s+m2
r

+ �ab

[000] T°
1 [100] A1 [110] A1 [111] A1 [200] A1

0.10

0.12

0.14

0.16

0.18

0.20

0.22
at E?

0 5

p
16º|ĉa|

ºº
KK

<latexit sha1_base64="3KHJzf44aschArQDQjT4+XRDxp8=">AAACHnicbZBLSgNBEIZ74ivGV9Slm8YguAozIlEXQsCNSwVjhEwcajo9SZOeB901wjDM1nN4ALd6BHfiVk/gNew8Fib6Q8PPX1VU9ecnUmi07S+rtLC4tLxSXq2srW9sblW3d251nCrGWyyWsbrzQXMpIt5CgZLfJYpD6Eve9ocXo3r7gSst4ugGs4R3Q+hHIhAM0ERelboDwJwVHpxTN1DAcuZBkQ/vXY2gjPWqNbtuj0X/GmdqamSqK6/67fZiloY8QiZB645jJ9jNQaFgkhcVN9U8ATaEPu8YG0HIdTcf/6SgBybp0SBW5kVIx+nviRxCrbPQN50h4EDP10bhf7VOisFpNxdRkiKP2GRRkEqKMR1hoT2hOEOZGQNMCXMrZQMwPNDAm9mSDDItmC4qhowzz+GvuT2qO4164/q41jybMiqTPbJPDolDTkiTXJIr0iKMPJJn8kJerSfrzXq3PiatJWs6s0tmZH3+AB2lo6A=</latexit>

ĉa =
ca
k?a



<latexit sha1_base64="Kb1s0RtMbpIDruw+NeIrLhnbW7Y="></latexit>
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Im
a a

=<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="QYla+6C9Kj6lgNTnRBgZVdX8Zhw=">AAACAnicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8cI5gHJEmYns8mYmdllZlZYltz8AK/6Cd7Eqz/iF/gbTpI9mMSChqKqm+6uIOZMG9f9dgorq2vrG8XN0tb2zu5eef+gqaNEEdogEY9UO8CaciZpwzDDaTtWFIuA01Ywup34rSeqNIvkg0lj6gs8kCxkBBsrNbs6ET3ZK1fcqjsFWiZeTiqQo94r/3T7EUkElYZwrHXHc2PjZ1gZRjgdl7qJpjEmIzygHUslFlT72fTaMTqxSh+FkbIlDZqqfycyLLRORWA7BTZDvehNxP+8TmLCaz9jMk4MlWS2KEw4MhGavI76TFFieGoJJorZWxEZYoWJsQHNbYmHqWZEj0s2GW8xh2XSPKt6l9WL+/NK7SbPqAhHcAyn4MEV1OAO6tAAAo/wAq/w5jw7786H8zlrLTj5zCHMwfn6BcbgmDY=</latexit>X

n
<latexit sha1_base64="ytepjUR8QrxVKXfM1dOYGyOEGh8=">AAAB/XicbVDLSsNAFL2pr1pfVZdugkVwVRLxtSy6cdmCfUAbymR60w6dTMLMRAih+AFu9RPciVu/xS/wN5y2WdjWAxcO59zLvff4MWdKO863VVhb39jcKm6Xdnb39g/Kh0ctFSWSYpNGPJIdnyjkTGBTM82xE0skoc+x7Y/vp377CaVikXjUaYxeSIaCBYwSbaSG6JcrTtWZwV4lbk4qkKPeL//0BhFNQhSacqJU13Vi7WVEakY5Tkq9RGFM6JgMsWuoICEqL5sdOrHPjDKwg0iaEtqeqX8nMhIqlYa+6QyJHqllbyr+53UTHdx6GRNxolHQ+aIg4baO7OnX9oBJpJqnhhAqmbnVpiMiCdUmm4Ut8ShVjKpJySTjLuewSloXVfe6etW4rNTu8oyKcAKncA4u3EANHqAOTaCA8AKv8GY9W+/Wh/U5by1Y+cwxLMD6+gW785X0</latexit>n

“K-matrix” representation

<latexit sha1_base64="Qddrryt7HD+kwocZysJu+toBpx0="></latexit>

Imfa =
X

n

fn⇢nM⇤
na

<latexit sha1_base64="x5TDd5+fXRq3R+nb6kMTaMnT4HY="></latexit>✓
f⇡
fK

◆
=

✓
M⇡⇡!⇡⇡ M⇡⇡!KK
M⇡⇡!KK MKK!KK

◆✓
A⇡⇡

AKK

◆



<latexit sha1_base64="Kb1s0RtMbpIDruw+NeIrLhnbW7Y="></latexit>
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Im
a a

=<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="QYla+6C9Kj6lgNTnRBgZVdX8Zhw=">AAACAnicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8cI5gHJEmYns8mYmdllZlZYltz8AK/6Cd7Eqz/iF/gbTpI9mMSChqKqm+6uIOZMG9f9dgorq2vrG8XN0tb2zu5eef+gqaNEEdogEY9UO8CaciZpwzDDaTtWFIuA01Ywup34rSeqNIvkg0lj6gs8kCxkBBsrNbs6ET3ZK1fcqjsFWiZeTiqQo94r/3T7EUkElYZwrHXHc2PjZ1gZRjgdl7qJpjEmIzygHUslFlT72fTaMTqxSh+FkbIlDZqqfycyLLRORWA7BTZDvehNxP+8TmLCaz9jMk4MlWS2KEw4MhGavI76TFFieGoJJorZWxEZYoWJsQHNbYmHqWZEj0s2GW8xh2XSPKt6l9WL+/NK7SbPqAhHcAyn4MEV1OAO6tAAAo/wAq/w5jw7786H8zlrLTj5zCHMwfn6BcbgmDY=</latexit>X

n
<latexit sha1_base64="ytepjUR8QrxVKXfM1dOYGyOEGh8=">AAAB/XicbVDLSsNAFL2pr1pfVZdugkVwVRLxtSy6cdmCfUAbymR60w6dTMLMRAih+AFu9RPciVu/xS/wN5y2WdjWAxcO59zLvff4MWdKO863VVhb39jcKm6Xdnb39g/Kh0ctFSWSYpNGPJIdnyjkTGBTM82xE0skoc+x7Y/vp377CaVikXjUaYxeSIaCBYwSbaSG6JcrTtWZwV4lbk4qkKPeL//0BhFNQhSacqJU13Vi7WVEakY5Tkq9RGFM6JgMsWuoICEqL5sdOrHPjDKwg0iaEtqeqX8nMhIqlYa+6QyJHqllbyr+53UTHdx6GRNxolHQ+aIg4baO7OnX9oBJpJqnhhAqmbnVpiMiCdUmm4Ut8ShVjKpJySTjLuewSloXVfe6etW4rNTu8oyKcAKncA4u3EANHqAOTaCA8AKv8GY9W+/Wh/U5by1Y+cwxLMD6+gW785X0</latexit>n

“K-matrix” representation

<latexit sha1_base64="Qddrryt7HD+kwocZysJu+toBpx0="></latexit>

Imfa =
X

n

fn⇢nM⇤
na

<latexit sha1_base64="x5TDd5+fXRq3R+nb6kMTaMnT4HY="></latexit>✓
f⇡
fK

◆
=

✓
M⇡⇡!⇡⇡ M⇡⇡!KK
M⇡⇡!KK MKK!KK

◆✓
A⇡⇡

AKK

◆

Omnès representation:

Elastic unitarity:
<latexit sha1_base64="EGDZlour97i2DtitFy8+ASpzjCo="></latexit>

M⇡⇡!⇡⇡ =
1

⇢
sin(�⇡⇡1 ) ei�

⇡⇡
1

<latexit sha1_base64="0yaxpCZcmAEKK+JqACUEhK7Gq74=">AAACJnicbVDLSsNAFJ3UV62vqEs3g0XoqiQi1Y1QFMSdFewDmhAm00k7dDIJMxMhhP6C3+EHuNVPcCfizp2/4aTNwrYeGDiccy/nzvFjRqWyrC+jtLK6tr5R3qxsbe/s7pn7Bx0ZJQKTNo5YJHo+koRRTtqKKkZ6sSAo9Bnp+uPr3O8+EiFpxB9UGhM3RENOA4qR0pJn1gLPiSm8hM5dSIYIOoqGREInRGqEEctuJt7M8cyqVbemgMvELkgVFGh55o8ziHASEq4wQ1L2bStWboaEopiRScVJJIkRHqMh6WvKkc51s+mPJvBEKwMYREI/ruBU/buRoVDKNPT1ZH6pXPRy8T+vn6jgws0ojxNFOJ4FBQmDKoJ5PXBABcGKpZogLKi+FeIREggrXeJcSjxKJcVyUtHN2Is9LJPOad1u1Bv3Z9XmVdFRGRyBY1ADNjgHTXALWqANMHgCL+AVvBnPxrvxYXzORktGsXMI5mB8/wKL76XQ</latexit>

f⇡ = ⌦⇥ F⌦
<latexit sha1_base64="vTu+geOXiiHT1xK5qJ4tZCUZzJE="></latexit>

⌦(s) = exp

 
s

⇡

Z 1

4m2
⇡

ds0
�⇡⇡1 (s0)

s0(s0 � s)

!
0.10 0.12 0.14 0.16 atE?

0

30

60

90

120

150

±ºº
1 /±



<latexit sha1_base64="Kb1s0RtMbpIDruw+NeIrLhnbW7Y="></latexit>

Pair-production

9
Lattice 2024 - Liverpool, UK        30th July 2024

For renormalization 
of the current

 Optimized operators

1. Extract invariant:

2. FV correction:

<latexit sha1_base64="2kQoKE6B85k103SgkipVzPJrhpQ="></latexit>

lim
t!1

⌦
J (t)⌦†

n(0)
↵

D
⌦n(t)⌦

†
n(0)

E / HL
<latexit sha1_base64="eTZkZZSfiEewkx79rcNAdTHtJn4=">AAACGXicbVDLSgMxFM3UV62vUZfdBIvgQsqMSO2y4MZdK9gHdOqQSdM2bSYTkkxhGLrwO/wAt/oJ7sStK7/A3zB9LGzrgQuHc+7l3nsCwajSjvNtZTY2t7Z3sru5vf2DwyP7+KSholhiUscRi2QrQIowykldU81IS0iCwoCRZjC6nfrNMZGKRvxBJ4J0QtTntEcx0kby7bxXDUkf+Rx6QkZCR3D8yP2hd1n1h75dcIrODHCduAtSAAvUfPvH60Y4DgnXmCGl2q4jdCdFUlPMyCTnxYoIhEeoT9qGchQS1UlnT0zguVG6sBdJU1zDmfp3IkWhUkkYmM4Q6YFa9abif1471r1yJ6VcxJpwPF/Uixk0v04TgV0qCdYsMQRhSc2tEA+QRFib3Ja2iEGiKFaTnEnGXc1hnTSuim6pWLq/LlTKi4yyIA/OwAVwwQ2ogDtQA3WAwRN4Aa/gzXq23q0P63PemrEWM6dgCdbXL8LDoK8=</latexit>

⌦n / v
n
j Oj

<latexit sha1_base64="qDzKdr5jBYF5A96viXk01MVxOPk="></latexit>

@

@E?

�
M�1 + F

�

<latexit sha1_base64="x3D5fHgO5omuhwpr/nkSOZ0up5w=">AAACJHicbVDLSgMxFM3UV62vqks3waJUkDIjUrsRCoIU7KKCfUBbSybNtKGZzJBkhDLMH/gdfoBb/QR34sKNW3/DTDuIbT0QOJxzLvfm2D6jUpnmp5FaWl5ZXUuvZzY2t7Z3srt7DekFApM69pgnWjaShFFO6ooqRlq+IMi1GWnao6vYbz4QIanH79TYJ10XDTh1KEZKS73sccdFaogRCytRrwov4U3n9Fe6ju7DfPUk6ulgziyYE8BFYiUkBxLUetnvTt/DgUu4wgxJ2bZMX3VDJBTFjESZTiCJj/AIDUhbU45cIrvh5D8RPNJKHzqe0I8rOFH/ToTIlXLs2joZnyrnvVj8z2sHyil1Q8r9QBGOp4ucgEHlwbgc2KeCYMXGmiAsqL4V4iESCCtd4cwWfziWFMsoo5ux5ntYJI2zglUsFG/Pc+VS0lEaHIBDkAcWuABlUAE1UAcYPIJn8AJejSfjzXg3PqbRlJHM7IMZGF8/sESkxQ==</latexit>

HL = K F
(L)
n

<latexit sha1_base64="RbWtaTTC4PX7Yn+UWxbHfIKHxt8=">AAACHHicbVDLSsNAFJ3UV62vqEsXDhbBRSiJSHVZcOOygn1AU8pkMmmHTiZhZiKEkKW/4Q+41T9wJ24Ff8DvcNJmYVsP3MvhnHu5M8eLGZXKtr+Nytr6xuZWdbu2s7u3f2AeHnVllAhMOjhikeh7SBJGOekoqhjpx4Kg0GOk501vC7/3SISkEX9QaUyGIRpzGlCMlJZG5qkYZdxCuWtZ0LVc3RRlPslEPtdHZt1u2DPAVeKUpA5KtEfmj+tHOAkJV5ghKQeOHathhoSimJG85iaSxAhP0ZgMNOUoJHKYzT6Sw3Ot+DCIhC6u4Ez9u5GhUMo09PRkiNRELnuF+J83SFRwM8wojxNFOJ4fChIGVQSLVKBPBcGKpZogLKh+K8QTJBBWOruFK/EklRTLIhhnOYZV0r1sOM1G8/6q3mqVEVXBCTgDF8AB16AF7kAbdAAGT+AFvII349l4Nz6Mz/loxSh3jsECjK9fZbGhxA==</latexit>

rn,a , r̃n,a

At Lüscher energy



<latexit sha1_base64="Kb1s0RtMbpIDruw+NeIrLhnbW7Y="></latexit>
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<latexit sha1_base64="Mojhkk3CrFnnkuF3HHvyLjE5nQM=">AAAB/XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BLx4TMA9IljA76U2GzD6YmRWWJfgBXvUTvIlXv8Uv8DecJHswiQUNRVU33V1eLLjStv1tFTY2t7Z3irulvf2Dw6Py8UlbRYlk2GKRiGTXowoFD7GluRbYjSXSwBPY8Sb3M7/zhFLxKHzUaYxuQEch9zmj2khNNShX7Ko9B1knTk4qkKMxKP/0hxFLAgw1E1SpnmPH2s2o1JwJnJb6icKYsgkdYc/QkAao3Gx+6JRcGGVI/EiaCjWZq38nMhoolQae6QyoHqtVbyb+5/US7d+6GQ/jRGPIFov8RBAdkdnXZMglMi1SQyiT3NxK2JhKyrTJZmlLPE4VZ2paMsk4qzmsk/ZV1alVa83rSv0uz6gIZ3AOl+DADdThARrQAgYIL/AKb9az9W59WJ+L1oKVz5zCEqyvX8RClfo=</latexit>s

<latexit sha1_base64="H/q38cQuLtaySLxdyc1ypbzTTlw="></latexit>

�(P )

P 2 > 4m2
K

K(p1)

K(p2)

fK

<latexit sha1_base64="VRoyJU+lOgpz/uWzW7fClubXFeI="></latexit>

�(P )

P 2 > 4m2
⇡

⇡(p1)

⇡(p2)

f⇡

<latexit sha1_base64="3FM4EvgS02xt5NdBPpNiyC93wxs=">AAAB/XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi1WPRiwcPLdhaaEPZbCft0s0m7G6EEIo/wKv+BG/i1d/iL/BvuG1zsK0PBh7vzTAzz485U9pxvq3C2vrG5lZxu7Szu7d/UD48aqsokRRbNOKR7PhEIWcCW5ppjp1YIgl9jo/++HbqPz6hVCwSDzqN0QvJULCAUaKN1LzvlytO1ZnBXiVuTiqQo9Ev//QGEU1CFJpyolTXdWLtZURqRjlOSr1EYUzomAyxa6ggISovmx06sc+MMrCDSJoS2p6pfycyEiqVhr7pDIkeqWVvKv7ndRMdXHsZE3GiUdD5oiDhto7s6df2gEmkmqeGECqZudWmIyIJ1SabhS3xKFWMqknJJOMu57BK2hdVt1atNS8r9Zs8oyKcwCmcgwtXUIc7aEALKCC8wCu8Wc/Wu/Vhfc5bC1Y+cwwLsL5+AYXzldM=</latexit>

L

<latexit sha1_base64="x7xSiI63BW8hnMEExmGfujgMKrE="></latexit>

h0|J |E?
niL / F (L)

n

<latexit sha1_base64="J/K/oi+0HI7DGvM7u1RdNUrKWvI=">AAACDXicbVDLSsNAFJ3UV62PRl26GSxC3ZSkSHUlBRFcuKhgH9DGMJlO2qGTSZiZCCHkG/wAt/oJ7sSt3+AX+BtO2yxs64ELh3Pu5VyOFzEqlWV9G4W19Y3NreJ2aWd3b79sHhx2ZBgLTNo4ZKHoeUgSRjlpK6oY6UWCoMBjpOtNrqd+94kISUP+oJKIOAEacepTjJSWXLN84/LHdCAVEvWsenfmmhWrZs0AV4mdkwrI0XLNn8EwxHFAuMIMSdm3rUg5KRKKYkay0iCWJEJ4gkakrylHAZFOOns8g6daGUI/FHq4gjP170WKAimTwNObAVJjuexNxf+8fqz8SyelPIoV4Xge5McMqhBOW4BDKghWLNEEYUH1rxCPkUBY6a4WUqJxIimWWUk3Yy/3sEo69ZrdqDXuzyvNq7yjIjgGJ6AKbHABmuAWtEAbYBCDF/AK3oxn4934MD7nqwUjvzkCCzC+fgEshZuN</latexit>

E?2
n (L)

<latexit sha1_base64="hFJHAR7jPbU9yVxMEkPxAmsKOTU="></latexit>

F (L)
n = rn,⇡⇡ f⇡(s)

<latexit sha1_base64="ypst7xcsF/MXBXh4/9A5pzaenss="></latexit>

F (L)
n =

X
a
rn,a fa(s)

<latexit sha1_base64="PTof3JKV2IpaUN9btwPHHhAQYy4=">AAACInicbVDLSsNAFJ34rPUVdekmWAUXUhKR6rLoRlxVsA9oQrmZTtqhk2SYmQgl5Af8Dj/ArX6CO3EluPc3nLRZ2NYDFw7n3Mu99/icUals+8tYWl5ZXVsvbZQ3t7Z3ds29/ZaME4FJE8csFh0fJGE0Ik1FFSMdLgiEPiNtf3ST++1HIiSNowc15sQLYRDRgGJQWuqZx25IWGpnqRuCGmJg6V2WpY0zyFwuYq5iK+hBz6zYVXsCa5E4BamgAo2e+eP2Y5yEJFKYgZRdx+bKS0EoihnJym4iCQc8ggHpahpBSKSXTr7JrBOt9K0gFroiZU3UvxMphFKOQ1935jfLeS8X//O6iQquvJRGPFEkwtNFQcIs/WQejdWngmDFxpoAFlTfauEhCMBKBzizhQ/HkmKZlXUyznwOi6R1XnVq1dr9RaV+XWRUQofoCJ0iB12iOrpFDdREGD2hF/SK3oxn4934MD6nrUtGMXOAZmB8/wJ0SKVj</latexit>

h0|J |P, ai / fa

Finite Volume correction: <latexit sha1_base64="YVPiqskn4/pd1X85GrECInjDn3Y=">AAACA3icbVDLSsNAFL2pr1pfUZduBovgQkoiUl0W3HRZwT6gDWUynbRDJ5MwMxFCyNIPcKuf4E7c+iF+gb/htM3Cth64cDjnXu69x485U9pxvq3SxubW9k55t7K3f3B4ZB+fdFSUSELbJOKR7PlYUc4EbWumOe3FkuLQ57TrT+9nfveJSsUi8ajTmHohHgsWMIK1kbpymIkrnA/tqlNz5kDrxC1IFQq0hvbPYBSRJKRCE46V6rtOrL0MS80Ip3llkCgaYzLFY9o3VOCQKi+bn5ujC6OMUBBJU0Kjufp3IsOhUmnom84Q64la9Wbif14/0cGdlzERJ5oKslgUJBzpCM1+RyMmKdE8NQQTycytiEywxESbhJa2xJNUMaLyiknGXc1hnXSua269Vn+4qTaaRUZlOINzuAQXbqEBTWhBGwhM4QVe4c16tt6tD+tz0VqyiplTWIL19QtgLpiN</latexit>rn,a
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<latexit sha1_base64="vh3UgDf11c/4QU7uPRY+L1snC6U=">AAACBXicbVDLSsNAFL2pr1pfVZduBovgQkoiUrssuHFZwT6kDWUynbRDZ5IwMymEkLUf4FY/wZ249Tv8An/DaZuFbT1w4XDOvdx7jxdxprRtf1uFjc2t7Z3ibmlv/+DwqHx80lZhLAltkZCHsuthRTkLaEszzWk3khQLj9OON7mb+Z0plYqFwaNOIuoKPAqYzwjWRnpKp9kgta9wNihX7Ko9B1onTk4qkKM5KP/0hyGJBQ004VipnmNH2k2x1IxwmpX6saIRJhM8oj1DAyyoctP5wRm6MMoQ+aE0FWg0V/9OpFgolQjPdAqsx2rVm4n/eb1Y+3U3ZUEUaxqQxSI/5kiHaPY9GjJJieaJIZhIZm5FZIwlJtpktLQlGieKEZWVTDLOag7rpH1ddWrV2sNNpVHPMyrCGZzDJThwCw24hya0gICAF3iFN+vZerc+rM9Fa8HKZ05hCdbXL9uhmU8=</latexit>v0,a

✦ 25 𝜋𝜋-like levels 

✦ 7 KK-like levels

<latexit sha1_base64="RdFgWMgbPLJwDVOmQYimGdwtX4E="></latexit>

F (L) /
X

a

v0,afa

<latexit sha1_base64="9dh65r+0cJ2jYAPyUACYuQbYqu0=">AAACAnicdVDLSgMxFL1TX7W+qi7dBIvgapgRbbssuHFZwT6gHUomzbSxmUxIMsJQuvMD3OonuBO3/ohf4G+YPgTr45DA4Zx7ufeeUHKmjee9O7mV1bX1jfxmYWt7Z3evuH/Q1EmqCG2QhCeqHWJNORO0YZjhtC0VxXHIaSscXU791h1VmiXixmSSBjEeCBYxgo2Vml3J7OsVS55bufAs0G/iu94MJVig3it+dPsJSWMqDOFY647vSROMsTKMcDopdFNNJSYjPKAdSwWOqQ7Gs20n6MQqfRQlyn5h0Ez93jHGsdZZHNrKGJuh/ulNxb+8TmqiajBmQqaGCjIfFKUcmQRNT0d9pigxPLMEE8XsrogMscLE2ICWpshhphnRk4JN5ut89D9pnrl+2S1fn5dq1UVGeTiCYzgFHypQgyuoQwMI3MIDPMKTc+88Oy/O67w05yx6DmEJztsn21SYPQ==</latexit>⇡⇡

<latexit sha1_base64="N34NE56lWV2qYg2eoexCSkpTLYE=">AAACCXicdVDLSgMxFM3UV62vqks3wSK4GmZE2y4LboRuKtgHtEPJpJk2NJOMSUYYhvkCP8CtfoI7cetX+AX+hpm2gvVxIHA45x7uzfEjRpV2nHersLK6tr5R3Cxtbe/s7pX3DzpKxBKTNhZMyJ6PFGGUk7ammpFeJAkKfUa6/vQy97t3RCoq+I1OIuKFaMxpQDHSRvKaA2HcPJw2s2G54ti1C8cA/iau7cxQAQu0huWPwUjgOCRcY4aU6rtOpL0USU0xI1lpECsSITxFY9I3lKOQKC+dHZ3BE6OMYCCkeVzDmfo9kaJQqST0zWSI9ET99HLxL68f66DupZRHsSYczxcFMYNawLwBOKKSYM0SQxCW1NwK8QRJhLXpaWlLNEkUxSormWa+vg//J50z263a1evzSqO+6KgIjsAxOAUuqIEGuAIt0AYY3IIH8AierHvr2XqxXuejBWuROQRLsN4+AZY5m2c=</latexit>
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<latexit sha1_base64="Kb1s0RtMbpIDruw+NeIrLhnbW7Y="></latexit>
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In the narrow 
width limit
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<latexit sha1_base64="L9YbK3JW+9v7dEoS3n+jnQ3FkX4="></latexit>

fa =
1

k?a
Mab

1

k?b
Fb

<latexit sha1_base64="SBT/i1gANBz62YkVOiZXJScIr4M=">AAACDXicbVDLSsNAFL2pr1ofjbp0EyyCCymJSHVZdOOygq2FNoTJZNIOnUzCzEQIId/gB7jVT3Anbv0Gv8DfcNpmYVsPXDiccy/ncvyEUals+9uorK1vbG5Vt2s7u3v7dfPgsCfjVGDSxTGLRd9HkjDKSVdRxUg/EQRFPiOP/uR26j8+ESFpzB9UlhA3QiNOQ4qR0pJn1oeKsoDkovByfo4Kz2zYTXsGa5U4JWlAiY5n/gyDGKcR4QozJOXAsRPl5kgoihkpasNUkgThCRqRgaYcRUS6+ezxwjrVSmCFsdDDlTVT/17kKJIyi3y9GSE1lsveVPzPG6QqvHZzypNUEY7nQWHKLBVb0xasgAqCFcs0QVhQ/auFx0ggrHRXCynJOJMUy6Kmm3GWe1glvYum02q27i8b7ZuyoyocwwmcgQNX0IY76EAXMKTwAq/wZjwb78aH8TlfrRjlzREswPj6BZKInG4=</latexit>

r̃n,a

Finite volume correction (coupled channel)

<latexit sha1_base64="xAyBBxMQn9lQMduPl139QkBG+/Q="></latexit>

r̃n,a ⇡ ca
k?a

= ĉa

<latexit sha1_base64="zjuDqcarwnfAJKfvDRlktU2BYOU="></latexit>

F (L)
n =

X

a

r̃n,aFa

<latexit sha1_base64="RdFgWMgbPLJwDVOmQYimGdwtX4E="></latexit>

F (L) /
X

a

v0,afa

Lattice 2024 - Liverpool, UK        30th July 2024
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Coupled channel fit
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<latexit sha1_base64="L9YbK3JW+9v7dEoS3n+jnQ3FkX4="></latexit>

fa =
1

k?a
Mab

1

k?b
Fb

<latexit sha1_base64="kv0c/FwJ4h3/eYUk/He2GRTv+HU="></latexit>

�2/ndof = 127/(32� 4) = 4.53

<latexit sha1_base64="FwN9wa8TE6x0tJGOuzdxcpmEHfk="></latexit>

Fa(s) =
NaX

n=0

hn,a s
n

Eq. (5.2.2),

Fa(s)/m
2
⇡ =

NaX

n=0

ha,n ·
⇣

s�s0
s0

⌘n
. (8.6)

We emphasize here that the function F⇡⇡(s) obtained in the coupled-channel case does not

have to resemble the similarly named function in the elastic case, presented in Sec. 8.1.1.

This can be seen by considering f⇡(s), which should be similar between the two cases, and

which has a representation,

f⇡ =
1

k? 2
⇡⇡

M⇡⇡,⇡⇡

"
F⇡⇡ +

k
?
⇡⇡

k?
KK

M⇡⇡,KK

M⇡⇡,⇡⇡
FKK

#
, (8.7)

in the coupled-channel case, where we have factored out the elastic ⇡⇡ scattering in analogy

to Eq. (1.41). Below the KK threshold, the expression within square brackets is real and

smooth (because the ratio of scattering amplitude components does not posses the ⇡⇡

branch cut), and serves as the effective F in the prior elastic case.

Model N⇡⇡ NKK Ndof
�

2
/Ndof

reference �
(1) ref. iter.

a 1 0 32 � 3 5.51 2.62 5.26
b 0 1 32 � 3 4.39 2.41 4.90
c 1 1 32 � 4 4.53 2.48 4.92
d 2 0 32 � 4 4.87 2.55 5.28

Table 8.1: Global description of full set of timelike finite-volume matrix elements. Variations in
polynomial order in Eq. (8.6) used with reference coupled-channel scattering amplitude (fifth col-
umn), an alternative coupled channel amplitude with more parameter freedom, Eq. (5.15) (sixth
column), and reference coupled-channel amplitude with a modified iterative fitting strategy de-
scribed at the end of Sec 7.4 (seventh column).

We describe all the F (L)
n data shown in Fig. 6.6 using the finite volume correction

factions r̃n,a(L) computed from the reference coupled-channel amplitude and smooth func-

tions F⇡⇡, FKK each described by polynomials of order 1, leads to the result summarized

in Fig. 8.5. The description given by the green points is observed to be in good qualita-

tive agreement with the constraining lattice data, with just a few isolated points having

significant deviations which produce a somewhat large �
2
/Ndof.

Examining Figures 8.2 and 8.4a we see that the points which are most discrepant in
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We emphasize here that the function F⇡⇡(s) obtained in the coupled-channel case does not
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in the coupled-channel case, where we have factored out the elastic ⇡⇡ scattering in analogy

to Eq. (1.41). Below the KK threshold, the expression within square brackets is real and

smooth (because the ratio of scattering amplitude components does not posses the ⇡⇡

branch cut), and serves as the effective F in the prior elastic case.
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We emphasize here that the function F⇡⇡(s) obtained in the coupled-channel case does not

have to resemble the similarly named function in the elastic case, presented in Sec. 8.1.1.
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in the coupled-channel case, where we have factored out the elastic ⇡⇡ scattering in analogy

to Eq. (1.41). Below the KK threshold, the expression within square brackets is real and

smooth (because the ratio of scattering amplitude components does not posses the ⇡⇡

branch cut), and serves as the effective F in the prior elastic case.
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a 1 0 32 � 3 5.51 2.62 5.26
b 0 1 32 � 3 4.39 2.41 4.90
c 1 1 32 � 4 4.53 2.48 4.92
d 2 0 32 � 4 4.87 2.55 5.28

Table 8.1: Global description of full set of timelike finite-volume matrix elements. Variations in
polynomial order in Eq. (8.6) used with reference coupled-channel scattering amplitude (fifth col-
umn), an alternative coupled channel amplitude with more parameter freedom, Eq. (5.15) (sixth
column), and reference coupled-channel amplitude with a modified iterative fitting strategy de-
scribed at the end of Sec 7.4 (seventh column).

We describe all the F (L)
n data shown in Fig. 6.6 using the finite volume correction

factions r̃n,a(L) computed from the reference coupled-channel amplitude and smooth func-

tions F⇡⇡, FKK each described by polynomials of order 1, leads to the result summarized

in Fig. 8.5. The description given by the green points is observed to be in good qualita-

tive agreement with the constraining lattice data, with just a few isolated points having

significant deviations which produce a somewhat large �
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/Ndof.

Examining Figures 8.2 and 8.4a we see that the points which are most discrepant in
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KK⇡

W&M • Timelike form-factors of pseudoscalar mesons • Felipe Ortega

Table 6: Masses and thresholds of the mesons in a856

meson atm threshold atEth
⇡ 0.0474 ⇡⇡ 0.0947
K 0.0866 KK 0.1732
⌘ 0.0960 ⇡⇡⇡⇡ 0.1894
! 0.1422 ⇡! 0.1896
� 0.1709 ⇡⇡⌘ 0.1908

⇡� 0.2183
⇡KK 0.2206

Table 7: Partial waves with IG = 1+. Since some are unstable, they are shorthand for three-meson systems,
i.e. ⇢ ⇠ ⇡⇡(1P1), a0 ⇠ ⇡⌘(1S0), K? ⇠ K⇡(1P1), f0 ⇠ ⇡⇡(1S0). Also each channel has a shorthand name
according to the particle with the given quantum numbers, the b0/⇢0 particles are exotic. Technically missing
the ones with  ⇠ K⇡(1S0), wherever I have a0 or f0 and pair it with another strange meson.

JP = 0� : ⇢0 !⇡ (3P0), KK
?

(3P0), ⇢⌘ (3P0), ⇡a0 (1S0)
JP = 0+ : b0 a0! (3P0), ⇢f0 (3P0)
JP = 1� : ⇢ ⇡⇡ (1P1), KK (1P1), !⇡ (3P1), KK

?

(3P1), ⇢⌘ (3P1), a0! (3S1), a0! (3D1), ⇢f0 (3S1), ⇢f0 (3D1),
⇢⇢ (1P1, 5P1)

JP = 1+ : b1 !⇡ (3S1), !⇡ (3D1), ⇡a0 (1P1), a0! (3P1), KK
?

(3S1), KK
?

(3D1), ⇢⌘ (3S1), ⇢⌘ (3D1) , ⇢f0 (3P1),
⇢⇢ (3S1)

Starting chroma script at time= Wed Apr 22 16:55:34 EDT 2020
2 irrep = 110 _B1P mom = 1 1 0

...
4 Lattice size = 24 24 24 256

t_origin= 113
6 Setting the diagnostic level = 0

Using auto -generated Irrep CGs = 0
8 REDSTAR_GEN_GRAPH: construct the graphs and nodes

Rephasing Irrep CGs = 0

whereas the ones after July read

1 Starting chroma script at time= Thu Sep 24 12:29:27 EDT 2020
irrep = 110 _A1P mom = 0 1 1

3 ...
Lattice size = 24 24 24 256

5 t_origin= 176
Setting the diagnostic level = 0

7 Using auto -generated Irrep CGs = 1
Rephasing Irrep CGs = 1

So I wrote a script to change the momentum, thankfully correlation functions are scalars, and therefore
cannot depend on the direction. According to rotational invariance the correlation function

D
O⇤µ1(~p)O

†
⇤µ2

(~p)
E
= �µ1,µ2C(⇤), (12)

which means that it is diagonal in the row µi space and proportional to the identity. Then the following is
irrelevant since the rotation always sums over all rows and

P
µ
|�⇤

µµ0(R)|2 = 18µ0.

16

JP(IG)=1−(1+)
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• 17 elastic levels 

• 15 above KK threshold

20 24 28

0.10

0.12

0.14

0.16

0.18

0.20

atE?
[000] T °

1

20 24 28

[100] A1

20 24 28

[110] A1

20 24 28

[111] A1

20 24 28

[200] A1

20 24 28

[100] E2

20 24 28

[110] B1

20 24 28

[110] B2

20 24 28

[111] E2

20 24 28 L/as

ºº

KK

º!

º¡
[200] E2

20 24 28

0.10

0.12

0.14

0.16

0.18

0.20

atE?
[000] T °

1

20 24 28

[100] A1

20 24 28

[110] A1

20 24 28

[111] A1

20 24 28

[200] A1

20 24 28

[100] E2

20 24 28

[110] B1

20 24 28

[110] B2

20 24 28

[111] E2

20 24 28 L/as

ºº

KK

º!

º¡
[200] E2

20 24 28

0.10

0.12

0.14

0.16

0.18

0.20

atE?
[000] T °

1

20 24 28

[100] A1

20 24 28

[110] A1

20 24 28

[111] A1

20 24 28

[200] A1

20 24 28

[100] E2

20 24 28

[110] B1

20 24 28

[110] B2

20 24 28

[111] E2

20 24 28 L/as

ºº

KK

º!

º¡
[200] E2

20 24 28

0.10

0.12

0.14

0.16

0.18

0.20

atE?
[000] T °

1

20 24 28

[100] A1

20 24 28

[110] A1

20 24 28

[111] A1

20 24 28

[200] A1

20 24 28

[100] E2

20 24 28

[110] B1

20 24 28

[110] B2

20 24 28

[111] E2

20 24 28 L/as

ºº

KK

º!

º¡
[200] E2



<latexit sha1_base64="EwmSuW9zWWLHC7AdKmju/4bb8EU="></latexit>

Effects of vector-pseudoscalar channels

20
Lattice 2024 - Liverpool, UK        30th July 2024

√̄°√, ºº, KK

0.14

0.16

0.18

0.20

0.22

atE?

º110º100

º000!111

K110K100

º000¡111

{3}º100!110

º!, º¡
√̄°√, ºº, KK

0.14

0.16

0.18

0.20

0.22

atE?

0
0.2
0.4
0.6
0.8 1
1.2

[0]0.1309(12)
[1]0.1664(12)

[2]0.2159(5)
[3]0.2120(41)

[4]0.2240(27)
[5]0.2212(55)

[6]0.2170(93)
[7]0.2371(20)

0
0.2
0.4
0.6
0.8 1
1.2

[0]0.1309(12)
[1]0.1664(12)

[2]0.2159(5)
[3]0.2120(41)

[4]0.2240(27)
[5]0.2212(55)

[6]0.2170(93)
[7]0.2371(20)

0
0.2
0.4
0.6
0.8 1
1.2

[0]0.1309(12)
[1]0.1664(12)

[2]0.2159(5)
[3]0.2120(41)

[4]0.2240(27)
[5]0.2212(55)

[6]0.2170(93)
[7]0.2371(20)

0
0.2
0.4
0.6
0.8 1
1.2

[0]0.1309(12)
[1]0.1664(12)

[2]0.2159(5)
[3]0.2120(41)

[4]0.2240(27)
[5]0.2212(55)

[6]0.2170(93)
[7]0.2371(20)

0
0.2

0.4
0.6

0.81
1.2

[0]0.1309(12)
[1]0.1664(12)
[2]0.2159(5)
[3]0.2120(41)
[4]0.2240(27)
[5]0.2212(55)
[6]0.2170(93)
[7]0.2371(20)

0
0.2

0.4
0.6

0.81
1.2

[0]0.1309(12)
[1]0.1664(12)
[2]0.2159(5)
[3]0.2120(41)
[4]0.2240(27)
[5]0.2212(55)
[6]0.2170(93)
[7]0.2371(20)

0
0.2
0.4
0.6
0.8 1
1.2

[0]0.1309(12)
[1]0.1664(12)

[2]0.2159(5)
[3]0.2120(41)

[4]0.2240(27)
[5]0.2212(55)

[6]0.2170(93)
[7]0.2371(20)

0
0.2

0.4
0.6

0.81
1.2

[0]0.1309(12)
[1]0.1664(12)
[2]0.2159(5)
[3]0.2120(41)
[4]0.2240(27)
[5]0.2212(55)
[6]0.2170(93)
[7]0.2371(20)

<latexit sha1_base64="MtmckbnzVptQq3pwBWGsXHi3UqQ="></latexit>

[111]E2
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<latexit sha1_base64="gK1zAFmBFo0sUenwj3E90rLKx4o=">AAACFXicdVDLSgMxFM3UV62vqktFgqXgqswUrLorunHZgn1AO5RMJtPGZiZDkhGGoUv37kS/pBt34ta13+AfuDLTVrGiBwKHcx/n5jgho1KZ5puRWVhcWl7JrubW1jc2t/LbO03JI4FJA3PGRdtBkjAakIaiipF2KAjyHUZazvAirbduiJCUB1cqDonto35APYqR0lKzKwa8V+7lC2bp2LTOKhY0S+YE8FuxZkqhuj+uv98ejGu9/EfX5TjySaAwQ1J2LDNUdoKEopiRUa4bSRIiPER90tE0QD6RdjK5dgSLWnGhx4V+gYIT9edEgnwpY9/RnT5SA/m7lop/1TqR8k7thAZhpEiAp0ZexKDiMP06dKkgWLFYE4QF1bdCPEACYaUDmnMJB7GkWOoVM5Yrdh3O3NRTh/WVCPyfNMslq1Kq1HVq52CKLNgDh+AIWOAEVMElqIEGwOAa3IEH8GjcG0/Gs/Eybc0Ys5ldMAfj9RP7+KNI</latexit>⇢2
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