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m⇡ ⇠ 806 MeV

<latexit sha1_base64="nOQCvivLfm7Fw9j9tKImz3T/j9s=">AAACF3icbVDLSgNBEJz1GeMr6k0vg0HwFHYlPsCL6MWLEMHEQDaE2UknDs7MLjO9YlgC/oY/4FX/wJt49egP+B1OYg6aWNBQVHXT3RUlUlj0/U9vanpmdm4+t5BfXFpeWS2srddsnBoOVR7L2NQjZkEKDVUUKKGeGGAqknAd3Z4N/Os7MFbE+gp7CTQV62rREZyhk1qFTdUKExFaoeiRf0DD4xDhHrMLqPVbhaJf8oegkyQYkSIZodIqfIXtmKcKNHLJrG0EfoLNjBkUXEI/H6YWEsZvWRcajmqmwDaz4Q99uuOUNu3ExpVGOlR/T2RMWdtTketUDG/suDcQ//U40xzk2HbsHDUzoZMUQfOf5Z1UUozpICTaFgY4yp4jjBvh7qf8hhnG0UWZd8EE4zFMktpeKSiX9i/LxZPTUUQ5skW2yS4JyCE5IeekQqqEkwfyRJ7Ji/fovXpv3vtP65Q3mtkgf+B9fAOIxJ9I</latexit>

m⇡ ⇠ 450 MeV

<latexit sha1_base64="NA614LXFGo63pjA3qqyZx3whG6k=">AAACF3icbVDLSgNBEJz1GeMr6k0vg0HwFHYlQcFL0IsXIYJ5gBvC7KSjgzOzy0yvGJaAv+EPeNU/8CZePfoDfoeTx0GjBQ1FVTfdXVEihUXf//RmZufmFxZzS/nlldW19cLGZsPGqeFQ57GMTStiFqTQUEeBElqJAaYiCc3o9nToN+/AWBHrS+wn0FbsWoue4Ayd1Clsq06YiNAKRcsVn4bHIcI9ZufQGHQKRb/kj0D/kmBCimSCWqfwFXZjnirQyCWz9irwE2xnzKDgEgb5MLWQMH7LruHKUc0U2HY2+mFA95zSpb3YuNJIR+rPiYwpa/sqcp2K4Y2d9obivx5nmoOc2o69o3YmdJIiaD5e3kslxZgOQ6JdYYCj7DvCuBHufspvmGEcXZR5F0wwHcNf0jgoBeVS5aJcrJ5MIsqRHbJL9klADkmVnJEaqRNOHsgTeSYv3qP36r157+PWGW8ys0V+wfv4BoCIn0M=</latexit>

m⇡ ⇠ 806 MeV

<latexit sha1_base64="nOQCvivLfm7Fw9j9tKImz3T/j9s=">AAACF3icbVDLSgNBEJz1GeMr6k0vg0HwFHYlPsCL6MWLEMHEQDaE2UknDs7MLjO9YlgC/oY/4FX/wJt49egP+B1OYg6aWNBQVHXT3RUlUlj0/U9vanpmdm4+t5BfXFpeWS2srddsnBoOVR7L2NQjZkEKDVUUKKGeGGAqknAd3Z4N/Os7MFbE+gp7CTQV62rREZyhk1qFTdUKExFaoeiRf0DD4xDhHrMLqPVbhaJf8oegkyQYkSIZodIqfIXtmKcKNHLJrG0EfoLNjBkUXEI/H6YWEsZvWRcajmqmwDaz4Q99uuOUNu3ExpVGOlR/T2RMWdtTketUDG/suDcQ//U40xzk2HbsHDUzoZMUQfOf5Z1UUozpICTaFgY4yp4jjBvh7qf8hhnG0UWZd8EE4zFMktpeKSiX9i/LxZPTUUQ5skW2yS4JyCE5IeekQqqEkwfyRJ7Ji/fovXpv3vtP65Q3mtkgf+B9fAOIxJ9I</latexit>

m⇡ ⇠ 450 MeV

<latexit sha1_base64="NA614LXFGo63pjA3qqyZx3whG6k=">AAACF3icbVDLSgNBEJz1GeMr6k0vg0HwFHYlQcFL0IsXIYJ5gBvC7KSjgzOzy0yvGJaAv+EPeNU/8CZePfoDfoeTx0GjBQ1FVTfdXVEihUXf//RmZufmFxZzS/nlldW19cLGZsPGqeFQ57GMTStiFqTQUEeBElqJAaYiCc3o9nToN+/AWBHrS+wn0FbsWoue4Ayd1Clsq06YiNAKRcsVn4bHIcI9ZufQGHQKRb/kj0D/kmBCimSCWqfwFXZjnirQyCWz9irwE2xnzKDgEgb5MLWQMH7LruHKUc0U2HY2+mFA95zSpb3YuNJIR+rPiYwpa/sqcp2K4Y2d9obivx5nmoOc2o69o3YmdJIiaD5e3kslxZgOQ6JdYYCj7DvCuBHufspvmGEcXZR5F0wwHcNf0jgoBeVS5aJcrJ5MIsqRHbJL9klADkmVnJEaqRNOHsgTeSYv3qP36r157+PWGW8ys0V+wfv4BoCIn0M=</latexit>

Recent work

https://doi.org/10.1103/PhysRevD.103.054508
https://doi.org/10.1103/PhysRevD.103.074511
https://doi.org/10.1103/PhysRevLett.126.202001
https://arxiv.org/abs/2108.10835


a�1

<latexit sha1_base64="W6UQDMk4vKmInCbuZtuVU6HTS+s=">AAACAXicbVDLSgNBEOyNrxhfUY9eBoPgxbArET0GvXiMYB6QrGF20knGzM4uM7NCWHLyB7zqH3gTr36JP+B3OEn2oNGChqKqm2oqiAXXxnU/ndzS8srqWn69sLG5tb1T3N1r6ChRDOssEpFqBVSj4BLrhhuBrVghDQOBzWB0NfWbD6g0j+StGcfoh3QgeZ8zaqzUoHfpiTfpFktu2Z2B/CVeRkqQodYtfnV6EUtClIYJqnXbc2Pjp1QZzgROCp1EY0zZiA6wbamkIWo/nX07IUdW6ZF+pOxIQ2bqz4uUhlqPw8BuhtQM9aI3Ff/1GJUMxUK66V/4KZdxYlCyeXg/EcREZFoH6XGFzIixJZQpbv8nbEgVZcaWVrDFeIs1/CWN07JXKZ/dVErVy6yiPBzAIRyDB+dQhWuoQR0Y3MMTPMOL8+i8Om/O+3w152Q3+/ALzsc3VIaXKA==</latexit>

r<latexit sha1_base64="XixRli9qzbsquYVPNZ342JFkTnE=">AAAB/HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKosegF48JmAckS5id9CZDZmeXmVkhLPEHvOofeBOv/os/4Hc4SfagiQUNRVU31VSQCK6N6345hbX1jc2t4nZpZ3dv/6B8eNTScaoYNlksYtUJqEbBJTYNNwI7iUIaBQLbwfhu5rcfUWkeywczSdCP6FDykDNqrNRQ/XLFrbpzkFXi5aQCOer98ndvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mjU3JmlQEJY2VHGjJXf19kNNJ6EgV2M6JmpJe9mfivx6hkKJbSTXjjZ1wmqUHJFuFhKoiJyawJMuAKmRETSyhT3P5P2Igqyoztq2SL8ZZrWCWti6p3Wb1qXFZqt3lFRTiBUzgHD66hBvdQhyYwQHiGF3h1npw35935WKwWnPzmGP7A+fwB+j2VUw==</latexit>

3

updated from Dover and Feshbach, Ann. Phys. 198 (1990)

ALICE Collaboration, PLB 797 (2019)
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<latexit sha1_base64="rB0zndLUhoG6whXUW9WZ5EPTH10=">AAACEnicbVBLSgNBFOzxG+MvKq7cNIaAbsKMRBTcBN24jGASITOEns5LbOzpGbrfiGHILbyAW72BO3HrBbyA57CTzEKjBQ+Kqvd4RYWJFAZd99OZm19YXFourBRX19Y3Nktb2y0Tp5pDk8cy1jchMyCFgiYKlHCTaGBRKKEd3l2M/fY9aCNidY3DBIKIDZToC87QSt3Srm/EIGLUP6MHPsIDZlE4OuyWym7VnYD+JV5OyiRHo1v68nsxTyNQyCUzpuO5CQYZ0yi4hFHRTw0kjN+xAXQsVSwCE2ST+CNasUqP9mNtRyGdqD8vMhYZM7S5aCVieGtmvbH4r8eZ4iBnvmP/NMiESlIExafP+6mkGNNxP7QnNHCUQ0sY18Lmp/yWacbRtli0xXizNfwlraOqV6seX9XK9fO8ogLZI/vkgHjkhNTJJWmQJuEkI0/kmbw4j86r8+a8T1fnnPxmh/yC8/EN3hWdVw==</latexit>

plab (MeV/c)

<latexit sha1_base64="GkmFsCpoDcbEHYhbXGVPxW0YchE=">AAACHXicbVDLSgNBEJz1GeMr6tHLYBDiJe6KouBF9OJFiGCikA1hdtIxQ2Znl5leMSx79Tf8Aa/6B97Eq/gDfoeTZA8aLWioqeqmpyuIpTDoup/O1PTM7Nx8YaG4uLS8slpaW2+YKNEc6jySkb4JmAEpFNRRoISbWAMLAwnXQf9s6F/fgTYiUlc4iKEVslsluoIztFK7RON26iPcYypZkGXUP6aV8fsCGrs822mXym7VHYH+JV5OyiRHrV368jsRT0JQyCUzpum5MbZSplFwCVnRTwzEjPfZLTQtVSwE00pHl2R02yod2o20LYV0pP6cSFlozCAMbGfIsGcmvaH4r8eZ4iAntmP3qJUKFScIio+XdxNJMaLDqGhHaOAoB5YwroX9P+U9phlHG2jRBuNNxvCXNPaq3n714HK/fHKaR1Qgm2SLVIhHDskJOSc1UiecPJAn8kxenEfn1Xlz3setU04+s0F+wfn4Bv8IojI=</latexit>

8⌦ 8 = 27� 8s � 1� 10� 10� 8a
<latexit sha1_base64="HUtcuTo2oRnh3oVeNxrq2R/3sw8="></latexit>

mu = md = ms
<latexit sha1_base64="UFAAHyLwAuC4kwDiEpX+xiwuXtI=">AAACBnicbVDLSsNAFJ34rPVVdelmsAiuSlIF3QhFNy4r2Ae0IUwmN+3QmUmYmQgldO8PuNU/cCdu/Q1/wO9w2mahrQcuHM65l3M5YcqZNq775aysrq1vbJa2yts7u3v7lYPDtk4yRaFFE56obkg0cCahZZjh0E0VEBFy6ISj26nfeQSlWSIfzDgFX5CBZDGjxFipJ4LsWgSRHR1Uqm7NnQEvE68gVVSgGVS++1FCMwHSUE607nluavycKMMoh0m5n2lICR2RAfQslUSA9vPZyxN8apUIx4myIw2eqb8vciK0HovQbgpihnrRm4r/epRICnwh3cRXfs5kmhmQdB4eZxybBE87wRFTQA0fW0KoYvZ/TIdEEWpsc2VbjLdYwzJp12veea1+f1Ft3BQVldAxOkFnyEOXqIHuUBO1EEUJekYv6NV5ct6cd+djvrriFDdH6A+czx9tiplr</latexit>

<latexit sha1_base64="ATCxKl3+Iza4njfjGOanA0Tbqqo=">AAACBnicbVDLSgNBEOz1GeMr6tHLYBA8hd2gxGPQi8cI5gFJCLOT3mTI7OwyMyuEJXd/wKv+gTfx6m/4A36Hs8keNLGgoajqpovyY8G1cd0vZ219Y3Nru7BT3N3bPzgsHR23dJQohk0WiUh1fKpRcIlNw43ATqyQhr7Atj+5zfz2IyrNI/lgpjH2QzqSPOCMGit1eyE1Yz9Iq7XZoFR2K+4cZJV4OSlDjsag9N0bRiwJURomqNZdz41NP6XKcCZwVuwlGmPKJnSEXUslDVH303nkGTm3ypAEkbIjDZmrvy9SGmo9DX27mUXUy14m/usxKhmKpe8muO6nXMaJQckWz4NEEBORrBMy5AqZEVNLKFPc5idsTBVlxjZXtMV4yzWskla14l1V3PvLcv0mr6gAp3AGF+BBDepwBw1oAoMInuEFXp0n5815dz4Wq2tOfnMCf+B8/gB2UJlw</latexit>

27
<latexit sha1_base64="IBcqesq/v1t3In3UcLGzbFuHWB4=">AAACE3icbVDLSsNAFL2pr1pfUcGNm8EiuCqJKLosunFZwdZCE8pkOmmHTiZhZiKUmM/wB9zqH7gTt36AP+B3OGmz0NYDFw7n3Ms9nCDhTGnH+bIqS8srq2vV9drG5tb2jr2711FxKgltk5jHshtgRTkTtK2Z5rSbSIqjgNP7YHxd+PcPVCoWizs9Sagf4aFgISNYG6lvH3ixsYvrzIuwHgVh5jp53rfrTsOZAi0StyR1KNHq29/eICZpRIUmHCvVc51E+xmWmhFO85qXKppgMsZD2jNU4IgqP5vmz9GxUQYojKUZodFU/X2R4UipSRSYzSKjmvcK8V+PYEEon/uuw0s/YyJJNRVk9jxMOdIxKgpCAyYp0XxiCCaSmfyIjLDERJsaa6YYd76GRdI5bbjnDef2rN68KiuqwiEcwQm4cAFNuIEWtIHAIzzDC7xaT9ab9W59zFYrVnmzD39gff4AS+aevw==</latexit>

10
<latexit sha1_base64="f9+E7arZZ9fPONiOp0fIeHMrFGM=">AAACBnicbVDLSsNAFL2pr1pfVZduBovgqiSi6LLoxmUFWwttKJPpTTt0MgkzE6GE7v0Bt/oH7sStv+EP+B1O2iy09cCFwzn3cg8nSATXxnW/nNLK6tr6RnmzsrW9s7tX3T9o6zhVDFssFrHqBFSj4BJbhhuBnUQhjQKBD8H4JvcfHlFpHst7M0nQj+hQ8pAzaqzU7UXUjIIw89xpv1pz6+4MZJl4BalBgWa/+t0bxCyNUBomqNZdz02Mn1FlOBM4rfRSjQllYzrErqWSRqj9bBZ5Sk6sMiBhrOxIQ2bq74uMRlpPosBu5hH1opeL/3qMSoZi4bsJr/yMyyQ1KNn8eZgKYmKSd0IGXCEzYmIJZYrb/ISNqKLM2OYqthhvsYZl0j6rexd19+681rguKirDERzDKXhwCQ24hSa0gEEMz/ACr86T8+a8Ox/z1ZJT3BzCHzifP2mHmWg=</latexit>

10
<latexit sha1_base64="aPS/7m0V/4paqGtqFeBIMx1mQyk=">AAACB3icbVDLSsNAFJ3UV62vqks3wSK4Kokodll047KCfUATys30ph06mYSZiVBCP8AfcKt/4E7c+hn+gN/hpM1CWw9cOJxzL/dwgoQzpR3nyyqtrW9sbpW3Kzu7e/sH1cOjjopTSbFNYx7LXgAKORPY1kxz7CUSIQo4doPJbe53H1EqFosHPU3Qj2AkWMgoaCN5XgR6HIRZYzaAQbXm1J057FXiFqRGCrQG1W9vGNM0QqEpB6X6rpNoPwOpGeU4q3ipwgToBEbYN1RAhMrP5pln9plRhnYYSzNC23P190UGkVLTKDCbeUa17OXivx4FQZEvfddhw8+YSFKNgi6ehym3dWznpdhDJpFqPjUEqGQmv03HIIFqU13FFOMu17BKOhd196ru3F/WmjdFRWVyQk7JOXHJNWmSO9IibUJJQp7JC3m1nqw36936WKyWrOLmmPyB9fkDhAKaCQ==</latexit>

8a

mu = md 6= ms
<latexit sha1_base64="yWoBvHgapTxV9d8PF9M13qUSevE=">AAACDHicbVBLSgNBFOzxG+MnUZduGoPgKsxEQTdC0I3LCOYDyTD09LxJmnT3jN09QhhyBS/gVm/gTtx6By/gOex8FppY8KCoeo96VJhypo3rfjkrq2vrG5uFreL2zu5eqbx/0NJJpig0acIT1QmJBs4kNA0zHDqpAiJCDu1weDPx24+gNEvkvRml4AvSlyxmlBgrBeWSCLIrEUQ9CQ9YBDooV9yqOwVeJt6cVNAcjaD83YsSmgmQhnKidddzU+PnRBlGOYyLvUxDSuiQ9KFrqSQCtJ9PHx/jE6tEOE6UHWnwVP19kROh9UiEdlMQM9CL3kT816NEUuAL6Sa+9HMm08yApLPwOOPYJHjSDI6YAmr4yBJCFbP/YzogilBj+yvaYrzFGpZJq1b1zqq1u/NK/XpeUQEdoWN0ijx0geroFjVQE1GUoWf0gl6dJ+fNeXc+ZqsrzvzmEP2B8/kD+BKbRw==</latexit>

m⇡ = mK ⇠ 806 MeV

<latexit sha1_base64="zNorZIVskwI/NseoUQJmUqZ4I2s=">AAACG3icbVDLSgNBEJz1GeMr6lGQwSB4CrviC0QIehFEUDBRcMMyO+nokJnZZaZXDEtu/oY/4FX/wJt49eAP+B1OYg4aLWgoqrrp7opTKSz6/oc3Mjo2PjFZmCpOz8zOzZcWFus2yQyHGk9kYi5jZkEKDTUUKOEyNcBULOEibh/2/ItbMFYk+hw7KTQUu9aiJThDJ0WlFRWFqdhX0XFohaK7/jYN90KEO8xPoN6NSmW/4vdB/5JgQMpkgNOo9Bk2E54p0Mgls/Yq8FNs5Myg4BK6xTCzkDLeZtdw5ahmCmwj7//RpWtOadJWYlxppH3150TOlLUdFbtOxfDGDns98V+PM81BDm3H1m4jFzrNEDT/Xt7KJMWE9oKiTWGAo+w4wrgR7n7Kb5hhHF2cRRdMMBzDX1LfqASbla2zzXL1YBBRgSyTVbJOArJDquSInJIa4eSePJIn8uw9eC/eq/f23TriDWaWyC94719h2aDE</latexit>

<latexit sha1_base64="rZjOFBexS/cuEJ3B7TRu5aGzk8E=">AAACNnicbVDLSgMxFM34rPVVdekmWAQXUmbEJ26KbgQRFGwVnDJk0lsNTTJDckcsQ7/F3/AH3OrajTt16yeY1i60euDCyTn3cnNPnEph0fdfvJHRsfGJycJUcXpmdm6+tLBYt0lmONR4IhNzGTMLUmiooUAJl6kBpmIJF3H7sOdf3IKxItHn2Emhodi1Fi3BGTopKu2pKA9T0Q2tUHRzyw/3aYhwh/kJ1Lvr1D1VdNw3t/3fZlQq+xW/D/qXBANSJgOcRqX3sJnwTIFGLpm1V4GfYiNnBgWX0C2GmYWU8Ta7hitHNVNgG3n/xC5ddUqTthLjSiPtqz8ncqas7ajYdSqGN3bY64n/epxpDnJoO7Z2G7nQaYag+ffyViYpJrSXIW0KAxxlxxHGjXD/p/yGGcbRJV10wQTDMfwl9Y1KsFXxzzbL1YNBRAWyTFbIGgnIDqmSI3JKaoSTe/JInsiz9+C9em/ex3friDeYWSK/4H1+ARx/qro=</latexit>

m⇡ ⇠ 450 MeV, mK ⇠ 600 MeV

NN,⌃N,⌃⌃,⌅⌃,⌅⌅

<latexit sha1_base64="liQxa+0VK5B2BDii6bZJA/lC4wk=">AAACLnicbZDNSgMxEMezftb6terRS7AIHqTsSkWPRS+eSkXbLrRLyabZNjTJLklWKEufw9fwBbzqGwgexJv4GGbbBW3rQMgv/5lhJv8gZlRpx3m3lpZXVtfWCxvFza3tnV17b7+pokRi0sARi6QXIEUYFaShqWbEiyVBPGCkFQyvs3zrgUhFI3GvRzHxOeoLGlKMtJG6tlurncLOHe1zBH9pepmnR2fZo8WuXXLKziTgIrg5lEAe9a791elFOOFEaMyQUm3XibWfIqkpZmRc7CSKxAgPUZ+0DQrEifLTydfG8NgoPRhG0hyh4UT925EirtSIB6aSIz1Q87lM/DeHkcCEzU3X4aWfUhEnmgg8HR4mDOoIZt7BHpUEazYygLCkZn+IB0girI3DmTHuvA2L0Dwru5Xy+W2lVL3KLSqAQ3AEToALLkAV3IA6aAAMHsEzeAGv1pP1Zn1Yn9PSJSvvOQAzYX3/AFvCpiE=</latexit>

⌃N,⌅⌅

<latexit sha1_base64="mgSoxPesXIT58s990Uhlu0Q4Zp4=">AAACEHicbVDLSsNAFJ3UV62vaJduBovgQkoiFV0W3biSivYBTSiT6aQdOjMJMxMhhP6EP+BW/8CduPUP/AG/w0mbhbYeuHA4517O5QQxo0o7zpdVWlldW98ob1a2tnd29+z9g46KEolJG0cskr0AKcKoIG1NNSO9WBLEA0a6weQ697uPRCoaiQedxsTnaCRoSDHSRhrYVe+ejjiCt6cQej2aT2Vg15y6MwNcJm5BaqBAa2B/e8MIJ5wIjRlSqu86sfYzJDXFjEwrXqJIjPAEjUjfUIE4UX42e34Kj40yhGEkzQgNZ+rviwxxpVIemE2O9Fgtern4r4eRwIQtpOvw0s+oiBNNBJ6HhwmDOoJ5O3BIJcGapYYgLKn5H+Ixkghr02FejLtYwzLpnNXdRv38rlFrXhUVlcEhOAInwAUXoAluQAu0AQYpeAYv4NV6st6sd+tjvlqyipsq+APr8wdlf5tR</latexit>

⌅N

<latexit sha1_base64="nD0UKiYtmstANtUqmi1cYCaDV3Q=">AAACEHicbVDLSsNAFJ34rPUV7dLNYBFcSEmkosuiG1dSwT6gCWUynbRD5xFmJkII/Ql/wK3+gTtx6x/4A36H0zYLbT1w4XDOvZzLiRJGtfG8L2dldW19Y7O0Vd7e2d3bdw8O21qmCpMWlkyqboQ0YVSQlqGGkW6iCOIRI51ofDP1O49EaSrFg8kSEnI0FDSmGBkr9d0KDLoU3sEgGSFhJM/PJuW+W/Vq3gxwmfgFqYICzb77HQwkTjkRBjOkdc/3EhPmSBmKGZmUg1STBOExGpKepQJxosN89vwEnlhlAGOp7AgDZ+rvixxxrTMe2U2OzEgvelPxXw8jgQlbSDfxVZhTkaSGCDwPj1MGjYTTduCAKoINyyxBWFH7P8QjpBA2tsNpMf5iDcukfV7z67WL+3q1cV1UVAJH4BicAh9cgga4BU3QAhhk4Bm8gFfnyXlz3p2P+eqKU9xUwB84nz+Zy5wS</latexit>
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Only one lattice spacing possible discretization effects?
Heavier-than-physical quark masses

Asymmetrical correlation funtions excited state contamination?
Green et al., PRL 127 (2021)

https://doi.org/10.1103/PhysRevD.103.054508
https://doi.org/10.1103/PhysRevD.96.114510
https://doi.org/10.1103/PhysRevLett.127.242003
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Baryon-baryon interactions

Firsts steps towards a variational study of the baryon-baryon interaction

Green et al., PRL 127 (2021)

Francis et al., PRD 99 (2019) H dibaryon Hörz et al., PRC 103 (2021) NN systems

Matrix of dibaryon-like operators with 
different boost and back-to-back 
momenta

Discrepancies with previous results
Maybe dibaryon operators have small overlap with deeply-bound states?

https://doi.org/10.1103/PhysRevLett.127.242003
https://doi.org/10.1103/PhysRevD.99.074505
https://doi.org/10.1103/PhysRevC.103.014003
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Baryon-baryon interactions

Extend previous variational studies by including hexaquark and quasi-local 
operators Amarasinghe et al. [NPLQCD], arXiv:2108.10835 [hep-lat]
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n
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https://arxiv.org/abs/2108.10835
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Baryon-baryon interactions

Extend previous variational studies by including hexaquark and quasi-local 
operators
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Lüscher’s QC

Higher partial 
waves

Briceño, Davoudi, Luu, 
PRD 88 (2013)

Luu, Savage, 
PRD 83 (2011)

Amarasinghe et al. [NPLQCD], arXiv:2108.10835 [hep-lat]

https://doi.org/10.1103/PhysRevD.88.034502
https://doi.org/10.1103/PhysRevD.83.114508
https://arxiv.org/abs/2108.10835
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Baryon-baryon interactions

Large interpolating-operator 
depence is observed
Amarasinghe et al. [NPLQCD], arXiv:2108.10835 [hep-lat]

Energy levels disappear when the 
operator with the corresponding 
larger overlap is removed
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Dudek et al. [HadSpec], PRD 87 (2013)
Wislon et al. [HadSpec], PRD 92 (2015)

Lang, Verduci, PRD 87 (2013)
Kiratidis et al., PRD 91 (2015)
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Are we still missing operators?

https://arxiv.org/abs/2108.10835
https://doi.org/10.1103/PhysRevD.87.034505
https://doi.org/10.1103/PhysRevD.92.094502
https://doi.org/10.1103/PhysRevD.87.054502
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Baryon-baryon interactions

Are we still missing operators?

Option a) There is no deep-bound state, however…

<latexit sha1_base64="INaKGXCdAqifzvTGug+l38Wtl8I=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5CUBshaGNhEcF8QHKEvc1esmR379jdE8KRv2BjoYitf8jOf+NecoUmPhh4vDfDzLwg5kwb1/12CmvrG5tbxe3Szu7e/kH58Kito0QR2iIRj1Q3wJpyJmnLMMNpN1YUi4DTTjC5zfzOE1WaRfLRTGPqCzySLGQEm0y6v67VB+WKW3XnQKvEy0kFcjQH5a/+MCKJoNIQjrXueW5s/BQrwwins1I/0TTGZIJHtGepxIJqP53fOkNnVhmiMFK2pEFz9fdEioXWUxHYToHNWC97mfif10tMeOWnTMaJoZIsFoUJRyZC2eNoyBQlhk8twUQxeysiY6wwMTaekg3BW355lbRrVe+iWn+oVxo3eRxFOIFTOAcPLqEBd9CEFhAYwzO8wpsjnBfn3flYtBacfOYY/sD5/AEN442a</latexit>

L = 24
<latexit sha1_base64="ZKEY6bYUeSvTPuSO2pn2HZmy5pQ=">AAAB63icbVA9SwNBEJ3zM8avqKXNYhCswl0MaiMEbSwsIpgPSI6wt9lLluzuHbt7QjjyF2wsFLH1D9n5b9xLrtDEBwOP92aYmRfEnGnjut/Oyura+sZmYau4vbO7t186OGzpKFGENknEI9UJsKacSdo0zHDaiRXFIuC0HYxvM7/9RJVmkXw0k5j6Ag8lCxnBJpPur8+r/VLZrbgzoGXi5aQMORr90ldvEJFEUGkIx1p3PTc2foqVYYTTabGXaBpjMsZD2rVUYkG1n85unaJTqwxQGClb0qCZ+nsixULriQhsp8BmpBe9TPzP6yYmvPJTJuPEUEnmi8KEIxOh7HE0YIoSwyeWYKKYvRWREVaYGBtP0YbgLb68TFrVindRqT3UyvWbPI4CHMMJnIEHl1CHO2hAEwiM4Ble4c0Rzovz7nzMW1ecfOYI/sD5/AEMYI2Z</latexit>

L = 32
<latexit sha1_base64="XY6F6xj+niWn+61bXcNM+g7qdDc=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe4kaBohaGNhEcF8QHKEvc1esmR379jdE8KRv2BjoYitf8jOf+NecoUmPhh4vDfDzLwg5kwb1/12CmvrG5tbxe3Szu7e/kH58Kito0QR2iIRj1Q3wJpyJmnLMMNpN1YUi4DTTjC5zfzOE1WaRfLRTGPqCzySLGQEm0y6v67VB+WKW3XnQKvEy0kFcjQH5a/+MCKJoNIQjrXueW5s/BQrwwins1I/0TTGZIJHtGepxIJqP53fOkNnVhmiMFK2pEFz9fdEioXWUxHYToHNWC97mfif10tMWPdTJuPEUEkWi8KEIxOh7HE0ZIoSw6eWYKKYvRWRMVaYGBtPyYbgLb+8StoXVe+yWnuoVRo3eRxFOIFTOAcPrqABd9CEFhAYwzO8wpsjnBfn3flYtBacfOYY/sD5/AEW/Y2g</latexit>

L = 48

<latexit sha1_base64="yEbo4+ahnXggn3N857OJdaLK/B4=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoMQL2FXgnoMevEUIpqHJGuYncwmQ2Zml5lZISz5Ci8eFPHq53jzb5w8DppY0FBUddPdFcScaeO6305mZXVtfSO7mdva3tndy+8fNHSUKELrJOKRagVYU84krRtmOG3FimIRcNoMhtcTv/lElWaRvDejmPoC9yULGcHGSg/VavHRu+u6p918wS25U6Bl4s1JAeaodfNfnV5EEkGlIRxr3fbc2PgpVoYRTse5TqJpjMkQ92nbUokF1X46PXiMTqzSQ2GkbEmDpurviRQLrUcisJ0Cm4Fe9Cbif147MeGlnzIZJ4ZKMlsUJhyZCE2+Rz2mKDF8ZAkmitlbERlghYmxGeVsCN7iy8ukcVbyzkvl23KhcjWPIwtHcAxF8OACKnADNagDAQHP8ApvjnJenHfnY9aaceYzh/AHzucP+1aPOw==</latexit>

NN(1S0)

<latexit sha1_base64="NafIOic/DPxrxo+xOyJIWIGgBgM=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBbBVUmk1IKbohs3QgX7gCaEyXTSDp2ZhJmJUELBjb/ixoUibv0Jd/6N0zYLbT1w4XDOvdx7T5gwqrTjfFuFldW19Y3iZmlre2d3z94/aKs4lZi0cMxi2Q2RIowK0tJUM9JNJEE8ZKQTjq6nfueBSEVjca/HCfE5GggaUYy0kQL7iAdeQqGnKId1p+ZdwsyTHN6S9iSwy07FmQEuEzcnZZCjGdhfXj/GKSdCY4aU6rlOov0MSU0xI5OSlyqSIDxCA9IzVCBOlJ/NfpjAU6P0YRRLU0LDmfp7IkNcqTEPTSdHeqgWvan4n9dLdVT3MyqSVBOB54uilEEdw2kgsE8lwZqNDUFYUnMrxEMkEdYmtpIJwV18eZm0zyturVK9q5YbV3kcRXAMTsAZcMEFaIAb0AQtgMEjeAav4M16sl6sd+tj3lqw8plD8AfW5w+5f5ZO</latexit>

m⇡ ⇠ 806 MeV

Volume independence of the ground state

Wagman et al. [NPLQCD], PRD 96 (2017)
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Analysis of the phase-shifts and 
checks on scattering parameters

Illa et al. [NPLQCD], PRD 103 (2021)

<latexit sha1_base64="kgujKBemk9eh9IxKy3RTjZ98erg=">AAACA3icbVDLSsNAFL3xWesr6k43g0VwVRKpD3BTdONGqGAf0IQwmU7boTNJmJkIJRTc+CtuXCji1p9w5984bbPQ1gMXDufcy733hAlnSjvOt7WwuLS8slpYK65vbG5t2zu7DRWnktA6iXksWyFWlLOI1jXTnLYSSbEIOW2Gg+ux33ygUrE4utfDhPoC9yLWZQRrIwX2vgi8hCFPMYEqp453iTJPCnRLG6PALjllZwI0T9yclCBHLbC/vE5MUkEjTThWqu06ifYzLDUjnI6KXqpogskA92jb0AgLqvxs8sMIHRmlg7qxNBVpNFF/T2RYKDUUoekUWPfVrDcW//Paqe5e+BmLklTTiEwXdVOOdIzGgaAOk5RoPjQEE8nMrYj0scREm9iKJgR39uV50jgpu2flyl2lVL3K4yjAARzCMbhwDlW4gRrUgcAjPMMrvFlP1ov1bn1MWxesfGYP/sD6/AGxrJZJ</latexit>

m⇡ ⇠ 450 MeV
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Figure from Davoudi et al., Phys. Rep. 900 (2020)
Data from  Beane et al. [NPLQCD], PRD 87 (2013) 
                    Barnea et al., PRL 114 (2015)

Agreement between LQCD and EFT 
calculations (fitted with B=2 and 3 systems)

<latexit sha1_base64="NafIOic/DPxrxo+xOyJIWIGgBgM=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBbBVUmk1IKbohs3QgX7gCaEyXTSDp2ZhJmJUELBjb/ixoUibv0Jd/6N0zYLbT1w4XDOvdx7T5gwqrTjfFuFldW19Y3iZmlre2d3z94/aKs4lZi0cMxi2Q2RIowK0tJUM9JNJEE8ZKQTjq6nfueBSEVjca/HCfE5GggaUYy0kQL7iAdeQqGnKId1p+ZdwsyTHN6S9iSwy07FmQEuEzcnZZCjGdhfXj/GKSdCY4aU6rlOov0MSU0xI5OSlyqSIDxCA9IzVCBOlJ/NfpjAU6P0YRRLU0LDmfp7IkNcqTEPTSdHeqgWvan4n9dLdVT3MyqSVBOB54uilEEdw2kgsE8lwZqNDUFYUnMrxEMkEdYmtpIJwV18eZm0zyturVK9q5YbV3kcRXAMTsAZcMEFaIAb0AQtgMEjeAav4M16sl6sd+tj3lqw8plD8AfW5w+5f5ZO</latexit>

m
⇡
⇠

806
M
eV

<latexit sha1_base64="v7fX2rY3YKrU5gIFXUsi1qPpUWM=">AAACHXicbZDLSsNAFIYnXmu9RV26GSyCG0siRQUR2rpxWcFeoAlhMp20QyfJMDMRSsiLuPFV3LhQxIUb8W2cthFq6w8DP985hzPn9zmjUlnWt7G0vLK6tl7YKG5ube/smnv7LRknApMmjlksOj6ShNGINBVVjHS4ICj0GWn7w5txvf1AhKRxdK9GnLgh6kc0oBgpjTyz4kjaD5GX1q8cTmEtg9fwF+XgFNZmCc+gZ5assjURXDR2bkogV8MzP51ejJOQRAozJGXXtrhyUyQUxYxkRSeRhCM8RH3S1TZCIZFuOrkug8ea9GAQC/0iBSd0diJFoZSj0NedIVIDOV8bw/9q3UQFl25KI54oEuHpoiBhUMVwHBXsUUGwYiNtEBZU/xXiARIIKx1oUYdgz5+8aFpnZfu8XLmrlKr1PI4COARH4ATY4AJUwS1ogCbA4BE8g1fwZjwZL8a78TFtXTLymQPwR8bXDzRJoME=</latexit>

�B;⇡A = �⇡A �A�⇡p

Direct 
calculation

Feynman-Hellmann 
approach

<latexit sha1_base64="OlQqY3YZLIxt2bgUY/MluCmov9E=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJu3azSbsboRS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBVcG9f9dgpr6xubW8Xt0s7u3v5B+fCorZNMMWyxRCSqE1CNgktsGW4EdlKFNA4EPgSj25n/8IRK80Tem3GKfkwHkkecUWOlZtgvV9yqOwdZJV5OKpCj0S9/9cKEZTFKwwTVuuu5qfEnVBnOBE5LvUxjStmIDrBrqaQxan8yP3RKzqwSkihRtqQhc/X3xITGWo/jwHbG1Az1sjcT//O6mYmu/QmXaWZQssWiKBPEJGT2NQm5QmbE2BLKFLe3EjakijJjsynZELzll1dJ+6LqXVZrzVqlfpPHUYQTOIVz8OAK6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8fyteM8Q==</latexit>

d
<latexit sha1_base64="v9WJkdecCY0IVmL5bNnEJHrRSs4=">AAAB8XicbVDLTgJBEOz1ifhCPXqZSEw8kV0l6pHohSMm8oiAZHbohQmzs5uZWROy4S+8eNAYr/6NN//GAfagYCWdVKq6093lx4Jr47rfzsrq2vrGZm4rv72zu7dfODhs6ChRDOssEpFq+VSj4BLrhhuBrVghDX2BTX90O/WbT6g0j+S9GcfYDelA8oAzaqz08HiRdlRIqjjpFYpuyZ2BLBMvI0XIUOsVvjr9iCUhSsME1brtubHpplQZzgRO8p1EY0zZiA6wbamkIepuOrt4Qk6t0idBpGxJQ2bq74mUhlqPQ992htQM9aI3Ff/z2okJrrspl3FiULL5oiARxERk+j7pc4XMiLEllClubyVsSBVlxoaUtyF4iy8vk8Z5ybssle/KxcpNFkcOjuEEzsCDK6hAFWpQBwYSnuEV3hztvDjvzse8dcXJZo7gD5zPH/dfkHg=</latexit>

3
He

<latexit sha1_base64="IbGL3KVn+5uAWgdaBcVQ6tXeHw0=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSLUg8uulKq3ohePFeyHtEvJptk2NMkuSVYopb/CiwdFvPpzvPlvTNs9aOuDgcd7M8zMCxPOtPG8b2dldW19YzO3ld/e2d3bLxwcNnScKkLrJOaxaoVYU84krRtmOG0limIRctoMh7dTv/lElWaxfDCjhAYC9yWLGMHGSo/n165fqrjeWbdQ9FxvBrRM/IwUIUOtW/jq9GKSCioN4Vjrtu8lJhhjZRjhdJLvpJommAxxn7YtlVhQHYxnB0/QqVV6KIqVLWnQTP09McZC65EIbafAZqAXvan4n9dOTXQVjJlMUkMlmS+KUo5MjKbfox5TlBg+sgQTxeytiAywwsTYjPI2BH/x5WXSuHD9ilu+LxerN1kcOTiGEyiBD5dQhTuoQR0ICHiGV3hzlPPivDsf89YVJ5s5gj9wPn8A50KOhw==</latexit>

�9.1(6.0)
<latexit sha1_base64="x8+cLmBB1/5m8dMf7sHRh7+tJJI=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBahHgyJVO2x6MVjBfsBaSib7aZdusmG3Y1QQn+GFw+KePXXePPfuG1z0NYHA4/3ZpiZFyScKe0431ZhbX1jc6u4XdrZ3ds/KB8etZVIJaEtIriQ3QAryllMW5ppTruJpDgKOO0E47uZ33miUjERP+pJQv0ID2MWMoK1kbyLK8euV13Xrp/3yxXHduZAq8TNSQVyNPvlr95AkDSisSYcK+W5TqL9DEvNCKfTUi9VNMFkjIfUMzTGEVV+Nj95is6MMkChkKZijebq74kMR0pNosB0RliP1LI3E//zvFSHdT9jcZJqGpPFojDlSAs0+x8NmKRE84khmEhmbkVkhCUm2qRUMiG4yy+vkval7V7btYdapXGbx1GEEziFKrhwAw24hya0gICAZ3iFN0tbL9a79bFoLVj5zDH8gfX5A9DtjwI=</latexit>

�50.8(11.8)

<latexit sha1_base64="eudkAEEBraJbnhZ1HenJY8B69AI=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahHiy7UqzHohePFewHtEvJptk2NpssSVYoS/+DFw+KePX/ePPfmLZ70NYHA4/3ZpiZF8ScaeO6305ubX1jcyu/XdjZ3ds/KB4etbRMFKFNIrlUnQBrypmgTcMMp51YURwFnLaD8e3Mbz9RpZkUD2YSUz/CQ8FCRrCxUuuiVvaq5/1iya24c6BV4mWkBBka/eJXbyBJElFhCMdadz03Nn6KlWGE02mhl2gaYzLGQ9q1VOCIaj+dXztFZ1YZoFAqW8Kgufp7IsWR1pMosJ0RNiO97M3E/7xuYsJrP2UiTgwVZLEoTDgyEs1eRwOmKDF8YgkmitlbERlhhYmxARVsCN7yy6ukdVnxrirV+2qpfpPFkYcTOIUyeFCDOtxBA5pA4BGe4RXeHOm8OO/Ox6I152Qzx/AHzucPmiCN2Q==</latexit>

�7(14)
<latexit sha1_base64="fcQAURfPLRknjbwA9nDfQLhKCbI=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiwbAbgnoMevEYwTwgWcLsZJIMmZ1dZnqFsOQjvHhQxKvf482/cZLsQRMLGoqqbrq7glgKg6777aytb2xubed28rt7+weHhaPjpokSzXiDRTLS7YAaLoXiDRQoeTvWnIaB5K1gfDfzW09cGxGpR5zE3A/pUImBYBSt1LqsuqVK5aJXKLpldw6ySryMFCFDvVf46vYjloRcIZPUmI7nxuinVKNgkk/z3cTwmLIxHfKOpYqG3Pjp/NwpObdKnwwibUshmau/J1IaGjMJA9sZUhyZZW8m/ud1Ehzc+KlQcYJcscWiQSIJRmT2O+kLzRnKiSWUaWFvJWxENWVoE8rbELzll1dJs1L2rsrVh2qxdpvFkYNTOIMSeHANNbiHOjSAwRie4RXenNh5cd6dj0XrmpPNnMAfOJ8/AuKODw==</latexit>

�40(22)

Chang et al. [NPLQCD], 
PRL 120 (2018) Beane et al., PRD 89 (2014)

Consistency in scalar ME extraction

<latexit sha1_base64="NafIOic/DPxrxo+xOyJIWIGgBgM=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBbBVUmk1IKbohs3QgX7gCaEyXTSDp2ZhJmJUELBjb/ixoUibv0Jd/6N0zYLbT1w4XDOvdx7T5gwqrTjfFuFldW19Y3iZmlre2d3z94/aKs4lZi0cMxi2Q2RIowK0tJUM9JNJEE8ZKQTjq6nfueBSEVjca/HCfE5GggaUYy0kQL7iAdeQqGnKId1p+ZdwsyTHN6S9iSwy07FmQEuEzcnZZCjGdhfXj/GKSdCY4aU6rlOov0MSU0xI5OSlyqSIDxCA9IzVCBOlJ/NfpjAU6P0YRRLU0LDmfp7IkNcqTEPTSdHeqgWvan4n9dLdVT3MyqSVBOB54uilEEdw2kgsE8lwZqNDUFYUnMrxEMkEdYmtpIJwV18eZm0zyturVK9q5YbV3kcRXAMTsAZcMEFaIAb0AQtgMEjeAav4M16sl6sd+tj3lqw8plD8AfW5w+5f5ZO</latexit>

m
⇡
⇠

806
M
eV

https://doi.org/10.1103/PhysRevD.96.114510
https://doi.org/10.1103/PhysRevD.103.054508
https://doi.org/10.1016/j.physrep.2020.10.004
http://dx.doi.org/10.1103/PhysRevD.87.034506
http://dx.doi.org/10.1103/PhysRevLett.114.052501
https://doi.org/10.1103/PhysRevLett.120.152002
https://doi.org/10.1103/PhysRevD.89.074505
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Baryon-baryon interactions

Are we still missing operators?

Option b) There is a deep-bound state, but the current operators have
               a small overlap

<latexit sha1_base64="k/OlglcUWCpzbqqNX5iyxVOvQyg=">AAACE3icbVDLSsNAFJ3UV62vqEs3wSK0UktSiroRqm5cVrAPbNoymU7aoZNJnJkIJeQf3Pgrblwo4taNO//GaRtBWw9cOJxzL/fe4wSUCGmaX1pqYXFpeSW9mllb39jc0rd36sIPOcI15FOfNx0oMCUM1ySRFDcDjqHnUNxwhpdjv3GPuSA+u5GjALc92GfEJQhKJXX1w9su60S583x8lrNxIAj1WcEWd1xG1tGP0CnFBTPf1bNm0ZzAmCdWQrIgQbWrf9o9H4UeZhJRKETLMgPZjiCXBFEcZ+xQ4ACiIezjlqIMeli0o8lPsXGglJ7h+lwVk8ZE/T0RQU+IkeeoTg/KgZj1xuJ/XiuU7mk7IiwIJWZousgNqSF9YxyQ0SMcI0lHikDEibrVQAPIIZIqxowKwZp9eZ7US0XruFi+LmcrF0kcabAH9kEOWOAEVMAVqIIaQOABPIEX8Ko9as/am/Y+bU1pycwu+APt4xtZt501</latexit>

Z(A)
n = (✏,

p
1� ✏2, 0)

<latexit sha1_base64="6/4JW6vNQEXniWofAMaoomA6j10=">AAACE3icbVDLSgMxFM3UV62vUZdugkVopZaZUtSNUOrGZQX7wD6GTJq2oZnMmGSEMsw/uPFX3LhQxK0bd/6N6UPQ1gMXDufcy733uAGjUlnWl5FYWl5ZXUuupzY2t7Z3zN29mvRDgUkV+8wXDRdJwignVUUVI41AEOS5jNTd4eXYr98TIanPb9QoIG0P9TntUYyUlhzz+NbhnShTzsYXmRYJJGU+z1m5lrwTKrJPfqROIc46ZtrKWxPARWLPSBrMUHHMz1bXx6FHuMIMSdm0rUC1IyQUxYzEqVYoSYDwEPVJU1OOPCLb0eSnGB5ppQt7vtDFFZyovyci5Ek58lzd6SE1kPPeWPzPa4aqd96OKA9CRTieLuqFDCofjgOCXSoIVmykCcKC6lshHiCBsNIxpnQI9vzLi6RWyNun+eJ1MV0qz+JIggNwCDLABmegBK5ABVQBBg/gCbyAV+PReDbejPdpa8KYzeyDPzA+vgFTcp02</latexit>

Z(B)
n = (✏, 0,

p
1� ✏2)Toy model:

<latexit sha1_base64="JcpA6sxMnWl2AKNktx47VUs7kpA=">AAAB/3icbVDLSgNBEJz1GeNrVfDiZTEI8WDYlaBehBgVPEYwD0himJ10kiGzD2Z6hbDm4K948aCIV3/Dm3/jJNmDJhY0FFXddHe5oeAKbfvbmJtfWFxaTq2kV9fWNzbNre2KCiLJoMwCEciaSxUI7kMZOQqohRKo5wqouv3LkV99AKl44N/hIISmR7s+73BGUUstc/e6Zd/H2Yvi4fC8AUiPGlcgkLbMjJ2zx7BmiZOQDElQaplfjXbAIg98ZIIqVXfsEJsxlciZgGG6ESkIKevTLtQ19akHqhmP7x9aB1ppW51A6vLRGqu/J2LqKTXwXN3pUeypaW8k/ufVI+ycNWPuhxGCzyaLOpGwMLBGYVhtLoGhGGhCmeT6Vov1qKQMdWRpHYIz/fIsqRznnJNc/jafKRSTOFJkj+yTLHHIKSmQG1IiZcLII3kmr+TNeDJejHfjY9I6ZyQzO+QPjM8f/8eU1A==</latexit>

E(AB)
0 = ⌘ ��

<latexit sha1_base64="7wHgjf9MwXXIOxYv6NsJ4xiwM5g=">AAAB/3icbVDJSgNBEO2JW4xbVPDiZTAIESHMhKBehBgRPEYwCyRx6OmpJE16FrprhDDm4K948aCIV3/Dm39jZzlo9EHB470qquq5keAKLevLSC0sLi2vpFcza+sbm1vZ7Z26CmPJoMZCEcqmSxUIHkANOQpoRhKo7wpouIPLsd+4B6l4GNziMIKOT3sB73JGUUtOdu/KKd4l+YvK0ei8DUiP2x4IpE42ZxWsCcy/xJ6RHJmh6mQ/217IYh8CZIIq1bKtCDsJlciZgFGmHSuIKBvQHrQ0DagPqpNM7h+Zh1rxzG4odQVoTtSfEwn1lRr6ru70KfbVvDcW//NaMXbPOgkPohghYNNF3ViYGJrjMEyPS2AohppQJrm+1WR9KilDHVlGh2DPv/yX1IsF+6RQuinlypVZHGmyTw5IntjklJTJNamSGmHkgTyRF/JqPBrPxpvxPm1NGbOZXfILxsc3MPCU9A==</latexit>

E(AB)
2 = ⌘ + �

<latexit sha1_base64="S12JbXsG3vFHVJAvPkPvFbwk9Vo=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoJViEeimJFPUi1IrgsYL9gDaGzXbSLt1swu5GqKG/xIsHRbz6U7z5b9y2OWjrg4HHezPMzPNjRqWy7W8jt7K6tr6R3yxsbe/sFs29/ZaMEkGgSSIWiY6PJTDKoamoYtCJBeDQZ9D2R9dTv/0IQtKI36txDG6IB5wGlGClJc8s3njOQ1q+qp9MLnugsGeW7Io9g7VMnIyUUIaGZ371+hFJQuCKMCxl17Fj5aZYKEoYTAq9REKMyQgPoKspxyFIN50dPrGOtdK3gkjo4sqaqb8nUhxKOQ593RliNZSL3lT8z+smKrhwU8rjRAEn80VBwiwVWdMUrD4VQBQba4KJoPpWiwyxwETprAo6BGfx5WXSOq04Z5XqXbVUq2dx5NEhOkJl5KBzVEO3qIGaiKAEPaNX9GY8GS/Gu/Exb80Z2cwB+gPj8wcesJIc</latexit>

E(AB)
1 = ⌘

<latexit sha1_base64="2tSuk2zBjwOYSf3tlBcjksbHEQw="></latexit>

�(AB)
0 = e�(t�t0)⌘[1 + ✏2(et� � et0�) +O(✏4)]

<latexit sha1_base64="p/P+6+QMOpTKZrhyipSwazSJgWg="></latexit>

�(AB)
1 = e�(t�t0)(⌘+�)[1 + ✏2(et(�+�)

� et0(�+�)) +O(✏4)]

<latexit sha1_base64="GVNo8m7/g9yOIZnX4KRu5RJSRDs=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDbbTbt0dxN2J0IJ/QtePCji1T/kzX9j0uagrQ8GHu/NMDMviKWw6LrfTmltfWNzq7xd2dnd2z+oHh61bZQYxlsskpHpBtRyKTRvoUDJu7HhVAWSd4LJXe53nrixItKPOI25r+hIi1AwirnU50gH1Zpbd+cgq8QrSA0KNAfVr/4wYoniGpmk1vY8N0Y/pQYFk3xW6SeWx5RN6Ij3Mqqp4tZP57fOyFmmDEkYmaw0krn6eyKlytqpCrJORXFsl71c/M/rJRje+KnQcYJcs8WiMJEEI5I/TobCcIZymhHKjMhuJWxMDWWYxVPJQvCWX14l7Yu6d1W/fLisNW6LOMpwAqdwDh5cQwPuoQktYDCGZ3iFN0c5L86787FoLTnFzDH8gfP5AwvQjkE=</latexit>⌘
<latexit sha1_base64="LQxUP5vN33bpXHfjKZ3JmROFUHE=">AAAB7XicbVBNS8NAEN3Ur1q/qh69LBbBU0lE1GNRDx4r2A9oQ9lsJ+3aTTbsToQS+h+8eFDEq//Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNCrVHBpcSaXbATMgRQwNFCihnWhgUSChFYxupn7rCbQRKn7AcQJ+xAaxCAVnaKVm9xYksl654lbdGegy8XJSITnqvfJXt694GkGMXDJjOp6boJ8xjYJLmJS6qYGE8REbQMfSmEVg/Gx27YSeWKVPQ6VtxUhn6u+JjEXGjKPAdkYMh2bRm4r/eZ0Uwys/E3GSIsR8vihMJUVFp6/TvtDAUY4tYVwLeyvlQ6YZRxtQyYbgLb68TJpnVe+ien5/Xqld53EUyRE5JqfEI5ekRu5InTQIJ4/kmbySN0c5L8678zFvLTj5zCH5A+fzB2N6jwU=</latexit>

�

<latexit sha1_base64="8MUQ0zF675PA7px2Jog6pO5ZH3w=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSRS1GPRi8cK9gPaUDabTbt2sxt2J0Ip/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemApu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVpyppUCaU7ITFMcMmayFGwTqoZSULB2uHodua3n5g2XMkHHKcsSMhA8phTglZq9SImkPTLFa/qzeGuEj8nFcjR6Je/epGiWcIkUkGM6fpeisGEaORUsGmplxmWEjoiA9a1VJKEmWAyv3bqnlklcmOlbUl05+rviQlJjBknoe1MCA7NsjcT//O6GcbXwYTLNEMm6WJRnAkXlTt73Y24ZhTF2BJCNbe3unRINKFoAyrZEPzll1dJ66LqX1Zr97VK/SaPowgncArn4MMV1OEOGtAECo/wDK/w5ijnxXl3PhatBSefOYY/cD5/AJR6jyU=</latexit>

�
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We can use LQCD to reach systems that are difficult for experimentalists 
(like strange systems)

Thank you

Summary

Compute contractions for different baryon-baryon systems closer to the 
physical point (  ~170 MeV) at two different volumes (4.4 and 5.8 fm)mπ

(optimized tiramisu contraction code on GPUs)

It is still not clear what the best operators are to include in a variational 
analysis for two-baryon systems

Ongoing study with 15 additional hexaquark operators and a different 
volume at  ~ 806 MeVmπ


