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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>
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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>

Baryon-baryon interactions
Illa et al. [NPLQCD], PRD 103 (2021), 054508

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>

NN

<latexit sha1_base64="e+/XsEVakyKgR6oeCul1Vicv3QM=">AAAB/nicbVDLSsNAFL2pr1pfVZdugkVwVRJRdFl046pUtA9oQ5lMb9qhk0mYmQglFPwBt/oH7sStv+IP+B1O2iy09cCFwzn3ci7HjzlT2nG+rMLK6tr6RnGztLW9s7tX3j9oqSiRFJs04pHs+EQhZwKbmmmOnVgiCX2ObX98k/ntR5SKReJBT2L0QjIULGCUaCPd1+ulfrniVJ0Z7GXi5qQCORr98ndvENEkRKEpJ0p1XSfWXkqkZpTjtNRLFMaEjskQu4YKEqLy0tmrU/vEKAM7iKQZoe2Z+vsiJaFSk9A3myHRI7XoZeK/HiWCIl9I18GVlzIRJxoFnYcHCbd1ZGdd2AMmkWo+MYRQycz/Nh0RSag2jWXFuIs1LJPWWdU9r17cnVdq13lFRTiCYzgFFy6hBrfQgCZQGMIzvMCr9WS9We/Wx3y1YOU3h/AH1ucPmAiVmw==</latexit>

Wagman et al. [NPLQCD], PRD 96 (2017) Illa et al. [NPLQCD], PRD 103 (2021)

https://www.sciencedirect.com/science/article/abs/pii/000349169090254L?via=ihub
https://www.sciencedirect.com/science/article/abs/pii/000349169090254L?via=ihub
https://doi.org/10.1016/j.physletb.2019.134822
https://doi.org/10.1016/j.physletb.2019.134822
https://doi.org/10.1103/PhysRevD.103.054508
https://doi.org/10.1103/PhysRevD.103.054508
https://doi.org/10.1103/PhysRevD.96.114510
https://doi.org/10.1103/PhysRevD.96.114510
https://doi.org/10.1103/PhysRevD.103.054508
https://doi.org/10.1103/PhysRevD.103.054508


4

LO

NLO
c̃(27), . . . , c̃(8a)

<latexit sha1_base64="v7H3CyVjUOQJE1xafAvOjkneEq0="></latexit>

c̃1, . . . , c̃6
<latexit sha1_base64="BAbHzbYP9cj9mwejfVX7iCL1S6w="></latexit>

+

c1, . . . , c6
<latexit sha1_base64="oDNUDsLFhN30QuA1QT1Uib5tG9o="></latexit>

c(27), . . . , c(8a)
<latexit sha1_base64="xxs+EKEO8OEZ/msTQprteOrXhNg="></latexit>

Petschauer and Kaiser, NPA 916 (2013)

Savage and Wise, PRD 53 (1996)

c�1 , . . . , c
�
12

<latexit sha1_base64="EeW6vcS9u9bbzvDwssFMXJ+YYAU=">AAACHHicbVDLSsNAFJ3UV62vqEsXBovgopSkCrosunFZwT6gjWFyM22HTiZhZiKUkKW/4Q+41T9wJ24Ff8DvcNoG0dYDFw7n3Mu99/gxo1LZ9qdRWFpeWV0rrpc2Nre2d8zdvZaMEgGkCRGLRMfHkjDKSVNRxUgnFgSHPiNtf3Q18dv3REga8Vs1jokb4gGnfQpYackzD+Eu7cGQZp5T6bEgUrLyo6ROLfPMsl21p7AWiZOTMsrR8MyvXhBBEhKugGEpu44dKzfFQlFgJCv1EkliDCM8IF1NOQ6JdNPpI5l1rJXA6kdCF1fWVP09keJQynHo684Qq6Gc9ybivx5gDoTNbVf9CzelPE4U4TBb3k+YpSJrkpQVUEFAsbEmGATV91swxAKD0nmWdDDOfAyLpFWrOqfV2s1ZuX6ZR1REB+gInSAHnaM6ukYN1ESAHtATekYvxqPxarwZ77PWgpHP7KM/MD6+AXP0ofA=</latexit>

SU(3)
<latexit sha1_base64="0+SbV3/m5dsJ0NPrvNysrB3FLqk=">AAACAHicdVDLTgIxFO34RHyhLt00EhPckBaMwI7oxiVGB0hgQjqlQEOnM2k7JmTCxh9wq3/gzrj1T/wBv8MOYKJET3KTk3Puzb33+JHg2iD04aysrq1vbGa2sts7u3v7uYPDpg5jRZlLQxGqtk80E1wy13AjWDtSjAS+YC1/fJX6rXumNA/lnZlEzAvIUPIBp8RYyb11C+WzXi6PigghjDFMCa5cIEtqtWoJVyFOLYs8WKDRy312+yGNAyYNFUTrDkaR8RKiDKeCTbPdWLOI0DEZso6lkgRMe8ns2Ck8tUofDkJlSxo4U39OJCTQehL4tjMgZqSXvVT806NEUiaWtptB1Uu4jGLDJJ0vH8QCmhCmacA+V4waMbGEUMXt/ZCOiCLU2MyyNpjv7+H/pFkq4nKxdHOer18uIsqAY3ACCgCDCqiDa9AALqCAg0fwBJ6dB+fFeXXe5q0rzmLmCPyC8/4FCXiWZw==</latexit>

⇠⇠⇠SU(3)
<latexit sha1_base64="i/j+SDKt1+F6wWXircFmFzb2S4o=">AAACCXicdVDLTgIxFO3gC/GFunTTSExwQ6ZgBHZENy4xOkACI+mUDjR0OpO2Y0ImfIE/4Fb/wJ1x61f4A36HHcBEiZ7kJifn3Jt77/EizpS27Q8rs7K6tr6R3cxtbe/s7uX3D1oqjCWhDgl5KDseVpQzQR3NNKedSFIceJy2vfFl6rfvqVQsFLd6ElE3wEPBfEawNtJdj2BBKE9unGLldNrPF+ySbdsIIZgSVD23DanXa2VUgyi1DApggWY//9kbhCQOqNCEY6W6yI60m2CpGeF0muvFikaYjPGQdg0VOKDKTWZXT+GJUQbQD6UpoeFM/TmR4ECpSeCZzgDrkVr2UvFPb/7T0nbt19yEiSjWVJD5cj/mUIcwjQUOmKRE84khmEhm7odkhCUm2oSXM8F8fw//J61yCVVK5euzQuNiEVEWHIFjUAQIVEEDXIEmcAABEjyCJ/BsPVgv1qv1Nm/NWIuZQ/AL1vsXZwWaew==</latexit>

a, b
<latexit sha1_base64="r4ovev9AtmRg5ZPJHEH7MJNXrMU=">AAAB/nicbVDLSgNBEOyNrxhfUY9eBoPgQcJuFPQY9OIxonlAsoTZSW8yZHZ2mZkVQgj4A171D7yJV3/FH/A7nCR70MSChqKqm2oqSATXxnW/nNzK6tr6Rn6zsLW9s7tX3D9o6DhVDOssFrFqBVSj4BLrhhuBrUQhjQKBzWB4M/Wbj6g0j+WDGSXoR7QvecgZNVa6p2dBt1hyy+4MZJl4GSlBhlq3+N3pxSyNUBomqNZtz02MP6bKcCZwUuikGhPKhrSPbUsljVD749mrE3JilR4JY2VHGjJTf1+MaaT1KArsZkTNQC96U/Ffj1HJUCykm/DKH3OZpAYlm4eHqSAmJtMuSI8rZEaMLKFMcfs/YQOqKDO2sYItxlusYZk0KmXvvFy5uyhVr7OK8nAEx3AKHlxCFW6hBnVg0IdneIFX58l5c96dj/lqzsluDuEPnM8fCymV4A==</latexit>

SU(6)
<latexit sha1_base64="NEjSww/0OyXvnnyd954QaxBEMzE=">AAACAHicdVDLSgMxFM34rPVVdekmWIS6KUmVPnZFNy4rOm2hHUomTdvQTGZIMkIZuvEH3OofuBO3/ok/4HeYaSto0QMXDufcy733+JHg2iD04aysrq1vbGa2sts7u3v7uYPDpg5jRZlLQxGqtk80E1wy13AjWDtSjAS+YC1/fJX6rXumNA/lnZlEzAvIUPIBp8RYyb11C+WzXi6PigghjDFMCa6UkSW1WrWEqxCnlkUeLNDo5T67/ZDGAZOGCqJ1B6PIeAlRhlPBptlurFlE6JgMWcdSSQKmvWR27BSeWqUPB6GyJQ2cqT8nEhJoPQl82xkQM9LLXir+6VEiKRNL282g6iVcRrFhks6XD2IBTQjTNGCfK0aNmFhCqOL2fkhHRBFqbGZZG8z39/B/0iwV8XmxdHORr18uIsqAY3ACCgCDCqiDa9AALqCAg0fwBJ6dB+fFeXXe5q0rzmLmCPyC8/4FDkOWag==</latexit>

Kaplan and Savage, PLB 365 (1996)large Nc
<latexit sha1_base64="M4kzvIUB8JfDe1jWB9eGt+03r0M=">AAAB/nicbVDLSgNBEOyNrxhfUY9eBoPgKexGQY9BL54konlAsoTZzmwyZHZ2mZkVQgj4A171D7yJV3/FH/A7nCR70MSChqKqm2oqSATXxnW/nNzK6tr6Rn6zsLW9s7tX3D9o6DhVyOoYi1i1AqqZ4JLVDTeCtRLFaBQI1gyG11O/+ciU5rF8MKOE+RHtSx5ypMZK97dd7BZLbtmdgSwTLyMlyFDrFr87vRjTiEmDgmrd9tzE+GOqDEfBJoVOqllCcUj7rG2ppBHT/nj26oScWKVHwljZkYbM1N8XYxppPYoCuxlRM9CL3lT810MqkYmFdBNe+mMuk9QwifPwMBXExGTaBelxxdCIkSUUFbf/ExxQRdHYxgq2GG+xhmXSqJS9s3Ll7rxUvcoqysMRHMMpeHABVbiBGtQBoQ/P8AKvzpPz5rw7H/PVnJPdHMIfOJ8/P86WAQ==</latexit>

<latexit sha1_base64="B4J5Kgless+Y1lLXnntGVMDAyjo="></latexit>
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<latexit sha1_base64="Z/WOtng5vFdbLEKw9b16f2F8TcY="></latexit>
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<latexit sha1_base64="mGlJBifh3hi75JhUC8U5cYrHpVo="></latexit>

Kaplan, Savage and Wise, PLB 424 (1998) NPB 534 (1998) 
van Kolck, NPA 645 (1999)
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<latexit sha1_base64="nOQCvivLfm7Fw9j9tKImz3T/j9s=">AAACF3icbVDLSgNBEJz1GeMr6k0vg0HwFHYlPsCL6MWLEMHEQDaE2UknDs7MLjO9YlgC/oY/4FX/wJt49egP+B1OYg6aWNBQVHXT3RUlUlj0/U9vanpmdm4+t5BfXFpeWS2srddsnBoOVR7L2NQjZkEKDVUUKKGeGGAqknAd3Z4N/Os7MFbE+gp7CTQV62rREZyhk1qFTdUKExFaoeiRf0DD4xDhHrMLqPVbhaJf8oegkyQYkSIZodIqfIXtmKcKNHLJrG0EfoLNjBkUXEI/H6YWEsZvWRcajmqmwDaz4Q99uuOUNu3ExpVGOlR/T2RMWdtTketUDG/suDcQ//U40xzk2HbsHDUzoZMUQfOf5Z1UUozpICTaFgY4yp4jjBvh7qf8hhnG0UWZd8EE4zFMktpeKSiX9i/LxZPTUUQ5skW2yS4JyCE5IeekQqqEkwfyRJ7Ji/fovXpv3vtP65Q3mtkgf+B9fAOIxJ9I</latexit>
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<latexit sha1_base64="NA614LXFGo63pjA3qqyZx3whG6k=">AAACF3icbVDLSgNBEJz1GeMr6k0vg0HwFHYlQcFL0IsXIYJ5gBvC7KSjgzOzy0yvGJaAv+EPeNU/8CZePfoDfoeTx0GjBQ1FVTfdXVEihUXf//RmZufmFxZzS/nlldW19cLGZsPGqeFQ57GMTStiFqTQUEeBElqJAaYiCc3o9nToN+/AWBHrS+wn0FbsWoue4Ayd1Clsq06YiNAKRcsVn4bHIcI9ZufQGHQKRb/kj0D/kmBCimSCWqfwFXZjnirQyCWz9irwE2xnzKDgEgb5MLWQMH7LruHKUc0U2HY2+mFA95zSpb3YuNJIR+rPiYwpa/sqcp2K4Y2d9obivx5nmoOc2o69o3YmdJIiaD5e3kslxZgOQ6JdYYCj7DvCuBHufspvmGEcXZR5F0wwHcNf0jgoBeVS5aJcrJ5MIsqRHbJL9klADkmVnJEaqRNOHsgTeSYv3qP36r157+PWGW8ys0V+wfv4BoCIn0M=</latexit>

10

<latexit sha1_base64="rqE2oR7EeeTPxgdn91vW+exgZsg=">AAACCHicbVBLSgNBFHwTfzH+oi7dNAbBVZgRRZdBNy4jmA8kQ+jpvCRNenrG7h4hDLmAF3CrN3Anbr2FF/Ac9iSz0MSCB0XVK96jglhwbVz3yymsrK6tbxQ3S1vbO7t75f2Dpo4SxbDBIhGpdkA1Ci6xYbgR2I4V0jAQ2ArGN5nfekSleSTvzSRGP6RDyQecUWMlvxtZM8umnjvtlStu1Z2BLBMvJxXIUe+Vv7v9iCUhSsME1brjubHxU6oMZwKnpW6iMaZsTIfYsVTSELWfzp6ekhOr9MkgUnakITP1dyKlodaTMLCbITUjvehl4r8eo5KhWLhuBld+ymWcGJRsfnyQCGIikrVC+lwhM2JiCWWK2/8JG1FFmbHdlWwx3mINy6R5VvXOqxd355XadV5REY7gGE7Bg0uowS3UoQEMHuAZXuDVeXLenHfnY75acPLMIfyB8/kDQRSacg==</latexit>

8A

<latexit sha1_base64="ECBnel17EWiNINVWvQoFakN3Hx4=">AAAB/nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKYo5RLx4jmgckS5id9CZDZmeXmVkhhIA/4FX/wJt49Vf8Ab/DSbIHTSxoKKq6qaaCRHBtXPfLya2srq1v5DcLW9s7u3vF/YOGjlPFsM5iEatWQDUKLrFuuBHYShTSKBDYDIY3U7/5iErzWD6YUYJ+RPuSh5xRY6X7SveqWyy5ZXcGsky8jJQgQ61b/O70YpZGKA0TVOu25ybGH1NlOBM4KXRSjQllQ9rHtqWSRqj98ezVCTmxSo+EsbIjDZmpvy/GNNJ6FAV2M6JmoBe9qfivx6hkKBbSTVjxx1wmqUHJ5uFhKoiJybQL0uMKmREjSyhT3P5P2IAqyoxtrGCL8RZrWCaNs7J3Xr64Oy9Vr7OK8nAEx3AKHlxCFW6hBnVg0IdneIFX58l5c96dj/lqzsluDuEPnM8f552VzQ==</latexit>

27

<latexit sha1_base64="2uxeaZoaNHbXivYcQdutCoJ+cj4=">AAAB/XicbVDLTgJBEOzFF+IL9ehlIjHxRHYJBo9ELx7RCJLAhswOvTBhdnYzM2tCCPEHvOofeDNe/RZ/wO9wgD0oWEknlaruVKeCRHBtXPfLya2tb2xu5bcLO7t7+wfFw6OWjlPFsMliEat2QDUKLrFpuBHYThTSKBD4EIyuZ/7DIyrNY3lvxgn6ER1IHnJGjZXuKrVeseSW3TnIKvEyUoIMjV7xu9uPWRqhNExQrTuemxh/QpXhTOC00E01JpSN6AA7lkoaofYn80+n5MwqfRLGyo40ZK7+vpjQSOtxFNjNiJqhXvZm4r8eo5KhWEo34aU/4TJJDUq2CA9TQUxMZlWQPlfIjBhbQpni9n/ChlRRZmxhBVuMt1zDKmlVyl61fHFbLdWvsorycAKncA4e1KAON9CAJjAI4Rle4NV5ct6cd+djsZpzsptj+APn8wcRHpVU</latexit>

(                       )

(                       )

Baryon-baryon interactions
Illa et al. [NPLQCD], PRD 103 (2021), 054508

https://doi.org/10.1016/j.nuclphysa.2013.07.010
https://doi.org/10.1016/j.nuclphysa.2013.07.010
https://doi.org/10.1103/PhysRevD.53.349
https://doi.org/10.1103/PhysRevD.53.349
https://doi.org/10.1016/0370-2693(95)01277-X
https://doi.org/10.1016/0370-2693(95)01277-X
https://doi.org/10.1016/S0370-2693(98)00210-X
https://doi.org/10.1016/S0550-3213(98)00440-4
https://doi.org/10.1016/S0370-2693(98)00210-X
https://doi.org/10.1016/S0550-3213(98)00440-4
https://doi.org/10.1016/S0375-9474(98)00612-5
https://doi.org/10.1016/S0375-9474(98)00612-5
https://doi.org/10.1103/PhysRevD.103.054508
https://doi.org/10.1103/PhysRevD.103.054508


5

Baryon-baryon interactions
Illa et al. [NPLQCD], PRD 103 (2021), 054508

NN : c(27) + 4(c�3 � c�4 )
<latexit sha1_base64="79TvnKPfKFrThwQrPdgEnonYHus=">AAACO3icbVDLSgMxFM3UV31XXboJFqEi1plaUFwV3bgqFawW2loyt2kbmmSGJCOUYT7DrxF3+hGu3Ynb7k0fC1s9EDg55z6S44ecaeO6H05qYXFpeSW9ura+sbm1ndnZvddBpIBWIeCBqvlEU84krRpmOK2FihLhc/rg969H/sMTVZoF8s4MQtoUpCtZhwExVmplTsvlSwyPca5wfpQcF3MNX8SQPMYN6LGkdXYyey8etTJZN++Ogf8Sb0qyaIpKKzNstAOIBJUGONG67rmhacZEGQacJmuNSNOQQJ90ad1SSQTVzXj8sQQfWqWNO4GyRxo8Vn93xERoPRC+rRTE9PS8NxL/9YBIoHxuu+lcNGMmw8hQCZPlnYhjE+BRcrjNFAXDB5YQUMy+H0OPKALG5jsz3ReJzcmbT+UvuS/kvbN84baYLV1NE0ujfXSAcshD56iEblAFVRGgZ/SC3tC78+p8Ol/O96Q05Ux79tAMnOEPygWtsw==</latexit>

⌃N : c(27) + 2(c�3 � c�4 )
<latexit sha1_base64="YIacH1/sQQOj9801/4B4c60RNGM="></latexit>

⌅⌃ : c(27) + 2(c�1 � c�2 + c�11 � c�12)
<latexit sha1_base64="bKikqTDRcdOc+n6nUp0MZmTDHFY="></latexit>

⌅⌅ : c(27) + 4(c�1 � c�2 + c�11 � c�12)
<latexit sha1_base64="Hn+vh7z7yFVKWRGfLGVF1U9u8UM="></latexit>
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<latexit sha1_base64="i/j+SDKt1+F6wWXircFmFzb2S4o=">AAACCXicdVDLTgIxFO3gC/GFunTTSExwQ6ZgBHZENy4xOkACI+mUDjR0OpO2Y0ImfIE/4Fb/wJ1x61f4A36HHcBEiZ7kJifn3Jt77/EizpS27Q8rs7K6tr6R3cxtbe/s7uX3D1oqjCWhDgl5KDseVpQzQR3NNKedSFIceJy2vfFl6rfvqVQsFLd6ElE3wEPBfEawNtJdj2BBKE9unGLldNrPF+ySbdsIIZgSVD23DanXa2VUgyi1DApggWY//9kbhCQOqNCEY6W6yI60m2CpGeF0muvFikaYjPGQdg0VOKDKTWZXT+GJUQbQD6UpoeFM/TmR4ECpSeCZzgDrkVr2UvFPb/7T0nbt19yEiSjWVJD5cj/mUIcwjQUOmKRE84khmEhm7odkhCUm2oSXM8F8fw//J61yCVVK5euzQuNiEVEWHIFjUAQIVEEDXIEmcAABEjyCJ/BsPVgv1qv1Nm/NWIuZQ/AL1vsXZwWaew==</latexit>
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Baryon-baryon interactions
Illa et al. [NPLQCD], PRD 103 (2021), 054508
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<latexit sha1_base64="0+SbV3/m5dsJ0NPrvNysrB3FLqk=">AAACAHicdVDLTgIxFO34RHyhLt00EhPckBaMwI7oxiVGB0hgQjqlQEOnM2k7JmTCxh9wq3/gzrj1T/wBv8MOYKJET3KTk3Puzb33+JHg2iD04aysrq1vbGa2sts7u3v7uYPDpg5jRZlLQxGqtk80E1wy13AjWDtSjAS+YC1/fJX6rXumNA/lnZlEzAvIUPIBp8RYyb11C+WzXi6PigghjDFMCa5cIEtqtWoJVyFOLYs8WKDRy312+yGNAyYNFUTrDkaR8RKiDKeCTbPdWLOI0DEZso6lkgRMe8ns2Ck8tUofDkJlSxo4U39OJCTQehL4tjMgZqSXvVT806NEUiaWtptB1Uu4jGLDJJ0vH8QCmhCmacA+V4waMbGEUMXt/ZCOiCLU2MyyNpjv7+H/pFkq4nKxdHOer18uIsqAY3ACCgCDCqiDa9AALqCAg0fwBJ6dB+fFeXXe5q0rzmLmCPyC8/4FCXiWZw==</latexit>

coefficients

Natural caseUnnatural case @ µ = m⇡

c1 c2 c3 c4 c5 c6 c1 c2 c3 c4 c5 c6

�� �� �� ��

��

��

-��

-��

-��

�

��

��

��

�� �� �� ��

��

�����

���

���

���

���

Wagman et al. [NPLQCD], PRD 96 (2017)

m
⇡
⇠

80
6
M
eV

<latexit sha1_base64="nOQCvivLfm7Fw9j9tKImz3T/j9s=">AAACF3icbVDLSgNBEJz1GeMr6k0vg0HwFHYlPsCL6MWLEMHEQDaE2UknDs7MLjO9YlgC/oY/4FX/wJt49egP+B1OYg6aWNBQVHXT3RUlUlj0/U9vanpmdm4+t5BfXFpeWS2srddsnBoOVR7L2NQjZkEKDVUUKKGeGGAqknAd3Z4N/Os7MFbE+gp7CTQV62rREZyhk1qFTdUKExFaoeiRf0DD4xDhHrMLqPVbhaJf8oegkyQYkSIZodIqfIXtmKcKNHLJrG0EfoLNjBkUXEI/H6YWEsZvWRcajmqmwDaz4Q99uuOUNu3ExpVGOlR/T2RMWdtTketUDG/suDcQ//U40xzk2HbsHDUzoZMUQfOf5Z1UUozpICTaFgY4yp4jjBvh7qf8hhnG0UWZd8EE4zFMktpeKSiX9i/LxZPTUUQ5skW2yS4JyCE5IeekQqqEkwfyRJ7Ji/fovXpv3vtP65Q3mtkgf+B9fAOIxJ9I</latexit> SU(16)
<latexit sha1_base64="H+lEISV7QTxq8XbCM1B2By25cTk=">AAACEHicdVDLSgMxFM34rPVVdekmWIS6KZMqfeyKblxWdNpCO5RMmmljM5khyQhl6D+IO/0Sd+LWP/BD3JtpK9iiBy4czrkvjhdxprRtf1orq2vrG5uZrez2zu7efu7gsKnCWBLqkJCHsu1hRTkT1NFMc9qOJMWBx2nLG12lfuuBSsVCcafHEXUDPBDMZwRrIzVvnQIqn/Vyebto2zZCCKYEVcq2IbVatYSqEKWWQR7M0ejlvrr9kMQBFZpwrFQH2ZF2Eyw1I5xOst1Y0QiTER7QjqECB1S5yfTbCTw1Sh/6oTQlNJyqvycSHCg1DjzTGWA9VMteKv7pESwI5UvXtV91EyaiWFNBZsf9mEMdwjQO2GeSEs3HhmAimfkfkiGWmGgT2sJ2L5iYnH7CgP+TZqmIzoulm4t8/XKeWAYcgxNQAAhUQB1cgwZwAAH34BE8gxfryXq13qz3WeuKNZ85AguwPr4BsPWdOw==</latexit>

https://doi.org/10.1103/PhysRevD.103.054508
https://doi.org/10.1103/PhysRevD.103.054508
https://doi.org/10.1103/PhysRevD.96.114510
https://doi.org/10.1103/PhysRevD.96.114510
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Nuclear effects computed from first principles
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u� d

<latexit sha1_base64="BPMEIEJOmV4nhoTwrgQ0NX0NiG8=">AAAB/nicbVDLSsNAFL2pr1pfVZdugkVwY0mkosuiG5cV7QPaUCaTm3boZBJmJkIJBX/Arf6BO3Hrr/gDfofTNgttPXDhcM69nMvxE86Udpwvq7Cyura+UdwsbW3v7O6V9w9aKk4lxSaNeSw7PlHImcCmZppjJ5FIIp9j2x/dTP32I0rFYvGgxwl6ERkIFjJKtJHu07OgX644VWcGe5m4OalAjka//N0LYppGKDTlRKmu6yTay4jUjHKclHqpwoTQERlg11BBIlReNnt1Yp8YJbDDWJoR2p6pvy8yEik1jnyzGRE9VIveVPzXo0RQ5AvpOrzyMiaSVKOg8/Aw5baO7WkXdsAkUs3HhhAqmfnfpkMiCdWmsZIpxl2sYZm0zqturXpxV6vUr/OKinAEx3AKLlxCHW6hAU2gMIBneIFX68l6s96tj/lqwcpvDuEPrM8fMUSV+w==</latexit>

u+ d� 2s

<latexit sha1_base64="QqGO1hlAYV8i3Foaxj7LZkYLtGQ=">AAACAXicbVDLSsNAFL2pr1pfVZdugkUQxJKUii6LblxWsA9oQ5lMbtqxk0mYmQgldOUPuNU/cCdu/RJ/wO9w+lho64ELh3Pu5VyOn3CmtON8WbmV1bX1jfxmYWt7Z3evuH/QVHEqKTZozGPZ9olCzgQ2NNMc24lEEvkcW/7wZuK3HlEqFot7PUrQi0hfsJBRoo3UTM+C84rqFUtO2ZnCXibunJRgjnqv+N0NYppGKDTlRKmO6yTay4jUjHIcF7qpwoTQIeljx1BBIlReNv12bJ8YJbDDWJoR2p6qvy8yEik1inyzGRE9UIveRPzXo0RQ5AvpOrzyMiaSVKOgs/Aw5baO7UkddsAkUs1HhhAqmfnfpgMiCdWmtIIpxl2sYZk0K2W3Wr64q5Zq1/OK8nAEx3AKLlxCDW6hDg2g8ADP8AKv1pP1Zr1bH7PVnDW/OYQ/sD5/AO9jluk=</latexit>

u+ d+ s

<latexit sha1_base64="oDynnbHJEJAYowbQwRumw4MY/DI=">AAACAHicbVDLSsNAFL2pr1pfVZdugkUQCiWRii6LblxWMG2hDWUyuW2HTiZhZiKU0I0/4Fb/wJ249U/8Ab/DaZuFth64cDjnXs7lBAlnSjvOl1VYW9/Y3Cpul3Z29/YPyodHLRWnkqJHYx7LTkAUcibQ00xz7CQSSRRwbAfj25nffkSpWCwe9CRBPyJDwQaMEm0kL62GVdUvV5yaM4e9StycVCBHs1/+7oUxTSMUmnKiVNd1Eu1nRGpGOU5LvVRhQuiYDLFrqCARKj+bPzu1z4wS2oNYmhHanqu/LzISKTWJArMZET1Sy95M/NejRFDkS+l6cO1nTCSpRkEX4YOU2zq2Z23YIZNINZ8YQqhk5n+bjogkVJvOSqYYd7mGVdK6qLn12uV9vdK4ySsqwgmcwjm4cAUNuIMmeECBwTO8wKv1ZL1Z79bHYrVg5TfH8AfW5w92Hpar</latexit>

s

<latexit sha1_base64="k4SKF1UjMPQ9y5KO+eWPNdIa0Ks=">AAAB/HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKosegF48JmAckS5id9CZDZmeXmVkhLPEHvOofeBOv/os/4Hc4SfagiQUNRVU31VSQCK6N6345hbX1jc2t4nZpZ3dv/6B8eNTScaoYNlksYtUJqEbBJTYNNwI7iUIaBQLbwfhu5rcfUWkeywczSdCP6FDykDNqrNTQ/XLFrbpzkFXi5aQCOer98ndvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mjU3JmlQEJY2VHGjJXf19kNNJ6EgV2M6JmpJe9mfivx6hkKJbSTXjjZ1wmqUHJFuFhKoiJyawJMuAKmRETSyhT3P5P2Igqyoztq2SL8ZZrWCWti6p3Wb1qXFZqt3lFRTiBUzgHD66hBvdQhyYwQHiGF3h1npw35935WKwWnPzmGP7A+fwB+9WVVA==</latexit>

Scalar gs

Chang et al. [NPLQCD], PRL 120 (2018)

1%

1%

10%

m
⇡
⇠

80
6
M
eV

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

These effects are not negligible 

Important for detectors that 
use heavy nuclei

Match A=2,3,… to larger nuclei via 
EFT and many-body techniques

Barnea et al., PRL 114 (2015)
Contessi et al., PLB 772 (2017)

Bansal et al., PRC 98 (2018)

Axial gA

Tensor gT

Triton axial charge
Parreño et al. [NPLQCD], PRD 103 (2021), 074511

https://doi.org/10.1103/PhysRevLett.120.152002
https://doi.org/10.1103/PhysRevLett.120.152002
http://dx.doi.org/10.1103/PhysRevLett.114.052501
http://dx.doi.org/10.1103/PhysRevLett.114.052501
http://dx.doi.org/10.1016/j.physletb.2017.07.048
http://dx.doi.org/10.1016/j.physletb.2017.07.048
http://dx.doi.org/10.1103/PhysRevC.98.054301
http://dx.doi.org/10.1103/PhysRevC.98.054301
https://doi.org/10.1103/PhysRevD.103.074511
https://doi.org/10.1103/PhysRevD.103.074511
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g
3
H

A /gpA

���
latt

= 0.91(+0.07)
(�0.09)

<latexit sha1_base64="AU95EcpVKkwBWJhL7QpizNgpDEI="></latexit>

g
3
H

A /gpA

���
exp

= 0.9511(13)

<latexit sha1_base64="bK5aF8LAuedRaYnNnrxocsFI4b0="></latexit>

□

□

**
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g
3
H

A /gpA(m⇡) = c(0)
lin

+ c(1)
lin

m⇡

<latexit sha1_base64="7/Gaih1dxPm2r5ipghbjWKHmCFU="></latexit>

g
3
H

A /gpA(m⇡) = c(0)
quad

+ c(1)
quad

m2

⇡

<latexit sha1_base64="qXzqSbDaVd5wwNkFGYNRSpq3ay8="></latexit>

Detmold and Shanahan, PRD 103 (2021)
Eliyahu, Bazak and Barnea, PRC 102 (2020)

Use EFT to extrapolate to infinite-volumeπ

□□ □□
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m⇡ ⇠ 450 MeV

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

◦
◦ ◦

◦ ◦ ◦
□□

□□

2 4 6 8 10 12 14 16
0.80

0.85

0.90

0.95

1.00

1.05

◦ ◦ ◦ ◦◦◦ ◦ ◦ ◦ ◦ ◦ ◦ ◦ ◦□□ □□

1.90

1.95

2.00

2.05

◦ ◦ ◦◦ ◦ ◦ ◦ ◦ ◦□□ □□
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1.00

1.02

2-body LEC L1,A

<latexit sha1_base64="vmth4ay7cC/FEP2SCQDP1A+q2YM=">AAACAnicbVDLSgNBEOz1GeMr6tHLYBA8SNiViB6jXjx4iGAekCxhdtJJhszOLjOzQlhy8we86h94E6/+iD/gdzhJ9qCJBQ1FVTfVVBALro3rfjlLyyura+u5jfzm1vbObmFvv66jRDGssUhEqhlQjYJLrBluBDZjhTQMBDaC4c3Ebzyi0jySD2YUox/SvuQ9zqixUuOuk3qnV+NOoeiW3CnIIvEyUoQM1U7hu92NWBKiNExQrVueGxs/pcpwJnCcbycaY8qGtI8tSyUNUfvp9N0xObZKl/QiZUcaMlV/X6Q01HoUBnYzpGag572J+K/HqGQo5tJN79JPuYwTg5LNwnuJICYikz5IlytkRowsoUxx+z9hA6ooM7a1vC3Gm69hkdTPSl65dH5fLlaus4pycAhHcAIeXEAFbqEKNWAwhGd4gVfnyXlz3p2P2eqSk90cwB84nz/BCpde</latexit>

hGTi = g
3
H

A /gpA

<latexit sha1_base64="37WigwtvxdarO/uLBxcNMrlkv1E="></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>

Triton axial charge
Parreño et al. [NPLQCD], PRD 103 (2021), 074511

https://doi.org/10.1103/PhysRevD.103.074503
https://doi.org/10.1103/PhysRevD.103.074503
https://doi.org/10.1103/PhysRevC.102.044003
https://doi.org/10.1103/PhysRevC.102.044003
https://doi.org/10.1103/PhysRevD.103.074511
https://doi.org/10.1103/PhysRevD.103.074511
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EMC Collaboration, PLB 123 (1983)

F2(x,Q
2) =

X

q

x e2q [q(x,Q
2) + q(x,Q2)]

<latexit sha1_base64="Ok/ofJiLLACxqxis+u4YiTJttZA="></latexit>

□□ ○○
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1%

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>

integrating

(easier for lattice 
calculations)

hxi(h)q =

Z 1

�1
dx x q(h)(x,Q2)

<latexit sha1_base64="4gdDEQgvDj0J0G2MTeDn1Pmf+lU="></latexit>

Momentum fraction of 3He
Detmold et al. [NPLQCD], PRL 126 (2021), 202001 

Nuclear effects computed from first principles

http://dx.doi.org/10.1016/0370-2693(83)90437-9
http://dx.doi.org/10.1016/0370-2693(83)90437-9
https://doi.org/10.1103/PhysRevLett.126.202001
https://doi.org/10.1103/PhysRevLett.126.202001
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Extrapolate to the physical point: ↵3,2G3(
3
He) =

1

3

0

@3
hxi(

3
He)

u�d

hxi(p)u�d

� 1

1

A hxi(p)u�d

<latexit sha1_base64="kxNoF1x2l+HipdjmKruitSA/V3A="></latexit>

Combine with experimental data from global fits provided by nNNPDF2.0
Ball et al. [NNPDF], NPB 855 (2012)

Abdul Khalek, Ethier, Rojo, van Weelden, JHEP 09 (2020)

Chen and Detmold, PLB 625 (2005)
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)

<latexit sha1_base64="22RDO/flOIkQE04na/jppYZ7IXY=">AAACLXicbVDLTgJBEJz1ifhCPXrZSEzgIO4qRo9ELxwxETCBlcwOjU6cnd3M9BrIZn/D3/AHvOofeDAxHvU3HB4HQSvpTqWqOz1TfiS4Rsd5t+bmFxaXljMr2dW19Y3N3NZ2Q4exYlBnoQjVtU81CC6hjhwFXEcKaOALaPr3F0O/+QBK81Be4SACL6C3kvc4o2ikTs45bsWFfvGga5p3kxSS9Oa4jdDHpAppMT2cdqNi2snlnZIzgv2XuBOSJxPUOrmvdjdkcQASmaBat1wnQi+hCjkTkGbbsYaIsnt6Cy1DJQ1Ae8noZ6m9b5Su3QuVKYn2SP29kdBA60Hgm8mA4p2e9Ybivx6jkoGYuY69My/hMooRJBsf78XCxtAeRmd3uQKGYmAIZYqb99vsjirK0AScNcG4szH8JY2jklsunVyW85XzSUQZskv2SIG45JRUSJXUSJ0w8kieyQt5tZ6sN+vD+hyPzlmTnR0yBev7B6Wtpvc=</latexit>

3

<latexit sha1_base64="UD1/6okJyPZY+dxsktvBtn549Xs=">AAAB/HicdVDLTgJBEOzFF+IL9ehlIjHxRBbE6JHoxSMk8khgQ2aHBibMzm5mZk3IBn/Aq/6BN+PVf/EH/A5nARNFrWQylarudHf5keDauO67k1lZXVvfyG7mtrZ3dvfy+wdNHcaKYYOFIlRtn2oUXGLDcCOwHSmkgS+w5Y+vU791h0rzUN6aSYReQIeSDzijxkr1s16+4BbLbgrym5SKs98twAK1Xv6j2w9ZHKA0TFCtOyU3Ml5CleFM4DTXjTVGlI3pEDuWShqg9pLZolNyYpU+GYTKPmnITP3ekdBA60ng28qAmpFe9lLxT49RyVAsTTeDSy/hMooNSjYfPogFMSFJkyB9rpAZMbGEMsXt/oSNqKLM2LxyNpiv68n/pFkulirF83qlUL1aRJSFIziGUyjBBVThBmrQAAYID/AIT8698+y8OK/z0oyz6DmEH3DePgGfC5Ua</latexit>

3<latexit sha1_base64="UD1/6okJyPZY+dxsktvBtn549Xs=">AAAB/HicdVDLTgJBEOzFF+IL9ehlIjHxRBbE6JHoxSMk8khgQ2aHBibMzm5mZk3IBn/Aq/6BN+PVf/EH/A5nARNFrWQylarudHf5keDauO67k1lZXVvfyG7mtrZ3dvfy+wdNHcaKYYOFIlRtn2oUXGLDcCOwHSmkgS+w5Y+vU791h0rzUN6aSYReQIeSDzijxkr1s16+4BbLbgrym5SKs98twAK1Xv6j2w9ZHKA0TFCtOyU3Ml5CleFM4DTXjTVGlI3pEDuWShqg9pLZolNyYpU+GYTKPmnITP3ekdBA60ng28qAmpFe9lLxT49RyVAsTTeDSy/hMooNSjYfPogFMSFJkyB9rpAZMbGEMsXt/oSNqKLM2LxyNpiv68n/pFkulirF83qlUL1aRJSFIziGUyjBBVThBmrQAAYID/AIT8698+y8OK/z0oyz6DmEH3DePgGfC5Ua</latexit>
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Conclusions

We can use LQCD to reach systems that are difficult for 
experimentalist (like strange systems) and learn about the symmetries 
(more clearly visible at heavy quark masses)

LQCD is able to reproduce the triton axial charge as well as the helium 
momentum fraction, indicating that first-principles calculations are 
possible, but still need closer-to-physical values for the quark masses

Thank you


