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I.    Harmonic oscillator-based effective theory (HOBET)

II.      Implementation

III.     Phase shifts and Lepage plots



Goals of our HOBET Program

□ Build a theory that is grounded in what we traditionally do in nonrelativistic
   NP that takes us from LQCD to the effective theory (“SM”) in one step

□ Base this theory on energy-dependent formulations of         , so that wave functions 
   derived have a simple intuitive connect to exact results - projections 

   Exactly describe the continuum (and bound states):  infinite # of solutions

□ Introduce chiral symmetry in a simpler way - as a long-distance correction,
   avoiding point-nucleon short-range pathologies that make EFT more difficult

□ Develop a version of HOBET to treat LQCD extrapolations to infinite volume

□ Build a many-body theory based on a single testable approximation, a cluster
   expansion
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Effective theory

□ For decades we have thought about effective nuclear theory:  the division of 
   the Hilbert space into an included space P and an excluded space Q, and the
   determination of a        in P  (including models liked the SM)

□ The first catastrophic failure of this theory was recognized in the early 1970s:
   perturbative efforts to generate        derailed by intruder states        

e.g., P = 0 + 2~!
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Nonperturbative corrections to 

Shucan and Weidenmuller
Barrett and Kirson
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<latexit sha1_base64="WgWuGJmQLsBJJBVkm4woejKj3ms=">AAAB9XicbVDLSgMxFL3js9ZX1aWbYBFclRkR7LLgpssK9gF9kUnvtKHJzJBklDL0P9y4UMSt/+LOvzHTzkJbDwQO59zLPTl+LLg2rvvtbGxube/sFvaK+weHR8elk9OWjhLFsMkiEamOTzUKHmLTcCOwEyuk0hfY9qd3md9+RKV5FD6YWYx9ScchDzijxkqD+qAnqZkomWIQzIelsltxFyDrxMtJGXI0hqWv3ihiicTQMEG17npubPopVYYzgfNiL9EYUzalY+xaGlKJup8uUs/JpVVGJIiUfaEhC/X3Rkql1jPp28kso171MvE/r5uYoNpPeRgnBkO2PBQkgpiIZBWQEVfIjJhZQpniNithE6ooM7aooi3BW/3yOmldVzy34t3flGvVvI4CnMMFXIEHt1CDOjSgCQwUPMMrvDlPzovz7nwsRzecfOcM/sD5/AHWLpKw</latexit><latexit sha1_base64="WgWuGJmQLsBJJBVkm4woejKj3ms=">AAAB9XicbVDLSgMxFL3js9ZX1aWbYBFclRkR7LLgpssK9gF9kUnvtKHJzJBklDL0P9y4UMSt/+LOvzHTzkJbDwQO59zLPTl+LLg2rvvtbGxube/sFvaK+weHR8elk9OWjhLFsMkiEamOTzUKHmLTcCOwEyuk0hfY9qd3md9+RKV5FD6YWYx9ScchDzijxkqD+qAnqZkomWIQzIelsltxFyDrxMtJGXI0hqWv3ihiicTQMEG17npubPopVYYzgfNiL9EYUzalY+xaGlKJup8uUs/JpVVGJIiUfaEhC/X3Rkql1jPp28kso171MvE/r5uYoNpPeRgnBkO2PBQkgpiIZBWQEVfIjJhZQpniNithE6ooM7aooi3BW/3yOmldVzy34t3flGvVvI4CnMMFXIEHt1CDOjSgCQwUPMMrvDlPzovz7nwsRzecfOcM/sD5/AHWLpKw</latexit><latexit sha1_base64="WgWuGJmQLsBJJBVkm4woejKj3ms=">AAAB9XicbVDLSgMxFL3js9ZX1aWbYBFclRkR7LLgpssK9gF9kUnvtKHJzJBklDL0P9y4UMSt/+LOvzHTzkJbDwQO59zLPTl+LLg2rvvtbGxube/sFvaK+weHR8elk9OWjhLFsMkiEamOTzUKHmLTcCOwEyuk0hfY9qd3md9+RKV5FD6YWYx9ScchDzijxkqD+qAnqZkomWIQzIelsltxFyDrxMtJGXI0hqWv3ihiicTQMEG17npubPopVYYzgfNiL9EYUzalY+xaGlKJup8uUs/JpVVGJIiUfaEhC/X3Rkql1jPp28kso171MvE/r5uYoNpPeRgnBkO2PBQkgpiIZBWQEVfIjJhZQpniNithE6ooM7aooi3BW/3yOmldVzy34t3flGvVvI4CnMMFXIEHt1CDOjSgCQwUPMMrvDlPzovz7nwsRzecfOcM/sD5/AHWLpKw</latexit><latexit sha1_base64="WgWuGJmQLsBJJBVkm4woejKj3ms=">AAAB9XicbVDLSgMxFL3js9ZX1aWbYBFclRkR7LLgpssK9gF9kUnvtKHJzJBklDL0P9y4UMSt/+LOvzHTzkJbDwQO59zLPTl+LLg2rvvtbGxube/sFvaK+weHR8elk9OWjhLFsMkiEamOTzUKHmLTcCOwEyuk0hfY9qd3md9+RKV5FD6YWYx9ScchDzijxkqD+qAnqZkomWIQzIelsltxFyDrxMtJGXI0hqWv3ihiicTQMEG17npubPopVYYzgfNiL9EYUzalY+xaGlKJup8uUs/JpVVGJIiUfaEhC/X3Rkql1jPp28kso171MvE/r5uYoNpPeRgnBkO2PBQkgpiIZBWQEVfIjJhZQpniNithE6ooM7aooi3BW/3yOmldVzy34t3flGvVvI4CnMMFXIEHt1CDOjSgCQwUPMMrvDlPzovz7nwsRzecfOcM/sD5/AHWLpKw</latexit>

H
e↵

<latexit sha1_base64="WgWuGJmQLsBJJBVkm4woejKj3ms=">AAAB9XicbVDLSgMxFL3js9ZX1aWbYBFclRkR7LLgpssK9gF9kUnvtKHJzJBklDL0P9y4UMSt/+LOvzHTzkJbDwQO59zLPTl+LLg2rvvtbGxube/sFvaK+weHR8elk9OWjhLFsMkiEamOTzUKHmLTcCOwEyuk0hfY9qd3md9+RKV5FD6YWYx9ScchDzijxkqD+qAnqZkomWIQzIelsltxFyDrxMtJGXI0hqWv3ihiicTQMEG17npubPopVYYzgfNiL9EYUzalY+xaGlKJup8uUs/JpVVGJIiUfaEhC/X3Rkql1jPp28kso171MvE/r5uYoNpPeRgnBkO2PBQkgpiIZBWQEVfIjJhZQpniNithE6ooM7aooi3BW/3yOmldVzy34t3flGvVvI4CnMMFXIEHt1CDOjSgCQwUPMMrvDlPzovz7nwsRzecfOcM/sD5/AHWLpKw</latexit><latexit sha1_base64="WgWuGJmQLsBJJBVkm4woejKj3ms=">AAAB9XicbVDLSgMxFL3js9ZX1aWbYBFclRkR7LLgpssK9gF9kUnvtKHJzJBklDL0P9y4UMSt/+LOvzHTzkJbDwQO59zLPTl+LLg2rvvtbGxube/sFvaK+weHR8elk9OWjhLFsMkiEamOTzUKHmLTcCOwEyuk0hfY9qd3md9+RKV5FD6YWYx9ScchDzijxkqD+qAnqZkomWIQzIelsltxFyDrxMtJGXI0hqWv3ihiicTQMEG17npubPopVYYzgfNiL9EYUzalY+xaGlKJup8uUs/JpVVGJIiUfaEhC/X3Rkql1jPp28kso171MvE/r5uYoNpPeRgnBkO2PBQkgpiIZBWQEVfIjJhZQpniNithE6ooM7aooi3BW/3yOmldVzy34t3flGvVvI4CnMMFXIEHt1CDOjSgCQwUPMMrvDlPzovz7nwsRzecfOcM/sD5/AHWLpKw</latexit><latexit sha1_base64="WgWuGJmQLsBJJBVkm4woejKj3ms=">AAAB9XicbVDLSgMxFL3js9ZX1aWbYBFclRkR7LLgpssK9gF9kUnvtKHJzJBklDL0P9y4UMSt/+LOvzHTzkJbDwQO59zLPTl+LLg2rvvtbGxube/sFvaK+weHR8elk9OWjhLFsMkiEamOTzUKHmLTcCOwEyuk0hfY9qd3md9+RKV5FD6YWYx9ScchDzijxkqD+qAnqZkomWIQzIelsltxFyDrxMtJGXI0hqWv3ihiicTQMEG17npubPopVYYzgfNiL9EYUzalY+xaGlKJup8uUs/JpVVGJIiUfaEhC/X3Rkql1jPp28kso171MvE/r5uYoNpPeRgnBkO2PBQkgpiIZBWQEVfIjJhZQpniNithE6ooM7aooi3BW/3yOmldVzy34t3flGvVvI4CnMMFXIEHt1CDOjSgCQwUPMMrvDlPzovz7nwsRzecfOcM/sD5/AHWLpKw</latexit><latexit sha1_base64="WgWuGJmQLsBJJBVkm4woejKj3ms=">AAAB9XicbVDLSgMxFL3js9ZX1aWbYBFclRkR7LLgpssK9gF9kUnvtKHJzJBklDL0P9y4UMSt/+LOvzHTzkJbDwQO59zLPTl+LLg2rvvtbGxube/sFvaK+weHR8elk9OWjhLFsMkiEamOTzUKHmLTcCOwEyuk0hfY9qd3md9+RKV5FD6YWYx9ScchDzijxkqD+qAnqZkomWIQzIelsltxFyDrxMtJGXI0hqWv3ihiicTQMEG17npubPopVYYzgfNiL9EYUzalY+xaGlKJup8uUs/JpVVGJIiUfaEhC/X3Rkql1jPp28kso171MvE/r5uYoNpPeRgnBkO2PBQkgpiIZBWQEVfIjJhZQpniNithE6ooM7aooi3BW/3yOmldVzy34t3flGvVvI4CnMMFXIEHt1CDOjSgCQwUPMMrvDlPzovz7nwsRzecfOcM/sD5/AHWLpKw</latexit>



There is now a major program based on a nonperturbative approach: ET 

□ Lots of wonderful things could be said about this approach … so it is admittedly
   unfair to focus on the negatives … but …
       

UV:  QCD

NN potential

E = 1
<latexit sha1_base64="fXG9VxKgfG7vf598/tK5T2o0J8E=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsBehIILHCvYD21A22027dLMJuxOhhP4LLx4U8eq/8ea/cdvmoK0PBh7vzTAzL0ikMOi6305hbX1jc6u4XdrZ3ds/KB8etUycasabLJax7gTUcCkUb6JAyTuJ5jQKJG8H45uZ337i2ohYPeAk4X5Eh0qEglG00uMtuSY9oUKc9MsVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5tfPCVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfFsOZnQiUpcsUWi8JUEozJ7H0yEJozlBNLKNPC3krYiGrK0IZUsiF4yy+vktZF1XOr3v1lpV7L4yjCCZzCOXhwBXW4gwY0gYGCZ3iFN8c4L86787FoLTj5zDH8gfP5A37vkBw=</latexit><latexit sha1_base64="fXG9VxKgfG7vf598/tK5T2o0J8E=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsBehIILHCvYD21A22027dLMJuxOhhP4LLx4U8eq/8ea/cdvmoK0PBh7vzTAzL0ikMOi6305hbX1jc6u4XdrZ3ds/KB8etUycasabLJax7gTUcCkUb6JAyTuJ5jQKJG8H45uZ337i2ohYPeAk4X5Eh0qEglG00uMtuSY9oUKc9MsVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5tfPCVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfFsOZnQiUpcsUWi8JUEozJ7H0yEJozlBNLKNPC3krYiGrK0IZUsiF4yy+vktZF1XOr3v1lpV7L4yjCCZzCOXhwBXW4gwY0gYGCZ3iFN8c4L86787FoLTj5zDH8gfP5A37vkBw=</latexit><latexit sha1_base64="fXG9VxKgfG7vf598/tK5T2o0J8E=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsBehIILHCvYD21A22027dLMJuxOhhP4LLx4U8eq/8ea/cdvmoK0PBh7vzTAzL0ikMOi6305hbX1jc6u4XdrZ3ds/KB8etUycasabLJax7gTUcCkUb6JAyTuJ5jQKJG8H45uZ337i2ohYPeAk4X5Eh0qEglG00uMtuSY9oUKc9MsVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5tfPCVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfFsOZnQiUpcsUWi8JUEozJ7H0yEJozlBNLKNPC3krYiGrK0IZUsiF4yy+vktZF1XOr3v1lpV7L4yjCCZzCOXhwBXW4gwY0gYGCZ3iFN8c4L86787FoLTj5zDH8gfP5A37vkBw=</latexit><latexit sha1_base64="fXG9VxKgfG7vf598/tK5T2o0J8E=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsBehIILHCvYD21A22027dLMJuxOhhP4LLx4U8eq/8ea/cdvmoK0PBh7vzTAzL0ikMOi6305hbX1jc6u4XdrZ3ds/KB8etUycasabLJax7gTUcCkUb6JAyTuJ5jQKJG8H45uZ337i2ohYPeAk4X5Eh0qEglG00uMtuSY9oUKc9MsVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5tfPCVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfFsOZnQiUpcsUWi8JUEozJ7H0yEJozlBNLKNPC3krYiGrK0IZUsiF4yy+vktZF1XOr3v1lpV7L4yjCCZzCOXhwBXW4gwY0gYGCZ3iFN8c4L86787FoLTj5zDH8gfP5A37vkBw=</latexit>

E = 1 GeV
<latexit sha1_base64="urh+W6YiEwPXbea4O9q/N/2c11E=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiQi6kYoiOiygn1AG8pketMOnUnCzEQIof0VNy4UceuHuPNvnLRZaPXAwOGce7lnjh9zprTjfFmlldW19Y3yZmVre2d3z94/aKsokRRaNOKR7PpEAWchtDTTHLqxBCJ8Dh1/cp37nUeQikXhg05j8AQZhSxglGgjDezqDb7CLu4LosdSZLNbaE8Hds2pO3Pgv8QtSA0VaA7sz/4woomAUFNOlOq5Tqy9jEjNKIdppZ8oiAmdkBH0DA2JAOVl8/BTfGyUIQ4iaV6o8Vz9uZERoVQqfDOZh1TLXi7+5/USHVx6GQvjRENIF4eChGMd4bwJPGQSqOapIYRKZrJiOiaSUG36qpgS3OUv/yXt07rr1N37s1rjvKijjA7RETpBLrpADXSHmqiFKErRE3pBr9bMerberPfFaMkqdqroF6yPbzHAk80=</latexit><latexit sha1_base64="urh+W6YiEwPXbea4O9q/N/2c11E=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiQi6kYoiOiygn1AG8pketMOnUnCzEQIof0VNy4UceuHuPNvnLRZaPXAwOGce7lnjh9zprTjfFmlldW19Y3yZmVre2d3z94/aKsokRRaNOKR7PpEAWchtDTTHLqxBCJ8Dh1/cp37nUeQikXhg05j8AQZhSxglGgjDezqDb7CLu4LosdSZLNbaE8Hds2pO3Pgv8QtSA0VaA7sz/4woomAUFNOlOq5Tqy9jEjNKIdppZ8oiAmdkBH0DA2JAOVl8/BTfGyUIQ4iaV6o8Vz9uZERoVQqfDOZh1TLXi7+5/USHVx6GQvjRENIF4eChGMd4bwJPGQSqOapIYRKZrJiOiaSUG36qpgS3OUv/yXt07rr1N37s1rjvKijjA7RETpBLrpADXSHmqiFKErRE3pBr9bMerberPfFaMkqdqroF6yPbzHAk80=</latexit><latexit sha1_base64="urh+W6YiEwPXbea4O9q/N/2c11E=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiQi6kYoiOiygn1AG8pketMOnUnCzEQIof0VNy4UceuHuPNvnLRZaPXAwOGce7lnjh9zprTjfFmlldW19Y3yZmVre2d3z94/aKsokRRaNOKR7PpEAWchtDTTHLqxBCJ8Dh1/cp37nUeQikXhg05j8AQZhSxglGgjDezqDb7CLu4LosdSZLNbaE8Hds2pO3Pgv8QtSA0VaA7sz/4woomAUFNOlOq5Tqy9jEjNKIdppZ8oiAmdkBH0DA2JAOVl8/BTfGyUIQ4iaV6o8Vz9uZERoVQqfDOZh1TLXi7+5/USHVx6GQvjRENIF4eChGMd4bwJPGQSqOapIYRKZrJiOiaSUG36qpgS3OUv/yXt07rr1N37s1rjvKijjA7RETpBLrpADXSHmqiFKErRE3pBr9bMerberPfFaMkqdqroF6yPbzHAk80=</latexit><latexit sha1_base64="urh+W6YiEwPXbea4O9q/N/2c11E=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiQi6kYoiOiygn1AG8pketMOnUnCzEQIof0VNy4UceuHuPNvnLRZaPXAwOGce7lnjh9zprTjfFmlldW19Y3yZmVre2d3z94/aKsokRRaNOKR7PpEAWchtDTTHLqxBCJ8Dh1/cp37nUeQikXhg05j8AQZhSxglGgjDezqDb7CLu4LosdSZLNbaE8Hds2pO3Pgv8QtSA0VaA7sz/4woomAUFNOlOq5Tqy9jEjNKIdppZ8oiAmdkBH0DA2JAOVl8/BTfGyUIQ4iaV6o8Vz9uZERoVQqfDOZh1TLXi7+5/USHVx6GQvjRENIF4eChGMd4bwJPGQSqOapIYRKZrJiOiaSUG36qpgS3OUv/yXt07rr1N37s1rjvKijjA7RETpBLrpADXSHmqiFKErRE3pBr9bMerberPfFaMkqdqroF6yPbzHAk80=</latexit>



□ Lots of wonderful things could be said about this approach … so it is admittedly
   unfair to focus on the negatives … but …
       

UV:  QCD

NN potential

E = 1
<latexit sha1_base64="fXG9VxKgfG7vf598/tK5T2o0J8E=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsBehIILHCvYD21A22027dLMJuxOhhP4LLx4U8eq/8ea/cdvmoK0PBh7vzTAzL0ikMOi6305hbX1jc6u4XdrZ3ds/KB8etUycasabLJax7gTUcCkUb6JAyTuJ5jQKJG8H45uZ337i2ohYPeAk4X5Eh0qEglG00uMtuSY9oUKc9MsVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5tfPCVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfFsOZnQiUpcsUWi8JUEozJ7H0yEJozlBNLKNPC3krYiGrK0IZUsiF4yy+vktZF1XOr3v1lpV7L4yjCCZzCOXhwBXW4gwY0gYGCZ3iFN8c4L86787FoLTj5zDH8gfP5A37vkBw=</latexit><latexit sha1_base64="fXG9VxKgfG7vf598/tK5T2o0J8E=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsBehIILHCvYD21A22027dLMJuxOhhP4LLx4U8eq/8ea/cdvmoK0PBh7vzTAzL0ikMOi6305hbX1jc6u4XdrZ3ds/KB8etUycasabLJax7gTUcCkUb6JAyTuJ5jQKJG8H45uZ337i2ohYPeAk4X5Eh0qEglG00uMtuSY9oUKc9MsVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5tfPCVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfFsOZnQiUpcsUWi8JUEozJ7H0yEJozlBNLKNPC3krYiGrK0IZUsiF4yy+vktZF1XOr3v1lpV7L4yjCCZzCOXhwBXW4gwY0gYGCZ3iFN8c4L86787FoLTj5zDH8gfP5A37vkBw=</latexit><latexit sha1_base64="fXG9VxKgfG7vf598/tK5T2o0J8E=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsBehIILHCvYD21A22027dLMJuxOhhP4LLx4U8eq/8ea/cdvmoK0PBh7vzTAzL0ikMOi6305hbX1jc6u4XdrZ3ds/KB8etUycasabLJax7gTUcCkUb6JAyTuJ5jQKJG8H45uZ337i2ohYPeAk4X5Eh0qEglG00uMtuSY9oUKc9MsVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5tfPCVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfFsOZnQiUpcsUWi8JUEozJ7H0yEJozlBNLKNPC3krYiGrK0IZUsiF4yy+vktZF1XOr3v1lpV7L4yjCCZzCOXhwBXW4gwY0gYGCZ3iFN8c4L86787FoLTj5zDH8gfP5A37vkBw=</latexit><latexit sha1_base64="fXG9VxKgfG7vf598/tK5T2o0J8E=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsBehIILHCvYD21A22027dLMJuxOhhP4LLx4U8eq/8ea/cdvmoK0PBh7vzTAzL0ikMOi6305hbX1jc6u4XdrZ3ds/KB8etUycasabLJax7gTUcCkUb6JAyTuJ5jQKJG8H45uZ337i2ohYPeAk4X5Eh0qEglG00uMtuSY9oUKc9MsVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5tfPCVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfFsOZnQiUpcsUWi8JUEozJ7H0yEJozlBNLKNPC3krYiGrK0IZUsiF4yy+vktZF1XOr3v1lpV7L4yjCCZzCOXhwBXW4gwY0gYGCZ3iFN8c4L86787FoLTj5zDH8gfP5A37vkBw=</latexit>

E = 1 GeV
<latexit sha1_base64="urh+W6YiEwPXbea4O9q/N/2c11E=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiQi6kYoiOiygn1AG8pketMOnUnCzEQIof0VNy4UceuHuPNvnLRZaPXAwOGce7lnjh9zprTjfFmlldW19Y3yZmVre2d3z94/aKsokRRaNOKR7PpEAWchtDTTHLqxBCJ8Dh1/cp37nUeQikXhg05j8AQZhSxglGgjDezqDb7CLu4LosdSZLNbaE8Hds2pO3Pgv8QtSA0VaA7sz/4woomAUFNOlOq5Tqy9jEjNKIdppZ8oiAmdkBH0DA2JAOVl8/BTfGyUIQ4iaV6o8Vz9uZERoVQqfDOZh1TLXi7+5/USHVx6GQvjRENIF4eChGMd4bwJPGQSqOapIYRKZrJiOiaSUG36qpgS3OUv/yXt07rr1N37s1rjvKijjA7RETpBLrpADXSHmqiFKErRE3pBr9bMerberPfFaMkqdqroF6yPbzHAk80=</latexit><latexit sha1_base64="urh+W6YiEwPXbea4O9q/N/2c11E=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiQi6kYoiOiygn1AG8pketMOnUnCzEQIof0VNy4UceuHuPNvnLRZaPXAwOGce7lnjh9zprTjfFmlldW19Y3yZmVre2d3z94/aKsokRRaNOKR7PpEAWchtDTTHLqxBCJ8Dh1/cp37nUeQikXhg05j8AQZhSxglGgjDezqDb7CLu4LosdSZLNbaE8Hds2pO3Pgv8QtSA0VaA7sz/4woomAUFNOlOq5Tqy9jEjNKIdppZ8oiAmdkBH0DA2JAOVl8/BTfGyUIQ4iaV6o8Vz9uZERoVQqfDOZh1TLXi7+5/USHVx6GQvjRENIF4eChGMd4bwJPGQSqOapIYRKZrJiOiaSUG36qpgS3OUv/yXt07rr1N37s1rjvKijjA7RETpBLrpADXSHmqiFKErRE3pBr9bMerberPfFaMkqdqroF6yPbzHAk80=</latexit><latexit sha1_base64="urh+W6YiEwPXbea4O9q/N/2c11E=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiQi6kYoiOiygn1AG8pketMOnUnCzEQIof0VNy4UceuHuPNvnLRZaPXAwOGce7lnjh9zprTjfFmlldW19Y3yZmVre2d3z94/aKsokRRaNOKR7PpEAWchtDTTHLqxBCJ8Dh1/cp37nUeQikXhg05j8AQZhSxglGgjDezqDb7CLu4LosdSZLNbaE8Hds2pO3Pgv8QtSA0VaA7sz/4woomAUFNOlOq5Tqy9jEjNKIdppZ8oiAmdkBH0DA2JAOVl8/BTfGyUIQ4iaV6o8Vz9uZERoVQqfDOZh1TLXi7+5/USHVx6GQvjRENIF4eChGMd4bwJPGQSqOapIYRKZrJiOiaSUG36qpgS3OUv/yXt07rr1N37s1rjvKijjA7RETpBLrpADXSHmqiFKErRE3pBr9bMerberPfFaMkqdqroF6yPbzHAk80=</latexit><latexit sha1_base64="urh+W6YiEwPXbea4O9q/N/2c11E=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiQi6kYoiOiygn1AG8pketMOnUnCzEQIof0VNy4UceuHuPNvnLRZaPXAwOGce7lnjh9zprTjfFmlldW19Y3yZmVre2d3z94/aKsokRRaNOKR7PpEAWchtDTTHLqxBCJ8Dh1/cp37nUeQikXhg05j8AQZhSxglGgjDezqDb7CLu4LosdSZLNbaE8Hds2pO3Pgv8QtSA0VaA7sz/4woomAUFNOlOq5Tqy9jEjNKIdppZ8oiAmdkBH0DA2JAOVl8/BTfGyUIQ4iaV6o8Vz9uZERoVQqfDOZh1TLXi7+5/USHVx6GQvjRENIF4eChGMd4bwJPGQSqOapIYRKZrJiOiaSUG36qpgS3OUv/yXt07rr1N37s1rjvKijjA7RETpBLrpADXSHmqiFKErRE3pBr9bMerberPfFaMkqdqroF6yPbzHAk80=</latexit>

Lattice QCD: on the way



□ Lots of wonderful things could be said about this approach … so it is admittedly
   unfair to focus only on the negatives … but …
       

UV:  QCD

NN potential

E = 1
<latexit sha1_base64="fXG9VxKgfG7vf598/tK5T2o0J8E=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsBehIILHCvYD21A22027dLMJuxOhhP4LLx4U8eq/8ea/cdvmoK0PBh7vzTAzL0ikMOi6305hbX1jc6u4XdrZ3ds/KB8etUycasabLJax7gTUcCkUb6JAyTuJ5jQKJG8H45uZ337i2ohYPeAk4X5Eh0qEglG00uMtuSY9oUKc9MsVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5tfPCVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfFsOZnQiUpcsUWi8JUEozJ7H0yEJozlBNLKNPC3krYiGrK0IZUsiF4yy+vktZF1XOr3v1lpV7L4yjCCZzCOXhwBXW4gwY0gYGCZ3iFN8c4L86787FoLTj5zDH8gfP5A37vkBw=</latexit><latexit sha1_base64="fXG9VxKgfG7vf598/tK5T2o0J8E=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsBehIILHCvYD21A22027dLMJuxOhhP4LLx4U8eq/8ea/cdvmoK0PBh7vzTAzL0ikMOi6305hbX1jc6u4XdrZ3ds/KB8etUycasabLJax7gTUcCkUb6JAyTuJ5jQKJG8H45uZ337i2ohYPeAk4X5Eh0qEglG00uMtuSY9oUKc9MsVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5tfPCVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfFsOZnQiUpcsUWi8JUEozJ7H0yEJozlBNLKNPC3krYiGrK0IZUsiF4yy+vktZF1XOr3v1lpV7L4yjCCZzCOXhwBXW4gwY0gYGCZ3iFN8c4L86787FoLTj5zDH8gfP5A37vkBw=</latexit><latexit sha1_base64="fXG9VxKgfG7vf598/tK5T2o0J8E=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsBehIILHCvYD21A22027dLMJuxOhhP4LLx4U8eq/8ea/cdvmoK0PBh7vzTAzL0ikMOi6305hbX1jc6u4XdrZ3ds/KB8etUycasabLJax7gTUcCkUb6JAyTuJ5jQKJG8H45uZ337i2ohYPeAk4X5Eh0qEglG00uMtuSY9oUKc9MsVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5tfPCVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfFsOZnQiUpcsUWi8JUEozJ7H0yEJozlBNLKNPC3krYiGrK0IZUsiF4yy+vktZF1XOr3v1lpV7L4yjCCZzCOXhwBXW4gwY0gYGCZ3iFN8c4L86787FoLTj5zDH8gfP5A37vkBw=</latexit><latexit sha1_base64="fXG9VxKgfG7vf598/tK5T2o0J8E=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsBehIILHCvYD21A22027dLMJuxOhhP4LLx4U8eq/8ea/cdvmoK0PBh7vzTAzL0ikMOi6305hbX1jc6u4XdrZ3ds/KB8etUycasabLJax7gTUcCkUb6JAyTuJ5jQKJG8H45uZ337i2ohYPeAk4X5Eh0qEglG00uMtuSY9oUKc9MsVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5tfPCVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfFsOZnQiUpcsUWi8JUEozJ7H0yEJozlBNLKNPC3krYiGrK0IZUsiF4yy+vktZF1XOr3v1lpV7L4yjCCZzCOXhwBXW4gwY0gYGCZ3iFN8c4L86787FoLTj5zDH8gfP5A37vkBw=</latexit>

E = 1 GeV
<latexit sha1_base64="urh+W6YiEwPXbea4O9q/N/2c11E=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiQi6kYoiOiygn1AG8pketMOnUnCzEQIof0VNy4UceuHuPNvnLRZaPXAwOGce7lnjh9zprTjfFmlldW19Y3yZmVre2d3z94/aKsokRRaNOKR7PpEAWchtDTTHLqxBCJ8Dh1/cp37nUeQikXhg05j8AQZhSxglGgjDezqDb7CLu4LosdSZLNbaE8Hds2pO3Pgv8QtSA0VaA7sz/4woomAUFNOlOq5Tqy9jEjNKIdppZ8oiAmdkBH0DA2JAOVl8/BTfGyUIQ4iaV6o8Vz9uZERoVQqfDOZh1TLXi7+5/USHVx6GQvjRENIF4eChGMd4bwJPGQSqOapIYRKZrJiOiaSUG36qpgS3OUv/yXt07rr1N37s1rjvKijjA7RETpBLrpADXSHmqiFKErRE3pBr9bMerberPfFaMkqdqroF6yPbzHAk80=</latexit><latexit sha1_base64="urh+W6YiEwPXbea4O9q/N/2c11E=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiQi6kYoiOiygn1AG8pketMOnUnCzEQIof0VNy4UceuHuPNvnLRZaPXAwOGce7lnjh9zprTjfFmlldW19Y3yZmVre2d3z94/aKsokRRaNOKR7PpEAWchtDTTHLqxBCJ8Dh1/cp37nUeQikXhg05j8AQZhSxglGgjDezqDb7CLu4LosdSZLNbaE8Hds2pO3Pgv8QtSA0VaA7sz/4woomAUFNOlOq5Tqy9jEjNKIdppZ8oiAmdkBH0DA2JAOVl8/BTfGyUIQ4iaV6o8Vz9uZERoVQqfDOZh1TLXi7+5/USHVx6GQvjRENIF4eChGMd4bwJPGQSqOapIYRKZrJiOiaSUG36qpgS3OUv/yXt07rr1N37s1rjvKijjA7RETpBLrpADXSHmqiFKErRE3pBr9bMerberPfFaMkqdqroF6yPbzHAk80=</latexit><latexit sha1_base64="urh+W6YiEwPXbea4O9q/N/2c11E=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiQi6kYoiOiygn1AG8pketMOnUnCzEQIof0VNy4UceuHuPNvnLRZaPXAwOGce7lnjh9zprTjfFmlldW19Y3yZmVre2d3z94/aKsokRRaNOKR7PpEAWchtDTTHLqxBCJ8Dh1/cp37nUeQikXhg05j8AQZhSxglGgjDezqDb7CLu4LosdSZLNbaE8Hds2pO3Pgv8QtSA0VaA7sz/4woomAUFNOlOq5Tqy9jEjNKIdppZ8oiAmdkBH0DA2JAOVl8/BTfGyUIQ4iaV6o8Vz9uZERoVQqfDOZh1TLXi7+5/USHVx6GQvjRENIF4eChGMd4bwJPGQSqOapIYRKZrJiOiaSUG36qpgS3OUv/yXt07rr1N37s1rjvKijjA7RETpBLrpADXSHmqiFKErRE3pBr9bMerberPfFaMkqdqroF6yPbzHAk80=</latexit><latexit sha1_base64="urh+W6YiEwPXbea4O9q/N/2c11E=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiQi6kYoiOiygn1AG8pketMOnUnCzEQIof0VNy4UceuHuPNvnLRZaPXAwOGce7lnjh9zprTjfFmlldW19Y3yZmVre2d3z94/aKsokRRaNOKR7PpEAWchtDTTHLqxBCJ8Dh1/cp37nUeQikXhg05j8AQZhSxglGgjDezqDb7CLu4LosdSZLNbaE8Hds2pO3Pgv8QtSA0VaA7sz/4woomAUFNOlOq5Tqy9jEjNKIdppZ8oiAmdkBH0DA2JAOVl8/BTfGyUIQ4iaV6o8Vz9uZERoVQqfDOZh1TLXi7+5/USHVx6GQvjRENIF4eChGMd4bwJPGQSqOapIYRKZrJiOiaSUG36qpgS3OUv/yXt07rr1N37s1rjvKijjA7RETpBLrpADXSHmqiFKErRE3pBr9bMerberPfFaMkqdqroF6yPbzHAk80=</latexit>

QCD is feed in
via experiment:

phase shifts



□ Lots of wonderful things could be said about this approach … so it is admittedly
   unfair to focus only on the negatives … but …
       

UV:  QCD

NN potential

E = 1
<latexit sha1_base64="fXG9VxKgfG7vf598/tK5T2o0J8E=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsBehIILHCvYD21A22027dLMJuxOhhP4LLx4U8eq/8ea/cdvmoK0PBh7vzTAzL0ikMOi6305hbX1jc6u4XdrZ3ds/KB8etUycasabLJax7gTUcCkUb6JAyTuJ5jQKJG8H45uZ337i2ohYPeAk4X5Eh0qEglG00uMtuSY9oUKc9MsVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5tfPCVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfFsOZnQiUpcsUWi8JUEozJ7H0yEJozlBNLKNPC3krYiGrK0IZUsiF4yy+vktZF1XOr3v1lpV7L4yjCCZzCOXhwBXW4gwY0gYGCZ3iFN8c4L86787FoLTj5zDH8gfP5A37vkBw=</latexit><latexit sha1_base64="fXG9VxKgfG7vf598/tK5T2o0J8E=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsBehIILHCvYD21A22027dLMJuxOhhP4LLx4U8eq/8ea/cdvmoK0PBh7vzTAzL0ikMOi6305hbX1jc6u4XdrZ3ds/KB8etUycasabLJax7gTUcCkUb6JAyTuJ5jQKJG8H45uZ337i2ohYPeAk4X5Eh0qEglG00uMtuSY9oUKc9MsVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5tfPCVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfFsOZnQiUpcsUWi8JUEozJ7H0yEJozlBNLKNPC3krYiGrK0IZUsiF4yy+vktZF1XOr3v1lpV7L4yjCCZzCOXhwBXW4gwY0gYGCZ3iFN8c4L86787FoLTj5zDH8gfP5A37vkBw=</latexit><latexit sha1_base64="fXG9VxKgfG7vf598/tK5T2o0J8E=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsBehIILHCvYD21A22027dLMJuxOhhP4LLx4U8eq/8ea/cdvmoK0PBh7vzTAzL0ikMOi6305hbX1jc6u4XdrZ3ds/KB8etUycasabLJax7gTUcCkUb6JAyTuJ5jQKJG8H45uZ337i2ohYPeAk4X5Eh0qEglG00uMtuSY9oUKc9MsVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5tfPCVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfFsOZnQiUpcsUWi8JUEozJ7H0yEJozlBNLKNPC3krYiGrK0IZUsiF4yy+vktZF1XOr3v1lpV7L4yjCCZzCOXhwBXW4gwY0gYGCZ3iFN8c4L86787FoLTj5zDH8gfP5A37vkBw=</latexit><latexit sha1_base64="fXG9VxKgfG7vf598/tK5T2o0J8E=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsBehIILHCvYD21A22027dLMJuxOhhP4LLx4U8eq/8ea/cdvmoK0PBh7vzTAzL0ikMOi6305hbX1jc6u4XdrZ3ds/KB8etUycasabLJax7gTUcCkUb6JAyTuJ5jQKJG8H45uZ337i2ohYPeAk4X5Eh0qEglG00uMtuSY9oUKc9MsVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5tfPCVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfFsOZnQiUpcsUWi8JUEozJ7H0yEJozlBNLKNPC3krYiGrK0IZUsiF4yy+vktZF1XOr3v1lpV7L4yjCCZzCOXhwBXW4gwY0gYGCZ3iFN8c4L86787FoLTj5zDH8gfP5A37vkBw=</latexit>

E = 1 GeV
<latexit sha1_base64="urh+W6YiEwPXbea4O9q/N/2c11E=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiQi6kYoiOiygn1AG8pketMOnUnCzEQIof0VNy4UceuHuPNvnLRZaPXAwOGce7lnjh9zprTjfFmlldW19Y3yZmVre2d3z94/aKsokRRaNOKR7PpEAWchtDTTHLqxBCJ8Dh1/cp37nUeQikXhg05j8AQZhSxglGgjDezqDb7CLu4LosdSZLNbaE8Hds2pO3Pgv8QtSA0VaA7sz/4woomAUFNOlOq5Tqy9jEjNKIdppZ8oiAmdkBH0DA2JAOVl8/BTfGyUIQ4iaV6o8Vz9uZERoVQqfDOZh1TLXi7+5/USHVx6GQvjRENIF4eChGMd4bwJPGQSqOapIYRKZrJiOiaSUG36qpgS3OUv/yXt07rr1N37s1rjvKijjA7RETpBLrpADXSHmqiFKErRE3pBr9bMerberPfFaMkqdqroF6yPbzHAk80=</latexit><latexit sha1_base64="urh+W6YiEwPXbea4O9q/N/2c11E=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiQi6kYoiOiygn1AG8pketMOnUnCzEQIof0VNy4UceuHuPNvnLRZaPXAwOGce7lnjh9zprTjfFmlldW19Y3yZmVre2d3z94/aKsokRRaNOKR7PpEAWchtDTTHLqxBCJ8Dh1/cp37nUeQikXhg05j8AQZhSxglGgjDezqDb7CLu4LosdSZLNbaE8Hds2pO3Pgv8QtSA0VaA7sz/4woomAUFNOlOq5Tqy9jEjNKIdppZ8oiAmdkBH0DA2JAOVl8/BTfGyUIQ4iaV6o8Vz9uZERoVQqfDOZh1TLXi7+5/USHVx6GQvjRENIF4eChGMd4bwJPGQSqOapIYRKZrJiOiaSUG36qpgS3OUv/yXt07rr1N37s1rjvKijjA7RETpBLrpADXSHmqiFKErRE3pBr9bMerberPfFaMkqdqroF6yPbzHAk80=</latexit><latexit sha1_base64="urh+W6YiEwPXbea4O9q/N/2c11E=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiQi6kYoiOiygn1AG8pketMOnUnCzEQIof0VNy4UceuHuPNvnLRZaPXAwOGce7lnjh9zprTjfFmlldW19Y3yZmVre2d3z94/aKsokRRaNOKR7PpEAWchtDTTHLqxBCJ8Dh1/cp37nUeQikXhg05j8AQZhSxglGgjDezqDb7CLu4LosdSZLNbaE8Hds2pO3Pgv8QtSA0VaA7sz/4woomAUFNOlOq5Tqy9jEjNKIdppZ8oiAmdkBH0DA2JAOVl8/BTfGyUIQ4iaV6o8Vz9uZERoVQqfDOZh1TLXi7+5/USHVx6GQvjRENIF4eChGMd4bwJPGQSqOapIYRKZrJiOiaSUG36qpgS3OUv/yXt07rr1N37s1rjvKijjA7RETpBLrpADXSHmqiFKErRE3pBr9bMerberPfFaMkqdqroF6yPbzHAk80=</latexit><latexit sha1_base64="urh+W6YiEwPXbea4O9q/N/2c11E=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiQi6kYoiOiygn1AG8pketMOnUnCzEQIof0VNy4UceuHuPNvnLRZaPXAwOGce7lnjh9zprTjfFmlldW19Y3yZmVre2d3z94/aKsokRRaNOKR7PpEAWchtDTTHLqxBCJ8Dh1/cp37nUeQikXhg05j8AQZhSxglGgjDezqDb7CLu4LosdSZLNbaE8Hds2pO3Pgv8QtSA0VaA7sz/4woomAUFNOlOq5Tqy9jEjNKIdppZ8oiAmdkBH0DA2JAOVl8/BTfGyUIQ4iaV6o8Vz9uZERoVQqfDOZh1TLXi7+5/USHVx6GQvjRENIF4eChGMd4bwJPGQSqOapIYRKZrJiOiaSUG36qpgS3OUv/yXt07rr1N37s1rjvKijjA7RETpBLrpADXSHmqiFKErRE3pBr9bMerberPfFaMkqdqroF6yPbzHAk80=</latexit>

QCD is feed in
via experiment:

phase shifts: 
momentum basis

E = 0.5 GeV
<latexit sha1_base64="3kxcPOjeKPyzp9YStOZIfCkbmmY=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEVyERXxuhIKLLCvYBbSiT6W07dCYJMxOhhIq/4saFIm79Dnf+jZM2C209MHA4517umRPEnCntut9WYWFxaXmluFpaW9/Y3LK3d+oqSiSFGo14JJsBUcBZCDXNNIdmLIGIgEMjGF5lfuMBpGJReK9HMfiC9EPWY5RoI3XsvWt8iV3nFLcF0QMp0scbqI87dtl13AnwPPFyUkY5qh37q92NaCIg1JQTpVqeG2s/JVIzymFcaicKYkKHpA8tQ0MiQPnpJP4YHxqli3uRNC/UeKL+3kiJUGokAjOZhVSzXib+57US3bvwUxbGiYaQTg/1Eo51hLMucJdJoJqPDCFUMpMV0wGRhGrTWMmU4M1+eZ7Ujx3Pdby7k3LlLK+jiPbRATpCHjpHFXSLqqiGKErRM3pFb9aT9WK9Wx/T0YKV7+yiP7A+fwAYFZRD</latexit><latexit sha1_base64="3kxcPOjeKPyzp9YStOZIfCkbmmY=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEVyERXxuhIKLLCvYBbSiT6W07dCYJMxOhhIq/4saFIm79Dnf+jZM2C209MHA4517umRPEnCntut9WYWFxaXmluFpaW9/Y3LK3d+oqSiSFGo14JJsBUcBZCDXNNIdmLIGIgEMjGF5lfuMBpGJReK9HMfiC9EPWY5RoI3XsvWt8iV3nFLcF0QMp0scbqI87dtl13AnwPPFyUkY5qh37q92NaCIg1JQTpVqeG2s/JVIzymFcaicKYkKHpA8tQ0MiQPnpJP4YHxqli3uRNC/UeKL+3kiJUGokAjOZhVSzXib+57US3bvwUxbGiYaQTg/1Eo51hLMucJdJoJqPDCFUMpMV0wGRhGrTWMmU4M1+eZ7Ujx3Pdby7k3LlLK+jiPbRATpCHjpHFXSLqqiGKErRM3pFb9aT9WK9Wx/T0YKV7+yiP7A+fwAYFZRD</latexit><latexit sha1_base64="3kxcPOjeKPyzp9YStOZIfCkbmmY=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEVyERXxuhIKLLCvYBbSiT6W07dCYJMxOhhIq/4saFIm79Dnf+jZM2C209MHA4517umRPEnCntut9WYWFxaXmluFpaW9/Y3LK3d+oqSiSFGo14JJsBUcBZCDXNNIdmLIGIgEMjGF5lfuMBpGJReK9HMfiC9EPWY5RoI3XsvWt8iV3nFLcF0QMp0scbqI87dtl13AnwPPFyUkY5qh37q92NaCIg1JQTpVqeG2s/JVIzymFcaicKYkKHpA8tQ0MiQPnpJP4YHxqli3uRNC/UeKL+3kiJUGokAjOZhVSzXib+57US3bvwUxbGiYaQTg/1Eo51hLMucJdJoJqPDCFUMpMV0wGRhGrTWMmU4M1+eZ7Ujx3Pdby7k3LlLK+jiPbRATpCHjpHFXSLqqiGKErRM3pFb9aT9WK9Wx/T0YKV7+yiP7A+fwAYFZRD</latexit><latexit sha1_base64="3kxcPOjeKPyzp9YStOZIfCkbmmY=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEVyERXxuhIKLLCvYBbSiT6W07dCYJMxOhhIq/4saFIm79Dnf+jZM2C209MHA4517umRPEnCntut9WYWFxaXmluFpaW9/Y3LK3d+oqSiSFGo14JJsBUcBZCDXNNIdmLIGIgEMjGF5lfuMBpGJReK9HMfiC9EPWY5RoI3XsvWt8iV3nFLcF0QMp0scbqI87dtl13AnwPPFyUkY5qh37q92NaCIg1JQTpVqeG2s/JVIzymFcaicKYkKHpA8tQ0MiQPnpJP4YHxqli3uRNC/UeKL+3kiJUGokAjOZhVSzXib+57US3bvwUxbGiYaQTg/1Eo51hLMucJdJoJqPDCFUMpMV0wGRhGrTWMmU4M1+eZ7Ujx3Pdby7k3LlLK+jiPbRATpCHjpHFXSLqqiGKErRM3pFb9aT9WK9Wx/T0YKV7+yiP7A+fwAYFZRD</latexit>

e.g., Vlow-k
softened, 

more universal form:
momentum basis



□ Lots of wonderful things could be said about this approach … so it is admittedly
   unfair to focus only on the negatives … but …
       

UV:  QCD

NN potential

E = 1
<latexit sha1_base64="fXG9VxKgfG7vf598/tK5T2o0J8E=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsBehIILHCvYD21A22027dLMJuxOhhP4LLx4U8eq/8ea/cdvmoK0PBh7vzTAzL0ikMOi6305hbX1jc6u4XdrZ3ds/KB8etUycasabLJax7gTUcCkUb6JAyTuJ5jQKJG8H45uZ337i2ohYPeAk4X5Eh0qEglG00uMtuSY9oUKc9MsVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5tfPCVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfFsOZnQiUpcsUWi8JUEozJ7H0yEJozlBNLKNPC3krYiGrK0IZUsiF4yy+vktZF1XOr3v1lpV7L4yjCCZzCOXhwBXW4gwY0gYGCZ3iFN8c4L86787FoLTj5zDH8gfP5A37vkBw=</latexit><latexit sha1_base64="fXG9VxKgfG7vf598/tK5T2o0J8E=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsBehIILHCvYD21A22027dLMJuxOhhP4LLx4U8eq/8ea/cdvmoK0PBh7vzTAzL0ikMOi6305hbX1jc6u4XdrZ3ds/KB8etUycasabLJax7gTUcCkUb6JAyTuJ5jQKJG8H45uZ337i2ohYPeAk4X5Eh0qEglG00uMtuSY9oUKc9MsVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5tfPCVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfFsOZnQiUpcsUWi8JUEozJ7H0yEJozlBNLKNPC3krYiGrK0IZUsiF4yy+vktZF1XOr3v1lpV7L4yjCCZzCOXhwBXW4gwY0gYGCZ3iFN8c4L86787FoLTj5zDH8gfP5A37vkBw=</latexit><latexit sha1_base64="fXG9VxKgfG7vf598/tK5T2o0J8E=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsBehIILHCvYD21A22027dLMJuxOhhP4LLx4U8eq/8ea/cdvmoK0PBh7vzTAzL0ikMOi6305hbX1jc6u4XdrZ3ds/KB8etUycasabLJax7gTUcCkUb6JAyTuJ5jQKJG8H45uZ337i2ohYPeAk4X5Eh0qEglG00uMtuSY9oUKc9MsVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5tfPCVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfFsOZnQiUpcsUWi8JUEozJ7H0yEJozlBNLKNPC3krYiGrK0IZUsiF4yy+vktZF1XOr3v1lpV7L4yjCCZzCOXhwBXW4gwY0gYGCZ3iFN8c4L86787FoLTj5zDH8gfP5A37vkBw=</latexit><latexit sha1_base64="fXG9VxKgfG7vf598/tK5T2o0J8E=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsBehIILHCvYD21A22027dLMJuxOhhP4LLx4U8eq/8ea/cdvmoK0PBh7vzTAzL0ikMOi6305hbX1jc6u4XdrZ3ds/KB8etUycasabLJax7gTUcCkUb6JAyTuJ5jQKJG8H45uZ337i2ohYPeAk4X5Eh0qEglG00uMtuSY9oUKc9MsVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5tfPCVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfFsOZnQiUpcsUWi8JUEozJ7H0yEJozlBNLKNPC3krYiGrK0IZUsiF4yy+vktZF1XOr3v1lpV7L4yjCCZzCOXhwBXW4gwY0gYGCZ3iFN8c4L86787FoLTj5zDH8gfP5A37vkBw=</latexit>

E = 1 GeV
<latexit sha1_base64="urh+W6YiEwPXbea4O9q/N/2c11E=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiQi6kYoiOiygn1AG8pketMOnUnCzEQIof0VNy4UceuHuPNvnLRZaPXAwOGce7lnjh9zprTjfFmlldW19Y3yZmVre2d3z94/aKsokRRaNOKR7PpEAWchtDTTHLqxBCJ8Dh1/cp37nUeQikXhg05j8AQZhSxglGgjDezqDb7CLu4LosdSZLNbaE8Hds2pO3Pgv8QtSA0VaA7sz/4woomAUFNOlOq5Tqy9jEjNKIdppZ8oiAmdkBH0DA2JAOVl8/BTfGyUIQ4iaV6o8Vz9uZERoVQqfDOZh1TLXi7+5/USHVx6GQvjRENIF4eChGMd4bwJPGQSqOapIYRKZrJiOiaSUG36qpgS3OUv/yXt07rr1N37s1rjvKijjA7RETpBLrpADXSHmqiFKErRE3pBr9bMerberPfFaMkqdqroF6yPbzHAk80=</latexit><latexit sha1_base64="urh+W6YiEwPXbea4O9q/N/2c11E=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiQi6kYoiOiygn1AG8pketMOnUnCzEQIof0VNy4UceuHuPNvnLRZaPXAwOGce7lnjh9zprTjfFmlldW19Y3yZmVre2d3z94/aKsokRRaNOKR7PpEAWchtDTTHLqxBCJ8Dh1/cp37nUeQikXhg05j8AQZhSxglGgjDezqDb7CLu4LosdSZLNbaE8Hds2pO3Pgv8QtSA0VaA7sz/4woomAUFNOlOq5Tqy9jEjNKIdppZ8oiAmdkBH0DA2JAOVl8/BTfGyUIQ4iaV6o8Vz9uZERoVQqfDOZh1TLXi7+5/USHVx6GQvjRENIF4eChGMd4bwJPGQSqOapIYRKZrJiOiaSUG36qpgS3OUv/yXt07rr1N37s1rjvKijjA7RETpBLrpADXSHmqiFKErRE3pBr9bMerberPfFaMkqdqroF6yPbzHAk80=</latexit><latexit sha1_base64="urh+W6YiEwPXbea4O9q/N/2c11E=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiQi6kYoiOiygn1AG8pketMOnUnCzEQIof0VNy4UceuHuPNvnLRZaPXAwOGce7lnjh9zprTjfFmlldW19Y3yZmVre2d3z94/aKsokRRaNOKR7PpEAWchtDTTHLqxBCJ8Dh1/cp37nUeQikXhg05j8AQZhSxglGgjDezqDb7CLu4LosdSZLNbaE8Hds2pO3Pgv8QtSA0VaA7sz/4woomAUFNOlOq5Tqy9jEjNKIdppZ8oiAmdkBH0DA2JAOVl8/BTfGyUIQ4iaV6o8Vz9uZERoVQqfDOZh1TLXi7+5/USHVx6GQvjRENIF4eChGMd4bwJPGQSqOapIYRKZrJiOiaSUG36qpgS3OUv/yXt07rr1N37s1rjvKijjA7RETpBLrpADXSHmqiFKErRE3pBr9bMerberPfFaMkqdqroF6yPbzHAk80=</latexit><latexit sha1_base64="urh+W6YiEwPXbea4O9q/N/2c11E=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiQi6kYoiOiygn1AG8pketMOnUnCzEQIof0VNy4UceuHuPNvnLRZaPXAwOGce7lnjh9zprTjfFmlldW19Y3yZmVre2d3z94/aKsokRRaNOKR7PpEAWchtDTTHLqxBCJ8Dh1/cp37nUeQikXhg05j8AQZhSxglGgjDezqDb7CLu4LosdSZLNbaE8Hds2pO3Pgv8QtSA0VaA7sz/4woomAUFNOlOq5Tqy9jEjNKIdppZ8oiAmdkBH0DA2JAOVl8/BTfGyUIQ4iaV6o8Vz9uZERoVQqfDOZh1TLXi7+5/USHVx6GQvjRENIF4eChGMd4bwJPGQSqOapIYRKZrJiOiaSUG36qpgS3OUv/yXt07rr1N37s1rjvKijjA7RETpBLrpADXSHmqiFKErRE3pBr9bMerberPfFaMkqdqroF6yPbzHAk80=</latexit>

QCD is feed in
via experiment:

phase shifts: 
momentum basis

E = 0.5 GeV
<latexit sha1_base64="3kxcPOjeKPyzp9YStOZIfCkbmmY=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEVyERXxuhIKLLCvYBbSiT6W07dCYJMxOhhIq/4saFIm79Dnf+jZM2C209MHA4517umRPEnCntut9WYWFxaXmluFpaW9/Y3LK3d+oqSiSFGo14JJsBUcBZCDXNNIdmLIGIgEMjGF5lfuMBpGJReK9HMfiC9EPWY5RoI3XsvWt8iV3nFLcF0QMp0scbqI87dtl13AnwPPFyUkY5qh37q92NaCIg1JQTpVqeG2s/JVIzymFcaicKYkKHpA8tQ0MiQPnpJP4YHxqli3uRNC/UeKL+3kiJUGokAjOZhVSzXib+57US3bvwUxbGiYaQTg/1Eo51hLMucJdJoJqPDCFUMpMV0wGRhGrTWMmU4M1+eZ7Ujx3Pdby7k3LlLK+jiPbRATpCHjpHFXSLqqiGKErRM3pFb9aT9WK9Wx/T0YKV7+yiP7A+fwAYFZRD</latexit><latexit sha1_base64="3kxcPOjeKPyzp9YStOZIfCkbmmY=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEVyERXxuhIKLLCvYBbSiT6W07dCYJMxOhhIq/4saFIm79Dnf+jZM2C209MHA4517umRPEnCntut9WYWFxaXmluFpaW9/Y3LK3d+oqSiSFGo14JJsBUcBZCDXNNIdmLIGIgEMjGF5lfuMBpGJReK9HMfiC9EPWY5RoI3XsvWt8iV3nFLcF0QMp0scbqI87dtl13AnwPPFyUkY5qh37q92NaCIg1JQTpVqeG2s/JVIzymFcaicKYkKHpA8tQ0MiQPnpJP4YHxqli3uRNC/UeKL+3kiJUGokAjOZhVSzXib+57US3bvwUxbGiYaQTg/1Eo51hLMucJdJoJqPDCFUMpMV0wGRhGrTWMmU4M1+eZ7Ujx3Pdby7k3LlLK+jiPbRATpCHjpHFXSLqqiGKErRM3pFb9aT9WK9Wx/T0YKV7+yiP7A+fwAYFZRD</latexit><latexit sha1_base64="3kxcPOjeKPyzp9YStOZIfCkbmmY=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEVyERXxuhIKLLCvYBbSiT6W07dCYJMxOhhIq/4saFIm79Dnf+jZM2C209MHA4517umRPEnCntut9WYWFxaXmluFpaW9/Y3LK3d+oqSiSFGo14JJsBUcBZCDXNNIdmLIGIgEMjGF5lfuMBpGJReK9HMfiC9EPWY5RoI3XsvWt8iV3nFLcF0QMp0scbqI87dtl13AnwPPFyUkY5qh37q92NaCIg1JQTpVqeG2s/JVIzymFcaicKYkKHpA8tQ0MiQPnpJP4YHxqli3uRNC/UeKL+3kiJUGokAjOZhVSzXib+57US3bvwUxbGiYaQTg/1Eo51hLMucJdJoJqPDCFUMpMV0wGRhGrTWMmU4M1+eZ7Ujx3Pdby7k3LlLK+jiPbRATpCHjpHFXSLqqiGKErRM3pFb9aT9WK9Wx/T0YKV7+yiP7A+fwAYFZRD</latexit><latexit sha1_base64="3kxcPOjeKPyzp9YStOZIfCkbmmY=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEVyERXxuhIKLLCvYBbSiT6W07dCYJMxOhhIq/4saFIm79Dnf+jZM2C209MHA4517umRPEnCntut9WYWFxaXmluFpaW9/Y3LK3d+oqSiSFGo14JJsBUcBZCDXNNIdmLIGIgEMjGF5lfuMBpGJReK9HMfiC9EPWY5RoI3XsvWt8iV3nFLcF0QMp0scbqI87dtl13AnwPPFyUkY5qh37q92NaCIg1JQTpVqeG2s/JVIzymFcaicKYkKHpA8tQ0MiQPnpJP4YHxqli3uRNC/UeKL+3kiJUGokAjOZhVSzXib+57US3bvwUxbGiYaQTg/1Eo51hLMucJdJoJqPDCFUMpMV0wGRhGrTWMmU4M1+eZ7Ujx3Pdby7k3LlLK+jiPbRATpCHjpHFXSLqqiGKErRM3pFb9aT9WK9Wx/T0YKV7+yiP7A+fwAYFZRD</latexit>

e.g., Vlow-k

SM 
P space

SM 
P space

the unique discrete,
translationally
invariant basis

is the HO

E ⇠ ~!
<latexit sha1_base64="I85Vuf26BndfM9ZmHeBciWm+mq0=">AAAB/HicbVBNS8NAEJ3Ur1q/oj16WSyCp5KIqMeCCB4r2A9oQtlsN+3S3U3Y3Qih1L/ixYMiXv0h3vw3btsctPXBwOO9GWbmRSln2njet1NaW9/Y3CpvV3Z29/YP3MOjtk4yRWiLJDxR3QhrypmkLcMMp91UUSwiTjvR+Gbmdx6p0iyRDyZPaSjwULKYEWys1HertyjQTKBgFGGFgkTQIe67Na/uzYFWiV+QGhRo9t2vYJCQTFBpCMda93wvNeEEK8MIp9NKkGmaYjLGQ9qzVGJBdTiZHz9Fp1YZoDhRtqRBc/X3xAQLrXMR2U6BzUgvezPxP6+Xmfg6nDCZZoZKslgUZxyZBM2SQAOmKDE8twQTxeytiIywwsTYvCo2BH/55VXSPq/7Xt2/v6g1Los4ynAMJ3AGPlxBA+6gCS0gkMMzvMKb8+S8OO/Ox6K15BQzVfgD5/MHjiWUBQ==</latexit><latexit sha1_base64="I85Vuf26BndfM9ZmHeBciWm+mq0=">AAAB/HicbVBNS8NAEJ3Ur1q/oj16WSyCp5KIqMeCCB4r2A9oQtlsN+3S3U3Y3Qih1L/ixYMiXv0h3vw3btsctPXBwOO9GWbmRSln2njet1NaW9/Y3CpvV3Z29/YP3MOjtk4yRWiLJDxR3QhrypmkLcMMp91UUSwiTjvR+Gbmdx6p0iyRDyZPaSjwULKYEWys1HertyjQTKBgFGGFgkTQIe67Na/uzYFWiV+QGhRo9t2vYJCQTFBpCMda93wvNeEEK8MIp9NKkGmaYjLGQ9qzVGJBdTiZHz9Fp1YZoDhRtqRBc/X3xAQLrXMR2U6BzUgvezPxP6+Xmfg6nDCZZoZKslgUZxyZBM2SQAOmKDE8twQTxeytiIywwsTYvCo2BH/55VXSPq/7Xt2/v6g1Los4ynAMJ3AGPlxBA+6gCS0gkMMzvMKb8+S8OO/Ox6K15BQzVfgD5/MHjiWUBQ==</latexit><latexit sha1_base64="I85Vuf26BndfM9ZmHeBciWm+mq0=">AAAB/HicbVBNS8NAEJ3Ur1q/oj16WSyCp5KIqMeCCB4r2A9oQtlsN+3S3U3Y3Qih1L/ixYMiXv0h3vw3btsctPXBwOO9GWbmRSln2njet1NaW9/Y3CpvV3Z29/YP3MOjtk4yRWiLJDxR3QhrypmkLcMMp91UUSwiTjvR+Gbmdx6p0iyRDyZPaSjwULKYEWys1HertyjQTKBgFGGFgkTQIe67Na/uzYFWiV+QGhRo9t2vYJCQTFBpCMda93wvNeEEK8MIp9NKkGmaYjLGQ9qzVGJBdTiZHz9Fp1YZoDhRtqRBc/X3xAQLrXMR2U6BzUgvezPxP6+Xmfg6nDCZZoZKslgUZxyZBM2SQAOmKDE8twQTxeytiIywwsTYvCo2BH/55VXSPq/7Xt2/v6g1Los4ynAMJ3AGPlxBA+6gCS0gkMMzvMKb8+S8OO/Ox6K15BQzVfgD5/MHjiWUBQ==</latexit><latexit sha1_base64="I85Vuf26BndfM9ZmHeBciWm+mq0=">AAAB/HicbVBNS8NAEJ3Ur1q/oj16WSyCp5KIqMeCCB4r2A9oQtlsN+3S3U3Y3Qih1L/ixYMiXv0h3vw3btsctPXBwOO9GWbmRSln2njet1NaW9/Y3CpvV3Z29/YP3MOjtk4yRWiLJDxR3QhrypmkLcMMp91UUSwiTjvR+Gbmdx6p0iyRDyZPaSjwULKYEWys1HertyjQTKBgFGGFgkTQIe67Na/uzYFWiV+QGhRo9t2vYJCQTFBpCMda93wvNeEEK8MIp9NKkGmaYjLGQ9qzVGJBdTiZHz9Fp1YZoDhRtqRBc/X3xAQLrXMR2U6BzUgvezPxP6+Xmfg6nDCZZoZKslgUZxyZBM2SQAOmKDE8twQTxeytiIywwsTYvCo2BH/55VXSPq/7Xt2/v6g1Los4ynAMJ3AGPlxBA+6gCS0gkMMzvMKb8+S8OO/Ox6K15BQzVfgD5/MHjiWUBQ==</latexit>

softened, 
more universal form:

momentum basis



□ Lots of wonderful things could be said about this approach … so it is admittedly
   unfair to focus only on the negatives … but …
       

UV:  QCD

NN potential

E = 1
<latexit sha1_base64="fXG9VxKgfG7vf598/tK5T2o0J8E=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsBehIILHCvYD21A22027dLMJuxOhhP4LLx4U8eq/8ea/cdvmoK0PBh7vzTAzL0ikMOi6305hbX1jc6u4XdrZ3ds/KB8etUycasabLJax7gTUcCkUb6JAyTuJ5jQKJG8H45uZ337i2ohYPeAk4X5Eh0qEglG00uMtuSY9oUKc9MsVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5tfPCVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfFsOZnQiUpcsUWi8JUEozJ7H0yEJozlBNLKNPC3krYiGrK0IZUsiF4yy+vktZF1XOr3v1lpV7L4yjCCZzCOXhwBXW4gwY0gYGCZ3iFN8c4L86787FoLTj5zDH8gfP5A37vkBw=</latexit><latexit sha1_base64="fXG9VxKgfG7vf598/tK5T2o0J8E=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsBehIILHCvYD21A22027dLMJuxOhhP4LLx4U8eq/8ea/cdvmoK0PBh7vzTAzL0ikMOi6305hbX1jc6u4XdrZ3ds/KB8etUycasabLJax7gTUcCkUb6JAyTuJ5jQKJG8H45uZ337i2ohYPeAk4X5Eh0qEglG00uMtuSY9oUKc9MsVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5tfPCVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfFsOZnQiUpcsUWi8JUEozJ7H0yEJozlBNLKNPC3krYiGrK0IZUsiF4yy+vktZF1XOr3v1lpV7L4yjCCZzCOXhwBXW4gwY0gYGCZ3iFN8c4L86787FoLTj5zDH8gfP5A37vkBw=</latexit><latexit sha1_base64="fXG9VxKgfG7vf598/tK5T2o0J8E=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsBehIILHCvYD21A22027dLMJuxOhhP4LLx4U8eq/8ea/cdvmoK0PBh7vzTAzL0ikMOi6305hbX1jc6u4XdrZ3ds/KB8etUycasabLJax7gTUcCkUb6JAyTuJ5jQKJG8H45uZ337i2ohYPeAk4X5Eh0qEglG00uMtuSY9oUKc9MsVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5tfPCVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfFsOZnQiUpcsUWi8JUEozJ7H0yEJozlBNLKNPC3krYiGrK0IZUsiF4yy+vktZF1XOr3v1lpV7L4yjCCZzCOXhwBXW4gwY0gYGCZ3iFN8c4L86787FoLTj5zDH8gfP5A37vkBw=</latexit><latexit sha1_base64="fXG9VxKgfG7vf598/tK5T2o0J8E=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsBehIILHCvYD21A22027dLMJuxOhhP4LLx4U8eq/8ea/cdvmoK0PBh7vzTAzL0ikMOi6305hbX1jc6u4XdrZ3ds/KB8etUycasabLJax7gTUcCkUb6JAyTuJ5jQKJG8H45uZ337i2ohYPeAk4X5Eh0qEglG00uMtuSY9oUKc9MsVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5tfPCVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfFsOZnQiUpcsUWi8JUEozJ7H0yEJozlBNLKNPC3krYiGrK0IZUsiF4yy+vktZF1XOr3v1lpV7L4yjCCZzCOXhwBXW4gwY0gYGCZ3iFN8c4L86787FoLTj5zDH8gfP5A37vkBw=</latexit>

E = 1 GeV
<latexit sha1_base64="urh+W6YiEwPXbea4O9q/N/2c11E=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiQi6kYoiOiygn1AG8pketMOnUnCzEQIof0VNy4UceuHuPNvnLRZaPXAwOGce7lnjh9zprTjfFmlldW19Y3yZmVre2d3z94/aKsokRRaNOKR7PpEAWchtDTTHLqxBCJ8Dh1/cp37nUeQikXhg05j8AQZhSxglGgjDezqDb7CLu4LosdSZLNbaE8Hds2pO3Pgv8QtSA0VaA7sz/4woomAUFNOlOq5Tqy9jEjNKIdppZ8oiAmdkBH0DA2JAOVl8/BTfGyUIQ4iaV6o8Vz9uZERoVQqfDOZh1TLXi7+5/USHVx6GQvjRENIF4eChGMd4bwJPGQSqOapIYRKZrJiOiaSUG36qpgS3OUv/yXt07rr1N37s1rjvKijjA7RETpBLrpADXSHmqiFKErRE3pBr9bMerberPfFaMkqdqroF6yPbzHAk80=</latexit><latexit sha1_base64="urh+W6YiEwPXbea4O9q/N/2c11E=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiQi6kYoiOiygn1AG8pketMOnUnCzEQIof0VNy4UceuHuPNvnLRZaPXAwOGce7lnjh9zprTjfFmlldW19Y3yZmVre2d3z94/aKsokRRaNOKR7PpEAWchtDTTHLqxBCJ8Dh1/cp37nUeQikXhg05j8AQZhSxglGgjDezqDb7CLu4LosdSZLNbaE8Hds2pO3Pgv8QtSA0VaA7sz/4woomAUFNOlOq5Tqy9jEjNKIdppZ8oiAmdkBH0DA2JAOVl8/BTfGyUIQ4iaV6o8Vz9uZERoVQqfDOZh1TLXi7+5/USHVx6GQvjRENIF4eChGMd4bwJPGQSqOapIYRKZrJiOiaSUG36qpgS3OUv/yXt07rr1N37s1rjvKijjA7RETpBLrpADXSHmqiFKErRE3pBr9bMerberPfFaMkqdqroF6yPbzHAk80=</latexit><latexit sha1_base64="urh+W6YiEwPXbea4O9q/N/2c11E=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiQi6kYoiOiygn1AG8pketMOnUnCzEQIof0VNy4UceuHuPNvnLRZaPXAwOGce7lnjh9zprTjfFmlldW19Y3yZmVre2d3z94/aKsokRRaNOKR7PpEAWchtDTTHLqxBCJ8Dh1/cp37nUeQikXhg05j8AQZhSxglGgjDezqDb7CLu4LosdSZLNbaE8Hds2pO3Pgv8QtSA0VaA7sz/4woomAUFNOlOq5Tqy9jEjNKIdppZ8oiAmdkBH0DA2JAOVl8/BTfGyUIQ4iaV6o8Vz9uZERoVQqfDOZh1TLXi7+5/USHVx6GQvjRENIF4eChGMd4bwJPGQSqOapIYRKZrJiOiaSUG36qpgS3OUv/yXt07rr1N37s1rjvKijjA7RETpBLrpADXSHmqiFKErRE3pBr9bMerberPfFaMkqdqroF6yPbzHAk80=</latexit><latexit sha1_base64="urh+W6YiEwPXbea4O9q/N/2c11E=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiQi6kYoiOiygn1AG8pketMOnUnCzEQIof0VNy4UceuHuPNvnLRZaPXAwOGce7lnjh9zprTjfFmlldW19Y3yZmVre2d3z94/aKsokRRaNOKR7PpEAWchtDTTHLqxBCJ8Dh1/cp37nUeQikXhg05j8AQZhSxglGgjDezqDb7CLu4LosdSZLNbaE8Hds2pO3Pgv8QtSA0VaA7sz/4woomAUFNOlOq5Tqy9jEjNKIdppZ8oiAmdkBH0DA2JAOVl8/BTfGyUIQ4iaV6o8Vz9uZERoVQqfDOZh1TLXi7+5/USHVx6GQvjRENIF4eChGMd4bwJPGQSqOapIYRKZrJiOiaSUG36qpgS3OUv/yXt07rr1N37s1rjvKijjA7RETpBLrpADXSHmqiFKErRE3pBr9bMerberPfFaMkqdqroF6yPbzHAk80=</latexit>

QCD is feed in
via experiment:

phase shifts: 
momentum basis

E = 0.5 GeV
<latexit sha1_base64="3kxcPOjeKPyzp9YStOZIfCkbmmY=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEVyERXxuhIKLLCvYBbSiT6W07dCYJMxOhhIq/4saFIm79Dnf+jZM2C209MHA4517umRPEnCntut9WYWFxaXmluFpaW9/Y3LK3d+oqSiSFGo14JJsBUcBZCDXNNIdmLIGIgEMjGF5lfuMBpGJReK9HMfiC9EPWY5RoI3XsvWt8iV3nFLcF0QMp0scbqI87dtl13AnwPPFyUkY5qh37q92NaCIg1JQTpVqeG2s/JVIzymFcaicKYkKHpA8tQ0MiQPnpJP4YHxqli3uRNC/UeKL+3kiJUGokAjOZhVSzXib+57US3bvwUxbGiYaQTg/1Eo51hLMucJdJoJqPDCFUMpMV0wGRhGrTWMmU4M1+eZ7Ujx3Pdby7k3LlLK+jiPbRATpCHjpHFXSLqqiGKErRM3pFb9aT9WK9Wx/T0YKV7+yiP7A+fwAYFZRD</latexit><latexit sha1_base64="3kxcPOjeKPyzp9YStOZIfCkbmmY=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEVyERXxuhIKLLCvYBbSiT6W07dCYJMxOhhIq/4saFIm79Dnf+jZM2C209MHA4517umRPEnCntut9WYWFxaXmluFpaW9/Y3LK3d+oqSiSFGo14JJsBUcBZCDXNNIdmLIGIgEMjGF5lfuMBpGJReK9HMfiC9EPWY5RoI3XsvWt8iV3nFLcF0QMp0scbqI87dtl13AnwPPFyUkY5qh37q92NaCIg1JQTpVqeG2s/JVIzymFcaicKYkKHpA8tQ0MiQPnpJP4YHxqli3uRNC/UeKL+3kiJUGokAjOZhVSzXib+57US3bvwUxbGiYaQTg/1Eo51hLMucJdJoJqPDCFUMpMV0wGRhGrTWMmU4M1+eZ7Ujx3Pdby7k3LlLK+jiPbRATpCHjpHFXSLqqiGKErRM3pFb9aT9WK9Wx/T0YKV7+yiP7A+fwAYFZRD</latexit><latexit sha1_base64="3kxcPOjeKPyzp9YStOZIfCkbmmY=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEVyERXxuhIKLLCvYBbSiT6W07dCYJMxOhhIq/4saFIm79Dnf+jZM2C209MHA4517umRPEnCntut9WYWFxaXmluFpaW9/Y3LK3d+oqSiSFGo14JJsBUcBZCDXNNIdmLIGIgEMjGF5lfuMBpGJReK9HMfiC9EPWY5RoI3XsvWt8iV3nFLcF0QMp0scbqI87dtl13AnwPPFyUkY5qh37q92NaCIg1JQTpVqeG2s/JVIzymFcaicKYkKHpA8tQ0MiQPnpJP4YHxqli3uRNC/UeKL+3kiJUGokAjOZhVSzXib+57US3bvwUxbGiYaQTg/1Eo51hLMucJdJoJqPDCFUMpMV0wGRhGrTWMmU4M1+eZ7Ujx3Pdby7k3LlLK+jiPbRATpCHjpHFXSLqqiGKErRM3pFb9aT9WK9Wx/T0YKV7+yiP7A+fwAYFZRD</latexit><latexit sha1_base64="3kxcPOjeKPyzp9YStOZIfCkbmmY=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEVyERXxuhIKLLCvYBbSiT6W07dCYJMxOhhIq/4saFIm79Dnf+jZM2C209MHA4517umRPEnCntut9WYWFxaXmluFpaW9/Y3LK3d+oqSiSFGo14JJsBUcBZCDXNNIdmLIGIgEMjGF5lfuMBpGJReK9HMfiC9EPWY5RoI3XsvWt8iV3nFLcF0QMp0scbqI87dtl13AnwPPFyUkY5qh37q92NaCIg1JQTpVqeG2s/JVIzymFcaicKYkKHpA8tQ0MiQPnpJP4YHxqli3uRNC/UeKL+3kiJUGokAjOZhVSzXib+57US3bvwUxbGiYaQTg/1Eo51hLMucJdJoJqPDCFUMpMV0wGRhGrTWMmU4M1+eZ7Ujx3Pdby7k3LlLK+jiPbRATpCHjpHFXSLqqiGKErRM3pFb9aT9WK9Wx/T0YKV7+yiP7A+fwAYFZRD</latexit>

e.g., Vlow-k
softened, 

more universal form:
momentum basis

SM 
P space

SM 
P space

the unique discrete,
translationally
invariant basis

is the HO

E ⇠ ~!
<latexit sha1_base64="I85Vuf26BndfM9ZmHeBciWm+mq0=">AAAB/HicbVBNS8NAEJ3Ur1q/oj16WSyCp5KIqMeCCB4r2A9oQtlsN+3S3U3Y3Qih1L/ixYMiXv0h3vw3btsctPXBwOO9GWbmRSln2njet1NaW9/Y3CpvV3Z29/YP3MOjtk4yRWiLJDxR3QhrypmkLcMMp91UUSwiTjvR+Gbmdx6p0iyRDyZPaSjwULKYEWys1HertyjQTKBgFGGFgkTQIe67Na/uzYFWiV+QGhRo9t2vYJCQTFBpCMda93wvNeEEK8MIp9NKkGmaYjLGQ9qzVGJBdTiZHz9Fp1YZoDhRtqRBc/X3xAQLrXMR2U6BzUgvezPxP6+Xmfg6nDCZZoZKslgUZxyZBM2SQAOmKDE8twQTxeytiIywwsTYvCo2BH/55VXSPq/7Xt2/v6g1Los4ynAMJ3AGPlxBA+6gCS0gkMMzvMKb8+S8OO/Ox6K15BQzVfgD5/MHjiWUBQ==</latexit><latexit sha1_base64="I85Vuf26BndfM9ZmHeBciWm+mq0=">AAAB/HicbVBNS8NAEJ3Ur1q/oj16WSyCp5KIqMeCCB4r2A9oQtlsN+3S3U3Y3Qih1L/ixYMiXv0h3vw3btsctPXBwOO9GWbmRSln2njet1NaW9/Y3CpvV3Z29/YP3MOjtk4yRWiLJDxR3QhrypmkLcMMp91UUSwiTjvR+Gbmdx6p0iyRDyZPaSjwULKYEWys1HertyjQTKBgFGGFgkTQIe67Na/uzYFWiV+QGhRo9t2vYJCQTFBpCMda93wvNeEEK8MIp9NKkGmaYjLGQ9qzVGJBdTiZHz9Fp1YZoDhRtqRBc/X3xAQLrXMR2U6BzUgvezPxP6+Xmfg6nDCZZoZKslgUZxyZBM2SQAOmKDE8twQTxeytiIywwsTYvCo2BH/55VXSPq/7Xt2/v6g1Los4ynAMJ3AGPlxBA+6gCS0gkMMzvMKb8+S8OO/Ox6K15BQzVfgD5/MHjiWUBQ==</latexit><latexit sha1_base64="I85Vuf26BndfM9ZmHeBciWm+mq0=">AAAB/HicbVBNS8NAEJ3Ur1q/oj16WSyCp5KIqMeCCB4r2A9oQtlsN+3S3U3Y3Qih1L/ixYMiXv0h3vw3btsctPXBwOO9GWbmRSln2njet1NaW9/Y3CpvV3Z29/YP3MOjtk4yRWiLJDxR3QhrypmkLcMMp91UUSwiTjvR+Gbmdx6p0iyRDyZPaSjwULKYEWys1HertyjQTKBgFGGFgkTQIe67Na/uzYFWiV+QGhRo9t2vYJCQTFBpCMda93wvNeEEK8MIp9NKkGmaYjLGQ9qzVGJBdTiZHz9Fp1YZoDhRtqRBc/X3xAQLrXMR2U6BzUgvezPxP6+Xmfg6nDCZZoZKslgUZxyZBM2SQAOmKDE8twQTxeytiIywwsTYvCo2BH/55VXSPq/7Xt2/v6g1Los4ynAMJ3AGPlxBA+6gCS0gkMMzvMKb8+S8OO/Ox6K15BQzVfgD5/MHjiWUBQ==</latexit><latexit sha1_base64="I85Vuf26BndfM9ZmHeBciWm+mq0=">AAAB/HicbVBNS8NAEJ3Ur1q/oj16WSyCp5KIqMeCCB4r2A9oQtlsN+3S3U3Y3Qih1L/ixYMiXv0h3vw3btsctPXBwOO9GWbmRSln2njet1NaW9/Y3CpvV3Z29/YP3MOjtk4yRWiLJDxR3QhrypmkLcMMp91UUSwiTjvR+Gbmdx6p0iyRDyZPaSjwULKYEWys1HertyjQTKBgFGGFgkTQIe67Na/uzYFWiV+QGhRo9t2vYJCQTFBpCMda93wvNeEEK8MIp9NKkGmaYjLGQ9qzVGJBdTiZHz9Fp1YZoDhRtqRBc/X3xAQLrXMR2U6BzUgvezPxP6+Xmfg6nDCZZoZKslgUZxyZBM2SQAOmKDE8twQTxeytiIywwsTYvCo2BH/55VXSPq/7Xt2/v6g1Los4ynAMJ3AGPlxBA+6gCS0gkMMzvMKb8+S8OO/Ox6K15BQzVfgD5/MHjiWUBQ==</latexit>

gap remains:
challenging Heff calculation



HOBET is based on three ideas 

     1) Simplify to a true ET 

UV:  QCD
E = 1

<latexit sha1_base64="fXG9VxKgfG7vf598/tK5T2o0J8E=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsBehIILHCvYD21A22027dLMJuxOhhP4LLx4U8eq/8ea/cdvmoK0PBh7vzTAzL0ikMOi6305hbX1jc6u4XdrZ3ds/KB8etUycasabLJax7gTUcCkUb6JAyTuJ5jQKJG8H45uZ337i2ohYPeAk4X5Eh0qEglG00uMtuSY9oUKc9MsVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5tfPCVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfFsOZnQiUpcsUWi8JUEozJ7H0yEJozlBNLKNPC3krYiGrK0IZUsiF4yy+vktZF1XOr3v1lpV7L4yjCCZzCOXhwBXW4gwY0gYGCZ3iFN8c4L86787FoLTj5zDH8gfP5A37vkBw=</latexit><latexit sha1_base64="fXG9VxKgfG7vf598/tK5T2o0J8E=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsBehIILHCvYD21A22027dLMJuxOhhP4LLx4U8eq/8ea/cdvmoK0PBh7vzTAzL0ikMOi6305hbX1jc6u4XdrZ3ds/KB8etUycasabLJax7gTUcCkUb6JAyTuJ5jQKJG8H45uZ337i2ohYPeAk4X5Eh0qEglG00uMtuSY9oUKc9MsVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5tfPCVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfFsOZnQiUpcsUWi8JUEozJ7H0yEJozlBNLKNPC3krYiGrK0IZUsiF4yy+vktZF1XOr3v1lpV7L4yjCCZzCOXhwBXW4gwY0gYGCZ3iFN8c4L86787FoLTj5zDH8gfP5A37vkBw=</latexit><latexit sha1_base64="fXG9VxKgfG7vf598/tK5T2o0J8E=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsBehIILHCvYD21A22027dLMJuxOhhP4LLx4U8eq/8ea/cdvmoK0PBh7vzTAzL0ikMOi6305hbX1jc6u4XdrZ3ds/KB8etUycasabLJax7gTUcCkUb6JAyTuJ5jQKJG8H45uZ337i2ohYPeAk4X5Eh0qEglG00uMtuSY9oUKc9MsVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5tfPCVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfFsOZnQiUpcsUWi8JUEozJ7H0yEJozlBNLKNPC3krYiGrK0IZUsiF4yy+vktZF1XOr3v1lpV7L4yjCCZzCOXhwBXW4gwY0gYGCZ3iFN8c4L86787FoLTj5zDH8gfP5A37vkBw=</latexit><latexit sha1_base64="fXG9VxKgfG7vf598/tK5T2o0J8E=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsBehIILHCvYD21A22027dLMJuxOhhP4LLx4U8eq/8ea/cdvmoK0PBh7vzTAzL0ikMOi6305hbX1jc6u4XdrZ3ds/KB8etUycasabLJax7gTUcCkUb6JAyTuJ5jQKJG8H45uZ337i2ohYPeAk4X5Eh0qEglG00uMtuSY9oUKc9MsVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5tfPCVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfFsOZnQiUpcsUWi8JUEozJ7H0yEJozlBNLKNPC3krYiGrK0IZUsiF4yy+vktZF1XOr3v1lpV7L4yjCCZzCOXhwBXW4gwY0gYGCZ3iFN8c4L86787FoLTj5zDH8gfP5A37vkBw=</latexit>

Build the ET here;
QCD is feed in via experiment:

phase shifts;
fixes the LECs

SM 
P space

SM 
P space

E ⇠ ~!
<latexit sha1_base64="I85Vuf26BndfM9ZmHeBciWm+mq0=">AAAB/HicbVBNS8NAEJ3Ur1q/oj16WSyCp5KIqMeCCB4r2A9oQtlsN+3S3U3Y3Qih1L/ixYMiXv0h3vw3btsctPXBwOO9GWbmRSln2njet1NaW9/Y3CpvV3Z29/YP3MOjtk4yRWiLJDxR3QhrypmkLcMMp91UUSwiTjvR+Gbmdx6p0iyRDyZPaSjwULKYEWys1HertyjQTKBgFGGFgkTQIe67Na/uzYFWiV+QGhRo9t2vYJCQTFBpCMda93wvNeEEK8MIp9NKkGmaYjLGQ9qzVGJBdTiZHz9Fp1YZoDhRtqRBc/X3xAQLrXMR2U6BzUgvezPxP6+Xmfg6nDCZZoZKslgUZxyZBM2SQAOmKDE8twQTxeytiIywwsTYvCo2BH/55VXSPq/7Xt2/v6g1Los4ynAMJ3AGPlxBA+6gCS0gkMMzvMKb8+S8OO/Ox6K15BQzVfgD5/MHjiWUBQ==</latexit><latexit sha1_base64="I85Vuf26BndfM9ZmHeBciWm+mq0=">AAAB/HicbVBNS8NAEJ3Ur1q/oj16WSyCp5KIqMeCCB4r2A9oQtlsN+3S3U3Y3Qih1L/ixYMiXv0h3vw3btsctPXBwOO9GWbmRSln2njet1NaW9/Y3CpvV3Z29/YP3MOjtk4yRWiLJDxR3QhrypmkLcMMp91UUSwiTjvR+Gbmdx6p0iyRDyZPaSjwULKYEWys1HertyjQTKBgFGGFgkTQIe67Na/uzYFWiV+QGhRo9t2vYJCQTFBpCMda93wvNeEEK8MIp9NKkGmaYjLGQ9qzVGJBdTiZHz9Fp1YZoDhRtqRBc/X3xAQLrXMR2U6BzUgvezPxP6+Xmfg6nDCZZoZKslgUZxyZBM2SQAOmKDE8twQTxeytiIywwsTYvCo2BH/55VXSPq/7Xt2/v6g1Los4ynAMJ3AGPlxBA+6gCS0gkMMzvMKb8+S8OO/Ox6K15BQzVfgD5/MHjiWUBQ==</latexit><latexit sha1_base64="I85Vuf26BndfM9ZmHeBciWm+mq0=">AAAB/HicbVBNS8NAEJ3Ur1q/oj16WSyCp5KIqMeCCB4r2A9oQtlsN+3S3U3Y3Qih1L/ixYMiXv0h3vw3btsctPXBwOO9GWbmRSln2njet1NaW9/Y3CpvV3Z29/YP3MOjtk4yRWiLJDxR3QhrypmkLcMMp91UUSwiTjvR+Gbmdx6p0iyRDyZPaSjwULKYEWys1HertyjQTKBgFGGFgkTQIe67Na/uzYFWiV+QGhRo9t2vYJCQTFBpCMda93wvNeEEK8MIp9NKkGmaYjLGQ9qzVGJBdTiZHz9Fp1YZoDhRtqRBc/X3xAQLrXMR2U6BzUgvezPxP6+Xmfg6nDCZZoZKslgUZxyZBM2SQAOmKDE8twQTxeytiIywwsTYvCo2BH/55VXSPq/7Xt2/v6g1Los4ynAMJ3AGPlxBA+6gCS0gkMMzvMKb8+S8OO/Ox6K15BQzVfgD5/MHjiWUBQ==</latexit><latexit sha1_base64="I85Vuf26BndfM9ZmHeBciWm+mq0=">AAAB/HicbVBNS8NAEJ3Ur1q/oj16WSyCp5KIqMeCCB4r2A9oQtlsN+3S3U3Y3Qih1L/ixYMiXv0h3vw3btsctPXBwOO9GWbmRSln2njet1NaW9/Y3CpvV3Z29/YP3MOjtk4yRWiLJDxR3QhrypmkLcMMp91UUSwiTjvR+Gbmdx6p0iyRDyZPaSjwULKYEWys1HertyjQTKBgFGGFgkTQIe67Na/uzYFWiV+QGhRo9t2vYJCQTFBpCMda93wvNeEEK8MIp9NKkGmaYjLGQ9qzVGJBdTiZHz9Fp1YZoDhRtqRBc/X3xAQLrXMR2U6BzUgvezPxP6+Xmfg6nDCZZoZKslgUZxyZBM2SQAOmKDE8twQTxeytiIywwsTYvCo2BH/55VXSPq/7Xt2/v6g1Los4ynAMJ3AGPlxBA+6gCS0gkMMzvMKb8+S8OO/Ox6K15BQzVfgD5/MHjiWUBQ==</latexit>



       

UV:  QCD
E = 1

<latexit sha1_base64="fXG9VxKgfG7vf598/tK5T2o0J8E=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsBehIILHCvYD21A22027dLMJuxOhhP4LLx4U8eq/8ea/cdvmoK0PBh7vzTAzL0ikMOi6305hbX1jc6u4XdrZ3ds/KB8etUycasabLJax7gTUcCkUb6JAyTuJ5jQKJG8H45uZ337i2ohYPeAk4X5Eh0qEglG00uMtuSY9oUKc9MsVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5tfPCVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfFsOZnQiUpcsUWi8JUEozJ7H0yEJozlBNLKNPC3krYiGrK0IZUsiF4yy+vktZF1XOr3v1lpV7L4yjCCZzCOXhwBXW4gwY0gYGCZ3iFN8c4L86787FoLTj5zDH8gfP5A37vkBw=</latexit><latexit sha1_base64="fXG9VxKgfG7vf598/tK5T2o0J8E=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsBehIILHCvYD21A22027dLMJuxOhhP4LLx4U8eq/8ea/cdvmoK0PBh7vzTAzL0ikMOi6305hbX1jc6u4XdrZ3ds/KB8etUycasabLJax7gTUcCkUb6JAyTuJ5jQKJG8H45uZ337i2ohYPeAk4X5Eh0qEglG00uMtuSY9oUKc9MsVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5tfPCVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfFsOZnQiUpcsUWi8JUEozJ7H0yEJozlBNLKNPC3krYiGrK0IZUsiF4yy+vktZF1XOr3v1lpV7L4yjCCZzCOXhwBXW4gwY0gYGCZ3iFN8c4L86787FoLTj5zDH8gfP5A37vkBw=</latexit><latexit sha1_base64="fXG9VxKgfG7vf598/tK5T2o0J8E=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsBehIILHCvYD21A22027dLMJuxOhhP4LLx4U8eq/8ea/cdvmoK0PBh7vzTAzL0ikMOi6305hbX1jc6u4XdrZ3ds/KB8etUycasabLJax7gTUcCkUb6JAyTuJ5jQKJG8H45uZ337i2ohYPeAk4X5Eh0qEglG00uMtuSY9oUKc9MsVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5tfPCVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfFsOZnQiUpcsUWi8JUEozJ7H0yEJozlBNLKNPC3krYiGrK0IZUsiF4yy+vktZF1XOr3v1lpV7L4yjCCZzCOXhwBXW4gwY0gYGCZ3iFN8c4L86787FoLTj5zDH8gfP5A37vkBw=</latexit><latexit sha1_base64="fXG9VxKgfG7vf598/tK5T2o0J8E=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsBehIILHCvYD21A22027dLMJuxOhhP4LLx4U8eq/8ea/cdvmoK0PBh7vzTAzL0ikMOi6305hbX1jc6u4XdrZ3ds/KB8etUycasabLJax7gTUcCkUb6JAyTuJ5jQKJG8H45uZ337i2ohYPeAk4X5Eh0qEglG00uMtuSY9oUKc9MsVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5tfPCVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfFsOZnQiUpcsUWi8JUEozJ7H0yEJozlBNLKNPC3krYiGrK0IZUsiF4yy+vktZF1XOr3v1lpV7L4yjCCZzCOXhwBXW4gwY0gYGCZ3iFN8c4L86787FoLTj5zDH8gfP5A37vkBw=</latexit>

Build the ET here;
QCD is feed in via experiment:

phase shifts;
fixes the LECs

SM 
P space

SM 
P space

E ⇠ ~!
<latexit sha1_base64="I85Vuf26BndfM9ZmHeBciWm+mq0=">AAAB/HicbVBNS8NAEJ3Ur1q/oj16WSyCp5KIqMeCCB4r2A9oQtlsN+3S3U3Y3Qih1L/ixYMiXv0h3vw3btsctPXBwOO9GWbmRSln2njet1NaW9/Y3CpvV3Z29/YP3MOjtk4yRWiLJDxR3QhrypmkLcMMp91UUSwiTjvR+Gbmdx6p0iyRDyZPaSjwULKYEWys1HertyjQTKBgFGGFgkTQIe67Na/uzYFWiV+QGhRo9t2vYJCQTFBpCMda93wvNeEEK8MIp9NKkGmaYjLGQ9qzVGJBdTiZHz9Fp1YZoDhRtqRBc/X3xAQLrXMR2U6BzUgvezPxP6+Xmfg6nDCZZoZKslgUZxyZBM2SQAOmKDE8twQTxeytiIywwsTYvCo2BH/55VXSPq/7Xt2/v6g1Los4ynAMJ3AGPlxBA+6gCS0gkMMzvMKb8+S8OO/Ox6K15BQzVfgD5/MHjiWUBQ==</latexit><latexit sha1_base64="I85Vuf26BndfM9ZmHeBciWm+mq0=">AAAB/HicbVBNS8NAEJ3Ur1q/oj16WSyCp5KIqMeCCB4r2A9oQtlsN+3S3U3Y3Qih1L/ixYMiXv0h3vw3btsctPXBwOO9GWbmRSln2njet1NaW9/Y3CpvV3Z29/YP3MOjtk4yRWiLJDxR3QhrypmkLcMMp91UUSwiTjvR+Gbmdx6p0iyRDyZPaSjwULKYEWys1HertyjQTKBgFGGFgkTQIe67Na/uzYFWiV+QGhRo9t2vYJCQTFBpCMda93wvNeEEK8MIp9NKkGmaYjLGQ9qzVGJBdTiZHz9Fp1YZoDhRtqRBc/X3xAQLrXMR2U6BzUgvezPxP6+Xmfg6nDCZZoZKslgUZxyZBM2SQAOmKDE8twQTxeytiIywwsTYvCo2BH/55VXSPq/7Xt2/v6g1Los4ynAMJ3AGPlxBA+6gCS0gkMMzvMKb8+S8OO/Ox6K15BQzVfgD5/MHjiWUBQ==</latexit><latexit sha1_base64="I85Vuf26BndfM9ZmHeBciWm+mq0=">AAAB/HicbVBNS8NAEJ3Ur1q/oj16WSyCp5KIqMeCCB4r2A9oQtlsN+3S3U3Y3Qih1L/ixYMiXv0h3vw3btsctPXBwOO9GWbmRSln2njet1NaW9/Y3CpvV3Z29/YP3MOjtk4yRWiLJDxR3QhrypmkLcMMp91UUSwiTjvR+Gbmdx6p0iyRDyZPaSjwULKYEWys1HertyjQTKBgFGGFgkTQIe67Na/uzYFWiV+QGhRo9t2vYJCQTFBpCMda93wvNeEEK8MIp9NKkGmaYjLGQ9qzVGJBdTiZHz9Fp1YZoDhRtqRBc/X3xAQLrXMR2U6BzUgvezPxP6+Xmfg6nDCZZoZKslgUZxyZBM2SQAOmKDE8twQTxeytiIywwsTYvCo2BH/55VXSPq/7Xt2/v6g1Los4ynAMJ3AGPlxBA+6gCS0gkMMzvMKb8+S8OO/Ox6K15BQzVfgD5/MHjiWUBQ==</latexit><latexit sha1_base64="I85Vuf26BndfM9ZmHeBciWm+mq0=">AAAB/HicbVBNS8NAEJ3Ur1q/oj16WSyCp5KIqMeCCB4r2A9oQtlsN+3S3U3Y3Qih1L/ixYMiXv0h3vw3btsctPXBwOO9GWbmRSln2njet1NaW9/Y3CpvV3Z29/YP3MOjtk4yRWiLJDxR3QhrypmkLcMMp91UUSwiTjvR+Gbmdx6p0iyRDyZPaSjwULKYEWys1HertyjQTKBgFGGFgkTQIe67Na/uzYFWiV+QGhRo9t2vYJCQTFBpCMda93wvNeEEK8MIp9NKkGmaYjLGQ9qzVGJBdTiZHz9Fp1YZoDhRtqRBc/X3xAQLrXMR2U6BzUgvezPxP6+Xmfg6nDCZZoZKslgUZxyZBM2SQAOmKDE8twQTxeytiIywwsTYvCo2BH/55VXSPq/7Xt2/v6g1Los4ynAMJ3AGPlxBA+6gCS0gkMMzvMKb8+S8OO/Ox6K15BQzVfgD5/MHjiWUBQ==</latexit>

What is the best starting point for building
such a theory?

1) requires a theory that applies equally
     to bound states and continuum states
2)  to use phase shifts, must have a theory
     that relates         to  H

e↵
<latexit sha1_base64="btikGObfK0T9eW0CdJLIXqBaass=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIqMuCmy4r2Fboi0x6pw3NZIYko5Sh/+HGhSJu/Rd3/o2ZdhbaeiBwOOde7snxY8G1cd1vp7C2vrG5Vdwu7ezu7R+UD49aOkoUwyaLRKQefKpRcIlNw43Ah1ghDX2BbX9ym/ntR1SaR/LeTGPshXQkecAZNVbq1/vdkJqxClMMgtmgXHGr7hxklXg5qUCOxqD81R1GLAlRGiao1h3PjU0vpcpwJnBW6iYaY8omdIQdSyUNUffSeeoZObPKkASRsk8aMld/b6Q01Hoa+nYyy6iXvUz8z+skJrjppVzGiUHJFoeCRBATkawCMuQKmRFTSyhT3GYlbEwVZcYWVbIleMtfXiWti6rnVr27y0rtKq+jCCdwCufgwTXUoA4NaAIDBc/wCm/Ok/PivDsfi9GCk+8cwx84nz/VlJKu</latexit><latexit sha1_base64="btikGObfK0T9eW0CdJLIXqBaass=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIqMuCmy4r2Fboi0x6pw3NZIYko5Sh/+HGhSJu/Rd3/o2ZdhbaeiBwOOde7snxY8G1cd1vp7C2vrG5Vdwu7ezu7R+UD49aOkoUwyaLRKQefKpRcIlNw43Ah1ghDX2BbX9ym/ntR1SaR/LeTGPshXQkecAZNVbq1/vdkJqxClMMgtmgXHGr7hxklXg5qUCOxqD81R1GLAlRGiao1h3PjU0vpcpwJnBW6iYaY8omdIQdSyUNUffSeeoZObPKkASRsk8aMld/b6Q01Hoa+nYyy6iXvUz8z+skJrjppVzGiUHJFoeCRBATkawCMuQKmRFTSyhT3GYlbEwVZcYWVbIleMtfXiWti6rnVr27y0rtKq+jCCdwCufgwTXUoA4NaAIDBc/wCm/Ok/PivDsfi9GCk+8cwx84nz/VlJKu</latexit><latexit sha1_base64="btikGObfK0T9eW0CdJLIXqBaass=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIqMuCmy4r2Fboi0x6pw3NZIYko5Sh/+HGhSJu/Rd3/o2ZdhbaeiBwOOde7snxY8G1cd1vp7C2vrG5Vdwu7ezu7R+UD49aOkoUwyaLRKQefKpRcIlNw43Ah1ghDX2BbX9ym/ntR1SaR/LeTGPshXQkecAZNVbq1/vdkJqxClMMgtmgXHGr7hxklXg5qUCOxqD81R1GLAlRGiao1h3PjU0vpcpwJnBW6iYaY8omdIQdSyUNUffSeeoZObPKkASRsk8aMld/b6Q01Hoa+nYyy6iXvUz8z+skJrjppVzGiUHJFoeCRBATkawCMuQKmRFTSyhT3GYlbEwVZcYWVbIleMtfXiWti6rnVr27y0rtKq+jCCdwCufgwTXUoA4NaAIDBc/wCm/Ok/PivDsfi9GCk+8cwx84nz/VlJKu</latexit><latexit sha1_base64="btikGObfK0T9eW0CdJLIXqBaass=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIqMuCmy4r2Fboi0x6pw3NZIYko5Sh/+HGhSJu/Rd3/o2ZdhbaeiBwOOde7snxY8G1cd1vp7C2vrG5Vdwu7ezu7R+UD49aOkoUwyaLRKQefKpRcIlNw43Ah1ghDX2BbX9ym/ntR1SaR/LeTGPshXQkecAZNVbq1/vdkJqxClMMgtmgXHGr7hxklXg5qUCOxqD81R1GLAlRGiao1h3PjU0vpcpwJnBW6iYaY8omdIQdSyUNUffSeeoZObPKkASRsk8aMld/b6Q01Hoa+nYyy6iXvUz8z+skJrjppVzGiUHJFoeCRBATkawCMuQKmRFTSyhT3GYlbEwVZcYWVbIleMtfXiWti6rnVr27y0rtKq+jCCdwCufgwTXUoA4NaAIDBc/wCm/Ok/PivDsfi9GCk+8cwx84nz/VlJKu</latexit>

�(E)
<latexit sha1_base64="RM/R4qRIVtDSsa0d//owLZXe50I=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSLUS0lE1GNBBI8V7Ie0oWw2k3bpZhN2N0Ip/RVePCji1Z/jzX/jts1BWx8MPN6bYWZekAqujet+Oyura+sbm4Wt4vbO7t5+6eCwqZNMMWywRCSqHVCNgktsGG4EtlOFNA4EtoLhzdRvPaHSPJEPZpSiH9O+5BFn1FjpsRuiMLRye9Yrld2qOwNZJl5OypCj3it9dcOEZTFKwwTVuuO5qfHHVBnOBE6K3UxjStmQ9rFjqaQxan88O3hCTq0SkihRtqQhM/X3xJjGWo/iwHbG1Az0ojcV//M6mYmu/TGXaWZQsvmiKBPEJGT6PQm5QmbEyBLKFLe3EjagijJjMyraELzFl5dJ87zquVXv/qJcu8zjKMAxnEAFPLiCGtxBHRrAIIZneIU3RzkvzrvzMW9dcfKZI/gD5/MH5+6PxA==</latexit><latexit sha1_base64="RM/R4qRIVtDSsa0d//owLZXe50I=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSLUS0lE1GNBBI8V7Ie0oWw2k3bpZhN2N0Ip/RVePCji1Z/jzX/jts1BWx8MPN6bYWZekAqujet+Oyura+sbm4Wt4vbO7t5+6eCwqZNMMWywRCSqHVCNgktsGG4EtlOFNA4EtoLhzdRvPaHSPJEPZpSiH9O+5BFn1FjpsRuiMLRye9Yrld2qOwNZJl5OypCj3it9dcOEZTFKwwTVuuO5qfHHVBnOBE6K3UxjStmQ9rFjqaQxan88O3hCTq0SkihRtqQhM/X3xJjGWo/iwHbG1Az0ojcV//M6mYmu/TGXaWZQsvmiKBPEJGT6PQm5QmbEyBLKFLe3EjagijJjMyraELzFl5dJ87zquVXv/qJcu8zjKMAxnEAFPLiCGtxBHRrAIIZneIU3RzkvzrvzMW9dcfKZI/gD5/MH5+6PxA==</latexit><latexit sha1_base64="RM/R4qRIVtDSsa0d//owLZXe50I=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSLUS0lE1GNBBI8V7Ie0oWw2k3bpZhN2N0Ip/RVePCji1Z/jzX/jts1BWx8MPN6bYWZekAqujet+Oyura+sbm4Wt4vbO7t5+6eCwqZNMMWywRCSqHVCNgktsGG4EtlOFNA4EtoLhzdRvPaHSPJEPZpSiH9O+5BFn1FjpsRuiMLRye9Yrld2qOwNZJl5OypCj3it9dcOEZTFKwwTVuuO5qfHHVBnOBE6K3UxjStmQ9rFjqaQxan88O3hCTq0SkihRtqQhM/X3xJjGWo/iwHbG1Az0ojcV//M6mYmu/TGXaWZQsvmiKBPEJGT6PQm5QmbEyBLKFLe3EjagijJjMyraELzFl5dJ87zquVXv/qJcu8zjKMAxnEAFPLiCGtxBHRrAIIZneIU3RzkvzrvzMW9dcfKZI/gD5/MH5+6PxA==</latexit><latexit sha1_base64="RM/R4qRIVtDSsa0d//owLZXe50I=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSLUS0lE1GNBBI8V7Ie0oWw2k3bpZhN2N0Ip/RVePCji1Z/jzX/jts1BWx8MPN6bYWZekAqujet+Oyura+sbm4Wt4vbO7t5+6eCwqZNMMWywRCSqHVCNgktsGG4EtlOFNA4EtoLhzdRvPaHSPJEPZpSiH9O+5BFn1FjpsRuiMLRye9Yrld2qOwNZJl5OypCj3it9dcOEZTFKwwTVuuO5qfHHVBnOBE6K3UxjStmQ9rFjqaQxan88O3hCTq0SkihRtqQhM/X3xJjGWo/iwHbG1Az0ojcV//M6mYmu/TGXaWZQsvmiKBPEJGT6PQm5QmbEyBLKFLe3EjagijJjMyraELzFl5dJ87zquVXv/qJcu8zjKMAxnEAFPLiCGtxBHRrAIIZneIU3RzkvzrvzMW9dcfKZI/gD5/MH5+6PxA==</latexit>

HOBET was design to simplify such procedures 



2) build a theory analytically continuous in energy (bound + continuum)

□ Bloch Horowitz equation was developed in the 1950s:  Often used in QM
   classrooms to derive Wigner-Brillouin perturbation theory

□ In the present application we will divide the Hilbert space into P+Q, with
   a translationally invariant HO Slater determinant basis

                              
□ The BH equation in P gives the exact energy and exact 

Properties:
□ An infinite number of solutions, including essentially all of the continuum

□ A simple effective wave function:  the restriction of the true wave function to P

□ No intruder states: every state mixing with P is generated

□ Results independent of          (though good choices speed convergence) 

P ! P (b,⇤)

P | i
<latexit sha1_base64="4DM9mS1i3isFwbvrpCh22O9aK/Y=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lEsMeCF48VbCu0oWy2k3bpZhN2N4US+0+8eFDEq//Em//GbZuDtj4YeLw3w8y8MBVcG8/7dkobm1vbO+Xdyt7+weGRe3zS1kmmGLZYIhL1GFKNgktsGW4EPqYKaRwK7ITj27nfmaDSPJEPZppiENOh5BFn1Fip77pN8kR6Tc1JT1E5FNh3q17NW4CsE78gVSjQ7LtfvUHCshilYYJq3fW91AQ5VYYzgbNKL9OYUjamQ+xaKmmMOsgXl8/IhVUGJEqULWnIQv09kdNY62kc2s6YmpFe9ebif143M1E9yLlMM4OSLRdFmSAmIfMYyIArZEZMLaFMcXsrYSOqKDM2rIoNwV99eZ20r2q+V/Pvr6uNehFHGc7gHC7BhxtowB00oQUMJvAMr/Dm5M6L8+58LFtLTjFzCn/gfP4AWY+Syg==</latexit><latexit sha1_base64="4DM9mS1i3isFwbvrpCh22O9aK/Y=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lEsMeCF48VbCu0oWy2k3bpZhN2N4US+0+8eFDEq//Em//GbZuDtj4YeLw3w8y8MBVcG8/7dkobm1vbO+Xdyt7+weGRe3zS1kmmGLZYIhL1GFKNgktsGW4EPqYKaRwK7ITj27nfmaDSPJEPZppiENOh5BFn1Fip77pN8kR6Tc1JT1E5FNh3q17NW4CsE78gVSjQ7LtfvUHCshilYYJq3fW91AQ5VYYzgbNKL9OYUjamQ+xaKmmMOsgXl8/IhVUGJEqULWnIQv09kdNY62kc2s6YmpFe9ebif143M1E9yLlMM4OSLRdFmSAmIfMYyIArZEZMLaFMcXsrYSOqKDM2rIoNwV99eZ20r2q+V/Pvr6uNehFHGc7gHC7BhxtowB00oQUMJvAMr/Dm5M6L8+58LFtLTjFzCn/gfP4AWY+Syg==</latexit><latexit sha1_base64="4DM9mS1i3isFwbvrpCh22O9aK/Y=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lEsMeCF48VbCu0oWy2k3bpZhN2N4US+0+8eFDEq//Em//GbZuDtj4YeLw3w8y8MBVcG8/7dkobm1vbO+Xdyt7+weGRe3zS1kmmGLZYIhL1GFKNgktsGW4EPqYKaRwK7ITj27nfmaDSPJEPZppiENOh5BFn1Fip77pN8kR6Tc1JT1E5FNh3q17NW4CsE78gVSjQ7LtfvUHCshilYYJq3fW91AQ5VYYzgbNKL9OYUjamQ+xaKmmMOsgXl8/IhVUGJEqULWnIQv09kdNY62kc2s6YmpFe9ebif143M1E9yLlMM4OSLRdFmSAmIfMYyIArZEZMLaFMcXsrYSOqKDM2rIoNwV99eZ20r2q+V/Pvr6uNehFHGc7gHC7BhxtowB00oQUMJvAMr/Dm5M6L8+58LFtLTjFzCn/gfP4AWY+Syg==</latexit><latexit sha1_base64="4DM9mS1i3isFwbvrpCh22O9aK/Y=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lEsMeCF48VbCu0oWy2k3bpZhN2N4US+0+8eFDEq//Em//GbZuDtj4YeLw3w8y8MBVcG8/7dkobm1vbO+Xdyt7+weGRe3zS1kmmGLZYIhL1GFKNgktsGW4EPqYKaRwK7ITj27nfmaDSPJEPZppiENOh5BFn1Fip77pN8kR6Tc1JT1E5FNh3q17NW4CsE78gVSjQ7LtfvUHCshilYYJq3fW91AQ5VYYzgbNKL9OYUjamQ+xaKmmMOsgXl8/IhVUGJEqULWnIQv09kdNY62kc2s6YmpFe9ebif143M1E9yLlMM4OSLRdFmSAmIfMYyIArZEZMLaFMcXsrYSOqKDM2rIoNwV99eZ20r2q+V/Pvr6uNehFHGc7gHC7BhxtowB00oQUMJvAMr/Dm5M6L8+58LFtLTjFzCn/gfP4AWY+Syg==</latexit>
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P is the space and the cutoff scheme



ETs commonly formed are Hermitian, energy independent

□ Ben Day around 1960:  folded diagrams, nonHermitian, energy-independent
   interactions preserving good properties of the BH equation (nonorthogonality)

□ But the field prefers to create Hermitian, energy-independent 
                                
□ P has dimension D:  one can find such an        that (at most) reproduces D 
   eigenvalues
         - Lee-Suzuki procedure:   simple interpretation of the wave function lost

So why do folks make this choice? 
         - easy to fall into the trap of believing E-dependent       s are more complicated

Not so - you can have your cake, and eat it too
□ An infinite number of solutions, including essentially all of the continuum

□ A simple effective wave function

□ No intruder states: every state mixing with P is generated

H
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3) build in chiral symmetry in a more efficient way

□ It is smart to build into an EFT our knowledge of the long-range potential -
   the light pion determines the tail

□ But chiral interactions are introduced as pion exchanges between point nucleons:
       - introduces a tensor force with a 1/r3 short-range singularity
       - complicated to regulate as it scatters in Q
       - unphysical:  nucleons are composite, and pions have nothing to do with 
         the short-range NN potential

Life would be much simpler if there were a clean way to treat only the desired
long-range contribution of the pion

These three ideas are the motivation for HOBET …
                                



□ Nonrelativistic effective theory that is formulated in a HO P-space:
   discrete but translationally invariant

□ Analytically continuous in E:  applies equally to bound states or reactions
         
□ Based on a reorganization of the Bloch-Horowitz equation (WH + Tom Luu).
   Here             are the full solution  
   

BH Formulation  

E, | i
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UV - P - IR Factorization

□  Nuclear ground states are a compromise between the UV and the IR:  kinetic
    energy is minimized by delocalization;  potential energy is minimized by 
    localizing at scales 

□  Corrections due to omitted IR and UV physics are roughly comparable in 
     importance — but differ greatly in their consequences for ET
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direct diagonalization)
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Distance

PQ1 (UV) Q2 (IR)

(large-scale
direct diagonalization)

Coupling between P and
Q2 is via the K.E. operator

        connects neighboring
        shells

this means small energy
denominators, highly energy
dependent corrections

must be treated - but can be
quasi-analytically

IR propagation enhanced 
because nuclei barely bound

No Scale Separation
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Large Scale Separation



□ Nonrelativistic effective theory that is formulated in a HO P-space:
   discrete but translationally invariant

□ Analytically continuous in E:  applies equally to bound states or reactions
         
□ Based on a reorganization of the Bloch-Horowitz equation (WH + Tom Luu).
   Here             are the full solution  
   

□ Build the effective theory:

HOBET Formulation  

E, | i
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Reviewing: Properties of HOBET

□ One step from the UV theory of QCD  ➝   SM scale directly 

□ The choice of P is defined by parameters that the theorist is free to pick

   Rate of convergence may depend on the parameter choice, but not answers
                                
□ Gives the projection of the true solution to the HO for bound or continuum states

□ Simple evolution:  If one increments     ,  new configurations are added,  but
   old ones remain the same

□ Infinite number of solutions from a finite diagonalization:  in particular, continuum
   solutions as a continuous function of E

□ There is no reference to a potential in Q.   The information previously encoded in  
   and decoded from NN potentials now will be used directly in the SM-like
   space.  How is that done?

P ! P (b,⇤)

⇤
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Fixing the LECs:  HOBET’s short-range expansion is one in HO quanta: 
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□  From these operators one can construct nodal and angular momentum 
    raising and lowering operators

       
□  The expansion is effectively one around 
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FIG. 1. HOBET’s pionful e↵ective interaction, appropriate to
a HO where translational invariance requires P to be defined
in terms of total quanta (in contrast to chiral interactions
employing a momentum cut). (Color online: blue, green, red
indicate far-IR, near-IR, and UV corrections.)

the Argonne v18 potential [12]; the associated scatter-
ing in Q from the fourth line of Eq. (1) was computed
numerically [14]; and the results were shown to be equiv-
alent, to very high accuracy, to the short range expansion
represented by V� [9]. This is the traditional renormal-
ization procedure, though with the end result expressed
compactly in terms of HOBET’s e↵ective interaction.

Here we execute HOBET as a true ET, severing
connections to realistic potentials. Instead of numer-
ically integrating out a UV potential, the parameters
of the ET are determined directly from the energy self-
consistency of the BH equation, after imposing appropri-
ate IR boundary conditions through GQT . Bound state
wave functions must vanish asymptotically, while scat-
tering states must oscillate with the proper phase shift
[13]. In analogy with nuclear EFT, two versions are nat-

ural, pionless HOBET where V ⌘ 0, and pionful HOBET
where V ! V

IR
⇡ . V

IR
⇡ is a further IR correction of long-

distance behavior, augmenting the kinetic energy sum-
mation. In contrast to EFT approaches, the pion plays
no role at short ranges in HOBET.

As HOBET’s technical aspects are described elsewhere
[15], the description here focuses on simple examples.
The original HOBET expansion [9] can be recast in terms
of HO creation (a†

x, a
†
y, a

†
z) and annihilation operators,
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satisfying the usual commutation relations. Here r =
(r1 � r2)/

p
2b is the dimensionless Jacobi coordinate.

Defining projections with good angular momentum,
a
†
M = êM · a† and ãM = (�1)M

a�M , where êM is the
spherical unit vector, nodal and angular momentum low-
ering operators for the HO can be formed
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HOBET’s short-range expansion can be carried out. We
obtain the S channel N3LO and abbreviated SD(tensor
interaction) channel expansions
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where the low-energy constants (LECs) aLO, aNLO, ... carry units of energy. The HO matrix elements are
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FIG. 1. HOBET’s pionful e↵ective interaction, appropriate to
a HO where translational invariance requires P to be defined
in terms of total quanta (in contrast to chiral interactions
employing a momentum cut). (Color online: blue, green, red
indicate far-IR, near-IR, and UV corrections.)

the Argonne v18 potential [12]; the associated scatter-
ing in Q from the fourth line of Eq. (1) was computed
numerically [14]; and the results were shown to be equiv-
alent, to very high accuracy, to the short range expansion
represented by V� [9]. This is the traditional renormal-
ization procedure, though with the end result expressed
compactly in terms of HOBET’s e↵ective interaction.

Here we execute HOBET as a true ET, severing
connections to realistic potentials. Instead of numer-
ically integrating out a UV potential, the parameters
of the ET are determined directly from the energy self-
consistency of the BH equation, after imposing appropri-
ate IR boundary conditions through GQT . Bound state
wave functions must vanish asymptotically, while scat-
tering states must oscillate with the proper phase shift
[13]. In analogy with nuclear EFT, two versions are nat-

ural, pionless HOBET where V ⌘ 0, and pionful HOBET
where V ! V
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⇡ is a further IR correction of long-

distance behavior, augmenting the kinetic energy sum-
mation. In contrast to EFT approaches, the pion plays
no role at short ranges in HOBET.

As HOBET’s technical aspects are described elsewhere
[15], the description here focuses on simple examples.
The original HOBET expansion [9] can be recast in terms
of HO creation (a†

x, a
†
y, a

†
z) and annihilation operators,

ai ⌘ 1p
2

✓
@

@ri
+ ri

◆
a
†
i ⌘ 1p

2

✓
� @

@ri
+ ri

◆

satisfying the usual commutation relations. Here r =
(r1 � r2)/

p
2b is the dimensionless Jacobi coordinate.

Defining projections with good angular momentum,
a
†
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+ a

S,42
N3LO

�
(a† � a†)2|n0 0ihn 0|ã � ã + a† � a†|n0 0ihn 0|(ã � ã)2
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FIG. 1. HOBET’s pionful e↵ective interaction, appropriate to
a HO where translational invariance requires P to be defined
in terms of total quanta (in contrast to chiral interactions
employing a momentum cut). (Color online: blue, green, red
indicate far-IR, near-IR, and UV corrections.)

the Argonne v18 potential [12]; the associated scatter-
ing in Q from the fourth line of Eq. (1) was computed
numerically [14]; and the results were shown to be equiv-
alent, to very high accuracy, to the short range expansion
represented by V� [9]. This is the traditional renormal-
ization procedure, though with the end result expressed
compactly in terms of HOBET’s e↵ective interaction.

Here we execute HOBET as a true ET, severing
connections to realistic potentials. Instead of numer-
ically integrating out a UV potential, the parameters
of the ET are determined directly from the energy self-
consistency of the BH equation, after imposing appropri-
ate IR boundary conditions through GQT . Bound state
wave functions must vanish asymptotically, while scat-
tering states must oscillate with the proper phase shift
[13]. In analogy with nuclear EFT, two versions are nat-

ural, pionless HOBET where V ⌘ 0, and pionful HOBET
where V ! V

IR
⇡ . V

IR
⇡ is a further IR correction of long-

distance behavior, augmenting the kinetic energy sum-
mation. In contrast to EFT approaches, the pion plays
no role at short ranges in HOBET.

As HOBET’s technical aspects are described elsewhere
[15], the description here focuses on simple examples.
The original HOBET expansion [9] can be recast in terms
of HO creation (a†

x, a
†
y, a

†
z) and annihilation operators,

ai ⌘ 1p
2

✓
@

@ri
+ ri

◆
a
†
i ⌘ 1p

2

✓
� @

@ri
+ ri

◆

satisfying the usual commutation relations. Here r =
(r1 � r2)/

p
2b is the dimensionless Jacobi coordinate.

Defining projections with good angular momentum,
a
†
M = êM · a† and ãM = (�1)M

a�M , where êM is the
spherical unit vector, nodal and angular momentum low-
ering operators for the HO can be formed

ã � ã |n`mi = �2
p

(n � 1) (n + ` � 1/2) |n � 1 `mi
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(�1)` 2`/2

s
l!
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2 ]
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2 ]

|n00i (2)

where |n`mi is a normalized HO state. Using

�(r) =
X
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, (3)

HOBET’s short-range expansion can be carried out. We
obtain the S channel N3LO and abbreviated SD(tensor
interaction) channel expansions

V
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where the low-energy constants (LECs) aLO, aNLO, ... carry units of energy. The HO matrix elements are
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r ⇠ b



□  Expansion order is defined in terms of oscillator quanta

V S

�
= aS

LO
�(r) + aS

NLO
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+ · · ·
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□  If we had computed the LECs from a potential, we would have found that the LECs
    are a non-local generalization of the familiar Talmi integrals

3

HOBET’s short-range expansion in oscillator quanta is
equivalent to a gradient expansion around r ⇠ b, produc-
ing a characteristic dependence on nodal quantum num-
bers [9]. Similar expressions exist at N3LO for the D, DG,
P, PF, and F channels [15]. By exploiting properties of
the free Green’s function of Eq. (6), the corresponding
“edge states” matrix elements can also be evaluated ana-
lytically. Edge states are generating from |n`i in the last
shell of P where EGQT (E)P |n`i 6= P |n`i: the kinetic
energy IR sum in Q is incorporated through these states.

The analogous short-range expansion for potentials is
in terms of the Talmi moment integrals, e.g., for S-waves,

Z
dr0dr r

2p0
e
�r02/2

Y00(⌦
0) V (r0, r) r

2p
e
�r2/2

Y00(⌦)

The LECs for a potential are proportional to these in-
tegrals. Consequently the short-range contributions of
V⇡, denoted V

UV
⇡ , can be exactly encoded in LECs:

the expressions are given in [9]. In pionful HOBET,
V

IR
⇡ ⌘ V⇡ �V

UV
⇡ . Even before this subtraction, V⇡, with

its 1/r
3 tensor force, is well-behaved in HOBET because

b and ⇤ act as cuto↵s. Then HOBET executes additional
subtractions up to the number of LECs available in each
partial-wave channel, to produce a very soft V

IR
⇡ .

When HOBET’s LECs are determined, the pion makes
no explicit contribution to any of the fitted channels, as
V

UV
⇡ has been removed. This contrasts with EFT ap-

proaches, where the pion is an explicit degree of free-
dom, employed at short ranges where realistic interac-
tions are not pionic, generating debates about the best
power-counting scheme [16]. Taking N3LO as an exam-
ple, once HOBET’s LECs are fixed, the values of the
shortest range matrix elements for which 2(n0 � 1) + `

0 +
2(n � 1) + `  6 are completely determined. The fit-
ted LECs also contribute to matrix elements for which
2(n0 � 1) + `

0 + 2(n � 1) + ` > 6, but there higher-order,
long-range Talmi integrals also contribute. Pionful HO-
BET assigns to these Talmi integrals their pionic values.

HOBET’s summation of the e↵ective kinetic energy
operator to all orders in Eq. (1) can generate di↵erential
reductions in binding energies of up to ~!, as E ! 0
from below, illustrating the size of the shifts associated
with kinetic energy delocalization in this limit. The edge
state can be computed from the free Green’s function, at
the cost of a matrix inversion in P

EGQT P |n`mi = G0(E)[PG0(E)P ]�1|n`mi

G0(E) =

⇢
1/(r2 � 

2) E < 0
1/(r2 + k

2) E > 0
(6)

where  ⌘
p

2|E|/~!, k =
p

2E/~!, and r are dimen-
sionless. Matrix elements of G0 in P can be evaluated an-
alytically. We employ standing-wave Green’s functions.
The proper treatment of these Green’s functions is the
key to executing HOBET as an ET.

For bound states G0(E) is determined by the binding
energy, with self-consistent solutions of the BH equation
then yielding the discrete eigenvalues. In contrast, for

E > 0, there exists a solution at every energy, while the
IR behavior depends not only on E, but also on the phase
shift �`(E) that appears in the homogeneous term in G0,

G0(E > 0; r, r0) = �cos k|r � r0|
4⇡|r � r0|

� k

X

`m

cot �`(E) j`(kr) j`(kr
0) Y`m(⌦)Y ⇤

`m(⌦0) (7)

Phase shifts previously encoded into NN potentials are
thus fed into HOBET through G0, properly fixing its IR
behavior. If this is done at some E followed by a diag-
onalization in P , clearly an eigenvalue will not typically
be found at that E. As the theory is complete and the
IR behavior correct, the source of this discrepancy must
be in the UV, an inadequate V�. V�’s LECs should then
be adjusted to fix the discrepancy. In practice the N3LO
LECs are chosen to produce a best fit to all of the phase
shift information between threshold and 40 MeV CM en-
ergy, in the 1S0, 3S1-3D1, 1D2, 3D1, 3D2, 3D3-3G3, 1P1,
3P0, 3P1, 3P2-3F2, 1F3, and 3FJ channels, in channel
by channel calculations. The number of LECs at N3LO
varys from six in the S-wave channels to one in the F and
mixed DG channels. Technical details of the fitting pro-
cedure are given in [15]. When tensor forces mix channels
such as 3S1/

3D1, we use the S-matrix to express the pos-
sible asymptotic states as a linear combination of basis
states. We construct an H

eff for each basis state to con-
strain the entire space. A convenient basis is implied by
the diagonalization of the S matrix, giving one asymp-
totic state that is mostly 3S1 and one that is mostly 3D1.
We can assign a number nb of weights, Wb, to these states
reflecting the fraction of 3S1 and 3D1 in the bound state.

With an exact ET and perfect phase shift data,
PH

e↵(Ei)P | ii = EiP | ii for each energy Ei of a
set spanning the energy interval of interest. But un-
der realistic conditions, PH

e↵(Ei)P | ii = ✏iP | ii,
where ✏i is an eigenvalue near but not identical
to Ei. Our LECs were determined by minimizing
the total self-consistency error over sampled energies,
C2(LECs)=(1/(N ⇤ nb))

Pnb

b=1

PN
i=1 C2

b,i where Cb,i =
Wb(Ei � ✏i)/Ei ⌘ Wb�Ei/Ei. The fitting was done suc-
cessively through the orders, e.g., with the LECs from
the NLO minimization forming the starting values for
the NNLO LEC minimization, etc.

The procedure was tested in a realistic S-wave model –
square well plus hard core – for which exact phase shifts
were known, in order to evaluate convergence proper-
ties. A P space with b = 1.7 fm and ⇤ = 8 (5 in-
cluded S-states) was used in this test. A ⇠ two-orders-of-
magnitude improvement in C

2 per order in the expansion
[9] was obtained.

Another important test was performed with the same
model and P space: are LECs obtained in one energy
interval indeed constant, over the full energy range con-
sidered? aLO was determined 10 times at single ener-
gies sampled at 1 MeV intervals from 1 to 10 MeV, with
higher order LECs set to zero. The results in Fig. 2 show

aLO $ (p0, p) = (0, 0) aNLO $ (p0, p) = (0, 1) or (1, 0) etc.



□       is already regulated by b, Λ

□  our LO expansion systematically subtracts out the shortest range Talmi 
    integrals:  there is a 1-to-1 correspondence between LECs and Talmi integrals

□  it makes no sense to include      in any Talmi integral that has an fitted LEC

    thus the only effect of         is to correct the long-range Talmi integrals for 
    which there is no LEC

□  thus in HOBET the pion is a near-infrared contribution, weak and 
    perturbative:  its peak contribution (b=1.7 f) is at 4.1 f

 

HOBET’s VIRᴨ

V⇡

V⇡ = V IR
⇡ + V UV

⇡ V UV
⇡ = V�(aLECs ! a⇡LECs)

V IR
⇡

V⇡
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Pionful HOBET NLO
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QT summed to all orders
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Pionful HOBET N2LO

hn0(`0 = 0S)J ;T | He↵ |n(` = 0S)J ;T i
<latexit sha1_base64="0smnjRFq/RDUOH6nuAcIFpoXRw0="></latexit><latexit sha1_base64="0smnjRFq/RDUOH6nuAcIFpoXRw0="></latexit><latexit sha1_base64="0smnjRFq/RDUOH6nuAcIFpoXRw0="></latexit><latexit sha1_base64="0smnjRFq/RDUOH6nuAcIFpoXRw0="></latexit>

V IR⇡<latexit sha1_base64="8jen9ciZEtC5yDHCOcc4LkNjtCg=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KokI9ljworcq9gPbWDbbTbt0swm7E6GE/gsvHhTx6r/x5r9x2+agrQ8GHu/NMDMvSKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGV1O/9cS1EbG6x3HC/YgOlAgFo2ilh2avm4jH7OZu0iuV3Yo7A1kmXk7KkKPeK311+zFLI66QSWpMx3MT9DOqUTDJJ8VuanhC2YgOeMdSRSNu/Gx28YScWqVPwljbUkhm6u+JjEbGjKPAdkYUh2bRm4r/eZ0Uw6qfCZWkyBWbLwpTSTAm0/dJX2jOUI4toUwLeythQ6opQxtS0YbgLb68TJrnFc+teLcX5Vo1j6MAx3ACZ+DBJdTgGurQAAYKnuEV3hzjvDjvzse8dcXJZ47gD5zPH2L0kK8=</latexit><latexit sha1_base64="8jen9ciZEtC5yDHCOcc4LkNjtCg=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KokI9ljworcq9gPbWDbbTbt0swm7E6GE/gsvHhTx6r/x5r9x2+agrQ8GHu/NMDMvSKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGV1O/9cS1EbG6x3HC/YgOlAgFo2ilh2avm4jH7OZu0iuV3Yo7A1kmXk7KkKPeK311+zFLI66QSWpMx3MT9DOqUTDJJ8VuanhC2YgOeMdSRSNu/Gx28YScWqVPwljbUkhm6u+JjEbGjKPAdkYUh2bRm4r/eZ0Uw6qfCZWkyBWbLwpTSTAm0/dJX2jOUI4toUwLeythQ6opQxtS0YbgLb68TJrnFc+teLcX5Vo1j6MAx3ACZ+DBJdTgGurQAAYKnuEV3hzjvDjvzse8dcXJZ47gD5zPH2L0kK8=</latexit><latexit sha1_base64="8jen9ciZEtC5yDHCOcc4LkNjtCg=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KokI9ljworcq9gPbWDbbTbt0swm7E6GE/gsvHhTx6r/x5r9x2+agrQ8GHu/NMDMvSKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGV1O/9cS1EbG6x3HC/YgOlAgFo2ilh2avm4jH7OZu0iuV3Yo7A1kmXk7KkKPeK311+zFLI66QSWpMx3MT9DOqUTDJJ8VuanhC2YgOeMdSRSNu/Gx28YScWqVPwljbUkhm6u+JjEbGjKPAdkYUh2bRm4r/eZ0Uw6qfCZWkyBWbLwpTSTAm0/dJX2jOUI4toUwLeythQ6opQxtS0YbgLb68TJrnFc+teLcX5Vo1j6MAx3ACZ+DBJdTgGurQAAYKnuEV3hzjvDjvzse8dcXJZ47gD5zPH2L0kK8=</latexit><latexit sha1_base64="8jen9ciZEtC5yDHCOcc4LkNjtCg=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KokI9ljworcq9gPbWDbbTbt0swm7E6GE/gsvHhTx6r/x5r9x2+agrQ8GHu/NMDMvSKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGV1O/9cS1EbG6x3HC/YgOlAgFo2ilh2avm4jH7OZu0iuV3Yo7A1kmXk7KkKPeK311+zFLI66QSWpMx3MT9DOqUTDJJ8VuanhC2YgOeMdSRSNu/Gx28YScWqVPwljbUkhm6u+JjEbGjKPAdkYUh2bRm4r/eZ0Uw6qfCZWkyBWbLwpTSTAm0/dJX2jOUI4toUwLeythQ6opQxtS0YbgLb68TJrnFc+teLcX5Vo1j6MAx3ACZ+DBJdTgGurQAAYKnuEV3hzjvDjvzse8dcXJZ47gD5zPH2L0kK8=</latexit>P

P



n=1   n=2  n=3  n=4   n=5   n=6  n=7   n=8   n=9  n=10     ….

    :
    :
n’=10

n’=9

n’=8

n’=7

n’=6

n’=5

n’=4

n’=3

n’=2

n’=1

⇤ = 8~!

QT summed to all orders

Pionful HOBET N3LO
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As the short-range
expansion is continued,
pionic contributions are

pushed further and
further into the infrared

hn0(`0 = 0S)J ;T | He↵ |n(` = 0S)J ;T i
<latexit sha1_base64="0smnjRFq/RDUOH6nuAcIFpoXRw0="></latexit><latexit sha1_base64="0smnjRFq/RDUOH6nuAcIFpoXRw0="></latexit><latexit sha1_base64="0smnjRFq/RDUOH6nuAcIFpoXRw0="></latexit><latexit sha1_base64="0smnjRFq/RDUOH6nuAcIFpoXRw0="></latexit>

P

P



□   Leading near-IR pionic contribution is governed by

     and the depends on a single dimensionless parameter

□   The short-range operator structure at N3LO is
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+ aS,22
NNLO

a† � a†|n00ihn0|ã� ã
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+ aS,60
N3LO

[(a† � a†)3|n00ihn0|+ |n00ihn0|(ã� ã)3]
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so                               only gets a contribution from 

and                             gets contribution from

so scheme-independent fitting procedure 

more generally,  the lowest-energy information determines the LECs
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<latexit sha1_base64="PdpOb8I7xaFx5Vot3o0hq7fPzJ4=">AAACCHicbVA9SwNBEN2LXzF+RS0tXAyCVbgTwTSBgI1lBPMBuTPsbeaSJXt7x+6cEkJKG/+KjYUitv4EO/+Nd0kKTXww8Hhvhpl5fiyFQdv+tnIrq2vrG/nNwtb2zu5ecf+gaaJEc2jwSEa67TMDUihooEAJ7VgDC30JLX94lfmte9BGROoWRzF4IesrEQjOMJW6xWN158ZahFB1qCshQC36A2RaRw9UVZ1Ct1iyy/YUdJk4c1Iic9S7xS+3F/EkBIVcMmM6jh2jN2YaBZcwKbiJgZjxIetDJ6WKhWC88fSRCT1NlR4NIp2WQjpVf0+MWWjMKPTTzpDhwCx6mfif10kwqHhjoeIEQfHZoiCRFCOapUJ7QgNHOUoJ41qkt1I+YJpxTLPLQnAWX14mzfOyY5edm4tSrTKPI0+OyAk5Iw65JDVyTeqkQTh5JM/klbxZT9aL9W59zFpz1nzmkPyB9fkDmACZAA==</latexit><latexit sha1_base64="PdpOb8I7xaFx5Vot3o0hq7fPzJ4=">AAACCHicbVA9SwNBEN2LXzF+RS0tXAyCVbgTwTSBgI1lBPMBuTPsbeaSJXt7x+6cEkJKG/+KjYUitv4EO/+Nd0kKTXww8Hhvhpl5fiyFQdv+tnIrq2vrG/nNwtb2zu5ecf+gaaJEc2jwSEa67TMDUihooEAJ7VgDC30JLX94lfmte9BGROoWRzF4IesrEQjOMJW6xWN158ZahFB1qCshQC36A2RaRw9UVZ1Ct1iyy/YUdJk4c1Iic9S7xS+3F/EkBIVcMmM6jh2jN2YaBZcwKbiJgZjxIetDJ6WKhWC88fSRCT1NlR4NIp2WQjpVf0+MWWjMKPTTzpDhwCx6mfif10kwqHhjoeIEQfHZoiCRFCOapUJ7QgNHOUoJ41qkt1I+YJpxTLPLQnAWX14mzfOyY5edm4tSrTKPI0+OyAk5Iw65JDVyTeqkQTh5JM/klbxZT9aL9W59zFpz1nzmkPyB9fkDmACZAA==</latexit><latexit sha1_base64="PdpOb8I7xaFx5Vot3o0hq7fPzJ4=">AAACCHicbVA9SwNBEN2LXzF+RS0tXAyCVbgTwTSBgI1lBPMBuTPsbeaSJXt7x+6cEkJKG/+KjYUitv4EO/+Nd0kKTXww8Hhvhpl5fiyFQdv+tnIrq2vrG/nNwtb2zu5ecf+gaaJEc2jwSEa67TMDUihooEAJ7VgDC30JLX94lfmte9BGROoWRzF4IesrEQjOMJW6xWN158ZahFB1qCshQC36A2RaRw9UVZ1Ct1iyy/YUdJk4c1Iic9S7xS+3F/EkBIVcMmM6jh2jN2YaBZcwKbiJgZjxIetDJ6WKhWC88fSRCT1NlR4NIp2WQjpVf0+MWWjMKPTTzpDhwCx6mfif10kwqHhjoeIEQfHZoiCRFCOapUJ7QgNHOUoJ41qkt1I+YJpxTLPLQnAWX14mzfOyY5edm4tSrTKPI0+OyAk5Iw65JDVyTeqkQTh5JM/klbxZT9aL9W59zFpz1nzmkPyB9fkDmACZAA==</latexit><latexit sha1_base64="PdpOb8I7xaFx5Vot3o0hq7fPzJ4=">AAACCHicbVA9SwNBEN2LXzF+RS0tXAyCVbgTwTSBgI1lBPMBuTPsbeaSJXt7x+6cEkJKG/+KjYUitv4EO/+Nd0kKTXww8Hhvhpl5fiyFQdv+tnIrq2vrG/nNwtb2zu5ecf+gaaJEc2jwSEa67TMDUihooEAJ7VgDC30JLX94lfmte9BGROoWRzF4IesrEQjOMJW6xWN158ZahFB1qCshQC36A2RaRw9UVZ1Ct1iyy/YUdJk4c1Iic9S7xS+3F/EkBIVcMmM6jh2jN2YaBZcwKbiJgZjxIetDJ6WKhWC88fSRCT1NlR4NIp2WQjpVf0+MWWjMKPTTzpDhwCx6mfif10kwqHhjoeIEQfHZoiCRFCOapUJ7QgNHOUoJ41qkt1I+YJpxTLPLQnAWX14mzfOyY5edm4tSrTKPI0+OyAk5Iw65JDVyTeqkQTh5JM/klbxZT9aL9W59zFpz1nzmkPyB9fkDmACZAA==</latexit>

n0 = 1 $ n = 2
<latexit sha1_base64="QC6pK6HjmBx+9fpfNuQzdgKLhR4=">AAACCHicbVA9SwNBEN3zM8avqKWFi0GwCndBME0gYGMZwXxALoa9zVyyZG/v2J1TQkhp41+xsVDE1p9g57/xLrlCEx8MPN6bYWaeF0lh0La/rZXVtfWNzdxWfntnd2+/cHDYNGGsOTR4KEPd9pgBKRQ0UKCEdqSBBZ6Elje6Sv3WPWgjQnWL4wi6ARso4QvOMJF6hRN150ZaBFB1qCvBRy0GQ2Rahw9UVcv5XqFol+wZ6DJxMlIkGeq9wpfbD3kcgEIumTEdx46wO2EaBZcwzbuxgYjxERtAJ6GKBWC6k9kjU3qWKH3qhzophXSm/p6YsMCYceAlnQHDoVn0UvE/rxOjX+lOhIpiBMXni/xYUgxpmgrtCw0c5TghjGuR3Er5kGnGMckuDcFZfHmZNMslxy45NxfFWiWLI0eOySk5Jw65JDVyTeqkQTh5JM/klbxZT9aL9W59zFtXrGzmiPyB9fkDmYWZAQ==</latexit><latexit sha1_base64="QC6pK6HjmBx+9fpfNuQzdgKLhR4=">AAACCHicbVA9SwNBEN3zM8avqKWFi0GwCndBME0gYGMZwXxALoa9zVyyZG/v2J1TQkhp41+xsVDE1p9g57/xLrlCEx8MPN6bYWaeF0lh0La/rZXVtfWNzdxWfntnd2+/cHDYNGGsOTR4KEPd9pgBKRQ0UKCEdqSBBZ6Elje6Sv3WPWgjQnWL4wi6ARso4QvOMJF6hRN150ZaBFB1qCvBRy0GQ2Rahw9UVcv5XqFol+wZ6DJxMlIkGeq9wpfbD3kcgEIumTEdx46wO2EaBZcwzbuxgYjxERtAJ6GKBWC6k9kjU3qWKH3qhzophXSm/p6YsMCYceAlnQHDoVn0UvE/rxOjX+lOhIpiBMXni/xYUgxpmgrtCw0c5TghjGuR3Er5kGnGMckuDcFZfHmZNMslxy45NxfFWiWLI0eOySk5Jw65JDVyTeqkQTh5JM/klbxZT9aL9W59zFtXrGzmiPyB9fkDmYWZAQ==</latexit><latexit sha1_base64="QC6pK6HjmBx+9fpfNuQzdgKLhR4=">AAACCHicbVA9SwNBEN3zM8avqKWFi0GwCndBME0gYGMZwXxALoa9zVyyZG/v2J1TQkhp41+xsVDE1p9g57/xLrlCEx8MPN6bYWaeF0lh0La/rZXVtfWNzdxWfntnd2+/cHDYNGGsOTR4KEPd9pgBKRQ0UKCEdqSBBZ6Elje6Sv3WPWgjQnWL4wi6ARso4QvOMJF6hRN150ZaBFB1qCvBRy0GQ2Rahw9UVcv5XqFol+wZ6DJxMlIkGeq9wpfbD3kcgEIumTEdx46wO2EaBZcwzbuxgYjxERtAJ6GKBWC6k9kjU3qWKH3qhzophXSm/p6YsMCYceAlnQHDoVn0UvE/rxOjX+lOhIpiBMXni/xYUgxpmgrtCw0c5TghjGuR3Er5kGnGMckuDcFZfHmZNMslxy45NxfFWiWLI0eOySk5Jw65JDVyTeqkQTh5JM/klbxZT9aL9W59zFtXrGzmiPyB9fkDmYWZAQ==</latexit><latexit sha1_base64="QC6pK6HjmBx+9fpfNuQzdgKLhR4=">AAACCHicbVA9SwNBEN3zM8avqKWFi0GwCndBME0gYGMZwXxALoa9zVyyZG/v2J1TQkhp41+xsVDE1p9g57/xLrlCEx8MPN6bYWaeF0lh0La/rZXVtfWNzdxWfntnd2+/cHDYNGGsOTR4KEPd9pgBKRQ0UKCEdqSBBZ6Elje6Sv3WPWgjQnWL4wi6ARso4QvOMJF6hRN150ZaBFB1qCvBRy0GQ2Rahw9UVcv5XqFol+wZ6DJxMlIkGeq9wpfbD3kcgEIumTEdx46wO2EaBZcwzbuxgYjxERtAJ6GKBWC6k9kjU3qWKH3qhzophXSm/p6YsMCYceAlnQHDoVn0UvE/rxOjX+lOhIpiBMXni/xYUgxpmgrtCw0c5TghjGuR3Er5kGnGMckuDcFZfHmZNMslxy45NxfFWiWLI0eOySk5Jw65JDVyTeqkQTh5JM/klbxZT9aL9W59zFtXrGzmiPyB9fkDmYWZAQ==</latexit>

aLO
<latexit sha1_base64="vgn9mpfrCiYxGMjf0SwJM9E2IBo=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsMeCFw+CFewHtKFMtpt26WYTdjdCCf0RXjwo4tXf481/46bNQasPBh7vzTAzL0gE18Z1v5zS2vrG5lZ5u7Kzu7d/UD086ug4VZS1aSxi1QtQM8ElaxtuBOslimEUCNYNpte5331kSvNYPphZwvwIx5KHnKKxUheH2e3dvDKs1ty6uwD5S7yC1KBAa1j9HIximkZMGipQ677nJsbPUBlOBZtXBqlmCdIpjlnfUokR0362OHdOzqwyImGsbElDFurPiQwjrWdRYDsjNBO96uXif14/NWHDz7hMUsMkXS4KU0FMTPLfyYgrRo2YWYJUcXsroRNUSI1NKA/BW335L+lc1D237t1f1pqNIo4ynMApnIMHV9CEG2hBGyhM4Qle4NVJnGfnzXlftpacYuYYfsH5+AaoCY8T</latexit><latexit sha1_base64="vgn9mpfrCiYxGMjf0SwJM9E2IBo=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsMeCFw+CFewHtKFMtpt26WYTdjdCCf0RXjwo4tXf481/46bNQasPBh7vzTAzL0gE18Z1v5zS2vrG5lZ5u7Kzu7d/UD086ug4VZS1aSxi1QtQM8ElaxtuBOslimEUCNYNpte5331kSvNYPphZwvwIx5KHnKKxUheH2e3dvDKs1ty6uwD5S7yC1KBAa1j9HIximkZMGipQ677nJsbPUBlOBZtXBqlmCdIpjlnfUokR0362OHdOzqwyImGsbElDFurPiQwjrWdRYDsjNBO96uXif14/NWHDz7hMUsMkXS4KU0FMTPLfyYgrRo2YWYJUcXsroRNUSI1NKA/BW335L+lc1D237t1f1pqNIo4ynMApnIMHV9CEG2hBGyhM4Qle4NVJnGfnzXlftpacYuYYfsH5+AaoCY8T</latexit><latexit sha1_base64="vgn9mpfrCiYxGMjf0SwJM9E2IBo=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsMeCFw+CFewHtKFMtpt26WYTdjdCCf0RXjwo4tXf481/46bNQasPBh7vzTAzL0gE18Z1v5zS2vrG5lZ5u7Kzu7d/UD086ug4VZS1aSxi1QtQM8ElaxtuBOslimEUCNYNpte5331kSvNYPphZwvwIx5KHnKKxUheH2e3dvDKs1ty6uwD5S7yC1KBAa1j9HIximkZMGipQ677nJsbPUBlOBZtXBqlmCdIpjlnfUokR0362OHdOzqwyImGsbElDFurPiQwjrWdRYDsjNBO96uXif14/NWHDz7hMUsMkXS4KU0FMTPLfyYgrRo2YWYJUcXsroRNUSI1NKA/BW335L+lc1D237t1f1pqNIo4ynMApnIMHV9CEG2hBGyhM4Qle4NVJnGfnzXlftpacYuYYfsH5+AaoCY8T</latexit><latexit sha1_base64="vgn9mpfrCiYxGMjf0SwJM9E2IBo=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsMeCFw+CFewHtKFMtpt26WYTdjdCCf0RXjwo4tXf481/46bNQasPBh7vzTAzL0gE18Z1v5zS2vrG5lZ5u7Kzu7d/UD086ug4VZS1aSxi1QtQM8ElaxtuBOslimEUCNYNpte5331kSvNYPphZwvwIx5KHnKKxUheH2e3dvDKs1ty6uwD5S7yC1KBAa1j9HIximkZMGipQ677nJsbPUBlOBZtXBqlmCdIpjlnfUokR0362OHdOzqwyImGsbElDFurPiQwjrWdRYDsjNBO96uXif14/NWHDz7hMUsMkXS4KU0FMTPLfyYgrRo2YWYJUcXsroRNUSI1NKA/BW335L+lc1D237t1f1pqNIo4ynMApnIMHV9CEG2hBGyhM4Qle4NVJnGfnzXlftpacYuYYfsH5+AaoCY8T</latexit>

aLO, aNLO
<latexit sha1_base64="EG3c08lfOSNkkmbWjLQOrZLSoo4=">AAAB+HicbVDLSsNAFL3xWeujUZduBovgQkoigl0W3LgQrWAf0IYwmU7aoZNJmJkINfRL3LhQxK2f4s6/cdJmoa0Hhns4517unRMknCntON/Wyura+sZmaau8vbO7V7H3D9oqTiWhLRLzWHYDrChngrY005x2E0lxFHDaCcZXud95pFKxWDzoSUK9CA8FCxnB2ki+XcF+dnM3PTPl1tSyb1edmjMDWiZuQapQoOnbX/1BTNKICk04VqrnOon2Miw1I5xOy/1U0QSTMR7SnqECR1R52ezwKToxygCFsTRPaDRTf09kOFJqEgWmM8J6pBa9XPzP66U6rHsZE0mqqSDzRWHKkY5RngIaMEmJ5hNDMJHM3IrICEtMtMkqD8Fd/PIyaZ/XXKfm3l9UG/UijhIcwTGcgguX0IBraEILCKTwDK/wZj1ZL9a79TFvXbGKmUP4A+vzB6T7kmE=</latexit><latexit sha1_base64="EG3c08lfOSNkkmbWjLQOrZLSoo4=">AAAB+HicbVDLSsNAFL3xWeujUZduBovgQkoigl0W3LgQrWAf0IYwmU7aoZNJmJkINfRL3LhQxK2f4s6/cdJmoa0Hhns4517unRMknCntON/Wyura+sZmaau8vbO7V7H3D9oqTiWhLRLzWHYDrChngrY005x2E0lxFHDaCcZXud95pFKxWDzoSUK9CA8FCxnB2ki+XcF+dnM3PTPl1tSyb1edmjMDWiZuQapQoOnbX/1BTNKICk04VqrnOon2Miw1I5xOy/1U0QSTMR7SnqECR1R52ezwKToxygCFsTRPaDRTf09kOFJqEgWmM8J6pBa9XPzP66U6rHsZE0mqqSDzRWHKkY5RngIaMEmJ5hNDMJHM3IrICEtMtMkqD8Fd/PIyaZ/XXKfm3l9UG/UijhIcwTGcgguX0IBraEILCKTwDK/wZj1ZL9a79TFvXbGKmUP4A+vzB6T7kmE=</latexit><latexit sha1_base64="EG3c08lfOSNkkmbWjLQOrZLSoo4=">AAAB+HicbVDLSsNAFL3xWeujUZduBovgQkoigl0W3LgQrWAf0IYwmU7aoZNJmJkINfRL3LhQxK2f4s6/cdJmoa0Hhns4517unRMknCntON/Wyura+sZmaau8vbO7V7H3D9oqTiWhLRLzWHYDrChngrY005x2E0lxFHDaCcZXud95pFKxWDzoSUK9CA8FCxnB2ki+XcF+dnM3PTPl1tSyb1edmjMDWiZuQapQoOnbX/1BTNKICk04VqrnOon2Miw1I5xOy/1U0QSTMR7SnqECR1R52ezwKToxygCFsTRPaDRTf09kOFJqEgWmM8J6pBa9XPzP66U6rHsZE0mqqSDzRWHKkY5RngIaMEmJ5hNDMJHM3IrICEtMtMkqD8Fd/PIyaZ/XXKfm3l9UG/UijhIcwTGcgguX0IBraEILCKTwDK/wZj1ZL9a79TFvXbGKmUP4A+vzB6T7kmE=</latexit><latexit sha1_base64="EG3c08lfOSNkkmbWjLQOrZLSoo4=">AAAB+HicbVDLSsNAFL3xWeujUZduBovgQkoigl0W3LgQrWAf0IYwmU7aoZNJmJkINfRL3LhQxK2f4s6/cdJmoa0Hhns4517unRMknCntON/Wyura+sZmaau8vbO7V7H3D9oqTiWhLRLzWHYDrChngrY005x2E0lxFHDaCcZXud95pFKxWDzoSUK9CA8FCxnB2ki+XcF+dnM3PTPl1tSyb1edmjMDWiZuQapQoOnbX/1BTNKICk04VqrnOon2Miw1I5xOy/1U0QSTMR7SnqECR1R52ezwKToxygCFsTRPaDRTf09kOFJqEgWmM8J6pBa9XPzP66U6rHsZE0mqqSDzRWHKkY5RngIaMEmJ5hNDMJHM3IrICEtMtMkqD8Fd/PIyaZ/XXKfm3l9UG/UijhIcwTGcgguX0IBraEILCKTwDK/wZj1ZL9a79TFvXbGKmUP4A+vzB6T7kmE=</latexit>
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counting in singlet and triplet channels, pionful theory

implicit dimensionless parameter                    singlet

                                                                    triplet                    

so typically an order of magnitude improvement per order

⇣aSR

b

⌘2

<latexit sha1_base64="0egLtfRNcYbhPQ6plk4HBTirack=">AAACCHicbVC7SgNBFJ2Nrxhfq5YWDgYhNmE3CKYM2FjGRx6QXcPsZDYZMvtg5q4QlpQ2/oqNhSK2foKdf+NssoUmHhg4nHMud+7xYsEVWNa3UVhZXVvfKG6WtrZ3dvfM/YO2ihJJWYtGIpJdjygmeMhawEGwbiwZCTzBOt74MvM7D0wqHoV3MImZG5BhyH1OCWipbx47gvlQIf309maKnUhnsYcdyYcjOLuvlfpm2apaM+BlYuekjHI0++aXM4hoErAQqCBK9WwrBjclEjgVbFpyEsViQsdkyHqahiRgyk1nh0zxqVYG2I+kfiHgmfp7IiWBUpPA08mAwEgtepn4n9dLwK+7KQ/jBFhI54v8RGCIcNYKHnDJKIiJJoRKrv+K6YhIQkF3l5VgL568TNq1qm1V7evzcqOe11FER+gEVZCNLlADXaEmaiGKHtEzekVvxpPxYrwbH/NowchnDtEfGJ8/xmaYeg==</latexit><latexit sha1_base64="0egLtfRNcYbhPQ6plk4HBTirack=">AAACCHicbVC7SgNBFJ2Nrxhfq5YWDgYhNmE3CKYM2FjGRx6QXcPsZDYZMvtg5q4QlpQ2/oqNhSK2foKdf+NssoUmHhg4nHMud+7xYsEVWNa3UVhZXVvfKG6WtrZ3dvfM/YO2ihJJWYtGIpJdjygmeMhawEGwbiwZCTzBOt74MvM7D0wqHoV3MImZG5BhyH1OCWipbx47gvlQIf309maKnUhnsYcdyYcjOLuvlfpm2apaM+BlYuekjHI0++aXM4hoErAQqCBK9WwrBjclEjgVbFpyEsViQsdkyHqahiRgyk1nh0zxqVYG2I+kfiHgmfp7IiWBUpPA08mAwEgtepn4n9dLwK+7KQ/jBFhI54v8RGCIcNYKHnDJKIiJJoRKrv+K6YhIQkF3l5VgL568TNq1qm1V7evzcqOe11FER+gEVZCNLlADXaEmaiGKHtEzekVvxpPxYrwbH/NowchnDtEfGJ8/xmaYeg==</latexit><latexit sha1_base64="0egLtfRNcYbhPQ6plk4HBTirack=">AAACCHicbVC7SgNBFJ2Nrxhfq5YWDgYhNmE3CKYM2FjGRx6QXcPsZDYZMvtg5q4QlpQ2/oqNhSK2foKdf+NssoUmHhg4nHMud+7xYsEVWNa3UVhZXVvfKG6WtrZ3dvfM/YO2ihJJWYtGIpJdjygmeMhawEGwbiwZCTzBOt74MvM7D0wqHoV3MImZG5BhyH1OCWipbx47gvlQIf309maKnUhnsYcdyYcjOLuvlfpm2apaM+BlYuekjHI0++aXM4hoErAQqCBK9WwrBjclEjgVbFpyEsViQsdkyHqahiRgyk1nh0zxqVYG2I+kfiHgmfp7IiWBUpPA08mAwEgtepn4n9dLwK+7KQ/jBFhI54v8RGCIcNYKHnDJKIiJJoRKrv+K6YhIQkF3l5VgL568TNq1qm1V7evzcqOe11FER+gEVZCNLlADXaEmaiGKHtEzekVvxpPxYrwbH/NowchnDtEfGJ8/xmaYeg==</latexit><latexit sha1_base64="0egLtfRNcYbhPQ6plk4HBTirack=">AAACCHicbVC7SgNBFJ2Nrxhfq5YWDgYhNmE3CKYM2FjGRx6QXcPsZDYZMvtg5q4QlpQ2/oqNhSK2foKdf+NssoUmHhg4nHMud+7xYsEVWNa3UVhZXVvfKG6WtrZ3dvfM/YO2ihJJWYtGIpJdjygmeMhawEGwbiwZCTzBOt74MvM7D0wqHoV3MImZG5BhyH1OCWipbx47gvlQIf309maKnUhnsYcdyYcjOLuvlfpm2apaM+BlYuekjHI0++aXM4hoErAQqCBK9WwrBjclEjgVbFpyEsViQsdkyHqahiRgyk1nh0zxqVYG2I+kfiHgmfp7IiWBUpPA08mAwEgtepn4n9dLwK+7KQ/jBFhI54v8RGCIcNYKHnDJKIiJJoRKrv+K6YhIQkF3l5VgL568TNq1qm1V7evzcqOe11FER+gEVZCNLlADXaEmaiGKHtEzekVvxpPxYrwbH/NowchnDtEfGJ8/xmaYeg==</latexit>

aSR ⇠ 0.39f
<latexit sha1_base64="eo9jG68e9P4R6jKAFLZb259I6QI=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgKiQqWHcFNy7row9oQ5hMJ+3QmUmYmQgh1F9x40IRt36IO//GSZuFVg9cOJxzL/feEyaMKu26X1ZlZXVtfaO6Wdva3tnds/cPuipOJSYdHLNY9kOkCKOCdDTVjPQTSRAPGemF06vC7z0QqWgs7nWWEJ+jsaARxUgbKbDrKMjvbmdwqCiHrnN2CaNaYDdcx50D/iVeSRqgRDuwP4ejGKecCI0ZUmrguYn2cyQ1xYzMasNUkQThKRqTgaECcaL8fH78DB4bZQSjWJoSGs7VnxM54kplPDSdHOmJWvYK8T9vkOqo6edUJKkmAi8WRSmDOoZFEnBEJcGaZYYgLKm5FeIJkghrk1cRgrf88l/SPXU81/FuzhutZhlHFRyCI3ACPHABWuAatEEHYJCBJ/ACXq1H69l6s94XrRWrnKmDX7A+vgH6aJL7</latexit><latexit sha1_base64="eo9jG68e9P4R6jKAFLZb259I6QI=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgKiQqWHcFNy7row9oQ5hMJ+3QmUmYmQgh1F9x40IRt36IO//GSZuFVg9cOJxzL/feEyaMKu26X1ZlZXVtfaO6Wdva3tnds/cPuipOJSYdHLNY9kOkCKOCdDTVjPQTSRAPGemF06vC7z0QqWgs7nWWEJ+jsaARxUgbKbDrKMjvbmdwqCiHrnN2CaNaYDdcx50D/iVeSRqgRDuwP4ejGKecCI0ZUmrguYn2cyQ1xYzMasNUkQThKRqTgaECcaL8fH78DB4bZQSjWJoSGs7VnxM54kplPDSdHOmJWvYK8T9vkOqo6edUJKkmAi8WRSmDOoZFEnBEJcGaZYYgLKm5FeIJkghrk1cRgrf88l/SPXU81/FuzhutZhlHFRyCI3ACPHABWuAatEEHYJCBJ/ACXq1H69l6s94XrRWrnKmDX7A+vgH6aJL7</latexit><latexit sha1_base64="eo9jG68e9P4R6jKAFLZb259I6QI=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgKiQqWHcFNy7row9oQ5hMJ+3QmUmYmQgh1F9x40IRt36IO//GSZuFVg9cOJxzL/feEyaMKu26X1ZlZXVtfaO6Wdva3tnds/cPuipOJSYdHLNY9kOkCKOCdDTVjPQTSRAPGemF06vC7z0QqWgs7nWWEJ+jsaARxUgbKbDrKMjvbmdwqCiHrnN2CaNaYDdcx50D/iVeSRqgRDuwP4ejGKecCI0ZUmrguYn2cyQ1xYzMasNUkQThKRqTgaECcaL8fH78DB4bZQSjWJoSGs7VnxM54kplPDSdHOmJWvYK8T9vkOqo6edUJKkmAi8WRSmDOoZFEnBEJcGaZYYgLKm5FeIJkghrk1cRgrf88l/SPXU81/FuzhutZhlHFRyCI3ACPHABWuAatEEHYJCBJ/ACXq1H69l6s94XrRWrnKmDX7A+vgH6aJL7</latexit><latexit sha1_base64="eo9jG68e9P4R6jKAFLZb259I6QI=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgKiQqWHcFNy7row9oQ5hMJ+3QmUmYmQgh1F9x40IRt36IO//GSZuFVg9cOJxzL/feEyaMKu26X1ZlZXVtfaO6Wdva3tnds/cPuipOJSYdHLNY9kOkCKOCdDTVjPQTSRAPGemF06vC7z0QqWgs7nWWEJ+jsaARxUgbKbDrKMjvbmdwqCiHrnN2CaNaYDdcx50D/iVeSRqgRDuwP4ejGKecCI0ZUmrguYn2cyQ1xYzMasNUkQThKRqTgaECcaL8fH78DB4bZQSjWJoSGs7VnxM54kplPDSdHOmJWvYK8T9vkOqo6edUJKkmAi8WRSmDOoZFEnBEJcGaZYYgLKm5FeIJkghrk1cRgrf88l/SPXU81/FuzhutZhlHFRyCI3ACPHABWuAatEEHYJCBJ/ACXq1H69l6s94XrRWrnKmDX7A+vgH6aJL7</latexit>
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Reflects the simplicity of HOBET’s IR Physics

Two pion exchange in the isoscalar 1F3 channel, modeled with                            for T=0

yielding corrections to             of 0.06% and to the first IR correction of 0.003%:  despite
the relativistic enhancement of the two-pion contribution, 

These ratios can be evaluated analytically as a function of b, and remain valid unless b is
taken to unnaturally small values - at N3LO

At LO, however, the correction is 25%:   physically obvious as one is demanding that the IR
correction treat everything beyond the expansion range.    Very different from chiral
potentials that have to treat the pion at all ranges, where the pionic physics becomes
rapidly more complex with order

Similar conclusions follow for the polarization term
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↵(m) ⌘
p
2mc2b

~c =

⇢
1.68
7.49

<latexit sha1_base64="iIUrbotWb0avdTe4qhZR/ywIa/Q="></latexit><latexit sha1_base64="iIUrbotWb0avdTe4qhZR/ywIa/Q="></latexit><latexit sha1_base64="iIUrbotWb0avdTe4qhZR/ywIa/Q="></latexit><latexit sha1_base64="iIUrbotWb0avdTe4qhZR/ywIa/Q="></latexit>

a
1
F3

N3LO
<latexit sha1_base64="JcN2LROyIXZeFhLCjHYkr5J9L54=">AAAB+nicbVDLSgNBEOyNrxhfGz16GQyCp7BrBHMMCOJBNIJ5QLJZZieTZMjsg5lZJaz7KV48KOLVL/Hm3zhJ9qCJBQ1FVTfdXV7EmVSW9W3kVlbX1jfym4Wt7Z3dPbO435RhLAhtkJCHou1hSTkLaEMxxWk7EhT7Hqctb3wx9VsPVEgWBvdqElHHx8OADRjBSkuuWcRuctOrXN+mvaRnX7qV1DVLVtmaAS0TOyMlyFB3za9uPySxTwNFOJayY1uRchIsFCOcpoVuLGmEyRgPaUfTAPtUOsns9BQda6WPBqHQFSg0U39PJNiXcuJ7utPHaiQXvan4n9eJ1aDqJCyIYkUDMl80iDlSIZrmgPpMUKL4RBNMBNO3IjLCAhOl0yroEOzFl5dJ87RsW2X77qxUq2Zx5OEQjuAEbDiHGlxBHRpA4BGe4RXejCfjxXg3PuatOSObOYA/MD5/ACPMkzo=</latexit><latexit sha1_base64="JcN2LROyIXZeFhLCjHYkr5J9L54=">AAAB+nicbVDLSgNBEOyNrxhfGz16GQyCp7BrBHMMCOJBNIJ5QLJZZieTZMjsg5lZJaz7KV48KOLVL/Hm3zhJ9qCJBQ1FVTfdXV7EmVSW9W3kVlbX1jfym4Wt7Z3dPbO435RhLAhtkJCHou1hSTkLaEMxxWk7EhT7Hqctb3wx9VsPVEgWBvdqElHHx8OADRjBSkuuWcRuctOrXN+mvaRnX7qV1DVLVtmaAS0TOyMlyFB3za9uPySxTwNFOJayY1uRchIsFCOcpoVuLGmEyRgPaUfTAPtUOsns9BQda6WPBqHQFSg0U39PJNiXcuJ7utPHaiQXvan4n9eJ1aDqJCyIYkUDMl80iDlSIZrmgPpMUKL4RBNMBNO3IjLCAhOl0yroEOzFl5dJ87RsW2X77qxUq2Zx5OEQjuAEbDiHGlxBHRpA4BGe4RXejCfjxXg3PuatOSObOYA/MD5/ACPMkzo=</latexit><latexit sha1_base64="JcN2LROyIXZeFhLCjHYkr5J9L54=">AAAB+nicbVDLSgNBEOyNrxhfGz16GQyCp7BrBHMMCOJBNIJ5QLJZZieTZMjsg5lZJaz7KV48KOLVL/Hm3zhJ9qCJBQ1FVTfdXV7EmVSW9W3kVlbX1jfym4Wt7Z3dPbO435RhLAhtkJCHou1hSTkLaEMxxWk7EhT7Hqctb3wx9VsPVEgWBvdqElHHx8OADRjBSkuuWcRuctOrXN+mvaRnX7qV1DVLVtmaAS0TOyMlyFB3za9uPySxTwNFOJayY1uRchIsFCOcpoVuLGmEyRgPaUfTAPtUOsns9BQda6WPBqHQFSg0U39PJNiXcuJ7utPHaiQXvan4n9eJ1aDqJCyIYkUDMl80iDlSIZrmgPpMUKL4RBNMBNO3IjLCAhOl0yroEOzFl5dJ87RsW2X77qxUq2Zx5OEQjuAEbDiHGlxBHRpA4BGe4RXejCfjxXg3PuatOSObOYA/MD5/ACPMkzo=</latexit><latexit sha1_base64="JcN2LROyIXZeFhLCjHYkr5J9L54=">AAAB+nicbVDLSgNBEOyNrxhfGz16GQyCp7BrBHMMCOJBNIJ5QLJZZieTZMjsg5lZJaz7KV48KOLVL/Hm3zhJ9qCJBQ1FVTfdXV7EmVSW9W3kVlbX1jfym4Wt7Z3dPbO435RhLAhtkJCHou1hSTkLaEMxxWk7EhT7Hqctb3wx9VsPVEgWBvdqElHHx8OADRjBSkuuWcRuctOrXN+mvaRnX7qV1DVLVtmaAS0TOyMlyFB3za9uPySxTwNFOJayY1uRchIsFCOcpoVuLGmEyRgPaUfTAPtUOsns9BQda6WPBqHQFSg0U39PJNiXcuJ7utPHaiQXvan4n9eJ1aDqJCyIYkUDMl80iDlSIZrmgPpMUKL4RBNMBNO3IjLCAhOl0yroEOzFl5dJ87RsW2X77qxUq2Zx5OEQjuAEbDiHGlxBHRpA4BGe4RXejCfjxXg3PuatOSObOYA/MD5/ACPMkzo=</latexit>

V2⇡
<latexit sha1_base64="rCvbUU+TSMVLka6U2mhjew3HqCg=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBA8hd0gmGPAi8cI5iHJEmYnnWTIzOwyMyuEJV/hxYMiXv0cb/6Nk2QPmljQUFR1090VJYIb6/vf3sbm1vbObmGvuH9weHRcOjltmTjVDJssFrHuRNSg4AqblluBnUQjlZHAdjS5nfvtJ9SGx+rBThMMJR0pPuSMWic9tvpZlfQSPuuXyn7FX4CskyAnZcjR6Je+eoOYpRKVZYIa0w38xIYZ1ZYzgbNiLzWYUDahI+w6qqhEE2aLg2fk0ikDMoy1K2XJQv09kVFpzFRGrlNSOzar3lz8z+umdlgLM66S1KJiy0XDVBAbk/n3ZMA1MiumjlCmubuVsDHVlFmXUdGFEKy+vE5a1UrgV4L763K9lsdRgHO4gCsI4AbqcAcNaAIDCc/wCm+e9l68d+9j2brh5TNn8Afe5w8724/+</latexit><latexit sha1_base64="rCvbUU+TSMVLka6U2mhjew3HqCg=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBA8hd0gmGPAi8cI5iHJEmYnnWTIzOwyMyuEJV/hxYMiXv0cb/6Nk2QPmljQUFR1090VJYIb6/vf3sbm1vbObmGvuH9weHRcOjltmTjVDJssFrHuRNSg4AqblluBnUQjlZHAdjS5nfvtJ9SGx+rBThMMJR0pPuSMWic9tvpZlfQSPuuXyn7FX4CskyAnZcjR6Je+eoOYpRKVZYIa0w38xIYZ1ZYzgbNiLzWYUDahI+w6qqhEE2aLg2fk0ikDMoy1K2XJQv09kVFpzFRGrlNSOzar3lz8z+umdlgLM66S1KJiy0XDVBAbk/n3ZMA1MiumjlCmubuVsDHVlFmXUdGFEKy+vE5a1UrgV4L763K9lsdRgHO4gCsI4AbqcAcNaAIDCc/wCm+e9l68d+9j2brh5TNn8Afe5w8724/+</latexit><latexit sha1_base64="rCvbUU+TSMVLka6U2mhjew3HqCg=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBA8hd0gmGPAi8cI5iHJEmYnnWTIzOwyMyuEJV/hxYMiXv0cb/6Nk2QPmljQUFR1090VJYIb6/vf3sbm1vbObmGvuH9weHRcOjltmTjVDJssFrHuRNSg4AqblluBnUQjlZHAdjS5nfvtJ9SGx+rBThMMJR0pPuSMWic9tvpZlfQSPuuXyn7FX4CskyAnZcjR6Je+eoOYpRKVZYIa0w38xIYZ1ZYzgbNiLzWYUDahI+w6qqhEE2aLg2fk0ikDMoy1K2XJQv09kVFpzFRGrlNSOzar3lz8z+umdlgLM66S1KJiy0XDVBAbk/n3ZMA1MiumjlCmubuVsDHVlFmXUdGFEKy+vE5a1UrgV4L763K9lsdRgHO4gCsI4AbqcAcNaAIDCc/wCm+e9l68d+9j2brh5TNn8Afe5w8724/+</latexit><latexit sha1_base64="rCvbUU+TSMVLka6U2mhjew3HqCg=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBA8hd0gmGPAi8cI5iHJEmYnnWTIzOwyMyuEJV/hxYMiXv0cb/6Nk2QPmljQUFR1090VJYIb6/vf3sbm1vbObmGvuH9weHRcOjltmTjVDJssFrHuRNSg4AqblluBnUQjlZHAdjS5nfvtJ9SGx+rBThMMJR0pPuSMWic9tvpZlfQSPuuXyn7FX4CskyAnZcjR6Je+eoOYpRKVZYIa0w38xIYZ1ZYzgbNiLzWYUDahI+w6qqhEE2aLg2fk0ikDMoy1K2XJQv09kVFpzFRGrlNSOzar3lz8z+umdlgLM66S1KJiy0XDVBAbk/n3ZMA1MiumjlCmubuVsDHVlFmXUdGFEKy+vE5a1UrgV4L763K9lsdRgHO4gCsI4AbqcAcNaAIDCc/wCm+e9l68d+9j2brh5TNn8Afe5w8724/+</latexit>

hV⇡
1

E �QT
QV⇡i

<latexit sha1_base64="bPfmikQXU8loKrHjDP5CNSphUJY=">AAACFnicbVDLSgMxFM3UV62vUZdugkVw0zIjgl0WRHDZQl/QGYZMmmlDM8mQZIQy9Cvc+CtuXCjiVtz5N6bTWWjrgcDhnHO5uSdMGFXacb6t0sbm1vZOebeyt39weGQfn/SUSCUmXSyYkIMQKcIoJ11NNSODRBIUh4z0w+ntwu8/EKmo4B09S4gfozGnEcVIGymwax5DfMwI7AVeQmHmQk+YPLyrtWFnDtuF7sk8FdhVp+7kgOvELUgVFGgF9pc3EjiNCdeYIaWGrpNoP0NSU8zIvOKliiQIT9GYDA3lKCbKz/Kz5vDCKCMYCWke1zBXf09kKFZqFocmGSM9UaveQvzPG6Y6avgZ5UmqCcfLRVHKoBZw0REcUUmwZjNDEJbU/BXiCZIIa9NkxZTgrp68TnpXddepu+3rarNR1FEGZ+AcXAIX3IAmuAct0AUYPIJn8ArerCfrxXq3PpbRklXMnII/sD5/AETgnYQ=</latexit><latexit sha1_base64="bPfmikQXU8loKrHjDP5CNSphUJY=">AAACFnicbVDLSgMxFM3UV62vUZdugkVw0zIjgl0WRHDZQl/QGYZMmmlDM8mQZIQy9Cvc+CtuXCjiVtz5N6bTWWjrgcDhnHO5uSdMGFXacb6t0sbm1vZOebeyt39weGQfn/SUSCUmXSyYkIMQKcIoJ11NNSODRBIUh4z0w+ntwu8/EKmo4B09S4gfozGnEcVIGymwax5DfMwI7AVeQmHmQk+YPLyrtWFnDtuF7sk8FdhVp+7kgOvELUgVFGgF9pc3EjiNCdeYIaWGrpNoP0NSU8zIvOKliiQIT9GYDA3lKCbKz/Kz5vDCKCMYCWke1zBXf09kKFZqFocmGSM9UaveQvzPG6Y6avgZ5UmqCcfLRVHKoBZw0REcUUmwZjNDEJbU/BXiCZIIa9NkxZTgrp68TnpXddepu+3rarNR1FEGZ+AcXAIX3IAmuAct0AUYPIJn8ArerCfrxXq3PpbRklXMnII/sD5/AETgnYQ=</latexit><latexit sha1_base64="bPfmikQXU8loKrHjDP5CNSphUJY=">AAACFnicbVDLSgMxFM3UV62vUZdugkVw0zIjgl0WRHDZQl/QGYZMmmlDM8mQZIQy9Cvc+CtuXCjiVtz5N6bTWWjrgcDhnHO5uSdMGFXacb6t0sbm1vZOebeyt39weGQfn/SUSCUmXSyYkIMQKcIoJ11NNSODRBIUh4z0w+ntwu8/EKmo4B09S4gfozGnEcVIGymwax5DfMwI7AVeQmHmQk+YPLyrtWFnDtuF7sk8FdhVp+7kgOvELUgVFGgF9pc3EjiNCdeYIaWGrpNoP0NSU8zIvOKliiQIT9GYDA3lKCbKz/Kz5vDCKCMYCWke1zBXf09kKFZqFocmGSM9UaveQvzPG6Y6avgZ5UmqCcfLRVHKoBZw0REcUUmwZjNDEJbU/BXiCZIIa9NkxZTgrp68TnpXddepu+3rarNR1FEGZ+AcXAIX3IAmuAct0AUYPIJn8ArerCfrxXq3PpbRklXMnII/sD5/AETgnYQ=</latexit><latexit sha1_base64="bPfmikQXU8loKrHjDP5CNSphUJY=">AAACFnicbVDLSgMxFM3UV62vUZdugkVw0zIjgl0WRHDZQl/QGYZMmmlDM8mQZIQy9Cvc+CtuXCjiVtz5N6bTWWjrgcDhnHO5uSdMGFXacb6t0sbm1vZOebeyt39weGQfn/SUSCUmXSyYkIMQKcIoJ11NNSODRBIUh4z0w+ntwu8/EKmo4B09S4gfozGnEcVIGymwax5DfMwI7AVeQmHmQk+YPLyrtWFnDtuF7sk8FdhVp+7kgOvELUgVFGgF9pc3EjiNCdeYIaWGrpNoP0NSU8zIvOKliiQIT9GYDA3lKCbKz/Kz5vDCKCMYCWke1zBXf09kKFZqFocmGSM9UaveQvzPG6Y6avgZ5UmqCcfLRVHKoBZw0REcUUmwZjNDEJbU/BXiCZIIa9NkxZTgrp68TnpXddepu+3rarNR1FEGZ+AcXAIX3IAmuAct0AUYPIJn8ArerCfrxXq3PpbRklXMnII/sD5/AETgnYQ=</latexit>



Applying HOBET: the LEC fitting

□ The BH equation must be solved self-consistently:  the energy in = eigenvalue out 

□ Consider a bound-state:  the Green’s function              depends only on E
                                
□ So iterate on E until self-consistency is achieved:  typically 5 iterations

□  You have the bound-state eigenvalue:  if it is not the physical value, adjust aLO until
    the eigenvalue is correct — you have fixed an LEC

□  But phase shifts: they carry most of the information.  How do continuum states
    work?

□  Pick an E:  there will be a solution at that E.   But                       - insert the
    experimental phase shift.   Demand a self consistent solution at the chosen E:
    adjust the LECs systematically to achieve this

Ken McElvain developed an elegant way to do all of this that automatically identifies 
the relevant phase shift data — in typical SM spaces, up to about 120 Elab

GQT (E)
<latexit sha1_base64="BspORFd+AYpG1nk1tMlHrYqB2So=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXsquCPZYENFjC/2SdinZNNuGJtklyQpl6a/w4kERr/4cb/4b03YP2vpg4PHeDDPzgpgzbVz328ltbG5t7+R3C3v7B4dHxeOTto4SRWiLRDxS3QBrypmkLcMMp91YUSwCTjvB5Hbud56o0iySTTONqS/wSLKQEWys9Hg/SBvNWfnuclAsuRV3AbROvIyUIEN9UPzqDyOSCCoN4VjrnufGxk+xMoxwOiv0E01jTCZ4RHuWSiyo9tPFwTN0YZUhCiNlSxq0UH9PpFhoPRWB7RTYjPWqNxf/83qJCat+ymScGCrJclGYcGQiNP8eDZmixPCpJZgoZm9FZIwVJsZmVLAheKsvr5P2VcVzK17julSrZnHk4QzOoQwe3EANHqAOLSAg4Ble4c1Rzovz7nwsW3NONnMKf+B8/gCygo+j</latexit><latexit sha1_base64="BspORFd+AYpG1nk1tMlHrYqB2So=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXsquCPZYENFjC/2SdinZNNuGJtklyQpl6a/w4kERr/4cb/4b03YP2vpg4PHeDDPzgpgzbVz328ltbG5t7+R3C3v7B4dHxeOTto4SRWiLRDxS3QBrypmkLcMMp91YUSwCTjvB5Hbud56o0iySTTONqS/wSLKQEWys9Hg/SBvNWfnuclAsuRV3AbROvIyUIEN9UPzqDyOSCCoN4VjrnufGxk+xMoxwOiv0E01jTCZ4RHuWSiyo9tPFwTN0YZUhCiNlSxq0UH9PpFhoPRWB7RTYjPWqNxf/83qJCat+ymScGCrJclGYcGQiNP8eDZmixPCpJZgoZm9FZIwVJsZmVLAheKsvr5P2VcVzK17julSrZnHk4QzOoQwe3EANHqAOLSAg4Ble4c1Rzovz7nwsW3NONnMKf+B8/gCygo+j</latexit><latexit sha1_base64="BspORFd+AYpG1nk1tMlHrYqB2So=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXsquCPZYENFjC/2SdinZNNuGJtklyQpl6a/w4kERr/4cb/4b03YP2vpg4PHeDDPzgpgzbVz328ltbG5t7+R3C3v7B4dHxeOTto4SRWiLRDxS3QBrypmkLcMMp91YUSwCTjvB5Hbud56o0iySTTONqS/wSLKQEWys9Hg/SBvNWfnuclAsuRV3AbROvIyUIEN9UPzqDyOSCCoN4VjrnufGxk+xMoxwOiv0E01jTCZ4RHuWSiyo9tPFwTN0YZUhCiNlSxq0UH9PpFhoPRWB7RTYjPWqNxf/83qJCat+ymScGCrJclGYcGQiNP8eDZmixPCpJZgoZm9FZIwVJsZmVLAheKsvr5P2VcVzK17julSrZnHk4QzOoQwe3EANHqAOLSAg4Ble4c1Rzovz7nwsW3NONnMKf+B8/gCygo+j</latexit><latexit sha1_base64="BspORFd+AYpG1nk1tMlHrYqB2So=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXsquCPZYENFjC/2SdinZNNuGJtklyQpl6a/w4kERr/4cb/4b03YP2vpg4PHeDDPzgpgzbVz328ltbG5t7+R3C3v7B4dHxeOTto4SRWiLRDxS3QBrypmkLcMMp91YUSwCTjvB5Hbud56o0iySTTONqS/wSLKQEWys9Hg/SBvNWfnuclAsuRV3AbROvIyUIEN9UPzqDyOSCCoN4VjrnufGxk+xMoxwOiv0E01jTCZ4RHuWSiyo9tPFwTN0YZUhCiNlSxq0UH9PpFhoPRWB7RTYjPWqNxf/83qJCat+ymScGCrJclGYcGQiNP8eDZmixPCpJZgoZm9FZIwVJsZmVLAheKsvr5P2VcVzK17julSrZnHk4QzOoQwe3EANHqAOLSAg4Ble4c1Rzovz7nwsW3NONnMKf+B8/gCygo+j</latexit>

GQT (E, �(E))
<latexit sha1_base64="ZRljdSPNshGYW/P8RADcYrKvcxY=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovQgpREBLssSNFlC31BG8JkMmmHTiZhZiKEUH/FjQtF3Poh7vwbp20W2nrgwuGce7n3Hi9mVCrL+jYKW9s7u3vF/dLB4dHxiXl61pdRIjDp4YhFYughSRjlpKeoYmQYC4JCj5GBN7tb+INHIiSNeFelMXFCNOE0oBgpLblm+d7NOt15tXU19glTqNqq1VyzYtWtJeAmsXNSATnarvk19iOchIQrzJCUI9uKlZMhoShmZF4aJ5LECM/QhIw05Sgk0smWx8/hpVZ8GERCF1dwqf6eyFAoZRp6ujNEairXvYX4nzdKVNBwMsrjRBGOV4uChEEVwUUS0KeCYMVSTRAWVN8K8RQJhJXOq6RDsNdf3iT967pt1e3OTaXZyOMognNwAarABregCR5AG/QABil4Bq/gzXgyXox342PVWjDymTL4A+PzB5LQk2A=</latexit><latexit sha1_base64="ZRljdSPNshGYW/P8RADcYrKvcxY=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovQgpREBLssSNFlC31BG8JkMmmHTiZhZiKEUH/FjQtF3Poh7vwbp20W2nrgwuGce7n3Hi9mVCrL+jYKW9s7u3vF/dLB4dHxiXl61pdRIjDp4YhFYughSRjlpKeoYmQYC4JCj5GBN7tb+INHIiSNeFelMXFCNOE0oBgpLblm+d7NOt15tXU19glTqNqq1VyzYtWtJeAmsXNSATnarvk19iOchIQrzJCUI9uKlZMhoShmZF4aJ5LECM/QhIw05Sgk0smWx8/hpVZ8GERCF1dwqf6eyFAoZRp6ujNEairXvYX4nzdKVNBwMsrjRBGOV4uChEEVwUUS0KeCYMVSTRAWVN8K8RQJhJXOq6RDsNdf3iT967pt1e3OTaXZyOMognNwAarABregCR5AG/QABil4Bq/gzXgyXox342PVWjDymTL4A+PzB5LQk2A=</latexit><latexit sha1_base64="ZRljdSPNshGYW/P8RADcYrKvcxY=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovQgpREBLssSNFlC31BG8JkMmmHTiZhZiKEUH/FjQtF3Poh7vwbp20W2nrgwuGce7n3Hi9mVCrL+jYKW9s7u3vF/dLB4dHxiXl61pdRIjDp4YhFYughSRjlpKeoYmQYC4JCj5GBN7tb+INHIiSNeFelMXFCNOE0oBgpLblm+d7NOt15tXU19glTqNqq1VyzYtWtJeAmsXNSATnarvk19iOchIQrzJCUI9uKlZMhoShmZF4aJ5LECM/QhIw05Sgk0smWx8/hpVZ8GERCF1dwqf6eyFAoZRp6ujNEairXvYX4nzdKVNBwMsrjRBGOV4uChEEVwUUS0KeCYMVSTRAWVN8K8RQJhJXOq6RDsNdf3iT967pt1e3OTaXZyOMognNwAarABregCR5AG/QABil4Bq/gzXgyXox342PVWjDymTL4A+PzB5LQk2A=</latexit><latexit sha1_base64="ZRljdSPNshGYW/P8RADcYrKvcxY=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovQgpREBLssSNFlC31BG8JkMmmHTiZhZiKEUH/FjQtF3Poh7vwbp20W2nrgwuGce7n3Hi9mVCrL+jYKW9s7u3vF/dLB4dHxiXl61pdRIjDp4YhFYughSRjlpKeoYmQYC4JCj5GBN7tb+INHIiSNeFelMXFCNOE0oBgpLblm+d7NOt15tXU19glTqNqq1VyzYtWtJeAmsXNSATnarvk19iOchIQrzJCUI9uKlZMhoShmZF4aJ5LECM/QhIw05Sgk0smWx8/hpVZ8GERCF1dwqf6eyFAoZRp6ujNEairXvYX4nzdKVNBwMsrjRBGOV4uChEEVwUUS0KeCYMVSTRAWVN8K8RQJhJXOq6RDsNdf3iT967pt1e3OTaXZyOMognNwAarABregCR5AG/QABil4Bq/gzXgyXox342PVWjDymTL4A+PzB5LQk2A=</latexit>
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At any order, there is omitted physics from higher orders that becomes increasing
important at E increases.  This “contamination” is basically an uncertain encoded
almost entirely in the last included order - illustrated here.   This can be exploited 
to form a “cost function” that selects out the optimal range of phase shift data.



This establishes something quite important

□ The HOBET interaction is quite energy depend due to the KE Green’s functions
   
□ But all the LECs are constant
                                
□                  does depend on E, but weakly due to the large scale separation:
    this energy dependence can be absorbed through the momentum dependence 
    of the operators

□  The only residual strong-interaction energy dependence is the one generic to
    all EFTs — the neglect of the next order

□  This all the wonderful properties of an energy-dependent EFT interaction are
    realized, yet the interaction is as simple as the standard energy-independent 
    ones

GQT (E)
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Fig. 3. The Lepage plots for scheme-independent fitting to the s-wave matrix elements of Heff in the deuteron (3S1 � 3
D1)

channel for the Argonne v18 potential. The fractional error in V
eff is plotted vs. the sum of the nodal quantum numbers. The

panels correspond to Eq. (14) with a) V = V
IR
Av18 ; b) V = V

IR
⇡ (pionful HOBET), and c) V = 0 (pionless HOBET). See text.
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Fig. 4. Phase shifts regenerated from LECs fit to data from
1 to 80MeV and compared to the original phase shifts from
Av18. In the 1

S0 channel the low energy behavior down to
50 keV associated with a resonance at ⇠ 74 keV is reproduced
from data above 1MeV. In the 3

P0 and 3
P1 channels even NLO

results based on a single LEC reproduce phase shifts quite well.

Early LQCD calculations of nucleon scattering with
non-physical 800 MeV pions demonstrated the feasibility
of computing phase shifts directly from QCD [261]. Ken:
Should include other citations NPLQCD Recent advances
in supercomputers and techniques will give us access to
physical pion mass results.

4.4.3 E↵ective Operators in HOBET

The BH equation also gives a prescription for operator
evaluation.

Ôeff,⇤
ji (E) = P

Ej

Ej � HQ
Ô

Ei

Ei � QH
P (20)

As discussed before, the Green’s functions with appropri-
ate boundary conditions reconstruct the full wave function

from the projections of eigenstates. This expression can
also be reorganized in a parallel fashion with the Haxton-
Luu form of the BH equation.

Ôeff
ji = P Ej

Ej�HQ Ô Ei
Ei�QH P

= P Ej

Ej�TQ

h
Ô + V Q Ej

Ej�HQ Ô + Ô Ei
Ei�QH QV +

V Q Ej

Ej�HQ Ô Ei
Ei�QH QV

i
Ei

Ei�QT P

! P Ej

Ej�TQ

h
Ô + Ô�

i
Ei

Ei�QT P

(21)
The last step depends on the operator Ô being short range
so that the last three terms are capped on each end by a
short range operator. The sum is then short range and can
be replaced by the same form of e↵ective theory expansion
as before. The expansion can then be fit to observables in
the same way that He↵ can.

When the e↵ective operator is applied in an A-body
context, the 2-body P space is reduced by the quanta of
the spectators.

4.4.4 HOBET in a Box

A more direct way to connect the HOBET interaction
to LQCD is to fit it directly to finite volume observ-
ables such as the spectrum of two nucleons. A few key
properties of HOBET make this possible. First, the only
place that boundary conditions appear in HOBET is the
Green’s functions for E/(E � QT ). As long as the cut
o↵ HO basis and V�, are shorter range than the volume,
then the boundary conditions have been segregated into
the Green’s function. If these conditions are met, then V�

and the LECs controlling the expansion are independent
of the volume. One can fit LECs to observables from mul-
tiple volumes and then use the resulting LECs in infinite
volume. This bypasses the usual practice of using Lüschers
formula to map a finite volume spectrum to infinite vol-
ume phase shifts.
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FIG. 2. Energy dependence of aLO at LO (upper dots) and
residual energy dependence aLO at NLO (lower dots) after
aNLO is fixed at -0.403.

a residual energy dependence in aLO of about 3% over the
range. A second fit was then done at NLO using two sam-
ple energies, 1 and 10 MeV, to determine aNLO. Keeping
aNLO fixed, the first step, determining aLO at each of the
10 sample energies, was repeated. Fig. 2 shows almost
no energy dependence in the new aLOs (< 0.1%). This
behavior is a general property of our fits and highly desir-
able in an ET: residual energy dependence of the LECs
simply reflects corrections from orders beyond the last
included order, the largest contribution coming from the
immediately following order.

We then applied the method to experimental NN data
[17], fitting phase shifts at 40 energies uniformly spaced
from 1 to 40 MeV, again defining the P space with ⇤ = 8
and b = 1.7 fm. For the 3S1/

3D1 channel we used weights
WS = 1 and WD = 0.1 for the asymptotic basis states
corresponding to the diagonalized S-matrix. From the
resulting LECs we calculated the deuteron binding en-
ergy. The results are shown in Table I, for pionless and
pionful HOBET, as a function or order, including the
self-consistency error. While both calculations converge
well, the comparison shows the importance of the chiral
IR correction in pionful HOBET: at N3LO the deuteron
binding energy is correct to 0.1 keV, and the phase-shift
fit (reflected in the self-consistency error) is nearly per-
fect.

An additional test is the quality of the projected wave

TABLE I. Deuteron channel: binding energy Eb as a function
of the expansion order. Bare denotes a calculation with T+V
.

Order Epionless
b C2 (LECs) Epionful

b C2 (LECs)
bare 3.09525 - -0.76775 -
LO -1.27715 2.2E-2 -2.01110 1.9E-3
NLO -1.95424 1.6E-2 -2.19833 2.2E-6
NNLO -2.17307 6.7E-3 -2.21705 4.0E-8
N3LO -2.23175 1.3E-3 -2.22464 8.4E-9

FIG. 3. Projections of exactly computed 1P1 relative wave
functions are shown to match the HOBET wave functions
nearly perfectly, for representative continuum energies.

TABLE II. The S-wave LECs determined at N3LO in pionless
and pionful HOBET. See [15] for the full set of couplings.

Transitions LECs (MeV) Pionless Pionful
3S1 $ 3S1 a3S1

LO -49.9309 -54.8429
a3S1
NLO -5.70068 -8.16310

a3S1,22
NNLO

-9.73003E-1 -2.07700
a3S1,40
NNLO

-1.93934E-1 -2.4235E-1
a3S1,42
N3LO

-5.61191E-2 -2.3738E-1
a3S1,60
N3LO

-8.70527E-2 4.3667E-4
1S0 $ 1S0 a1S0

LO -38.5110 -39.2041
a1S0
NLO -9.40213 -6.88560

a1S0,22
NNLO

-4.23143 -1.90118
a1S0,40
NNLO

1.27787E-1 -3.75499E-1
a1S0,42
N3LO

-4.51098E-1 -2.45101E-1
a1S0,60
N3LO

-2.02571E-1 -3.63233E-3

function. Fig. 3 shows that the 1P1 results at CM ener-
gies 1, 15, and 35 MeV are in nearly perfect agreement
with the exact results: all of the detailed behavior of the
projected wave functions as continuous functions of r and
E, remarkably, can be encoded in a few LECs. The S-
wave LECs obtained in at N3LO are given in Table II;
results for other channels are given in [15].

In summary, we have demonstrated a short-range ET
expansion for structure and reactions that is convergent
and continuous in E, directly linking experimental scat-
tering observables to bound state properties. Phase shifts
enter through a BH equation reorganization that builds
in correct IR behavior. This procedure simplifies subse-
quent calculations in larger nuclei, reducing the A-body
problem to one involving iterated softened strong inter-
actions described by finite matrices

V ! PEGTQ(E)
⇥
V

IR
⇡ + V�

⇤
EGQT (E)P

separated by IR propagation in Q. An exact treatment
of the two-body physics of such systems by summing this
series is the next step in HOBET development.4
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FIG. 3. Projections of exactly computed 1P1 relative wave
functions are shown to match the HOBET wave functions
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TABLE II. The S-wave LECs determined at N3LO in pionless
and pionful HOBET. See [15] for the full set of couplings.

Transitions LECs (MeV) Pionless Pionful
3S1 $ 3S1 a3S1

LO -49.9309 -54.8429
a3S1
NLO -5.70068 -8.16310

a3S1,22
NNLO

-9.73003E-1 -2.07700
a3S1,40
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-1.93934E-1 -2.4235E-1
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function. Fig. 3 shows that the 1P1 results at CM ener-
gies 1, 15, and 35 MeV are in nearly perfect agreement
with the exact results: all of the detailed behavior of the
projected wave functions as continuous functions of r and
E, remarkably, can be encoded in a few LECs. The S-
wave LECs obtained in at N3LO are given in Table II;
results for other channels are given in [15].

In summary, we have demonstrated a short-range ET
expansion for structure and reactions that is convergent
and continuous in E, directly linking experimental scat-
tering observables to bound state properties. Phase shifts
enter through a BH equation reorganization that builds
in correct IR behavior. This procedure simplifies subse-
quent calculations in larger nuclei, reducing the A-body
problem to one involving iterated softened strong inter-
actions described by finite matrices

V ! PEGTQ(E)
⇥
V

IR
⇡ + V�

⇤
EGQT (E)P

separated by IR propagation in Q. An exact treatment
of the two-body physics of such systems by summing this
series is the next step in HOBET development.
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Lepage Plot for Scheme-Independent Fitting:  Pionful, Phase Shifts Only
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* HOBET is highly predictive, converges at nuclear momentum scales, and rapidly
   improves with order — just as one wants from an effective theory

*  Pionful theory better than pionless, but both converge well

*  There is a systematic “counting scheme” behind the expansion, connected with 
   the treatment of the pion:  it has the nice property that as the order of the
   UV expansion increases, the role of (say) two-pion corrections decreases, relatively
   to the simple tree-level contribution

*  Three-body terms are now being evaluated

*  These interactions are those needed in N-body work:   convergence depends on
    the expectation that the number of nucleons interacting through strong interactions
    at one time declines rapidly with that number

Summary and Next Steps


