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Aim: determine the valence quark distribution of pion

q(x) = qu(x) � qd(x) from lattice QCD using large momentum e↵ective theory

(LaMET)
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From	parton	distribu:ons	to	quasi	parton	distribu:on	

calculable in perturbation theory
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calculable on the lattice, ⇤ ⇠ 1/a
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Challenges for lattice calculations:

• Small lattice spacings to make perturbative matching possible
) HYP smeared Wilson valence quarks on HISQ sea:
2+1 flavor HISQ, 483 ⇥ 64, a = 0.06 fm, mval

⇡ = 300 MeV,
msea

⇡ = 161 MeV

• Need large Pz which makes the correlators noisy
) momentum smearing

• Need to match the lattice scheme to MS scheme
) use RI/MOM as an intermediate renormalization scheme
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<latexit sha1_base64="JSWx6/mTtQ67a0gO0MAleWm89cY="></latexit><latexit sha1_base64="JSWx6/mTtQ67a0gO0MAleWm89cY="></latexit><latexit sha1_base64="JSWx6/mTtQ67a0gO0MAleWm89cY="></latexit><latexit sha1_base64="JSWx6/mTtQ67a0gO0MAleWm89cY="></latexit>
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Calcula:ng	correlators	at	large	momenta	
Gaussian sources via Wuppertal smearing for the moving pion,

Güsken et al, 1989

<latexit sha1_base64="hbk/IO4FMVVH0CAqXGHDqu3eneQ=">AAACdnicbVFNb9NAEF2bAsXQksIRCa0aVXCoIjsX2lulHsqlUlFJUykbRePNOFllvWvtR0Rk+Ydy4cpf4MjaiQS0zOntm5m3T2/ySgrr0vR7FD/Ze/rs+f6L5OWrg8PXvaM3d1Z7w3HEtdTmPgeLUigcOeEk3lcGocwljvPVZdsfr9FYodVXt6lwWsJCiUJwcIGa9b4xpYWao3LJFXhrBSi6Fbd0LYCOfVWhcSCpLRGMUAtaaE PdEmmp1+0zqYLQKWUs+SNVs85ZnUuPDb1ix96uUFF0FOQpzc7PzptZr58O0q7oY5DtQJ/s6mbW+8nmmvsy6HMJ1k6ytHLTGowTXGKTMG+xAr6CBU4CVFCindadj4aeBGbeOS+0crRj/96oobR2U+ZhsgS3tA97Lfm/3sS74mxaC1V5h4pvPyq8pE7TNm46Fwa5k5sAgBsRvFK+BAPchaMkbI4Fu75lOpyovWB9fdskIZnsYQ6Pwd1wkKWD7MuwfzHcZbRP3pFj8pFk5BO5IJ/JDRkRTn5Ee9FBdBj9it/HJ/GH7Wgc7Xbekn8qTn8DJGq96w==</latexit><latexit sha1_base64="hbk/IO4FMVVH0CAqXGHDqu3eneQ=">AAACdnicbVFNb9NAEF2bAsXQksIRCa0aVXCoIjsX2lulHsqlUlFJUykbRePNOFllvWvtR0Rk+Ydy4cpf4MjaiQS0zOntm5m3T2/ySgrr0vR7FD/Ze/rs+f6L5OWrg8PXvaM3d1Z7w3HEtdTmPgeLUigcOeEk3lcGocwljvPVZdsfr9FYodVXt6lwWsJCiUJwcIGa9b4xpYWao3LJFXhrBSi6Fbd0LYCOfVWhcSCpLRGMUAtaaE PdEmmp1+0zqYLQKWUs+SNVs85ZnUuPDb1ix96uUFF0FOQpzc7PzptZr58O0q7oY5DtQJ/s6mbW+8nmmvsy6HMJ1k6ytHLTGowTXGKTMG+xAr6CBU4CVFCindadj4aeBGbeOS+0crRj/96oobR2U+ZhsgS3tA97Lfm/3sS74mxaC1V5h4pvPyq8pE7TNm46Fwa5k5sAgBsRvFK+BAPchaMkbI4Fu75lOpyovWB9fdskIZnsYQ6Pwd1wkKWD7MuwfzHcZbRP3pFj8pFk5BO5IJ/JDRkRTn5Ee9FBdBj9it/HJ/GH7Wgc7Xbekn8qTn8DJGq96w==</latexit><latexit sha1_base64="hbk/IO4FMVVH0CAqXGHDqu3eneQ=">AAACdnicbVFNb9NAEF2bAsXQksIRCa0aVXCoIjsX2lulHsqlUlFJUykbRePNOFllvWvtR0Rk+Ydy4cpf4MjaiQS0zOntm5m3T2/ySgrr0vR7FD/Ze/rs+f6L5OWrg8PXvaM3d1Z7w3HEtdTmPgeLUigcOeEk3lcGocwljvPVZdsfr9FYodVXt6lwWsJCiUJwcIGa9b4xpYWao3LJFXhrBSi6Fbd0LYCOfVWhcSCpLRGMUAtaaE PdEmmp1+0zqYLQKWUs+SNVs85ZnUuPDb1ix96uUFF0FOQpzc7PzptZr58O0q7oY5DtQJ/s6mbW+8nmmvsy6HMJ1k6ytHLTGowTXGKTMG+xAr6CBU4CVFCindadj4aeBGbeOS+0crRj/96oobR2U+ZhsgS3tA97Lfm/3sS74mxaC1V5h4pvPyq8pE7TNm46Fwa5k5sAgBsRvFK+BAPchaMkbI4Fu75lOpyovWB9fdskIZnsYQ6Pwd1wkKWD7MuwfzHcZbRP3pFj8pFk5BO5IJ/JDRkRTn5Ee9FBdBj9it/HJ/GH7Wgc7Xbekn8qTn8DJGq96w==</latexit><latexit sha1_base64="hbk/IO4FMVVH0CAqXGHDqu3eneQ=">AAACdnicbVFNb9NAEF2bAsXQksIRCa0aVXCoIjsX2lulHsqlUlFJUykbRePNOFllvWvtR0Rk+Ydy4cpf4MjaiQS0zOntm5m3T2/ySgrr0vR7FD/Ze/rs+f6L5OWrg8PXvaM3d1Z7w3HEtdTmPgeLUigcOeEk3lcGocwljvPVZdsfr9FYodVXt6lwWsJCiUJwcIGa9b4xpYWao3LJFXhrBSi6Fbd0LYCOfVWhcSCpLRGMUAtaaE PdEmmp1+0zqYLQKWUs+SNVs85ZnUuPDb1ix96uUFF0FOQpzc7PzptZr58O0q7oY5DtQJ/s6mbW+8nmmvsy6HMJ1k6ytHLTGowTXGKTMG+xAr6CBU4CVFCindadj4aeBGbeOS+0crRj/96oobR2U+ZhsgS3tA97Lfm/3sS74mxaC1V5h4pvPyq8pE7TNm46Fwa5k5sAgBsRvFK+BAPchaMkbI4Fu75lOpyovWB9fdskIZnsYQ6Pwd1wkKWD7MuwfzHcZbRP3pFj8pFk5BO5IJ/JDRkRTn5Ee9FBdBj9it/HJ/GH7Wgc7Xbekn8qTn8DJGq96w==</latexit>

Wuppertal smearing works fine for Pz = 0

and the ground energy is approached for

t = 8, but for e↵ective masses are too noisy

already for Pz = 0.86 GeV

<latexit sha1_base64="bMpeQHbOOj4kCODsbjVUz0vtoqM="></latexit><latexit sha1_base64="bMpeQHbOOj4kCODsbjVUz0vtoqM="></latexit><latexit sha1_base64="bMpeQHbOOj4kCODsbjVUz0vtoqM="></latexit><latexit sha1_base64="bMpeQHbOOj4kCODsbjVUz0vtoqM="></latexit>

e↵ective masses (50 configs, 32 sources)

<latexit sha1_base64="uOJrfBXRlX1hjHJVrmlZCRkUaxw=">AAACJ3icdZDLSgMxFIYz3q23qks3wSIoSMlUii4FN24ERdsKnVIy6ZkazCRDkhHK0GfwOXwAt/oI7kSXrnwNM+0UVPRA4Oc/t5wvTAQ3lpB3b2p6ZnZufmGxtLS8srpWXt9oGpVqBg2mhNLXITUguISG5VbAdaKBxqGAVnh7kudbd6ANV/LKDhLoxLQvecQZtc7qlvcgioBZfgc4psaAwbt1gpmSEe+bfXxQw+NVZq9brpBqne SBSZVMROH4hVNBRZx3y59BT7E0BmmZcLPbPklsJ6PaciZgWApSAwllt7QPbScljcF0stFJQ7zjnB6OlHZPWjxyv3dkNDZmEIeuMqb2xvzO5eZfuXZqo6NOxmWSWpBsvChKBbYK53xwj2vHQwycoExz91fMbqimzDqKpaAHUXB2GSjHNEeenV0OS47M5Hz8v2jWqj6p+he1ynGtYLSAttA22kU+OkTH6BSdowZi6B49oif07D14L96r9zYunfKKnk30I7yPL60FpLU=</latexit><latexit sha1_base64="uOJrfBXRlX1hjHJVrmlZCRkUaxw=">AAACJ3icdZDLSgMxFIYz3q23qks3wSIoSMlUii4FN24ERdsKnVIy6ZkazCRDkhHK0GfwOXwAt/oI7kSXrnwNM+0UVPRA4Oc/t5wvTAQ3lpB3b2p6ZnZufmGxtLS8srpWXt9oGpVqBg2mhNLXITUguISG5VbAdaKBxqGAVnh7kudbd6ANV/LKDhLoxLQvecQZtc7qlvcgioBZfgc4psaAwbt1gpmSEe+bfXxQw+NVZq9brpBqne SBSZVMROH4hVNBRZx3y59BT7E0BmmZcLPbPklsJ6PaciZgWApSAwllt7QPbScljcF0stFJQ7zjnB6OlHZPWjxyv3dkNDZmEIeuMqb2xvzO5eZfuXZqo6NOxmWSWpBsvChKBbYK53xwj2vHQwycoExz91fMbqimzDqKpaAHUXB2GSjHNEeenV0OS47M5Hz8v2jWqj6p+he1ynGtYLSAttA22kU+OkTH6BSdowZi6B49oif07D14L96r9zYunfKKnk30I7yPL60FpLU=</latexit><latexit sha1_base64="uOJrfBXRlX1hjHJVrmlZCRkUaxw=">AAACJ3icdZDLSgMxFIYz3q23qks3wSIoSMlUii4FN24ERdsKnVIy6ZkazCRDkhHK0GfwOXwAt/oI7kSXrnwNM+0UVPRA4Oc/t5wvTAQ3lpB3b2p6ZnZufmGxtLS8srpWXt9oGpVqBg2mhNLXITUguISG5VbAdaKBxqGAVnh7kudbd6ANV/LKDhLoxLQvecQZtc7qlvcgioBZfgc4psaAwbt1gpmSEe+bfXxQw+NVZq9brpBqne SBSZVMROH4hVNBRZx3y59BT7E0BmmZcLPbPklsJ6PaciZgWApSAwllt7QPbScljcF0stFJQ7zjnB6OlHZPWjxyv3dkNDZmEIeuMqb2xvzO5eZfuXZqo6NOxmWSWpBsvChKBbYK53xwj2vHQwycoExz91fMbqimzDqKpaAHUXB2GSjHNEeenV0OS47M5Hz8v2jWqj6p+he1ynGtYLSAttA22kU+OkTH6BSdowZi6B49oif07D14L96r9zYunfKKnk30I7yPL60FpLU=</latexit><latexit sha1_base64="uOJrfBXRlX1hjHJVrmlZCRkUaxw=">AAACJ3icdZDLSgMxFIYz3q23qks3wSIoSMlUii4FN24ERdsKnVIy6ZkazCRDkhHK0GfwOXwAt/oI7kSXrnwNM+0UVPRA4Oc/t5wvTAQ3lpB3b2p6ZnZufmGxtLS8srpWXt9oGpVqBg2mhNLXITUguISG5VbAdaKBxqGAVnh7kudbd6ANV/LKDhLoxLQvecQZtc7qlvcgioBZfgc4psaAwbt1gpmSEe+bfXxQw+NVZq9brpBqne SBSZVMROH4hVNBRZx3y59BT7E0BmmZcLPbPklsJ6PaciZgWApSAwllt7QPbScljcF0stFJQ7zjnB6OlHZPWjxyv3dkNDZmEIeuMqb2xvzO5eZfuXZqo6NOxmWSWpBsvChKBbYK53xwj2vHQwycoExz91fMbqimzDqKpaAHUXB2GSjHNEeenV0OS47M5Hz8v2jWqj6p+he1ynGtYLSAttA22kU+OkTH6BSdowZi6B49oif07D14L96r9zYunfKKnk30I7yPL60FpLU=</latexit>

AMA with 32 sloppy propagators

Izubuchi, Shintani, 2011

<latexit sha1_base64="wreiFdIWxXHHDx6uiUfnUhuDUrE="></latexit><latexit sha1_base64="wreiFdIWxXHHDx6uiUfnUhuDUrE="></latexit><latexit sha1_base64="wreiFdIWxXHHDx6uiUfnUhuDUrE="></latexit><latexit sha1_base64="wreiFdIWxXHHDx6uiUfnUhuDUrE="></latexit>
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Calcula:ng	correlators	at	large	momenta	(cont’d)	

Modify the Gaussian smearing such that quarks inside the source have non-zero

momenta kz = ⇣Pz, Bali 2016
<latexit sha1_base64="qDt2DboQ7PlKMgVU9b0rTNo+YZI=">AAAChXicbVFNb9NAEF2bjxbz0UCPgLQiReJAIztChQuiggNcIgWVtJXiKBqvx/Eq612zH5USK2d+I7+AE/+BtZMDtIy00tN7M/tGb7JacGPj+GcQ3rp95+7e/r3o/oOHjw56j5+cG+U0wwlTQunLDAwKLnFiuRV4WWuEKhN4kS0/tfrFFWrDlfxmVzXOKlhIXnAG1lPz3o9UKi5zlDYaqZwXK2pLpJ/BGcNBUlMhaC4X1DhWeg ks/e5ALw3l0vAcu+7tMrSEK6RSyeM1ahVVqvKfAj1aztfv0zV6OJ6vj17TtFu6yYTDDf0IgtNhnJzMe/14EHdFb4JkB/pkV+N571eaK+ZaEybAmGkS13bWgLacCdxEqTNYA1vCAqceSqjQzJrOe0NfeianhdL+SUs79u+JBipjVlXmOyuwpbmuteT/tKmzxbtZw2XtLEq2NSqcoFbRNn2ac43MipUHwDT3u1JWggZm/Y2iNMciHZ2lyl+sPWgzOttEPpnkeg43wflwkMSD5OuwfzrcZbRPnpIX5BVJyFtySr6QMZkQRn4Hh8Gz4Hm4Fx6Hb8KTbWsY7GYOyT8VfvgDpwLC9w==</latexit><latexit sha1_base64="qDt2DboQ7PlKMgVU9b0rTNo+YZI=">AAAChXicbVFNb9NAEF2bjxbz0UCPgLQiReJAIztChQuiggNcIgWVtJXiKBqvx/Eq612zH5USK2d+I7+AE/+BtZMDtIy00tN7M/tGb7JacGPj+GcQ3rp95+7e/r3o/oOHjw56j5+cG+U0wwlTQunLDAwKLnFiuRV4WWuEKhN4kS0/tfrFFWrDlfxmVzXOKlhIXnAG1lPz3o9UKi5zlDYaqZwXK2pLpJ/BGcNBUlMhaC4X1DhWeg ks/e5ALw3l0vAcu+7tMrSEK6RSyeM1ahVVqvKfAj1aztfv0zV6OJ6vj17TtFu6yYTDDf0IgtNhnJzMe/14EHdFb4JkB/pkV+N571eaK+ZaEybAmGkS13bWgLacCdxEqTNYA1vCAqceSqjQzJrOe0NfeianhdL+SUs79u+JBipjVlXmOyuwpbmuteT/tKmzxbtZw2XtLEq2NSqcoFbRNn2ac43MipUHwDT3u1JWggZm/Y2iNMciHZ2lyl+sPWgzOttEPpnkeg43wflwkMSD5OuwfzrcZbRPnpIX5BVJyFtySr6QMZkQRn4Hh8Gz4Hm4Fx6Hb8KTbWsY7GYOyT8VfvgDpwLC9w==</latexit><latexit sha1_base64="qDt2DboQ7PlKMgVU9b0rTNo+YZI=">AAAChXicbVFNb9NAEF2bjxbz0UCPgLQiReJAIztChQuiggNcIgWVtJXiKBqvx/Eq612zH5USK2d+I7+AE/+BtZMDtIy00tN7M/tGb7JacGPj+GcQ3rp95+7e/r3o/oOHjw56j5+cG+U0wwlTQunLDAwKLnFiuRV4WWuEKhN4kS0/tfrFFWrDlfxmVzXOKlhIXnAG1lPz3o9UKi5zlDYaqZwXK2pLpJ/BGcNBUlMhaC4X1DhWeg ks/e5ALw3l0vAcu+7tMrSEK6RSyeM1ahVVqvKfAj1aztfv0zV6OJ6vj17TtFu6yYTDDf0IgtNhnJzMe/14EHdFb4JkB/pkV+N571eaK+ZaEybAmGkS13bWgLacCdxEqTNYA1vCAqceSqjQzJrOe0NfeianhdL+SUs79u+JBipjVlXmOyuwpbmuteT/tKmzxbtZw2XtLEq2NSqcoFbRNn2ac43MipUHwDT3u1JWggZm/Y2iNMciHZ2lyl+sPWgzOttEPpnkeg43wflwkMSD5OuwfzrcZbRPnpIX5BVJyFtySr6QMZkQRn4Hh8Gz4Hm4Fx6Hb8KTbWsY7GYOyT8VfvgDpwLC9w==</latexit><latexit sha1_base64="qDt2DboQ7PlKMgVU9b0rTNo+YZI=">AAAChXicbVFNb9NAEF2bjxbz0UCPgLQiReJAIztChQuiggNcIgWVtJXiKBqvx/Eq612zH5USK2d+I7+AE/+BtZMDtIy00tN7M/tGb7JacGPj+GcQ3rp95+7e/r3o/oOHjw56j5+cG+U0wwlTQunLDAwKLnFiuRV4WWuEKhN4kS0/tfrFFWrDlfxmVzXOKlhIXnAG1lPz3o9UKi5zlDYaqZwXK2pLpJ/BGcNBUlMhaC4X1DhWeg ks/e5ALw3l0vAcu+7tMrSEK6RSyeM1ahVVqvKfAj1aztfv0zV6OJ6vj17TtFu6yYTDDf0IgtNhnJzMe/14EHdFb4JkB/pkV+N571eaK+ZaEybAmGkS13bWgLacCdxEqTNYA1vCAqceSqjQzJrOe0NfeianhdL+SUs79u+JBipjVlXmOyuwpbmuteT/tKmzxbtZw2XtLEq2NSqcoFbRNn2ac43MipUHwDT3u1JWggZm/Y2iNMciHZ2lyl+sPWgzOttEPpnkeg43wflwkMSD5OuwfzrcZbRPnpIX5BVJyFtySr6QMZkQRn4Hh8Gz4Hm4Fx6Hb8KTbWsY7GYOyT8VfvgDpwLC9w==</latexit>

We use momentum boosted Coulomb gauge fixed Gaussian sources

(cheaper computationally)

<latexit sha1_base64="v86TumKA6gGiaDnZ4XciXiL3qxA=">AAACYXicbVE7bxNBEF4fr+R4HaFMM8JCCo115wbKSCmgiRQUHEfyWdbc3py9yj5O+0BYJ/9AfgI1BSUtdOzZLiBhpJW++WZG8+03VSuF83n+bZDcu//g4aODw/Txk6fPnmcvjq6cCZbThBtp7HWFjqTQNPHCS7puLaGqJE2rm7O+Pv1M1gmjP/l1S3OFSy0awdFHapHxUhuha9I+nRIER6CMillQUBnjPNVwZoI0qoIlhiVBI7 5E7j0G5wRq2AlxUJbpCV8RtmSBG9UGv12AUq7fLLJhPsq3AXdBsQdDto+LRfajrA0PvQ4u0blZkbd+3qH1gkvapGXU2SK/wSXNItSoyM27rRkbeB2ZGhpj49MetuzfEx0q59aqip0K/crdrvXk/2qz4Jt3807o+DfSfLeoCRK8gd5ZqIUl7uU6AuRWRK3AV2iR++h/WtbUlOeXpYnX6I/VnV9u0uhMcduHu+BqPCryUfFxPDwd7z06YMfsFTthBXvLTtkHdsEmjLOv7Cf7xX4PvieHSZYc7VqTwX7mJfsnkuM/JPq5yw==</latexit><latexit sha1_base64="v86TumKA6gGiaDnZ4XciXiL3qxA=">AAACYXicbVE7bxNBEF4fr+R4HaFMM8JCCo115wbKSCmgiRQUHEfyWdbc3py9yj5O+0BYJ/9AfgI1BSUtdOzZLiBhpJW++WZG8+03VSuF83n+bZDcu//g4aODw/Txk6fPnmcvjq6cCZbThBtp7HWFjqTQNPHCS7puLaGqJE2rm7O+Pv1M1gmjP/l1S3OFSy0awdFHapHxUhuha9I+nRIER6CMillQUBnjPNVwZoI0qoIlhiVBI7 5E7j0G5wRq2AlxUJbpCV8RtmSBG9UGv12AUq7fLLJhPsq3AXdBsQdDto+LRfajrA0PvQ4u0blZkbd+3qH1gkvapGXU2SK/wSXNItSoyM27rRkbeB2ZGhpj49MetuzfEx0q59aqip0K/crdrvXk/2qz4Jt3807o+DfSfLeoCRK8gd5ZqIUl7uU6AuRWRK3AV2iR++h/WtbUlOeXpYnX6I/VnV9u0uhMcduHu+BqPCryUfFxPDwd7z06YMfsFTthBXvLTtkHdsEmjLOv7Cf7xX4PvieHSZYc7VqTwX7mJfsnkuM/JPq5yw==</latexit><latexit sha1_base64="v86TumKA6gGiaDnZ4XciXiL3qxA=">AAACYXicbVE7bxNBEF4fr+R4HaFMM8JCCo115wbKSCmgiRQUHEfyWdbc3py9yj5O+0BYJ/9AfgI1BSUtdOzZLiBhpJW++WZG8+03VSuF83n+bZDcu//g4aODw/Txk6fPnmcvjq6cCZbThBtp7HWFjqTQNPHCS7puLaGqJE2rm7O+Pv1M1gmjP/l1S3OFSy0awdFHapHxUhuha9I+nRIER6CMillQUBnjPNVwZoI0qoIlhiVBI7 5E7j0G5wRq2AlxUJbpCV8RtmSBG9UGv12AUq7fLLJhPsq3AXdBsQdDto+LRfajrA0PvQ4u0blZkbd+3qH1gkvapGXU2SK/wSXNItSoyM27rRkbeB2ZGhpj49MetuzfEx0q59aqip0K/crdrvXk/2qz4Jt3807o+DfSfLeoCRK8gd5ZqIUl7uU6AuRWRK3AV2iR++h/WtbUlOeXpYnX6I/VnV9u0uhMcduHu+BqPCryUfFxPDwd7z06YMfsFTthBXvLTtkHdsEmjLOv7Cf7xX4PvieHSZYc7VqTwX7mJfsnkuM/JPq5yw==</latexit><latexit sha1_base64="v86TumKA6gGiaDnZ4XciXiL3qxA=">AAACYXicbVE7bxNBEF4fr+R4HaFMM8JCCo115wbKSCmgiRQUHEfyWdbc3py9yj5O+0BYJ/9AfgI1BSUtdOzZLiBhpJW++WZG8+03VSuF83n+bZDcu//g4aODw/Txk6fPnmcvjq6cCZbThBtp7HWFjqTQNPHCS7puLaGqJE2rm7O+Pv1M1gmjP/l1S3OFSy0awdFHapHxUhuha9I+nRIER6CMillQUBnjPNVwZoI0qoIlhiVBI7 5E7j0G5wRq2AlxUJbpCV8RtmSBG9UGv12AUq7fLLJhPsq3AXdBsQdDto+LRfajrA0PvQ4u0blZkbd+3qH1gkvapGXU2SK/wSXNItSoyM27rRkbeB2ZGhpj49MetuzfEx0q59aqip0K/crdrvXk/2qz4Jt3807o+DfSfLeoCRK8gd5ZqIUl7uU6AuRWRK3AV2iR++h/WtbUlOeXpYnX6I/VnV9u0uhMcduHu+BqPCryUfFxPDwd7z06YMfsFTthBXvLTtkHdsEmjLOv7Cf7xX4PvieHSZYc7VqTwX7mJfsnkuM/JPq5yw==</latexit>

⇣ = 0.75� 1 is needed for a good signal

<latexit sha1_base64="yXyB3EaKAaZKjowDgHhckkIgKCc="></latexit><latexit sha1_base64="yXyB3EaKAaZKjowDgHhckkIgKCc="></latexit><latexit sha1_base64="yXyB3EaKAaZKjowDgHhckkIgKCc="></latexit><latexit sha1_base64="yXyB3EaKAaZKjowDgHhckkIgKCc="></latexit>

e↵ective masses (50 configs, 32 sources)

<latexit sha1_base64="uOJrfBXRlX1hjHJVrmlZCRkUaxw="></latexit><latexit sha1_base64="uOJrfBXRlX1hjHJVrmlZCRkUaxw="></latexit><latexit sha1_base64="uOJrfBXRlX1hjHJVrmlZCRkUaxw="></latexit><latexit sha1_base64="uOJrfBXRlX1hjHJVrmlZCRkUaxw="></latexit>
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Calcula:ng	correlators	at	large	momenta	(cont’d)	

Modify the Gaussian smearing such that quarks inside the source have non-zero

momenta kz = ⇣Pz, Bali 2016
<latexit sha1_base64="qDt2DboQ7PlKMgVU9b0rTNo+YZI=">AAAChXicbVFNb9NAEF2bjxbz0UCPgLQiReJAIztChQuiggNcIgWVtJXiKBqvx/Eq612zH5USK2d+I7+AE/+BtZMDtIy00tN7M/tGb7JacGPj+GcQ3rp95+7e/r3o/oOHjw56j5+cG+U0wwlTQunLDAwKLnFiuRV4WWuEKhN4kS0/tfrFFWrDlfxmVzXOKlhIXnAG1lPz3o9UKi5zlDYaqZwXK2pLpJ/BGcNBUlMhaC4X1DhWeg ks/e5ALw3l0vAcu+7tMrSEK6RSyeM1ahVVqvKfAj1aztfv0zV6OJ6vj17TtFu6yYTDDf0IgtNhnJzMe/14EHdFb4JkB/pkV+N571eaK+ZaEybAmGkS13bWgLacCdxEqTNYA1vCAqceSqjQzJrOe0NfeianhdL+SUs79u+JBipjVlXmOyuwpbmuteT/tKmzxbtZw2XtLEq2NSqcoFbRNn2ac43MipUHwDT3u1JWggZm/Y2iNMciHZ2lyl+sPWgzOttEPpnkeg43wflwkMSD5OuwfzrcZbRPnpIX5BVJyFtySr6QMZkQRn4Hh8Gz4Hm4Fx6Hb8KTbWsY7GYOyT8VfvgDpwLC9w==</latexit><latexit sha1_base64="qDt2DboQ7PlKMgVU9b0rTNo+YZI=">AAAChXicbVFNb9NAEF2bjxbz0UCPgLQiReJAIztChQuiggNcIgWVtJXiKBqvx/Eq612zH5USK2d+I7+AE/+BtZMDtIy00tN7M/tGb7JacGPj+GcQ3rp95+7e/r3o/oOHjw56j5+cG+U0wwlTQunLDAwKLnFiuRV4WWuEKhN4kS0/tfrFFWrDlfxmVzXOKlhIXnAG1lPz3o9UKi5zlDYaqZwXK2pLpJ/BGcNBUlMhaC4X1DhWeg ks/e5ALw3l0vAcu+7tMrSEK6RSyeM1ahVVqvKfAj1aztfv0zV6OJ6vj17TtFu6yYTDDf0IgtNhnJzMe/14EHdFb4JkB/pkV+N571eaK+ZaEybAmGkS13bWgLacCdxEqTNYA1vCAqceSqjQzJrOe0NfeianhdL+SUs79u+JBipjVlXmOyuwpbmuteT/tKmzxbtZw2XtLEq2NSqcoFbRNn2ac43MipUHwDT3u1JWggZm/Y2iNMciHZ2lyl+sPWgzOttEPpnkeg43wflwkMSD5OuwfzrcZbRPnpIX5BVJyFtySr6QMZkQRn4Hh8Gz4Hm4Fx6Hb8KTbWsY7GYOyT8VfvgDpwLC9w==</latexit><latexit sha1_base64="qDt2DboQ7PlKMgVU9b0rTNo+YZI=">AAAChXicbVFNb9NAEF2bjxbz0UCPgLQiReJAIztChQuiggNcIgWVtJXiKBqvx/Eq612zH5USK2d+I7+AE/+BtZMDtIy00tN7M/tGb7JacGPj+GcQ3rp95+7e/r3o/oOHjw56j5+cG+U0wwlTQunLDAwKLnFiuRV4WWuEKhN4kS0/tfrFFWrDlfxmVzXOKlhIXnAG1lPz3o9UKi5zlDYaqZwXK2pLpJ/BGcNBUlMhaC4X1DhWeg ks/e5ALw3l0vAcu+7tMrSEK6RSyeM1ahVVqvKfAj1aztfv0zV6OJ6vj17TtFu6yYTDDf0IgtNhnJzMe/14EHdFb4JkB/pkV+N571eaK+ZaEybAmGkS13bWgLacCdxEqTNYA1vCAqceSqjQzJrOe0NfeianhdL+SUs79u+JBipjVlXmOyuwpbmuteT/tKmzxbtZw2XtLEq2NSqcoFbRNn2ac43MipUHwDT3u1JWggZm/Y2iNMciHZ2lyl+sPWgzOttEPpnkeg43wflwkMSD5OuwfzrcZbRPnpIX5BVJyFtySr6QMZkQRn4Hh8Gz4Hm4Fx6Hb8KTbWsY7GYOyT8VfvgDpwLC9w==</latexit><latexit sha1_base64="qDt2DboQ7PlKMgVU9b0rTNo+YZI=">AAAChXicbVFNb9NAEF2bjxbz0UCPgLQiReJAIztChQuiggNcIgWVtJXiKBqvx/Eq612zH5USK2d+I7+AE/+BtZMDtIy00tN7M/tGb7JacGPj+GcQ3rp95+7e/r3o/oOHjw56j5+cG+U0wwlTQunLDAwKLnFiuRV4WWuEKhN4kS0/tfrFFWrDlfxmVzXOKlhIXnAG1lPz3o9UKi5zlDYaqZwXK2pLpJ/BGcNBUlMhaC4X1DhWeg ks/e5ALw3l0vAcu+7tMrSEK6RSyeM1ahVVqvKfAj1aztfv0zV6OJ6vj17TtFu6yYTDDf0IgtNhnJzMe/14EHdFb4JkB/pkV+N571eaK+ZaEybAmGkS13bWgLacCdxEqTNYA1vCAqceSqjQzJrOe0NfeianhdL+SUs79u+JBipjVlXmOyuwpbmuteT/tKmzxbtZw2XtLEq2NSqcoFbRNn2ac43MipUHwDT3u1JWggZm/Y2iNMciHZ2lyl+sPWgzOttEPpnkeg43wflwkMSD5OuwfzrcZbRPnpIX5BVJyFtySr6QMZkQRn4Hh8Gz4Hm4Fx6Hb8KTbWsY7GYOyT8VfvgDpwLC9w==</latexit>

We use momentum boosted Coulomb gauge fixed Gaussian sources

(cheaper computationally)

<latexit sha1_base64="v86TumKA6gGiaDnZ4XciXiL3qxA=">AAACYXicbVE7bxNBEF4fr+R4HaFMM8JCCo115wbKSCmgiRQUHEfyWdbc3py9yj5O+0BYJ/9AfgI1BSUtdOzZLiBhpJW++WZG8+03VSuF83n+bZDcu//g4aODw/Txk6fPnmcvjq6cCZbThBtp7HWFjqTQNPHCS7puLaGqJE2rm7O+Pv1M1gmjP/l1S3OFSy0awdFHapHxUhuha9I+nRIER6CMillQUBnjPNVwZoI0qoIlhiVBI7 5E7j0G5wRq2AlxUJbpCV8RtmSBG9UGv12AUq7fLLJhPsq3AXdBsQdDto+LRfajrA0PvQ4u0blZkbd+3qH1gkvapGXU2SK/wSXNItSoyM27rRkbeB2ZGhpj49MetuzfEx0q59aqip0K/crdrvXk/2qz4Jt3807o+DfSfLeoCRK8gd5ZqIUl7uU6AuRWRK3AV2iR++h/WtbUlOeXpYnX6I/VnV9u0uhMcduHu+BqPCryUfFxPDwd7z06YMfsFTthBXvLTtkHdsEmjLOv7Cf7xX4PvieHSZYc7VqTwX7mJfsnkuM/JPq5yw==</latexit><latexit sha1_base64="v86TumKA6gGiaDnZ4XciXiL3qxA=">AAACYXicbVE7bxNBEF4fr+R4HaFMM8JCCo115wbKSCmgiRQUHEfyWdbc3py9yj5O+0BYJ/9AfgI1BSUtdOzZLiBhpJW++WZG8+03VSuF83n+bZDcu//g4aODw/Txk6fPnmcvjq6cCZbThBtp7HWFjqTQNPHCS7puLaGqJE2rm7O+Pv1M1gmjP/l1S3OFSy0awdFHapHxUhuha9I+nRIER6CMillQUBnjPNVwZoI0qoIlhiVBI7 5E7j0G5wRq2AlxUJbpCV8RtmSBG9UGv12AUq7fLLJhPsq3AXdBsQdDto+LRfajrA0PvQ4u0blZkbd+3qH1gkvapGXU2SK/wSXNItSoyM27rRkbeB2ZGhpj49MetuzfEx0q59aqip0K/crdrvXk/2qz4Jt3807o+DfSfLeoCRK8gd5ZqIUl7uU6AuRWRK3AV2iR++h/WtbUlOeXpYnX6I/VnV9u0uhMcduHu+BqPCryUfFxPDwd7z06YMfsFTthBXvLTtkHdsEmjLOv7Cf7xX4PvieHSZYc7VqTwX7mJfsnkuM/JPq5yw==</latexit><latexit sha1_base64="v86TumKA6gGiaDnZ4XciXiL3qxA=">AAACYXicbVE7bxNBEF4fr+R4HaFMM8JCCo115wbKSCmgiRQUHEfyWdbc3py9yj5O+0BYJ/9AfgI1BSUtdOzZLiBhpJW++WZG8+03VSuF83n+bZDcu//g4aODw/Txk6fPnmcvjq6cCZbThBtp7HWFjqTQNPHCS7puLaGqJE2rm7O+Pv1M1gmjP/l1S3OFSy0awdFHapHxUhuha9I+nRIER6CMillQUBnjPNVwZoI0qoIlhiVBI7 5E7j0G5wRq2AlxUJbpCV8RtmSBG9UGv12AUq7fLLJhPsq3AXdBsQdDto+LRfajrA0PvQ4u0blZkbd+3qH1gkvapGXU2SK/wSXNItSoyM27rRkbeB2ZGhpj49MetuzfEx0q59aqip0K/crdrvXk/2qz4Jt3807o+DfSfLeoCRK8gd5ZqIUl7uU6AuRWRK3AV2iR++h/WtbUlOeXpYnX6I/VnV9u0uhMcduHu+BqPCryUfFxPDwd7z06YMfsFTthBXvLTtkHdsEmjLOv7Cf7xX4PvieHSZYc7VqTwX7mJfsnkuM/JPq5yw==</latexit><latexit sha1_base64="v86TumKA6gGiaDnZ4XciXiL3qxA=">AAACYXicbVE7bxNBEF4fr+R4HaFMM8JCCo115wbKSCmgiRQUHEfyWdbc3py9yj5O+0BYJ/9AfgI1BSUtdOzZLiBhpJW++WZG8+03VSuF83n+bZDcu//g4aODw/Txk6fPnmcvjq6cCZbThBtp7HWFjqTQNPHCS7puLaGqJE2rm7O+Pv1M1gmjP/l1S3OFSy0awdFHapHxUhuha9I+nRIER6CMillQUBnjPNVwZoI0qoIlhiVBI7 5E7j0G5wRq2AlxUJbpCV8RtmSBG9UGv12AUq7fLLJhPsq3AXdBsQdDto+LRfajrA0PvQ4u0blZkbd+3qH1gkvapGXU2SK/wSXNItSoyM27rRkbeB2ZGhpj49MetuzfEx0q59aqip0K/crdrvXk/2qz4Jt3807o+DfSfLeoCRK8gd5ZqIUl7uU6AuRWRK3AV2iR++h/WtbUlOeXpYnX6I/VnV9u0uhMcduHu+BqPCryUfFxPDwd7z06YMfsFTthBXvLTtkHdsEmjLOv7Cf7xX4PvieHSZYc7VqTwX7mJfsnkuM/JPq5yw==</latexit>

⇣ = 0.75� 1 is needed for a good signal

<latexit sha1_base64="yXyB3EaKAaZKjowDgHhckkIgKCc="></latexit><latexit sha1_base64="yXyB3EaKAaZKjowDgHhckkIgKCc="></latexit><latexit sha1_base64="yXyB3EaKAaZKjowDgHhckkIgKCc="></latexit><latexit sha1_base64="yXyB3EaKAaZKjowDgHhckkIgKCc="></latexit>

e↵ective masses (168 configs, 32 sources)

<latexit sha1_base64="lRGniJo+zaB23rqqaTmb00BoXDk="></latexit><latexit sha1_base64="lRGniJo+zaB23rqqaTmb00BoXDk="></latexit><latexit sha1_base64="lRGniJo+zaB23rqqaTmb00BoXDk="></latexit><latexit sha1_base64="lRGniJo+zaB23rqqaTmb00BoXDk="></latexit>
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Renormaliza:on	and	matching	of	qPDF		
Workflow:

qb(z, Pz, a) ! qR(z, Pz, p
R
z , µR) ! qR(x, Pz, p

R
z , µR)

<latexit sha1_base64="xEobR3KnwRAodanCn15uIXsMOzg="></latexit><latexit sha1_base64="xEobR3KnwRAodanCn15uIXsMOzg="></latexit><latexit sha1_base64="xEobR3KnwRAodanCn15uIXsMOzg="></latexit><latexit sha1_base64="RkVhFPZ61vOCxDyFaMJjXNEmLRY=">AAAB+XicbZDLSsNAFIYnXmu8VbduBovgqiRudCm4cVOo1F6gCWUyOWmHTmbCzEQoIS/g1kdwJ259GJ/A13DSFtTWHwZ+/nMO58wXZZxp43mfzsbm1vbObm3P3T9wD4+O6yc9LXNFoUsll2oQEQ2cCegaZjgMMgUkjTj0o+ldVe8/gdJMikczyyBMyViwhFFibNQe1Rte05sLrxt/aRpoqVH9K4glzVMQhnKi9dD3MhMWRBlGOZRukGvICJ2SMQytFSQFHRbzM0t8YZMYJ1LZJwyep78nCpJqPUsj25kSM9GrtSr8rzbMTXITFkxkuQFBF4uSnGMjcfVnHDMF1PCZNYQqZm/FdEIUocaScYMYkqDVCaTlVGEsWp3StWD8VQzrpnfV9L2m//BDCNXQGTpHl8hH1+gW3aM26iKKYvSMXpzSeXXenPdF44aznDhFf+R8fAOLc5Np</latexit><latexit sha1_base64="fHQ8C7cTrobRdEZbbuJr5udGXWs="></latexit><latexit sha1_base64="fHQ8C7cTrobRdEZbbuJr5udGXWs="></latexit><latexit sha1_base64="VZ0GWiDdN9LSyr/hAoZCRrWG/no="></latexit><latexit sha1_base64="xEobR3KnwRAodanCn15uIXsMOzg="></latexit><latexit sha1_base64="xEobR3KnwRAodanCn15uIXsMOzg="></latexit><latexit sha1_base64="xEobR3KnwRAodanCn15uIXsMOzg="></latexit><latexit sha1_base64="xEobR3KnwRAodanCn15uIXsMOzg="></latexit><latexit sha1_base64="xEobR3KnwRAodanCn15uIXsMOzg="></latexit><latexit sha1_base64="xEobR3KnwRAodanCn15uIXsMOzg="></latexit>

Perform matching from RI/MOM to MS
Stewart, Zhao, 2017

<latexit sha1_base64="eoC00ahV8qXP7h1x9uxmAR/qN40="></latexit><latexit sha1_base64="eoC00ahV8qXP7h1x9uxmAR/qN40="></latexit><latexit sha1_base64="eoC00ahV8qXP7h1x9uxmAR/qN40="></latexit><latexit sha1_base64="eoC00ahV8qXP7h1x9uxmAR/qN40="></latexit>

For Wilson fermions �z operator mixes with unit operator ) to be considered

in the renormalization

Constantinou, Panagopoulos, 2017, Alexandrou et al, 2017, Chen et al, 2017

<latexit sha1_base64="/t3OLhmycUq5Iw1cJ0F/NADJA4w=">AAAC2XicbVJNb9NAELXNVzFfAY5cRjRIHKLIzqUcW0VCXCoFSppKcRSN12Nn1f0wu2va1MqBG+LKr0P8AP4GmzSI0jKnp/dmdmbfTF4Lbl2S/AijW7fv3L23cz9+8PDR4yedp8+OrW4MozHTQpuTHC0JrmjsuBN0UhtCmQua5KfDtT75TMZyrT66ZU0ziZXiJWfoPDXv/MyU5qog5eK32sCEC6sVlGSkly10swqlxPlFF3RNBp 3PkfycLJxxt4BGcfdX6GYfeLVwaIw+64LTkBMw/wovyFABXIFbEBhS2kgU/GIzAmRZnG3+0eaioRUMfYVD5bjSTQ9GqLDStW6Etj0YJOleDw4EnaMqjG6AHKD4ww8XpK4y885u0k82ATdBugW7wTZG886vrNCskd4NJtDaaZrUbtaicZwJWsVZY6lGdooVTT1UKMnO2s3wK3jlmQJK70OplYMNe7WiRWntUuY+U6Jb2OvamvyfNm1c+WbWclU3jhS7bFQ2Ym3weqNQcEPMiaUHyAz3swJboEHm/N7jrKAyOzzKtL+C9ZG0h0er2DuTXvfhJjge9NOkn74f7O4Pth7tBC+Cl8HrIA32gv3gXTAKxgELD8IqrMNP0TT6En2Nvl2mRuG25nnwT0TffwMUseHm</latexit><latexit sha1_base64="/t3OLhmycUq5Iw1cJ0F/NADJA4w=">AAAC2XicbVJNb9NAELXNVzFfAY5cRjRIHKLIzqUcW0VCXCoFSppKcRSN12Nn1f0wu2va1MqBG+LKr0P8AP4GmzSI0jKnp/dmdmbfTF4Lbl2S/AijW7fv3L23cz9+8PDR4yedp8+OrW4MozHTQpuTHC0JrmjsuBN0UhtCmQua5KfDtT75TMZyrT66ZU0ziZXiJWfoPDXv/MyU5qog5eK32sCEC6sVlGSkly10swqlxPlFF3RNBp 3PkfycLJxxt4BGcfdX6GYfeLVwaIw+64LTkBMw/wovyFABXIFbEBhS2kgU/GIzAmRZnG3+0eaioRUMfYVD5bjSTQ9GqLDStW6Etj0YJOleDw4EnaMqjG6AHKD4ww8XpK4y885u0k82ATdBugW7wTZG886vrNCskd4NJtDaaZrUbtaicZwJWsVZY6lGdooVTT1UKMnO2s3wK3jlmQJK70OplYMNe7WiRWntUuY+U6Jb2OvamvyfNm1c+WbWclU3jhS7bFQ2Ym3weqNQcEPMiaUHyAz3swJboEHm/N7jrKAyOzzKtL+C9ZG0h0er2DuTXvfhJjge9NOkn74f7O4Pth7tBC+Cl8HrIA32gv3gXTAKxgELD8IqrMNP0TT6En2Nvl2mRuG25nnwT0TffwMUseHm</latexit><latexit sha1_base64="/t3OLhmycUq5Iw1cJ0F/NADJA4w=">AAAC2XicbVJNb9NAELXNVzFfAY5cRjRIHKLIzqUcW0VCXCoFSppKcRSN12Nn1f0wu2va1MqBG+LKr0P8AP4GmzSI0jKnp/dmdmbfTF4Lbl2S/AijW7fv3L23cz9+8PDR4yedp8+OrW4MozHTQpuTHC0JrmjsuBN0UhtCmQua5KfDtT75TMZyrT66ZU0ziZXiJWfoPDXv/MyU5qog5eK32sCEC6sVlGSkly10swqlxPlFF3RNBp 3PkfycLJxxt4BGcfdX6GYfeLVwaIw+64LTkBMw/wovyFABXIFbEBhS2kgU/GIzAmRZnG3+0eaioRUMfYVD5bjSTQ9GqLDStW6Etj0YJOleDw4EnaMqjG6AHKD4ww8XpK4y885u0k82ATdBugW7wTZG886vrNCskd4NJtDaaZrUbtaicZwJWsVZY6lGdooVTT1UKMnO2s3wK3jlmQJK70OplYMNe7WiRWntUuY+U6Jb2OvamvyfNm1c+WbWclU3jhS7bFQ2Ym3weqNQcEPMiaUHyAz3swJboEHm/N7jrKAyOzzKtL+C9ZG0h0er2DuTXvfhJjge9NOkn74f7O4Pth7tBC+Cl8HrIA32gv3gXTAKxgELD8IqrMNP0TT6En2Nvl2mRuG25nnwT0TffwMUseHm</latexit><latexit sha1_base64="/t3OLhmycUq5Iw1cJ0F/NADJA4w=">AAAC2XicbVJNb9NAELXNVzFfAY5cRjRIHKLIzqUcW0VCXCoFSppKcRSN12Nn1f0wu2va1MqBG+LKr0P8AP4GmzSI0jKnp/dmdmbfTF4Lbl2S/AijW7fv3L23cz9+8PDR4yedp8+OrW4MozHTQpuTHC0JrmjsuBN0UhtCmQua5KfDtT75TMZyrT66ZU0ziZXiJWfoPDXv/MyU5qog5eK32sCEC6sVlGSkly10swqlxPlFF3RNBp 3PkfycLJxxt4BGcfdX6GYfeLVwaIw+64LTkBMw/wovyFABXIFbEBhS2kgU/GIzAmRZnG3+0eaioRUMfYVD5bjSTQ9GqLDStW6Etj0YJOleDw4EnaMqjG6AHKD4ww8XpK4y885u0k82ATdBugW7wTZG886vrNCskd4NJtDaaZrUbtaicZwJWsVZY6lGdooVTT1UKMnO2s3wK3jlmQJK70OplYMNe7WiRWntUuY+U6Jb2OvamvyfNm1c+WbWclU3jhS7bFQ2Ym3weqNQcEPMiaUHyAz3swJboEHm/N7jrKAyOzzKtL+C9ZG0h0er2DuTXvfhJjge9NOkn74f7O4Pth7tBC+Cl8HrIA32gv3gXTAKxgELD8IqrMNP0TT6En2Nvl2mRuG25nnwT0TffwMUseHm</latexit>

q̃(x, Pz, p
R
z , µR) =

Z +1

�1

dy

|y|C
RI/MOM (

x

y

,

yPz

µ

,

p

R
z

Pz
,

µR

p

R
z

)q(y, µ)
<latexit sha1_base64="hS3DzxdaBpGObS/Sexb4ZQAsKok="></latexit><latexit sha1_base64="hS3DzxdaBpGObS/Sexb4ZQAsKok="></latexit><latexit sha1_base64="hS3DzxdaBpGObS/Sexb4ZQAsKok="></latexit><latexit sha1_base64="hS3DzxdaBpGObS/Sexb4ZQAsKok="></latexit>

Non-perturbative RI/MOM: fix Landau gauge on the lattice, calculate the am-
putated 3-point function on quark states at momentum p and require that for
pz = pRz and p2z + p2T = µ2

R it is equal to the tree level result
Stewart, Zhao, 2017, Chen et al 2017

<latexit sha1_base64="NflPTJbCaXeOnvK9HfNsMKXHCSk=">AAADLXicbVLJbtRAELXNFsw2gSOXEhkkJCYT2xyCkCJFygUkBkJ2Ec+M2u3yTCvtbqeXQLDmM/gOPoArfAIHJMQ1v0HbmQMklNRS1av9dWUVZ9pE0U8/uHL12vUbCzfDW7fv3L3XWby/p6VVFHep5FIdZEQjZwJ3DTMcDyqFpMw47mdHG41//wSVZlLsmNMKhyWZCFYwSoyDxot+PxWSiRyFCeu0rVcrzGfwRorlCpWxKnOhJw </latexit><latexit sha1_base64="NflPTJbCaXeOnvK9HfNsMKXHCSk=">AAADLXicbVLJbtRAELXNFsw2gSOXEhkkJCYT2xyCkCJFygUkBkJ2Ec+M2u3yTCvtbqeXQLDmM/gOPoArfAIHJMQ1v0HbmQMklNRS1av9dWUVZ9pE0U8/uHL12vUbCzfDW7fv3L3XWby/p6VVFHep5FIdZEQjZwJ3DTMcDyqFpMw47mdHG41//wSVZlLsmNMKhyWZCFYwSoyDxot+PxWSiRyFCeu0rVcrzGfwRorlCpWxKnOhJw </latexit><latexit sha1_base64="NflPTJbCaXeOnvK9HfNsMKXHCSk=">AAADLXicbVLJbtRAELXNFsw2gSOXEhkkJCYT2xyCkCJFygUkBkJ2Ec+M2u3yTCvtbqeXQLDmM/gOPoArfAIHJMQ1v0HbmQMklNRS1av9dWUVZ9pE0U8/uHL12vUbCzfDW7fv3L3XWby/p6VVFHep5FIdZEQjZwJ3DTMcDyqFpMw47mdHG41//wSVZlLsmNMKhyWZCFYwSoyDxot+PxWSiRyFCeu0rVcrzGfwRorlCpWxKnOhJw </latexit><latexit sha1_base64="NflPTJbCaXeOnvK9HfNsMKXHCSk=">AAADLXicbVLJbtRAELXNFsw2gSOXEhkkJCYT2xyCkCJFygUkBkJ2Ec+M2u3yTCvtbqeXQLDmM/gOPoArfAIHJMQ1v0HbmQMklNRS1av9dWUVZ9pE0U8/uHL12vUbCzfDW7fv3L3XWby/p6VVFHep5FIdZEQjZwJ3DTMcDyqFpMw47mdHG41//wSVZlLsmNMKhyWZCFYwSoyDxot+PxWSiRyFCeu0rVcrzGfwRorlCpWxKnOhJw </latexit>

Tr
�
p �R

�z
(p)

���
p=pR = 12pRz e

ipR
z z, Tr

�
�R
�z
(p)

���
p=pR = 0

<latexit sha1_base64="wTwVcbDpMVQ8OeOHKybL2nws51o=">AAACqniclVFNb9QwEHXCVwlfSzlyGVGQFqlaJXuhl0oFDnCpVLbdtmi9GzmOs2vVTizbQdo1yS9C/B9u3PgbOLtFgrYXRrLm+c2MZvRepgQ3No5/BOGt23fu3tu6Hz14+Ojxk97T7VNT1ZqyMa1Epc8zYpjgJRtbbgU7V5oRmQl2ll287+pnX5g2vCpP7FKxqSTzkhecEuuptPcNC1bYATisJZzoBtb/fqugxR+IlGQ2Sh2edy hdNX31GrDm84X9k7+mTu2r2ajZT4bgc7oCNnMcVLqajWDV7ELbttHNS+A/N8RpbycexOuA6yC5BDsHL7+jnwiho7T3C+cVrSUrLRXEmEkSKzt1RFtOBWsiXBumCL0gczbxsCSSmalbq9rAK8/kUFTav9LCmv17whFpzFJmvlMSuzBXax15U21S22Jv6nipastKullU1AJsBZ1FkHPNqBVLDwjV3N8KdEE0odYbGeGcFfjwGFfe1s51d3jcRF6Z5KoO18HpcJDEg+STl2iINrGFnqMXqI8S9AYdoI/oCI0RDbaDveBt8C7cDUfh53CyaQ2Dy5ln6J8I89/fQdI8</latexit><latexit sha1_base64="vhvpbRloO2ZT7ArTtHG+ErPEDPk=">AAACqniclVFNb9QwEHXCVwkf3ZYDBy4jCtIiVatkL/RSqZQDXCqVbbcfWu9GjuPsWrUTy3Yq7abJL0Jc+R0c+QX8DZzdIkHbCyNZ8/xmRjN6L1GCGxuGPz3/3v0HDx+tPQ6ePH32fL2zsXliilJTNqSFKPRZQgwTPGdDy61gZ0ozIhPBTpOLj2399JJpw4v82M4VG0syzXnGKbGOijtfsWCZ7UGFtYRjXcPy320UNPgTkZJMBn GFpy2KF3VXvQOs+XRm/+SruFK7ajKod6M+uBwvgE0qDipeTAawqLehaZrg7iXwnxvCuLMV9sJlwG0QXYOtvTff0I/vL88P484vnBa0lCy3VBBjRlGo7Lgi2nIqWB3g0jBF6AWZspGDOZHMjKulqjW8dUwKWaHdyy0s2b8nKiKNmcvEdUpiZ+ZmrSXvqo1Km+2MK56r0rKcrhZlpQBbQGsRpFwzasXcAUI1d7cCnRFNqHVGBjhlGT44woWztXW9OjiqA6dMdFOH2+Ck34vCXvTFSdRHq1hDr9Br1EUReo/20Gd0iIaIepvejvfB2/e3/YF/7o9Wrb53PfMC/RN++htsp9NU</latexit><latexit sha1_base64="vhvpbRloO2ZT7ArTtHG+ErPEDPk=">AAACqniclVFNb9QwEHXCVwkf3ZYDBy4jCtIiVatkL/RSqZQDXCqVbbcfWu9GjuPsWrUTy3Yq7abJL0Jc+R0c+QX8DZzdIkHbCyNZ8/xmRjN6L1GCGxuGPz3/3v0HDx+tPQ6ePH32fL2zsXliilJTNqSFKPRZQgwTPGdDy61gZ0ozIhPBTpOLj2399JJpw4v82M4VG0syzXnGKbGOijtfsWCZ7UGFtYRjXcPy320UNPgTkZJMBn GFpy2KF3VXvQOs+XRm/+SruFK7ajKod6M+uBwvgE0qDipeTAawqLehaZrg7iXwnxvCuLMV9sJlwG0QXYOtvTff0I/vL88P484vnBa0lCy3VBBjRlGo7Lgi2nIqWB3g0jBF6AWZspGDOZHMjKulqjW8dUwKWaHdyy0s2b8nKiKNmcvEdUpiZ+ZmrSXvqo1Km+2MK56r0rKcrhZlpQBbQGsRpFwzasXcAUI1d7cCnRFNqHVGBjhlGT44woWztXW9OjiqA6dMdFOH2+Ck34vCXvTFSdRHq1hDr9Br1EUReo/20Gd0iIaIepvejvfB2/e3/YF/7o9Wrb53PfMC/RN++htsp9NU</latexit><latexit sha1_base64="zbdD7o1nYgw9bhj8o8lvC44+POg=">AAACqniclVFNbxMxEPUuX2X5CuXIZUSEFKQq2s2lvVQqcIBLpZI2bVGcrLxeb2LV3rVsL1Jidn8Rf4hfwN/AmwYJ2l4YyZrnNzOa0XuZEtzYOP4ZhPfuP3j4aOdx9OTps+cvei93z01Va8omtBKVvsyIYYKXbGK5FexSaUZkJthFdvWxq198Y9rwqjyzK8VmkixKXnBKrKfS3g8sWGGH4LCWcKYb2PwHrYIWfyJSkvk4dXjRoX TdDNQ7wJovlvZP/p46dajm4+YwGYHP6RrY3HFQ6Xo+hnWzB23bRncvgf/cEKe9fjyMNwG3QbIFfbSNk7T3C+cVrSUrLRXEmGkSKztzRFtOBWsiXBumCL0iCzb1sCSSmZnbqNrAW8/kUFTav9LChv17whFpzEpmvlMSuzQ3ax15V21a2+Jg5nipastKer2oqAXYCjqLIOeaUStWHhCqub8V6JJoQq03MsI5K/DxKa68rZ3r7vi0ibwyyU0dboPz0TCJh8mXuH802mq0g16jN2iAErSPjtBndIImiAa7wUHwPvgQ7oXj8Gs4vW4Ng+3MK/RPhPlvFlHQSg==</latexit>

Tr
�
p �R

1 (p)
���

p=pR = 0, Tr
�
�R
1 (p)

���
p=pR = 12pRz e

ipR
z z

<latexit sha1_base64="CivEQOjZVWM1AoHyNkKb4zCn/qc="></latexit><latexit sha1_base64="BC92PUZgf4J863OebMU9aT/OQog="></latexit><latexit sha1_base64="BC92PUZgf4J863OebMU9aT/OQog="></latexit><latexit sha1_base64="8mF/di3VrdOIgBJfQ9pHww/Mwc8="></latexit>

) Z�z�z , Z�z1
<latexit sha1_base64="Ifa8acNpd0vkmfEJ+USEnL8P8cc="></latexit><latexit sha1_base64="QKOMTeV4nL7ClF+TEJGYXK6yShk="></latexit><latexit sha1_base64="QKOMTeV4nL7ClF+TEJGYXK6yShk="></latexit><latexit sha1_base64="Tp48UHSRVZMU/U6ogOCqOzhpimM="></latexit>
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pRz = 1.28 GeV, pRT = 1.48 GeV
<latexit sha1_base64="voxI0+HEhQWS+M1LmsAPQUstTRw="></latexit><latexit sha1_base64="xu6eQoP4S+6hX5ebmT96iCZttRg="></latexit><latexit sha1_base64="xu6eQoP4S+6hX5ebmT96iCZttRg="></latexit><latexit sha1_base64="Uzzpjck5pk3KsgwSbauFTsDe8zg="></latexit>

Renormaliza:on	constants	in	non-perturba:ve	RI/MOM		

linear divergent self-energy
<latexit sha1_base64="GREwnY7/YwNkvDK2iDjJo3AC0xs=">AAACGnicdVDLSsNAFJ3UV42vqEtdDBbBjSXpRpcFN24KldoHNKFMpjft0MmDmYkQQjd+hx/gVj/Bnbh14xf4G07aCj4vDJx7zr137j1+wplUtv1mlJaWV1bXyuvmxubW9o61u9eRcSootGnMY9HziQTOImgrpjj0EgEk9Dl0/clFoXdvQEgWR9cqS8ALyShiAaNEaWpgHRaNROAh01UjiBTWs4JTiHSWDayKU7Vnge1f4FOqoEU0B9a7O4xpGuo5lBMp+46dKC8nQjHKYWq6qYSE0AkZQV/DiIQgvXx2xRQfa2aIg1jop/eYsV87chJKmYW+rgyJGsufWkH+pfVTFZx7OYuSVEFE5x8FKccqxoUl+nYBVPFMA0IF07tiOiaCUKWNM90hBG6j5cbaoMKsvNGaml+d+R90alXHrjpXtUq9tvCojA7QETpBDjpDdXSJmqiNKLpF9+gBPRp3xpPxbLzMS0vGomcffQvj9QMV96D9</latexit><latexit sha1_base64="GREwnY7/YwNkvDK2iDjJo3AC0xs=">AAACGnicdVDLSsNAFJ3UV42vqEtdDBbBjSXpRpcFN24KldoHNKFMpjft0MmDmYkQQjd+hx/gVj/Bnbh14xf4G07aCj4vDJx7zr137j1+wplUtv1mlJaWV1bXyuvmxubW9o61u9eRcSootGnMY9HziQTOImgrpjj0EgEk9Dl0/clFoXdvQEgWR9cqS8ALyShiAaNEaWpgHRaNROAh01UjiBTWs4JTiHSWDayKU7Vnge1f4FOqoEU0B9a7O4xpGuo5lBMp+46dKC8nQjHKYWq6qYSE0AkZQV/DiIQgvXx2xRQfa2aIg1jop/eYsV87chJKmYW+rgyJGsufWkH+pfVTFZx7OYuSVEFE5x8FKccqxoUl+nYBVPFMA0IF07tiOiaCUKWNM90hBG6j5cbaoMKsvNGaml+d+R90alXHrjpXtUq9tvCojA7QETpBDjpDdXSJmqiNKLpF9+gBPRp3xpPxbLzMS0vGomcffQvj9QMV96D9</latexit><latexit sha1_base64="GREwnY7/YwNkvDK2iDjJo3AC0xs=">AAACGnicdVDLSsNAFJ3UV42vqEtdDBbBjSXpRpcFN24KldoHNKFMpjft0MmDmYkQQjd+hx/gVj/Bnbh14xf4G07aCj4vDJx7zr137j1+wplUtv1mlJaWV1bXyuvmxubW9o61u9eRcSootGnMY9HziQTOImgrpjj0EgEk9Dl0/clFoXdvQEgWR9cqS8ALyShiAaNEaWpgHRaNROAh01UjiBTWs4JTiHSWDayKU7Vnge1f4FOqoEU0B9a7O4xpGuo5lBMp+46dKC8nQjHKYWq6qYSE0AkZQV/DiIQgvXx2xRQfa2aIg1jop/eYsV87chJKmYW+rgyJGsufWkH+pfVTFZx7OYuSVEFE5x8FKccqxoUl+nYBVPFMA0IF07tiOiaCUKWNM90hBG6j5cbaoMKsvNGaml+d+R90alXHrjpXtUq9tvCojA7QETpBDjpDdXSJmqiNKLpF9+gBPRp3xpPxbLzMS0vGomcffQvj9QMV96D9</latexit><latexit sha1_base64="GREwnY7/YwNkvDK2iDjJo3AC0xs=">AAACGnicdVDLSsNAFJ3UV42vqEtdDBbBjSXpRpcFN24KldoHNKFMpjft0MmDmYkQQjd+hx/gVj/Bnbh14xf4G07aCj4vDJx7zr137j1+wplUtv1mlJaWV1bXyuvmxubW9o61u9eRcSootGnMY9HziQTOImgrpjj0EgEk9Dl0/clFoXdvQEgWR9cqS8ALyShiAaNEaWpgHRaNROAh01UjiBTWs4JTiHSWDayKU7Vnge1f4FOqoEU0B9a7O4xpGuo5lBMp+46dKC8nQjHKYWq6qYSE0AkZQV/DiIQgvXx2xRQfa2aIg1jop/eYsV87chJKmYW+rgyJGsufWkH+pfVTFZx7OYuSVEFE5x8FKccqxoUl+nYBVPFMA0IF07tiOiaCUKWNM90hBG6j5cbaoMKsvNGaml+d+R90alXHrjpXtUq9tvCojA7QETpBDjpDdXSJmqiNKLpF9+gBPRp3xpPxbLzMS0vGomcffQvj9QMV96D9</latexit>

remove the self-energy

divergence using the known

renormalization factors

of Polyakov loops

TUMQCD, 2016-2018

<latexit sha1_base64="+66pK6UHOVQziv+/ipNII6rv3dY="></latexit><latexit sha1_base64="+66pK6UHOVQziv+/ipNII6rv3dY="></latexit><latexit sha1_base64="+66pK6UHOVQziv+/ipNII6rv3dY="></latexit><latexit sha1_base64="+66pK6UHOVQziv+/ipNII6rv3dY="></latexit>

renormalization constant

close to 1 for �z operator

and small mixing

<latexit sha1_base64="HHk8VUH0P2XH6ZR2U56Vn15zm00="></latexit><latexit sha1_base64="HHk8VUH0P2XH6ZR2U56Vn15zm00="></latexit><latexit sha1_base64="HHk8VUH0P2XH6ZR2U56Vn15zm00="></latexit><latexit sha1_base64="HHk8VUH0P2XH6ZR2U56Vn15zm00="></latexit>
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How	well	the	1-loop	result	describes	the	quark	3-pt	func:on	?		
Non-perturbative RI/MOM renormalization removes some of the lattice arti-
facts and the self-energy divergence ) the renormalized quark 3-pt function
should agree to some extent with 1-loop result of Stewart and Zhao, 2017

<latexit sha1_base64="esTayaESJXU97jk4gHbox+E4J/U="></latexit><latexit sha1_base64="esTayaESJXU97jk4gHbox+E4J/U="></latexit><latexit sha1_base64="esTayaESJXU97jk4gHbox+E4J/U="></latexit><latexit sha1_base64="esTayaESJXU97jk4gHbox+E4J/U="></latexit>

pRz = 1.28 GeV, pRT = 1.48 GeV
<latexit sha1_base64="voxI0+HEhQWS+M1LmsAPQUstTRw="></latexit><latexit sha1_base64="xu6eQoP4S+6hX5ebmT96iCZttRg="></latexit><latexit sha1_base64="xu6eQoP4S+6hX5ebmT96iCZttRg="></latexit><latexit sha1_base64="Uzzpjck5pk3KsgwSbauFTsDe8zg="></latexit><latexit sha1_base64="Uzzpjck5pk3KsgwSbauFTsDe8zg="></latexit><latexit sha1_base64="Uzzpjck5pk3KsgwSbauFTsDe8zg="></latexit><latexit sha1_base64="Uzzpjck5pk3KsgwSbauFTsDe8zg="></latexit>

pz = 1.28 GeV, pT = 2.22 GeV
<latexit sha1_base64="3HKXpiCMIU5VJhnQ45f38kUAwk8="></latexit><latexit sha1_base64="pKOgZAkktNqA7o4RiKFLzECX2Qw="></latexit><latexit sha1_base64="pKOgZAkktNqA7o4RiKFLzECX2Qw="></latexit><latexit sha1_base64="aw6tR7GP3YOou6CtMrec9TW/3Co="></latexit>
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<latexit sha1_base64="jFAebvt1ititnfDwUn2oA55djsc="></latexit><latexit sha1_base64="jFAebvt1ititnfDwUn2oA55djsc="></latexit><latexit sha1_base64="jFAebvt1ititnfDwUn2oA55djsc="></latexit><latexit sha1_base64="jFAebvt1ititnfDwUn2oA55djsc="></latexit>

z/a
<latexit sha1_base64="G/sygoJ+8I8XO1acyBi8yoGdJ0E=">AAACAXicbZC9TsMwFIUdfkv5KzCyWLRITCXpAmMlFpZKRSVtpSaqHMdprTp2ZDtIJerEA7DCI7AhVp6EJ+A1cNoM0HIkS0fn3qt7/QUJo0rb9pe1tr6xubVd2inv7u0fHFaOjrtKpBITFwsmZD9AijDKiaupZqSfSILigJFeMLnJ670HIhUV/F5PE+LHaMRpRDHSJnJrj5eoNqxU7bo9F1w1TmGqoFB7WPn2QoHTmHCNGVJq4NiJ9jMkNcWMzMpeqkiC8ASNyMBYjmKi/Gx+7AyemySEkZDmcQ3n6e+JDMVKTePAdMZIj9VyLQ//qw1SHV37GeVJqgnHi0VRyqAWMP85DKkkWLOpMQhLam6FeIwkwtrwKXshibxWxxOGVg4za3VmZUPGWeawarqNumPXnbtGtdkoGJXAKTgDF8ABV6AJbkEbuAADCp7BC3i1nqw36936WLSuWcXMCfgj6/MHaEeWUw==</latexit><latexit sha1_base64="G/sygoJ+8I8XO1acyBi8yoGdJ0E=">AAACAXicbZC9TsMwFIUdfkv5KzCyWLRITCXpAmMlFpZKRSVtpSaqHMdprTp2ZDtIJerEA7DCI7AhVp6EJ+A1cNoM0HIkS0fn3qt7/QUJo0rb9pe1tr6xubVd2inv7u0fHFaOjrtKpBITFwsmZD9AijDKiaupZqSfSILigJFeMLnJ670HIhUV/F5PE+LHaMRpRDHSJnJrj5eoNqxU7bo9F1w1TmGqoFB7WPn2QoHTmHCNGVJq4NiJ9jMkNcWMzMpeqkiC8ASNyMBYjmKi/Gx+7AyemySEkZDmcQ3n6e+JDMVKTePAdMZIj9VyLQ//qw1SHV37GeVJqgnHi0VRyqAWMP85DKkkWLOpMQhLam6FeIwkwtrwKXshibxWxxOGVg4za3VmZUPGWeawarqNumPXnbtGtdkoGJXAKTgDF8ABV6AJbkEbuAADCp7BC3i1nqw36936WLSuWcXMCfgj6/MHaEeWUw==</latexit><latexit sha1_base64="G/sygoJ+8I8XO1acyBi8yoGdJ0E=">AAACAXicbZC9TsMwFIUdfkv5KzCyWLRITCXpAmMlFpZKRSVtpSaqHMdprTp2ZDtIJerEA7DCI7AhVp6EJ+A1cNoM0HIkS0fn3qt7/QUJo0rb9pe1tr6xubVd2inv7u0fHFaOjrtKpBITFwsmZD9AijDKiaupZqSfSILigJFeMLnJ670HIhUV/F5PE+LHaMRpRDHSJnJrj5eoNqxU7bo9F1w1TmGqoFB7WPn2QoHTmHCNGVJq4NiJ9jMkNcWMzMpeqkiC8ASNyMBYjmKi/Gx+7AyemySEkZDmcQ3n6e+JDMVKTePAdMZIj9VyLQ//qw1SHV37GeVJqgnHi0VRyqAWMP85DKkkWLOpMQhLam6FeIwkwtrwKXshibxWxxOGVg4za3VmZUPGWeawarqNumPXnbtGtdkoGJXAKTgDF8ABV6AJbkEbuAADCp7BC3i1nqw36936WLSuWcXMCfgj6/MHaEeWUw==</latexit><latexit sha1_base64="G/sygoJ+8I8XO1acyBi8yoGdJ0E=">AAACAXicbZC9TsMwFIUdfkv5KzCyWLRITCXpAmMlFpZKRSVtpSaqHMdprTp2ZDtIJerEA7DCI7AhVp6EJ+A1cNoM0HIkS0fn3qt7/QUJo0rb9pe1tr6xubVd2inv7u0fHFaOjrtKpBITFwsmZD9AijDKiaupZqSfSILigJFeMLnJ670HIhUV/F5PE+LHaMRpRDHSJnJrj5eoNqxU7bo9F1w1TmGqoFB7WPn2QoHTmHCNGVJq4NiJ9jMkNcWMzMpeqkiC8ASNyMBYjmKi/Gx+7AyemySEkZDmcQ3n6e+JDMVKTePAdMZIj9VyLQ//qw1SHV37GeVJqgnHi0VRyqAWMP85DKkkWLOpMQhLam6FeIwkwtrwKXshibxWxxOGVg4za3VmZUPGWeawarqNumPXnbtGtdkoGJXAKTgDF8ABV6AJbkEbuAADCp7BC3i1nqw36936WLSuWcXMCfgj6/MHaEeWUw==</latexit>

a = 0.06 fm
<latexit sha1_base64="VAhQnNZcm7CaeH1Vjys3M3GiWAY=">AAACB3icdVDLSsNAFJ3UV42vqks3g63gKiRdqBuh4MZNoVL7gCSUyWTSDp1kwsxEKKEf4Ae41U9wJ279DL/A33DSVqivAxcO59zLvfcEKaNS2fa7UVpZXVvfKG+aW9s7u3uV/YOu5JnApIM546IfIEkYTUhHUcVIPxUExQEjvWB8Vfi9OyIk5cmtmqTEj9EwoRHFSGnJraFL27LPajCKB5WqY9kzQPsX+bKqYIHWoPLhhRxnMUkUZkhK17FT5edIKIoZmZpeJkmK8BgNiatpgmIi/Xx28hSeaCWEERe6EgVn6vJEjmIpJ3GgO2OkRvKnV4h/eW6mogs/p0maKZLg+aIoY1BxWPwPQyoIVmyiCcKC6lshHiGBsNIpmV5IIq/Z9rjOrIg0b7an5nIy/5Nu3XJsy7mpVxv1RUZlcASOwSlwwDlogGvQAh2AAQcP4BE8GffGs/FivM5bS8Zi5hB8g/H2CWI6l9s=</latexit><latexit sha1_base64="VAhQnNZcm7CaeH1Vjys3M3GiWAY=">AAACB3icdVDLSsNAFJ3UV42vqks3g63gKiRdqBuh4MZNoVL7gCSUyWTSDp1kwsxEKKEf4Ae41U9wJ279DL/A33DSVqivAxcO59zLvfcEKaNS2fa7UVpZXVvfKG+aW9s7u3uV/YOu5JnApIM546IfIEkYTUhHUcVIPxUExQEjvWB8Vfi9OyIk5cmtmqTEj9EwoRHFSGnJraFL27LPajCKB5WqY9kzQPsX+bKqYIHWoPLhhRxnMUkUZkhK17FT5edIKIoZmZpeJkmK8BgNiatpgmIi/Xx28hSeaCWEERe6EgVn6vJEjmIpJ3GgO2OkRvKnV4h/eW6mogs/p0maKZLg+aIoY1BxWPwPQyoIVmyiCcKC6lshHiGBsNIpmV5IIq/Z9rjOrIg0b7an5nIy/5Nu3XJsy7mpVxv1RUZlcASOwSlwwDlogGvQAh2AAQcP4BE8GffGs/FivM5bS8Zi5hB8g/H2CWI6l9s=</latexit><latexit sha1_base64="VAhQnNZcm7CaeH1Vjys3M3GiWAY=">AAACB3icdVDLSsNAFJ3UV42vqks3g63gKiRdqBuh4MZNoVL7gCSUyWTSDp1kwsxEKKEf4Ae41U9wJ279DL/A33DSVqivAxcO59zLvfcEKaNS2fa7UVpZXVvfKG+aW9s7u3uV/YOu5JnApIM546IfIEkYTUhHUcVIPxUExQEjvWB8Vfi9OyIk5cmtmqTEj9EwoRHFSGnJraFL27LPajCKB5WqY9kzQPsX+bKqYIHWoPLhhRxnMUkUZkhK17FT5edIKIoZmZpeJkmK8BgNiatpgmIi/Xx28hSeaCWEERe6EgVn6vJEjmIpJ3GgO2OkRvKnV4h/eW6mogs/p0maKZLg+aIoY1BxWPwPQyoIVmyiCcKC6lshHiGBsNIpmV5IIq/Z9rjOrIg0b7an5nIy/5Nu3XJsy7mpVxv1RUZlcASOwSlwwDlogGvQAh2AAQcP4BE8GffGs/FivM5bS8Zi5hB8g/H2CWI6l9s=</latexit><latexit sha1_base64="VAhQnNZcm7CaeH1Vjys3M3GiWAY=">AAACB3icdVDLSsNAFJ3UV42vqks3g63gKiRdqBuh4MZNoVL7gCSUyWTSDp1kwsxEKKEf4Ae41U9wJ279DL/A33DSVqivAxcO59zLvfcEKaNS2fa7UVpZXVvfKG+aW9s7u3uV/YOu5JnApIM546IfIEkYTUhHUcVIPxUExQEjvWB8Vfi9OyIk5cmtmqTEj9EwoRHFSGnJraFL27LPajCKB5WqY9kzQPsX+bKqYIHWoPLhhRxnMUkUZkhK17FT5edIKIoZmZpeJkmK8BgNiatpgmIi/Xx28hSeaCWEERe6EgVn6vJEjmIpJ3GgO2OkRvKnV4h/eW6mogs/p0maKZLg+aIoY1BxWPwPQyoIVmyiCcKC6lshHiGBsNIpmV5IIq/Z9rjOrIg0b7an5nIy/5Nu3XJsy7mpVxv1RUZlcASOwSlwwDlogGvQAh2AAQcP4BE8GffGs/FivM5bS8Zi5hB8g/H2CWI6l9s=</latexit>



9	

Pion	3-point	func:ons	at	different	momenta		

it is su�cient to take ⌧ = �t/2
<latexit sha1_base64="VBK9NZynxdMQjq1+UHh0rqimyic="></latexit><latexit sha1_base64="VBK9NZynxdMQjq1+UHh0rqimyic="></latexit><latexit sha1_base64="VBK9NZynxdMQjq1+UHh0rqimyic="></latexit><latexit sha1_base64="VBK9NZynxdMQjq1+UHh0rqimyic="></latexit>
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Pion	3-point	func:ons	at	different	momenta	(cont’d)		

�t = 10 and �t = 12 results agree within errors

! take �t = 10 results for extracting qPDF.

<latexit sha1_base64="O8Lc2AUjBGx0oVJiTpMTxBk6BHA="></latexit><latexit sha1_base64="O8Lc2AUjBGx0oVJiTpMTxBk6BHA="></latexit><latexit sha1_base64="O8Lc2AUjBGx0oVJiTpMTxBk6BHA="></latexit><latexit sha1_base64="RkVhFPZ61vOCxDyFaMJjXNEmLRY=">AAAB+XicbZDLSsNAFIYnXmu8VbduBovgqiRudCm4cVOo1F6gCWUyOWmHTmbCzEQoIS/g1kdwJ259GJ/A13DSFtTWHwZ+/nMO58wXZZxp43mfzsbm1vbObm3P3T9wD4+O6yc9LXNFoUsll2oQEQ2cCegaZjgMMgUkjTj0o+ldVe8/gdJMikczyyBMyViwhFFibNQe1Rte05sLrxt/aRpoqVH9K4glzVMQhnKi9dD3MhMWRBlGOZRukGvICJ2SMQytFSQFHRbzM0t8YZMYJ1LZJwyep78nCpJqPUsj25kSM9GrtSr8rzbMTXITFkxkuQFBF4uSnGMjcfVnHDMF1PCZNYQqZm/FdEIUocaScYMYkqDVCaTlVGEsWp3StWD8VQzrpnfV9L2m//BDCNXQGTpHl8hH1+gW3aM26iKKYvSMXpzSeXXenPdF44aznDhFf+R8fAOLc5Np</latexit><latexit sha1_base64="RmL7yYRb9D1FAUg2IVZYQteD2cw="></latexit><latexit sha1_base64="RmL7yYRb9D1FAUg2IVZYQteD2cw="></latexit><latexit sha1_base64="0lwRjkkNBe4BA0bWJNu347GJ4wo="></latexit><latexit sha1_base64="O8Lc2AUjBGx0oVJiTpMTxBk6BHA="></latexit><latexit sha1_base64="O8Lc2AUjBGx0oVJiTpMTxBk6BHA="></latexit><latexit sha1_base64="O8Lc2AUjBGx0oVJiTpMTxBk6BHA="></latexit><latexit sha1_base64="O8Lc2AUjBGx0oVJiTpMTxBk6BHA="></latexit><latexit sha1_base64="O8Lc2AUjBGx0oVJiTpMTxBk6BHA="></latexit><latexit sha1_base64="O8Lc2AUjBGx0oVJiTpMTxBk6BHA="></latexit>



11	

From	coordinate	space	qPDF	to	momentum	space	qPDF		

�1

�0.5
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0.5

1

�30 �20 �10 0 10 20 30

q̃(
z)

z/a

spline
data

�0.4
�0.2

0
0.2
0.4
0.6
0.8
1

1.2
1.4
1.6
1.8

�2 �1.5 �1 �0.5 0 0.5 1 1.5 2

Q̃
(x
)

x

Need information about qPDF for

z/a > 16 not available on the lattice.

Set q̃(z, P
z

) = 0 at z
max

/a = 20

and perform interpolation

<latexit sha1_base64="ojOz0lajqPezWpL2sDqlM1j4ezQ="></latexit><latexit sha1_base64="ojOz0lajqPezWpL2sDqlM1j4ezQ="></latexit><latexit sha1_base64="ojOz0lajqPezWpL2sDqlM1j4ezQ="></latexit><latexit sha1_base64="ojOz0lajqPezWpL2sDqlM1j4ezQ="></latexit>

Fourier

transformation

<latexit sha1_base64="VNFa8pI6g3fIcuE0kxl9SKyUqxY=">AAACIXicbZDLSgMxFIYz3h1vVZdugkVwVWa60WVBEDeFitYWOqVkMmfa0EwyJBmhDH0An8MHcKuP4E7ciQ/ga5ipVbT1QODnP9d8YcqZNp735iwsLi2vrK6tuxubW9s7pd29Gy0zRaFJJZeqHRINnAloGmY4tFMFJAk5tMLhWZFv3YLSTIprM0qhm5C+YDGjxFirVyoHQjIRgTDuuZ3JQOEgcI0iQsdSJd9VXsWbBP4R/qwoo2k0eqWPIJI0S+xUyonWHd9LTTcnyjDKYewGmYaU0CHpQ8dKQRLQ3XzymTE+sk6E7XL7hMET93dHThKtR0loK+15Az2bK8z/cp3MxKfdnIk0MyDo16I449hIXJDBEVNADR9ZQahi9lZMB0QRaiw/N4ggDupXgbQ0C9h5/WrsWjJzHObFTbXiexX/slquVaeM1tABOkTHyEcnqIYuUAM1EUV36AE9oifn3nl2XpzXr9IFZ9qzj/6E8/4Ji5aj2Q==</latexit><latexit sha1_base64="VNFa8pI6g3fIcuE0kxl9SKyUqxY=">AAACIXicbZDLSgMxFIYz3h1vVZdugkVwVWa60WVBEDeFitYWOqVkMmfa0EwyJBmhDH0An8MHcKuP4E7ciQ/ga5ipVbT1QODnP9d8YcqZNp735iwsLi2vrK6tuxubW9s7pd29Gy0zRaFJJZeqHRINnAloGmY4tFMFJAk5tMLhWZFv3YLSTIprM0qhm5C+YDGjxFirVyoHQjIRgTDuuZ3JQOEgcI0iQsdSJd9VXsWbBP4R/qwoo2k0eqWPIJI0S+xUyonWHd9LTTcnyjDKYewGmYaU0CHpQ8dKQRLQ3XzymTE+sk6E7XL7hMET93dHThKtR0loK+15Az2bK8z/cp3MxKfdnIk0MyDo16I449hIXJDBEVNADR9ZQahi9lZMB0QRaiw/N4ggDupXgbQ0C9h5/WrsWjJzHObFTbXiexX/slquVaeM1tABOkTHyEcnqIYuUAM1EUV36AE9oifn3nl2XpzXr9IFZ9qzj/6E8/4Ji5aj2Q==</latexit><latexit sha1_base64="VNFa8pI6g3fIcuE0kxl9SKyUqxY=">AAACIXicbZDLSgMxFIYz3h1vVZdugkVwVWa60WVBEDeFitYWOqVkMmfa0EwyJBmhDH0An8MHcKuP4E7ciQ/ga5ipVbT1QODnP9d8YcqZNp735iwsLi2vrK6tuxubW9s7pd29Gy0zRaFJJZeqHRINnAloGmY4tFMFJAk5tMLhWZFv3YLSTIprM0qhm5C+YDGjxFirVyoHQjIRgTDuuZ3JQOEgcI0iQsdSJd9VXsWbBP4R/qwoo2k0eqWPIJI0S+xUyonWHd9LTTcnyjDKYewGmYaU0CHpQ8dKQRLQ3XzymTE+sk6E7XL7hMET93dHThKtR0loK+15Az2bK8z/cp3MxKfdnIk0MyDo16I449hIXJDBEVNADR9ZQahi9lZMB0QRaiw/N4ggDupXgbQ0C9h5/WrsWjJzHObFTbXiexX/slquVaeM1tABOkTHyEcnqIYuUAM1EUV36AE9oifn3nl2XpzXr9IFZ9qzj/6E8/4Ji5aj2Q==</latexit><latexit sha1_base64="VNFa8pI6g3fIcuE0kxl9SKyUqxY=">AAACIXicbZDLSgMxFIYz3h1vVZdugkVwVWa60WVBEDeFitYWOqVkMmfa0EwyJBmhDH0An8MHcKuP4E7ciQ/ga5ipVbT1QODnP9d8YcqZNp735iwsLi2vrK6tuxubW9s7pd29Gy0zRaFJJZeqHRINnAloGmY4tFMFJAk5tMLhWZFv3YLSTIprM0qhm5C+YDGjxFirVyoHQjIRgTDuuZ3JQOEgcI0iQsdSJd9VXsWbBP4R/qwoo2k0eqWPIJI0S+xUyonWHd9LTTcnyjDKYewGmYaU0CHpQ8dKQRLQ3XzymTE+sk6E7XL7hMET93dHThKtR0loK+15Az2bK8z/cp3MxKfdnIk0MyDo16I449hIXJDBEVNADR9ZQahi9lZMB0QRaiw/N4ggDupXgbQ0C9h5/WrsWjJzHObFTbXiexX/slquVaeM1tABOkTHyEcnqIYuUAM1EUV36AE9oifn3nl2XpzXr9IFZ9qzj/6E8/4Ji5aj2Q==</latexit>

Results are insensitive

to z
max

if z
max

� 0

<latexit sha1_base64="4UB2icVVckaqZ4jCW22ZC7+5few="></latexit><latexit sha1_base64="4UB2icVVckaqZ4jCW22ZC7+5few="></latexit><latexit sha1_base64="4UB2icVVckaqZ4jCW22ZC7+5few="></latexit><latexit sha1_base64="4UB2icVVckaqZ4jCW22ZC7+5few="></latexit>
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Pion	PDF	and	comparison	to	extrac:on	from	experiments		
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0.2

0.4
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x
q
(
x
,
µ
)

x

(p

R
z , p

R
?) = (1.28, 1.48)GeV ;µ = 3.2GeV

Pz = 0.86GeV

Pz = 1.28GeV

Pz = 1.71GeV

Experiment

pRz = 1.28 GeV, pRT = 1.48 GeV
<latexit sha1_base64="voxI0+HEhQWS+M1LmsAPQUstTRw="></latexit><latexit sha1_base64="xu6eQoP4S+6hX5ebmT96iCZttRg="></latexit><latexit sha1_base64="xu6eQoP4S+6hX5ebmT96iCZttRg="></latexit><latexit sha1_base64="Uzzpjck5pk3KsgwSbauFTsDe8zg="></latexit><latexit sha1_base64="Uzzpjck5pk3KsgwSbauFTsDe8zg="></latexit><latexit sha1_base64="Uzzpjck5pk3KsgwSbauFTsDe8zg="></latexit><latexit sha1_base64="Uzzpjck5pk3KsgwSbauFTsDe8zg="></latexit>

µ = 3.2 GeV
<latexit sha1_base64="O8N2DDp94Z8SHRJr3vf25WRo3Ck="></latexit><latexit sha1_base64="O8N2DDp94Z8SHRJr3vf25WRo3Ck="></latexit><latexit sha1_base64="O8N2DDp94Z8SHRJr3vf25WRo3Ck="></latexit><latexit sha1_base64="O8N2DDp94Z8SHRJr3vf25WRo3Ck="></latexit>

comparison to pion PDF from data on ⇡A DY and neutron electro-production
at HERA: Barry et al (JAM), 2018

<latexit sha1_base64="Jw8+qL/51kHse2rV6cprcMtdWhE=">AAACg3icbVFdaxNBFJ3dWq3rV1rf7MvFVKhow24QLILQaJUiBKI1bSUbwt3Zu+3Q2ZllZlYISx79kf4CH/wTzqZ50NYLA4dz7r1zODerpLAujn8G4dqt9dt3Nu5G9+4/ePios7l1YnVtOI25ltqcZWhJCkVjJ5yks8oQlpmk0+zyfauffidjhVZf3byiaYnnShSCo/PUrPMjVVqonJSLuC4rNMJqBU5D5WUYHX6EwugScnQInt hJKwGDHTj8BqhyUFQ742mSxD3Yq4zOa95uBnRw9OHL4A2kS5NNJmtawDs0Zg7kACXsfhoMn7+EfpzszzrduBcvC26CZAW6bFWjWedXmmtel943l2jtJIkrN23QOMElLaK0tlQhv8RzmniosCQ7bZZOFvDMMzkU2vinHCzZvycaLK2dl5nvLNFd2OtaS/5Pm9Su2J82QlW1I8WvPipq2cbZZg+5MD4nOfcAuRHeK/ALNMidv1CU5lSkw+NU+3u152yGx4vIJ5Ncz+EmOOn3kriXfO53D/qrjDbYNnvKdlnCXrMDdsRGbMw4+x1sBk+C7XA9fBH2w1dXrWGwmnnM/qnw7R/GUr9j</latexit><latexit sha1_base64="Jw8+qL/51kHse2rV6cprcMtdWhE=">AAACg3icbVFdaxNBFJ3dWq3rV1rf7MvFVKhow24QLILQaJUiBKI1bSUbwt3Zu+3Q2ZllZlYISx79kf4CH/wTzqZ50NYLA4dz7r1zODerpLAujn8G4dqt9dt3Nu5G9+4/ePios7l1YnVtOI25ltqcZWhJCkVjJ5yks8oQlpmk0+zyfauffidjhVZf3byiaYnnShSCo/PUrPMjVVqonJSLuC4rNMJqBU5D5WUYHX6EwugScnQInt hJKwGDHTj8BqhyUFQ742mSxD3Yq4zOa95uBnRw9OHL4A2kS5NNJmtawDs0Zg7kACXsfhoMn7+EfpzszzrduBcvC26CZAW6bFWjWedXmmtel943l2jtJIkrN23QOMElLaK0tlQhv8RzmniosCQ7bZZOFvDMMzkU2vinHCzZvycaLK2dl5nvLNFd2OtaS/5Pm9Su2J82QlW1I8WvPipq2cbZZg+5MD4nOfcAuRHeK/ALNMidv1CU5lSkw+NU+3u152yGx4vIJ5Ncz+EmOOn3kriXfO53D/qrjDbYNnvKdlnCXrMDdsRGbMw4+x1sBk+C7XA9fBH2w1dXrWGwmnnM/qnw7R/GUr9j</latexit><latexit sha1_base64="Jw8+qL/51kHse2rV6cprcMtdWhE=">AAACg3icbVFdaxNBFJ3dWq3rV1rf7MvFVKhow24QLILQaJUiBKI1bSUbwt3Zu+3Q2ZllZlYISx79kf4CH/wTzqZ50NYLA4dz7r1zODerpLAujn8G4dqt9dt3Nu5G9+4/ePios7l1YnVtOI25ltqcZWhJCkVjJ5yks8oQlpmk0+zyfauffidjhVZf3byiaYnnShSCo/PUrPMjVVqonJSLuC4rNMJqBU5D5WUYHX6EwugScnQInt hJKwGDHTj8BqhyUFQ742mSxD3Yq4zOa95uBnRw9OHL4A2kS5NNJmtawDs0Zg7kACXsfhoMn7+EfpzszzrduBcvC26CZAW6bFWjWedXmmtel943l2jtJIkrN23QOMElLaK0tlQhv8RzmniosCQ7bZZOFvDMMzkU2vinHCzZvycaLK2dl5nvLNFd2OtaS/5Pm9Su2J82QlW1I8WvPipq2cbZZg+5MD4nOfcAuRHeK/ALNMidv1CU5lSkw+NU+3u152yGx4vIJ5Ncz+EmOOn3kriXfO53D/qrjDbYNnvKdlnCXrMDdsRGbMw4+x1sBk+C7XA9fBH2w1dXrWGwmnnM/qnw7R/GUr9j</latexit><latexit sha1_base64="Jw8+qL/51kHse2rV6cprcMtdWhE=">AAACg3icbVFdaxNBFJ3dWq3rV1rf7MvFVKhow24QLILQaJUiBKI1bSUbwt3Zu+3Q2ZllZlYISx79kf4CH/wTzqZ50NYLA4dz7r1zODerpLAujn8G4dqt9dt3Nu5G9+4/ePios7l1YnVtOI25ltqcZWhJCkVjJ5yks8oQlpmk0+zyfauffidjhVZf3byiaYnnShSCo/PUrPMjVVqonJSLuC4rNMJqBU5D5WUYHX6EwugScnQInt hJKwGDHTj8BqhyUFQ742mSxD3Yq4zOa95uBnRw9OHL4A2kS5NNJmtawDs0Zg7kACXsfhoMn7+EfpzszzrduBcvC26CZAW6bFWjWedXmmtel943l2jtJIkrN23QOMElLaK0tlQhv8RzmniosCQ7bZZOFvDMMzkU2vinHCzZvycaLK2dl5nvLNFd2OtaS/5Pm9Su2J82QlW1I8WvPipq2cbZZg+5MD4nOfcAuRHeK/ALNMidv1CU5lSkw+NU+3u152yGx4vIJ5Ncz+EmOOn3kriXfO53D/qrjDbYNnvKdlnCXrMDdsRGbMw4+x1sBk+C7XA9fBH2w1dXrWGwmnnM/qnw7R/GUr9j</latexit>

preliminary
<latexit sha1_base64="EtOnJyv1ZOAOpCtmmKN9w5xKKTA=">AAACE3icdVDLSsNAFJ34rPEVFVduBovgqiTd6LLgxk2hUvuAJpTJZNIOncyEmYkQQj/DD3Crn+BO3PoBfoG/4aStUF8HBg7n3HPncsKUUaVd991aWV1b39isbNnbO7t7+87BYVeJTGLSwYIJ2Q+RIoxy0tFUM9JPJUFJyEgvnFyVfu+OSEUFv9V5SoIEjTiNKUbaSEPn2OeC8ohwbZscownlSOZDp+rV3Bmg+4t8WVWwQGvofPiRwFli9mCGlBp4bqqDAklNMSNT288USRGeoBEZGMpRQlRQzM6fwjOjRDAW0jyu4UxdThQoUSpPQjOZID1WP71S/MsbZDq+DArK00wTjucfxRmDWsCyCxhRSbBmuSEIS2puhXiMJMLaNGb7EYn9ZtsXpr+y3qLZntrLzfxPuvWa59a8m3q1UV90VAEn4BScAw9cgAa4Bi3QARgU4AE8gifr3nq2XqzX+eiKtcgcgW+w3j4B54CeRA==</latexit><latexit sha1_base64="EtOnJyv1ZOAOpCtmmKN9w5xKKTA=">AAACE3icdVDLSsNAFJ34rPEVFVduBovgqiTd6LLgxk2hUvuAJpTJZNIOncyEmYkQQj/DD3Crn+BO3PoBfoG/4aStUF8HBg7n3HPncsKUUaVd991aWV1b39isbNnbO7t7+87BYVeJTGLSwYIJ2Q+RIoxy0tFUM9JPJUFJyEgvnFyVfu+OSEUFv9V5SoIEjTiNKUbaSEPn2OeC8ohwbZscownlSOZDp+rV3Bmg+4t8WVWwQGvofPiRwFli9mCGlBp4bqqDAklNMSNT288USRGeoBEZGMpRQlRQzM6fwjOjRDAW0jyu4UxdThQoUSpPQjOZID1WP71S/MsbZDq+DArK00wTjucfxRmDWsCyCxhRSbBmuSEIS2puhXiMJMLaNGb7EYn9ZtsXpr+y3qLZntrLzfxPuvWa59a8m3q1UV90VAEn4BScAw9cgAa4Bi3QARgU4AE8gifr3nq2XqzX+eiKtcgcgW+w3j4B54CeRA==</latexit><latexit sha1_base64="EtOnJyv1ZOAOpCtmmKN9w5xKKTA=">AAACE3icdVDLSsNAFJ34rPEVFVduBovgqiTd6LLgxk2hUvuAJpTJZNIOncyEmYkQQj/DD3Crn+BO3PoBfoG/4aStUF8HBg7n3HPncsKUUaVd991aWV1b39isbNnbO7t7+87BYVeJTGLSwYIJ2Q+RIoxy0tFUM9JPJUFJyEgvnFyVfu+OSEUFv9V5SoIEjTiNKUbaSEPn2OeC8ohwbZscownlSOZDp+rV3Bmg+4t8WVWwQGvofPiRwFli9mCGlBp4bqqDAklNMSNT288USRGeoBEZGMpRQlRQzM6fwjOjRDAW0jyu4UxdThQoUSpPQjOZID1WP71S/MsbZDq+DArK00wTjucfxRmDWsCyCxhRSbBmuSEIS2puhXiMJMLaNGb7EYn9ZtsXpr+y3qLZntrLzfxPuvWa59a8m3q1UV90VAEn4BScAw9cgAa4Bi3QARgU4AE8gifr3nq2XqzX+eiKtcgcgW+w3j4B54CeRA==</latexit><latexit sha1_base64="EtOnJyv1ZOAOpCtmmKN9w5xKKTA=">AAACE3icdVDLSsNAFJ34rPEVFVduBovgqiTd6LLgxk2hUvuAJpTJZNIOncyEmYkQQj/DD3Crn+BO3PoBfoG/4aStUF8HBg7n3HPncsKUUaVd991aWV1b39isbNnbO7t7+87BYVeJTGLSwYIJ2Q+RIoxy0tFUM9JPJUFJyEgvnFyVfu+OSEUFv9V5SoIEjTiNKUbaSEPn2OeC8ohwbZscownlSOZDp+rV3Bmg+4t8WVWwQGvofPiRwFli9mCGlBp4bqqDAklNMSNT288USRGeoBEZGMpRQlRQzM6fwjOjRDAW0jyu4UxdThQoUSpPQjOZID1WP71S/MsbZDq+DArK00wTjucfxRmDWsCyCxhRSbBmuSEIS2puhXiMJMLaNGb7EYn9ZtsXpr+y3qLZntrLzfxPuvWa59a8m3q1UV90VAEn4BScAw9cgAa4Bi3QARgU4AE8gifr3nq2XqzX+eiKtcgcgW+w3j4B54CeRA==</latexit>
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Pion	PDF	and	comparison	to	extrac:on	from	experiments		
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µ = 3.2 GeV
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comparison to pion PDF from data on ⇡A DY and neutron electro-production
at HERA: Barry et al (JAM), 2018
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Dependence	of	Pion	PDF	on	RI/MOM	scales			
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Summary		

• The valence quark distribution have been calculated on fine lattice (a =
0.06 fm) using partially quenched calculations (HYP smeared Wilson on
HISQ)

• Non-perturbative RI/MOM renormalization has been implemented and it
seems to follow the expectations from perturbation theory ) matching
from qPDF to PDF is meaningful

• The lattice result on valence pion PDF agree with phenomenological de-
termination for large momenta, Pz = 1.72 GeV within (large) errors

• Obtaining a good signal is challenging, especially at large z
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