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 Up to 1980s physicists expected 

that quarks carry all the proton 

spin

Proton Spin Crisis
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 EMC experiment in 1987 

found an astonishing small 

contribution from the quarks, 

compatible with zero

(EMC) Nucl. Phys. B 328 (1989)
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not investigated in our study
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<latexit sha1_base64="csLA2XdHByBxi3saXMqDreqg59A=">AAACAHicdVDLSsNAFJ3UV62vqAsXbgaL4KokMTR1V9SFy4r2AU0ok+mkHTp5MDMRSsjGX3HjQhG3foY7/8ZJW0FFD1w4nHMv997jJ4wKaRgfWmlpeWV1rbxe2djc2t7Rd/c6Ik45Jm0cs5j3fCQIoxFpSyoZ6SWcoNBnpOtPLgq/e0e4oHF0K6cJ8UI0imhAMZJKGugHbsARztxLwiSC7g0dhSjPrHygV43aWaNu2XVo1AzDMS2zIJZjn9rQVEqBKligNdDf3WGM05BEEjMkRN80EulliEuKGckrbipIgvAEjUhf0QiFRHjZ7IEcHitlCIOYq4oknKnfJzIUCjENfdUZIjkWv71C/MvrpzJoeBmNklSSCM8XBSmDMoZFGnBIOcGSTRVBmFN1K8RjpBKRKrOKCuHrU/g/6Vg1064513a1eb6IowwOwRE4ASZwQBNcgRZoAwxy8ACewLN2rz1qL9rrvLWkLWb2wQ9ob5/x5paq</latexit>

Jq,g =
1

2
[Aq,g

20 (0) +Bq,g
20 (0)]

<latexit sha1_base64="DaFxi9ApNS5nLqu0K2cLZz7joIM="></latexit>

Angular 
momentum

hxi

<latexit sha1_base64="IDdYmVirP7CulCpGbpWzJMp/Pf8=">AAAB+nicdVDLSsNAFJ3UV62vVJduBovgqiQxNHVXdOOygn1AU8pkOmmHTiZhZqKW2E9x40IRt36JO//GSVtBRQ9cOJxzL/feEySMSmVZH0ZhZXVtfaO4Wdra3tndM8v7bRmnApMWjlksugGShFFOWooqRrqJICgKGOkEk4vc79wQIWnMr9U0If0IjTgNKUZKSwOz7DPER4zAO+iLORuYFat6Vq85bg1aVcvybMfOieO5py60tZKjApZoDsx3fxjjNCJcYYak7NlWovoZEopiRmYlP5UkQXiCRqSnKUcRkf1sfvoMHmtlCMNY6OIKztXvExmKpJxGge6MkBrL314u/uX1UhXW+xnlSaoIx4tFYcqgimGeAxxSQbBiU00QFlTfCvEYCYSVTqukQ/j6FP5P2k7VdqvelVtpnC/jKIJDcAROgA080ACXoAlaAINb8ACewLNxbzwaL8brorVgLGcOwA8Yb58xhpP9</latexit>

Phys. Rev. Left. 78, 610 (1997)



Kyriakos Hadjiyiannakou Decomposing the proton spin to quark and gluon contributions

Operators relevant to proton spin

 4

 First moments of  PDFs and GPDs are readily accessible on the lattice 

 Increased interest to compute PDFs and GPDs directly on the lattice

Lq = Jq � 1

2
�⌃q

<latexit sha1_base64="SOTAVY5smtqJdWpMLe0PG1l0x/U="></latexit>

Orbital angular momentum

 Traceless Energy-Momentum tensor

T̄µ⌫ = T̄µ⌫;q + T̄µ⌫;g

<latexit sha1_base64="WnmL8FngpndTmFS1l2C07KwDaXM="></latexit>

 ̄i�{µ
 !
D ⌫} 

<latexit sha1_base64="+YLEJ+dRtlf3xgo/PNWqc0THtIU="></latexit>

F {µ⇢F ⌫}
⇢

<latexit sha1_base64="fJyIqsPxGzjSXXIbaZLtlvHtdyo="></latexit>

 Quark helicity operator  ̄
~��5
2
 

<latexit sha1_base64="oyFMdcxjFzjwdEibMvR6uDl8xRo="></latexit>
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contr.

�⌃

2

<latexit sha1_base64="csLA2XdHByBxi3saXMqDreqg59A=">AAACAHicdVDLSsNAFJ3UV62vqAsXbgaL4KokMTR1V9SFy4r2AU0ok+mkHTp5MDMRSsjGX3HjQhG3foY7/8ZJW0FFD1w4nHMv997jJ4wKaRgfWmlpeWV1rbxe2djc2t7Rd/c6Ik45Jm0cs5j3fCQIoxFpSyoZ6SWcoNBnpOtPLgq/e0e4oHF0K6cJ8UI0imhAMZJKGugHbsARztxLwiSC7g0dhSjPrHygV43aWaNu2XVo1AzDMS2zIJZjn9rQVEqBKligNdDf3WGM05BEEjMkRN80EulliEuKGckrbipIgvAEjUhf0QiFRHjZ7IEcHitlCIOYq4oknKnfJzIUCjENfdUZIjkWv71C/MvrpzJoeBmNklSSCM8XBSmDMoZFGnBIOcGSTRVBmFN1K8RjpBKRKrOKCuHrU/g/6Vg1064513a1eb6IowwOwRE4ASZwQBNcgRZoAwxy8ACewLN2rz1qL9rrvLWkLWb2wQ9ob5/x5paq</latexit>

Jq,g =
1

2
[Aq,g

20 (0) +Bq,g
20 (0)]

<latexit sha1_base64="DaFxi9ApNS5nLqu0K2cLZz7joIM="></latexit>

Angular 
momentum

hxi

<latexit sha1_base64="IDdYmVirP7CulCpGbpWzJMp/Pf8=">AAAB+nicdVDLSsNAFJ3UV62vVJduBovgqiQxNHVXdOOygn1AU8pkOmmHTiZhZqKW2E9x40IRt36JO//GSVtBRQ9cOJxzL/feEySMSmVZH0ZhZXVtfaO4Wdra3tndM8v7bRmnApMWjlksugGShFFOWooqRrqJICgKGOkEk4vc79wQIWnMr9U0If0IjTgNKUZKSwOz7DPER4zAO+iLORuYFat6Vq85bg1aVcvybMfOieO5py60tZKjApZoDsx3fxjjNCJcYYak7NlWovoZEopiRmYlP5UkQXiCRqSnKUcRkf1sfvoMHmtlCMNY6OIKztXvExmKpJxGge6MkBrL314u/uX1UhXW+xnlSaoIx4tFYcqgimGeAxxSQbBiU00QFlTfCvEYCYSVTqukQ/j6FP5P2k7VdqvelVtpnC/jKIJDcAROgA080ACXoAlaAINb8ACewLNxbzwaL8brorVgLGcOwA8Yb58xhpP9</latexit>
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Kyriakos Hadjiyiannakou Decomposing the proton spin to quark and gluon contributions

Extracting connected and disconnected contributions

 5

✦ Lattice spacing: a = 0.0801(4) fm 
✦ mπ = 139 MeV 
✦ mπ L  = 3.62

✦ Configurations Simulation by ETMC 
✦ Dynamical quarks: Nf =2+1+1 
✦ Lattice size: 643 x 128

(ETMC) Phys. Rev. D 98 (2018) 5, 054518

R. Frezzotti, G. C. Rossi, JHEP 0408 (2004) 007, 0306014Maximally twisted fermions: Automatic          improvementO(a)

Very attractive for hadron structure
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R
<latexit sha1_base64="Bh/T0gTW4VSXn/yV2g8uGUc8oeU=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx5bMbbQhrLZTtu1m03Y3Qgl9Bd48aDi1b/kzX/jts1BWx8MPN6bYWZemAiujet+O4WV1bX1jeJmaWt7Z3evvH/woONUMfRZLGLVCqlGwSX6hhuBrUQhjUKBzXB0M/WbT6g0j+W9GScYRHQgeZ8zaqzUuOuWK27VnYEsEy8nFchR75a/Or2YpRFKwwTVuu25iQkyqgxnAielTqoxoWxEB9i2VNIIdZDNDp2QE6v0SD9WtqQhM/X3REYjrcdRaDsjaoZ60ZuK/3nt1PQvg4zLJDUo2XxRPxXExGT6NelxhcyIsSWUKW5vJWxIFWXGZlOyIXiLLy8T/6x6VfUa55XadZ5GEY7gGE7BgwuowS3UwQcGCM/wCm/Oo/PivDsf89aCk88cwh84nz8bLYyq</latexit><latexit sha1_base64="Bh/T0gTW4VSXn/yV2g8uGUc8oeU=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx5bMbbQhrLZTtu1m03Y3Qgl9Bd48aDi1b/kzX/jts1BWx8MPN6bYWZemAiujet+O4WV1bX1jeJmaWt7Z3evvH/woONUMfRZLGLVCqlGwSX6hhuBrUQhjUKBzXB0M/WbT6g0j+W9GScYRHQgeZ8zaqzUuOuWK27VnYEsEy8nFchR75a/Or2YpRFKwwTVuu25iQkyqgxnAielTqoxoWxEB9i2VNIIdZDNDp2QE6v0SD9WtqQhM/X3REYjrcdRaDsjaoZ60ZuK/3nt1PQvg4zLJDUo2XxRPxXExGT6NelxhcyIsSWUKW5vJWxIFWXGZlOyIXiLLy8T/6x6VfUa55XadZ5GEY7gGE7BgwuowS3UwQcGCM/wCm/Oo/PivDsf89aCk88cwh84nz8bLYyq</latexit><latexit sha1_base64="Bh/T0gTW4VSXn/yV2g8uGUc8oeU=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx5bMbbQhrLZTtu1m03Y3Qgl9Bd48aDi1b/kzX/jts1BWx8MPN6bYWZemAiujet+O4WV1bX1jeJmaWt7Z3evvH/woONUMfRZLGLVCqlGwSX6hhuBrUQhjUKBzXB0M/WbT6g0j+W9GScYRHQgeZ8zaqzUuOuWK27VnYEsEy8nFchR75a/Or2YpRFKwwTVuu25iQkyqgxnAielTqoxoWxEB9i2VNIIdZDNDp2QE6v0SD9WtqQhM/X3REYjrcdRaDsjaoZ60ZuK/3nt1PQvg4zLJDUo2XxRPxXExGT6NelxhcyIsSWUKW5vJWxIFWXGZlOyIXiLLy8T/6x6VfUa55XadZ5GEY7gGE7BgwuowS3UwQcGCM/wCm/Oo/PivDsf89aCk88cwh84nz8bLYyq</latexit><latexit sha1_base64="Bh/T0gTW4VSXn/yV2g8uGUc8oeU=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx5bMbbQhrLZTtu1m03Y3Qgl9Bd48aDi1b/kzX/jts1BWx8MPN6bYWZemAiujet+O4WV1bX1jeJmaWt7Z3evvH/woONUMfRZLGLVCqlGwSX6hhuBrUQhjUKBzXB0M/WbT6g0j+W9GScYRHQgeZ8zaqzUuOuWK27VnYEsEy8nFchR75a/Or2YpRFKwwTVuu25iQkyqgxnAielTqoxoWxEB9i2VNIIdZDNDp2QE6v0SD9WtqQhM/X3REYjrcdRaDsjaoZ60ZuK/3nt1PQvg4zLJDUo2XxRPxXExGT6NelxhcyIsSWUKW5vJWxIFWXGZlOyIXiLLy8T/6x6VfUa55XadZ5GEY7gGE7BgwuowS3UwQcGCM/wCm/Oo/PivDsf89aCk88cwh84nz8bLYyq</latexit>

ts
<latexit sha1_base64="0m5iSGwCjJaJCGCykKzQaDGR6wA=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGltoQ9lsN+3SzSbsToQS+hO8eFDx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h88miTTjPsskYluh9RwKRT3UaDk7VRzGoeSt8LRzdRvPXFtRKIecJzyIKYDJSLBKFrpHnumV625dXcGsky8gtSgQLNX/er2E5bFXCGT1JiO56YY5FSjYJJPKt3M8JSyER3wjqWKxtwE+ezUCTmxSp9EibalkMzU3xM5jY0Zx6HtjCkOzaI3Ff/zOhlGl0EuVJohV2y+KMokwYRM/yZ9oTlDObaEMi3srYQNqaYMbToVG4K3+PIy8c/qV3Xv7rzWuC7SKMMRHMMpeHABDbiFJvjAYADP8ApvjnRenHfnY95acoqZQ/gD5/MH1yeNsg==</latexit><latexit sha1_base64="0m5iSGwCjJaJCGCykKzQaDGR6wA=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGltoQ9lsN+3SzSbsToQS+hO8eFDx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h88miTTjPsskYluh9RwKRT3UaDk7VRzGoeSt8LRzdRvPXFtRKIecJzyIKYDJSLBKFrpHnumV625dXcGsky8gtSgQLNX/er2E5bFXCGT1JiO56YY5FSjYJJPKt3M8JSyER3wjqWKxtwE+ezUCTmxSp9EibalkMzU3xM5jY0Zx6HtjCkOzaI3Ff/zOhlGl0EuVJohV2y+KMokwYRM/yZ9oTlDObaEMi3srYQNqaYMbToVG4K3+PIy8c/qV3Xv7rzWuC7SKMMRHMMpeHABDbiFJvjAYADP8ApvjnRenHfnY95acoqZQ/gD5/MH1yeNsg==</latexit><latexit sha1_base64="0m5iSGwCjJaJCGCykKzQaDGR6wA=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGltoQ9lsN+3SzSbsToQS+hO8eFDx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h88miTTjPsskYluh9RwKRT3UaDk7VRzGoeSt8LRzdRvPXFtRKIecJzyIKYDJSLBKFrpHnumV625dXcGsky8gtSgQLNX/er2E5bFXCGT1JiO56YY5FSjYJJPKt3M8JSyER3wjqWKxtwE+ezUCTmxSp9EibalkMzU3xM5jY0Zx6HtjCkOzaI3Ff/zOhlGl0EuVJohV2y+KMokwYRM/yZ9oTlDObaEMi3srYQNqaYMbToVG4K3+PIy8c/qV3Xv7rzWuC7SKMMRHMMpeHABDbiFJvjAYADP8ApvjnRenHfnY95acoqZQ/gD5/MH1yeNsg==</latexit><latexit sha1_base64="0m5iSGwCjJaJCGCykKzQaDGR6wA=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGltoQ9lsN+3SzSbsToQS+hO8eFDx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h88miTTjPsskYluh9RwKRT3UaDk7VRzGoeSt8LRzdRvPXFtRKIecJzyIKYDJSLBKFrpHnumV625dXcGsky8gtSgQLNX/er2E5bFXCGT1JiO56YY5FSjYJJPKt3M8JSyER3wjqWKxtwE+ezUCTmxSp9EibalkMzU3xM5jY0Zx6HtjCkOzaI3Ff/zOhlGl0EuVJohV2y+KMokwYRM/yZ9oTlDObaEMi3srYQNqaYMbToVG4K3+PIy8c/qV3Xv7rzWuC7SKMMRHMMpeHABDbiFJvjAYADP8ApvjnRenHfnY95acoqZQ/gD5/MH1yeNsg==</latexit>

tins
<latexit sha1_base64="C9sClTAhnx84oorpQa3ux5Kf2TY=">AAAB7XicbVBNS8NAFHypX7V+VT16WSyCp5KIUL0VvXisYGyhDWWz3bRLN5uw+yKU0B/hxYOKV/+PN/+N2zYHbR1YGGbeY99MmEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fj25nffuLaiEQ94CTlQUyHSkSCUbRSG/u5UGbar9bcujsHWSVeQWpQoNWvfvUGCctirpBJakzXc1MMcqpRMMmnlV5meErZmA5511JFY26CfH7ulJxZZUCiRNunkMzV3xs5jY2ZxKGdjCmOzLI3E//zuhlGV4ENlGbIFVt8FGWSYEJm2clAaM5QTiyhTAt7K2EjqilD21DFluAtR14l/kX9uu7dX9aaN0UbZTiBUzgHDxrQhDtogQ8MxvAMr/DmpM6L8+58LEZLTrFzDH/gfP4ALrqPqQ==</latexit><latexit sha1_base64="C9sClTAhnx84oorpQa3ux5Kf2TY=">AAAB7XicbVBNS8NAFHypX7V+VT16WSyCp5KIUL0VvXisYGyhDWWz3bRLN5uw+yKU0B/hxYOKV/+PN/+N2zYHbR1YGGbeY99MmEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fj25nffuLaiEQ94CTlQUyHSkSCUbRSG/u5UGbar9bcujsHWSVeQWpQoNWvfvUGCctirpBJakzXc1MMcqpRMMmnlV5meErZmA5511JFY26CfH7ulJxZZUCiRNunkMzV3xs5jY2ZxKGdjCmOzLI3E//zuhlGV4ENlGbIFVt8FGWSYEJm2clAaM5QTiyhTAt7K2EjqilD21DFluAtR14l/kX9uu7dX9aaN0UbZTiBUzgHDxrQhDtogQ8MxvAMr/DmpM6L8+58LEZLTrFzDH/gfP4ALrqPqQ==</latexit><latexit sha1_base64="C9sClTAhnx84oorpQa3ux5Kf2TY=">AAAB7XicbVBNS8NAFHypX7V+VT16WSyCp5KIUL0VvXisYGyhDWWz3bRLN5uw+yKU0B/hxYOKV/+PN/+N2zYHbR1YGGbeY99MmEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fj25nffuLaiEQ94CTlQUyHSkSCUbRSG/u5UGbar9bcujsHWSVeQWpQoNWvfvUGCctirpBJakzXc1MMcqpRMMmnlV5meErZmA5511JFY26CfH7ulJxZZUCiRNunkMzV3xs5jY2ZxKGdjCmOzLI3E//zuhlGV4ENlGbIFVt8FGWSYEJm2clAaM5QTiyhTAt7K2EjqilD21DFluAtR14l/kX9uu7dX9aaN0UbZTiBUzgHDxrQhDtogQ8MxvAMr/DmpM6L8+58LEZLTrFzDH/gfP4ALrqPqQ==</latexit><latexit sha1_base64="C9sClTAhnx84oorpQa3ux5Kf2TY=">AAAB7XicbVBNS8NAFHypX7V+VT16WSyCp5KIUL0VvXisYGyhDWWz3bRLN5uw+yKU0B/hxYOKV/+PN/+N2zYHbR1YGGbeY99MmEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fj25nffuLaiEQ94CTlQUyHSkSCUbRSG/u5UGbar9bcujsHWSVeQWpQoNWvfvUGCctirpBJakzXc1MMcqpRMMmnlV5meErZmA5511JFY26CfH7ulJxZZUCiRNunkMzV3xs5jY2ZxKGdjCmOzLI3E//zuhlGV4ENlGbIFVt8FGWSYEJm2clAaM5QTiyhTAt7K2EjqilD21DFluAtR14l/kX9uu7dX9aaN0UbZTiBUzgHDxrQhDtogQ8MxvAMr/DmpM6L8+58LEZLTrFzDH/gfP4ALrqPqQ==</latexit>

t0
<latexit sha1_base64="+vNVWQGnuIazv2H1PJSOfKxR8Hw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGltoQ9lsN+3SzSbsToQS+hO8eFDx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h88miTTjPsskYluh9RwKRT3UaDk7VRzGoeSt8LRzdRvPXFtRKIecJzyIKYDJSLBKFrpHntur1pz6+4MZJl4BalBgWav+tXtJyyLuUImqTEdz00xyKlGwSSfVLqZ4SllIzrgHUsVjbkJ8tmpE3JilT6JEm1LIZmpvydyGhszjkPbGVMcmkVvKv7ndTKMLoNcqDRDrth8UZRJggmZ/k36QnOGcmwJZVrYWwkbUk0Z2nQqNgRv8eVl4p/Vr+re3XmtcV2kUYYjOIZT8OACGnALTfCBwQCe4RXeHOm8OO/Ox7y15BQzh/AHzucPcd6Nbw==</latexit><latexit sha1_base64="+vNVWQGnuIazv2H1PJSOfKxR8Hw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGltoQ9lsN+3SzSbsToQS+hO8eFDx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h88miTTjPsskYluh9RwKRT3UaDk7VRzGoeSt8LRzdRvPXFtRKIecJzyIKYDJSLBKFrpHntur1pz6+4MZJl4BalBgWav+tXtJyyLuUImqTEdz00xyKlGwSSfVLqZ4SllIzrgHUsVjbkJ8tmpE3JilT6JEm1LIZmpvydyGhszjkPbGVMcmkVvKv7ndTKMLoNcqDRDrth8UZRJggmZ/k36QnOGcmwJZVrYWwkbUk0Z2nQqNgRv8eVl4p/Vr+re3XmtcV2kUYYjOIZT8OACGnALTfCBwQCe4RXeHOm8OO/Ox7y15BQzh/AHzucPcd6Nbw==</latexit><latexit sha1_base64="+vNVWQGnuIazv2H1PJSOfKxR8Hw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGltoQ9lsN+3SzSbsToQS+hO8eFDx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h88miTTjPsskYluh9RwKRT3UaDk7VRzGoeSt8LRzdRvPXFtRKIecJzyIKYDJSLBKFrpHntur1pz6+4MZJl4BalBgWav+tXtJyyLuUImqTEdz00xyKlGwSSfVLqZ4SllIzrgHUsVjbkJ8tmpE3JilT6JEm1LIZmpvydyGhszjkPbGVMcmkVvKv7ndTKMLoNcqDRDrth8UZRJggmZ/k36QnOGcmwJZVrYWwkbUk0Z2nQqNgRv8eVl4p/Vr+re3XmtcV2kUYYjOIZT8OACGnALTfCBwQCe4RXeHOm8OO/Ox7y15BQzh/AHzucPcd6Nbw==</latexit><latexit sha1_base64="+vNVWQGnuIazv2H1PJSOfKxR8Hw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGltoQ9lsN+3SzSbsToQS+hO8eFDx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h88miTTjPsskYluh9RwKRT3UaDk7VRzGoeSt8LRzdRvPXFtRKIecJzyIKYDJSLBKFrpHntur1pz6+4MZJl4BalBgWav+tXtJyyLuUImqTEdz00xyKlGwSSfVLqZ4SllIzrgHUsVjbkJ8tmpE3JilT6JEm1LIZmpvydyGhszjkPbGVMcmkVvKv7ndTKMLoNcqDRDrth8UZRJggmZ/k36QnOGcmwJZVrYWwkbUk0Z2nQqNgRv8eVl4p/Vr+re3XmtcV2kUYYjOIZT8OACGnALTfCBwQCe4RXeHOm8OO/Ox7y15BQzh/AHzucPcd6Nbw==</latexit>

ts
<latexit sha1_base64="0m5iSGwCjJaJCGCykKzQaDGR6wA=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGltoQ9lsN+3SzSbsToQS+hO8eFDx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h88miTTjPsskYluh9RwKRT3UaDk7VRzGoeSt8LRzdRvPXFtRKIecJzyIKYDJSLBKFrpHnumV625dXcGsky8gtSgQLNX/er2E5bFXCGT1JiO56YY5FSjYJJPKt3M8JSyER3wjqWKxtwE+ezUCTmxSp9EibalkMzU3xM5jY0Zx6HtjCkOzaI3Ff/zOhlGl0EuVJohV2y+KMokwYRM/yZ9oTlDObaEMi3srYQNqaYMbToVG4K3+PIy8c/qV3Xv7rzWuC7SKMMRHMMpeHABDbiFJvjAYADP8ApvjnRenHfnY95acoqZQ/gD5/MH1yeNsg==</latexit><latexit sha1_base64="0m5iSGwCjJaJCGCykKzQaDGR6wA=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGltoQ9lsN+3SzSbsToQS+hO8eFDx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h88miTTjPsskYluh9RwKRT3UaDk7VRzGoeSt8LRzdRvPXFtRKIecJzyIKYDJSLBKFrpHnumV625dXcGsky8gtSgQLNX/er2E5bFXCGT1JiO56YY5FSjYJJPKt3M8JSyER3wjqWKxtwE+ezUCTmxSp9EibalkMzU3xM5jY0Zx6HtjCkOzaI3Ff/zOhlGl0EuVJohV2y+KMokwYRM/yZ9oTlDObaEMi3srYQNqaYMbToVG4K3+PIy8c/qV3Xv7rzWuC7SKMMRHMMpeHABDbiFJvjAYADP8ApvjnRenHfnY95acoqZQ/gD5/MH1yeNsg==</latexit><latexit sha1_base64="0m5iSGwCjJaJCGCykKzQaDGR6wA=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGltoQ9lsN+3SzSbsToQS+hO8eFDx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h88miTTjPsskYluh9RwKRT3UaDk7VRzGoeSt8LRzdRvPXFtRKIecJzyIKYDJSLBKFrpHnumV625dXcGsky8gtSgQLNX/er2E5bFXCGT1JiO56YY5FSjYJJPKt3M8JSyER3wjqWKxtwE+ezUCTmxSp9EibalkMzU3xM5jY0Zx6HtjCkOzaI3Ff/zOhlGl0EuVJohV2y+KMokwYRM/yZ9oTlDObaEMi3srYQNqaYMbToVG4K3+PIy8c/qV3Xv7rzWuC7SKMMRHMMpeHABDbiFJvjAYADP8ApvjnRenHfnY95acoqZQ/gD5/MH1yeNsg==</latexit><latexit sha1_base64="0m5iSGwCjJaJCGCykKzQaDGR6wA=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGltoQ9lsN+3SzSbsToQS+hO8eFDx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h88miTTjPsskYluh9RwKRT3UaDk7VRzGoeSt8LRzdRvPXFtRKIecJzyIKYDJSLBKFrpHnumV625dXcGsky8gtSgQLNX/er2E5bFXCGT1JiO56YY5FSjYJJPKt3M8JSyER3wjqWKxtwE+ezUCTmxSp9EibalkMzU3xM5jY0Zx6HtjCkOzaI3Ff/zOhlGl0EuVJohV2y+KMokwYRM/yZ9oTlDObaEMi3srYQNqaYMbToVG4K3+PIy8c/qV3Xv7rzWuC7SKMMRHMMpeHABDbiFJvjAYADP8ApvjnRenHfnY95acoqZQ/gD5/MH1yeNsg==</latexit>

t0
<latexit sha1_base64="+vNVWQGnuIazv2H1PJSOfKxR8Hw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGltoQ9lsN+3SzSbsToQS+hO8eFDx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h88miTTjPsskYluh9RwKRT3UaDk7VRzGoeSt8LRzdRvPXFtRKIecJzyIKYDJSLBKFrpHntur1pz6+4MZJl4BalBgWav+tXtJyyLuUImqTEdz00xyKlGwSSfVLqZ4SllIzrgHUsVjbkJ8tmpE3JilT6JEm1LIZmpvydyGhszjkPbGVMcmkVvKv7ndTKMLoNcqDRDrth8UZRJggmZ/k36QnOGcmwJZVrYWwkbUk0Z2nQqNgRv8eVl4p/Vr+re3XmtcV2kUYYjOIZT8OACGnALTfCBwQCe4RXeHOm8OO/Ox7y15BQzh/AHzucPcd6Nbw==</latexit><latexit sha1_base64="+vNVWQGnuIazv2H1PJSOfKxR8Hw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGltoQ9lsN+3SzSbsToQS+hO8eFDx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h88miTTjPsskYluh9RwKRT3UaDk7VRzGoeSt8LRzdRvPXFtRKIecJzyIKYDJSLBKFrpHntur1pz6+4MZJl4BalBgWav+tXtJyyLuUImqTEdz00xyKlGwSSfVLqZ4SllIzrgHUsVjbkJ8tmpE3JilT6JEm1LIZmpvydyGhszjkPbGVMcmkVvKv7ndTKMLoNcqDRDrth8UZRJggmZ/k36QnOGcmwJZVrYWwkbUk0Z2nQqNgRv8eVl4p/Vr+re3XmtcV2kUYYjOIZT8OACGnALTfCBwQCe4RXeHOm8OO/Ox7y15BQzh/AHzucPcd6Nbw==</latexit><latexit sha1_base64="+vNVWQGnuIazv2H1PJSOfKxR8Hw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGltoQ9lsN+3SzSbsToQS+hO8eFDx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h88miTTjPsskYluh9RwKRT3UaDk7VRzGoeSt8LRzdRvPXFtRKIecJzyIKYDJSLBKFrpHntur1pz6+4MZJl4BalBgWav+tXtJyyLuUImqTEdz00xyKlGwSSfVLqZ4SllIzrgHUsVjbkJ8tmpE3JilT6JEm1LIZmpvydyGhszjkPbGVMcmkVvKv7ndTKMLoNcqDRDrth8UZRJggmZ/k36QnOGcmwJZVrYWwkbUk0Z2nQqNgRv8eVl4p/Vr+re3XmtcV2kUYYjOIZT8OACGnALTfCBwQCe4RXeHOm8OO/Ox7y15BQzh/AHzucPcd6Nbw==</latexit><latexit sha1_base64="+vNVWQGnuIazv2H1PJSOfKxR8Hw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGltoQ9lsN+3SzSbsToQS+hO8eFDx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h88miTTjPsskYluh9RwKRT3UaDk7VRzGoeSt8LRzdRvPXFtRKIecJzyIKYDJSLBKFrpHntur1pz6+4MZJl4BalBgWav+tXtJyyLuUImqTEdz00xyKlGwSSfVLqZ4SllIzrgHUsVjbkJ8tmpE3JilT6JEm1LIZmpvydyGhszjkPbGVMcmkVvKv7ndTKMLoNcqDRDrth8UZRJggmZ/k36QnOGcmwJZVrYWwkbUk0Z2nQqNgRv8eVl4p/Vr+re3XmtcV2kUYYjOIZT8OACGnALTfCBwQCe4RXeHOm8OO/Ox7y15BQzh/AHzucPcd6Nbw==</latexit>
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✦ Lattice spacing: a = 0.0801(4) fm 
✦ mπ = 139 MeV 
✦ mπ L  = 3.62

✦ Configurations Simulation by ETMC 
✦ Dynamical quarks: Nf =2+1+1 
✦ Lattice size: 643 x 128

(ETMC) Phys. Rev. D 98 (2018) 5, 054518

R. Frezzotti, G. C. Rossi, JHEP 0408 (2004) 007, 0306014Maximally twisted fermions: Automatic          improvementO(a)

Very attractive for hadron structure

R
<latexit sha1_base64="Bh/T0gTW4VSXn/yV2g8uGUc8oeU=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx5bMbbQhrLZTtu1m03Y3Qgl9Bd48aDi1b/kzX/jts1BWx8MPN6bYWZemAiujet+O4WV1bX1jeJmaWt7Z3evvH/woONUMfRZLGLVCqlGwSX6hhuBrUQhjUKBzXB0M/WbT6g0j+W9GScYRHQgeZ8zaqzUuOuWK27VnYEsEy8nFchR75a/Or2YpRFKwwTVuu25iQkyqgxnAielTqoxoWxEB9i2VNIIdZDNDp2QE6v0SD9WtqQhM/X3REYjrcdRaDsjaoZ60ZuK/3nt1PQvg4zLJDUo2XxRPxXExGT6NelxhcyIsSWUKW5vJWxIFWXGZlOyIXiLLy8T/6x6VfUa55XadZ5GEY7gGE7BgwuowS3UwQcGCM/wCm/Oo/PivDsf89aCk88cwh84nz8bLYyq</latexit><latexit sha1_base64="Bh/T0gTW4VSXn/yV2g8uGUc8oeU=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx5bMbbQhrLZTtu1m03Y3Qgl9Bd48aDi1b/kzX/jts1BWx8MPN6bYWZemAiujet+O4WV1bX1jeJmaWt7Z3evvH/woONUMfRZLGLVCqlGwSX6hhuBrUQhjUKBzXB0M/WbT6g0j+W9GScYRHQgeZ8zaqzUuOuWK27VnYEsEy8nFchR75a/Or2YpRFKwwTVuu25iQkyqgxnAielTqoxoWxEB9i2VNIIdZDNDp2QE6v0SD9WtqQhM/X3REYjrcdRaDsjaoZ60ZuK/3nt1PQvg4zLJDUo2XxRPxXExGT6NelxhcyIsSWUKW5vJWxIFWXGZlOyIXiLLy8T/6x6VfUa55XadZ5GEY7gGE7BgwuowS3UwQcGCM/wCm/Oo/PivDsf89aCk88cwh84nz8bLYyq</latexit><latexit sha1_base64="Bh/T0gTW4VSXn/yV2g8uGUc8oeU=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx5bMbbQhrLZTtu1m03Y3Qgl9Bd48aDi1b/kzX/jts1BWx8MPN6bYWZemAiujet+O4WV1bX1jeJmaWt7Z3evvH/woONUMfRZLGLVCqlGwSX6hhuBrUQhjUKBzXB0M/WbT6g0j+W9GScYRHQgeZ8zaqzUuOuWK27VnYEsEy8nFchR75a/Or2YpRFKwwTVuu25iQkyqgxnAielTqoxoWxEB9i2VNIIdZDNDp2QE6v0SD9WtqQhM/X3REYjrcdRaDsjaoZ60ZuK/3nt1PQvg4zLJDUo2XxRPxXExGT6NelxhcyIsSWUKW5vJWxIFWXGZlOyIXiLLy8T/6x6VfUa55XadZ5GEY7gGE7BgwuowS3UwQcGCM/wCm/Oo/PivDsf89aCk88cwh84nz8bLYyq</latexit><latexit sha1_base64="Bh/T0gTW4VSXn/yV2g8uGUc8oeU=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx5bMbbQhrLZTtu1m03Y3Qgl9Bd48aDi1b/kzX/jts1BWx8MPN6bYWZemAiujet+O4WV1bX1jeJmaWt7Z3evvH/woONUMfRZLGLVCqlGwSX6hhuBrUQhjUKBzXB0M/WbT6g0j+W9GScYRHQgeZ8zaqzUuOuWK27VnYEsEy8nFchR75a/Or2YpRFKwwTVuu25iQkyqgxnAielTqoxoWxEB9i2VNIIdZDNDp2QE6v0SD9WtqQhM/X3REYjrcdRaDsjaoZ60ZuK/3nt1PQvg4zLJDUo2XxRPxXExGT6NelxhcyIsSWUKW5vJWxIFWXGZlOyIXiLLy8T/6x6VfUa55XadZ5GEY7gGE7BgwuowS3UwQcGCM/wCm/Oo/PivDsf89aCk88cwh84nz8bLYyq</latexit>

ts
<latexit sha1_base64="0m5iSGwCjJaJCGCykKzQaDGR6wA=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGltoQ9lsN+3SzSbsToQS+hO8eFDx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h88miTTjPsskYluh9RwKRT3UaDk7VRzGoeSt8LRzdRvPXFtRKIecJzyIKYDJSLBKFrpHnumV625dXcGsky8gtSgQLNX/er2E5bFXCGT1JiO56YY5FSjYJJPKt3M8JSyER3wjqWKxtwE+ezUCTmxSp9EibalkMzU3xM5jY0Zx6HtjCkOzaI3Ff/zOhlGl0EuVJohV2y+KMokwYRM/yZ9oTlDObaEMi3srYQNqaYMbToVG4K3+PIy8c/qV3Xv7rzWuC7SKMMRHMMpeHABDbiFJvjAYADP8ApvjnRenHfnY95acoqZQ/gD5/MH1yeNsg==</latexit><latexit sha1_base64="0m5iSGwCjJaJCGCykKzQaDGR6wA=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGltoQ9lsN+3SzSbsToQS+hO8eFDx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h88miTTjPsskYluh9RwKRT3UaDk7VRzGoeSt8LRzdRvPXFtRKIecJzyIKYDJSLBKFrpHnumV625dXcGsky8gtSgQLNX/er2E5bFXCGT1JiO56YY5FSjYJJPKt3M8JSyER3wjqWKxtwE+ezUCTmxSp9EibalkMzU3xM5jY0Zx6HtjCkOzaI3Ff/zOhlGl0EuVJohV2y+KMokwYRM/yZ9oTlDObaEMi3srYQNqaYMbToVG4K3+PIy8c/qV3Xv7rzWuC7SKMMRHMMpeHABDbiFJvjAYADP8ApvjnRenHfnY95acoqZQ/gD5/MH1yeNsg==</latexit><latexit sha1_base64="0m5iSGwCjJaJCGCykKzQaDGR6wA=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGltoQ9lsN+3SzSbsToQS+hO8eFDx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h88miTTjPsskYluh9RwKRT3UaDk7VRzGoeSt8LRzdRvPXFtRKIecJzyIKYDJSLBKFrpHnumV625dXcGsky8gtSgQLNX/er2E5bFXCGT1JiO56YY5FSjYJJPKt3M8JSyER3wjqWKxtwE+ezUCTmxSp9EibalkMzU3xM5jY0Zx6HtjCkOzaI3Ff/zOhlGl0EuVJohV2y+KMokwYRM/yZ9oTlDObaEMi3srYQNqaYMbToVG4K3+PIy8c/qV3Xv7rzWuC7SKMMRHMMpeHABDbiFJvjAYADP8ApvjnRenHfnY95acoqZQ/gD5/MH1yeNsg==</latexit><latexit sha1_base64="0m5iSGwCjJaJCGCykKzQaDGR6wA=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGltoQ9lsN+3SzSbsToQS+hO8eFDx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h88miTTjPsskYluh9RwKRT3UaDk7VRzGoeSt8LRzdRvPXFtRKIecJzyIKYDJSLBKFrpHnumV625dXcGsky8gtSgQLNX/er2E5bFXCGT1JiO56YY5FSjYJJPKt3M8JSyER3wjqWKxtwE+ezUCTmxSp9EibalkMzU3xM5jY0Zx6HtjCkOzaI3Ff/zOhlGl0EuVJohV2y+KMokwYRM/yZ9oTlDObaEMi3srYQNqaYMbToVG4K3+PIy8c/qV3Xv7rzWuC7SKMMRHMMpeHABDbiFJvjAYADP8ApvjnRenHfnY95acoqZQ/gD5/MH1yeNsg==</latexit>

tins
<latexit sha1_base64="C9sClTAhnx84oorpQa3ux5Kf2TY=">AAAB7XicbVBNS8NAFHypX7V+VT16WSyCp5KIUL0VvXisYGyhDWWz3bRLN5uw+yKU0B/hxYOKV/+PN/+N2zYHbR1YGGbeY99MmEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fj25nffuLaiEQ94CTlQUyHSkSCUbRSG/u5UGbar9bcujsHWSVeQWpQoNWvfvUGCctirpBJakzXc1MMcqpRMMmnlV5meErZmA5511JFY26CfH7ulJxZZUCiRNunkMzV3xs5jY2ZxKGdjCmOzLI3E//zuhlGV4ENlGbIFVt8FGWSYEJm2clAaM5QTiyhTAt7K2EjqilD21DFluAtR14l/kX9uu7dX9aaN0UbZTiBUzgHDxrQhDtogQ8MxvAMr/DmpM6L8+58LEZLTrFzDH/gfP4ALrqPqQ==</latexit><latexit sha1_base64="C9sClTAhnx84oorpQa3ux5Kf2TY=">AAAB7XicbVBNS8NAFHypX7V+VT16WSyCp5KIUL0VvXisYGyhDWWz3bRLN5uw+yKU0B/hxYOKV/+PN/+N2zYHbR1YGGbeY99MmEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fj25nffuLaiEQ94CTlQUyHSkSCUbRSG/u5UGbar9bcujsHWSVeQWpQoNWvfvUGCctirpBJakzXc1MMcqpRMMmnlV5meErZmA5511JFY26CfH7ulJxZZUCiRNunkMzV3xs5jY2ZxKGdjCmOzLI3E//zuhlGV4ENlGbIFVt8FGWSYEJm2clAaM5QTiyhTAt7K2EjqilD21DFluAtR14l/kX9uu7dX9aaN0UbZTiBUzgHDxrQhDtogQ8MxvAMr/DmpM6L8+58LEZLTrFzDH/gfP4ALrqPqQ==</latexit><latexit sha1_base64="C9sClTAhnx84oorpQa3ux5Kf2TY=">AAAB7XicbVBNS8NAFHypX7V+VT16WSyCp5KIUL0VvXisYGyhDWWz3bRLN5uw+yKU0B/hxYOKV/+PN/+N2zYHbR1YGGbeY99MmEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fj25nffuLaiEQ94CTlQUyHSkSCUbRSG/u5UGbar9bcujsHWSVeQWpQoNWvfvUGCctirpBJakzXc1MMcqpRMMmnlV5meErZmA5511JFY26CfH7ulJxZZUCiRNunkMzV3xs5jY2ZxKGdjCmOzLI3E//zuhlGV4ENlGbIFVt8FGWSYEJm2clAaM5QTiyhTAt7K2EjqilD21DFluAtR14l/kX9uu7dX9aaN0UbZTiBUzgHDxrQhDtogQ8MxvAMr/DmpM6L8+58LEZLTrFzDH/gfP4ALrqPqQ==</latexit><latexit sha1_base64="C9sClTAhnx84oorpQa3ux5Kf2TY=">AAAB7XicbVBNS8NAFHypX7V+VT16WSyCp5KIUL0VvXisYGyhDWWz3bRLN5uw+yKU0B/hxYOKV/+PN/+N2zYHbR1YGGbeY99MmEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fj25nffuLaiEQ94CTlQUyHSkSCUbRSG/u5UGbar9bcujsHWSVeQWpQoNWvfvUGCctirpBJakzXc1MMcqpRMMmnlV5meErZmA5511JFY26CfH7ulJxZZUCiRNunkMzV3xs5jY2ZxKGdjCmOzLI3E//zuhlGV4ENlGbIFVt8FGWSYEJm2clAaM5QTiyhTAt7K2EjqilD21DFluAtR14l/kX9uu7dX9aaN0UbZTiBUzgHDxrQhDtogQ8MxvAMr/DmpM6L8+58LEZLTrFzDH/gfP4ALrqPqQ==</latexit>

t0
<latexit sha1_base64="+vNVWQGnuIazv2H1PJSOfKxR8Hw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGltoQ9lsN+3SzSbsToQS+hO8eFDx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h88miTTjPsskYluh9RwKRT3UaDk7VRzGoeSt8LRzdRvPXFtRKIecJzyIKYDJSLBKFrpHntur1pz6+4MZJl4BalBgWav+tXtJyyLuUImqTEdz00xyKlGwSSfVLqZ4SllIzrgHUsVjbkJ8tmpE3JilT6JEm1LIZmpvydyGhszjkPbGVMcmkVvKv7ndTKMLoNcqDRDrth8UZRJggmZ/k36QnOGcmwJZVrYWwkbUk0Z2nQqNgRv8eVl4p/Vr+re3XmtcV2kUYYjOIZT8OACGnALTfCBwQCe4RXeHOm8OO/Ox7y15BQzh/AHzucPcd6Nbw==</latexit><latexit sha1_base64="+vNVWQGnuIazv2H1PJSOfKxR8Hw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGltoQ9lsN+3SzSbsToQS+hO8eFDx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h88miTTjPsskYluh9RwKRT3UaDk7VRzGoeSt8LRzdRvPXFtRKIecJzyIKYDJSLBKFrpHntur1pz6+4MZJl4BalBgWav+tXtJyyLuUImqTEdz00xyKlGwSSfVLqZ4SllIzrgHUsVjbkJ8tmpE3JilT6JEm1LIZmpvydyGhszjkPbGVMcmkVvKv7ndTKMLoNcqDRDrth8UZRJggmZ/k36QnOGcmwJZVrYWwkbUk0Z2nQqNgRv8eVl4p/Vr+re3XmtcV2kUYYjOIZT8OACGnALTfCBwQCe4RXeHOm8OO/Ox7y15BQzh/AHzucPcd6Nbw==</latexit><latexit sha1_base64="+vNVWQGnuIazv2H1PJSOfKxR8Hw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGltoQ9lsN+3SzSbsToQS+hO8eFDx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h88miTTjPsskYluh9RwKRT3UaDk7VRzGoeSt8LRzdRvPXFtRKIecJzyIKYDJSLBKFrpHntur1pz6+4MZJl4BalBgWav+tXtJyyLuUImqTEdz00xyKlGwSSfVLqZ4SllIzrgHUsVjbkJ8tmpE3JilT6JEm1LIZmpvydyGhszjkPbGVMcmkVvKv7ndTKMLoNcqDRDrth8UZRJggmZ/k36QnOGcmwJZVrYWwkbUk0Z2nQqNgRv8eVl4p/Vr+re3XmtcV2kUYYjOIZT8OACGnALTfCBwQCe4RXeHOm8OO/Ox7y15BQzh/AHzucPcd6Nbw==</latexit><latexit sha1_base64="+vNVWQGnuIazv2H1PJSOfKxR8Hw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGltoQ9lsN+3SzSbsToQS+hO8eFDx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h88miTTjPsskYluh9RwKRT3UaDk7VRzGoeSt8LRzdRvPXFtRKIecJzyIKYDJSLBKFrpHntur1pz6+4MZJl4BalBgWav+tXtJyyLuUImqTEdz00xyKlGwSSfVLqZ4SllIzrgHUsVjbkJ8tmpE3JilT6JEm1LIZmpvydyGhszjkPbGVMcmkVvKv7ndTKMLoNcqDRDrth8UZRJggmZ/k36QnOGcmwJZVrYWwkbUk0Z2nQqNgRv8eVl4p/Vr+re3XmtcV2kUYYjOIZT8OACGnALTfCBwQCe4RXeHOm8OO/Ox7y15BQzh/AHzucPcd6Nbw==</latexit>

ts
<latexit sha1_base64="0m5iSGwCjJaJCGCykKzQaDGR6wA=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGltoQ9lsN+3SzSbsToQS+hO8eFDx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h88miTTjPsskYluh9RwKRT3UaDk7VRzGoeSt8LRzdRvPXFtRKIecJzyIKYDJSLBKFrpHnumV625dXcGsky8gtSgQLNX/er2E5bFXCGT1JiO56YY5FSjYJJPKt3M8JSyER3wjqWKxtwE+ezUCTmxSp9EibalkMzU3xM5jY0Zx6HtjCkOzaI3Ff/zOhlGl0EuVJohV2y+KMokwYRM/yZ9oTlDObaEMi3srYQNqaYMbToVG4K3+PIy8c/qV3Xv7rzWuC7SKMMRHMMpeHABDbiFJvjAYADP8ApvjnRenHfnY95acoqZQ/gD5/MH1yeNsg==</latexit><latexit sha1_base64="0m5iSGwCjJaJCGCykKzQaDGR6wA=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGltoQ9lsN+3SzSbsToQS+hO8eFDx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h88miTTjPsskYluh9RwKRT3UaDk7VRzGoeSt8LRzdRvPXFtRKIecJzyIKYDJSLBKFrpHnumV625dXcGsky8gtSgQLNX/er2E5bFXCGT1JiO56YY5FSjYJJPKt3M8JSyER3wjqWKxtwE+ezUCTmxSp9EibalkMzU3xM5jY0Zx6HtjCkOzaI3Ff/zOhlGl0EuVJohV2y+KMokwYRM/yZ9oTlDObaEMi3srYQNqaYMbToVG4K3+PIy8c/qV3Xv7rzWuC7SKMMRHMMpeHABDbiFJvjAYADP8ApvjnRenHfnY95acoqZQ/gD5/MH1yeNsg==</latexit><latexit sha1_base64="0m5iSGwCjJaJCGCykKzQaDGR6wA=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGltoQ9lsN+3SzSbsToQS+hO8eFDx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h88miTTjPsskYluh9RwKRT3UaDk7VRzGoeSt8LRzdRvPXFtRKIecJzyIKYDJSLBKFrpHnumV625dXcGsky8gtSgQLNX/er2E5bFXCGT1JiO56YY5FSjYJJPKt3M8JSyER3wjqWKxtwE+ezUCTmxSp9EibalkMzU3xM5jY0Zx6HtjCkOzaI3Ff/zOhlGl0EuVJohV2y+KMokwYRM/yZ9oTlDObaEMi3srYQNqaYMbToVG4K3+PIy8c/qV3Xv7rzWuC7SKMMRHMMpeHABDbiFJvjAYADP8ApvjnRenHfnY95acoqZQ/gD5/MH1yeNsg==</latexit><latexit sha1_base64="0m5iSGwCjJaJCGCykKzQaDGR6wA=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGltoQ9lsN+3SzSbsToQS+hO8eFDx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h88miTTjPsskYluh9RwKRT3UaDk7VRzGoeSt8LRzdRvPXFtRKIecJzyIKYDJSLBKFrpHnumV625dXcGsky8gtSgQLNX/er2E5bFXCGT1JiO56YY5FSjYJJPKt3M8JSyER3wjqWKxtwE+ezUCTmxSp9EibalkMzU3xM5jY0Zx6HtjCkOzaI3Ff/zOhlGl0EuVJohV2y+KMokwYRM/yZ9oTlDObaEMi3srYQNqaYMbToVG4K3+PIy8c/qV3Xv7rzWuC7SKMMRHMMpeHABDbiFJvjAYADP8ApvjnRenHfnY95acoqZQ/gD5/MH1yeNsg==</latexit>

t0
<latexit sha1_base64="+vNVWQGnuIazv2H1PJSOfKxR8Hw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGltoQ9lsN+3SzSbsToQS+hO8eFDx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h88miTTjPsskYluh9RwKRT3UaDk7VRzGoeSt8LRzdRvPXFtRKIecJzyIKYDJSLBKFrpHntur1pz6+4MZJl4BalBgWav+tXtJyyLuUImqTEdz00xyKlGwSSfVLqZ4SllIzrgHUsVjbkJ8tmpE3JilT6JEm1LIZmpvydyGhszjkPbGVMcmkVvKv7ndTKMLoNcqDRDrth8UZRJggmZ/k36QnOGcmwJZVrYWwkbUk0Z2nQqNgRv8eVl4p/Vr+re3XmtcV2kUYYjOIZT8OACGnALTfCBwQCe4RXeHOm8OO/Ox7y15BQzh/AHzucPcd6Nbw==</latexit><latexit sha1_base64="+vNVWQGnuIazv2H1PJSOfKxR8Hw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGltoQ9lsN+3SzSbsToQS+hO8eFDx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h88miTTjPsskYluh9RwKRT3UaDk7VRzGoeSt8LRzdRvPXFtRKIecJzyIKYDJSLBKFrpHntur1pz6+4MZJl4BalBgWav+tXtJyyLuUImqTEdz00xyKlGwSSfVLqZ4SllIzrgHUsVjbkJ8tmpE3JilT6JEm1LIZmpvydyGhszjkPbGVMcmkVvKv7ndTKMLoNcqDRDrth8UZRJggmZ/k36QnOGcmwJZVrYWwkbUk0Z2nQqNgRv8eVl4p/Vr+re3XmtcV2kUYYjOIZT8OACGnALTfCBwQCe4RXeHOm8OO/Ox7y15BQzh/AHzucPcd6Nbw==</latexit><latexit sha1_base64="+vNVWQGnuIazv2H1PJSOfKxR8Hw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGltoQ9lsN+3SzSbsToQS+hO8eFDx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h88miTTjPsskYluh9RwKRT3UaDk7VRzGoeSt8LRzdRvPXFtRKIecJzyIKYDJSLBKFrpHntur1pz6+4MZJl4BalBgWav+tXtJyyLuUImqTEdz00xyKlGwSSfVLqZ4SllIzrgHUsVjbkJ8tmpE3JilT6JEm1LIZmpvydyGhszjkPbGVMcmkVvKv7ndTKMLoNcqDRDrth8UZRJggmZ/k36QnOGcmwJZVrYWwkbUk0Z2nQqNgRv8eVl4p/Vr+re3XmtcV2kUYYjOIZT8OACGnALTfCBwQCe4RXeHOm8OO/Ox7y15BQzh/AHzucPcd6Nbw==</latexit><latexit sha1_base64="+vNVWQGnuIazv2H1PJSOfKxR8Hw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGltoQ9lsN+3SzSbsToQS+hO8eFDx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h88miTTjPsskYluh9RwKRT3UaDk7VRzGoeSt8LRzdRvPXFtRKIecJzyIKYDJSLBKFrpHntur1pz6+4MZJl4BalBgWav+tXtJyyLuUImqTEdz00xyKlGwSSfVLqZ4SllIzrgHUsVjbkJ8tmpE3JilT6JEm1LIZmpvydyGhszjkPbGVMcmkVvKv7ndTKMLoNcqDRDrth8UZRJggmZ/k36QnOGcmwJZVrYWwkbUk0Z2nQqNgRv8eVl4p/Vr+re3XmtcV2kUYYjOIZT8OACGnALTfCBwQCe4RXeHOm8OO/Ox7y15BQzh/AHzucPcd6Nbw==</latexit>
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✦ Lattice spacing: a = 0.0801(4) fm 
✦ mπ = 139 MeV 
✦ mπ L  = 3.62

✦ Configurations Simulation by ETMC 
✦ Dynamical quarks: Nf =2+1+1 
✦ Lattice size: 643 x 128

(ETMC) Phys. Rev. D 98 (2018) 5, 054518

R. Frezzotti, G. C. Rossi, JHEP 0408 (2004) 007, 0306014Maximally twisted fermions: Automatic          improvementO(a)

Very attractive for hadron structure

R
<latexit sha1_base64="Bh/T0gTW4VSXn/yV2g8uGUc8oeU=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx5bMbbQhrLZTtu1m03Y3Qgl9Bd48aDi1b/kzX/jts1BWx8MPN6bYWZemAiujet+O4WV1bX1jeJmaWt7Z3evvH/woONUMfRZLGLVCqlGwSX6hhuBrUQhjUKBzXB0M/WbT6g0j+W9GScYRHQgeZ8zaqzUuOuWK27VnYEsEy8nFchR75a/Or2YpRFKwwTVuu25iQkyqgxnAielTqoxoWxEB9i2VNIIdZDNDp2QE6v0SD9WtqQhM/X3REYjrcdRaDsjaoZ60ZuK/3nt1PQvg4zLJDUo2XxRPxXExGT6NelxhcyIsSWUKW5vJWxIFWXGZlOyIXiLLy8T/6x6VfUa55XadZ5GEY7gGE7BgwuowS3UwQcGCM/wCm/Oo/PivDsf89aCk88cwh84nz8bLYyq</latexit><latexit sha1_base64="Bh/T0gTW4VSXn/yV2g8uGUc8oeU=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx5bMbbQhrLZTtu1m03Y3Qgl9Bd48aDi1b/kzX/jts1BWx8MPN6bYWZemAiujet+O4WV1bX1jeJmaWt7Z3evvH/woONUMfRZLGLVCqlGwSX6hhuBrUQhjUKBzXB0M/WbT6g0j+W9GScYRHQgeZ8zaqzUuOuWK27VnYEsEy8nFchR75a/Or2YpRFKwwTVuu25iQkyqgxnAielTqoxoWxEB9i2VNIIdZDNDp2QE6v0SD9WtqQhM/X3REYjrcdRaDsjaoZ60ZuK/3nt1PQvg4zLJDUo2XxRPxXExGT6NelxhcyIsSWUKW5vJWxIFWXGZlOyIXiLLy8T/6x6VfUa55XadZ5GEY7gGE7BgwuowS3UwQcGCM/wCm/Oo/PivDsf89aCk88cwh84nz8bLYyq</latexit><latexit sha1_base64="Bh/T0gTW4VSXn/yV2g8uGUc8oeU=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx5bMbbQhrLZTtu1m03Y3Qgl9Bd48aDi1b/kzX/jts1BWx8MPN6bYWZemAiujet+O4WV1bX1jeJmaWt7Z3evvH/woONUMfRZLGLVCqlGwSX6hhuBrUQhjUKBzXB0M/WbT6g0j+W9GScYRHQgeZ8zaqzUuOuWK27VnYEsEy8nFchR75a/Or2YpRFKwwTVuu25iQkyqgxnAielTqoxoWxEB9i2VNIIdZDNDp2QE6v0SD9WtqQhM/X3REYjrcdRaDsjaoZ60ZuK/3nt1PQvg4zLJDUo2XxRPxXExGT6NelxhcyIsSWUKW5vJWxIFWXGZlOyIXiLLy8T/6x6VfUa55XadZ5GEY7gGE7BgwuowS3UwQcGCM/wCm/Oo/PivDsf89aCk88cwh84nz8bLYyq</latexit><latexit sha1_base64="Bh/T0gTW4VSXn/yV2g8uGUc8oeU=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx5bMbbQhrLZTtu1m03Y3Qgl9Bd48aDi1b/kzX/jts1BWx8MPN6bYWZemAiujet+O4WV1bX1jeJmaWt7Z3evvH/woONUMfRZLGLVCqlGwSX6hhuBrUQhjUKBzXB0M/WbT6g0j+W9GScYRHQgeZ8zaqzUuOuWK27VnYEsEy8nFchR75a/Or2YpRFKwwTVuu25iQkyqgxnAielTqoxoWxEB9i2VNIIdZDNDp2QE6v0SD9WtqQhM/X3REYjrcdRaDsjaoZ60ZuK/3nt1PQvg4zLJDUo2XxRPxXExGT6NelxhcyIsSWUKW5vJWxIFWXGZlOyIXiLLy8T/6x6VfUa55XadZ5GEY7gGE7BgwuowS3UwQcGCM/wCm/Oo/PivDsf89aCk88cwh84nz8bLYyq</latexit>

ts
<latexit sha1_base64="0m5iSGwCjJaJCGCykKzQaDGR6wA=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGltoQ9lsN+3SzSbsToQS+hO8eFDx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h88miTTjPsskYluh9RwKRT3UaDk7VRzGoeSt8LRzdRvPXFtRKIecJzyIKYDJSLBKFrpHnumV625dXcGsky8gtSgQLNX/er2E5bFXCGT1JiO56YY5FSjYJJPKt3M8JSyER3wjqWKxtwE+ezUCTmxSp9EibalkMzU3xM5jY0Zx6HtjCkOzaI3Ff/zOhlGl0EuVJohV2y+KMokwYRM/yZ9oTlDObaEMi3srYQNqaYMbToVG4K3+PIy8c/qV3Xv7rzWuC7SKMMRHMMpeHABDbiFJvjAYADP8ApvjnRenHfnY95acoqZQ/gD5/MH1yeNsg==</latexit><latexit sha1_base64="0m5iSGwCjJaJCGCykKzQaDGR6wA=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGltoQ9lsN+3SzSbsToQS+hO8eFDx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h88miTTjPsskYluh9RwKRT3UaDk7VRzGoeSt8LRzdRvPXFtRKIecJzyIKYDJSLBKFrpHnumV625dXcGsky8gtSgQLNX/er2E5bFXCGT1JiO56YY5FSjYJJPKt3M8JSyER3wjqWKxtwE+ezUCTmxSp9EibalkMzU3xM5jY0Zx6HtjCkOzaI3Ff/zOhlGl0EuVJohV2y+KMokwYRM/yZ9oTlDObaEMi3srYQNqaYMbToVG4K3+PIy8c/qV3Xv7rzWuC7SKMMRHMMpeHABDbiFJvjAYADP8ApvjnRenHfnY95acoqZQ/gD5/MH1yeNsg==</latexit><latexit sha1_base64="0m5iSGwCjJaJCGCykKzQaDGR6wA=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGltoQ9lsN+3SzSbsToQS+hO8eFDx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h88miTTjPsskYluh9RwKRT3UaDk7VRzGoeSt8LRzdRvPXFtRKIecJzyIKYDJSLBKFrpHnumV625dXcGsky8gtSgQLNX/er2E5bFXCGT1JiO56YY5FSjYJJPKt3M8JSyER3wjqWKxtwE+ezUCTmxSp9EibalkMzU3xM5jY0Zx6HtjCkOzaI3Ff/zOhlGl0EuVJohV2y+KMokwYRM/yZ9oTlDObaEMi3srYQNqaYMbToVG4K3+PIy8c/qV3Xv7rzWuC7SKMMRHMMpeHABDbiFJvjAYADP8ApvjnRenHfnY95acoqZQ/gD5/MH1yeNsg==</latexit><latexit sha1_base64="0m5iSGwCjJaJCGCykKzQaDGR6wA=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGltoQ9lsN+3SzSbsToQS+hO8eFDx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h88miTTjPsskYluh9RwKRT3UaDk7VRzGoeSt8LRzdRvPXFtRKIecJzyIKYDJSLBKFrpHnumV625dXcGsky8gtSgQLNX/er2E5bFXCGT1JiO56YY5FSjYJJPKt3M8JSyER3wjqWKxtwE+ezUCTmxSp9EibalkMzU3xM5jY0Zx6HtjCkOzaI3Ff/zOhlGl0EuVJohV2y+KMokwYRM/yZ9oTlDObaEMi3srYQNqaYMbToVG4K3+PIy8c/qV3Xv7rzWuC7SKMMRHMMpeHABDbiFJvjAYADP8ApvjnRenHfnY95acoqZQ/gD5/MH1yeNsg==</latexit>

tins
<latexit sha1_base64="C9sClTAhnx84oorpQa3ux5Kf2TY=">AAAB7XicbVBNS8NAFHypX7V+VT16WSyCp5KIUL0VvXisYGyhDWWz3bRLN5uw+yKU0B/hxYOKV/+PN/+N2zYHbR1YGGbeY99MmEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fj25nffuLaiEQ94CTlQUyHSkSCUbRSG/u5UGbar9bcujsHWSVeQWpQoNWvfvUGCctirpBJakzXc1MMcqpRMMmnlV5meErZmA5511JFY26CfH7ulJxZZUCiRNunkMzV3xs5jY2ZxKGdjCmOzLI3E//zuhlGV4ENlGbIFVt8FGWSYEJm2clAaM5QTiyhTAt7K2EjqilD21DFluAtR14l/kX9uu7dX9aaN0UbZTiBUzgHDxrQhDtogQ8MxvAMr/DmpM6L8+58LEZLTrFzDH/gfP4ALrqPqQ==</latexit><latexit sha1_base64="C9sClTAhnx84oorpQa3ux5Kf2TY=">AAAB7XicbVBNS8NAFHypX7V+VT16WSyCp5KIUL0VvXisYGyhDWWz3bRLN5uw+yKU0B/hxYOKV/+PN/+N2zYHbR1YGGbeY99MmEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fj25nffuLaiEQ94CTlQUyHSkSCUbRSG/u5UGbar9bcujsHWSVeQWpQoNWvfvUGCctirpBJakzXc1MMcqpRMMmnlV5meErZmA5511JFY26CfH7ulJxZZUCiRNunkMzV3xs5jY2ZxKGdjCmOzLI3E//zuhlGV4ENlGbIFVt8FGWSYEJm2clAaM5QTiyhTAt7K2EjqilD21DFluAtR14l/kX9uu7dX9aaN0UbZTiBUzgHDxrQhDtogQ8MxvAMr/DmpM6L8+58LEZLTrFzDH/gfP4ALrqPqQ==</latexit><latexit sha1_base64="C9sClTAhnx84oorpQa3ux5Kf2TY=">AAAB7XicbVBNS8NAFHypX7V+VT16WSyCp5KIUL0VvXisYGyhDWWz3bRLN5uw+yKU0B/hxYOKV/+PN/+N2zYHbR1YGGbeY99MmEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fj25nffuLaiEQ94CTlQUyHSkSCUbRSG/u5UGbar9bcujsHWSVeQWpQoNWvfvUGCctirpBJakzXc1MMcqpRMMmnlV5meErZmA5511JFY26CfH7ulJxZZUCiRNunkMzV3xs5jY2ZxKGdjCmOzLI3E//zuhlGV4ENlGbIFVt8FGWSYEJm2clAaM5QTiyhTAt7K2EjqilD21DFluAtR14l/kX9uu7dX9aaN0UbZTiBUzgHDxrQhDtogQ8MxvAMr/DmpM6L8+58LEZLTrFzDH/gfP4ALrqPqQ==</latexit><latexit sha1_base64="C9sClTAhnx84oorpQa3ux5Kf2TY=">AAAB7XicbVBNS8NAFHypX7V+VT16WSyCp5KIUL0VvXisYGyhDWWz3bRLN5uw+yKU0B/hxYOKV/+PN/+N2zYHbR1YGGbeY99MmEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fj25nffuLaiEQ94CTlQUyHSkSCUbRSG/u5UGbar9bcujsHWSVeQWpQoNWvfvUGCctirpBJakzXc1MMcqpRMMmnlV5meErZmA5511JFY26CfH7ulJxZZUCiRNunkMzV3xs5jY2ZxKGdjCmOzLI3E//zuhlGV4ENlGbIFVt8FGWSYEJm2clAaM5QTiyhTAt7K2EjqilD21DFluAtR14l/kX9uu7dX9aaN0UbZTiBUzgHDxrQhDtogQ8MxvAMr/DmpM6L8+58LEZLTrFzDH/gfP4ALrqPqQ==</latexit>

t0
<latexit sha1_base64="+vNVWQGnuIazv2H1PJSOfKxR8Hw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGltoQ9lsN+3SzSbsToQS+hO8eFDx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h88miTTjPsskYluh9RwKRT3UaDk7VRzGoeSt8LRzdRvPXFtRKIecJzyIKYDJSLBKFrpHntur1pz6+4MZJl4BalBgWav+tXtJyyLuUImqTEdz00xyKlGwSSfVLqZ4SllIzrgHUsVjbkJ8tmpE3JilT6JEm1LIZmpvydyGhszjkPbGVMcmkVvKv7ndTKMLoNcqDRDrth8UZRJggmZ/k36QnOGcmwJZVrYWwkbUk0Z2nQqNgRv8eVl4p/Vr+re3XmtcV2kUYYjOIZT8OACGnALTfCBwQCe4RXeHOm8OO/Ox7y15BQzh/AHzucPcd6Nbw==</latexit><latexit sha1_base64="+vNVWQGnuIazv2H1PJSOfKxR8Hw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGltoQ9lsN+3SzSbsToQS+hO8eFDx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h88miTTjPsskYluh9RwKRT3UaDk7VRzGoeSt8LRzdRvPXFtRKIecJzyIKYDJSLBKFrpHntur1pz6+4MZJl4BalBgWav+tXtJyyLuUImqTEdz00xyKlGwSSfVLqZ4SllIzrgHUsVjbkJ8tmpE3JilT6JEm1LIZmpvydyGhszjkPbGVMcmkVvKv7ndTKMLoNcqDRDrth8UZRJggmZ/k36QnOGcmwJZVrYWwkbUk0Z2nQqNgRv8eVl4p/Vr+re3XmtcV2kUYYjOIZT8OACGnALTfCBwQCe4RXeHOm8OO/Ox7y15BQzh/AHzucPcd6Nbw==</latexit><latexit sha1_base64="+vNVWQGnuIazv2H1PJSOfKxR8Hw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGltoQ9lsN+3SzSbsToQS+hO8eFDx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h88miTTjPsskYluh9RwKRT3UaDk7VRzGoeSt8LRzdRvPXFtRKIecJzyIKYDJSLBKFrpHntur1pz6+4MZJl4BalBgWav+tXtJyyLuUImqTEdz00xyKlGwSSfVLqZ4SllIzrgHUsVjbkJ8tmpE3JilT6JEm1LIZmpvydyGhszjkPbGVMcmkVvKv7ndTKMLoNcqDRDrth8UZRJggmZ/k36QnOGcmwJZVrYWwkbUk0Z2nQqNgRv8eVl4p/Vr+re3XmtcV2kUYYjOIZT8OACGnALTfCBwQCe4RXeHOm8OO/Ox7y15BQzh/AHzucPcd6Nbw==</latexit><latexit sha1_base64="+vNVWQGnuIazv2H1PJSOfKxR8Hw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGltoQ9lsN+3SzSbsToQS+hO8eFDx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h88miTTjPsskYluh9RwKRT3UaDk7VRzGoeSt8LRzdRvPXFtRKIecJzyIKYDJSLBKFrpHntur1pz6+4MZJl4BalBgWav+tXtJyyLuUImqTEdz00xyKlGwSSfVLqZ4SllIzrgHUsVjbkJ8tmpE3JilT6JEm1LIZmpvydyGhszjkPbGVMcmkVvKv7ndTKMLoNcqDRDrth8UZRJggmZ/k36QnOGcmwJZVrYWwkbUk0Z2nQqNgRv8eVl4p/Vr+re3XmtcV2kUYYjOIZT8OACGnALTfCBwQCe4RXeHOm8OO/Ox7y15BQzh/AHzucPcd6Nbw==</latexit>

ts
<latexit sha1_base64="0m5iSGwCjJaJCGCykKzQaDGR6wA=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGltoQ9lsN+3SzSbsToQS+hO8eFDx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h88miTTjPsskYluh9RwKRT3UaDk7VRzGoeSt8LRzdRvPXFtRKIecJzyIKYDJSLBKFrpHnumV625dXcGsky8gtSgQLNX/er2E5bFXCGT1JiO56YY5FSjYJJPKt3M8JSyER3wjqWKxtwE+ezUCTmxSp9EibalkMzU3xM5jY0Zx6HtjCkOzaI3Ff/zOhlGl0EuVJohV2y+KMokwYRM/yZ9oTlDObaEMi3srYQNqaYMbToVG4K3+PIy8c/qV3Xv7rzWuC7SKMMRHMMpeHABDbiFJvjAYADP8ApvjnRenHfnY95acoqZQ/gD5/MH1yeNsg==</latexit><latexit sha1_base64="0m5iSGwCjJaJCGCykKzQaDGR6wA=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGltoQ9lsN+3SzSbsToQS+hO8eFDx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h88miTTjPsskYluh9RwKRT3UaDk7VRzGoeSt8LRzdRvPXFtRKIecJzyIKYDJSLBKFrpHnumV625dXcGsky8gtSgQLNX/er2E5bFXCGT1JiO56YY5FSjYJJPKt3M8JSyER3wjqWKxtwE+ezUCTmxSp9EibalkMzU3xM5jY0Zx6HtjCkOzaI3Ff/zOhlGl0EuVJohV2y+KMokwYRM/yZ9oTlDObaEMi3srYQNqaYMbToVG4K3+PIy8c/qV3Xv7rzWuC7SKMMRHMMpeHABDbiFJvjAYADP8ApvjnRenHfnY95acoqZQ/gD5/MH1yeNsg==</latexit><latexit sha1_base64="0m5iSGwCjJaJCGCykKzQaDGR6wA=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGltoQ9lsN+3SzSbsToQS+hO8eFDx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h88miTTjPsskYluh9RwKRT3UaDk7VRzGoeSt8LRzdRvPXFtRKIecJzyIKYDJSLBKFrpHnumV625dXcGsky8gtSgQLNX/er2E5bFXCGT1JiO56YY5FSjYJJPKt3M8JSyER3wjqWKxtwE+ezUCTmxSp9EibalkMzU3xM5jY0Zx6HtjCkOzaI3Ff/zOhlGl0EuVJohV2y+KMokwYRM/yZ9oTlDObaEMi3srYQNqaYMbToVG4K3+PIy8c/qV3Xv7rzWuC7SKMMRHMMpeHABDbiFJvjAYADP8ApvjnRenHfnY95acoqZQ/gD5/MH1yeNsg==</latexit><latexit sha1_base64="0m5iSGwCjJaJCGCykKzQaDGR6wA=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGltoQ9lsN+3SzSbsToQS+hO8eFDx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h88miTTjPsskYluh9RwKRT3UaDk7VRzGoeSt8LRzdRvPXFtRKIecJzyIKYDJSLBKFrpHnumV625dXcGsky8gtSgQLNX/er2E5bFXCGT1JiO56YY5FSjYJJPKt3M8JSyER3wjqWKxtwE+ezUCTmxSp9EibalkMzU3xM5jY0Zx6HtjCkOzaI3Ff/zOhlGl0EuVJohV2y+KMokwYRM/yZ9oTlDObaEMi3srYQNqaYMbToVG4K3+PIy8c/qV3Xv7rzWuC7SKMMRHMMpeHABDbiFJvjAYADP8ApvjnRenHfnY95acoqZQ/gD5/MH1yeNsg==</latexit>

t0
<latexit sha1_base64="+vNVWQGnuIazv2H1PJSOfKxR8Hw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGltoQ9lsN+3SzSbsToQS+hO8eFDx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h88miTTjPsskYluh9RwKRT3UaDk7VRzGoeSt8LRzdRvPXFtRKIecJzyIKYDJSLBKFrpHntur1pz6+4MZJl4BalBgWav+tXtJyyLuUImqTEdz00xyKlGwSSfVLqZ4SllIzrgHUsVjbkJ8tmpE3JilT6JEm1LIZmpvydyGhszjkPbGVMcmkVvKv7ndTKMLoNcqDRDrth8UZRJggmZ/k36QnOGcmwJZVrYWwkbUk0Z2nQqNgRv8eVl4p/Vr+re3XmtcV2kUYYjOIZT8OACGnALTfCBwQCe4RXeHOm8OO/Ox7y15BQzh/AHzucPcd6Nbw==</latexit><latexit sha1_base64="+vNVWQGnuIazv2H1PJSOfKxR8Hw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGltoQ9lsN+3SzSbsToQS+hO8eFDx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h88miTTjPsskYluh9RwKRT3UaDk7VRzGoeSt8LRzdRvPXFtRKIecJzyIKYDJSLBKFrpHntur1pz6+4MZJl4BalBgWav+tXtJyyLuUImqTEdz00xyKlGwSSfVLqZ4SllIzrgHUsVjbkJ8tmpE3JilT6JEm1LIZmpvydyGhszjkPbGVMcmkVvKv7ndTKMLoNcqDRDrth8UZRJggmZ/k36QnOGcmwJZVrYWwkbUk0Z2nQqNgRv8eVl4p/Vr+re3XmtcV2kUYYjOIZT8OACGnALTfCBwQCe4RXeHOm8OO/Ox7y15BQzh/AHzucPcd6Nbw==</latexit><latexit sha1_base64="+vNVWQGnuIazv2H1PJSOfKxR8Hw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGltoQ9lsN+3SzSbsToQS+hO8eFDx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h88miTTjPsskYluh9RwKRT3UaDk7VRzGoeSt8LRzdRvPXFtRKIecJzyIKYDJSLBKFrpHntur1pz6+4MZJl4BalBgWav+tXtJyyLuUImqTEdz00xyKlGwSSfVLqZ4SllIzrgHUsVjbkJ8tmpE3JilT6JEm1LIZmpvydyGhszjkPbGVMcmkVvKv7ndTKMLoNcqDRDrth8UZRJggmZ/k36QnOGcmwJZVrYWwkbUk0Z2nQqNgRv8eVl4p/Vr+re3XmtcV2kUYYjOIZT8OACGnALTfCBwQCe4RXeHOm8OO/Ox7y15BQzh/AHzucPcd6Nbw==</latexit><latexit sha1_base64="+vNVWQGnuIazv2H1PJSOfKxR8Hw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGltoQ9lsN+3SzSbsToQS+hO8eFDx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h88miTTjPsskYluh9RwKRT3UaDk7VRzGoeSt8LRzdRvPXFtRKIecJzyIKYDJSLBKFrpHntur1pz6+4MZJl4BalBgWav+tXtJyyLuUImqTEdz00xyKlGwSSfVLqZ4SllIzrgHUsVjbkJ8tmpE3JilT6JEm1LIZmpvydyGhszjkPbGVMcmkVvKv7ndTKMLoNcqDRDrth8UZRJggmZ/k36QnOGcmwJZVrYWwkbUk0Z2nQqNgRv8eVl4p/Vr+re3XmtcV2kUYYjOIZT8OACGnALTfCBwQCe4RXeHOm8OO/Ox7y15BQzh/AHzucPcd6Nbw==</latexit>

tins
<latexit sha1_base64="C9sClTAhnx84oorpQa3ux5Kf2TY=">AAAB7XicbVBNS8NAFHypX7V+VT16WSyCp5KIUL0VvXisYGyhDWWz3bRLN5uw+yKU0B/hxYOKV/+PN/+N2zYHbR1YGGbeY99MmEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fj25nffuLaiEQ94CTlQUyHSkSCUbRSG/u5UGbar9bcujsHWSVeQWpQoNWvfvUGCctirpBJakzXc1MMcqpRMMmnlV5meErZmA5511JFY26CfH7ulJxZZUCiRNunkMzV3xs5jY2ZxKGdjCmOzLI3E//zuhlGV4ENlGbIFVt8FGWSYEJm2clAaM5QTiyhTAt7K2EjqilD21DFluAtR14l/kX9uu7dX9aaN0UbZTiBUzgHDxrQhDtogQ8MxvAMr/DmpM6L8+58LEZLTrFzDH/gfP4ALrqPqQ==</latexit><latexit sha1_base64="C9sClTAhnx84oorpQa3ux5Kf2TY=">AAAB7XicbVBNS8NAFHypX7V+VT16WSyCp5KIUL0VvXisYGyhDWWz3bRLN5uw+yKU0B/hxYOKV/+PN/+N2zYHbR1YGGbeY99MmEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fj25nffuLaiEQ94CTlQUyHSkSCUbRSG/u5UGbar9bcujsHWSVeQWpQoNWvfvUGCctirpBJakzXc1MMcqpRMMmnlV5meErZmA5511JFY26CfH7ulJxZZUCiRNunkMzV3xs5jY2ZxKGdjCmOzLI3E//zuhlGV4ENlGbIFVt8FGWSYEJm2clAaM5QTiyhTAt7K2EjqilD21DFluAtR14l/kX9uu7dX9aaN0UbZTiBUzgHDxrQhDtogQ8MxvAMr/DmpM6L8+58LEZLTrFzDH/gfP4ALrqPqQ==</latexit><latexit sha1_base64="C9sClTAhnx84oorpQa3ux5Kf2TY=">AAAB7XicbVBNS8NAFHypX7V+VT16WSyCp5KIUL0VvXisYGyhDWWz3bRLN5uw+yKU0B/hxYOKV/+PN/+N2zYHbR1YGGbeY99MmEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fj25nffuLaiEQ94CTlQUyHSkSCUbRSG/u5UGbar9bcujsHWSVeQWpQoNWvfvUGCctirpBJakzXc1MMcqpRMMmnlV5meErZmA5511JFY26CfH7ulJxZZUCiRNunkMzV3xs5jY2ZxKGdjCmOzLI3E//zuhlGV4ENlGbIFVt8FGWSYEJm2clAaM5QTiyhTAt7K2EjqilD21DFluAtR14l/kX9uu7dX9aaN0UbZTiBUzgHDxrQhDtogQ8MxvAMr/DmpM6L8+58LEZLTrFzDH/gfP4ALrqPqQ==</latexit><latexit sha1_base64="C9sClTAhnx84oorpQa3ux5Kf2TY=">AAAB7XicbVBNS8NAFHypX7V+VT16WSyCp5KIUL0VvXisYGyhDWWz3bRLN5uw+yKU0B/hxYOKV/+PN/+N2zYHbR1YGGbeY99MmEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fj25nffuLaiEQ94CTlQUyHSkSCUbRSG/u5UGbar9bcujsHWSVeQWpQoNWvfvUGCctirpBJakzXc1MMcqpRMMmnlV5meErZmA5511JFY26CfH7ulJxZZUCiRNunkMzV3xs5jY2ZxKGdjCmOzLI3E//zuhlGV4ENlGbIFVt8FGWSYEJm2clAaM5QTiyhTAt7K2EjqilD21DFluAtR14l/kX9uu7dX9aaN0UbZTiBUzgHDxrQhDtogQ8MxvAMr/DmpM6L8+58LEZLTrFzDH/gfP4ALrqPqQ==</latexit>

ts
<latexit sha1_base64="PPxVEhINqzHIJw/I3gs8jlWwOg0=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN6KXjxWMLbQhrLZbtqlm03YnQgl9Dd48aDi1T/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fj25nffuLaiEQ94CTlQUyHSkSCUbSSj/3cTPvVmlt35yCrxCtIDQq0+tWv3iBhWcwVMkmN6XpuikFONQom+bTSywxPKRvTIe9aqmjMTZDPj52SM6sMSJRoWwrJXP09kdPYmEkc2s6Y4sgsezPxP6+bYXQV5EKlGXLFFouiTBJMyOxzMhCaM5QTSyjTwt5K2IhqytDmU7EheMsvrxL/on5d9+4va82bIo0ynMApnIMHDWjCHbTABwYCnuEV3hzlvDjvzseiteQUM8fwB87nD5sMjr4=</latexit><latexit sha1_base64="PPxVEhINqzHIJw/I3gs8jlWwOg0=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN6KXjxWMLbQhrLZbtqlm03YnQgl9Dd48aDi1T/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fj25nffuLaiEQ94CTlQUyHSkSCUbSSj/3cTPvVmlt35yCrxCtIDQq0+tWv3iBhWcwVMkmN6XpuikFONQom+bTSywxPKRvTIe9aqmjMTZDPj52SM6sMSJRoWwrJXP09kdPYmEkc2s6Y4sgsezPxP6+bYXQV5EKlGXLFFouiTBJMyOxzMhCaM5QTSyjTwt5K2IhqytDmU7EheMsvrxL/on5d9+4va82bIo0ynMApnIMHDWjCHbTABwYCnuEV3hzlvDjvzseiteQUM8fwB87nD5sMjr4=</latexit><latexit sha1_base64="PPxVEhINqzHIJw/I3gs8jlWwOg0=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN6KXjxWMLbQhrLZbtqlm03YnQgl9Dd48aDi1T/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fj25nffuLaiEQ94CTlQUyHSkSCUbSSj/3cTPvVmlt35yCrxCtIDQq0+tWv3iBhWcwVMkmN6XpuikFONQom+bTSywxPKRvTIe9aqmjMTZDPj52SM6sMSJRoWwrJXP09kdPYmEkc2s6Y4sgsezPxP6+bYXQV5EKlGXLFFouiTBJMyOxzMhCaM5QTSyjTwt5K2IhqytDmU7EheMsvrxL/on5d9+4va82bIo0ynMApnIMHDWjCHbTABwYCnuEV3hzlvDjvzseiteQUM8fwB87nD5sMjr4=</latexit><latexit sha1_base64="PPxVEhINqzHIJw/I3gs8jlWwOg0=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN6KXjxWMLbQhrLZbtqlm03YnQgl9Dd48aDi1T/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fj25nffuLaiEQ94CTlQUyHSkSCUbSSj/3cTPvVmlt35yCrxCtIDQq0+tWv3iBhWcwVMkmN6XpuikFONQom+bTSywxPKRvTIe9aqmjMTZDPj52SM6sMSJRoWwrJXP09kdPYmEkc2s6Y4sgsezPxP6+bYXQV5EKlGXLFFouiTBJMyOxzMhCaM5QTSyjTwt5K2IhqytDmU7EheMsvrxL/on5d9+4va82bIo0ynMApnIMHDWjCHbTABwYCnuEV3hzlvDjvzseiteQUM8fwB87nD5sMjr4=</latexit>

ts
<latexit sha1_base64="PPxVEhINqzHIJw/I3gs8jlWwOg0=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN6KXjxWMLbQhrLZbtqlm03YnQgl9Dd48aDi1T/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fj25nffuLaiEQ94CTlQUyHSkSCUbSSj/3cTPvVmlt35yCrxCtIDQq0+tWv3iBhWcwVMkmN6XpuikFONQom+bTSywxPKRvTIe9aqmjMTZDPj52SM6sMSJRoWwrJXP09kdPYmEkc2s6Y4sgsezPxP6+bYXQV5EKlGXLFFouiTBJMyOxzMhCaM5QTSyjTwt5K2IhqytDmU7EheMsvrxL/on5d9+4va82bIo0ynMApnIMHDWjCHbTABwYCnuEV3hzlvDjvzseiteQUM8fwB87nD5sMjr4=</latexit><latexit sha1_base64="PPxVEhINqzHIJw/I3gs8jlWwOg0=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN6KXjxWMLbQhrLZbtqlm03YnQgl9Dd48aDi1T/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fj25nffuLaiEQ94CTlQUyHSkSCUbSSj/3cTPvVmlt35yCrxCtIDQq0+tWv3iBhWcwVMkmN6XpuikFONQom+bTSywxPKRvTIe9aqmjMTZDPj52SM6sMSJRoWwrJXP09kdPYmEkc2s6Y4sgsezPxP6+bYXQV5EKlGXLFFouiTBJMyOxzMhCaM5QTSyjTwt5K2IhqytDmU7EheMsvrxL/on5d9+4va82bIo0ynMApnIMHDWjCHbTABwYCnuEV3hzlvDjvzseiteQUM8fwB87nD5sMjr4=</latexit><latexit sha1_base64="PPxVEhINqzHIJw/I3gs8jlWwOg0=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN6KXjxWMLbQhrLZbtqlm03YnQgl9Dd48aDi1T/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fj25nffuLaiEQ94CTlQUyHSkSCUbSSj/3cTPvVmlt35yCrxCtIDQq0+tWv3iBhWcwVMkmN6XpuikFONQom+bTSywxPKRvTIe9aqmjMTZDPj52SM6sMSJRoWwrJXP09kdPYmEkc2s6Y4sgsezPxP6+bYXQV5EKlGXLFFouiTBJMyOxzMhCaM5QTSyjTwt5K2IhqytDmU7EheMsvrxL/on5d9+4va82bIo0ynMApnIMHDWjCHbTABwYCnuEV3hzlvDjvzseiteQUM8fwB87nD5sMjr4=</latexit><latexit sha1_base64="PPxVEhINqzHIJw/I3gs8jlWwOg0=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN6KXjxWMLbQhrLZbtqlm03YnQgl9Dd48aDi1T/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fj25nffuLaiEQ94CTlQUyHSkSCUbSSj/3cTPvVmlt35yCrxCtIDQq0+tWv3iBhWcwVMkmN6XpuikFONQom+bTSywxPKRvTIe9aqmjMTZDPj52SM6sMSJRoWwrJXP09kdPYmEkc2s6Y4sgsezPxP6+bYXQV5EKlGXLFFouiTBJMyOxzMhCaM5QTSyjTwt5K2IhqytDmU7EheMsvrxL/on5d9+4va82bIo0ynMApnIMHDWjCHbTABwYCnuEV3hzlvDjvzseiteQUM8fwB87nD5sMjr4=</latexit>

t0
<latexit sha1_base64="Nvw2j/auj3qrZC+iqV4qIeZOZbw=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN6KXjxWMLbQhrLZbtqlm03YnQgl9Dd48aDi1T/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fj25nffuLaiEQ94CTlQUyHSkSCUbSSj/3cnfarNbfuzkFWiVeQGhRo9atfvUHCspgrZJIa0/XcFIOcahRM8mmllxmeUjamQ961VNGYmyCfHzslZ1YZkCjRthSSufp7IqexMZM4tJ0xxZFZ9mbif143w+gqyIVKM+SKLRZFmSSYkNnnZCA0ZygnllCmhb2VsBHVlKHNp2JD8JZfXiX+Rf267t1f1po3RRplOIFTOAcPGtCEO2iBDwwEPMMrvDnKeXHenY9Fa8kpZo7hD5zPHzWAjns=</latexit><latexit sha1_base64="Nvw2j/auj3qrZC+iqV4qIeZOZbw=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN6KXjxWMLbQhrLZbtqlm03YnQgl9Dd48aDi1T/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fj25nffuLaiEQ94CTlQUyHSkSCUbSSj/3cnfarNbfuzkFWiVeQGhRo9atfvUHCspgrZJIa0/XcFIOcahRM8mmllxmeUjamQ961VNGYmyCfHzslZ1YZkCjRthSSufp7IqexMZM4tJ0xxZFZ9mbif143w+gqyIVKM+SKLRZFmSSYkNnnZCA0ZygnllCmhb2VsBHVlKHNp2JD8JZfXiX+Rf267t1f1po3RRplOIFTOAcPGtCEO2iBDwwEPMMrvDnKeXHenY9Fa8kpZo7hD5zPHzWAjns=</latexit><latexit sha1_base64="Nvw2j/auj3qrZC+iqV4qIeZOZbw=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN6KXjxWMLbQhrLZbtqlm03YnQgl9Dd48aDi1T/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fj25nffuLaiEQ94CTlQUyHSkSCUbSSj/3cnfarNbfuzkFWiVeQGhRo9atfvUHCspgrZJIa0/XcFIOcahRM8mmllxmeUjamQ961VNGYmyCfHzslZ1YZkCjRthSSufp7IqexMZM4tJ0xxZFZ9mbif143w+gqyIVKM+SKLRZFmSSYkNnnZCA0ZygnllCmhb2VsBHVlKHNp2JD8JZfXiX+Rf267t1f1po3RRplOIFTOAcPGtCEO2iBDwwEPMMrvDnKeXHenY9Fa8kpZo7hD5zPHzWAjns=</latexit><latexit sha1_base64="Nvw2j/auj3qrZC+iqV4qIeZOZbw=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN6KXjxWMLbQhrLZbtqlm03YnQgl9Dd48aDi1T/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fj25nffuLaiEQ94CTlQUyHSkSCUbSSj/3cnfarNbfuzkFWiVeQGhRo9atfvUHCspgrZJIa0/XcFIOcahRM8mmllxmeUjamQ961VNGYmyCfHzslZ1YZkCjRthSSufp7IqexMZM4tJ0xxZFZ9mbif143w+gqyIVKM+SKLRZFmSSYkNnnZCA0ZygnllCmhb2VsBHVlKHNp2JD8JZfXiX+Rf267t1f1po3RRplOIFTOAcPGtCEO2iBDwwEPMMrvDnKeXHenY9Fa8kpZo7hD5zPHzWAjns=</latexit>

t0
<latexit sha1_base64="Nvw2j/auj3qrZC+iqV4qIeZOZbw=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN6KXjxWMLbQhrLZbtqlm03YnQgl9Dd48aDi1T/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fj25nffuLaiEQ94CTlQUyHSkSCUbSSj/3cnfarNbfuzkFWiVeQGhRo9atfvUHCspgrZJIa0/XcFIOcahRM8mmllxmeUjamQ961VNGYmyCfHzslZ1YZkCjRthSSufp7IqexMZM4tJ0xxZFZ9mbif143w+gqyIVKM+SKLRZFmSSYkNnnZCA0ZygnllCmhb2VsBHVlKHNp2JD8JZfXiX+Rf267t1f1po3RRplOIFTOAcPGtCEO2iBDwwEPMMrvDnKeXHenY9Fa8kpZo7hD5zPHzWAjns=</latexit><latexit sha1_base64="Nvw2j/auj3qrZC+iqV4qIeZOZbw=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN6KXjxWMLbQhrLZbtqlm03YnQgl9Dd48aDi1T/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fj25nffuLaiEQ94CTlQUyHSkSCUbSSj/3cnfarNbfuzkFWiVeQGhRo9atfvUHCspgrZJIa0/XcFIOcahRM8mmllxmeUjamQ961VNGYmyCfHzslZ1YZkCjRthSSufp7IqexMZM4tJ0xxZFZ9mbif143w+gqyIVKM+SKLRZFmSSYkNnnZCA0ZygnllCmhb2VsBHVlKHNp2JD8JZfXiX+Rf267t1f1po3RRplOIFTOAcPGtCEO2iBDwwEPMMrvDnKeXHenY9Fa8kpZo7hD5zPHzWAjns=</latexit><latexit sha1_base64="Nvw2j/auj3qrZC+iqV4qIeZOZbw=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN6KXjxWMLbQhrLZbtqlm03YnQgl9Dd48aDi1T/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fj25nffuLaiEQ94CTlQUyHSkSCUbSSj/3cnfarNbfuzkFWiVeQGhRo9atfvUHCspgrZJIa0/XcFIOcahRM8mmllxmeUjamQ961VNGYmyCfHzslZ1YZkCjRthSSufp7IqexMZM4tJ0xxZFZ9mbif143w+gqyIVKM+SKLRZFmSSYkNnnZCA0ZygnllCmhb2VsBHVlKHNp2JD8JZfXiX+Rf267t1f1po3RRplOIFTOAcPGtCEO2iBDwwEPMMrvDnKeXHenY9Fa8kpZo7hD5zPHzWAjns=</latexit><latexit sha1_base64="Nvw2j/auj3qrZC+iqV4qIeZOZbw=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN6KXjxWMLbQhrLZbtqlm03YnQgl9Dd48aDi1T/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fj25nffuLaiEQ94CTlQUyHSkSCUbSSj/3cnfarNbfuzkFWiVeQGhRo9atfvUHCspgrZJIa0/XcFIOcahRM8mmllxmeUjamQ961VNGYmyCfHzslZ1YZkCjRthSSufp7IqexMZM4tJ0xxZFZ9mbif143w+gqyIVKM+SKLRZFmSSYkNnnZCA0ZygnllCmhb2VsBHVlKHNp2JD8JZfXiX+Rf267t1f1po3RRplOIFTOAcPGtCEO2iBDwwEPMMrvDnKeXHenY9Fa8kpZo7hD5zPHzWAjns=</latexit>
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✦ Lattice spacing: a = 0.0801(4) fm 
✦ mπ = 139 MeV 
✦ mπ L  = 3.62

✦ Configurations Simulation by ETMC 
✦ Dynamical quarks: Nf =2+1+1 
✦ Lattice size: 643 x 128

(ETMC) Phys. Rev. D 98 (2018) 5, 054518

R. Frezzotti, G. C. Rossi, JHEP 0408 (2004) 007, 0306014Maximally twisted fermions: Automatic          improvementO(a)

Very attractive for hadron structure

R
<latexit sha1_base64="Bh/T0gTW4VSXn/yV2g8uGUc8oeU=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx5bMbbQhrLZTtu1m03Y3Qgl9Bd48aDi1b/kzX/jts1BWx8MPN6bYWZemAiujet+O4WV1bX1jeJmaWt7Z3evvH/woONUMfRZLGLVCqlGwSX6hhuBrUQhjUKBzXB0M/WbT6g0j+W9GScYRHQgeZ8zaqzUuOuWK27VnYEsEy8nFchR75a/Or2YpRFKwwTVuu25iQkyqgxnAielTqoxoWxEB9i2VNIIdZDNDp2QE6v0SD9WtqQhM/X3REYjrcdRaDsjaoZ60ZuK/3nt1PQvg4zLJDUo2XxRPxXExGT6NelxhcyIsSWUKW5vJWxIFWXGZlOyIXiLLy8T/6x6VfUa55XadZ5GEY7gGE7BgwuowS3UwQcGCM/wCm/Oo/PivDsf89aCk88cwh84nz8bLYyq</latexit><latexit sha1_base64="Bh/T0gTW4VSXn/yV2g8uGUc8oeU=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx5bMbbQhrLZTtu1m03Y3Qgl9Bd48aDi1b/kzX/jts1BWx8MPN6bYWZemAiujet+O4WV1bX1jeJmaWt7Z3evvH/woONUMfRZLGLVCqlGwSX6hhuBrUQhjUKBzXB0M/WbT6g0j+W9GScYRHQgeZ8zaqzUuOuWK27VnYEsEy8nFchR75a/Or2YpRFKwwTVuu25iQkyqgxnAielTqoxoWxEB9i2VNIIdZDNDp2QE6v0SD9WtqQhM/X3REYjrcdRaDsjaoZ60ZuK/3nt1PQvg4zLJDUo2XxRPxXExGT6NelxhcyIsSWUKW5vJWxIFWXGZlOyIXiLLy8T/6x6VfUa55XadZ5GEY7gGE7BgwuowS3UwQcGCM/wCm/Oo/PivDsf89aCk88cwh84nz8bLYyq</latexit><latexit sha1_base64="Bh/T0gTW4VSXn/yV2g8uGUc8oeU=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx5bMbbQhrLZTtu1m03Y3Qgl9Bd48aDi1b/kzX/jts1BWx8MPN6bYWZemAiujet+O4WV1bX1jeJmaWt7Z3evvH/woONUMfRZLGLVCqlGwSX6hhuBrUQhjUKBzXB0M/WbT6g0j+W9GScYRHQgeZ8zaqzUuOuWK27VnYEsEy8nFchR75a/Or2YpRFKwwTVuu25iQkyqgxnAielTqoxoWxEB9i2VNIIdZDNDp2QE6v0SD9WtqQhM/X3REYjrcdRaDsjaoZ60ZuK/3nt1PQvg4zLJDUo2XxRPxXExGT6NelxhcyIsSWUKW5vJWxIFWXGZlOyIXiLLy8T/6x6VfUa55XadZ5GEY7gGE7BgwuowS3UwQcGCM/wCm/Oo/PivDsf89aCk88cwh84nz8bLYyq</latexit><latexit sha1_base64="Bh/T0gTW4VSXn/yV2g8uGUc8oeU=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx5bMbbQhrLZTtu1m03Y3Qgl9Bd48aDi1b/kzX/jts1BWx8MPN6bYWZemAiujet+O4WV1bX1jeJmaWt7Z3evvH/woONUMfRZLGLVCqlGwSX6hhuBrUQhjUKBzXB0M/WbT6g0j+W9GScYRHQgeZ8zaqzUuOuWK27VnYEsEy8nFchR75a/Or2YpRFKwwTVuu25iQkyqgxnAielTqoxoWxEB9i2VNIIdZDNDp2QE6v0SD9WtqQhM/X3REYjrcdRaDsjaoZ60ZuK/3nt1PQvg4zLJDUo2XxRPxXExGT6NelxhcyIsSWUKW5vJWxIFWXGZlOyIXiLLy8T/6x6VfUa55XadZ5GEY7gGE7BgwuowS3UwQcGCM/wCm/Oo/PivDsf89aCk88cwh84nz8bLYyq</latexit>

ts
<latexit sha1_base64="0m5iSGwCjJaJCGCykKzQaDGR6wA=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGltoQ9lsN+3SzSbsToQS+hO8eFDx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h88miTTjPsskYluh9RwKRT3UaDk7VRzGoeSt8LRzdRvPXFtRKIecJzyIKYDJSLBKFrpHnumV625dXcGsky8gtSgQLNX/er2E5bFXCGT1JiO56YY5FSjYJJPKt3M8JSyER3wjqWKxtwE+ezUCTmxSp9EibalkMzU3xM5jY0Zx6HtjCkOzaI3Ff/zOhlGl0EuVJohV2y+KMokwYRM/yZ9oTlDObaEMi3srYQNqaYMbToVG4K3+PIy8c/qV3Xv7rzWuC7SKMMRHMMpeHABDbiFJvjAYADP8ApvjnRenHfnY95acoqZQ/gD5/MH1yeNsg==</latexit><latexit sha1_base64="0m5iSGwCjJaJCGCykKzQaDGR6wA=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGltoQ9lsN+3SzSbsToQS+hO8eFDx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h88miTTjPsskYluh9RwKRT3UaDk7VRzGoeSt8LRzdRvPXFtRKIecJzyIKYDJSLBKFrpHnumV625dXcGsky8gtSgQLNX/er2E5bFXCGT1JiO56YY5FSjYJJPKt3M8JSyER3wjqWKxtwE+ezUCTmxSp9EibalkMzU3xM5jY0Zx6HtjCkOzaI3Ff/zOhlGl0EuVJohV2y+KMokwYRM/yZ9oTlDObaEMi3srYQNqaYMbToVG4K3+PIy8c/qV3Xv7rzWuC7SKMMRHMMpeHABDbiFJvjAYADP8ApvjnRenHfnY95acoqZQ/gD5/MH1yeNsg==</latexit><latexit sha1_base64="0m5iSGwCjJaJCGCykKzQaDGR6wA=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGltoQ9lsN+3SzSbsToQS+hO8eFDx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h88miTTjPsskYluh9RwKRT3UaDk7VRzGoeSt8LRzdRvPXFtRKIecJzyIKYDJSLBKFrpHnumV625dXcGsky8gtSgQLNX/er2E5bFXCGT1JiO56YY5FSjYJJPKt3M8JSyER3wjqWKxtwE+ezUCTmxSp9EibalkMzU3xM5jY0Zx6HtjCkOzaI3Ff/zOhlGl0EuVJohV2y+KMokwYRM/yZ9oTlDObaEMi3srYQNqaYMbToVG4K3+PIy8c/qV3Xv7rzWuC7SKMMRHMMpeHABDbiFJvjAYADP8ApvjnRenHfnY95acoqZQ/gD5/MH1yeNsg==</latexit><latexit sha1_base64="0m5iSGwCjJaJCGCykKzQaDGR6wA=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGltoQ9lsN+3SzSbsToQS+hO8eFDx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h88miTTjPsskYluh9RwKRT3UaDk7VRzGoeSt8LRzdRvPXFtRKIecJzyIKYDJSLBKFrpHnumV625dXcGsky8gtSgQLNX/er2E5bFXCGT1JiO56YY5FSjYJJPKt3M8JSyER3wjqWKxtwE+ezUCTmxSp9EibalkMzU3xM5jY0Zx6HtjCkOzaI3Ff/zOhlGl0EuVJohV2y+KMokwYRM/yZ9oTlDObaEMi3srYQNqaYMbToVG4K3+PIy8c/qV3Xv7rzWuC7SKMMRHMMpeHABDbiFJvjAYADP8ApvjnRenHfnY95acoqZQ/gD5/MH1yeNsg==</latexit>

tins
<latexit sha1_base64="C9sClTAhnx84oorpQa3ux5Kf2TY=">AAAB7XicbVBNS8NAFHypX7V+VT16WSyCp5KIUL0VvXisYGyhDWWz3bRLN5uw+yKU0B/hxYOKV/+PN/+N2zYHbR1YGGbeY99MmEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fj25nffuLaiEQ94CTlQUyHSkSCUbRSG/u5UGbar9bcujsHWSVeQWpQoNWvfvUGCctirpBJakzXc1MMcqpRMMmnlV5meErZmA5511JFY26CfH7ulJxZZUCiRNunkMzV3xs5jY2ZxKGdjCmOzLI3E//zuhlGV4ENlGbIFVt8FGWSYEJm2clAaM5QTiyhTAt7K2EjqilD21DFluAtR14l/kX9uu7dX9aaN0UbZTiBUzgHDxrQhDtogQ8MxvAMr/DmpM6L8+58LEZLTrFzDH/gfP4ALrqPqQ==</latexit><latexit sha1_base64="C9sClTAhnx84oorpQa3ux5Kf2TY=">AAAB7XicbVBNS8NAFHypX7V+VT16WSyCp5KIUL0VvXisYGyhDWWz3bRLN5uw+yKU0B/hxYOKV/+PN/+N2zYHbR1YGGbeY99MmEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fj25nffuLaiEQ94CTlQUyHSkSCUbRSG/u5UGbar9bcujsHWSVeQWpQoNWvfvUGCctirpBJakzXc1MMcqpRMMmnlV5meErZmA5511JFY26CfH7ulJxZZUCiRNunkMzV3xs5jY2ZxKGdjCmOzLI3E//zuhlGV4ENlGbIFVt8FGWSYEJm2clAaM5QTiyhTAt7K2EjqilD21DFluAtR14l/kX9uu7dX9aaN0UbZTiBUzgHDxrQhDtogQ8MxvAMr/DmpM6L8+58LEZLTrFzDH/gfP4ALrqPqQ==</latexit><latexit sha1_base64="C9sClTAhnx84oorpQa3ux5Kf2TY=">AAAB7XicbVBNS8NAFHypX7V+VT16WSyCp5KIUL0VvXisYGyhDWWz3bRLN5uw+yKU0B/hxYOKV/+PN/+N2zYHbR1YGGbeY99MmEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fj25nffuLaiEQ94CTlQUyHSkSCUbRSG/u5UGbar9bcujsHWSVeQWpQoNWvfvUGCctirpBJakzXc1MMcqpRMMmnlV5meErZmA5511JFY26CfH7ulJxZZUCiRNunkMzV3xs5jY2ZxKGdjCmOzLI3E//zuhlGV4ENlGbIFVt8FGWSYEJm2clAaM5QTiyhTAt7K2EjqilD21DFluAtR14l/kX9uu7dX9aaN0UbZTiBUzgHDxrQhDtogQ8MxvAMr/DmpM6L8+58LEZLTrFzDH/gfP4ALrqPqQ==</latexit><latexit sha1_base64="C9sClTAhnx84oorpQa3ux5Kf2TY=">AAAB7XicbVBNS8NAFHypX7V+VT16WSyCp5KIUL0VvXisYGyhDWWz3bRLN5uw+yKU0B/hxYOKV/+PN/+N2zYHbR1YGGbeY99MmEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fj25nffuLaiEQ94CTlQUyHSkSCUbRSG/u5UGbar9bcujsHWSVeQWpQoNWvfvUGCctirpBJakzXc1MMcqpRMMmnlV5meErZmA5511JFY26CfH7ulJxZZUCiRNunkMzV3xs5jY2ZxKGdjCmOzLI3E//zuhlGV4ENlGbIFVt8FGWSYEJm2clAaM5QTiyhTAt7K2EjqilD21DFluAtR14l/kX9uu7dX9aaN0UbZTiBUzgHDxrQhDtogQ8MxvAMr/DmpM6L8+58LEZLTrFzDH/gfP4ALrqPqQ==</latexit>

t0
<latexit sha1_base64="+vNVWQGnuIazv2H1PJSOfKxR8Hw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGltoQ9lsN+3SzSbsToQS+hO8eFDx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h88miTTjPsskYluh9RwKRT3UaDk7VRzGoeSt8LRzdRvPXFtRKIecJzyIKYDJSLBKFrpHntur1pz6+4MZJl4BalBgWav+tXtJyyLuUImqTEdz00xyKlGwSSfVLqZ4SllIzrgHUsVjbkJ8tmpE3JilT6JEm1LIZmpvydyGhszjkPbGVMcmkVvKv7ndTKMLoNcqDRDrth8UZRJggmZ/k36QnOGcmwJZVrYWwkbUk0Z2nQqNgRv8eVl4p/Vr+re3XmtcV2kUYYjOIZT8OACGnALTfCBwQCe4RXeHOm8OO/Ox7y15BQzh/AHzucPcd6Nbw==</latexit><latexit sha1_base64="+vNVWQGnuIazv2H1PJSOfKxR8Hw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGltoQ9lsN+3SzSbsToQS+hO8eFDx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h88miTTjPsskYluh9RwKRT3UaDk7VRzGoeSt8LRzdRvPXFtRKIecJzyIKYDJSLBKFrpHntur1pz6+4MZJl4BalBgWav+tXtJyyLuUImqTEdz00xyKlGwSSfVLqZ4SllIzrgHUsVjbkJ8tmpE3JilT6JEm1LIZmpvydyGhszjkPbGVMcmkVvKv7ndTKMLoNcqDRDrth8UZRJggmZ/k36QnOGcmwJZVrYWwkbUk0Z2nQqNgRv8eVl4p/Vr+re3XmtcV2kUYYjOIZT8OACGnALTfCBwQCe4RXeHOm8OO/Ox7y15BQzh/AHzucPcd6Nbw==</latexit><latexit sha1_base64="+vNVWQGnuIazv2H1PJSOfKxR8Hw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGltoQ9lsN+3SzSbsToQS+hO8eFDx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h88miTTjPsskYluh9RwKRT3UaDk7VRzGoeSt8LRzdRvPXFtRKIecJzyIKYDJSLBKFrpHntur1pz6+4MZJl4BalBgWav+tXtJyyLuUImqTEdz00xyKlGwSSfVLqZ4SllIzrgHUsVjbkJ8tmpE3JilT6JEm1LIZmpvydyGhszjkPbGVMcmkVvKv7ndTKMLoNcqDRDrth8UZRJggmZ/k36QnOGcmwJZVrYWwkbUk0Z2nQqNgRv8eVl4p/Vr+re3XmtcV2kUYYjOIZT8OACGnALTfCBwQCe4RXeHOm8OO/Ox7y15BQzh/AHzucPcd6Nbw==</latexit><latexit sha1_base64="+vNVWQGnuIazv2H1PJSOfKxR8Hw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGltoQ9lsN+3SzSbsToQS+hO8eFDx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h88miTTjPsskYluh9RwKRT3UaDk7VRzGoeSt8LRzdRvPXFtRKIecJzyIKYDJSLBKFrpHntur1pz6+4MZJl4BalBgWav+tXtJyyLuUImqTEdz00xyKlGwSSfVLqZ4SllIzrgHUsVjbkJ8tmpE3JilT6JEm1LIZmpvydyGhszjkPbGVMcmkVvKv7ndTKMLoNcqDRDrth8UZRJggmZ/k36QnOGcmwJZVrYWwkbUk0Z2nQqNgRv8eVl4p/Vr+re3XmtcV2kUYYjOIZT8OACGnALTfCBwQCe4RXeHOm8OO/Ox7y15BQzh/AHzucPcd6Nbw==</latexit>

ts
<latexit sha1_base64="0m5iSGwCjJaJCGCykKzQaDGR6wA=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGltoQ9lsN+3SzSbsToQS+hO8eFDx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h88miTTjPsskYluh9RwKRT3UaDk7VRzGoeSt8LRzdRvPXFtRKIecJzyIKYDJSLBKFrpHnumV625dXcGsky8gtSgQLNX/er2E5bFXCGT1JiO56YY5FSjYJJPKt3M8JSyER3wjqWKxtwE+ezUCTmxSp9EibalkMzU3xM5jY0Zx6HtjCkOzaI3Ff/zOhlGl0EuVJohV2y+KMokwYRM/yZ9oTlDObaEMi3srYQNqaYMbToVG4K3+PIy8c/qV3Xv7rzWuC7SKMMRHMMpeHABDbiFJvjAYADP8ApvjnRenHfnY95acoqZQ/gD5/MH1yeNsg==</latexit><latexit sha1_base64="0m5iSGwCjJaJCGCykKzQaDGR6wA=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGltoQ9lsN+3SzSbsToQS+hO8eFDx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h88miTTjPsskYluh9RwKRT3UaDk7VRzGoeSt8LRzdRvPXFtRKIecJzyIKYDJSLBKFrpHnumV625dXcGsky8gtSgQLNX/er2E5bFXCGT1JiO56YY5FSjYJJPKt3M8JSyER3wjqWKxtwE+ezUCTmxSp9EibalkMzU3xM5jY0Zx6HtjCkOzaI3Ff/zOhlGl0EuVJohV2y+KMokwYRM/yZ9oTlDObaEMi3srYQNqaYMbToVG4K3+PIy8c/qV3Xv7rzWuC7SKMMRHMMpeHABDbiFJvjAYADP8ApvjnRenHfnY95acoqZQ/gD5/MH1yeNsg==</latexit><latexit sha1_base64="0m5iSGwCjJaJCGCykKzQaDGR6wA=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGltoQ9lsN+3SzSbsToQS+hO8eFDx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h88miTTjPsskYluh9RwKRT3UaDk7VRzGoeSt8LRzdRvPXFtRKIecJzyIKYDJSLBKFrpHnumV625dXcGsky8gtSgQLNX/er2E5bFXCGT1JiO56YY5FSjYJJPKt3M8JSyER3wjqWKxtwE+ezUCTmxSp9EibalkMzU3xM5jY0Zx6HtjCkOzaI3Ff/zOhlGl0EuVJohV2y+KMokwYRM/yZ9oTlDObaEMi3srYQNqaYMbToVG4K3+PIy8c/qV3Xv7rzWuC7SKMMRHMMpeHABDbiFJvjAYADP8ApvjnRenHfnY95acoqZQ/gD5/MH1yeNsg==</latexit><latexit sha1_base64="0m5iSGwCjJaJCGCykKzQaDGR6wA=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGltoQ9lsN+3SzSbsToQS+hO8eFDx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h88miTTjPsskYluh9RwKRT3UaDk7VRzGoeSt8LRzdRvPXFtRKIecJzyIKYDJSLBKFrpHnumV625dXcGsky8gtSgQLNX/er2E5bFXCGT1JiO56YY5FSjYJJPKt3M8JSyER3wjqWKxtwE+ezUCTmxSp9EibalkMzU3xM5jY0Zx6HtjCkOzaI3Ff/zOhlGl0EuVJohV2y+KMokwYRM/yZ9oTlDObaEMi3srYQNqaYMbToVG4K3+PIy8c/qV3Xv7rzWuC7SKMMRHMMpeHABDbiFJvjAYADP8ApvjnRenHfnY95acoqZQ/gD5/MH1yeNsg==</latexit>

t0
<latexit sha1_base64="+vNVWQGnuIazv2H1PJSOfKxR8Hw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGltoQ9lsN+3SzSbsToQS+hO8eFDx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h88miTTjPsskYluh9RwKRT3UaDk7VRzGoeSt8LRzdRvPXFtRKIecJzyIKYDJSLBKFrpHntur1pz6+4MZJl4BalBgWav+tXtJyyLuUImqTEdz00xyKlGwSSfVLqZ4SllIzrgHUsVjbkJ8tmpE3JilT6JEm1LIZmpvydyGhszjkPbGVMcmkVvKv7ndTKMLoNcqDRDrth8UZRJggmZ/k36QnOGcmwJZVrYWwkbUk0Z2nQqNgRv8eVl4p/Vr+re3XmtcV2kUYYjOIZT8OACGnALTfCBwQCe4RXeHOm8OO/Ox7y15BQzh/AHzucPcd6Nbw==</latexit><latexit sha1_base64="+vNVWQGnuIazv2H1PJSOfKxR8Hw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGltoQ9lsN+3SzSbsToQS+hO8eFDx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h88miTTjPsskYluh9RwKRT3UaDk7VRzGoeSt8LRzdRvPXFtRKIecJzyIKYDJSLBKFrpHntur1pz6+4MZJl4BalBgWav+tXtJyyLuUImqTEdz00xyKlGwSSfVLqZ4SllIzrgHUsVjbkJ8tmpE3JilT6JEm1LIZmpvydyGhszjkPbGVMcmkVvKv7ndTKMLoNcqDRDrth8UZRJggmZ/k36QnOGcmwJZVrYWwkbUk0Z2nQqNgRv8eVl4p/Vr+re3XmtcV2kUYYjOIZT8OACGnALTfCBwQCe4RXeHOm8OO/Ox7y15BQzh/AHzucPcd6Nbw==</latexit><latexit sha1_base64="+vNVWQGnuIazv2H1PJSOfKxR8Hw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGltoQ9lsN+3SzSbsToQS+hO8eFDx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h88miTTjPsskYluh9RwKRT3UaDk7VRzGoeSt8LRzdRvPXFtRKIecJzyIKYDJSLBKFrpHntur1pz6+4MZJl4BalBgWav+tXtJyyLuUImqTEdz00xyKlGwSSfVLqZ4SllIzrgHUsVjbkJ8tmpE3JilT6JEm1LIZmpvydyGhszjkPbGVMcmkVvKv7ndTKMLoNcqDRDrth8UZRJggmZ/k36QnOGcmwJZVrYWwkbUk0Z2nQqNgRv8eVl4p/Vr+re3XmtcV2kUYYjOIZT8OACGnALTfCBwQCe4RXeHOm8OO/Ox7y15BQzh/AHzucPcd6Nbw==</latexit><latexit sha1_base64="+vNVWQGnuIazv2H1PJSOfKxR8Hw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGltoQ9lsN+3SzSbsToQS+hO8eFDx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h88miTTjPsskYluh9RwKRT3UaDk7VRzGoeSt8LRzdRvPXFtRKIecJzyIKYDJSLBKFrpHntur1pz6+4MZJl4BalBgWav+tXtJyyLuUImqTEdz00xyKlGwSSfVLqZ4SllIzrgHUsVjbkJ8tmpE3JilT6JEm1LIZmpvydyGhszjkPbGVMcmkVvKv7ndTKMLoNcqDRDrth8UZRJggmZ/k36QnOGcmwJZVrYWwkbUk0Z2nQqNgRv8eVl4p/Vr+re3XmtcV2kUYYjOIZT8OACGnALTfCBwQCe4RXeHOm8OO/Ox7y15BQzh/AHzucPcd6Nbw==</latexit>

tins
<latexit sha1_base64="C9sClTAhnx84oorpQa3ux5Kf2TY=">AAAB7XicbVBNS8NAFHypX7V+VT16WSyCp5KIUL0VvXisYGyhDWWz3bRLN5uw+yKU0B/hxYOKV/+PN/+N2zYHbR1YGGbeY99MmEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fj25nffuLaiEQ94CTlQUyHSkSCUbRSG/u5UGbar9bcujsHWSVeQWpQoNWvfvUGCctirpBJakzXc1MMcqpRMMmnlV5meErZmA5511JFY26CfH7ulJxZZUCiRNunkMzV3xs5jY2ZxKGdjCmOzLI3E//zuhlGV4ENlGbIFVt8FGWSYEJm2clAaM5QTiyhTAt7K2EjqilD21DFluAtR14l/kX9uu7dX9aaN0UbZTiBUzgHDxrQhDtogQ8MxvAMr/DmpM6L8+58LEZLTrFzDH/gfP4ALrqPqQ==</latexit><latexit sha1_base64="C9sClTAhnx84oorpQa3ux5Kf2TY=">AAAB7XicbVBNS8NAFHypX7V+VT16WSyCp5KIUL0VvXisYGyhDWWz3bRLN5uw+yKU0B/hxYOKV/+PN/+N2zYHbR1YGGbeY99MmEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fj25nffuLaiEQ94CTlQUyHSkSCUbRSG/u5UGbar9bcujsHWSVeQWpQoNWvfvUGCctirpBJakzXc1MMcqpRMMmnlV5meErZmA5511JFY26CfH7ulJxZZUCiRNunkMzV3xs5jY2ZxKGdjCmOzLI3E//zuhlGV4ENlGbIFVt8FGWSYEJm2clAaM5QTiyhTAt7K2EjqilD21DFluAtR14l/kX9uu7dX9aaN0UbZTiBUzgHDxrQhDtogQ8MxvAMr/DmpM6L8+58LEZLTrFzDH/gfP4ALrqPqQ==</latexit><latexit sha1_base64="C9sClTAhnx84oorpQa3ux5Kf2TY=">AAAB7XicbVBNS8NAFHypX7V+VT16WSyCp5KIUL0VvXisYGyhDWWz3bRLN5uw+yKU0B/hxYOKV/+PN/+N2zYHbR1YGGbeY99MmEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fj25nffuLaiEQ94CTlQUyHSkSCUbRSG/u5UGbar9bcujsHWSVeQWpQoNWvfvUGCctirpBJakzXc1MMcqpRMMmnlV5meErZmA5511JFY26CfH7ulJxZZUCiRNunkMzV3xs5jY2ZxKGdjCmOzLI3E//zuhlGV4ENlGbIFVt8FGWSYEJm2clAaM5QTiyhTAt7K2EjqilD21DFluAtR14l/kX9uu7dX9aaN0UbZTiBUzgHDxrQhDtogQ8MxvAMr/DmpM6L8+58LEZLTrFzDH/gfP4ALrqPqQ==</latexit><latexit sha1_base64="C9sClTAhnx84oorpQa3ux5Kf2TY=">AAAB7XicbVBNS8NAFHypX7V+VT16WSyCp5KIUL0VvXisYGyhDWWz3bRLN5uw+yKU0B/hxYOKV/+PN/+N2zYHbR1YGGbeY99MmEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fj25nffuLaiEQ94CTlQUyHSkSCUbRSG/u5UGbar9bcujsHWSVeQWpQoNWvfvUGCctirpBJakzXc1MMcqpRMMmnlV5meErZmA5511JFY26CfH7ulJxZZUCiRNunkMzV3xs5jY2ZxKGdjCmOzLI3E//zuhlGV4ENlGbIFVt8FGWSYEJm2clAaM5QTiyhTAt7K2EjqilD21DFluAtR14l/kX9uu7dX9aaN0UbZTiBUzgHDxrQhDtogQ8MxvAMr/DmpM6L8+58LEZLTrFzDH/gfP4ALrqPqQ==</latexit>

ts
<latexit sha1_base64="PPxVEhINqzHIJw/I3gs8jlWwOg0=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN6KXjxWMLbQhrLZbtqlm03YnQgl9Dd48aDi1T/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fj25nffuLaiEQ94CTlQUyHSkSCUbSSj/3cTPvVmlt35yCrxCtIDQq0+tWv3iBhWcwVMkmN6XpuikFONQom+bTSywxPKRvTIe9aqmjMTZDPj52SM6sMSJRoWwrJXP09kdPYmEkc2s6Y4sgsezPxP6+bYXQV5EKlGXLFFouiTBJMyOxzMhCaM5QTSyjTwt5K2IhqytDmU7EheMsvrxL/on5d9+4va82bIo0ynMApnIMHDWjCHbTABwYCnuEV3hzlvDjvzseiteQUM8fwB87nD5sMjr4=</latexit><latexit sha1_base64="PPxVEhINqzHIJw/I3gs8jlWwOg0=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN6KXjxWMLbQhrLZbtqlm03YnQgl9Dd48aDi1T/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fj25nffuLaiEQ94CTlQUyHSkSCUbSSj/3cTPvVmlt35yCrxCtIDQq0+tWv3iBhWcwVMkmN6XpuikFONQom+bTSywxPKRvTIe9aqmjMTZDPj52SM6sMSJRoWwrJXP09kdPYmEkc2s6Y4sgsezPxP6+bYXQV5EKlGXLFFouiTBJMyOxzMhCaM5QTSyjTwt5K2IhqytDmU7EheMsvrxL/on5d9+4va82bIo0ynMApnIMHDWjCHbTABwYCnuEV3hzlvDjvzseiteQUM8fwB87nD5sMjr4=</latexit><latexit sha1_base64="PPxVEhINqzHIJw/I3gs8jlWwOg0=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN6KXjxWMLbQhrLZbtqlm03YnQgl9Dd48aDi1T/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fj25nffuLaiEQ94CTlQUyHSkSCUbSSj/3cTPvVmlt35yCrxCtIDQq0+tWv3iBhWcwVMkmN6XpuikFONQom+bTSywxPKRvTIe9aqmjMTZDPj52SM6sMSJRoWwrJXP09kdPYmEkc2s6Y4sgsezPxP6+bYXQV5EKlGXLFFouiTBJMyOxzMhCaM5QTSyjTwt5K2IhqytDmU7EheMsvrxL/on5d9+4va82bIo0ynMApnIMHDWjCHbTABwYCnuEV3hzlvDjvzseiteQUM8fwB87nD5sMjr4=</latexit><latexit sha1_base64="PPxVEhINqzHIJw/I3gs8jlWwOg0=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN6KXjxWMLbQhrLZbtqlm03YnQgl9Dd48aDi1T/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fj25nffuLaiEQ94CTlQUyHSkSCUbSSj/3cTPvVmlt35yCrxCtIDQq0+tWv3iBhWcwVMkmN6XpuikFONQom+bTSywxPKRvTIe9aqmjMTZDPj52SM6sMSJRoWwrJXP09kdPYmEkc2s6Y4sgsezPxP6+bYXQV5EKlGXLFFouiTBJMyOxzMhCaM5QTSyjTwt5K2IhqytDmU7EheMsvrxL/on5d9+4va82bIo0ynMApnIMHDWjCHbTABwYCnuEV3hzlvDjvzseiteQUM8fwB87nD5sMjr4=</latexit>

ts
<latexit sha1_base64="PPxVEhINqzHIJw/I3gs8jlWwOg0=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN6KXjxWMLbQhrLZbtqlm03YnQgl9Dd48aDi1T/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fj25nffuLaiEQ94CTlQUyHSkSCUbSSj/3cTPvVmlt35yCrxCtIDQq0+tWv3iBhWcwVMkmN6XpuikFONQom+bTSywxPKRvTIe9aqmjMTZDPj52SM6sMSJRoWwrJXP09kdPYmEkc2s6Y4sgsezPxP6+bYXQV5EKlGXLFFouiTBJMyOxzMhCaM5QTSyjTwt5K2IhqytDmU7EheMsvrxL/on5d9+4va82bIo0ynMApnIMHDWjCHbTABwYCnuEV3hzlvDjvzseiteQUM8fwB87nD5sMjr4=</latexit><latexit sha1_base64="PPxVEhINqzHIJw/I3gs8jlWwOg0=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN6KXjxWMLbQhrLZbtqlm03YnQgl9Dd48aDi1T/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fj25nffuLaiEQ94CTlQUyHSkSCUbSSj/3cTPvVmlt35yCrxCtIDQq0+tWv3iBhWcwVMkmN6XpuikFONQom+bTSywxPKRvTIe9aqmjMTZDPj52SM6sMSJRoWwrJXP09kdPYmEkc2s6Y4sgsezPxP6+bYXQV5EKlGXLFFouiTBJMyOxzMhCaM5QTSyjTwt5K2IhqytDmU7EheMsvrxL/on5d9+4va82bIo0ynMApnIMHDWjCHbTABwYCnuEV3hzlvDjvzseiteQUM8fwB87nD5sMjr4=</latexit><latexit sha1_base64="PPxVEhINqzHIJw/I3gs8jlWwOg0=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN6KXjxWMLbQhrLZbtqlm03YnQgl9Dd48aDi1T/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fj25nffuLaiEQ94CTlQUyHSkSCUbSSj/3cTPvVmlt35yCrxCtIDQq0+tWv3iBhWcwVMkmN6XpuikFONQom+bTSywxPKRvTIe9aqmjMTZDPj52SM6sMSJRoWwrJXP09kdPYmEkc2s6Y4sgsezPxP6+bYXQV5EKlGXLFFouiTBJMyOxzMhCaM5QTSyjTwt5K2IhqytDmU7EheMsvrxL/on5d9+4va82bIo0ynMApnIMHDWjCHbTABwYCnuEV3hzlvDjvzseiteQUM8fwB87nD5sMjr4=</latexit><latexit sha1_base64="PPxVEhINqzHIJw/I3gs8jlWwOg0=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN6KXjxWMLbQhrLZbtqlm03YnQgl9Dd48aDi1T/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fj25nffuLaiEQ94CTlQUyHSkSCUbSSj/3cTPvVmlt35yCrxCtIDQq0+tWv3iBhWcwVMkmN6XpuikFONQom+bTSywxPKRvTIe9aqmjMTZDPj52SM6sMSJRoWwrJXP09kdPYmEkc2s6Y4sgsezPxP6+bYXQV5EKlGXLFFouiTBJMyOxzMhCaM5QTSyjTwt5K2IhqytDmU7EheMsvrxL/on5d9+4va82bIo0ynMApnIMHDWjCHbTABwYCnuEV3hzlvDjvzseiteQUM8fwB87nD5sMjr4=</latexit>

t0
<latexit sha1_base64="Nvw2j/auj3qrZC+iqV4qIeZOZbw=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN6KXjxWMLbQhrLZbtqlm03YnQgl9Dd48aDi1T/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fj25nffuLaiEQ94CTlQUyHSkSCUbSSj/3cnfarNbfuzkFWiVeQGhRo9atfvUHCspgrZJIa0/XcFIOcahRM8mmllxmeUjamQ961VNGYmyCfHzslZ1YZkCjRthSSufp7IqexMZM4tJ0xxZFZ9mbif143w+gqyIVKM+SKLRZFmSSYkNnnZCA0ZygnllCmhb2VsBHVlKHNp2JD8JZfXiX+Rf267t1f1po3RRplOIFTOAcPGtCEO2iBDwwEPMMrvDnKeXHenY9Fa8kpZo7hD5zPHzWAjns=</latexit><latexit sha1_base64="Nvw2j/auj3qrZC+iqV4qIeZOZbw=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN6KXjxWMLbQhrLZbtqlm03YnQgl9Dd48aDi1T/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fj25nffuLaiEQ94CTlQUyHSkSCUbSSj/3cnfarNbfuzkFWiVeQGhRo9atfvUHCspgrZJIa0/XcFIOcahRM8mmllxmeUjamQ961VNGYmyCfHzslZ1YZkCjRthSSufp7IqexMZM4tJ0xxZFZ9mbif143w+gqyIVKM+SKLRZFmSSYkNnnZCA0ZygnllCmhb2VsBHVlKHNp2JD8JZfXiX+Rf267t1f1po3RRplOIFTOAcPGtCEO2iBDwwEPMMrvDnKeXHenY9Fa8kpZo7hD5zPHzWAjns=</latexit><latexit sha1_base64="Nvw2j/auj3qrZC+iqV4qIeZOZbw=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN6KXjxWMLbQhrLZbtqlm03YnQgl9Dd48aDi1T/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fj25nffuLaiEQ94CTlQUyHSkSCUbSSj/3cnfarNbfuzkFWiVeQGhRo9atfvUHCspgrZJIa0/XcFIOcahRM8mmllxmeUjamQ961VNGYmyCfHzslZ1YZkCjRthSSufp7IqexMZM4tJ0xxZFZ9mbif143w+gqyIVKM+SKLRZFmSSYkNnnZCA0ZygnllCmhb2VsBHVlKHNp2JD8JZfXiX+Rf267t1f1po3RRplOIFTOAcPGtCEO2iBDwwEPMMrvDnKeXHenY9Fa8kpZo7hD5zPHzWAjns=</latexit><latexit sha1_base64="Nvw2j/auj3qrZC+iqV4qIeZOZbw=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN6KXjxWMLbQhrLZbtqlm03YnQgl9Dd48aDi1T/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fj25nffuLaiEQ94CTlQUyHSkSCUbSSj/3cnfarNbfuzkFWiVeQGhRo9atfvUHCspgrZJIa0/XcFIOcahRM8mmllxmeUjamQ961VNGYmyCfHzslZ1YZkCjRthSSufp7IqexMZM4tJ0xxZFZ9mbif143w+gqyIVKM+SKLRZFmSSYkNnnZCA0ZygnllCmhb2VsBHVlKHNp2JD8JZfXiX+Rf267t1f1po3RRplOIFTOAcPGtCEO2iBDwwEPMMrvDnKeXHenY9Fa8kpZo7hD5zPHzWAjns=</latexit>

t0
<latexit sha1_base64="Nvw2j/auj3qrZC+iqV4qIeZOZbw=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN6KXjxWMLbQhrLZbtqlm03YnQgl9Dd48aDi1T/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fj25nffuLaiEQ94CTlQUyHSkSCUbSSj/3cnfarNbfuzkFWiVeQGhRo9atfvUHCspgrZJIa0/XcFIOcahRM8mmllxmeUjamQ961VNGYmyCfHzslZ1YZkCjRthSSufp7IqexMZM4tJ0xxZFZ9mbif143w+gqyIVKM+SKLRZFmSSYkNnnZCA0ZygnllCmhb2VsBHVlKHNp2JD8JZfXiX+Rf267t1f1po3RRplOIFTOAcPGtCEO2iBDwwEPMMrvDnKeXHenY9Fa8kpZo7hD5zPHzWAjns=</latexit><latexit sha1_base64="Nvw2j/auj3qrZC+iqV4qIeZOZbw=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN6KXjxWMLbQhrLZbtqlm03YnQgl9Dd48aDi1T/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fj25nffuLaiEQ94CTlQUyHSkSCUbSSj/3cnfarNbfuzkFWiVeQGhRo9atfvUHCspgrZJIa0/XcFIOcahRM8mmllxmeUjamQ961VNGYmyCfHzslZ1YZkCjRthSSufp7IqexMZM4tJ0xxZFZ9mbif143w+gqyIVKM+SKLRZFmSSYkNnnZCA0ZygnllCmhb2VsBHVlKHNp2JD8JZfXiX+Rf267t1f1po3RRplOIFTOAcPGtCEO2iBDwwEPMMrvDnKeXHenY9Fa8kpZo7hD5zPHzWAjns=</latexit><latexit sha1_base64="Nvw2j/auj3qrZC+iqV4qIeZOZbw=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN6KXjxWMLbQhrLZbtqlm03YnQgl9Dd48aDi1T/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fj25nffuLaiEQ94CTlQUyHSkSCUbSSj/3cnfarNbfuzkFWiVeQGhRo9atfvUHCspgrZJIa0/XcFIOcahRM8mmllxmeUjamQ961VNGYmyCfHzslZ1YZkCjRthSSufp7IqexMZM4tJ0xxZFZ9mbif143w+gqyIVKM+SKLRZFmSSYkNnnZCA0ZygnllCmhb2VsBHVlKHNp2JD8JZfXiX+Rf267t1f1po3RRplOIFTOAcPGtCEO2iBDwwEPMMrvDnKeXHenY9Fa8kpZo7hD5zPHzWAjns=</latexit><latexit sha1_base64="Nvw2j/auj3qrZC+iqV4qIeZOZbw=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN6KXjxWMLbQhrLZbtqlm03YnQgl9Dd48aDi1T/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fj25nffuLaiEQ94CTlQUyHSkSCUbSSj/3cnfarNbfuzkFWiVeQGhRo9atfvUHCspgrZJIa0/XcFIOcahRM8mmllxmeUjamQ961VNGYmyCfHzslZ1YZkCjRthSSufp7IqexMZM4tJ0xxZFZ9mbif143w+gqyIVKM+SKLRZFmSSYkNnnZCA0ZygnllCmhb2VsBHVlKHNp2JD8JZfXiX+Rf267t1f1po3RRplOIFTOAcPGtCEO2iBDwwEPMMrvDnKeXHenY9Fa8kpZo7hD5zPHzWAjns=</latexit>
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Quantities are given in        scheme  at MS
<latexit sha1_base64="Gk6faO+Tr2zHDk9v5Tr8Q2CepI8=">AAAB+XicbVDLSgMxFM3UV62vVpdugkVwVWZEUHdFN26Eio4tdIaSSTNtaB5DklHK2E9x40LFrX/izr8x085CWw8EDufcw705UcKoNq777ZSWlldW18rrlY3Nre2dam33XstUYeJjyaTqREgTRgXxDTWMdBJFEI8YaUejy9xvPxClqRR3ZpyQkKOBoDHFyFipV60F0tp5OgsUh9e3k1617jbcKeAi8QpSBwVavepX0Jc45UQYzJDWXc9NTJghZShmZFIJUk0ShEdoQLqWCsSJDrPp6RN4aJU+jKWyTxg4VX8nMsS1HvPITnJkhnrey8X/vG5q4rMwoyJJDRF4tihOGTQS5j3APlUEGza2BGFF7a0QD5FC2Ni2KrYEb/7Li8Q/bpw3vJuTevOiaKMM9sEBOAIeOAVNcAVawAcYPIJn8ArenCfnxXl3PmajJafI7IE/cD5/AL8qk9w=</latexit><latexit sha1_base64="Gk6faO+Tr2zHDk9v5Tr8Q2CepI8=">AAAB+XicbVDLSgMxFM3UV62vVpdugkVwVWZEUHdFN26Eio4tdIaSSTNtaB5DklHK2E9x40LFrX/izr8x085CWw8EDufcw705UcKoNq777ZSWlldW18rrlY3Nre2dam33XstUYeJjyaTqREgTRgXxDTWMdBJFEI8YaUejy9xvPxClqRR3ZpyQkKOBoDHFyFipV60F0tp5OgsUh9e3k1617jbcKeAi8QpSBwVavepX0Jc45UQYzJDWXc9NTJghZShmZFIJUk0ShEdoQLqWCsSJDrPp6RN4aJU+jKWyTxg4VX8nMsS1HvPITnJkhnrey8X/vG5q4rMwoyJJDRF4tihOGTQS5j3APlUEGza2BGFF7a0QD5FC2Ni2KrYEb/7Li8Q/bpw3vJuTevOiaKMM9sEBOAIeOAVNcAVawAcYPIJn8ArenCfnxXl3PmajJafI7IE/cD5/AL8qk9w=</latexit><latexit sha1_base64="Gk6faO+Tr2zHDk9v5Tr8Q2CepI8=">AAAB+XicbVDLSgMxFM3UV62vVpdugkVwVWZEUHdFN26Eio4tdIaSSTNtaB5DklHK2E9x40LFrX/izr8x085CWw8EDufcw705UcKoNq777ZSWlldW18rrlY3Nre2dam33XstUYeJjyaTqREgTRgXxDTWMdBJFEI8YaUejy9xvPxClqRR3ZpyQkKOBoDHFyFipV60F0tp5OgsUh9e3k1617jbcKeAi8QpSBwVavepX0Jc45UQYzJDWXc9NTJghZShmZFIJUk0ShEdoQLqWCsSJDrPp6RN4aJU+jKWyTxg4VX8nMsS1HvPITnJkhnrey8X/vG5q4rMwoyJJDRF4tihOGTQS5j3APlUEGza2BGFF7a0QD5FC2Ni2KrYEb/7Li8Q/bpw3vJuTevOiaKMM9sEBOAIeOAVNcAVawAcYPIJn8ArenCfnxXl3PmajJafI7IE/cD5/AL8qk9w=</latexit><latexit sha1_base64="Gk6faO+Tr2zHDk9v5Tr8Q2CepI8=">AAAB+XicbVDLSgMxFM3UV62vVpdugkVwVWZEUHdFN26Eio4tdIaSSTNtaB5DklHK2E9x40LFrX/izr8x085CWw8EDufcw705UcKoNq777ZSWlldW18rrlY3Nre2dam33XstUYeJjyaTqREgTRgXxDTWMdBJFEI8YaUejy9xvPxClqRR3ZpyQkKOBoDHFyFipV60F0tp5OgsUh9e3k1617jbcKeAi8QpSBwVavepX0Jc45UQYzJDWXc9NTJghZShmZFIJUk0ShEdoQLqWCsSJDrPp6RN4aJU+jKWyTxg4VX8nMsS1HvPITnJkhnrey8X/vG5q4rMwoyJJDRF4tihOGTQS5j3APlUEGza2BGFF7a0QD5FC2Ni2KrYEb/7Li8Q/bpw3vJuTevOiaKMM9sEBOAIeOAVNcAVawAcYPIJn8ArenCfnxXl3PmajJafI7IE/cD5/AL8qk9w=</latexit>

µ2 = 4 GeV2
<latexit sha1_base64="Pl0rpBzGbj6hstKdvy2Pj/2u5As=">AAACAHicbVBNSwMxEM3Wr1q/Vr0IXoJF8FR2S0FFhKIHPVZw20J3W7Jp2oYm2SXJCmWpF/+KFw8qXv0Z3vw3pu0etPXBwOO9GWbmhTGjSjvOt5VbWl5ZXcuvFzY2t7Z37N29uooSiYmHIxbJZogUYVQQT1PNSDOWBPGQkUY4vJ74jQciFY3EvR7FJOCoL2iPYqSN1LEPfJ60y/ASVqB/AVNfcnhD6uN2uWMXnZIzBVwkbkaKIEOtY3/53QgnnAiNGVKq5TqxDlIkNcWMjAt+okiM8BD1SctQgThRQTr9YAyPjdKFvUiaEhpO1d8TKeJKjXhoOjnSAzXvTcT/vFaie2dBSkWcaCLwbFEvYVBHcBIH7FJJsGYjQxCW1NwK8QBJhLUJrWBCcOdfXiReuXRecu8qxepVlkYeHIIjcAJccAqq4BbUgAcweATP4BW8WU/Wi/Vufcxac1Y2sw/+wPr8AaoelKo=</latexit><latexit sha1_base64="Pl0rpBzGbj6hstKdvy2Pj/2u5As=">AAACAHicbVBNSwMxEM3Wr1q/Vr0IXoJF8FR2S0FFhKIHPVZw20J3W7Jp2oYm2SXJCmWpF/+KFw8qXv0Z3vw3pu0etPXBwOO9GWbmhTGjSjvOt5VbWl5ZXcuvFzY2t7Z37N29uooSiYmHIxbJZogUYVQQT1PNSDOWBPGQkUY4vJ74jQciFY3EvR7FJOCoL2iPYqSN1LEPfJ60y/ASVqB/AVNfcnhD6uN2uWMXnZIzBVwkbkaKIEOtY3/53QgnnAiNGVKq5TqxDlIkNcWMjAt+okiM8BD1SctQgThRQTr9YAyPjdKFvUiaEhpO1d8TKeJKjXhoOjnSAzXvTcT/vFaie2dBSkWcaCLwbFEvYVBHcBIH7FJJsGYjQxCW1NwK8QBJhLUJrWBCcOdfXiReuXRecu8qxepVlkYeHIIjcAJccAqq4BbUgAcweATP4BW8WU/Wi/Vufcxac1Y2sw/+wPr8AaoelKo=</latexit><latexit sha1_base64="Pl0rpBzGbj6hstKdvy2Pj/2u5As=">AAACAHicbVBNSwMxEM3Wr1q/Vr0IXoJF8FR2S0FFhKIHPVZw20J3W7Jp2oYm2SXJCmWpF/+KFw8qXv0Z3vw3pu0etPXBwOO9GWbmhTGjSjvOt5VbWl5ZXcuvFzY2t7Z37N29uooSiYmHIxbJZogUYVQQT1PNSDOWBPGQkUY4vJ74jQciFY3EvR7FJOCoL2iPYqSN1LEPfJ60y/ASVqB/AVNfcnhD6uN2uWMXnZIzBVwkbkaKIEOtY3/53QgnnAiNGVKq5TqxDlIkNcWMjAt+okiM8BD1SctQgThRQTr9YAyPjdKFvUiaEhpO1d8TKeJKjXhoOjnSAzXvTcT/vFaie2dBSkWcaCLwbFEvYVBHcBIH7FJJsGYjQxCW1NwK8QBJhLUJrWBCcOdfXiReuXRecu8qxepVlkYeHIIjcAJccAqq4BbUgAcweATP4BW8WU/Wi/Vufcxac1Y2sw/+wPr8AaoelKo=</latexit><latexit sha1_base64="Pl0rpBzGbj6hstKdvy2Pj/2u5As=">AAACAHicbVBNSwMxEM3Wr1q/Vr0IXoJF8FR2S0FFhKIHPVZw20J3W7Jp2oYm2SXJCmWpF/+KFw8qXv0Z3vw3pu0etPXBwOO9GWbmhTGjSjvOt5VbWl5ZXcuvFzY2t7Z37N29uooSiYmHIxbJZogUYVQQT1PNSDOWBPGQkUY4vJ74jQciFY3EvR7FJOCoL2iPYqSN1LEPfJ60y/ASVqB/AVNfcnhD6uN2uWMXnZIzBVwkbkaKIEOtY3/53QgnnAiNGVKq5TqxDlIkNcWMjAt+okiM8BD1SctQgThRQTr9YAyPjdKFvUiaEhpO1d8TKeJKjXhoOjnSAzXvTcT/vFaie2dBSkWcaCLwbFEvYVBHcBIH7FJJsGYjQxCW1NwK8QBJhLUJrWBCcOdfXiReuXRecu8qxepVlkYeHIIjcAJccAqq4BbUgAcweATP4BW8WU/Wi/Vufcxac1Y2sw/+wPr8AaoelKo=</latexit>

Inner bars is only the connected and 
outer bars the total including disconnected contributions

 Quark helicity

Huge and 
positive 

contribution 
from the  
up quark
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Quantities are given in        scheme  at MS
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Inner bars is only the connected and 
outer bars the total including disconnected contributions
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Inner bars is only the connected and 
outer bars the total including disconnected contributions
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µ2 = 4 GeV2
<latexit sha1_base64="Pl0rpBzGbj6hstKdvy2Pj/2u5As=">AAACAHicbVBNSwMxEM3Wr1q/Vr0IXoJF8FR2S0FFhKIHPVZw20J3W7Jp2oYm2SXJCmWpF/+KFw8qXv0Z3vw3pu0etPXBwOO9GWbmhTGjSjvOt5VbWl5ZXcuvFzY2t7Z37N29uooSiYmHIxbJZogUYVQQT1PNSDOWBPGQkUY4vJ74jQciFY3EvR7FJOCoL2iPYqSN1LEPfJ60y/ASVqB/AVNfcnhD6uN2uWMXnZIzBVwkbkaKIEOtY3/53QgnnAiNGVKq5TqxDlIkNcWMjAt+okiM8BD1SctQgThRQTr9YAyPjdKFvUiaEhpO1d8TKeJKjXhoOjnSAzXvTcT/vFaie2dBSkWcaCLwbFEvYVBHcBIH7FJJsGYjQxCW1NwK8QBJhLUJrWBCcOdfXiReuXRecu8qxepVlkYeHIIjcAJccAqq4BbUgAcweATP4BW8WU/Wi/Vufcxac1Y2sw/+wPr8AaoelKo=</latexit><latexit sha1_base64="Pl0rpBzGbj6hstKdvy2Pj/2u5As=">AAACAHicbVBNSwMxEM3Wr1q/Vr0IXoJF8FR2S0FFhKIHPVZw20J3W7Jp2oYm2SXJCmWpF/+KFw8qXv0Z3vw3pu0etPXBwOO9GWbmhTGjSjvOt5VbWl5ZXcuvFzY2t7Z37N29uooSiYmHIxbJZogUYVQQT1PNSDOWBPGQkUY4vJ74jQciFY3EvR7FJOCoL2iPYqSN1LEPfJ60y/ASVqB/AVNfcnhD6uN2uWMXnZIzBVwkbkaKIEOtY3/53QgnnAiNGVKq5TqxDlIkNcWMjAt+okiM8BD1SctQgThRQTr9YAyPjdKFvUiaEhpO1d8TKeJKjXhoOjnSAzXvTcT/vFaie2dBSkWcaCLwbFEvYVBHcBIH7FJJsGYjQxCW1NwK8QBJhLUJrWBCcOdfXiReuXRecu8qxepVlkYeHIIjcAJccAqq4BbUgAcweATP4BW8WU/Wi/Vufcxac1Y2sw/+wPr8AaoelKo=</latexit><latexit sha1_base64="Pl0rpBzGbj6hstKdvy2Pj/2u5As=">AAACAHicbVBNSwMxEM3Wr1q/Vr0IXoJF8FR2S0FFhKIHPVZw20J3W7Jp2oYm2SXJCmWpF/+KFw8qXv0Z3vw3pu0etPXBwOO9GWbmhTGjSjvOt5VbWl5ZXcuvFzY2t7Z37N29uooSiYmHIxbJZogUYVQQT1PNSDOWBPGQkUY4vJ74jQciFY3EvR7FJOCoL2iPYqSN1LEPfJ60y/ASVqB/AVNfcnhD6uN2uWMXnZIzBVwkbkaKIEOtY3/53QgnnAiNGVKq5TqxDlIkNcWMjAt+okiM8BD1SctQgThRQTr9YAyPjdKFvUiaEhpO1d8TKeJKjXhoOjnSAzXvTcT/vFaie2dBSkWcaCLwbFEvYVBHcBIH7FJJsGYjQxCW1NwK8QBJhLUJrWBCcOdfXiReuXRecu8qxepVlkYeHIIjcAJccAqq4BbUgAcweATP4BW8WU/Wi/Vufcxac1Y2sw/+wPr8AaoelKo=</latexit><latexit sha1_base64="Pl0rpBzGbj6hstKdvy2Pj/2u5As=">AAACAHicbVBNSwMxEM3Wr1q/Vr0IXoJF8FR2S0FFhKIHPVZw20J3W7Jp2oYm2SXJCmWpF/+KFw8qXv0Z3vw3pu0etPXBwOO9GWbmhTGjSjvOt5VbWl5ZXcuvFzY2t7Z37N29uooSiYmHIxbJZogUYVQQT1PNSDOWBPGQkUY4vJ74jQciFY3EvR7FJOCoL2iPYqSN1LEPfJ60y/ASVqB/AVNfcnhD6uN2uWMXnZIzBVwkbkaKIEOtY3/53QgnnAiNGVKq5TqxDlIkNcWMjAt+okiM8BD1SctQgThRQTr9YAyPjdKFvUiaEhpO1d8TKeJKjXhoOjnSAzXvTcT/vFaie2dBSkWcaCLwbFEvYVBHcBIH7FJJsGYjQxCW1NwK8QBJhLUJrWBCcOdfXiReuXRecu8qxepVlkYeHIIjcAJccAqq4BbUgAcweATP4BW8WU/Wi/Vufcxac1Y2sw/+wPr8AaoelKo=</latexit>

Inner bars is only the connected and 
outer bars the total including disconnected contributions

 Quark helicity

Huge and 
positive 

contribution 
from the  
up quark

Down, strange 
and charm  

contributions 
are negative

The total is reduced 
compared to the up due 

to the negative contr. 
from 

the rest. Disconnected are  
reducing further the 

value.

 Average momentum fraction

Up quark has 
the biggest contribution 

and for the rest the 
contribution is decreasing. 

About 5% for strange 
and 2% for charm.
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Quantities are given in        scheme  at MS
<latexit sha1_base64="Gk6faO+Tr2zHDk9v5Tr8Q2CepI8=">AAAB+XicbVDLSgMxFM3UV62vVpdugkVwVWZEUHdFN26Eio4tdIaSSTNtaB5DklHK2E9x40LFrX/izr8x085CWw8EDufcw705UcKoNq777ZSWlldW18rrlY3Nre2dam33XstUYeJjyaTqREgTRgXxDTWMdBJFEI8YaUejy9xvPxClqRR3ZpyQkKOBoDHFyFipV60F0tp5OgsUh9e3k1617jbcKeAi8QpSBwVavepX0Jc45UQYzJDWXc9NTJghZShmZFIJUk0ShEdoQLqWCsSJDrPp6RN4aJU+jKWyTxg4VX8nMsS1HvPITnJkhnrey8X/vG5q4rMwoyJJDRF4tihOGTQS5j3APlUEGza2BGFF7a0QD5FC2Ni2KrYEb/7Li8Q/bpw3vJuTevOiaKMM9sEBOAIeOAVNcAVawAcYPIJn8ArenCfnxXl3PmajJafI7IE/cD5/AL8qk9w=</latexit><latexit sha1_base64="Gk6faO+Tr2zHDk9v5Tr8Q2CepI8=">AAAB+XicbVDLSgMxFM3UV62vVpdugkVwVWZEUHdFN26Eio4tdIaSSTNtaB5DklHK2E9x40LFrX/izr8x085CWw8EDufcw705UcKoNq777ZSWlldW18rrlY3Nre2dam33XstUYeJjyaTqREgTRgXxDTWMdBJFEI8YaUejy9xvPxClqRR3ZpyQkKOBoDHFyFipV60F0tp5OgsUh9e3k1617jbcKeAi8QpSBwVavepX0Jc45UQYzJDWXc9NTJghZShmZFIJUk0ShEdoQLqWCsSJDrPp6RN4aJU+jKWyTxg4VX8nMsS1HvPITnJkhnrey8X/vG5q4rMwoyJJDRF4tihOGTQS5j3APlUEGza2BGFF7a0QD5FC2Ni2KrYEb/7Li8Q/bpw3vJuTevOiaKMM9sEBOAIeOAVNcAVawAcYPIJn8ArenCfnxXl3PmajJafI7IE/cD5/AL8qk9w=</latexit><latexit sha1_base64="Gk6faO+Tr2zHDk9v5Tr8Q2CepI8=">AAAB+XicbVDLSgMxFM3UV62vVpdugkVwVWZEUHdFN26Eio4tdIaSSTNtaB5DklHK2E9x40LFrX/izr8x085CWw8EDufcw705UcKoNq777ZSWlldW18rrlY3Nre2dam33XstUYeJjyaTqREgTRgXxDTWMdBJFEI8YaUejy9xvPxClqRR3ZpyQkKOBoDHFyFipV60F0tp5OgsUh9e3k1617jbcKeAi8QpSBwVavepX0Jc45UQYzJDWXc9NTJghZShmZFIJUk0ShEdoQLqWCsSJDrPp6RN4aJU+jKWyTxg4VX8nMsS1HvPITnJkhnrey8X/vG5q4rMwoyJJDRF4tihOGTQS5j3APlUEGza2BGFF7a0QD5FC2Ni2KrYEb/7Li8Q/bpw3vJuTevOiaKMM9sEBOAIeOAVNcAVawAcYPIJn8ArenCfnxXl3PmajJafI7IE/cD5/AL8qk9w=</latexit><latexit sha1_base64="Gk6faO+Tr2zHDk9v5Tr8Q2CepI8=">AAAB+XicbVDLSgMxFM3UV62vVpdugkVwVWZEUHdFN26Eio4tdIaSSTNtaB5DklHK2E9x40LFrX/izr8x085CWw8EDufcw705UcKoNq777ZSWlldW18rrlY3Nre2dam33XstUYeJjyaTqREgTRgXxDTWMdBJFEI8YaUejy9xvPxClqRR3ZpyQkKOBoDHFyFipV60F0tp5OgsUh9e3k1617jbcKeAi8QpSBwVavepX0Jc45UQYzJDWXc9NTJghZShmZFIJUk0ShEdoQLqWCsSJDrPp6RN4aJU+jKWyTxg4VX8nMsS1HvPITnJkhnrey8X/vG5q4rMwoyJJDRF4tihOGTQS5j3APlUEGza2BGFF7a0QD5FC2Ni2KrYEb/7Li8Q/bpw3vJuTevOiaKMM9sEBOAIeOAVNcAVawAcYPIJn8ArenCfnxXl3PmajJafI7IE/cD5/AL8qk9w=</latexit>

µ2 = 4 GeV2
<latexit sha1_base64="Pl0rpBzGbj6hstKdvy2Pj/2u5As=">AAACAHicbVBNSwMxEM3Wr1q/Vr0IXoJF8FR2S0FFhKIHPVZw20J3W7Jp2oYm2SXJCmWpF/+KFw8qXv0Z3vw3pu0etPXBwOO9GWbmhTGjSjvOt5VbWl5ZXcuvFzY2t7Z37N29uooSiYmHIxbJZogUYVQQT1PNSDOWBPGQkUY4vJ74jQciFY3EvR7FJOCoL2iPYqSN1LEPfJ60y/ASVqB/AVNfcnhD6uN2uWMXnZIzBVwkbkaKIEOtY3/53QgnnAiNGVKq5TqxDlIkNcWMjAt+okiM8BD1SctQgThRQTr9YAyPjdKFvUiaEhpO1d8TKeJKjXhoOjnSAzXvTcT/vFaie2dBSkWcaCLwbFEvYVBHcBIH7FJJsGYjQxCW1NwK8QBJhLUJrWBCcOdfXiReuXRecu8qxepVlkYeHIIjcAJccAqq4BbUgAcweATP4BW8WU/Wi/Vufcxac1Y2sw/+wPr8AaoelKo=</latexit><latexit sha1_base64="Pl0rpBzGbj6hstKdvy2Pj/2u5As=">AAACAHicbVBNSwMxEM3Wr1q/Vr0IXoJF8FR2S0FFhKIHPVZw20J3W7Jp2oYm2SXJCmWpF/+KFw8qXv0Z3vw3pu0etPXBwOO9GWbmhTGjSjvOt5VbWl5ZXcuvFzY2t7Z37N29uooSiYmHIxbJZogUYVQQT1PNSDOWBPGQkUY4vJ74jQciFY3EvR7FJOCoL2iPYqSN1LEPfJ60y/ASVqB/AVNfcnhD6uN2uWMXnZIzBVwkbkaKIEOtY3/53QgnnAiNGVKq5TqxDlIkNcWMjAt+okiM8BD1SctQgThRQTr9YAyPjdKFvUiaEhpO1d8TKeJKjXhoOjnSAzXvTcT/vFaie2dBSkWcaCLwbFEvYVBHcBIH7FJJsGYjQxCW1NwK8QBJhLUJrWBCcOdfXiReuXRecu8qxepVlkYeHIIjcAJccAqq4BbUgAcweATP4BW8WU/Wi/Vufcxac1Y2sw/+wPr8AaoelKo=</latexit><latexit sha1_base64="Pl0rpBzGbj6hstKdvy2Pj/2u5As=">AAACAHicbVBNSwMxEM3Wr1q/Vr0IXoJF8FR2S0FFhKIHPVZw20J3W7Jp2oYm2SXJCmWpF/+KFw8qXv0Z3vw3pu0etPXBwOO9GWbmhTGjSjvOt5VbWl5ZXcuvFzY2t7Z37N29uooSiYmHIxbJZogUYVQQT1PNSDOWBPGQkUY4vJ74jQciFY3EvR7FJOCoL2iPYqSN1LEPfJ60y/ASVqB/AVNfcnhD6uN2uWMXnZIzBVwkbkaKIEOtY3/53QgnnAiNGVKq5TqxDlIkNcWMjAt+okiM8BD1SctQgThRQTr9YAyPjdKFvUiaEhpO1d8TKeJKjXhoOjnSAzXvTcT/vFaie2dBSkWcaCLwbFEvYVBHcBIH7FJJsGYjQxCW1NwK8QBJhLUJrWBCcOdfXiReuXRecu8qxepVlkYeHIIjcAJccAqq4BbUgAcweATP4BW8WU/Wi/Vufcxac1Y2sw/+wPr8AaoelKo=</latexit><latexit sha1_base64="Pl0rpBzGbj6hstKdvy2Pj/2u5As=">AAACAHicbVBNSwMxEM3Wr1q/Vr0IXoJF8FR2S0FFhKIHPVZw20J3W7Jp2oYm2SXJCmWpF/+KFw8qXv0Z3vw3pu0etPXBwOO9GWbmhTGjSjvOt5VbWl5ZXcuvFzY2t7Z37N29uooSiYmHIxbJZogUYVQQT1PNSDOWBPGQkUY4vJ74jQciFY3EvR7FJOCoL2iPYqSN1LEPfJ60y/ASVqB/AVNfcnhD6uN2uWMXnZIzBVwkbkaKIEOtY3/53QgnnAiNGVKq5TqxDlIkNcWMjAt+okiM8BD1SctQgThRQTr9YAyPjdKFvUiaEhpO1d8TKeJKjXhoOjnSAzXvTcT/vFaie2dBSkWcaCLwbFEvYVBHcBIH7FJJsGYjQxCW1NwK8QBJhLUJrWBCcOdfXiReuXRecu8qxepVlkYeHIIjcAJccAqq4BbUgAcweATP4BW8WU/Wi/Vufcxac1Y2sw/+wPr8AaoelKo=</latexit>

Inner bars is only the connected and 
outer bars the total including disconnected contributions

 Quark helicity

Huge and 
positive 

contribution 
from the  
up quark

Down, strange 
and charm  

contributions 
are negative

The total is reduced 
compared to the up due 

to the negative contr. 
from 

the rest. Disconnected are  
reducing further the 

value.

 Average momentum fraction

Up quark has 
the biggest contribution 

and for the rest the 
contribution is decreasing. 

About 5% for strange 
and 2% for charm.

Quark contribution 
is about 60% of  the 
proton momentum 
while gluon is about 

40%
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Quantities are given in        scheme  at MS
<latexit sha1_base64="Gk6faO+Tr2zHDk9v5Tr8Q2CepI8=">AAAB+XicbVDLSgMxFM3UV62vVpdugkVwVWZEUHdFN26Eio4tdIaSSTNtaB5DklHK2E9x40LFrX/izr8x085CWw8EDufcw705UcKoNq777ZSWlldW18rrlY3Nre2dam33XstUYeJjyaTqREgTRgXxDTWMdBJFEI8YaUejy9xvPxClqRR3ZpyQkKOBoDHFyFipV60F0tp5OgsUh9e3k1617jbcKeAi8QpSBwVavepX0Jc45UQYzJDWXc9NTJghZShmZFIJUk0ShEdoQLqWCsSJDrPp6RN4aJU+jKWyTxg4VX8nMsS1HvPITnJkhnrey8X/vG5q4rMwoyJJDRF4tihOGTQS5j3APlUEGza2BGFF7a0QD5FC2Ni2KrYEb/7Li8Q/bpw3vJuTevOiaKMM9sEBOAIeOAVNcAVawAcYPIJn8ArenCfnxXl3PmajJafI7IE/cD5/AL8qk9w=</latexit><latexit sha1_base64="Gk6faO+Tr2zHDk9v5Tr8Q2CepI8=">AAAB+XicbVDLSgMxFM3UV62vVpdugkVwVWZEUHdFN26Eio4tdIaSSTNtaB5DklHK2E9x40LFrX/izr8x085CWw8EDufcw705UcKoNq777ZSWlldW18rrlY3Nre2dam33XstUYeJjyaTqREgTRgXxDTWMdBJFEI8YaUejy9xvPxClqRR3ZpyQkKOBoDHFyFipV60F0tp5OgsUh9e3k1617jbcKeAi8QpSBwVavepX0Jc45UQYzJDWXc9NTJghZShmZFIJUk0ShEdoQLqWCsSJDrPp6RN4aJU+jKWyTxg4VX8nMsS1HvPITnJkhnrey8X/vG5q4rMwoyJJDRF4tihOGTQS5j3APlUEGza2BGFF7a0QD5FC2Ni2KrYEb/7Li8Q/bpw3vJuTevOiaKMM9sEBOAIeOAVNcAVawAcYPIJn8ArenCfnxXl3PmajJafI7IE/cD5/AL8qk9w=</latexit><latexit sha1_base64="Gk6faO+Tr2zHDk9v5Tr8Q2CepI8=">AAAB+XicbVDLSgMxFM3UV62vVpdugkVwVWZEUHdFN26Eio4tdIaSSTNtaB5DklHK2E9x40LFrX/izr8x085CWw8EDufcw705UcKoNq777ZSWlldW18rrlY3Nre2dam33XstUYeJjyaTqREgTRgXxDTWMdBJFEI8YaUejy9xvPxClqRR3ZpyQkKOBoDHFyFipV60F0tp5OgsUh9e3k1617jbcKeAi8QpSBwVavepX0Jc45UQYzJDWXc9NTJghZShmZFIJUk0ShEdoQLqWCsSJDrPp6RN4aJU+jKWyTxg4VX8nMsS1HvPITnJkhnrey8X/vG5q4rMwoyJJDRF4tihOGTQS5j3APlUEGza2BGFF7a0QD5FC2Ni2KrYEb/7Li8Q/bpw3vJuTevOiaKMM9sEBOAIeOAVNcAVawAcYPIJn8ArenCfnxXl3PmajJafI7IE/cD5/AL8qk9w=</latexit><latexit sha1_base64="Gk6faO+Tr2zHDk9v5Tr8Q2CepI8=">AAAB+XicbVDLSgMxFM3UV62vVpdugkVwVWZEUHdFN26Eio4tdIaSSTNtaB5DklHK2E9x40LFrX/izr8x085CWw8EDufcw705UcKoNq777ZSWlldW18rrlY3Nre2dam33XstUYeJjyaTqREgTRgXxDTWMdBJFEI8YaUejy9xvPxClqRR3ZpyQkKOBoDHFyFipV60F0tp5OgsUh9e3k1617jbcKeAi8QpSBwVavepX0Jc45UQYzJDWXc9NTJghZShmZFIJUk0ShEdoQLqWCsSJDrPp6RN4aJU+jKWyTxg4VX8nMsS1HvPITnJkhnrey8X/vG5q4rMwoyJJDRF4tihOGTQS5j3APlUEGza2BGFF7a0QD5FC2Ni2KrYEb/7Li8Q/bpw3vJuTevOiaKMM9sEBOAIeOAVNcAVawAcYPIJn8ArenCfnxXl3PmajJafI7IE/cD5/AL8qk9w=</latexit>

µ2 = 4 GeV2
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Inner bars is only the connected and 
outer bars the total including disconnected contributions

 Quark helicity

Huge and 
positive 

contribution 
from the  
up quark

Down, strange 
and charm  

contributions 
are negative

The total is reduced 
compared to the up due 

to the negative contr. 
from 

the rest. Disconnected are  
reducing further the 

value.

 Average momentum fraction

Up quark has 
the biggest contribution 

and for the rest the 
contribution is decreasing. 

About 5% for strange 
and 2% for charm.

Quark contribution 
is about 60% of  the 
proton momentum 
while gluon is about 

40%

Total is in agreement with 
momentum sum. Disconnected 

have the dominant contr.

Phys. Rev. D 101, 094513 (2020) 
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ETMC ‘20

Results from χQCD 
Phys. Rev. Lett. 121, 212001 (2018) 

Phys. Rev. Lett. 119, 142002 (2017)
Our previous study 

Quantities are given in        scheme  at MS
<latexit sha1_base64="Gk6faO+Tr2zHDk9v5Tr8Q2CepI8=">AAAB+XicbVDLSgMxFM3UV62vVpdugkVwVWZEUHdFN26Eio4tdIaSSTNtaB5DklHK2E9x40LFrX/izr8x085CWw8EDufcw705UcKoNq777ZSWlldW18rrlY3Nre2dam33XstUYeJjyaTqREgTRgXxDTWMdBJFEI8YaUejy9xvPxClqRR3ZpyQkKOBoDHFyFipV60F0tp5OgsUh9e3k1617jbcKeAi8QpSBwVavepX0Jc45UQYzJDWXc9NTJghZShmZFIJUk0ShEdoQLqWCsSJDrPp6RN4aJU+jKWyTxg4VX8nMsS1HvPITnJkhnrey8X/vG5q4rMwoyJJDRF4tihOGTQS5j3APlUEGza2BGFF7a0QD5FC2Ni2KrYEb/7Li8Q/bpw3vJuTevOiaKMM9sEBOAIeOAVNcAVawAcYPIJn8ArenCfnxXl3PmajJafI7IE/cD5/AL8qk9w=</latexit><latexit sha1_base64="Gk6faO+Tr2zHDk9v5Tr8Q2CepI8=">AAAB+XicbVDLSgMxFM3UV62vVpdugkVwVWZEUHdFN26Eio4tdIaSSTNtaB5DklHK2E9x40LFrX/izr8x085CWw8EDufcw705UcKoNq777ZSWlldW18rrlY3Nre2dam33XstUYeJjyaTqREgTRgXxDTWMdBJFEI8YaUejy9xvPxClqRR3ZpyQkKOBoDHFyFipV60F0tp5OgsUh9e3k1617jbcKeAi8QpSBwVavepX0Jc45UQYzJDWXc9NTJghZShmZFIJUk0ShEdoQLqWCsSJDrPp6RN4aJU+jKWyTxg4VX8nMsS1HvPITnJkhnrey8X/vG5q4rMwoyJJDRF4tihOGTQS5j3APlUEGza2BGFF7a0QD5FC2Ni2KrYEb/7Li8Q/bpw3vJuTevOiaKMM9sEBOAIeOAVNcAVawAcYPIJn8ArenCfnxXl3PmajJafI7IE/cD5/AL8qk9w=</latexit><latexit sha1_base64="Gk6faO+Tr2zHDk9v5Tr8Q2CepI8=">AAAB+XicbVDLSgMxFM3UV62vVpdugkVwVWZEUHdFN26Eio4tdIaSSTNtaB5DklHK2E9x40LFrX/izr8x085CWw8EDufcw705UcKoNq777ZSWlldW18rrlY3Nre2dam33XstUYeJjyaTqREgTRgXxDTWMdBJFEI8YaUejy9xvPxClqRR3ZpyQkKOBoDHFyFipV60F0tp5OgsUh9e3k1617jbcKeAi8QpSBwVavepX0Jc45UQYzJDWXc9NTJghZShmZFIJUk0ShEdoQLqWCsSJDrPp6RN4aJU+jKWyTxg4VX8nMsS1HvPITnJkhnrey8X/vG5q4rMwoyJJDRF4tihOGTQS5j3APlUEGza2BGFF7a0QD5FC2Ni2KrYEb/7Li8Q/bpw3vJuTevOiaKMM9sEBOAIeOAVNcAVawAcYPIJn8ArenCfnxXl3PmajJafI7IE/cD5/AL8qk9w=</latexit><latexit sha1_base64="Gk6faO+Tr2zHDk9v5Tr8Q2CepI8=">AAAB+XicbVDLSgMxFM3UV62vVpdugkVwVWZEUHdFN26Eio4tdIaSSTNtaB5DklHK2E9x40LFrX/izr8x085CWw8EDufcw705UcKoNq777ZSWlldW18rrlY3Nre2dam33XstUYeJjyaTqREgTRgXxDTWMdBJFEI8YaUejy9xvPxClqRR3ZpyQkKOBoDHFyFipV60F0tp5OgsUh9e3k1617jbcKeAi8QpSBwVavepX0Jc45UQYzJDWXc9NTJghZShmZFIJUk0ShEdoQLqWCsSJDrPp6RN4aJU+jKWyTxg4VX8nMsS1HvPITnJkhnrey8X/vG5q4rMwoyJJDRF4tihOGTQS5j3APlUEGza2BGFF7a0QD5FC2Ni2KrYEb/7Li8Q/bpw3vJuTevOiaKMM9sEBOAIeOAVNcAVawAcYPIJn8ArenCfnxXl3PmajJafI7IE/cD5/AL8qk9w=</latexit>

µ2 = 4 GeV2
<latexit sha1_base64="Pl0rpBzGbj6hstKdvy2Pj/2u5As=">AAACAHicbVBNSwMxEM3Wr1q/Vr0IXoJF8FR2S0FFhKIHPVZw20J3W7Jp2oYm2SXJCmWpF/+KFw8qXv0Z3vw3pu0etPXBwOO9GWbmhTGjSjvOt5VbWl5ZXcuvFzY2t7Z37N29uooSiYmHIxbJZogUYVQQT1PNSDOWBPGQkUY4vJ74jQciFY3EvR7FJOCoL2iPYqSN1LEPfJ60y/ASVqB/AVNfcnhD6uN2uWMXnZIzBVwkbkaKIEOtY3/53QgnnAiNGVKq5TqxDlIkNcWMjAt+okiM8BD1SctQgThRQTr9YAyPjdKFvUiaEhpO1d8TKeJKjXhoOjnSAzXvTcT/vFaie2dBSkWcaCLwbFEvYVBHcBIH7FJJsGYjQxCW1NwK8QBJhLUJrWBCcOdfXiReuXRecu8qxepVlkYeHIIjcAJccAqq4BbUgAcweATP4BW8WU/Wi/Vufcxac1Y2sw/+wPr8AaoelKo=</latexit><latexit sha1_base64="Pl0rpBzGbj6hstKdvy2Pj/2u5As=">AAACAHicbVBNSwMxEM3Wr1q/Vr0IXoJF8FR2S0FFhKIHPVZw20J3W7Jp2oYm2SXJCmWpF/+KFw8qXv0Z3vw3pu0etPXBwOO9GWbmhTGjSjvOt5VbWl5ZXcuvFzY2t7Z37N29uooSiYmHIxbJZogUYVQQT1PNSDOWBPGQkUY4vJ74jQciFY3EvR7FJOCoL2iPYqSN1LEPfJ60y/ASVqB/AVNfcnhD6uN2uWMXnZIzBVwkbkaKIEOtY3/53QgnnAiNGVKq5TqxDlIkNcWMjAt+okiM8BD1SctQgThRQTr9YAyPjdKFvUiaEhpO1d8TKeJKjXhoOjnSAzXvTcT/vFaie2dBSkWcaCLwbFEvYVBHcBIH7FJJsGYjQxCW1NwK8QBJhLUJrWBCcOdfXiReuXRecu8qxepVlkYeHIIjcAJccAqq4BbUgAcweATP4BW8WU/Wi/Vufcxac1Y2sw/+wPr8AaoelKo=</latexit><latexit sha1_base64="Pl0rpBzGbj6hstKdvy2Pj/2u5As=">AAACAHicbVBNSwMxEM3Wr1q/Vr0IXoJF8FR2S0FFhKIHPVZw20J3W7Jp2oYm2SXJCmWpF/+KFw8qXv0Z3vw3pu0etPXBwOO9GWbmhTGjSjvOt5VbWl5ZXcuvFzY2t7Z37N29uooSiYmHIxbJZogUYVQQT1PNSDOWBPGQkUY4vJ74jQciFY3EvR7FJOCoL2iPYqSN1LEPfJ60y/ASVqB/AVNfcnhD6uN2uWMXnZIzBVwkbkaKIEOtY3/53QgnnAiNGVKq5TqxDlIkNcWMjAt+okiM8BD1SctQgThRQTr9YAyPjdKFvUiaEhpO1d8TKeJKjXhoOjnSAzXvTcT/vFaie2dBSkWcaCLwbFEvYVBHcBIH7FJJsGYjQxCW1NwK8QBJhLUJrWBCcOdfXiReuXRecu8qxepVlkYeHIIjcAJccAqq4BbUgAcweATP4BW8WU/Wi/Vufcxac1Y2sw/+wPr8AaoelKo=</latexit><latexit sha1_base64="Pl0rpBzGbj6hstKdvy2Pj/2u5As=">AAACAHicbVBNSwMxEM3Wr1q/Vr0IXoJF8FR2S0FFhKIHPVZw20J3W7Jp2oYm2SXJCmWpF/+KFw8qXv0Z3vw3pu0etPXBwOO9GWbmhTGjSjvOt5VbWl5ZXcuvFzY2t7Z37N29uooSiYmHIxbJZogUYVQQT1PNSDOWBPGQkUY4vJ74jQciFY3EvR7FJOCoL2iPYqSN1LEPfJ60y/ASVqB/AVNfcnhD6uN2uWMXnZIzBVwkbkaKIEOtY3/53QgnnAiNGVKq5TqxDlIkNcWMjAt+okiM8BD1SctQgThRQTr9YAyPjdKFvUiaEhpO1d8TKeJKjXhoOjnSAzXvTcT/vFaie2dBSkWcaCLwbFEvYVBHcBIH7FJJsGYjQxCW1NwK8QBJhLUJrWBCcOdfXiReuXRecu8qxepVlkYeHIIjcAJccAqq4BbUgAcweATP4BW8WU/Wi/Vufcxac1Y2sw/+wPr8AaoelKo=</latexit>

Renormalization is done non-perturbatively.
Very challenging for the gluon case!
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ETMC ‘20

Results from χQCD 
Phys. Rev. Lett. 121, 212001 (2018) 

Phys. Rev. Lett. 119, 142002 (2017)
Our previous study 

Quantities are given in        scheme  at MS
<latexit sha1_base64="Gk6faO+Tr2zHDk9v5Tr8Q2CepI8=">AAAB+XicbVDLSgMxFM3UV62vVpdugkVwVWZEUHdFN26Eio4tdIaSSTNtaB5DklHK2E9x40LFrX/izr8x085CWw8EDufcw705UcKoNq777ZSWlldW18rrlY3Nre2dam33XstUYeJjyaTqREgTRgXxDTWMdBJFEI8YaUejy9xvPxClqRR3ZpyQkKOBoDHFyFipV60F0tp5OgsUh9e3k1617jbcKeAi8QpSBwVavepX0Jc45UQYzJDWXc9NTJghZShmZFIJUk0ShEdoQLqWCsSJDrPp6RN4aJU+jKWyTxg4VX8nMsS1HvPITnJkhnrey8X/vG5q4rMwoyJJDRF4tihOGTQS5j3APlUEGza2BGFF7a0QD5FC2Ni2KrYEb/7Li8Q/bpw3vJuTevOiaKMM9sEBOAIeOAVNcAVawAcYPIJn8ArenCfnxXl3PmajJafI7IE/cD5/AL8qk9w=</latexit><latexit sha1_base64="Gk6faO+Tr2zHDk9v5Tr8Q2CepI8=">AAAB+XicbVDLSgMxFM3UV62vVpdugkVwVWZEUHdFN26Eio4tdIaSSTNtaB5DklHK2E9x40LFrX/izr8x085CWw8EDufcw705UcKoNq777ZSWlldW18rrlY3Nre2dam33XstUYeJjyaTqREgTRgXxDTWMdBJFEI8YaUejy9xvPxClqRR3ZpyQkKOBoDHFyFipV60F0tp5OgsUh9e3k1617jbcKeAi8QpSBwVavepX0Jc45UQYzJDWXc9NTJghZShmZFIJUk0ShEdoQLqWCsSJDrPp6RN4aJU+jKWyTxg4VX8nMsS1HvPITnJkhnrey8X/vG5q4rMwoyJJDRF4tihOGTQS5j3APlUEGza2BGFF7a0QD5FC2Ni2KrYEb/7Li8Q/bpw3vJuTevOiaKMM9sEBOAIeOAVNcAVawAcYPIJn8ArenCfnxXl3PmajJafI7IE/cD5/AL8qk9w=</latexit><latexit sha1_base64="Gk6faO+Tr2zHDk9v5Tr8Q2CepI8=">AAAB+XicbVDLSgMxFM3UV62vVpdugkVwVWZEUHdFN26Eio4tdIaSSTNtaB5DklHK2E9x40LFrX/izr8x085CWw8EDufcw705UcKoNq777ZSWlldW18rrlY3Nre2dam33XstUYeJjyaTqREgTRgXxDTWMdBJFEI8YaUejy9xvPxClqRR3ZpyQkKOBoDHFyFipV60F0tp5OgsUh9e3k1617jbcKeAi8QpSBwVavepX0Jc45UQYzJDWXc9NTJghZShmZFIJUk0ShEdoQLqWCsSJDrPp6RN4aJU+jKWyTxg4VX8nMsS1HvPITnJkhnrey8X/vG5q4rMwoyJJDRF4tihOGTQS5j3APlUEGza2BGFF7a0QD5FC2Ni2KrYEb/7Li8Q/bpw3vJuTevOiaKMM9sEBOAIeOAVNcAVawAcYPIJn8ArenCfnxXl3PmajJafI7IE/cD5/AL8qk9w=</latexit><latexit sha1_base64="Gk6faO+Tr2zHDk9v5Tr8Q2CepI8=">AAAB+XicbVDLSgMxFM3UV62vVpdugkVwVWZEUHdFN26Eio4tdIaSSTNtaB5DklHK2E9x40LFrX/izr8x085CWw8EDufcw705UcKoNq777ZSWlldW18rrlY3Nre2dam33XstUYeJjyaTqREgTRgXxDTWMdBJFEI8YaUejy9xvPxClqRR3ZpyQkKOBoDHFyFipV60F0tp5OgsUh9e3k1617jbcKeAi8QpSBwVavepX0Jc45UQYzJDWXc9NTJghZShmZFIJUk0ShEdoQLqWCsSJDrPp6RN4aJU+jKWyTxg4VX8nMsS1HvPITnJkhnrey8X/vG5q4rMwoyJJDRF4tihOGTQS5j3APlUEGza2BGFF7a0QD5FC2Ni2KrYEb/7Li8Q/bpw3vJuTevOiaKMM9sEBOAIeOAVNcAVawAcYPIJn8ArenCfnxXl3PmajJafI7IE/cD5/AL8qk9w=</latexit>

µ2 = 4 GeV2
<latexit sha1_base64="Pl0rpBzGbj6hstKdvy2Pj/2u5As=">AAACAHicbVBNSwMxEM3Wr1q/Vr0IXoJF8FR2S0FFhKIHPVZw20J3W7Jp2oYm2SXJCmWpF/+KFw8qXv0Z3vw3pu0etPXBwOO9GWbmhTGjSjvOt5VbWl5ZXcuvFzY2t7Z37N29uooSiYmHIxbJZogUYVQQT1PNSDOWBPGQkUY4vJ74jQciFY3EvR7FJOCoL2iPYqSN1LEPfJ60y/ASVqB/AVNfcnhD6uN2uWMXnZIzBVwkbkaKIEOtY3/53QgnnAiNGVKq5TqxDlIkNcWMjAt+okiM8BD1SctQgThRQTr9YAyPjdKFvUiaEhpO1d8TKeJKjXhoOjnSAzXvTcT/vFaie2dBSkWcaCLwbFEvYVBHcBIH7FJJsGYjQxCW1NwK8QBJhLUJrWBCcOdfXiReuXRecu8qxepVlkYeHIIjcAJccAqq4BbUgAcweATP4BW8WU/Wi/Vufcxac1Y2sw/+wPr8AaoelKo=</latexit><latexit sha1_base64="Pl0rpBzGbj6hstKdvy2Pj/2u5As=">AAACAHicbVBNSwMxEM3Wr1q/Vr0IXoJF8FR2S0FFhKIHPVZw20J3W7Jp2oYm2SXJCmWpF/+KFw8qXv0Z3vw3pu0etPXBwOO9GWbmhTGjSjvOt5VbWl5ZXcuvFzY2t7Z37N29uooSiYmHIxbJZogUYVQQT1PNSDOWBPGQkUY4vJ74jQciFY3EvR7FJOCoL2iPYqSN1LEPfJ60y/ASVqB/AVNfcnhD6uN2uWMXnZIzBVwkbkaKIEOtY3/53QgnnAiNGVKq5TqxDlIkNcWMjAt+okiM8BD1SctQgThRQTr9YAyPjdKFvUiaEhpO1d8TKeJKjXhoOjnSAzXvTcT/vFaie2dBSkWcaCLwbFEvYVBHcBIH7FJJsGYjQxCW1NwK8QBJhLUJrWBCcOdfXiReuXRecu8qxepVlkYeHIIjcAJccAqq4BbUgAcweATP4BW8WU/Wi/Vufcxac1Y2sw/+wPr8AaoelKo=</latexit><latexit sha1_base64="Pl0rpBzGbj6hstKdvy2Pj/2u5As=">AAACAHicbVBNSwMxEM3Wr1q/Vr0IXoJF8FR2S0FFhKIHPVZw20J3W7Jp2oYm2SXJCmWpF/+KFw8qXv0Z3vw3pu0etPXBwOO9GWbmhTGjSjvOt5VbWl5ZXcuvFzY2t7Z37N29uooSiYmHIxbJZogUYVQQT1PNSDOWBPGQkUY4vJ74jQciFY3EvR7FJOCoL2iPYqSN1LEPfJ60y/ASVqB/AVNfcnhD6uN2uWMXnZIzBVwkbkaKIEOtY3/53QgnnAiNGVKq5TqxDlIkNcWMjAt+okiM8BD1SctQgThRQTr9YAyPjdKFvUiaEhpO1d8TKeJKjXhoOjnSAzXvTcT/vFaie2dBSkWcaCLwbFEvYVBHcBIH7FJJsGYjQxCW1NwK8QBJhLUJrWBCcOdfXiReuXRecu8qxepVlkYeHIIjcAJccAqq4BbUgAcweATP4BW8WU/Wi/Vufcxac1Y2sw/+wPr8AaoelKo=</latexit><latexit sha1_base64="Pl0rpBzGbj6hstKdvy2Pj/2u5As=">AAACAHicbVBNSwMxEM3Wr1q/Vr0IXoJF8FR2S0FFhKIHPVZw20J3W7Jp2oYm2SXJCmWpF/+KFw8qXv0Z3vw3pu0etPXBwOO9GWbmhTGjSjvOt5VbWl5ZXcuvFzY2t7Z37N29uooSiYmHIxbJZogUYVQQT1PNSDOWBPGQkUY4vJ74jQciFY3EvR7FJOCoL2iPYqSN1LEPfJ60y/ASVqB/AVNfcnhD6uN2uWMXnZIzBVwkbkaKIEOtY3/53QgnnAiNGVKq5TqxDlIkNcWMjAt+okiM8BD1SctQgThRQTr9YAyPjdKFvUiaEhpO1d8TKeJKjXhoOjnSAzXvTcT/vFaie2dBSkWcaCLwbFEvYVBHcBIH7FJJsGYjQxCW1NwK8QBJhLUJrWBCcOdfXiReuXRecu8qxepVlkYeHIIjcAJccAqq4BbUgAcweATP4BW8WU/Wi/Vufcxac1Y2sw/+wPr8AaoelKo=</latexit>

Renormalization is done non-perturbatively.
Very challenging for the gluon case!

ETMC ‘20

Phys. Rev. D 98, 074505 (2018) 
Phys. Rev. D 98, 094512(2018) 
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Results for total and orbital angular momentum fraction 
Quantities are given in        scheme  at MS

<latexit sha1_base64="Gk6faO+Tr2zHDk9v5Tr8Q2CepI8=">AAAB+XicbVDLSgMxFM3UV62vVpdugkVwVWZEUHdFN26Eio4tdIaSSTNtaB5DklHK2E9x40LFrX/izr8x085CWw8EDufcw705UcKoNq777ZSWlldW18rrlY3Nre2dam33XstUYeJjyaTqREgTRgXxDTWMdBJFEI8YaUejy9xvPxClqRR3ZpyQkKOBoDHFyFipV60F0tp5OgsUh9e3k1617jbcKeAi8QpSBwVavepX0Jc45UQYzJDWXc9NTJghZShmZFIJUk0ShEdoQLqWCsSJDrPp6RN4aJU+jKWyTxg4VX8nMsS1HvPITnJkhnrey8X/vG5q4rMwoyJJDRF4tihOGTQS5j3APlUEGza2BGFF7a0QD5FC2Ni2KrYEb/7Li8Q/bpw3vJuTevOiaKMM9sEBOAIeOAVNcAVawAcYPIJn8ArenCfnxXl3PmajJafI7IE/cD5/AL8qk9w=</latexit><latexit sha1_base64="Gk6faO+Tr2zHDk9v5Tr8Q2CepI8=">AAAB+XicbVDLSgMxFM3UV62vVpdugkVwVWZEUHdFN26Eio4tdIaSSTNtaB5DklHK2E9x40LFrX/izr8x085CWw8EDufcw705UcKoNq777ZSWlldW18rrlY3Nre2dam33XstUYeJjyaTqREgTRgXxDTWMdBJFEI8YaUejy9xvPxClqRR3ZpyQkKOBoDHFyFipV60F0tp5OgsUh9e3k1617jbcKeAi8QpSBwVavepX0Jc45UQYzJDWXc9NTJghZShmZFIJUk0ShEdoQLqWCsSJDrPp6RN4aJU+jKWyTxg4VX8nMsS1HvPITnJkhnrey8X/vG5q4rMwoyJJDRF4tihOGTQS5j3APlUEGza2BGFF7a0QD5FC2Ni2KrYEb/7Li8Q/bpw3vJuTevOiaKMM9sEBOAIeOAVNcAVawAcYPIJn8ArenCfnxXl3PmajJafI7IE/cD5/AL8qk9w=</latexit><latexit sha1_base64="Gk6faO+Tr2zHDk9v5Tr8Q2CepI8=">AAAB+XicbVDLSgMxFM3UV62vVpdugkVwVWZEUHdFN26Eio4tdIaSSTNtaB5DklHK2E9x40LFrX/izr8x085CWw8EDufcw705UcKoNq777ZSWlldW18rrlY3Nre2dam33XstUYeJjyaTqREgTRgXxDTWMdBJFEI8YaUejy9xvPxClqRR3ZpyQkKOBoDHFyFipV60F0tp5OgsUh9e3k1617jbcKeAi8QpSBwVavepX0Jc45UQYzJDWXc9NTJghZShmZFIJUk0ShEdoQLqWCsSJDrPp6RN4aJU+jKWyTxg4VX8nMsS1HvPITnJkhnrey8X/vG5q4rMwoyJJDRF4tihOGTQS5j3APlUEGza2BGFF7a0QD5FC2Ni2KrYEb/7Li8Q/bpw3vJuTevOiaKMM9sEBOAIeOAVNcAVawAcYPIJn8ArenCfnxXl3PmajJafI7IE/cD5/AL8qk9w=</latexit><latexit sha1_base64="Gk6faO+Tr2zHDk9v5Tr8Q2CepI8=">AAAB+XicbVDLSgMxFM3UV62vVpdugkVwVWZEUHdFN26Eio4tdIaSSTNtaB5DklHK2E9x40LFrX/izr8x085CWw8EDufcw705UcKoNq777ZSWlldW18rrlY3Nre2dam33XstUYeJjyaTqREgTRgXxDTWMdBJFEI8YaUejy9xvPxClqRR3ZpyQkKOBoDHFyFipV60F0tp5OgsUh9e3k1617jbcKeAi8QpSBwVavepX0Jc45UQYzJDWXc9NTJghZShmZFIJUk0ShEdoQLqWCsSJDrPp6RN4aJU+jKWyTxg4VX8nMsS1HvPITnJkhnrey8X/vG5q4rMwoyJJDRF4tihOGTQS5j3APlUEGza2BGFF7a0QD5FC2Ni2KrYEb/7Li8Q/bpw3vJuTevOiaKMM9sEBOAIeOAVNcAVawAcYPIJn8ArenCfnxXl3PmajJafI7IE/cD5/AL8qk9w=</latexit>

µ2 = 4 GeV2
<latexit sha1_base64="Pl0rpBzGbj6hstKdvy2Pj/2u5As=">AAACAHicbVBNSwMxEM3Wr1q/Vr0IXoJF8FR2S0FFhKIHPVZw20J3W7Jp2oYm2SXJCmWpF/+KFw8qXv0Z3vw3pu0etPXBwOO9GWbmhTGjSjvOt5VbWl5ZXcuvFzY2t7Z37N29uooSiYmHIxbJZogUYVQQT1PNSDOWBPGQkUY4vJ74jQciFY3EvR7FJOCoL2iPYqSN1LEPfJ60y/ASVqB/AVNfcnhD6uN2uWMXnZIzBVwkbkaKIEOtY3/53QgnnAiNGVKq5TqxDlIkNcWMjAt+okiM8BD1SctQgThRQTr9YAyPjdKFvUiaEhpO1d8TKeJKjXhoOjnSAzXvTcT/vFaie2dBSkWcaCLwbFEvYVBHcBIH7FJJsGYjQxCW1NwK8QBJhLUJrWBCcOdfXiReuXRecu8qxepVlkYeHIIjcAJccAqq4BbUgAcweATP4BW8WU/Wi/Vufcxac1Y2sw/+wPr8AaoelKo=</latexit><latexit sha1_base64="Pl0rpBzGbj6hstKdvy2Pj/2u5As=">AAACAHicbVBNSwMxEM3Wr1q/Vr0IXoJF8FR2S0FFhKIHPVZw20J3W7Jp2oYm2SXJCmWpF/+KFw8qXv0Z3vw3pu0etPXBwOO9GWbmhTGjSjvOt5VbWl5ZXcuvFzY2t7Z37N29uooSiYmHIxbJZogUYVQQT1PNSDOWBPGQkUY4vJ74jQciFY3EvR7FJOCoL2iPYqSN1LEPfJ60y/ASVqB/AVNfcnhD6uN2uWMXnZIzBVwkbkaKIEOtY3/53QgnnAiNGVKq5TqxDlIkNcWMjAt+okiM8BD1SctQgThRQTr9YAyPjdKFvUiaEhpO1d8TKeJKjXhoOjnSAzXvTcT/vFaie2dBSkWcaCLwbFEvYVBHcBIH7FJJsGYjQxCW1NwK8QBJhLUJrWBCcOdfXiReuXRecu8qxepVlkYeHIIjcAJccAqq4BbUgAcweATP4BW8WU/Wi/Vufcxac1Y2sw/+wPr8AaoelKo=</latexit><latexit sha1_base64="Pl0rpBzGbj6hstKdvy2Pj/2u5As=">AAACAHicbVBNSwMxEM3Wr1q/Vr0IXoJF8FR2S0FFhKIHPVZw20J3W7Jp2oYm2SXJCmWpF/+KFw8qXv0Z3vw3pu0etPXBwOO9GWbmhTGjSjvOt5VbWl5ZXcuvFzY2t7Z37N29uooSiYmHIxbJZogUYVQQT1PNSDOWBPGQkUY4vJ74jQciFY3EvR7FJOCoL2iPYqSN1LEPfJ60y/ASVqB/AVNfcnhD6uN2uWMXnZIzBVwkbkaKIEOtY3/53QgnnAiNGVKq5TqxDlIkNcWMjAt+okiM8BD1SctQgThRQTr9YAyPjdKFvUiaEhpO1d8TKeJKjXhoOjnSAzXvTcT/vFaie2dBSkWcaCLwbFEvYVBHcBIH7FJJsGYjQxCW1NwK8QBJhLUJrWBCcOdfXiReuXRecu8qxepVlkYeHIIjcAJccAqq4BbUgAcweATP4BW8WU/Wi/Vufcxac1Y2sw/+wPr8AaoelKo=</latexit><latexit sha1_base64="Pl0rpBzGbj6hstKdvy2Pj/2u5As=">AAACAHicbVBNSwMxEM3Wr1q/Vr0IXoJF8FR2S0FFhKIHPVZw20J3W7Jp2oYm2SXJCmWpF/+KFw8qXv0Z3vw3pu0etPXBwOO9GWbmhTGjSjvOt5VbWl5ZXcuvFzY2t7Z37N29uooSiYmHIxbJZogUYVQQT1PNSDOWBPGQkUY4vJ74jQciFY3EvR7FJOCoL2iPYqSN1LEPfJ60y/ASVqB/AVNfcnhD6uN2uWMXnZIzBVwkbkaKIEOtY3/53QgnnAiNGVKq5TqxDlIkNcWMjAt+okiM8BD1SctQgThRQTr9YAyPjdKFvUiaEhpO1d8TKeJKjXhoOjnSAzXvTcT/vFaie2dBSkWcaCLwbFEvYVBHcBIH7FJJsGYjQxCW1NwK8QBJhLUJrWBCcOdfXiReuXRecu8qxepVlkYeHIIjcAJccAqq4BbUgAcweATP4BW8WU/Wi/Vufcxac1Y2sw/+wPr8AaoelKo=</latexit>

Inner bars is only the connected and 
outer bars the total including disconnected contributions
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Kyriakos Hadjiyiannakou Decomposing the proton spin to quark and gluon contributions 8

Results for total and orbital angular momentum fraction 
Quantities are given in        scheme  at MS

<latexit sha1_base64="Gk6faO+Tr2zHDk9v5Tr8Q2CepI8=">AAAB+XicbVDLSgMxFM3UV62vVpdugkVwVWZEUHdFN26Eio4tdIaSSTNtaB5DklHK2E9x40LFrX/izr8x085CWw8EDufcw705UcKoNq777ZSWlldW18rrlY3Nre2dam33XstUYeJjyaTqREgTRgXxDTWMdBJFEI8YaUejy9xvPxClqRR3ZpyQkKOBoDHFyFipV60F0tp5OgsUh9e3k1617jbcKeAi8QpSBwVavepX0Jc45UQYzJDWXc9NTJghZShmZFIJUk0ShEdoQLqWCsSJDrPp6RN4aJU+jKWyTxg4VX8nMsS1HvPITnJkhnrey8X/vG5q4rMwoyJJDRF4tihOGTQS5j3APlUEGza2BGFF7a0QD5FC2Ni2KrYEb/7Li8Q/bpw3vJuTevOiaKMM9sEBOAIeOAVNcAVawAcYPIJn8ArenCfnxXl3PmajJafI7IE/cD5/AL8qk9w=</latexit><latexit sha1_base64="Gk6faO+Tr2zHDk9v5Tr8Q2CepI8=">AAAB+XicbVDLSgMxFM3UV62vVpdugkVwVWZEUHdFN26Eio4tdIaSSTNtaB5DklHK2E9x40LFrX/izr8x085CWw8EDufcw705UcKoNq777ZSWlldW18rrlY3Nre2dam33XstUYeJjyaTqREgTRgXxDTWMdBJFEI8YaUejy9xvPxClqRR3ZpyQkKOBoDHFyFipV60F0tp5OgsUh9e3k1617jbcKeAi8QpSBwVavepX0Jc45UQYzJDWXc9NTJghZShmZFIJUk0ShEdoQLqWCsSJDrPp6RN4aJU+jKWyTxg4VX8nMsS1HvPITnJkhnrey8X/vG5q4rMwoyJJDRF4tihOGTQS5j3APlUEGza2BGFF7a0QD5FC2Ni2KrYEb/7Li8Q/bpw3vJuTevOiaKMM9sEBOAIeOAVNcAVawAcYPIJn8ArenCfnxXl3PmajJafI7IE/cD5/AL8qk9w=</latexit><latexit sha1_base64="Gk6faO+Tr2zHDk9v5Tr8Q2CepI8=">AAAB+XicbVDLSgMxFM3UV62vVpdugkVwVWZEUHdFN26Eio4tdIaSSTNtaB5DklHK2E9x40LFrX/izr8x085CWw8EDufcw705UcKoNq777ZSWlldW18rrlY3Nre2dam33XstUYeJjyaTqREgTRgXxDTWMdBJFEI8YaUejy9xvPxClqRR3ZpyQkKOBoDHFyFipV60F0tp5OgsUh9e3k1617jbcKeAi8QpSBwVavepX0Jc45UQYzJDWXc9NTJghZShmZFIJUk0ShEdoQLqWCsSJDrPp6RN4aJU+jKWyTxg4VX8nMsS1HvPITnJkhnrey8X/vG5q4rMwoyJJDRF4tihOGTQS5j3APlUEGza2BGFF7a0QD5FC2Ni2KrYEb/7Li8Q/bpw3vJuTevOiaKMM9sEBOAIeOAVNcAVawAcYPIJn8ArenCfnxXl3PmajJafI7IE/cD5/AL8qk9w=</latexit><latexit sha1_base64="Gk6faO+Tr2zHDk9v5Tr8Q2CepI8=">AAAB+XicbVDLSgMxFM3UV62vVpdugkVwVWZEUHdFN26Eio4tdIaSSTNtaB5DklHK2E9x40LFrX/izr8x085CWw8EDufcw705UcKoNq777ZSWlldW18rrlY3Nre2dam33XstUYeJjyaTqREgTRgXxDTWMdBJFEI8YaUejy9xvPxClqRR3ZpyQkKOBoDHFyFipV60F0tp5OgsUh9e3k1617jbcKeAi8QpSBwVavepX0Jc45UQYzJDWXc9NTJghZShmZFIJUk0ShEdoQLqWCsSJDrPp6RN4aJU+jKWyTxg4VX8nMsS1HvPITnJkhnrey8X/vG5q4rMwoyJJDRF4tihOGTQS5j3APlUEGza2BGFF7a0QD5FC2Ni2KrYEb/7Li8Q/bpw3vJuTevOiaKMM9sEBOAIeOAVNcAVawAcYPIJn8ArenCfnxXl3PmajJafI7IE/cD5/AL8qk9w=</latexit>

µ2 = 4 GeV2
<latexit sha1_base64="Pl0rpBzGbj6hstKdvy2Pj/2u5As=">AAACAHicbVBNSwMxEM3Wr1q/Vr0IXoJF8FR2S0FFhKIHPVZw20J3W7Jp2oYm2SXJCmWpF/+KFw8qXv0Z3vw3pu0etPXBwOO9GWbmhTGjSjvOt5VbWl5ZXcuvFzY2t7Z37N29uooSiYmHIxbJZogUYVQQT1PNSDOWBPGQkUY4vJ74jQciFY3EvR7FJOCoL2iPYqSN1LEPfJ60y/ASVqB/AVNfcnhD6uN2uWMXnZIzBVwkbkaKIEOtY3/53QgnnAiNGVKq5TqxDlIkNcWMjAt+okiM8BD1SctQgThRQTr9YAyPjdKFvUiaEhpO1d8TKeJKjXhoOjnSAzXvTcT/vFaie2dBSkWcaCLwbFEvYVBHcBIH7FJJsGYjQxCW1NwK8QBJhLUJrWBCcOdfXiReuXRecu8qxepVlkYeHIIjcAJccAqq4BbUgAcweATP4BW8WU/Wi/Vufcxac1Y2sw/+wPr8AaoelKo=</latexit><latexit sha1_base64="Pl0rpBzGbj6hstKdvy2Pj/2u5As=">AAACAHicbVBNSwMxEM3Wr1q/Vr0IXoJF8FR2S0FFhKIHPVZw20J3W7Jp2oYm2SXJCmWpF/+KFw8qXv0Z3vw3pu0etPXBwOO9GWbmhTGjSjvOt5VbWl5ZXcuvFzY2t7Z37N29uooSiYmHIxbJZogUYVQQT1PNSDOWBPGQkUY4vJ74jQciFY3EvR7FJOCoL2iPYqSN1LEPfJ60y/ASVqB/AVNfcnhD6uN2uWMXnZIzBVwkbkaKIEOtY3/53QgnnAiNGVKq5TqxDlIkNcWMjAt+okiM8BD1SctQgThRQTr9YAyPjdKFvUiaEhpO1d8TKeJKjXhoOjnSAzXvTcT/vFaie2dBSkWcaCLwbFEvYVBHcBIH7FJJsGYjQxCW1NwK8QBJhLUJrWBCcOdfXiReuXRecu8qxepVlkYeHIIjcAJccAqq4BbUgAcweATP4BW8WU/Wi/Vufcxac1Y2sw/+wPr8AaoelKo=</latexit><latexit sha1_base64="Pl0rpBzGbj6hstKdvy2Pj/2u5As=">AAACAHicbVBNSwMxEM3Wr1q/Vr0IXoJF8FR2S0FFhKIHPVZw20J3W7Jp2oYm2SXJCmWpF/+KFw8qXv0Z3vw3pu0etPXBwOO9GWbmhTGjSjvOt5VbWl5ZXcuvFzY2t7Z37N29uooSiYmHIxbJZogUYVQQT1PNSDOWBPGQkUY4vJ74jQciFY3EvR7FJOCoL2iPYqSN1LEPfJ60y/ASVqB/AVNfcnhD6uN2uWMXnZIzBVwkbkaKIEOtY3/53QgnnAiNGVKq5TqxDlIkNcWMjAt+okiM8BD1SctQgThRQTr9YAyPjdKFvUiaEhpO1d8TKeJKjXhoOjnSAzXvTcT/vFaie2dBSkWcaCLwbFEvYVBHcBIH7FJJsGYjQxCW1NwK8QBJhLUJrWBCcOdfXiReuXRecu8qxepVlkYeHIIjcAJccAqq4BbUgAcweATP4BW8WU/Wi/Vufcxac1Y2sw/+wPr8AaoelKo=</latexit><latexit sha1_base64="Pl0rpBzGbj6hstKdvy2Pj/2u5As=">AAACAHicbVBNSwMxEM3Wr1q/Vr0IXoJF8FR2S0FFhKIHPVZw20J3W7Jp2oYm2SXJCmWpF/+KFw8qXv0Z3vw3pu0etPXBwOO9GWbmhTGjSjvOt5VbWl5ZXcuvFzY2t7Z37N29uooSiYmHIxbJZogUYVQQT1PNSDOWBPGQkUY4vJ74jQciFY3EvR7FJOCoL2iPYqSN1LEPfJ60y/ASVqB/AVNfcnhD6uN2uWMXnZIzBVwkbkaKIEOtY3/53QgnnAiNGVKq5TqxDlIkNcWMjAt+okiM8BD1SctQgThRQTr9YAyPjdKFvUiaEhpO1d8TKeJKjXhoOjnSAzXvTcT/vFaie2dBSkWcaCLwbFEvYVBHcBIH7FJJsGYjQxCW1NwK8QBJhLUJrWBCcOdfXiReuXRecu8qxepVlkYeHIIjcAJccAqq4BbUgAcweATP4BW8WU/Wi/Vufcxac1Y2sw/+wPr8AaoelKo=</latexit>

Inner bars is only the connected and 
outer bars the total including disconnected contributions
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Kyriakos Hadjiyiannakou Decomposing the proton spin to quark and gluon contributions 8

Results for total and orbital angular momentum fraction 
Quantities are given in        scheme  at MS

<latexit sha1_base64="Gk6faO+Tr2zHDk9v5Tr8Q2CepI8=">AAAB+XicbVDLSgMxFM3UV62vVpdugkVwVWZEUHdFN26Eio4tdIaSSTNtaB5DklHK2E9x40LFrX/izr8x085CWw8EDufcw705UcKoNq777ZSWlldW18rrlY3Nre2dam33XstUYeJjyaTqREgTRgXxDTWMdBJFEI8YaUejy9xvPxClqRR3ZpyQkKOBoDHFyFipV60F0tp5OgsUh9e3k1617jbcKeAi8QpSBwVavepX0Jc45UQYzJDWXc9NTJghZShmZFIJUk0ShEdoQLqWCsSJDrPp6RN4aJU+jKWyTxg4VX8nMsS1HvPITnJkhnrey8X/vG5q4rMwoyJJDRF4tihOGTQS5j3APlUEGza2BGFF7a0QD5FC2Ni2KrYEb/7Li8Q/bpw3vJuTevOiaKMM9sEBOAIeOAVNcAVawAcYPIJn8ArenCfnxXl3PmajJafI7IE/cD5/AL8qk9w=</latexit><latexit sha1_base64="Gk6faO+Tr2zHDk9v5Tr8Q2CepI8=">AAAB+XicbVDLSgMxFM3UV62vVpdugkVwVWZEUHdFN26Eio4tdIaSSTNtaB5DklHK2E9x40LFrX/izr8x085CWw8EDufcw705UcKoNq777ZSWlldW18rrlY3Nre2dam33XstUYeJjyaTqREgTRgXxDTWMdBJFEI8YaUejy9xvPxClqRR3ZpyQkKOBoDHFyFipV60F0tp5OgsUh9e3k1617jbcKeAi8QpSBwVavepX0Jc45UQYzJDWXc9NTJghZShmZFIJUk0ShEdoQLqWCsSJDrPp6RN4aJU+jKWyTxg4VX8nMsS1HvPITnJkhnrey8X/vG5q4rMwoyJJDRF4tihOGTQS5j3APlUEGza2BGFF7a0QD5FC2Ni2KrYEb/7Li8Q/bpw3vJuTevOiaKMM9sEBOAIeOAVNcAVawAcYPIJn8ArenCfnxXl3PmajJafI7IE/cD5/AL8qk9w=</latexit><latexit sha1_base64="Gk6faO+Tr2zHDk9v5Tr8Q2CepI8=">AAAB+XicbVDLSgMxFM3UV62vVpdugkVwVWZEUHdFN26Eio4tdIaSSTNtaB5DklHK2E9x40LFrX/izr8x085CWw8EDufcw705UcKoNq777ZSWlldW18rrlY3Nre2dam33XstUYeJjyaTqREgTRgXxDTWMdBJFEI8YaUejy9xvPxClqRR3ZpyQkKOBoDHFyFipV60F0tp5OgsUh9e3k1617jbcKeAi8QpSBwVavepX0Jc45UQYzJDWXc9NTJghZShmZFIJUk0ShEdoQLqWCsSJDrPp6RN4aJU+jKWyTxg4VX8nMsS1HvPITnJkhnrey8X/vG5q4rMwoyJJDRF4tihOGTQS5j3APlUEGza2BGFF7a0QD5FC2Ni2KrYEb/7Li8Q/bpw3vJuTevOiaKMM9sEBOAIeOAVNcAVawAcYPIJn8ArenCfnxXl3PmajJafI7IE/cD5/AL8qk9w=</latexit><latexit sha1_base64="Gk6faO+Tr2zHDk9v5Tr8Q2CepI8=">AAAB+XicbVDLSgMxFM3UV62vVpdugkVwVWZEUHdFN26Eio4tdIaSSTNtaB5DklHK2E9x40LFrX/izr8x085CWw8EDufcw705UcKoNq777ZSWlldW18rrlY3Nre2dam33XstUYeJjyaTqREgTRgXxDTWMdBJFEI8YaUejy9xvPxClqRR3ZpyQkKOBoDHFyFipV60F0tp5OgsUh9e3k1617jbcKeAi8QpSBwVavepX0Jc45UQYzJDWXc9NTJghZShmZFIJUk0ShEdoQLqWCsSJDrPp6RN4aJU+jKWyTxg4VX8nMsS1HvPITnJkhnrey8X/vG5q4rMwoyJJDRF4tihOGTQS5j3APlUEGza2BGFF7a0QD5FC2Ni2KrYEb/7Li8Q/bpw3vJuTevOiaKMM9sEBOAIeOAVNcAVawAcYPIJn8ArenCfnxXl3PmajJafI7IE/cD5/AL8qk9w=</latexit>

µ2 = 4 GeV2
<latexit sha1_base64="Pl0rpBzGbj6hstKdvy2Pj/2u5As=">AAACAHicbVBNSwMxEM3Wr1q/Vr0IXoJF8FR2S0FFhKIHPVZw20J3W7Jp2oYm2SXJCmWpF/+KFw8qXv0Z3vw3pu0etPXBwOO9GWbmhTGjSjvOt5VbWl5ZXcuvFzY2t7Z37N29uooSiYmHIxbJZogUYVQQT1PNSDOWBPGQkUY4vJ74jQciFY3EvR7FJOCoL2iPYqSN1LEPfJ60y/ASVqB/AVNfcnhD6uN2uWMXnZIzBVwkbkaKIEOtY3/53QgnnAiNGVKq5TqxDlIkNcWMjAt+okiM8BD1SctQgThRQTr9YAyPjdKFvUiaEhpO1d8TKeJKjXhoOjnSAzXvTcT/vFaie2dBSkWcaCLwbFEvYVBHcBIH7FJJsGYjQxCW1NwK8QBJhLUJrWBCcOdfXiReuXRecu8qxepVlkYeHIIjcAJccAqq4BbUgAcweATP4BW8WU/Wi/Vufcxac1Y2sw/+wPr8AaoelKo=</latexit><latexit sha1_base64="Pl0rpBzGbj6hstKdvy2Pj/2u5As=">AAACAHicbVBNSwMxEM3Wr1q/Vr0IXoJF8FR2S0FFhKIHPVZw20J3W7Jp2oYm2SXJCmWpF/+KFw8qXv0Z3vw3pu0etPXBwOO9GWbmhTGjSjvOt5VbWl5ZXcuvFzY2t7Z37N29uooSiYmHIxbJZogUYVQQT1PNSDOWBPGQkUY4vJ74jQciFY3EvR7FJOCoL2iPYqSN1LEPfJ60y/ASVqB/AVNfcnhD6uN2uWMXnZIzBVwkbkaKIEOtY3/53QgnnAiNGVKq5TqxDlIkNcWMjAt+okiM8BD1SctQgThRQTr9YAyPjdKFvUiaEhpO1d8TKeJKjXhoOjnSAzXvTcT/vFaie2dBSkWcaCLwbFEvYVBHcBIH7FJJsGYjQxCW1NwK8QBJhLUJrWBCcOdfXiReuXRecu8qxepVlkYeHIIjcAJccAqq4BbUgAcweATP4BW8WU/Wi/Vufcxac1Y2sw/+wPr8AaoelKo=</latexit><latexit sha1_base64="Pl0rpBzGbj6hstKdvy2Pj/2u5As=">AAACAHicbVBNSwMxEM3Wr1q/Vr0IXoJF8FR2S0FFhKIHPVZw20J3W7Jp2oYm2SXJCmWpF/+KFw8qXv0Z3vw3pu0etPXBwOO9GWbmhTGjSjvOt5VbWl5ZXcuvFzY2t7Z37N29uooSiYmHIxbJZogUYVQQT1PNSDOWBPGQkUY4vJ74jQciFY3EvR7FJOCoL2iPYqSN1LEPfJ60y/ASVqB/AVNfcnhD6uN2uWMXnZIzBVwkbkaKIEOtY3/53QgnnAiNGVKq5TqxDlIkNcWMjAt+okiM8BD1SctQgThRQTr9YAyPjdKFvUiaEhpO1d8TKeJKjXhoOjnSAzXvTcT/vFaie2dBSkWcaCLwbFEvYVBHcBIH7FJJsGYjQxCW1NwK8QBJhLUJrWBCcOdfXiReuXRecu8qxepVlkYeHIIjcAJccAqq4BbUgAcweATP4BW8WU/Wi/Vufcxac1Y2sw/+wPr8AaoelKo=</latexit><latexit sha1_base64="Pl0rpBzGbj6hstKdvy2Pj/2u5As=">AAACAHicbVBNSwMxEM3Wr1q/Vr0IXoJF8FR2S0FFhKIHPVZw20J3W7Jp2oYm2SXJCmWpF/+KFw8qXv0Z3vw3pu0etPXBwOO9GWbmhTGjSjvOt5VbWl5ZXcuvFzY2t7Z37N29uooSiYmHIxbJZogUYVQQT1PNSDOWBPGQkUY4vJ74jQciFY3EvR7FJOCoL2iPYqSN1LEPfJ60y/ASVqB/AVNfcnhD6uN2uWMXnZIzBVwkbkaKIEOtY3/53QgnnAiNGVKq5TqxDlIkNcWMjAt+okiM8BD1SctQgThRQTr9YAyPjdKFvUiaEhpO1d8TKeJKjXhoOjnSAzXvTcT/vFaie2dBSkWcaCLwbFEvYVBHcBIH7FJJsGYjQxCW1NwK8QBJhLUJrWBCcOdfXiReuXRecu8qxepVlkYeHIIjcAJccAqq4BbUgAcweATP4BW8WU/Wi/Vufcxac1Y2sw/+wPr8AaoelKo=</latexit>

Inner bars is only the connected and 
outer bars the total including disconnected contributions

 Angular momentum

Significant 
contribution 
from the up 

quark

The down 
quark 

has 4x smaller 
contribution 

from 
the up quark

The contributions 
are about the same 

as  
       has small 
contribution

hxi

<latexit sha1_base64="4VEfIuERprBv6cbH3pRiLi9a+UQ=">AAAB+nicbZDLSsNAFIYn9VbrLdWlm8EiuCqJCHVZdOOygr1AE8pketIOnUzCzEQtsY/ixoUibn0Sd76N0zQLbf1h4OM/53DO/EHCmdKO822V1tY3NrfK25Wd3b39A7t62FFxKim0acxj2QuIAs4EtDXTHHqJBBIFHLrB5Hpe796DVCwWd3qagB+RkWAho0Qba2BXPU7EiAN+xJ7MaWDXnLqTC6+CW0ANFWoN7C9vGNM0AqEpJ0r1XSfRfkakZpTDrOKlChJCJ2QEfYOCRKD8LD99hk+NM8RhLM0TGufu74mMREpNo8B0RkSP1XJtbv5X66c6vPQzJpJUg6CLRWHKsY7xPAc8ZBKo5lMDhEpmbsV0TCSh2qRVMSG4y19ehc553b2oN24vas2rIo4yOkYn6Ay5qIGa6Aa1UBtR9ICe0St6s56sF+vd+li0lqxi5gj9kfX5A9Fok7s=</latexit>

B20(0)

<latexit sha1_base64="HRTbCxulLuHst46EUDKoOuziHF4=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXspuKdRjqRePFeyHtEvJptk2NMkuSVYoS3+FFw+KePXnePPfmLZ70NYHA4/3ZpiZF8ScaeO6305ua3tndy+/Xzg4PDo+KZ6edXSUKELbJOKR6gVYU84kbRtmOO3FimIRcNoNprcLv/tElWaRfDCzmPoCjyULGcHGSo/NYVp152X3elgsuRV3CbRJvIyUIENrWPwajCKSCCoN4VjrvufGxk+xMoxwOi8MEk1jTKZ4TPuWSiyo9tPlwXN0ZZURCiNlSxq0VH9PpFhoPROB7RTYTPS6txD/8/qJCW/8lMk4MVSS1aIw4chEaPE9GjFFieEzSzBRzN6KyAQrTIzNqGBD8NZf3iSdasWrVer3tVKjmcWRhwu4hDJ4UIcG3EEL2kBAwDO8wpujnBfn3flYteacbOYc/sD5/AEqZI9a</latexit>

Phys. Rev. D 101, 094513 (2020) 
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<latexit sha1_base64="Gk6faO+Tr2zHDk9v5Tr8Q2CepI8=">AAAB+XicbVDLSgMxFM3UV62vVpdugkVwVWZEUHdFN26Eio4tdIaSSTNtaB5DklHK2E9x40LFrX/izr8x085CWw8EDufcw705UcKoNq777ZSWlldW18rrlY3Nre2dam33XstUYeJjyaTqREgTRgXxDTWMdBJFEI8YaUejy9xvPxClqRR3ZpyQkKOBoDHFyFipV60F0tp5OgsUh9e3k1617jbcKeAi8QpSBwVavepX0Jc45UQYzJDWXc9NTJghZShmZFIJUk0ShEdoQLqWCsSJDrPp6RN4aJU+jKWyTxg4VX8nMsS1HvPITnJkhnrey8X/vG5q4rMwoyJJDRF4tihOGTQS5j3APlUEGza2BGFF7a0QD5FC2Ni2KrYEb/7Li8Q/bpw3vJuTevOiaKMM9sEBOAIeOAVNcAVawAcYPIJn8ArenCfnxXl3PmajJafI7IE/cD5/AL8qk9w=</latexit><latexit sha1_base64="Gk6faO+Tr2zHDk9v5Tr8Q2CepI8=">AAAB+XicbVDLSgMxFM3UV62vVpdugkVwVWZEUHdFN26Eio4tdIaSSTNtaB5DklHK2E9x40LFrX/izr8x085CWw8EDufcw705UcKoNq777ZSWlldW18rrlY3Nre2dam33XstUYeJjyaTqREgTRgXxDTWMdBJFEI8YaUejy9xvPxClqRR3ZpyQkKOBoDHFyFipV60F0tp5OgsUh9e3k1617jbcKeAi8QpSBwVavepX0Jc45UQYzJDWXc9NTJghZShmZFIJUk0ShEdoQLqWCsSJDrPp6RN4aJU+jKWyTxg4VX8nMsS1HvPITnJkhnrey8X/vG5q4rMwoyJJDRF4tihOGTQS5j3APlUEGza2BGFF7a0QD5FC2Ni2KrYEb/7Li8Q/bpw3vJuTevOiaKMM9sEBOAIeOAVNcAVawAcYPIJn8ArenCfnxXl3PmajJafI7IE/cD5/AL8qk9w=</latexit><latexit sha1_base64="Gk6faO+Tr2zHDk9v5Tr8Q2CepI8=">AAAB+XicbVDLSgMxFM3UV62vVpdugkVwVWZEUHdFN26Eio4tdIaSSTNtaB5DklHK2E9x40LFrX/izr8x085CWw8EDufcw705UcKoNq777ZSWlldW18rrlY3Nre2dam33XstUYeJjyaTqREgTRgXxDTWMdBJFEI8YaUejy9xvPxClqRR3ZpyQkKOBoDHFyFipV60F0tp5OgsUh9e3k1617jbcKeAi8QpSBwVavepX0Jc45UQYzJDWXc9NTJghZShmZFIJUk0ShEdoQLqWCsSJDrPp6RN4aJU+jKWyTxg4VX8nMsS1HvPITnJkhnrey8X/vG5q4rMwoyJJDRF4tihOGTQS5j3APlUEGza2BGFF7a0QD5FC2Ni2KrYEb/7Li8Q/bpw3vJuTevOiaKMM9sEBOAIeOAVNcAVawAcYPIJn8ArenCfnxXl3PmajJafI7IE/cD5/AL8qk9w=</latexit><latexit sha1_base64="Gk6faO+Tr2zHDk9v5Tr8Q2CepI8=">AAAB+XicbVDLSgMxFM3UV62vVpdugkVwVWZEUHdFN26Eio4tdIaSSTNtaB5DklHK2E9x40LFrX/izr8x085CWw8EDufcw705UcKoNq777ZSWlldW18rrlY3Nre2dam33XstUYeJjyaTqREgTRgXxDTWMdBJFEI8YaUejy9xvPxClqRR3ZpyQkKOBoDHFyFipV60F0tp5OgsUh9e3k1617jbcKeAi8QpSBwVavepX0Jc45UQYzJDWXc9NTJghZShmZFIJUk0ShEdoQLqWCsSJDrPp6RN4aJU+jKWyTxg4VX8nMsS1HvPITnJkhnrey8X/vG5q4rMwoyJJDRF4tihOGTQS5j3APlUEGza2BGFF7a0QD5FC2Ni2KrYEb/7Li8Q/bpw3vJuTevOiaKMM9sEBOAIeOAVNcAVawAcYPIJn8ArenCfnxXl3PmajJafI7IE/cD5/AL8qk9w=</latexit>

µ2 = 4 GeV2
<latexit sha1_base64="Pl0rpBzGbj6hstKdvy2Pj/2u5As=">AAACAHicbVBNSwMxEM3Wr1q/Vr0IXoJF8FR2S0FFhKIHPVZw20J3W7Jp2oYm2SXJCmWpF/+KFw8qXv0Z3vw3pu0etPXBwOO9GWbmhTGjSjvOt5VbWl5ZXcuvFzY2t7Z37N29uooSiYmHIxbJZogUYVQQT1PNSDOWBPGQkUY4vJ74jQciFY3EvR7FJOCoL2iPYqSN1LEPfJ60y/ASVqB/AVNfcnhD6uN2uWMXnZIzBVwkbkaKIEOtY3/53QgnnAiNGVKq5TqxDlIkNcWMjAt+okiM8BD1SctQgThRQTr9YAyPjdKFvUiaEhpO1d8TKeJKjXhoOjnSAzXvTcT/vFaie2dBSkWcaCLwbFEvYVBHcBIH7FJJsGYjQxCW1NwK8QBJhLUJrWBCcOdfXiReuXRecu8qxepVlkYeHIIjcAJccAqq4BbUgAcweATP4BW8WU/Wi/Vufcxac1Y2sw/+wPr8AaoelKo=</latexit><latexit sha1_base64="Pl0rpBzGbj6hstKdvy2Pj/2u5As=">AAACAHicbVBNSwMxEM3Wr1q/Vr0IXoJF8FR2S0FFhKIHPVZw20J3W7Jp2oYm2SXJCmWpF/+KFw8qXv0Z3vw3pu0etPXBwOO9GWbmhTGjSjvOt5VbWl5ZXcuvFzY2t7Z37N29uooSiYmHIxbJZogUYVQQT1PNSDOWBPGQkUY4vJ74jQciFY3EvR7FJOCoL2iPYqSN1LEPfJ60y/ASVqB/AVNfcnhD6uN2uWMXnZIzBVwkbkaKIEOtY3/53QgnnAiNGVKq5TqxDlIkNcWMjAt+okiM8BD1SctQgThRQTr9YAyPjdKFvUiaEhpO1d8TKeJKjXhoOjnSAzXvTcT/vFaie2dBSkWcaCLwbFEvYVBHcBIH7FJJsGYjQxCW1NwK8QBJhLUJrWBCcOdfXiReuXRecu8qxepVlkYeHIIjcAJccAqq4BbUgAcweATP4BW8WU/Wi/Vufcxac1Y2sw/+wPr8AaoelKo=</latexit><latexit sha1_base64="Pl0rpBzGbj6hstKdvy2Pj/2u5As=">AAACAHicbVBNSwMxEM3Wr1q/Vr0IXoJF8FR2S0FFhKIHPVZw20J3W7Jp2oYm2SXJCmWpF/+KFw8qXv0Z3vw3pu0etPXBwOO9GWbmhTGjSjvOt5VbWl5ZXcuvFzY2t7Z37N29uooSiYmHIxbJZogUYVQQT1PNSDOWBPGQkUY4vJ74jQciFY3EvR7FJOCoL2iPYqSN1LEPfJ60y/ASVqB/AVNfcnhD6uN2uWMXnZIzBVwkbkaKIEOtY3/53QgnnAiNGVKq5TqxDlIkNcWMjAt+okiM8BD1SctQgThRQTr9YAyPjdKFvUiaEhpO1d8TKeJKjXhoOjnSAzXvTcT/vFaie2dBSkWcaCLwbFEvYVBHcBIH7FJJsGYjQxCW1NwK8QBJhLUJrWBCcOdfXiReuXRecu8qxepVlkYeHIIjcAJccAqq4BbUgAcweATP4BW8WU/Wi/Vufcxac1Y2sw/+wPr8AaoelKo=</latexit><latexit sha1_base64="Pl0rpBzGbj6hstKdvy2Pj/2u5As=">AAACAHicbVBNSwMxEM3Wr1q/Vr0IXoJF8FR2S0FFhKIHPVZw20J3W7Jp2oYm2SXJCmWpF/+KFw8qXv0Z3vw3pu0etPXBwOO9GWbmhTGjSjvOt5VbWl5ZXcuvFzY2t7Z37N29uooSiYmHIxbJZogUYVQQT1PNSDOWBPGQkUY4vJ74jQciFY3EvR7FJOCoL2iPYqSN1LEPfJ60y/ASVqB/AVNfcnhD6uN2uWMXnZIzBVwkbkaKIEOtY3/53QgnnAiNGVKq5TqxDlIkNcWMjAt+okiM8BD1SctQgThRQTr9YAyPjdKFvUiaEhpO1d8TKeJKjXhoOjnSAzXvTcT/vFaie2dBSkWcaCLwbFEvYVBHcBIH7FJJsGYjQxCW1NwK8QBJhLUJrWBCcOdfXiReuXRecu8qxepVlkYeHIIjcAJccAqq4BbUgAcweATP4BW8WU/Wi/Vufcxac1Y2sw/+wPr8AaoelKo=</latexit>

Inner bars is only the connected and 
outer bars the total including disconnected contributions

 Angular momentum

Significant 
contribution 
from the up 

quark

The down 
quark 

has 4x smaller 
contribution 

from 
the up quark

The contributions 
are about the same 

as  
       has small 
contribution

hxi

<latexit sha1_base64="4VEfIuERprBv6cbH3pRiLi9a+UQ=">AAAB+nicbZDLSsNAFIYn9VbrLdWlm8EiuCqJCHVZdOOygr1AE8pketIOnUzCzEQtsY/ixoUibn0Sd76N0zQLbf1h4OM/53DO/EHCmdKO822V1tY3NrfK25Wd3b39A7t62FFxKim0acxj2QuIAs4EtDXTHHqJBBIFHLrB5Hpe796DVCwWd3qagB+RkWAho0Qba2BXPU7EiAN+xJ7MaWDXnLqTC6+CW0ANFWoN7C9vGNM0AqEpJ0r1XSfRfkakZpTDrOKlChJCJ2QEfYOCRKD8LD99hk+NM8RhLM0TGufu74mMREpNo8B0RkSP1XJtbv5X66c6vPQzJpJUg6CLRWHKsY7xPAc8ZBKo5lMDhEpmbsV0TCSh2qRVMSG4y19ehc553b2oN24vas2rIo4yOkYn6Ay5qIGa6Aa1UBtR9ICe0St6s56sF+vd+li0lqxi5gj9kfX5A9Fok7s=</latexit>

B20(0)

<latexit sha1_base64="HRTbCxulLuHst46EUDKoOuziHF4=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXspuKdRjqRePFeyHtEvJptk2NMkuSVYoS3+FFw+KePXnePPfmLZ70NYHA4/3ZpiZF8ScaeO6305ua3tndy+/Xzg4PDo+KZ6edXSUKELbJOKR6gVYU84kbRtmOO3FimIRcNoNprcLv/tElWaRfDCzmPoCjyULGcHGSo/NYVp152X3elgsuRV3CbRJvIyUIENrWPwajCKSCCoN4VjrvufGxk+xMoxwOi8MEk1jTKZ4TPuWSiyo9tPlwXN0ZZURCiNlSxq0VH9PpFhoPROB7RTYTPS6txD/8/qJCW/8lMk4MVSS1aIw4chEaPE9GjFFieEzSzBRzN6KyAQrTIzNqGBD8NZf3iSdasWrVer3tVKjmcWRhwu4hDJ4UIcG3EEL2kBAwDO8wpujnBfn3flYteacbOYc/sD5/AEqZI9a</latexit>

The total contribution is in agreement with the 
expected value of  the proton spin

Phys. Rev. D 101, 094513 (2020) 
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<latexit sha1_base64="Gk6faO+Tr2zHDk9v5Tr8Q2CepI8=">AAAB+XicbVDLSgMxFM3UV62vVpdugkVwVWZEUHdFN26Eio4tdIaSSTNtaB5DklHK2E9x40LFrX/izr8x085CWw8EDufcw705UcKoNq777ZSWlldW18rrlY3Nre2dam33XstUYeJjyaTqREgTRgXxDTWMdBJFEI8YaUejy9xvPxClqRR3ZpyQkKOBoDHFyFipV60F0tp5OgsUh9e3k1617jbcKeAi8QpSBwVavepX0Jc45UQYzJDWXc9NTJghZShmZFIJUk0ShEdoQLqWCsSJDrPp6RN4aJU+jKWyTxg4VX8nMsS1HvPITnJkhnrey8X/vG5q4rMwoyJJDRF4tihOGTQS5j3APlUEGza2BGFF7a0QD5FC2Ni2KrYEb/7Li8Q/bpw3vJuTevOiaKMM9sEBOAIeOAVNcAVawAcYPIJn8ArenCfnxXl3PmajJafI7IE/cD5/AL8qk9w=</latexit><latexit sha1_base64="Gk6faO+Tr2zHDk9v5Tr8Q2CepI8=">AAAB+XicbVDLSgMxFM3UV62vVpdugkVwVWZEUHdFN26Eio4tdIaSSTNtaB5DklHK2E9x40LFrX/izr8x085CWw8EDufcw705UcKoNq777ZSWlldW18rrlY3Nre2dam33XstUYeJjyaTqREgTRgXxDTWMdBJFEI8YaUejy9xvPxClqRR3ZpyQkKOBoDHFyFipV60F0tp5OgsUh9e3k1617jbcKeAi8QpSBwVavepX0Jc45UQYzJDWXc9NTJghZShmZFIJUk0ShEdoQLqWCsSJDrPp6RN4aJU+jKWyTxg4VX8nMsS1HvPITnJkhnrey8X/vG5q4rMwoyJJDRF4tihOGTQS5j3APlUEGza2BGFF7a0QD5FC2Ni2KrYEb/7Li8Q/bpw3vJuTevOiaKMM9sEBOAIeOAVNcAVawAcYPIJn8ArenCfnxXl3PmajJafI7IE/cD5/AL8qk9w=</latexit><latexit sha1_base64="Gk6faO+Tr2zHDk9v5Tr8Q2CepI8=">AAAB+XicbVDLSgMxFM3UV62vVpdugkVwVWZEUHdFN26Eio4tdIaSSTNtaB5DklHK2E9x40LFrX/izr8x085CWw8EDufcw705UcKoNq777ZSWlldW18rrlY3Nre2dam33XstUYeJjyaTqREgTRgXxDTWMdBJFEI8YaUejy9xvPxClqRR3ZpyQkKOBoDHFyFipV60F0tp5OgsUh9e3k1617jbcKeAi8QpSBwVavepX0Jc45UQYzJDWXc9NTJghZShmZFIJUk0ShEdoQLqWCsSJDrPp6RN4aJU+jKWyTxg4VX8nMsS1HvPITnJkhnrey8X/vG5q4rMwoyJJDRF4tihOGTQS5j3APlUEGza2BGFF7a0QD5FC2Ni2KrYEb/7Li8Q/bpw3vJuTevOiaKMM9sEBOAIeOAVNcAVawAcYPIJn8ArenCfnxXl3PmajJafI7IE/cD5/AL8qk9w=</latexit><latexit sha1_base64="Gk6faO+Tr2zHDk9v5Tr8Q2CepI8=">AAAB+XicbVDLSgMxFM3UV62vVpdugkVwVWZEUHdFN26Eio4tdIaSSTNtaB5DklHK2E9x40LFrX/izr8x085CWw8EDufcw705UcKoNq777ZSWlldW18rrlY3Nre2dam33XstUYeJjyaTqREgTRgXxDTWMdBJFEI8YaUejy9xvPxClqRR3ZpyQkKOBoDHFyFipV60F0tp5OgsUh9e3k1617jbcKeAi8QpSBwVavepX0Jc45UQYzJDWXc9NTJghZShmZFIJUk0ShEdoQLqWCsSJDrPp6RN4aJU+jKWyTxg4VX8nMsS1HvPITnJkhnrey8X/vG5q4rMwoyJJDRF4tihOGTQS5j3APlUEGza2BGFF7a0QD5FC2Ni2KrYEb/7Li8Q/bpw3vJuTevOiaKMM9sEBOAIeOAVNcAVawAcYPIJn8ArenCfnxXl3PmajJafI7IE/cD5/AL8qk9w=</latexit>

µ2 = 4 GeV2
<latexit sha1_base64="Pl0rpBzGbj6hstKdvy2Pj/2u5As=">AAACAHicbVBNSwMxEM3Wr1q/Vr0IXoJF8FR2S0FFhKIHPVZw20J3W7Jp2oYm2SXJCmWpF/+KFw8qXv0Z3vw3pu0etPXBwOO9GWbmhTGjSjvOt5VbWl5ZXcuvFzY2t7Z37N29uooSiYmHIxbJZogUYVQQT1PNSDOWBPGQkUY4vJ74jQciFY3EvR7FJOCoL2iPYqSN1LEPfJ60y/ASVqB/AVNfcnhD6uN2uWMXnZIzBVwkbkaKIEOtY3/53QgnnAiNGVKq5TqxDlIkNcWMjAt+okiM8BD1SctQgThRQTr9YAyPjdKFvUiaEhpO1d8TKeJKjXhoOjnSAzXvTcT/vFaie2dBSkWcaCLwbFEvYVBHcBIH7FJJsGYjQxCW1NwK8QBJhLUJrWBCcOdfXiReuXRecu8qxepVlkYeHIIjcAJccAqq4BbUgAcweATP4BW8WU/Wi/Vufcxac1Y2sw/+wPr8AaoelKo=</latexit><latexit sha1_base64="Pl0rpBzGbj6hstKdvy2Pj/2u5As=">AAACAHicbVBNSwMxEM3Wr1q/Vr0IXoJF8FR2S0FFhKIHPVZw20J3W7Jp2oYm2SXJCmWpF/+KFw8qXv0Z3vw3pu0etPXBwOO9GWbmhTGjSjvOt5VbWl5ZXcuvFzY2t7Z37N29uooSiYmHIxbJZogUYVQQT1PNSDOWBPGQkUY4vJ74jQciFY3EvR7FJOCoL2iPYqSN1LEPfJ60y/ASVqB/AVNfcnhD6uN2uWMXnZIzBVwkbkaKIEOtY3/53QgnnAiNGVKq5TqxDlIkNcWMjAt+okiM8BD1SctQgThRQTr9YAyPjdKFvUiaEhpO1d8TKeJKjXhoOjnSAzXvTcT/vFaie2dBSkWcaCLwbFEvYVBHcBIH7FJJsGYjQxCW1NwK8QBJhLUJrWBCcOdfXiReuXRecu8qxepVlkYeHIIjcAJccAqq4BbUgAcweATP4BW8WU/Wi/Vufcxac1Y2sw/+wPr8AaoelKo=</latexit><latexit sha1_base64="Pl0rpBzGbj6hstKdvy2Pj/2u5As=">AAACAHicbVBNSwMxEM3Wr1q/Vr0IXoJF8FR2S0FFhKIHPVZw20J3W7Jp2oYm2SXJCmWpF/+KFw8qXv0Z3vw3pu0etPXBwOO9GWbmhTGjSjvOt5VbWl5ZXcuvFzY2t7Z37N29uooSiYmHIxbJZogUYVQQT1PNSDOWBPGQkUY4vJ74jQciFY3EvR7FJOCoL2iPYqSN1LEPfJ60y/ASVqB/AVNfcnhD6uN2uWMXnZIzBVwkbkaKIEOtY3/53QgnnAiNGVKq5TqxDlIkNcWMjAt+okiM8BD1SctQgThRQTr9YAyPjdKFvUiaEhpO1d8TKeJKjXhoOjnSAzXvTcT/vFaie2dBSkWcaCLwbFEvYVBHcBIH7FJJsGYjQxCW1NwK8QBJhLUJrWBCcOdfXiReuXRecu8qxepVlkYeHIIjcAJccAqq4BbUgAcweATP4BW8WU/Wi/Vufcxac1Y2sw/+wPr8AaoelKo=</latexit><latexit sha1_base64="Pl0rpBzGbj6hstKdvy2Pj/2u5As=">AAACAHicbVBNSwMxEM3Wr1q/Vr0IXoJF8FR2S0FFhKIHPVZw20J3W7Jp2oYm2SXJCmWpF/+KFw8qXv0Z3vw3pu0etPXBwOO9GWbmhTGjSjvOt5VbWl5ZXcuvFzY2t7Z37N29uooSiYmHIxbJZogUYVQQT1PNSDOWBPGQkUY4vJ74jQciFY3EvR7FJOCoL2iPYqSN1LEPfJ60y/ASVqB/AVNfcnhD6uN2uWMXnZIzBVwkbkaKIEOtY3/53QgnnAiNGVKq5TqxDlIkNcWMjAt+okiM8BD1SctQgThRQTr9YAyPjdKFvUiaEhpO1d8TKeJKjXhoOjnSAzXvTcT/vFaie2dBSkWcaCLwbFEvYVBHcBIH7FJJsGYjQxCW1NwK8QBJhLUJrWBCcOdfXiReuXRecu8qxepVlkYeHIIjcAJccAqq4BbUgAcweATP4BW8WU/Wi/Vufcxac1Y2sw/+wPr8AaoelKo=</latexit>

Inner bars is only the connected and 
outer bars the total including disconnected contributions

 Angular momentum

Significant 
contribution 
from the up 

quark

The down 
quark 

has 4x smaller 
contribution 

from 
the up quark

The contributions 
are about the same 

as  
       has small 
contribution

hxi

<latexit sha1_base64="4VEfIuERprBv6cbH3pRiLi9a+UQ=">AAAB+nicbZDLSsNAFIYn9VbrLdWlm8EiuCqJCHVZdOOygr1AE8pketIOnUzCzEQtsY/ixoUibn0Sd76N0zQLbf1h4OM/53DO/EHCmdKO822V1tY3NrfK25Wd3b39A7t62FFxKim0acxj2QuIAs4EtDXTHHqJBBIFHLrB5Hpe796DVCwWd3qagB+RkWAho0Qba2BXPU7EiAN+xJ7MaWDXnLqTC6+CW0ANFWoN7C9vGNM0AqEpJ0r1XSfRfkakZpTDrOKlChJCJ2QEfYOCRKD8LD99hk+NM8RhLM0TGufu74mMREpNo8B0RkSP1XJtbv5X66c6vPQzJpJUg6CLRWHKsY7xPAc8ZBKo5lMDhEpmbsV0TCSh2qRVMSG4y19ehc553b2oN24vas2rIo4yOkYn6Ay5qIGa6Aa1UBtR9ICe0St6s56sF+vd+li0lqxi5gj9kfX5A9Fok7s=</latexit>

B20(0)

<latexit sha1_base64="HRTbCxulLuHst46EUDKoOuziHF4=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXspuKdRjqRePFeyHtEvJptk2NMkuSVYoS3+FFw+KePXnePPfmLZ70NYHA4/3ZpiZF8ScaeO6305ua3tndy+/Xzg4PDo+KZ6edXSUKELbJOKR6gVYU84kbRtmOO3FimIRcNoNprcLv/tElWaRfDCzmPoCjyULGcHGSo/NYVp152X3elgsuRV3CbRJvIyUIENrWPwajCKSCCoN4VjrvufGxk+xMoxwOi8MEk1jTKZ4TPuWSiyo9tPlwXN0ZZURCiNlSxq0VH9PpFhoPROB7RTYTPS6txD/8/qJCW/8lMk4MVSS1aIw4chEaPE9GjFFieEzSzBRzN6KyAQrTIzNqGBD8NZf3iSdasWrVer3tVKjmcWRhwu4hDJ4UIcG3EEL2kBAwDO8wpujnBfn3flYteacbOYc/sD5/AEqZI9a</latexit>

The total contribution is in agreement with the 
expected value of  the proton spin

 Orbital Angular momentum

The up and down 
quarks are orbiting 

in the opposite direction 
with similar magnitudes

Phys. Rev. D 101, 094513 (2020) 



Kyriakos Hadjiyiannakou Decomposing the proton spin to quark and gluon contributions 8

Results for total and orbital angular momentum fraction 
Quantities are given in        scheme  at MS

<latexit sha1_base64="Gk6faO+Tr2zHDk9v5Tr8Q2CepI8=">AAAB+XicbVDLSgMxFM3UV62vVpdugkVwVWZEUHdFN26Eio4tdIaSSTNtaB5DklHK2E9x40LFrX/izr8x085CWw8EDufcw705UcKoNq777ZSWlldW18rrlY3Nre2dam33XstUYeJjyaTqREgTRgXxDTWMdBJFEI8YaUejy9xvPxClqRR3ZpyQkKOBoDHFyFipV60F0tp5OgsUh9e3k1617jbcKeAi8QpSBwVavepX0Jc45UQYzJDWXc9NTJghZShmZFIJUk0ShEdoQLqWCsSJDrPp6RN4aJU+jKWyTxg4VX8nMsS1HvPITnJkhnrey8X/vG5q4rMwoyJJDRF4tihOGTQS5j3APlUEGza2BGFF7a0QD5FC2Ni2KrYEb/7Li8Q/bpw3vJuTevOiaKMM9sEBOAIeOAVNcAVawAcYPIJn8ArenCfnxXl3PmajJafI7IE/cD5/AL8qk9w=</latexit><latexit sha1_base64="Gk6faO+Tr2zHDk9v5Tr8Q2CepI8=">AAAB+XicbVDLSgMxFM3UV62vVpdugkVwVWZEUHdFN26Eio4tdIaSSTNtaB5DklHK2E9x40LFrX/izr8x085CWw8EDufcw705UcKoNq777ZSWlldW18rrlY3Nre2dam33XstUYeJjyaTqREgTRgXxDTWMdBJFEI8YaUejy9xvPxClqRR3ZpyQkKOBoDHFyFipV60F0tp5OgsUh9e3k1617jbcKeAi8QpSBwVavepX0Jc45UQYzJDWXc9NTJghZShmZFIJUk0ShEdoQLqWCsSJDrPp6RN4aJU+jKWyTxg4VX8nMsS1HvPITnJkhnrey8X/vG5q4rMwoyJJDRF4tihOGTQS5j3APlUEGza2BGFF7a0QD5FC2Ni2KrYEb/7Li8Q/bpw3vJuTevOiaKMM9sEBOAIeOAVNcAVawAcYPIJn8ArenCfnxXl3PmajJafI7IE/cD5/AL8qk9w=</latexit><latexit sha1_base64="Gk6faO+Tr2zHDk9v5Tr8Q2CepI8=">AAAB+XicbVDLSgMxFM3UV62vVpdugkVwVWZEUHdFN26Eio4tdIaSSTNtaB5DklHK2E9x40LFrX/izr8x085CWw8EDufcw705UcKoNq777ZSWlldW18rrlY3Nre2dam33XstUYeJjyaTqREgTRgXxDTWMdBJFEI8YaUejy9xvPxClqRR3ZpyQkKOBoDHFyFipV60F0tp5OgsUh9e3k1617jbcKeAi8QpSBwVavepX0Jc45UQYzJDWXc9NTJghZShmZFIJUk0ShEdoQLqWCsSJDrPp6RN4aJU+jKWyTxg4VX8nMsS1HvPITnJkhnrey8X/vG5q4rMwoyJJDRF4tihOGTQS5j3APlUEGza2BGFF7a0QD5FC2Ni2KrYEb/7Li8Q/bpw3vJuTevOiaKMM9sEBOAIeOAVNcAVawAcYPIJn8ArenCfnxXl3PmajJafI7IE/cD5/AL8qk9w=</latexit><latexit sha1_base64="Gk6faO+Tr2zHDk9v5Tr8Q2CepI8=">AAAB+XicbVDLSgMxFM3UV62vVpdugkVwVWZEUHdFN26Eio4tdIaSSTNtaB5DklHK2E9x40LFrX/izr8x085CWw8EDufcw705UcKoNq777ZSWlldW18rrlY3Nre2dam33XstUYeJjyaTqREgTRgXxDTWMdBJFEI8YaUejy9xvPxClqRR3ZpyQkKOBoDHFyFipV60F0tp5OgsUh9e3k1617jbcKeAi8QpSBwVavepX0Jc45UQYzJDWXc9NTJghZShmZFIJUk0ShEdoQLqWCsSJDrPp6RN4aJU+jKWyTxg4VX8nMsS1HvPITnJkhnrey8X/vG5q4rMwoyJJDRF4tihOGTQS5j3APlUEGza2BGFF7a0QD5FC2Ni2KrYEb/7Li8Q/bpw3vJuTevOiaKMM9sEBOAIeOAVNcAVawAcYPIJn8ArenCfnxXl3PmajJafI7IE/cD5/AL8qk9w=</latexit>

µ2 = 4 GeV2
<latexit sha1_base64="Pl0rpBzGbj6hstKdvy2Pj/2u5As=">AAACAHicbVBNSwMxEM3Wr1q/Vr0IXoJF8FR2S0FFhKIHPVZw20J3W7Jp2oYm2SXJCmWpF/+KFw8qXv0Z3vw3pu0etPXBwOO9GWbmhTGjSjvOt5VbWl5ZXcuvFzY2t7Z37N29uooSiYmHIxbJZogUYVQQT1PNSDOWBPGQkUY4vJ74jQciFY3EvR7FJOCoL2iPYqSN1LEPfJ60y/ASVqB/AVNfcnhD6uN2uWMXnZIzBVwkbkaKIEOtY3/53QgnnAiNGVKq5TqxDlIkNcWMjAt+okiM8BD1SctQgThRQTr9YAyPjdKFvUiaEhpO1d8TKeJKjXhoOjnSAzXvTcT/vFaie2dBSkWcaCLwbFEvYVBHcBIH7FJJsGYjQxCW1NwK8QBJhLUJrWBCcOdfXiReuXRecu8qxepVlkYeHIIjcAJccAqq4BbUgAcweATP4BW8WU/Wi/Vufcxac1Y2sw/+wPr8AaoelKo=</latexit><latexit sha1_base64="Pl0rpBzGbj6hstKdvy2Pj/2u5As=">AAACAHicbVBNSwMxEM3Wr1q/Vr0IXoJF8FR2S0FFhKIHPVZw20J3W7Jp2oYm2SXJCmWpF/+KFw8qXv0Z3vw3pu0etPXBwOO9GWbmhTGjSjvOt5VbWl5ZXcuvFzY2t7Z37N29uooSiYmHIxbJZogUYVQQT1PNSDOWBPGQkUY4vJ74jQciFY3EvR7FJOCoL2iPYqSN1LEPfJ60y/ASVqB/AVNfcnhD6uN2uWMXnZIzBVwkbkaKIEOtY3/53QgnnAiNGVKq5TqxDlIkNcWMjAt+okiM8BD1SctQgThRQTr9YAyPjdKFvUiaEhpO1d8TKeJKjXhoOjnSAzXvTcT/vFaie2dBSkWcaCLwbFEvYVBHcBIH7FJJsGYjQxCW1NwK8QBJhLUJrWBCcOdfXiReuXRecu8qxepVlkYeHIIjcAJccAqq4BbUgAcweATP4BW8WU/Wi/Vufcxac1Y2sw/+wPr8AaoelKo=</latexit><latexit sha1_base64="Pl0rpBzGbj6hstKdvy2Pj/2u5As=">AAACAHicbVBNSwMxEM3Wr1q/Vr0IXoJF8FR2S0FFhKIHPVZw20J3W7Jp2oYm2SXJCmWpF/+KFw8qXv0Z3vw3pu0etPXBwOO9GWbmhTGjSjvOt5VbWl5ZXcuvFzY2t7Z37N29uooSiYmHIxbJZogUYVQQT1PNSDOWBPGQkUY4vJ74jQciFY3EvR7FJOCoL2iPYqSN1LEPfJ60y/ASVqB/AVNfcnhD6uN2uWMXnZIzBVwkbkaKIEOtY3/53QgnnAiNGVKq5TqxDlIkNcWMjAt+okiM8BD1SctQgThRQTr9YAyPjdKFvUiaEhpO1d8TKeJKjXhoOjnSAzXvTcT/vFaie2dBSkWcaCLwbFEvYVBHcBIH7FJJsGYjQxCW1NwK8QBJhLUJrWBCcOdfXiReuXRecu8qxepVlkYeHIIjcAJccAqq4BbUgAcweATP4BW8WU/Wi/Vufcxac1Y2sw/+wPr8AaoelKo=</latexit><latexit sha1_base64="Pl0rpBzGbj6hstKdvy2Pj/2u5As=">AAACAHicbVBNSwMxEM3Wr1q/Vr0IXoJF8FR2S0FFhKIHPVZw20J3W7Jp2oYm2SXJCmWpF/+KFw8qXv0Z3vw3pu0etPXBwOO9GWbmhTGjSjvOt5VbWl5ZXcuvFzY2t7Z37N29uooSiYmHIxbJZogUYVQQT1PNSDOWBPGQkUY4vJ74jQciFY3EvR7FJOCoL2iPYqSN1LEPfJ60y/ASVqB/AVNfcnhD6uN2uWMXnZIzBVwkbkaKIEOtY3/53QgnnAiNGVKq5TqxDlIkNcWMjAt+okiM8BD1SctQgThRQTr9YAyPjdKFvUiaEhpO1d8TKeJKjXhoOjnSAzXvTcT/vFaie2dBSkWcaCLwbFEvYVBHcBIH7FJJsGYjQxCW1NwK8QBJhLUJrWBCcOdfXiReuXRecu8qxepVlkYeHIIjcAJccAqq4BbUgAcweATP4BW8WU/Wi/Vufcxac1Y2sw/+wPr8AaoelKo=</latexit>

Inner bars is only the connected and 
outer bars the total including disconnected contributions

 Angular momentum

Significant 
contribution 
from the up 

quark

The down 
quark 

has 4x smaller 
contribution 

from 
the up quark

The contributions 
are about the same 

as  
       has small 
contribution

hxi

<latexit sha1_base64="4VEfIuERprBv6cbH3pRiLi9a+UQ=">AAAB+nicbZDLSsNAFIYn9VbrLdWlm8EiuCqJCHVZdOOygr1AE8pketIOnUzCzEQtsY/ixoUibn0Sd76N0zQLbf1h4OM/53DO/EHCmdKO822V1tY3NrfK25Wd3b39A7t62FFxKim0acxj2QuIAs4EtDXTHHqJBBIFHLrB5Hpe796DVCwWd3qagB+RkWAho0Qba2BXPU7EiAN+xJ7MaWDXnLqTC6+CW0ANFWoN7C9vGNM0AqEpJ0r1XSfRfkakZpTDrOKlChJCJ2QEfYOCRKD8LD99hk+NM8RhLM0TGufu74mMREpNo8B0RkSP1XJtbv5X66c6vPQzJpJUg6CLRWHKsY7xPAc8ZBKo5lMDhEpmbsV0TCSh2qRVMSG4y19ehc553b2oN24vas2rIo4yOkYn6Ay5qIGa6Aa1UBtR9ICe0St6s56sF+vd+li0lqxi5gj9kfX5A9Fok7s=</latexit>

B20(0)

<latexit sha1_base64="HRTbCxulLuHst46EUDKoOuziHF4=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXspuKdRjqRePFeyHtEvJptk2NMkuSVYoS3+FFw+KePXnePPfmLZ70NYHA4/3ZpiZF8ScaeO6305ua3tndy+/Xzg4PDo+KZ6edXSUKELbJOKR6gVYU84kbRtmOO3FimIRcNoNprcLv/tElWaRfDCzmPoCjyULGcHGSo/NYVp152X3elgsuRV3CbRJvIyUIENrWPwajCKSCCoN4VjrvufGxk+xMoxwOi8MEk1jTKZ4TPuWSiyo9tPlwXN0ZZURCiNlSxq0VH9PpFhoPROB7RTYTPS6txD/8/qJCW/8lMk4MVSS1aIw4chEaPE9GjFFieEzSzBRzN6KyAQrTIzNqGBD8NZf3iSdasWrVer3tVKjmcWRhwu4hDJ4UIcG3EEL2kBAwDO8wpujnBfn3flYteacbOYc/sD5/AEqZI9a</latexit>

The total contribution is in agreement with the 
expected value of  the proton spin

 Orbital Angular momentum

The up and down 
quarks are orbiting 

in the opposite direction 
with similar magnitudes

The total quark  
orbital angular 

momentum is 10-25% 
of  the proton spin 

but uncertainties are  
high 

Phys. Rev. D 101, 094513 (2020) 
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Phys. Rev. D 101, 094513 (2020) 

Summary & conclusion & future plans

A complete                           LQCD study about the origin of  the  
proton spin 

Spin sum is verified 
Momentum sum is verified 
Non-perturbative renormalization 
All disconnected contributions 
are included

Nf = 2 + 1 + 1
<latexit sha1_base64="Sa8ImVKkZ6SS5EoPbnsfUwkI5OA=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRZBKJTdIqgHoejFk1RwrdIuJZtm29AkuyRZoSz9FV48qHj173jz35i2e9DWBwOP92aYmRcmnGnjut9OYWl5ZXWtuF7a2Nza3inv7t3rOFWE+iTmsXoIsaacSeobZjh9SBTFIuS0FQ6vJn7riSrNYnlnRgkNBO5LFjGCjZUeb7rRRb3qVb1uueLW3CnQIvFyUoEczW75q9OLSSqoNIRjrduem5ggw8owwum41Ek1TTAZ4j5tWyqxoDrIpgeP0ZFVeiiKlS1p0FT9PZFhofVIhLZTYDPQ895E/M9rpyY6CzImk9RQSWaLopQjE6PJ96jHFCWGjyzBRDF7KyIDrDAxNqOSDcGbf3mR+PXaec27Pak0LvM0inAAh3AMHpxCA66hCT4QEPAMr/DmKOfFeXc+Zq0FJ5/Zhz9wPn8ALuWO4g==</latexit><latexit sha1_base64="Sa8ImVKkZ6SS5EoPbnsfUwkI5OA=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRZBKJTdIqgHoejFk1RwrdIuJZtm29AkuyRZoSz9FV48qHj173jz35i2e9DWBwOP92aYmRcmnGnjut9OYWl5ZXWtuF7a2Nza3inv7t3rOFWE+iTmsXoIsaacSeobZjh9SBTFIuS0FQ6vJn7riSrNYnlnRgkNBO5LFjGCjZUeb7rRRb3qVb1uueLW3CnQIvFyUoEczW75q9OLSSqoNIRjrduem5ggw8owwum41Ek1TTAZ4j5tWyqxoDrIpgeP0ZFVeiiKlS1p0FT9PZFhofVIhLZTYDPQ895E/M9rpyY6CzImk9RQSWaLopQjE6PJ96jHFCWGjyzBRDF7KyIDrDAxNqOSDcGbf3mR+PXaec27Pak0LvM0inAAh3AMHpxCA66hCT4QEPAMr/DmKOfFeXc+Zq0FJ5/Zhz9wPn8ALuWO4g==</latexit><latexit sha1_base64="Sa8ImVKkZ6SS5EoPbnsfUwkI5OA=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRZBKJTdIqgHoejFk1RwrdIuJZtm29AkuyRZoSz9FV48qHj173jz35i2e9DWBwOP92aYmRcmnGnjut9OYWl5ZXWtuF7a2Nza3inv7t3rOFWE+iTmsXoIsaacSeobZjh9SBTFIuS0FQ6vJn7riSrNYnlnRgkNBO5LFjGCjZUeb7rRRb3qVb1uueLW3CnQIvFyUoEczW75q9OLSSqoNIRjrduem5ggw8owwum41Ek1TTAZ4j5tWyqxoDrIpgeP0ZFVeiiKlS1p0FT9PZFhofVIhLZTYDPQ895E/M9rpyY6CzImk9RQSWaLopQjE6PJ96jHFCWGjyzBRDF7KyIDrDAxNqOSDcGbf3mR+PXaec27Pak0LvM0inAAh3AMHpxCA66hCT4QEPAMr/DmKOfFeXc+Zq0FJ5/Zhz9wPn8ALuWO4g==</latexit><latexit sha1_base64="Sa8ImVKkZ6SS5EoPbnsfUwkI5OA=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRZBKJTdIqgHoejFk1RwrdIuJZtm29AkuyRZoSz9FV48qHj173jz35i2e9DWBwOP92aYmRcmnGnjut9OYWl5ZXWtuF7a2Nza3inv7t3rOFWE+iTmsXoIsaacSeobZjh9SBTFIuS0FQ6vJn7riSrNYnlnRgkNBO5LFjGCjZUeb7rRRb3qVb1uueLW3CnQIvFyUoEczW75q9OLSSqoNIRjrduem5ggw8owwum41Ek1TTAZ4j5tWyqxoDrIpgeP0ZFVeiiKlS1p0FT9PZFhofVIhLZTYDPQ895E/M9rpyY6CzImk9RQSWaLopQjE6PJ96jHFCWGjyzBRDF7KyIDrDAxNqOSDcGbf3mR+PXaec27Pak0LvM0inAAh3AMHpxCA66hCT4QEPAMr/DmKOfFeXc+Zq0FJ5/Zhz9wPn8ALuWO4g==</latexit>
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Phys. Rev. D 101, 094513 (2020) 

Summary & conclusion & future plans

A complete                           LQCD study about the origin of  the  
proton spin 

Spin sum is verified 
Momentum sum is verified 
Non-perturbative renormalization 
All disconnected contributions 
are included

Nf = 2 + 1 + 1
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Summary & conclusion & future plans

A complete                           LQCD study about the origin of  the  
proton spin 

Spin sum is verified 
Momentum sum is verified 
Non-perturbative renormalization 
All disconnected contributions 
are included

Nf = 2 + 1 + 1
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 Plateau method
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Renormalization



Kyriakos Hadjiyiannakou Decomposing the proton spin to quark and gluon contributions 14

How we can see inside the proton…



Kyriakos Hadjiyiannakou Decomposing the proton spin to quark and gluon contributions 14

How we can see inside the proton…

El
ec

tr
on

-I
on

 C
ol

lid
er

 a
t B

N
L

C
O

M
PA

SS
 e

xp
er

im
en

t a
t C

ER
N

Experimentalists need  
accelerators



Kyriakos Hadjiyiannakou Decomposing the proton spin to quark and gluon contributions 14

How we can see inside the proton…

El
ec

tr
on

-I
on

 C
ol

lid
er

 a
t B

N
L

C
O

M
PA

SS
 e

xp
er

im
en

t a
t C

ER
N

Experimentalists need  
accelerators

Proton spin content



Kyriakos Hadjiyiannakou Decomposing the proton spin to quark and gluon contributions 14

How we can see inside the proton…

El
ec

tr
on

-I
on

 C
ol

lid
er

 a
t B

N
L

C
O

M
PA

SS
 e

xp
er

im
en

t a
t C

ER
N

Experimentalists need  
accelerators

LQCD needs supercomputers

Su
m

m
it

 a
t O

R
N

L 
(U

SA
)

Ju
w

el
s 

at
 Ju

lic
h 

(G
er

m
an

y)

Proton spin content



Kyriakos Hadjiyiannakou Decomposing the proton spin to quark and gluon contributions 14

How we can see inside the proton…

El
ec

tr
on

-I
on

 C
ol

lid
er

 a
t B

N
L

C
O

M
PA

SS
 e

xp
er

im
en

t a
t C

ER
N

Experimentalists need  
accelerators

LQCD needs supercomputers

Su
m

m
it

 a
t O

R
N

L 
(U

SA
)

Ju
w

el
s 

at
 Ju

lic
h 

(G
er

m
an

y)

Proton spin content

Approach we  
follow in 
this work


