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Model Construction

<latexit sha1_base64="8IYylnaNQ9MOx3SPPxg1C4EdBJk=">AAACAHicbVC7TgJBFJ3FF+ILtbSZSEysyK4hakmkscREHgms5O5wgQmzj8zcNZINjV9hq5WdsfVPLPwXd5FCwVOdnHNv7rnHi5Q0ZNufVm5ldW19I79Z2Nre2d0r7h80TRhrgQ0RqlC3PTCoZIANkqSwHWkE31PY8sa1zG/dozYyDG5pEqHrwzCQAymAUumuS/hASW0Eeohm2iuW7LI9A18mzpyU2Bz1XvGr2w9F7GNAQoExHceOyE1AkxQKp4VubDACMYYhdlIagI/GTWapp/wkNkAhj1BzqfhMxN8bCfjGTHwvnfSBRmbRy8T/vE5Mg0s3kUEUEwYiO0RS4eyQEVqmdSDvS41EkCVHLgMuQAMRaslBiFSM034KaR/O4vfLpHlWds7LlZtKqXo1bybPjtgxO2UOu2BVds3qrMEE0+yJPbMX69F6td6s95/RnDXfOWR/YH18A+3Bl2o=</latexit>

Charges

<latexit sha1_base64="6YkYp+Ou74Tl6P1aRtnFTL09ACc=">AAAB/XicbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRUNAgBSkvKbGi82UTTjmfrbs1IrIivoIWKjpEy7dQ8C/YxgUkTDWa2dXOjhdKYdC2P63C0vLK6lpxvbSxubW9U97da5sg0hxaPJCB7nrMgBQKWihQQjfUwHxPQsebXKZ+5x60EYFq4jQE12djJUaCM0ykXh/hAePmzZWZDcoVu2pnoIvEyUmF5GgMyl/9YcAjHxRyyYzpOXaIbsw0Ci5hVupHBkLGJ2wMvYQq5oNx4yzyjB5FhmFAQ9BUSJqJ8HsjZr4xU99LJn2Gd2beS8X/vF6Eo3M3FiqMEBRPD6GQkB0yXIukC6BDoQGRpcmBCkU50wwRtKCM80SMknJKSR/O/PeLpH1SdU6rtdtapX6RN1MkB+SQHBOHnJE6uSYN0iKcBOSJPJMX69F6td6s95/RgpXv7JM/sD6+AUMjlec=</latexit>

TMDs

<latexit sha1_base64="jNCipis/VlCaiMdMTnFFEMq8JbY=">AAAB/XicbVDLSsNAFJ3UV62vqks3g0VwVRIp6rKooMsK9gFpKJPpbR06mYSZG7GE4le41ZU7ceu3uPBfTGIWWj2rwzn3cs89fiSFQdv+sEoLi0vLK+XVytr6xuZWdXunY8JYc2jzUIa65zMDUihoo0AJvUgDC3wJXX9ynvndO9BGhOoGpxF4ARsrMRKcYSq5fYR7TC5bF2Y2qNbsup2D/iVOQWqkQGtQ/ewPQx4HoJBLZozr2BF6CdMouIRZpR8biBifsDG4KVUsAOMleeQZPYgNw5BGoKmQNBfh50bCAmOmgZ9OBgxvzbyXif95boyjUy8RKooRFM8OoZCQHzJci7QLoEOhAZFlyYEKRTnTDBG0oIzzVIzTcippH878939J56juHNcb141a86xopkz2yD45JA45IU1yRVqkTTgJySN5Is/Wg/VivVpv36Mlq9jZJb9gvX8BM2KV3Q==</latexit>

GPDs

<latexit sha1_base64="WX47Wt69RkkF6Z73MyMD+WTUcgk=">AAAB/HicbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRSBFlkMhDJFZ0vmzCKeezdbdGRFb4Clqo6BAt/0LBv2AbF5Aw1WhmVzs7XiiFQdv+tApLyyura8X10sbm1vZOeXevbYJIc2jxQAa66zEDUihooUAJ3VAD8z0JHW9ymfqde9BGBOoGpyG4PhsrMRKcYSLd9hEeMG40zGxQrthVOwNdJE5OKiRHc1D+6g8DHvmgkEtmTM+xQ3RjplFwCbNSPzIQMj5hY+glVDEfjBtniWf0KDIMAxqCpkLSTITfGzHzjZn6XjLpM7wz814q/uf1Ihydu7FQYYSgeHoIhYTskOFaJFUAHQoNiCxNDlQoyplmiKAFZZwnYpR0U0r6cOa/XyTtk6pzWq1d1yr1i7yZIjkgh+SYOOSM1MkVaZIW4USRJ/JMXqxH69V6s95/RgtWvrNP/sD6+AaPX5WE</latexit>

FFs

<latexit sha1_base64="/zTX5ksfV4aaKC0v+7hEb0ei6eI=">AAAB/nicbVDLSsNAFJ3UV62vqks3g0VwVRIp6rIoFDdChb6gCWUyva1DJ8kwcyOWUPAr3OrKnbj1V1z4LyY1C62e1eGce7nnHl9JYdC2P6zC0vLK6lpxvbSxubW9U97d65go1hzaPJKR7vnMgBQhtFGghJ7SwAJfQtefXGZ+9w60EVHYwqkCL2DjUIwEZ5hKrotwj0nrutEws0G5YlftOehf4uSkQnI0B+VPdxjxOIAQuWTG9B1boZcwjYJLmJXc2IBifMLG0E9pyAIwXjLPPKNHsWEYUQWaCknnIvzcSFhgzDTw08mA4a1Z9DLxP68f4+jcS0SoYoSQZ4dQSJgfMlyLtAygQ6EBkWXJgYqQcqYZImhBGeepGKftlNI+nMXv/5LOSdU5rdZuapX6Rd5MkRyQQ3JMHHJG6uSKNEmbcKLII3kiz9aD9WK9Wm/fowUr39knv2C9fwHccZY5</latexit>

TMFFs
<latexit sha1_base64="CnaGU0lvDm5vxvtdPW2jLiZRm7U=">AAAB/nicbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRUNAgBZGXFFvR+bIJp5zt090aEVmR+ApaqOgQLb9Cwb9gBxcQmGo0s6udHV9JYdC2P6zCwuLS8kpxtbS2vrG5Vd7eaZso1hxaPJKR7vrMgBQhtFCghK7SwAJfQscfn2d+5w60EVHYxIkCL2CjUAwFZ5hKrotwj0nz6ubCTPvlil21Z6B/iZOTCsnR6Jc/3UHE4wBC5JIZ03NshV7CNAouYVpyYwOK8TEbQS+lIQvAeMks85QexIZhRBVoKiSdifBzI2GBMZPATycDhrdm3svE/7xejMNTLxGhihFCnh1CIWF2yHAt0jKADoQGRJYlBypCyplmiKAFZZynYpy2U0r7cOa//0vaR1XnuFq7rlXqZ3kzRbJH9skhccgJqZNL0iAtwokij+SJPFsP1ov1ar19jxasfGeX/IL1/gXtuZZE</latexit>

TMSDs

<latexit sha1_base64="OdUQdYxlfK3DLOUgfYJAfW/x8W4="></latexit>Z
d2k?

<latexit sha1_base64="M548lmNbDZbrOf7A4cXhA5bGoQE=">AAAB/XicbVDLSsNAFJ3UV62vqks3g0VwVRIp6rKoiMsK9gFpKJPpbR06mYSZG7GE4le41ZU7ceu3uPBfTGIWWj2rwzn3cs89fiSFQdv+sEoLi0vLK+XVytr6xuZWdXunY8JYc2jzUIa65zMDUihoo0AJvUgDC3wJXX9ynvndO9BGhOoGpxF4ARsrMRKcYSq5fYR7TFoXl2Y2qNbsup2D/iVOQWqkQGtQ/ewPQx4HoJBLZozr2BF6CdMouIRZpR8biBifsDG4KVUsAOMleeQZPYgNw5BGoKmQNBfh50bCAmOmgZ9OBgxvzbyXif95boyjUy8RKooRFM8OoZCQHzJci7QLoEOhAZFlyYEKRTnTDBG0oIzzVIzTcippH878939J56juHNcb141a86xopkz2yD45JA45IU1yRVqkTTgJySN5Is/Wg/VivVpv36Mlq9jZJb9gvX8BMdeV3A==</latexit>

PDFs

<latexit sha1_base64="udApqejGn2iTbSjVG4CLB1srzWA=">AAAB/nicdVDLSgNBEJyNrxhfUY9eBoPgKeyGJCa3oIJehAh5QTaE2UknDpl9MNMrhiXgV3jVkzfx6q948F/cbCKoaJ2Kqm66upxACo2m+W6klpZXVtfS65mNza3tnezuXkv7oeLQ5L70VcdhGqTwoIkCJXQCBcx1JLSd8dnMb9+C0sL3GjgJoOeykSeGgjOMJdtGuMPoonF1rqf9bM7MV8vlUrVEY1KxqqY1J4WqSa28mSBHFqj3sx/2wOehCx5yybTuWmaAvYgpFFzCNGOHGgLGx2wE3Zh6zAXdi5LMU3oUaoY+DUBRIWkiwveNiLlaT1wnnnQZ3ujf3kz8y+uGOKz0IuEFIYLHZ4dQSEgOaa5EXAbQgVCAyGbJgQqPcqYYIihBGeexGMbtZOI+vp6m/5NWIW+V88XrYq52umgmTQ7IITkmFjkhNXJJ6qRJOAnIA3kkT8a98Wy8GK/z0ZSx2NknP2C8fQJsBJaZ</latexit>

GTMDs

<latexit sha1_base64="JDSuakQ9u07wUbtrKKJ8ZXkQUDA=">AAAB83icdVDLTgJBEJzFF+IL9ehlIjHxRGYJQbgRvXiERJAENmR2aHDC7CMzvUZC+AKvevJmvPpBHvwXZ1dM1GidKlXd6eryYyUNMvbm5FZW19Y38puFre2d3b3i/kHXRIkW0BGRinTP5waUDKGDEhX0Yg088BVc+9OL1L++BW1kFF7hLAYv4JNQjqXgaKX23bBYYmVmUavRlLh15lrSaNQrlQZ1M4uxElmiNSy+D0aRSAIIUShuTN9lMXpzrlEKBYvCIDEQczHlE+hbGvIAjDfPgi7oSWI4RjQGTaWimQjfN+Y8MGYW+HYy4Hhjfnup+JfXT3Bc9+YyjBOEUKSHUCrIDhmhpW0A6EhqQORpcqAypIJrjghaUi6EFRNbScH28fU0/Z90K2W3Vq62q6Xm+bKZPDkix+SUuOSMNMklaZEOEQTIPXkgj07iPDnPzsvnaM5Z7hySH3BePwDjW5HH</latexit>x

<latexit sha1_base64="U5PI58kRqqN8MgJu1ojgXugPbbU=">AAACBnicdVC7TsNAEDzzDOFlQklzIkKisuwkJLhD0FCCRAAptqLzsYFTzg/drRHISs9X0EJFh2j5DQr+hXMIEiCYajS7q5mdKJNCo+u+WVPTM7Nz85WF6uLS8sqqvVY71WmuOHR5KlN1HjENUiTQRYESzjMFLI4knEXDg3J+dg1KizQ5wdsMwphdJmIgOEMj9e1aEDO8igbFcNQvggxUNurbddfxml7TbVDX8X2/7XcMcRvNHb9FPccdo04mOOrb78FFyvMYEuSSad3z3AzDgikUXMKoGuQaMsaH7BJ6hiYsBh0W4+wjupVrhik1zlRIOhbh+0XBYq1v48hslkn171kp/jXr5TjYDQuRZDlCwksjFBLGRporYUoBeiEUILIyOVCRUM4UQwQlKOPciLlpqWr6+Hqa/k9OG47XdlrHrfre/qSZCtkgm2SbeKRD9sghOSJdwskNuScP5NG6s56sZ+vlc3XKmtyskx+wXj8AUSOZ2g==</latexit>

k?

<latexit sha1_base64="hlh6eqY5svqVf/YvhVedHNZH9FA=">AAAB+HicdVDLTgJBEJzFF+IL9ehlIjHxRJYFAW9EPXjERMAECOkdGhyZfWSm1wQJ/+BVT96MV//Gg//iLmKiRutUqepOV5cbKmnItt+s1MLi0vJKejWztr6xuZXd3mmaINICGyJQgb5ywaCSPjZIksKrUCN4rsKWOzpN/NYtaiMD/5LGIXY9GPpyIAVQLDU7Z6gIetmcnT+ulp0jh9t52644xXJCnErJKfJCrCTIsTnqvex7px+IyEOfhAJj2gU7pO4ENEmhcJrpRAZDECMYYjumPnhoupNZ2ik/iAxQwEPUXCo+E/H7xgQ8Y8aeG096QNfmt5eIf3ntiAbV7kT6YUToi+QQSYWzQ0ZoGdeAvC81EkGSHLn0uQANRKglByFiMYp7ycR9fD3N/ydNJ18o50sXpVztZN5Mmu2xfXbICqzCauyc1VmDCXbD7tkDe7TurCfr2Xr5HE1Z851d9gPW6wd9sJPO</latexit>

�

<latexit sha1_base64="mdTdMCJg3Ao7flCpmlUCskM96LQ=">AAAB+nicdVDLSgNBEJz1GeMr6tHLYBA8LbMSXXMQgnrwGMFoIAnSO7Y6OPtgplcIa37Cq568iVd/xoP/4m4SQUXrVFR109UVJFpZEuLdmZicmp6ZLc2V5xcWl5YrK6tnNk6NxJaMdWzaAVjUKsIWKdLYTgxCGGg8D24PC//8Do1VcXRK/QR7IVxH6kpJoFxqd49QE+yLi0pVuN627wvBhVuv131/Z0REzeeeK4aosjGaF5WP7mUs0xAjkhqs7XgioV4GhpTUOCh3U4sJyFu4xk5OIwjR9rJh3gHfTC1QzBM0XGk+FPH7Rgahtf0wyCdDoBv72yvEv7xOSld7vUxFSUoYyeIQKY3DQ1YalReB/FIZJIIiOXIVcQkGiNAoDlLmYpo3U877+Hqa/0/Otl1v162d1KqNg3EzJbbONtgW85jPGuyYNVmLSabZA3tkT8698+y8OK+j0QlnvLPGfsB5+wSmdZRw</latexit>

� = 0
<latexit sha1_base64="A3lfZ7z0oeKq4POLPZpUB/cX2Dw=">AAAB+XicdVC7TsNAEDyHVwivACXNiQiJyrIhBOgiaCiDRB5SYkXnyyaccj5bd2tEZOUjaKGiQ7R8DQX/gu0ECRBMNZrZ1c6OH0lh0HHercLC4tLySnG1tLa+sblV3t5pmTDWHJo8lKHu+MyAFAqaKFBCJ9LAAl9C2x9fZn77DrQRobrBSQRewEZKDAVnmErtnlBIB/f9csWxzzMc0xmpZcSpuo57Ql3byVEhczT65Y/eIORxAAq5ZMZ0XSdCL2EaBZcwLfViAxHjYzaCbkoVC8B4SR53Sg9iwzCkEWgqJM1F+L6RsMCYSeCnkwHDW/Pby8S/vG6MwzMvESqKERTPDqGQkB8yXIu0B6ADoQGRZcmBCkU50wwRtKCM81SM02JKaR9fT9P/SevIdmt29bpaqV/MmymSPbJPDolLTkmdXJEGaRJOxuSBPJInK7GerRfrdTZasOY7u+QHrLdPbNCUWQ==</latexit>Z

dx
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Fock state decomposition

. . .

<latexit sha1_base64="Wb9E9DM5rCZwdekdi6/XpaUWgGw=">AAAB93icbVC7TsNAEDyHVwivACXNiQiJKrJREJQRNJRBwkmkxIrOl0045Xy27tZIkZVvoIWKDtHyORT8C2fjAgJTjWZ2tLsTJlIYdN0Pp7Kyura+Ud2sbW3v7O7V9w+6Jk41B5/HMtb9kBmQQoGPAiX0Ew0sCiX0wtl17vceQBsRqzucJxBEbKrERHCGVvKH4xjNqN5wm24B+pd4JWmQEp1R/dPmeBqBQi6ZMQPPTTDImEbBJSxqw9RAwviMTWFgqWIRmCArjl3Qk9QwjGkCmgpJCxF+JjIWGTOPQjsZMbw3y14u/ucNUpxcBplQSYqgeL4IhYRikeFa2BaAjoUGRJZfDlQoyplmiKAFZZxbMbW11Gwf3vL3f0n3rOm1mue3rUb7qmymSo7IMTklHrkgbXJDOsQnnAjySJ7IszN3XpxX5+17tOKUmUPyC877F6ZGk08=</latexit>

Model Construction

MAP Collaboration, PRD 107 (2023) 11, 114023 3

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.107.114023


Fock state decomposition

. . .

<latexit sha1_base64="Wb9E9DM5rCZwdekdi6/XpaUWgGw=">AAAB93icbVC7TsNAEDyHVwivACXNiQiJKrJREJQRNJRBwkmkxIrOl0045Xy27tZIkZVvoIWKDtHyORT8C2fjAgJTjWZ2tLsTJlIYdN0Pp7Kyura+Ud2sbW3v7O7V9w+6Jk41B5/HMtb9kBmQQoGPAiX0Ew0sCiX0wtl17vceQBsRqzucJxBEbKrERHCGVvKH4xjNqN5wm24B+pd4JWmQEp1R/dPmeBqBQi6ZMQPPTTDImEbBJSxqw9RAwviMTWFgqWIRmCArjl3Qk9QwjGkCmgpJCxF+JjIWGTOPQjsZMbw3y14u/ucNUpxcBplQSYqgeL4IhYRikeFa2BaAjoUGRJZfDlQoyplmiKAFZZxbMbW11Gwf3vL3f0n3rOm1mue3rUb7qmymSo7IMTklHrkgbXJDOsQnnAjySJ7IszN3XpxX5+17tOKUmUPyC877F6ZGk08=</latexit>

<latexit sha1_base64="ID3sEhbJD0at0ZU40U20NCWVJFU="></latexit>

|⇡(P )i =  qq̄|⇡(P )qq̄i+  qq̄g|⇡(P )qq̄gi+  qq̄gg|⇡(P )qq̄ggi+
X

{s s̄}
 qq̄s s̄ |⇡(P )qq̄{s s̄}i

Model Construction

MAP Collaboration, PRD 107 (2023) 11, 114023 3

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.107.114023
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Parton distribution functions
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<latexit sha1_base64="fiVGMiQeNBr+qTGzUPriItdJS4Y="></latexit>

fq
1 (x) =

Z
d⇣�

2(2⇡)
eik

+⇣�
h⇡(p)| ̄q(0)�+ q(⇣)|⇡(p)i

���⇣+=0
⇣?=0

P − ∆/2 P + ∆/2

k − ∆/2 k+∆/2
<latexit sha1_base64="nhJldIFcjANc4Ncb8OMa0XZ+2ps="></latexit>x <latexit sha1_base64="nhJldIFcjANc4Ncb8OMa0XZ+2ps="></latexit>x

<latexit sha1_base64="CNqzlKes9GUN3LnoilAYbdsRShc="></latexit>p <latexit sha1_base64="CNqzlKes9GUN3LnoilAYbdsRShc="></latexit>p

Parton distribution functions
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<latexit sha1_base64="fiVGMiQeNBr+qTGzUPriItdJS4Y="></latexit>

fq
1 (x) =

Z
d⇣�

2(2⇡)
eik

+⇣�
h⇡(p)| ̄q(0)�+ q(⇣)|⇡(p)i

���⇣+=0
⇣?=0

P − ∆/2 P + ∆/2

k − ∆/2 k+∆/2
<latexit sha1_base64="nhJldIFcjANc4Ncb8OMa0XZ+2ps="></latexit>x <latexit sha1_base64="nhJldIFcjANc4Ncb8OMa0XZ+2ps="></latexit>x

<latexit sha1_base64="CNqzlKes9GUN3LnoilAYbdsRShc="></latexit>p <latexit sha1_base64="CNqzlKes9GUN3LnoilAYbdsRShc="></latexit>p
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Model for LFWFs
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 qq̄gg (1, 2, 3, 4) = �qq̄gg (x1, x2, x3, x4)⌦4

⇣
x1, x2, x3, x4,~k?1,~k?2,~k?3,~k?4

⌘

<latexit sha1_base64="Hf6+BIjS/IuUIPIQE1hTdg+bd54="></latexit>

<latexit sha1_base64="Co63KqV1gSPwnnzf6IMi4htk2f8="></latexit>

⌦qq̄gg (x1, x2, x3, x4,k?1,k?2,k?3,k?4)

 qq̄g (1, 2, 3) = �qq̄g (x1, x2, x3)⌦3

⇣
x1, x2, x3,~k?1,~k?2,~k?3

⌘

<latexit sha1_base64="yjFbCE/C7IQ7pfQk1Wh2bweHshM="></latexit>

<latexit sha1_base64="WHv4m06htJnem1i6ISqe3oUzkGg="></latexit>

⌦qq̄g (x1, x2, x3,k?1,k?2,k?3)

 qq̄ (1, 2) = �qq̄ (x1, x2)⌦2

⇣
x1, x2,~k?1,~k?2

⌘

<latexit sha1_base64="Dtw8a1l8rQBnJaklFepLVRiXHqM="></latexit>

<latexit sha1_base64="lel/BZXXAwUh47yLFcMFxGhD1Ik="></latexit>

⌦qq̄ (x1, x2,k?1,k?2)

 qq̄ss̄ (1, 2, 3, 4) = �qq̄ss̄ (x1, x2, x3, x4)⌦4

⇣
x1, x2, x3, x4,~k?1,~k?2,~k?3,~k?4

⌘

<latexit sha1_base64="Jfx/fVc/QK79h0MKBGgGRxw3rEY="></latexit>

<latexit sha1_base64="2Hok0tZEQ8xwxp4CKrrXUsqlJXM="></latexit>

⌦qq̄qq̄ (x1, x2, x3, x4,k?1,k?2,k?3,k?4)

Model for LFWFs
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<latexit sha1_base64="Dtw8a1l8rQBnJaklFepLVRiXHqM="></latexit>

<latexit sha1_base64="lel/BZXXAwUh47yLFcMFxGhD1Ik="></latexit>

⌦qq̄ (x1, x2,k?1,k?2)

 qq̄ss̄ (1, 2, 3, 4) = �qq̄ss̄ (x1, x2, x3, x4)⌦4
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<latexit sha1_base64="CAXtSuwGkl9C0wqpmv1aUKlnMwA=">AAACAHicbVC7TsNAEDyHVwivACXNiQiJKrIRCMoIGioUJPKQEhOtL5twyvmhuzUistzwFbRQ0SFa/oSCf8EOKSBhqtHMrnZ2vEhJQ7b9aRUWFpeWV4qrpbX1jc2t8vZO04SxFtgQoQp12wODSgbYIEkK25FG8D2FLW90kfute9RGhsENjSN0fRgGciAFUCbdXvWSLuEDJRHoNO2VK3bVnoDPE2dKKmyKeq/81e2HIvYxIKHAmI5jR+QmoEkKhWmpGxuMQIxgiJ2MBuCjcZNJ6pQfxAYo5BFqLhWfiPh7IwHfmLHvZZM+0J2Z9XLxP68T0+DMTWQQxYSByA+RVDg5ZISWWR3I+1IjEeTJkcuAC9BAhFpyECIT46yfUtaHM/v9PGkeVZ3j6sn1caV2Pm2myPbYPjtkDjtlNXbJ6qzBBNPsiT2zF+vRerXerPef0YI13dllf2B9fAMwPpeU</latexit>

3 (4) 1.194

<latexit sha1_base64="AiLfU87eRacMFvBOEaL7fcWsbss=">AAACGHicbVC7TsNAEDyHVwivACXNiYBEZewo4lEgIWioEEgEkOIQrS+b5JTzQ3drBLL8A3wCX0ELFR2ipaPgX3BCCl5TjWZ2tTvjx0oacpx3qzA2PjE5VZwuzczOzS+UF5fOTZRogXURqUhf+mBQyRDrJEnhZawRAl/hhd8/HPgX16iNjMIzuo2xGUA3lB0pgHKpVV7zekCpJ3oyu6puHrdSj/CG0rYd2R07y/Zc292ttcoVx3aG4H+JOyIVNsJJq/zhtSORBBiSUGBMw3ViaqagSQqFWclLDMYg+tDFRk5DCNA002GajK8nBijiMWouFR+K+H0jhcCY28DPJwOgnvntDcT/vEZCnZ1mKsM4IQzF4BBJhcNDRmiZ14S8LTUSweBz5DLkAjQQoZYchMjFJO+tlPfh/k7/l5xXbXfLrp3WKvsHo2aKbIWtsg3msm22z47YCaszwe7YA3tkT9a99Wy9WK9fowVrtLPMfsB6+wTxAJ88</latexit>

�̂2/Nd.o.f. = 1.194 Experimental 
data

Fit of e.m. Form Factors

MAP Collaboration, PRD 107 (2023) 11, 114023 17

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.107.114023


Npoints

<latexit sha1_base64="I5qCZRZSxb6QWXblgeQWxQdQ030=">AAACBXicbVC7TgJBFJ3FF+ILtLSZSEysyK7BaEm0sTKYyCMBQmaHC06YnZ3M3FXJZmu/wlYrO2Prd1j4Ly4rhYKnOjnn3txzj6+lsOi6n05uaXlldS2/XtjY3NreKZZ2mzaMDIcGD2Vo2j6zIIWCBgqU0NYGWOBLaPnji6nfugNjRahucKKhF7CREkPBGaZSv1i66sddhAeMdSgU2iTpF8tuxc1AF4k3I2UyQ71f/OoOQh4FoJBLZm3HczX2YmZQcAlJoRtZ0IyP2Qg6KVUsANuLs+gJPYwsw5BqMFRImonweyNmgbWTwE8nA4a3dt6biv95nQiHZ71YKB0hKD49hEJCdshyI9JOgA6EAUQ2TQ5UKMqZYYhgBGWcp2KUllRI+/Dmv18kzeOKV62cXFfLtfNZM3myTw7IEfHIKamRS1InDcLJPXkiz+TFeXRenTfn/Wc058x29sgfOB/fR1CZPQ==</latexit>

100
Npar

<latexit sha1_base64="CAXtSuwGkl9C0wqpmv1aUKlnMwA=">AAACAHicbVC7TsNAEDyHVwivACXNiQiJKrIRCMoIGioUJPKQEhOtL5twyvmhuzUistzwFbRQ0SFa/oSCf8EOKSBhqtHMrnZ2vEhJQ7b9aRUWFpeWV4qrpbX1jc2t8vZO04SxFtgQoQp12wODSgbYIEkK25FG8D2FLW90kfute9RGhsENjSN0fRgGciAFUCbdXvWSLuEDJRHoNO2VK3bVnoDPE2dKKmyKeq/81e2HIvYxIKHAmI5jR+QmoEkKhWmpGxuMQIxgiJ2MBuCjcZNJ6pQfxAYo5BFqLhWfiPh7IwHfmLHvZZM+0J2Z9XLxP68T0+DMTWQQxYSByA+RVDg5ZISWWR3I+1IjEeTJkcuAC9BAhFpyECIT46yfUtaHM/v9PGkeVZ3j6sn1caV2Pm2myPbYPjtkDjtlNXbJ6qzBBNPsiT2zF+vRerXerPef0YI13dllf2B9fAMwPpeU</latexit>

3 (4) 1.194

<latexit sha1_base64="AiLfU87eRacMFvBOEaL7fcWsbss=">AAACGHicbVC7TsNAEDyHVwivACXNiYBEZewo4lEgIWioEEgEkOIQrS+b5JTzQ3drBLL8A3wCX0ELFR2ipaPgX3BCCl5TjWZ2tTvjx0oacpx3qzA2PjE5VZwuzczOzS+UF5fOTZRogXURqUhf+mBQyRDrJEnhZawRAl/hhd8/HPgX16iNjMIzuo2xGUA3lB0pgHKpVV7zekCpJ3oyu6puHrdSj/CG0rYd2R07y/Zc292ttcoVx3aG4H+JOyIVNsJJq/zhtSORBBiSUGBMw3ViaqagSQqFWclLDMYg+tDFRk5DCNA002GajK8nBijiMWouFR+K+H0jhcCY28DPJwOgnvntDcT/vEZCnZ1mKsM4IQzF4BBJhcNDRmiZ14S8LTUSweBz5DLkAjQQoZYchMjFJO+tlPfh/k7/l5xXbXfLrp3WKvsHo2aKbIWtsg3msm22z47YCaszwe7YA3tkT9a99Wy9WK9fowVrtLPMfsB6+wTxAJ88</latexit>

�̂2/Nd.o.f. = 1.194

…

Central minimization 

MC off

10000 replicas

…

MC on

MC on

#3

#10000

1000 
PDFs

…P. Pedroni, S. Sconfietti, 
J. Phys. G 47, 054001 (2020).

Experimental 
data

Fit of e.m. Form Factors

MAP Collaboration, PRD 107 (2023) 11, 114023 17

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.107.114023


Npoints

<latexit sha1_base64="I5qCZRZSxb6QWXblgeQWxQdQ030=">AAACBXicbVC7TgJBFJ3FF+ILtLSZSEysyK7BaEm0sTKYyCMBQmaHC06YnZ3M3FXJZmu/wlYrO2Prd1j4Ly4rhYKnOjnn3txzj6+lsOi6n05uaXlldS2/XtjY3NreKZZ2mzaMDIcGD2Vo2j6zIIWCBgqU0NYGWOBLaPnji6nfugNjRahucKKhF7CREkPBGaZSv1i66sddhAeMdSgU2iTpF8tuxc1AF4k3I2UyQ71f/OoOQh4FoJBLZm3HczX2YmZQcAlJoRtZ0IyP2Qg6KVUsANuLs+gJPYwsw5BqMFRImonweyNmgbWTwE8nA4a3dt6biv95nQiHZ71YKB0hKD49hEJCdshyI9JOgA6EAUQ2TQ5UKMqZYYhgBGWcp2KUllRI+/Dmv18kzeOKV62cXFfLtfNZM3myTw7IEfHIKamRS1InDcLJPXkiz+TFeXRenTfn/Wc058x29sgfOB/fR1CZPQ==</latexit>

100
Npar

<latexit sha1_base64="CAXtSuwGkl9C0wqpmv1aUKlnMwA=">AAACAHicbVC7TsNAEDyHVwivACXNiQiJKrIRCMoIGioUJPKQEhOtL5twyvmhuzUistzwFbRQ0SFa/oSCf8EOKSBhqtHMrnZ2vEhJQ7b9aRUWFpeWV4qrpbX1jc2t8vZO04SxFtgQoQp12wODSgbYIEkK25FG8D2FLW90kfute9RGhsENjSN0fRgGciAFUCbdXvWSLuEDJRHoNO2VK3bVnoDPE2dKKmyKeq/81e2HIvYxIKHAmI5jR+QmoEkKhWmpGxuMQIxgiJ2MBuCjcZNJ6pQfxAYo5BFqLhWfiPh7IwHfmLHvZZM+0J2Z9XLxP68T0+DMTWQQxYSByA+RVDg5ZISWWR3I+1IjEeTJkcuAC9BAhFpyECIT46yfUtaHM/v9PGkeVZ3j6sn1caV2Pm2myPbYPjtkDjtlNXbJ6qzBBNPsiT2zF+vRerXerPef0YI13dllf2B9fAMwPpeU</latexit>

3 (4) 1.194

<latexit sha1_base64="AiLfU87eRacMFvBOEaL7fcWsbss=">AAACGHicbVC7TsNAEDyHVwivACXNiYBEZewo4lEgIWioEEgEkOIQrS+b5JTzQ3drBLL8A3wCX0ELFR2ipaPgX3BCCl5TjWZ2tTvjx0oacpx3qzA2PjE5VZwuzczOzS+UF5fOTZRogXURqUhf+mBQyRDrJEnhZawRAl/hhd8/HPgX16iNjMIzuo2xGUA3lB0pgHKpVV7zekCpJ3oyu6puHrdSj/CG0rYd2R07y/Zc292ttcoVx3aG4H+JOyIVNsJJq/zhtSORBBiSUGBMw3ViaqagSQqFWclLDMYg+tDFRk5DCNA002GajK8nBijiMWouFR+K+H0jhcCY28DPJwOgnvntDcT/vEZCnZ1mKsM4IQzF4BBJhcNDRmiZ14S8LTUSweBz5DLkAjQQoZYchMjFJO+tlPfh/k7/l5xXbXfLrp3WKvsHo2aKbIWtsg3msm22z47YCaszwe7YA3tkT9a99Wy9WK9fowVrtLPMfsB6+wTxAJ88</latexit>

�̂2/Nd.o.f. = 1.194

…

single fit 

single fit 

single fit 
single fit 

10000 
FFs…

Central minimization 

MC off

10000 replicas

…

MC on

MC on

#3

#10000

1000 
PDFs

…P. Pedroni, S. Sconfietti, 
J. Phys. G 47, 054001 (2020).

Experimental 
data

Fit of e.m. Form Factors

MAP Collaboration, PRD 107 (2023) 11, 114023 17

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.107.114023
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Work on pion TMD PDFs

20



<latexit sha1_base64="j7ePAbQEAQCAYu7wrDjyU5oy5LM="></latexit>

hA(pA) + hB(pB) ! �⇤(q) +X ! `(l0) + ¯̀(l) +X

<latexit sha1_base64="rdOoAxsfSeXycQggQsPqZE82cis=">AAACDXicbVC5TsNAEF2HK4TLQIVoVkRIVJGNuIoUETSUiZRLSixrvZmEVdYHu2OkyIn4BL6CFio6RMs3UPAv2CEFBF4zT+/NaGaeF0mh0bI+jNzC4tLySn61sLa+sbllbu80dRgrDg0eylC1PaZBigAaKFBCO1LAfE9CyxteZX7rDpQWYVDHUQSOzwaB6AvOMJVcc2/c9ULZ0yM/LcntxE3qkzEtl2nNNYtWyZqC/iX2jBTJDFXX/Oz2Qh77ECCXTOuObUXoJEyh4BImhW6sIWJ8yAbQSWnAfNBOMn1hQg9jzTCkESgqJJ2K8HMiYb7Ojkw7fYY3et7LxP+8Toz9CycRQRQjBDxbhELCdJHmSqTZAO0JBYgsuxyoCChniiGCEpRxnopxGlYhzcOe//4vaR6X7LPSae2kWLmcJZMn++SAHBGbnJMKuSZV0iCc3JNH8kSejQfjxXg13r5bc8ZsZpf8gvH+BU0qm9w=</latexit>

|qT | << Q

<latexit sha1_base64="5cOPfHKXdfK/Cf9anWuan+i9RR8=">AAACDXicbVC5TsNAEF2HK4QrQIVoVkRIFCiyEVcZQUMZJHJIsRWtN5OwyvrQ7hgRWRafwFfQQkWHaPkGCv6FdUgBCdPM03szejPPj6XQaNufVmFufmFxqbhcWlldW98ob241dZQoDg0eyUi1faZBihAaKFBCO1bAAl9Cyx9e5nrrDpQWUXiDoxi8gA1C0RecoaG65Z37Q+r6kezpUWBaOsy6qRuDirNuuWJX7XHRWeBMQIVMqt4tf7m9iCcBhMgl07rj2DF6KVMouISs5CYaYsaHbAAdA0MWgPbS8QsZ3U80w4gaZyokHZPweyNlgc5PNJMBw1s9reXkf1onwf65l4owThBCnhuhkDA20lwJkw3QnlCAyPLLgYqQcqYYIihBGeeGTExYJZOHM/39LGgeVZ3T6sn1caV2MUmmSHbJHjkgDjkjNXJF6qRBOHkgT+SZvFiP1qv1Zr3/jBasyc42+VPWxzcDjJxY</latexit>

x,k?
<latexit sha1_base64="5cOPfHKXdfK/Cf9anWuan+i9RR8=">AAACDXicbVC5TsNAEF2HK4QrQIVoVkRIFCiyEVcZQUMZJHJIsRWtN5OwyvrQ7hgRWRafwFfQQkWHaPkGCv6FdUgBCdPM03szejPPj6XQaNufVmFufmFxqbhcWlldW98ob241dZQoDg0eyUi1faZBihAaKFBCO1bAAl9Cyx9e5nrrDpQWUXiDoxi8gA1C0RecoaG65Z37Q+r6kezpUWBaOsy6qRuDirNuuWJX7XHRWeBMQIVMqt4tf7m9iCcBhMgl07rj2DF6KVMouISs5CYaYsaHbAAdA0MWgPbS8QsZ3U80w4gaZyokHZPweyNlgc5PNJMBw1s9reXkf1onwf65l4owThBCnhuhkDA20lwJkw3QnlCAyPLLgYqQcqYYIihBGeeGTExYJZOHM/39LGgeVZ3T6sn1caV2MUmmSHbJHjkgDjkjNXJF6qRBOHkgT+SZvFiP1qv1Zr3/jBasyc42+VPWxzcDjJxY</latexit>

x,k?

<latexit sha1_base64="7GnVOxQGtVcePJDkPhSiM1io7ZA=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrIRrzKChjKRyENKrOh82YRTzufT3RopsvIFtFDRIVo+iIJ/wTYuIGGq0cyudnYCLYVF1/10Siura+sb5c3K1vbO7l51/6Bjo9hwaPNIRqYXMAtSKGijQAk9bYCFgYRuML3N/O4jGCsidY8zDX7IJkqMBWeYSi09rNbcupuDLhOvIDVSoDmsfg1GEY9DUMgls7bvuRr9hBkUXMK8MogtaManbAL9lCoWgvWTPOicnsSWYUQ1GCokzUX4vZGw0NpZGKSTIcMHu+hl4n9eP8bxtZ8IpWMExbNDKCTkhyw3Im0A6EgYQGRZcqBCUc4MQwQjKOM8FeO0kkrah7f4/TLpnNW9y/pF67zWuCmaKZMjckxOiUeuSIPckSZpE06APJFn8uLEzqvz5rz/jJacYueQ/IHz8Q19UZGD</latexit>p <latexit sha1_base64="7GnVOxQGtVcePJDkPhSiM1io7ZA=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrIRrzKChjKRyENKrOh82YRTzufT3RopsvIFtFDRIVo+iIJ/wTYuIGGq0cyudnYCLYVF1/10Siura+sb5c3K1vbO7l51/6Bjo9hwaPNIRqYXMAtSKGijQAk9bYCFgYRuML3N/O4jGCsidY8zDX7IJkqMBWeYSi09rNbcupuDLhOvIDVSoDmsfg1GEY9DUMgls7bvuRr9hBkUXMK8MogtaManbAL9lCoWgvWTPOicnsSWYUQ1GCokzUX4vZGw0NpZGKSTIcMHu+hl4n9eP8bxtZ8IpWMExbNDKCTkhyw3Im0A6EgYQGRZcqBCUc4MQwQjKOM8FeO0kkrah7f4/TLpnNW9y/pF67zWuCmaKZMjckxOiUeuSIPckSZpE06APJFn8uLEzqvz5rz/jJacYueQ/IHz8Q19UZGD</latexit>p

Work on pion TMD PDFs

20



<latexit sha1_base64="j7ePAbQEAQCAYu7wrDjyU5oy5LM="></latexit>

hA(pA) + hB(pB) ! �⇤(q) +X ! `(l0) + ¯̀(l) +X

<latexit sha1_base64="rdOoAxsfSeXycQggQsPqZE82cis=">AAACDXicbVC5TsNAEF2HK4TLQIVoVkRIVJGNuIoUETSUiZRLSixrvZmEVdYHu2OkyIn4BL6CFio6RMs3UPAv2CEFBF4zT+/NaGaeF0mh0bI+jNzC4tLySn61sLa+sbllbu80dRgrDg0eylC1PaZBigAaKFBCO1LAfE9CyxteZX7rDpQWYVDHUQSOzwaB6AvOMJVcc2/c9ULZ0yM/LcntxE3qkzEtl2nNNYtWyZqC/iX2jBTJDFXX/Oz2Qh77ECCXTOuObUXoJEyh4BImhW6sIWJ8yAbQSWnAfNBOMn1hQg9jzTCkESgqJJ2K8HMiYb7Ojkw7fYY3et7LxP+8Toz9CycRQRQjBDxbhELCdJHmSqTZAO0JBYgsuxyoCChniiGCEpRxnopxGlYhzcOe//4vaR6X7LPSae2kWLmcJZMn++SAHBGbnJMKuSZV0iCc3JNH8kSejQfjxXg13r5bc8ZsZpf8gvH+BU0qm9w=</latexit>

|qT | << Q

<latexit sha1_base64="5cOPfHKXdfK/Cf9anWuan+i9RR8=">AAACDXicbVC5TsNAEF2HK4QrQIVoVkRIFCiyEVcZQUMZJHJIsRWtN5OwyvrQ7hgRWRafwFfQQkWHaPkGCv6FdUgBCdPM03szejPPj6XQaNufVmFufmFxqbhcWlldW98ob241dZQoDg0eyUi1faZBihAaKFBCO1bAAl9Cyx9e5nrrDpQWUXiDoxi8gA1C0RecoaG65Z37Q+r6kezpUWBaOsy6qRuDirNuuWJX7XHRWeBMQIVMqt4tf7m9iCcBhMgl07rj2DF6KVMouISs5CYaYsaHbAAdA0MWgPbS8QsZ3U80w4gaZyokHZPweyNlgc5PNJMBw1s9reXkf1onwf65l4owThBCnhuhkDA20lwJkw3QnlCAyPLLgYqQcqYYIihBGeeGTExYJZOHM/39LGgeVZ3T6sn1caV2MUmmSHbJHjkgDjkjNXJF6qRBOHkgT+SZvFiP1qv1Zr3/jBasyc42+VPWxzcDjJxY</latexit>

x,k?
<latexit sha1_base64="5cOPfHKXdfK/Cf9anWuan+i9RR8=">AAACDXicbVC5TsNAEF2HK4QrQIVoVkRIFCiyEVcZQUMZJHJIsRWtN5OwyvrQ7hgRWRafwFfQQkWHaPkGCv6FdUgBCdPM03szejPPj6XQaNufVmFufmFxqbhcWlldW98ob241dZQoDg0eyUi1faZBihAaKFBCO1bAAl9Cyx9e5nrrDpQWUXiDoxi8gA1C0RecoaG65Z37Q+r6kezpUWBaOsy6qRuDirNuuWJX7XHRWeBMQIVMqt4tf7m9iCcBhMgl07rj2DF6KVMouISs5CYaYsaHbAAdA0MWgPbS8QsZ3U80w4gaZyokHZPweyNlgc5PNJMBw1s9reXkf1onwf65l4owThBCnhuhkDA20lwJkw3QnlCAyPLLgYqQcqYYIihBGeeGTExYJZOHM/39LGgeVZ3T6sn1caV2MUmmSHbJHjkgDjkjNXJF6qRBOHkgT+SZvFiP1qv1Zr3/jBasyc42+VPWxzcDjJxY</latexit>

x,k?

<latexit sha1_base64="7GnVOxQGtVcePJDkPhSiM1io7ZA=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrIRrzKChjKRyENKrOh82YRTzufT3RopsvIFtFDRIVo+iIJ/wTYuIGGq0cyudnYCLYVF1/10Siura+sb5c3K1vbO7l51/6Bjo9hwaPNIRqYXMAtSKGijQAk9bYCFgYRuML3N/O4jGCsidY8zDX7IJkqMBWeYSi09rNbcupuDLhOvIDVSoDmsfg1GEY9DUMgls7bvuRr9hBkUXMK8MogtaManbAL9lCoWgvWTPOicnsSWYUQ1GCokzUX4vZGw0NpZGKSTIcMHu+hl4n9eP8bxtZ8IpWMExbNDKCTkhyw3Im0A6EgYQGRZcqBCUc4MQwQjKOM8FeO0kkrah7f4/TLpnNW9y/pF67zWuCmaKZMjckxOiUeuSIPckSZpE06APJFn8uLEzqvz5rz/jJacYueQ/IHz8Q19UZGD</latexit>p <latexit sha1_base64="7GnVOxQGtVcePJDkPhSiM1io7ZA=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrIRrzKChjKRyENKrOh82YRTzufT3RopsvIFtFDRIVo+iIJ/wTYuIGGq0cyudnYCLYVF1/10Siura+sb5c3K1vbO7l51/6Bjo9hwaPNIRqYXMAtSKGijQAk9bYCFgYRuML3N/O4jGCsidY8zDX7IJkqMBWeYSi09rNbcupuDLhOvIDVSoDmsfg1GEY9DUMgls7bvuRr9hBkUXMK8MogtaManbAL9lCoWgvWTPOicnsSWYUQ1GCokzUX4vZGw0NpZGKSTIcMHu+hl4n9eP8bxtZ8IpWMExbNDKCTkhyw3Im0A6EgYQGRZcqBCUc4MQwQjKOM8FeO0kkrah7f4/TLpnNW9y/pF67zWuCmaKZMjckxOiUeuSIPckSZpE06APJFn8uLEzqvz5rz/jJacYueQ/IHz8Q19UZGD</latexit>p

Work on pion TMD PDFs

<latexit sha1_base64="VnjBdIGe1ZYnRrXzM3xayadbYis="></latexit>

Experiment Ndat Nsurv Observable
p
s [GeV] xF range

E615 155 74
d2�

dQd|qT |
21.8 0.0 - 1.0

E537 150 64
d2�

dQd|qT |2
15.3 0.0 - 1.0

<latexit sha1_base64="Tz/wXTM3f61OeBlSiVkphpaV28Q=">AAAB9HicbVC7TsNAEDzzDOEVoKQ5ESFRRTYikDKChjIg8pASK1pfNuGU80N360hRlD+ghYoO0fI/FPwLtnEBCVONZna1s+NFShqy7U9rZXVtfWOzsFXc3tnd2y8dHLZMGGuBTRGqUHc8MKhkgE2SpLATaQTfU9j2xjep356gNjIMHmgaoevDKJBDKYAS6b5a65fKdsXOwJeJk5Myy9Hol756g1DEPgYkFBjTdeyI3BlokkLhvNiLDUYgxjDCbkID8NG4syzpnJ/GBijkEWouFc9E/L0xA9+Yqe8lkz7Qo1n0UvE/rxvTsObOZBDFhIFID5FUmB0yQsukAuQDqZEI0uTIZcAFaCBCLTkIkYhx0kkx6cNZ/H6ZtM4rzmWlendRrl/nzRTYMTthZ8xhV6zOblmDNZlgQ/bEntmLNbFerTfr/Wd0xcp3jtgfWB/fnciRig==</latexit>
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�

<latexit sha1_base64="RPRuB6u4NXhzRyK/z+ioOeB/Tak="></latexit>

F1,ud̄gg(Q
2) = 4

Z
d[1]d[2]d[3]d[4]

p
x1x2x3x4

⇥

 ⇤(1)
qq̄gg(x1, x2, x3, x4,k

0
?1,k

0
?2,k

0
?3,k

0
?4)

⇥  (1)
qq̄gg(x1, x2, x3, x4,k?1,k?2,k?3,k?4)

+  ⇤(1)
qq̄gg(x1, x2, x4, x3,k

0
?1,k

0
?2,k

0
?4,k

0
?3)

⇥  (1)
qq̄gg(x1, x2, x3, x4,k?1,k?2,k?3,k?4)

+  ⇤(2)
qq̄gg(x1, x2, x3, x4,k

0
?1,k

0
?2,k

0
?2,k

0
?4)

⇥  (2)
qq̄gg(x1, x2, x3, x4,k?1,k?2,k?3,k?4)

�  ⇤(2)
qq̄gg(x1, x2, x4, x3,k

0
?1,k

0
?2,k

0
?4,k

0
?3)

⇥  (2)
qq̄gg(x1, x2, x3, x4,k?1,k?2,k?3,k?4)

�

<latexit sha1_base64="oF/j6mL6SRAQ/P3eAlybnFj2wEI="></latexit>

F1,ud̄{s s̄}(Q
2) = 4

Z
d[1]d[2]d[3]d[4]

p
x1x2x3x4

⇥

 ⇤(1)
qq̄gg(x1, x2, x3, x4,k

0
?1,k

0
?2,k

0
?3,k

0
?4)

⇥  (1)
qq̄gg(x1, x2, x3, x4,k?1,k?2,k?3,k?4)

+  ⇤(2)
qq̄gg(x1, x2, x3, x4,k

0
?1,k

0
?2,k

0
?3,k

0
?4)

⇥  (2)
qq̄gg(x1, x2, x3, x4,k?1,k?2,k?3,k?4)

+  ⇤(3)
qq̄gg(x1, x2, x3, x4,k

0
?1,k

0
?2,k

0
?3,k

0
?4)

⇥  (3)
qq̄gg(x1, x2, x3, x4,k?1,k?2,k?3,k?4)

�

<latexit sha1_base64="IDf0FFj/OEGoXz137hq5SIWNFks="></latexit>

F1,ud̄{s s̄}(Q
2) = 4

Z
d[1]d[2]d[3]d[4]

p
x1x2x3x4

⇥

 ⇤(1)
qq̄s s̄ (x1, x2, x3, x4,k

0
?1,k

0
?2,k

0
?3,k

0
?4)

⇥  (1)
qq̄s s̄ (x1, x2, x3, x4,k?1,k?2,k?3,k?4)

+  ⇤(2)
qq̄s s̄ (x1, x2, x3, x4,k

0
?1,k

0
?2,k

0
?3,k

0
?4)

⇥  (2)
qq̄s s̄ (x1, x2, x3, x4,k?1,k?2,k?3,k?4)

+  ⇤(3)
qq̄s s̄ (x1, x2, x3, x4,k

0
?1,k

0
?2,k

0
?3,k

0
?4)

⇥  (3)
qq̄s s̄ (x1, x2, x3, x4,k?1,k?2,k?3,k?4)

�

<latexit sha1_base64="IDf0FFj/OEGoXz137hq5SIWNFks="></latexit>

F1,ud̄{s s̄}(Q
2) = 4

Z
d[1]d[2]d[3]d[4]

p
x1x2x3x4

⇥

 ⇤(1)
qq̄s s̄ (x1, x2, x3, x4,k

0
?1,k

0
?2,k

0
?3,k

0
?4)

⇥  (1)
qq̄s s̄ (x1, x2, x3, x4,k?1,k?2,k?3,k?4)

+  ⇤(2)
qq̄s s̄ (x1, x2, x3, x4,k

0
?1,k

0
?2,k

0
?3,k

0
?4)

⇥  (2)
qq̄s s̄ (x1, x2, x3, x4,k?1,k?2,k?3,k?4)

+  ⇤(3)
qq̄s s̄ (x1, x2, x3, x4,k

0
?1,k

0
?2,k

0
?3,k

0
?4)

⇥  (3)
qq̄s s̄ (x1, x2, x3, x4,k?1,k?2,k?3,k?4)

�

<latexit sha1_base64="IDf0FFj/OEGoXz137hq5SIWNFks="></latexit>

F1,ud̄{s s̄}(Q
2) = 4

Z
d[1]d[2]d[3]d[4]

p
x1x2x3x4

⇥

 ⇤(1)
qq̄s s̄ (x1, x2, x3, x4,k

0
?1,k

0
?2,k

0
?3,k

0
?4)

⇥  (1)
qq̄s s̄ (x1, x2, x3, x4,k?1,k?2,k?3,k?4)

+  ⇤(2)
qq̄s s̄ (x1, x2, x3, x4,k

0
?1,k

0
?2,k

0
?3,k

0
?4)

⇥  (2)
qq̄s s̄ (x1, x2, x3, x4,k?1,k?2,k?3,k?4)

+  ⇤(3)
qq̄s s̄ (x1, x2, x3, x4,k

0
?1,k

0
?2,k

0
?3,k

0
?4)

⇥  (3)
qq̄s s̄ (x1, x2, x3, x4,k?1,k?2,k?3,k?4)

�

<latexit sha1_base64="IDf0FFj/OEGoXz137hq5SIWNFks="></latexit>

F1,ud̄{s s̄}(Q
2) = 4

Z
d[1]d[2]d[3]d[4]

p
x1x2x3x4

⇥

 ⇤(1)
qq̄s s̄ (x1, x2, x3, x4,k

0
?1,k

0
?2,k

0
?3,k

0
?4)

⇥  (1)
qq̄s s̄ (x1, x2, x3, x4,k?1,k?2,k?3,k?4)

+  ⇤(2)
qq̄s s̄ (x1, x2, x3, x4,k

0
?1,k

0
?2,k

0
?3,k

0
?4)

⇥  (2)
qq̄s s̄ (x1, x2, x3, x4,k?1,k?2,k?3,k?4)

+  ⇤(3)
qq̄s s̄ (x1, x2, x3, x4,k

0
?1,k

0
?2,k

0
?3,k

0
?4)

⇥  (3)
qq̄s s̄ (x1, x2, x3, x4,k?1,k?2,k?3,k?4)

�

<latexit sha1_base64="IDf0FFj/OEGoXz137hq5SIWNFks="></latexit>

F1,ud̄{s s̄}(Q
2) = 4

Z
d[1]d[2]d[3]d[4]

p
x1x2x3x4

⇥

 ⇤(1)
qq̄s s̄ (x1, x2, x3, x4,k

0
?1,k

0
?2,k

0
?3,k

0
?4)

⇥  (1)
qq̄s s̄ (x1, x2, x3, x4,k?1,k?2,k?3,k?4)

+  ⇤(2)
qq̄s s̄ (x1, x2, x3, x4,k

0
?1,k

0
?2,k

0
?3,k

0
?4)

⇥  (2)
qq̄s s̄ (x1, x2, x3, x4,k?1,k?2,k?3,k?4)

+  ⇤(3)
qq̄s s̄ (x1, x2, x3, x4,k

0
?1,k

0
?2,k

0
?3,k

0
?4)

⇥  (3)
qq̄s s̄ (x1, x2, x3, x4,k?1,k?2,k?3,k?4)

�

<latexit sha1_base64="IDf0FFj/OEGoXz137hq5SIWNFks="></latexit>

F1,ud̄{s s̄}(Q
2) = 4

Z
d[1]d[2]d[3]d[4]

p
x1x2x3x4

⇥

 ⇤(1)
qq̄s s̄ (x1, x2, x3, x4,k

0
?1,k

0
?2,k

0
?3,k

0
?4)

⇥  (1)
qq̄s s̄ (x1, x2, x3, x4,k?1,k?2,k?3,k?4)

+  ⇤(2)
qq̄s s̄ (x1, x2, x3, x4,k

0
?1,k

0
?2,k

0
?3,k

0
?4)

⇥  (2)
qq̄s s̄ (x1, x2, x3, x4,k?1,k?2,k?3,k?4)

+  ⇤(3)
qq̄s s̄ (x1, x2, x3, x4,k

0
?1,k

0
?2,k

0
?3,k

0
?4)

⇥  (3)
qq̄s s̄ (x1, x2, x3, x4,k?1,k?2,k?3,k?4)

�

<latexit sha1_base64="h8JmyNkg1Fc8XsP3nh1Dzqj4CPg="></latexit>(
k0
?1 = k?1 + (1� x1)�?

k0
?i = k?i � xi�? for i 6= 1

Backup



<latexit sha1_base64="j/EKLMAfRNOxLZGYymE9MoY5jC0="></latexit>

fd
1 (x,k?) = f ū

1 (x,k?)

= 2

Z
d[1]d[2]

p
x1x2�(x� x1) (k? � k?1) | (1)

dū (1, 2)|
2

+ 2

Z
d[1]d[2]d[3]

p
x1x2x3�(x� x1) (k? � k?1) | (1)

dūg(1, 2, 3)|
2

+ 8

Z
d[1]d[2]d[3]d[4]

p
x1x2x3x4�(x� x1) (k? � k?1)

⇥
h
| (1)

dūgg(1, 2, 3, 4)|
2 + | (2)

dūgg(1, 2, 3, 4)|
2
i
,

+ 4

Z
d[1]d[2]d[3]d[4]

p
x1x2x3x4�(x� x1)�

(2) (k? � k?1)

⇥

| (1)

dūs s̄ (1, 2, 3, 4)|
2 + | (2)

dūs s̄ (1, 2, 3, 4)|
2 +

1

2
| (3)

dūs s̄ (1, 2, 3, 4)|
2

�

+
2

3

Z
d[1]d[2]d[3]d[4]

p
x1x2x3x4�(x� x3)�

(2) (k? � k?3)

⇥

| (1)

dūs s̄ (1, 2, 3, 4)|
2 + | (2)

dūs s̄ (1, 2, 3, 4)|
2 +

1

2
| (3)

dūs s̄ (1, 2, 3, 4)|
2

�

<latexit sha1_base64="j/EKLMAfRNOxLZGYymE9MoY5jC0="></latexit>

fd
1 (x,k?) = f ū

1 (x,k?)

= 2

Z
d[1]d[2]

p
x1x2�(x� x1) (k? � k?1) | (1)

dū (1, 2)|
2

+ 2

Z
d[1]d[2]d[3]

p
x1x2x3�(x� x1) (k? � k?1) | (1)

dūg(1, 2, 3)|
2

+ 8

Z
d[1]d[2]d[3]d[4]

p
x1x2x3x4�(x� x1) (k? � k?1)

⇥
h
| (1)

dūgg(1, 2, 3, 4)|
2 + | (2)

dūgg(1, 2, 3, 4)|
2
i
,

+ 4

Z
d[1]d[2]d[3]d[4]

p
x1x2x3x4�(x� x1)�

(2) (k? � k?1)

⇥

| (1)

dūs s̄ (1, 2, 3, 4)|
2 + | (2)

dūs s̄ (1, 2, 3, 4)|
2 +

1

2
| (3)

dūs s̄ (1, 2, 3, 4)|
2

�

+
2

3

Z
d[1]d[2]d[3]d[4]

p
x1x2x3x4�(x� x3)�

(2) (k? � k?3)

⇥

| (1)

dūs s̄ (1, 2, 3, 4)|
2 + | (2)

dūs s̄ (1, 2, 3, 4)|
2 +

1

2
| (3)

dūs s̄ (1, 2, 3, 4)|
2

�

<latexit sha1_base64="j/EKLMAfRNOxLZGYymE9MoY5jC0="></latexit>

fd
1 (x,k?) = f ū

1 (x,k?)

= 2

Z
d[1]d[2]

p
x1x2�(x� x1) (k? � k?1) | (1)

dū (1, 2)|
2

+ 2

Z
d[1]d[2]d[3]

p
x1x2x3�(x� x1) (k? � k?1) | (1)

dūg(1, 2, 3)|
2

+ 8

Z
d[1]d[2]d[3]d[4]

p
x1x2x3x4�(x� x1) (k? � k?1)

⇥
h
| (1)

dūgg(1, 2, 3, 4)|
2 + | (2)

dūgg(1, 2, 3, 4)|
2
i
,

+ 4

Z
d[1]d[2]d[3]d[4]

p
x1x2x3x4�(x� x1)�

(2) (k? � k?1)

⇥

| (1)

dūs s̄ (1, 2, 3, 4)|
2 + | (2)

dūs s̄ (1, 2, 3, 4)|
2 +

1

2
| (3)

dūs s̄ (1, 2, 3, 4)|
2

�

+
2

3

Z
d[1]d[2]d[3]d[4]

p
x1x2x3x4�(x� x3)�

(2) (k? � k?3)

⇥

| (1)

dūs s̄ (1, 2, 3, 4)|
2 + | (2)

dūs s̄ (1, 2, 3, 4)|
2 +

1

2
| (3)

dūs s̄ (1, 2, 3, 4)|
2

�

<latexit sha1_base64="j/EKLMAfRNOxLZGYymE9MoY5jC0="></latexit>

fd
1 (x,k?) = f ū

1 (x,k?)

= 2

Z
d[1]d[2]

p
x1x2�(x� x1) (k? � k?1) | (1)

dū (1, 2)|
2

+ 2

Z
d[1]d[2]d[3]

p
x1x2x3�(x� x1) (k? � k?1) | (1)

dūg(1, 2, 3)|
2

+ 8

Z
d[1]d[2]d[3]d[4]

p
x1x2x3x4�(x� x1) (k? � k?1)

⇥
h
| (1)

dūgg(1, 2, 3, 4)|
2 + | (2)

dūgg(1, 2, 3, 4)|
2
i
,

+ 4

Z
d[1]d[2]d[3]d[4]

p
x1x2x3x4�(x� x1)�

(2) (k? � k?1)

⇥

| (1)

dūs s̄ (1, 2, 3, 4)|
2 + | (2)

dūs s̄ (1, 2, 3, 4)|
2 +

1

2
| (3)

dūs s̄ (1, 2, 3, 4)|
2

�

+
2

3

Z
d[1]d[2]d[3]d[4]

p
x1x2x3x4�(x� x3)�

(2) (k? � k?3)

⇥

| (1)

dūs s̄ (1, 2, 3, 4)|
2 + | (2)

dūs s̄ (1, 2, 3, 4)|
2 +

1

2
| (3)

dūs s̄ (1, 2, 3, 4)|
2

�

<latexit sha1_base64="j/EKLMAfRNOxLZGYymE9MoY5jC0="></latexit>

fd
1 (x,k?) = f ū

1 (x,k?)

= 2

Z
d[1]d[2]

p
x1x2�(x� x1) (k? � k?1) | (1)

dū (1, 2)|
2

+ 2

Z
d[1]d[2]d[3]

p
x1x2x3�(x� x1) (k? � k?1) | (1)

dūg(1, 2, 3)|
2

+ 8

Z
d[1]d[2]d[3]d[4]

p
x1x2x3x4�(x� x1) (k? � k?1)

⇥
h
| (1)

dūgg(1, 2, 3, 4)|
2 + | (2)

dūgg(1, 2, 3, 4)|
2
i
,

+ 4

Z
d[1]d[2]d[3]d[4]

p
x1x2x3x4�(x� x1)�

(2) (k? � k?1)

⇥

| (1)

dūs s̄ (1, 2, 3, 4)|
2 + | (2)

dūs s̄ (1, 2, 3, 4)|
2 +

1

2
| (3)

dūs s̄ (1, 2, 3, 4)|
2

�

+
2

3

Z
d[1]d[2]d[3]d[4]

p
x1x2x3x4�(x� x3)�

(2) (k? � k?3)

⇥

| (1)

dūs s̄ (1, 2, 3, 4)|
2 + | (2)

dūs s̄ (1, 2, 3, 4)|
2 +

1

2
| (3)

dūs s̄ (1, 2, 3, 4)|
2

�

<latexit sha1_base64="j/EKLMAfRNOxLZGYymE9MoY5jC0="></latexit>

fd
1 (x,k?) = f ū

1 (x,k?)

= 2

Z
d[1]d[2]

p
x1x2�(x� x1) (k? � k?1) | (1)

dū (1, 2)|
2

+ 2

Z
d[1]d[2]d[3]

p
x1x2x3�(x� x1) (k? � k?1) | (1)

dūg(1, 2, 3)|
2

+ 8

Z
d[1]d[2]d[3]d[4]

p
x1x2x3x4�(x� x1) (k? � k?1)

⇥
h
| (1)

dūgg(1, 2, 3, 4)|
2 + | (2)

dūgg(1, 2, 3, 4)|
2
i
,

+ 4

Z
d[1]d[2]d[3]d[4]

p
x1x2x3x4�(x� x1)�

(2) (k? � k?1)

⇥

| (1)

dūs s̄ (1, 2, 3, 4)|
2 + | (2)

dūs s̄ (1, 2, 3, 4)|
2 +

1

2
| (3)

dūs s̄ (1, 2, 3, 4)|
2

�

+
2

3

Z
d[1]d[2]d[3]d[4]

p
x1x2x3x4�(x� x3)�

(2) (k? � k?3)

⇥

| (1)

dūs s̄ (1, 2, 3, 4)|
2 + | (2)

dūs s̄ (1, 2, 3, 4)|
2 +

1

2
| (3)

dūs s̄ (1, 2, 3, 4)|
2

�

<latexit sha1_base64="j/EKLMAfRNOxLZGYymE9MoY5jC0="></latexit>

fd
1 (x,k?) = f ū

1 (x,k?)

= 2

Z
d[1]d[2]

p
x1x2�(x� x1) (k? � k?1) | (1)

dū (1, 2)|
2

+ 2

Z
d[1]d[2]d[3]

p
x1x2x3�(x� x1) (k? � k?1) | (1)

dūg(1, 2, 3)|
2

+ 8

Z
d[1]d[2]d[3]d[4]

p
x1x2x3x4�(x� x1) (k? � k?1)

⇥
h
| (1)

dūgg(1, 2, 3, 4)|
2 + | (2)

dūgg(1, 2, 3, 4)|
2
i
,

+ 4

Z
d[1]d[2]d[3]d[4]

p
x1x2x3x4�(x� x1)�

(2) (k? � k?1)

⇥

| (1)

dūs s̄ (1, 2, 3, 4)|
2 + | (2)

dūs s̄ (1, 2, 3, 4)|
2 +

1

2
| (3)

dūs s̄ (1, 2, 3, 4)|
2

�

+
2

3

Z
d[1]d[2]d[3]d[4]

p
x1x2x3x4�(x� x3)�

(2) (k? � k?3)

⇥

| (1)

dūs s̄ (1, 2, 3, 4)|
2 + | (2)

dūs s̄ (1, 2, 3, 4)|
2 +

1

2
| (3)

dūs s̄ (1, 2, 3, 4)|
2

�

<latexit sha1_base64="j/EKLMAfRNOxLZGYymE9MoY5jC0="></latexit>

fd
1 (x,k?) = f ū

1 (x,k?)

= 2

Z
d[1]d[2]

p
x1x2�(x� x1) (k? � k?1) | (1)

dū (1, 2)|
2

+ 2

Z
d[1]d[2]d[3]

p
x1x2x3�(x� x1) (k? � k?1) | (1)

dūg(1, 2, 3)|
2

+ 8

Z
d[1]d[2]d[3]d[4]

p
x1x2x3x4�(x� x1) (k? � k?1)

⇥
h
| (1)

dūgg(1, 2, 3, 4)|
2 + | (2)

dūgg(1, 2, 3, 4)|
2
i
,

+ 4

Z
d[1]d[2]d[3]d[4]

p
x1x2x3x4�(x� x1)�

(2) (k? � k?1)

⇥

| (1)

dūs s̄ (1, 2, 3, 4)|
2 + | (2)
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dūs s̄ (1, 2, 3, 4)|
2 + | (2)
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dūs s̄ (1, 2, 3, 4)|
2 +

1

2
| (3)
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dūs s̄ (1, 2, 3, 4)|
2 + | (2)
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dūs s̄ (1, 2, 3, 4)|
2 + | (2)
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Pion TMDs: LFWF overlap representation

Backup



Backup

̂f q
1(xB, bT; μF, ζF) = [C ⊗ f1](xB, b⋆; μb⋆

, μ2
b⋆

)exp{∫
μF

μb⋆

dμ′ 

μ′ 

γ(μ′ , ζF)}

Collins, “Foundations of Perturbative QCD” 

Matching coeff.
(perturbative calculable)

Collinear PDFs
(previous fit)

× ( ζ
μ2

b⋆
)K(b⋆,μb⋆)/2[ ζ

Q0
]−gK(bT)/2 fNP

1 (x, bT; ζ, Q0)

Perturbative Sudakov
evolution factor

Non perturbative part 
of TMDs 

NP part of
Collins-Soper Kernel

Fit extraction

Collins-Soper

kernel
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