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Canonical instant-form 
quantization

Light-front 
quantization

Light-front formalism

gµ⌫ =

0

BB@

1 0 0 0
0 �1 0 0
0 0 �1 0
0 0 0 �1

1

CCA

<latexit sha1_base64="ygJVo2aKbdZ7o9KV/ArddL9ZRrA="></latexit>

xµ =
�
x0, x1, x2, x3

�

<latexit sha1_base64="tWnt+FAfrdqdpobJAjYBoGRbmF0="></latexit>

gµ⌫ =

0

BB@

0 1 0 0
1 0 0 0
0 0 �1 0
0 0 0 �1

1

CCA

<latexit sha1_base64="O8Dg7FqYRUO+nyxzIXQT/R7dthk="></latexit>

x0µ(xµ) =
�
x+, x�, ~x?

�

<latexit sha1_base64="fDK4mepk76y8Qb2l1BQfrmeLqsc="></latexit>

x± =
1p
2

�
x0 ± x3

�

<latexit sha1_base64="7guLL3JqVWqz0Fl7TJv7xT2139c="></latexit>

~x? =
�
x1, x2

�

<latexit sha1_base64="iHQPtkHrWzH6v6gYh2vO/TLlFIQ=">AAACGXicbVC7TgJBFJ31ifhCLW0mEhJMDNklGG1MiDaWmMgjYYHMDheYMPvIzF0C2fAFfoJfYauVnbG1svBfXFYKBU91cs69ueceJ5BCo2l+Giura+sbm6mt9PbO7t5+5uCwpv1QcahyX/qq4TANUnhQRYESGoEC5joS6s7wZubXR6C08L17nATQclnfEz3BGcZSJ5OzR8Cj8bQT2QGoYHplS+hhfty2zui4XbSV6A/wtJPJmgUzAV0m1pxkyRyVTubL7vo8dMFDLpnWTcsMsBUxhYJLmKbtUEPA+JD1oRlTj7mgW1HyzpTmQs3Qp3EeKiRNRPi9ETFX64nrxJMuw4Fe9Gbif14zxN5lKxJeECJ4fHYIhYTkkOZKxD0B7QoFiGyWHKjwKGeKIYISlHEei2FcXDruw1r8fpnUigWrVDi/K2XL1/NmUuSYnJA8scgFKZNbUiFVwskDeSLP5MV4NF6NN+P9Z3TFmO8ckT8wPr4BJuagiA==</latexit>

Light-cone garage: A+ = 0

<latexit sha1_base64="NXvqLcX7Htgl6ZOEXqt5BhKl+0Y=">AAAB+XicbVDLSgNBEJz1GeMr6tHLYBAEIexKRC9C1IvHCOYByRp6J504ZPbBTK8QlnyEVz15E69+jQf/xd01B02sU1HVTVeXFylpyLY/rYXFpeWV1cJacX1jc2u7tLPbNGGsBTZEqELd9sCgkgE2SJLCdqQRfE9hyxtdZ37rEbWRYXBH4whdH4aBHEgBlEqty/tjfsHtXqlsV+wcfJ44U1JmU9R7pa9uPxSxjwEJBcZ0HDsiNwFNUiicFLuxwQjECIbYSWkAPho3yeNO+GFsgEIeoeZS8VzE3xsJ+MaMfS+d9IEezKyXif95nZgG524igygmDER2iKTC/JARWqY9IO9LjUSQJUcuAy5AAxFqyUGIVIzTYoppH87s9/OkeVJxqpXT22q5djVtpsD22QE7Yg47YzV2w+qswQQbsSf2zF6sxHq13qz3n9EFa7qzx/7A+vgG+WqSxA==</latexit>

3



Light-front formalism

Kinematic operators

~P?

<latexit sha1_base64="z9zEeDFHyKqAOmRLtTnZVZspQZ4=">AAACA3icbVC7TsNAEDyHVwiPBChpTkRIVJGNgqCMoKEMEnlIsWWdL5twyvmhu3WkyHLJV9BCRYdo+RAK/gXbuICEqUYzu5rd8SIpNJrmp1FZW9/Y3Kpu13Z29/brjYPDvg5jxaHHQxmqocc0SBFADwVKGEYKmO9JGHizm9wfzEFpEQb3uIjA8dk0EBPBGWaS26jbc+BJN3UTOwIVpW6jabbMAnSVWCVpkhJdt/Flj0Me+xAgl0zrkWVG6CRMoeAS0poda4gYn7EpjDIaMB+0kxSHp/Q01gxDmiVTIWkhwu+NhPlaL3wvm/QZPuhlLxf/80YxTq6cRARRjBDwPAiFhCJIcyWyRoCOhQJEll8OVASUM8UQQQnKOM/EOKuolvVhLX+/SvrnLavdurhrNzvXZTNVckxOyBmxyCXpkFvSJT3CSUyeyDN5MR6NV+PNeP8ZrRjlzhH5A+PjG0kmmBo=</latexit>

~B?,

<latexit sha1_base64="+cTCWKNoD4bMOV5FgXsLAVezjzY=">AAACBHicbVC7TsNAEDzzDOFloKQ5ESFRoMhGQVBGoaEMEnlIsWWdL5twyvmhu3WkyHLLV9BCRYdo+Q8K/gU7uICEqUYzu5rd8WMpNFrWp7Gyura+sVnZqm7v7O7tmweHXR0likOHRzJSfZ9pkCKEDgqU0I8VsMCX0PMnN4Xfm4LSIgrvcRaDG7BxKEaCM8wlzzSdKfC0lXmpE4OKs3PPrFl1aw66TOyS1EiJtmd+OcOIJwGEyCXTemBbMbopUyi4hKzqJBpixidsDIOchiwA7abzyzN6mmiGEc2jqZB0LsLvjZQFWs8CP58MGD7oRa8Q//MGCY6u3VSEcYIQ8iIIhYR5kOZK5JUAHQoFiKy4HKgIKWeKIYISlHGei0neUTXvw178fpl0L+p2o35516g1W2UzFXJMTsgZsckVaZJb0iYdwsmUPJFn8mI8Gq/Gm/H+M7pilDtH5A+Mj2+i0phC</latexit>

Jz,

<latexit sha1_base64="Z9AcP6UXxkYWmITSfqezgqAPaQE=">AAAB+nicbVC7TsNAEDzzDOEVoKQ5ESFRoMhGQVBG0CCqIJGHlFjR+bIJp5zP1t0aKRj/BC1UdIiWn6HgX7CNC0iYajSzq50dL5TCoG1/WguLS8srq6W18vrG5tZ2ZWe3bYJIc2jxQAa66zEDUihooUAJ3VAD8z0JHW9ymfmde9BGBOoWpyG4PhsrMRKcYSp14+tkED8kx4NK1a7ZOeg8cQpSJQWag8pXfxjwyAeFXDJjeo4dohszjYJLSMr9yEDI+ISNoZdSxXwwbpznTehhZBgGNARNhaS5CL83YuYbM/W9dNJneGdmvUz8z+tFODp3Y6HCCEHx7BAKCfkhw7VIiwA6FBoQWZYcqFCUM80QQQvKOE/FKG2mnPbhzH4/T9onNadeO72pVxsXRTMlsk8OyBFxyBlpkCvSJC3CiSRP5Jm8WI/Wq/Vmvf+MLljFzh75A+vjG+wwlJY=</latexit>

P+,

<latexit sha1_base64="WluZI6Cw2saZTYURA7bTvdwpI9U=">AAAB+nicbVC7TsNAEDyHVwivACXNiQgJCRTZKAjKCBrKIJGHlJjofNmEE+ezdbdGiox/ghYqOkTLz1DwL9jGBSRMNZrZ1c6OF0ph0LY/rdLC4tLySnm1sra+sblV3d7pmCDSHNo8kIHuecyAFAraKFBCL9TAfE9C17u/zPzuA2gjAnWD0xBcn02UGAvOMJV6cSu5jY+S42G1ZtftHHSeOAWpkQKtYfVrMAp45INCLpkxfccO0Y2ZRsElJJVBZCBk/J5NoJ9SxXwwbpznTehBZBgGNARNhaS5CL83YuYbM/W9dNJneGdmvUz8z+tHOD53Y6HCCEHx7BAKCfkhw7VIiwA6EhoQWZYcqFCUM80QQQvKOE/FKG2mkvbhzH4/TzondadRP71u1JoXRTNlskf2ySFxyBlpkivSIm3CiSRP5Jm8WI/Wq/Vmvf+MlqxiZ5f8gfXxDXhclEw=</latexit>

Dynamic operators

P�

<latexit sha1_base64="cU4hFtt8qRFDm4vDrozAJRzlPi8=">AAAB+XicbVC7TsNAEFzzDOEVoKQ5ESHRENkoCMoIGsogkYeUmOh82YRTzg/drZEiyx9BCxUdouVrKPgXbJMCEqYazexqZ8eLlDRk25/W0vLK6tp6aaO8ubW9s1vZ22+bMNYCWyJUoe563KCSAbZIksJupJH7nsKON7nO/c4jaiPD4I6mEbo+HwdyJAWnTOokzfQ+OU0HlapdswuwReLMSBVmaA4qX/1hKGIfAxKKG9Nz7IjchGuSQmFa7scGIy4mfIy9jAbcR+MmRdyUHceGU8gi1EwqVoj4eyPhvjFT38smfU4PZt7Lxf+8XkyjSzeRQRQTBiI/RFJhccgILbMekA2lRiKeJ0cmAya45kSoJeNCZGKcFVPO+nDmv18k7bOaU6+d39arjatZMyU4hCM4AQcuoAE30IQWCJjAEzzDi5VYr9ab9f4zumTNdg7gD6yPbw8klBg=</latexit>

| i $ |n,wc1
1 , wc2

2 , ..., wcn
n i

<latexit sha1_base64="dBbndtuEPpXjw+Rp1Tq6vzTxXEk="></latexit>

x1

<latexit sha1_base64="j6mWEFYCMPiIUaLPIG0W7rL6VOw=">AAAB9nicbVC7TsNAEFyHVwivACXNiQiJKrJREJQRNJRBIg8psaLzZZOccn7obo0SRfkFWqjoEC2/Q8G/YBsXkDDVaGZXOztepKQh2/60CmvrG5tbxe3Szu7e/kH58KhlwlgLbIpQhbrjcYNKBtgkSQo7kUbuewrb3uQ29duPqI0MgweaRej6fBTIoRScUmnad0r9csWu2hnYKnFyUoEcjX75qzcIRexjQEJxY7qOHZE755qkULgo9WKDERcTPsJuQgPuo3HnWdYFO4sNp5BFqJlULBPx98ac+8bMfC+Z9DmNzbKXiv953ZiG1+5cBlFMGIj0EEmF2SEjtExKQDaQGol4mhyZDJjgmhOhlowLkYhx0krah7P8/SppXVSdWvXyvlap3+TNFOEETuEcHLiCOtxBA5ogYAxP8Awv1tR6td6s95/RgpXvHMMfWB/f6mCSQQ==</latexit>

x+ = 0

<latexit sha1_base64="ufJ4ZyDEqcO4GdlPbg/OD2n/6U4=">AAAB93icbVBNS8NAFNzUr1q/qh69LBZBEEoiFb0IRS8eK5i20May2b7WpZtN2H0RS+hv8Konb+LVn+PB/2ISc9DqnIaZ93jzxo+kMGjbH1ZpYXFpeaW8Wllb39jcqm7vtE0Yaw4uD2Wouz4zIIUCFwVK6EYaWOBL6PiTy8zv3IM2IlQ3OI3AC9hYiZHgDFPJfbg9OrcH1Zpdt3PQv8QpSI0UaA2qn/1hyOMAFHLJjOk5doRewjQKLmFW6ccGIsYnbAy9lCoWgPGSPOyMHsSGYUgj0FRImovwcyNhgTHTwE8nA4Z3Zt7LxP+8XoyjMy8RKooRFM8OoZCQHzJci7QFoEOhAZFlyYEKRTnTDBG0oIzzVIzTWippH878939J+7juNOon141a86Jopkz2yD45JA45JU1yRVrEJZwI8kieyLM1tV6sV+vte7RkFTu75Bes9y+f/pKn</latexit>

x2

<latexit sha1_base64="4s5NoS8Fs2F0zWIW6wQT4JPBB7I=">AAAB9nicbVA9TwJBEN3DL8Qv1NJmIzGxIncEoyXRxhITARO4kLllgA17H9mdM5ALf8FWKztj69+x8L94h1co+KqX92Yyb54XKWnItj+twtr6xuZWcbu0s7u3f1A+PGqbMNYCWyJUoX7wwKCSAbZIksKHSCP4nsKON7nJ/M4jaiPD4J5mEbo+jAI5lAIok6b9WqlfrthVewG+SpycVFiOZr/81RuEIvYxIKHAmK5jR+QmoEkKhfNSLzYYgZjACLspDcBH4yaLrHN+FhugkEeouVR8IeLvjQR8Y2a+l076QGOz7GXif143puGVm8ggigkDkR0iqXBxyAgt0xKQD6RGIsiSI5cBF6CBCLXkIEQqxmkrWR/O8verpF2rOvXqxV290rjOmymyE3bKzpnDLlmD3bImazHBxuyJPbMXa2q9Wm/W+89owcp3jtkfWB/f6/CSQg==</latexit>

x2

<latexit sha1_base64="4s5NoS8Fs2F0zWIW6wQT4JPBB7I=">AAAB9nicbVA9TwJBEN3DL8Qv1NJmIzGxIncEoyXRxhITARO4kLllgA17H9mdM5ALf8FWKztj69+x8L94h1co+KqX92Yyb54XKWnItj+twtr6xuZWcbu0s7u3f1A+PGqbMNYCWyJUoX7wwKCSAbZIksKHSCP4nsKON7nJ/M4jaiPD4J5mEbo+jAI5lAIok6b9WqlfrthVewG+SpycVFiOZr/81RuEIvYxIKHAmK5jR+QmoEkKhfNSLzYYgZjACLspDcBH4yaLrHN+FhugkEeouVR8IeLvjQR8Y2a+l076QGOz7GXif143puGVm8ggigkDkR0iqXBxyAgt0xKQD6RGIsiSI5cBF6CBCLXkIEQqxmkrWR/O8verpF2rOvXqxV290rjOmymyE3bKzpnDLlmD3bImazHBxuyJPbMXa2q9Wm/W+89owcp3jtkfWB/f6/CSQg==</latexit>

x+ = x+0

<latexit sha1_base64="onrheqbGxEzYX4zyr10OpR0NbK0=">AAAB/3icbVC7SgNBFJ2NrxhfUUubwSAIgbArEW2EoI1lBPOAZBNmJzdxyOzDmbuSsKTwK2y1shNbP8XCf3F33UITT3U4517uuccJpNBomp9Gbml5ZXUtv17Y2Nza3inu7jW1HyoODe5LX7UdpkEKDxooUEI7UMBcR0LLGV8lfusBlBa+d4vTAGyXjTwxFJxhLNmTXple0Ek/Mme9cr9YMitmCrpIrIyUSIZ6v/jVHfg8dMFDLpnWHcsM0I6YQsElzArdUEPA+JiNoBNTj7mg7SgNPaNHoWbo0wAUFZKmIvzeiJir9dR14kmX4Z2e9xLxP68T4vDcjoQXhAgeTw6hkJAe0lyJuA2gA6EAkSXJgQqPcqYYIihBGeexGMb1FOI+rPnvF0nzpGJVK6c31VLtMmsmTw7IITkmFjkjNXJN6qRBOLknT+SZvBiPxqvxZrz/jOaMbGef/IHx8Q3nU5WP</latexit>

x+

<latexit sha1_base64="TNVA4WerS/MkOS/Xg/K++6Tj29Q=">AAAB9XicbVC7TsNAEDyHVwivACXNiQgJCSmyURCUETSUQZCHlJjofNmEU85n624NRFY+gRYqOkTL91DwL9jGBSRMNZrZ1c6OF0ph0LY/rcLC4tLySnG1tLa+sblV3t5pmSDSHJo8kIHueMyAFAqaKFBCJ9TAfE9C2xtfpH77HrQRgbrBSQiuz0ZKDAVnmEjXj7dH/XLFrtoZ6DxxclIhORr98ldvEPDIB4VcMmO6jh2iGzONgkuYlnqRgZDxMRtBN6GK+WDcOIs6pQeRYRjQEDQVkmYi/N6ImW/MxPeSSZ/hnZn1UvE/rxvh8MyNhQojBMXTQygkZIcM1yLpAOhAaEBkaXKgQlHONEMELSjjPBGjpJRS0ocz+/08aR1XnVr15KpWqZ/nzRTJHtknh8Qhp6ROLkmDNAknI/JEnsmL9WC9Wm/W+89owcp3dskfWB/fqeWSJg==</latexit>

| i ⌘ |P+, ~P?,⇤i

<latexit sha1_base64="lVgmu1UW94nM6aCh1YYtgbKprM0="></latexit>

wci
i =

�
p+i , ~p?i, µi, ci

�

<latexit sha1_base64="nGX1Km1VeFJ9LflgklZiPSzkM8s="></latexit>
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Light-front formalism

| i =
X

n

X

ci

X

µi

Z
[Du]n  

⇤
n (r)|n,w

c1
1 , wc2

2 , ..., wcn
n i

<latexit sha1_base64="YI6Idjmaev1omjm+78LM3Q+TJ5w="></latexit>

|n,wc1
1 , wc2

2 , ..., wcn
n i =

nqY

j=1

b†qcj (wj)

nq̄Y

l=1

d†qc̄l
(wl)

nglY

m=1

a†A (wm) |0i

<latexit sha1_base64="lhyMAJm/GI+vKIhYYfXatQl2YYs="></latexit>

Light-Front Wave Functions

 ⇤
n (r) = h |n,wc1

1 , wc2
2 , . . . , wcn

n i

<latexit sha1_base64="K/KicwkN75zJD9XWOPkW6Fj/Tyk="></latexit>

x

<latexit sha1_base64="NWVbpeiBMqV2moEafHd6Lo5ebdQ=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrJREJQRNJSJREKkxIrOl0045Xy27vYQkZUvoIWKDtHyQRT8C7ZxAQlTjWZ2tbMTxFIYdN1Pp7Syura+Ud6sbG3v7O5V9w+6JrKaQ4dHMtK9gBmQQkEHBUroxRpYGEi4C6bXmX/3ANqISN3iLAY/ZBMlxoIzTKX247Bac+tuDrpMvILUSIHWsPo1GEXchqCQS2ZM33Nj9BOmUXAJ88rAGogZn7IJ9FOqWAjGT/Kgc3piDcOIxqCpkDQX4fdGwkJjZmGQToYM782il4n/eX2L40s/ESq2CIpnh1BIyA8ZrkXaANCR0IDIsuRAhaKcaYYIWlDGeSratJJK2oe3+P0y6Z7VvUb9vN2oNa+KZsrkiByTU+KRC9IkN6RFOoQTIE/kmbw41nl13pz3n9GSU+wckj9wPr4BiSGRiQ==</latexit>
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Parton distribution functions

GPDs

TMDs PDFs

FFs

Charges

⇣
x,~k?,�

⌘

<latexit sha1_base64="EHGrIyWQTnU93GH2Qak6EttX9JU="></latexit>

⇣
x,~k?

⌘

<latexit sha1_base64="XyzdWQQvsRPoAqNHgxGERqdpqDM=">AAACFHicbVC7SgNBFJ31GeMrGjubwSBEkLArSiyDNpYRzAOyIcxObpIhsw9m7gbDktYPEPErbLWyE1t7C3s/w80mhSae6nDOvdxzjxNIodE0P42FxaXlldXUWnp9Y3NrO7OzW9V+qDhUuC99VXeYBik8qKBACfVAAXMdCTWnfzn2awNQWvjeDQ4DaLqs64mO4AxjqZWhtoQO5m+PqT0AHvVHrcgOQAUjaivR7eFRK5MzC2YCOk+sKcmVig/3w+z3XrmV+bLbPg9d8JBLpnXDMgNsRkyh4BJGaTvUEDDeZ11oxNRjLuhmlHwyooehZujTOAEVkiYi/N6ImKv10HXiSZdhT896Y/E/rxFi57wZCS8IETw+PoRCQnJIcyXiioC2hQJENk4OVHiUM8UQQQnKOI/FMO4sHfdhzX4/T6onBeu0cHZt5UoXZIIU2ScHJE8sUiQlckXKpEI4uSNP5Jm8GI/Gq/FmvE9GF4zpTpb8gfHxA79Bobc=</latexit>

(x,�)

<latexit sha1_base64="7439W4hdxgebpwPlKtmCghruzIk=">AAACC3icbVC7SgNBFJ2N7/iKWljYDAlCRAm7omgZ1MJSwUQhu4S7k5s4ZPbBzF0xhHyCnX9gq5Wd2PoRFv6LuzGFJp7qcM693HuOHytpyLY/rdzU9Mzs3PxCfnFpeWW1sLZeN1GiBdZEpCJ944NBJUOskSSFN7FGCHyF1373NPOv71AbGYVX1IvRC6ATyrYUQKnULGy6CttUvt/j7hkqAu5q2bmlnWahZFfsIfgkcUakVC26u4+f1d5Fs/DltiKRBBiSUGBMw7Fj8vqgSQqFg7ybGIxBdKGDjZSGEKDx+sMAA76dGKCIx6i5VHwo4u+NPgTG9AI/nQyAbs24l4n/eY2E2sdeX4ZxQhiK7BBJhcNDRmiZNoO8JTUSQfY5chlyARqIUEsOQqRiklaVT/twxtNPkvp+xTmoHF46peoJ+8E822JFVmYOO2JVds4uWI0JNmBP7Jm9WA/Wq/Vmvf+M5qzRzgb7A+vjG32JnSY=</latexit>

(�)

<latexit sha1_base64="FHTK9muD7Lod0QurRJwp2fi1Jzo=">AAACCHicbVDLSgNBEJz1bXytj5uXwSBEhLArih6DevCoYDSQDaF30kmGzD6Y6RViyA949gO86smbePUvcvBf3N140Gidiqpuurr8WElDjjOypqZnZufmFxYLS8srq2v2+saNiRItsCoiFemaDwaVDLFKkhTWYo0Q+Apv/d5Z5t/eoTYyCq+pH2MjgE4o21IApVLT3vIUtqnknaMi4J6WnS7tNe2iU3Zy8L/E/SbFyo63/ziq9C+b9qfXikQSYEhCgTF114mpMQBNUigcFrzEYAyiBx2spzSEAE1jkKcf8t3EAEU8Rs2l4rmIPzcGEBjTD/x0MgDqmkkvE//z6gm1TxoDGcYJYSiyQyQV5oeM0DKtBXlLaiSCLDlyGXIBGohQSw5CpGKS9lRI+3Anv/9Lbg7K7mH56MotVk7ZGAtsm+2wEnPZMauwC3bJqkywe/bEntmL9WC9Wm/W+3h0yvre2WS/YH18AcnsnEQ=</latexit>

⇣
~k?

⌘

<latexit sha1_base64="eCieezdUlHbpkp5nZT5J7ukl9ek=">AAACEXicbVC7TgJBFJ3FF+ILxc6YTCQm2JBdo8GSaGOJiTwSlpDZ4QITZh+ZuUtCNlT+gfoTtlrZGVu/wMLez3AXKBQ81ck59+aee5xACo2m+WmklpZXVtfS65mNza3tnezuXk37oeJQ5b70VcNhGqTwoIoCJTQCBcx1JNSdwVXi14egtPC9WxwF0HJZzxNdwRnGUjt7aEvoYsEeAo8G43ZkB6CCMbWV6PXxpJ3Nm0VzArpIrBnJl0uP96Pc936lnf2yOz4PXfCQS6Z10zIDbEVMoeASxhk71BAwPmA9aMbUYy7oVjR5Y0yPQ83Qp3ECKiSdiPB7I2Ku1iPXiSddhn097yXif14zxO5FKxJeECJ4PDmEQsLkkOZKxP0A7QgFiCxJDlR4lDPFEEEJyjiPxTAuLBP3Yc1/v0hqp0XrrHh+Y+XLl2SKNDkgR6RALFIiZXJNKqRKOLkjT+SZvBgPxqvxZrxPR1PGbCdH/sD4+AEEmaDV</latexit>

(x)

<latexit sha1_base64="PExjRLT0Q75O1JYd+paGufynsgc=">AAACA3icbVC7TgJBFJ31ifhg1dJmAjHBmJBdo9GSaGOJiTwSlpDZ4QITZh+ZuWMkhNI/sLPVys7Y+iEU/ovLQqHgqU7OuTf33OPHUmh0nIm1srq2vrGZ2cpu7+zu5ez9g5qOjOJQ5ZGMVMNnGqQIoYoCJTRiBSzwJdT9wc3Urz+A0iIK73EYQytgvVB0BWeYSG0750noYvGRekr0+njStgtOyUlBl4k7J4Vy3jt9npSHlbb97XUibgIIkUumddN1YmyNmELBJYyzntEQMz5gPWgmNGQB6NYoDT6mx0YzjGgMigpJUxF+b4xYoPUw8JPJgGFfL3pT8T+vabB71RqJMDYIIZ8eQiEhPaS5EkkjQDtCASKbJgcqQsqZYoigBGWcJ6JJKsomfbiL3y+T2lnJPS9d3LmF8jWZIUOOSJ4UiUsuSZnckgqpEk4MeSGv5M16st6tD+tzNrpizXcOyR9YXz8hFZpE</latexit>

⇣
~k?,�

⌘

<latexit sha1_base64="HaIwJG8ZJGg4/YiU1RugGgHGkhg=">AAACGXicbVDLSgNBEJz1GeNr1aOXwRBQkLArET0G9eAxgnlANoTeSScOmX0w0xsIS77AT/ArvOrJm3j15MF/cRNz0Gidiqpuurr8WElDjvNhLSwuLa+s5tby6xubW9v2zm7dRIkWWBORinTTB4NKhlgjSQqbsUYIfIUNf3A58RtD1EZG4S2NYmwH0A9lTwqgTOrYRU9hjw69IYp0MO6kXow6Hh9z7woVAfe07N/RUccuOCVnCv6XuDNSYDNUO/an141EEmBIQoExLdeJqZ2CJikUjvNeYjAGMYA+tjIaQoCmnU7fGfNiYoAiniXhUvGpiD83UgiMGQV+NhkA3Zl5byL+57US6p23UxnGCWEoJodIKpweMkLLrCfkXamRCCbJkcuQC9BAhFpyECITk6y4fNaHO//9X1I/Kbnl0ulNuVC5mDWTY/vsgB0yl52xCrtmVVZjgt2zR/bEnq0H68V6td6+Rxes2c4e+wXr/Qs0iqCV</latexit>

GTMDs

TMFFs

TMSDs

⇤0

<latexit sha1_base64="T6zit+rIe+yFyehWgfwAoixyxeo=">AAAB/3icbVC7TsNAEDyHVwivACXNiQhBFdkoCMoIGgqKIJGHFFvR+rIJp5wf3K2RIisFX0ELFR2i5VMo+Bec4AICU41mZrW748dKGrLtD6uwsLi0vFJcLa2tb2xulbd3WiZKtMCmiFSkOz4YVDLEJklS2Ik1QuArbPuji6nfvkdtZBTe0DhGL4BhKAdSAGWS5/qD1L3K4n04nPTKFbtqz8D/EicnFZaj0St/uv1IJAGGJBQY03XsmLwUNEmhcFJyE4MxiBEMsZvREAI0Xjo7esIPEgMU8Rg1l4rPRPw5kUJgzDjws2QAdGvmvan4n9dNaHDmpTKME8JQTBeRVDhbZISWWRvI+1IjEUwvRy5DLkADEWrJQYhMTLJ6Slkfzvz3f0nruOrUqifXtUr9PG+myPbYPjtiDjtldXbJGqzJBLtjj+yJPVsP1ov1ar19RwtWPrPLfsF6/wJBRZZp</latexit>

p0

<latexit sha1_base64="Wp5dq/qmvB24jrsNrh4tmfg3fQg=">AAAB+XicbVC7TsNAEDyHVwivACXNiQhBFdkoCMoIGsogkYeUWNH5sgmnnM+nuzVSZOUjaKGiQ7R8DQX/gm1cQMJUo5ld7ewEWgqLrvvplFZW19Y3ypuVre2d3b3q/kHHRrHh0OaRjEwvYBakUNBGgRJ62gALAwndYHqT+d1HMFZE6h5nGvyQTZQYC84wlbqDYJzo0/mwWnPrbg66TLyC1EiB1rD6NRhFPA5BIZfM2r7navQTZlBwCfPKILagGZ+yCfRTqlgI1k/yuHN6EluGEdVgqJA0F+H3RsJCa2dhkE6GDB/sopeJ/3n9GMdXfiKUjhEUzw6hkJAfstyItAegI2EAkWXJgQpFOTMMEYygjPNUjNNiKmkf3uL3y6RzXvca9Yu7Rq15XTRTJkfkmJwRj1ySJrklLdImnEzJE3kmL07ivDpvzvvPaMkpdg7JHzgf3+kslAA=</latexit>

⇤

<latexit sha1_base64="AUdN5r518//edGN4Vi1mecGDTiQ=">AAAB/nicbVC7TsNAEDyHVwivACXNiQiJKrIRCMoIGgqKIJGHFEfR+rIJp5wfulsjRVYkvoIWKjpEy69Q8C/YxgUkTDWamdXujhcpaci2P63S0vLK6lp5vbKxubW9U93da5sw1gJbIlSh7npgUMkAWyRJYTfSCL6nsONNrjK/84DayDC4o2mEfR/GgRxJAZRKruuNEvcmjQ9hNqjW7Lqdgy8SpyA1VqA5qH65w1DEPgYkFBjTc+yI+glokkLhrOLGBiMQExhjL6UB+Gj6SX7zjB/FBijkEWouFc9F/D2RgG/M1PfSpA90b+a9TPzP68U0uugnMohiwkBki0gqzBcZoWVaBvKh1EgE2eXIZcAFaCBCLTkIkYpx2k4l7cOZ/36RtE/qzmn97Pa01rgsmimzA3bIjpnDzlmDXbMmazHBIvbEntmL9Wi9Wm/W+0+0ZBUz++wPrI9v2wWWOA==</latexit>

p

<latexit sha1_base64="C9GHtro7/uYh/JL/ukWYnBRYXHY=">AAAB+HicbVC7TsNAEDyHVwivACXNiQiJKrIRCMoIGsogkYeUWNH5sglHzufT3RopWPkHWqjoEC1/Q8G/YBsXkDDVaGZXOzuBlsKi6346paXlldW18nplY3Nre6e6u9e2UWw4tHgkI9MNmAUpFLRQoISuNsDCQEInmFxlfucBjBWRusWpBj9kYyVGgjNMpXY/GCV6NqjW3Lqbgy4SryA1UqA5qH71hxGPQ1DIJbO257ka/YQZFFzCrNKPLWjGJ2wMvZQqFoL1kzztjB7FlmFENRgqJM1F+L2RsNDaaRikkyHDOzvvZeJ/Xi/G0YWfCKVjBMWzQygk5IcsNyKtAehQGEBkWXKgQlHODEMEIyjjPBXjtJdK2oc3//0iaZ/UvdP62c1prXFZNFMmB+SQHBOPnJMGuSZN0iKc3JMn8kxenEfn1Xlz3n9GS06xs0/+wPn4BoU0k88=</latexit>
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Parton distribution functions

Generalized parton correlator

P ï 6/2 P + 6/2

k ï 6/2 k+6/2

�[�]
⇤⇤0(x,~k?,�;P ) =

1

2
Tr[�⇤⇤0(x,~k?,�;P )�]

<latexit sha1_base64="bh/qU0fGpB5MfHRSF31KjSpU9rk="></latexit>

=
1

2

Z
dz�d2~z?
(2⇡)3

ei(k
+z��~z?·~k?)hp0,⇤0|q̄(0)U(0,z)�q(z)|p,⇤i

����
z+=0

<latexit sha1_base64="simbvERV8GSwARq16aGC1nAWSiw="></latexit>

D = {1, �µ, �5, �
µ�5, i�

µ⌫}

<latexit sha1_base64="6Y91sh1qazetDLEU1x2LOQZRwdc="></latexit>

Charge

TMD⇣
x,~k?

⌘

GPD
(x,�)

FF
(�)

PDF
(x)

⇣
x,~k?,�

⌘

<latexit sha1_base64="EHGrIyWQTnU93GH2Qak6EttX9JU="></latexit>

GTMD

⇣
~k?,�

⌘TMFF

⇣
~k?

⌘TMSD
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Parton distribution functions

Charge

GPD
(x,�)

FF
(�)

PDF
(x)

⇣
x,~k?,�

⌘

<latexit sha1_base64="EHGrIyWQTnU93GH2Qak6EttX9JU="></latexit>

GTMD

⇣
~k?,�

⌘TMFF

⇣
~k?

⌘TMSD

� = 0

<latexit sha1_base64="ouK4JOCBL6xw/lGY54xJVvBgRoU=">AAAB/HicdVDLSgNBEJz1bXxFPXoZDIKnZda89CAE9eBRwSRiEqR3bHXI7Owy0ytIiF/hVU/exKv/4sF/cRMjqGidiqpuurrCRCtHQrx5Y+MTk1PTM7O5ufmFxaX88krDxamVWJexju1pCA61MlgnRRpPE4sQhRqbYXd/4Ddv0DoVmxO6TbATwZVRl0oCZdJZ+wA1Ad/l4jxfEL4oV4vlgAu/WBXFSjEjwY7Y2arwwBdDFNgIR+f59/ZFLNMIDUkNzrUCkVCnB5aU1NjPtVOHCcguXGErowYidJ3eMHGfb6QOKOYJWq40H4r4faMHkXO3UZhNRkDX7rc3EP/yWildbnd6yiQpoZGDQ6Q0Dg85aVVWBfILZZEIBsmRK8MlWCBCqzhImYlp1k0u6+Praf4/aWz5QckvH5cKtb1RMzNsja2zTRawKquxQ3bE6kwyw+7ZA3v07rwn79l7+Rwd80Y7q+wHvNcPK1yUpA==</latexit>

�[�]
⇣
x,~k?;P

⌘
⌘ �[�]

⇣
x,~k?,� = 0;P

⌘

<latexit sha1_base64="2G18wicxlIH/8nXrlwWlS6rorKo="></latexit>

TMD⇣
x,~k?

⌘

<latexit sha1_base64="XyzdWQQvsRPoAqNHgxGERqdpqDM=">AAACFHicbVC7SgNBFJ31GeMrGjubwSBEkLArSiyDNpYRzAOyIcxObpIhsw9m7gbDktYPEPErbLWyE1t7C3s/w80mhSae6nDOvdxzjxNIodE0P42FxaXlldXUWnp9Y3NrO7OzW9V+qDhUuC99VXeYBik8qKBACfVAAXMdCTWnfzn2awNQWvjeDQ4DaLqs64mO4AxjqZWhtoQO5m+PqT0AHvVHrcgOQAUjaivR7eFRK5MzC2YCOk+sKcmVig/3w+z3XrmV+bLbPg9d8JBLpnXDMgNsRkyh4BJGaTvUEDDeZ11oxNRjLuhmlHwyooehZujTOAEVkiYi/N6ImKv10HXiSZdhT896Y/E/rxFi57wZCS8IETw+PoRCQnJIcyXiioC2hQJENk4OVHiUM8UQQQnKOI/FMO4sHfdhzX4/T6onBeu0cHZt5UoXZIIU2ScHJE8sUiQlckXKpEI4uSNP5Jm8GI/Gq/FmvE9GF4zpTpb8gfHxA79Bobc=</latexit>

� = �+

<latexit sha1_base64="bz1Rsj/tvOIm14Rq/hlGcB5HaNc=">AAACBXicbVA9SwNBEN3zM8avREubxSAIQriTiDZC0ELLCOYDkhjmNpO4uHt37M4pIaT2V9hqZSe2/g4L/4t3MYUmvurx3gzz5vmRkpZc99OZm19YXFrOrGRX19Y3NnP5rZoNYyOwKkIVmoYPFpUMsEqSFDYig6B9hXX/7jz16/dorAyDaxpE2NbQD2RPCqBE6uTyrQvQGvgpb/VTcnPQyRXcojsGnyXehBTYBJVO7qvVDUWsMSChwNqm50bUHoIhKRSOsq3YYgTiDvrYTGgAGm17OI4+4nuxBQp5hIZLxcci/t4YgrZ2oP1kUgPd2mkvFf/zmjH1TtpDGUQxYSDSQyQVjg9ZYWTSCfKuNEgEaXLkMuACDBChkRyESMQ4KSmb9OFNfz9LaodFr1Q8uioVymeTZjJsh+2yfeaxY1Zml6zCqkywB/bEntmL8+i8Om/O+8/onDPZ2WZ/4Hx8A4/cl4Y=</latexit>

f1,⇡
⇣
x,~k?

⌘

<latexit sha1_base64="HluXO9ljx9IYPX/P54SuOFCsrC8=">AAACHXicbVBNS8NAEN34WetX1aOXxSJUkJJIRY+iF48VbCs0JWy207p0kyy7k6KE/AZ/gr/Cq568iVfx4H9xU3vw653evDfDzLxQSWHQdd+dmdm5+YXF0lJ5eWV1bb2ysdk2Sao5tHgiE30VMgNSxNBCgRKulAYWhRI64eis8Dtj0EYk8SXeKuhFbBiLgeAMrRRU9gZB5u1TX4nclzDA2o0txsCzUR5kvgKtcl+L4TXuBZWqW3cnoH+JNyVVMkUzqHz4/YSnEcTIJTOm67kKexnTKLiEvOynBhTjIzaErqUxi8D0sslLOd1NDcOE2gOokHQiwveJjEXG3Eah7YwYXpvfXiH+53VTHBz3MhGrFCHmxSIUEiaLDNfCZgW0LzQgsuJyoCKmnGmGCFpQxrkVUxte2ebh/f7+L2kf1L1G/fCiUT05nSZTIttkh9SIR47ICTknTdIinNyRB/JInpx759l5cV6/Wmec6cwW+QHn7RNJ5aI+</latexit>

� = 0

<latexit sha1_base64="ouK4JOCBL6xw/lGY54xJVvBgRoU=">AAAB/HicdVDLSgNBEJz1bXxFPXoZDIKnZda89CAE9eBRwSRiEqR3bHXI7Owy0ytIiF/hVU/exKv/4sF/cRMjqGidiqpuurrCRCtHQrx5Y+MTk1PTM7O5ufmFxaX88krDxamVWJexju1pCA61MlgnRRpPE4sQhRqbYXd/4Ddv0DoVmxO6TbATwZVRl0oCZdJZ+wA1Ad/l4jxfEL4oV4vlgAu/WBXFSjEjwY7Y2arwwBdDFNgIR+f59/ZFLNMIDUkNzrUCkVCnB5aU1NjPtVOHCcguXGErowYidJ3eMHGfb6QOKOYJWq40H4r4faMHkXO3UZhNRkDX7rc3EP/yWildbnd6yiQpoZGDQ6Q0Dg85aVVWBfILZZEIBsmRK8MlWCBCqzhImYlp1k0u6+Praf4/aWz5QckvH5cKtb1RMzNsja2zTRawKquxQ3bE6kwyw+7ZA3v07rwn79l7+Rwd80Y7q+wHvNcPK1yUpA==</latexit>

Transverse momentum dependent 
parton distribution function  
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Parton distribution functions

Charge

GPD
(x,�)

FF
(�)

PDF
(x)

<latexit sha1_base64="PExjRLT0Q75O1JYd+paGufynsgc=">AAACA3icbVC7TgJBFJ31ifhg1dJmAjHBmJBdo9GSaGOJiTwSlpDZ4QITZh+ZuWMkhNI/sLPVys7Y+iEU/ovLQqHgqU7OuTf33OPHUmh0nIm1srq2vrGZ2cpu7+zu5ez9g5qOjOJQ5ZGMVMNnGqQIoYoCJTRiBSzwJdT9wc3Urz+A0iIK73EYQytgvVB0BWeYSG0750noYvGRekr0+njStgtOyUlBl4k7J4Vy3jt9npSHlbb97XUibgIIkUumddN1YmyNmELBJYyzntEQMz5gPWgmNGQB6NYoDT6mx0YzjGgMigpJUxF+b4xYoPUw8JPJgGFfL3pT8T+vabB71RqJMDYIIZ8eQiEhPaS5EkkjQDtCASKbJgcqQsqZYoigBGWcJ6JJKsomfbiL3y+T2lnJPS9d3LmF8jWZIUOOSJ4UiUsuSZnckgqpEk4MeSGv5M16st6tD+tzNrpizXcOyR9YXz8hFZpE</latexit>

⇣
x,~k?,�

⌘

<latexit sha1_base64="EHGrIyWQTnU93GH2Qak6EttX9JU="></latexit>

GTMD

⇣
~k?,�

⌘TMFF

⇣
~k?

⌘TMSD

�[�]
⇣
x,~k?;P

⌘
⌘ �[�]

⇣
x,~k?,� = 0;P

⌘

<latexit sha1_base64="2G18wicxlIH/8nXrlwWlS6rorKo="></latexit>

TMD⇣
x,~k?

⌘

<latexit sha1_base64="XyzdWQQvsRPoAqNHgxGERqdpqDM=">AAACFHicbVC7SgNBFJ31GeMrGjubwSBEkLArSiyDNpYRzAOyIcxObpIhsw9m7gbDktYPEPErbLWyE1t7C3s/w80mhSae6nDOvdxzjxNIodE0P42FxaXlldXUWnp9Y3NrO7OzW9V+qDhUuC99VXeYBik8qKBACfVAAXMdCTWnfzn2awNQWvjeDQ4DaLqs64mO4AxjqZWhtoQO5m+PqT0AHvVHrcgOQAUjaivR7eFRK5MzC2YCOk+sKcmVig/3w+z3XrmV+bLbPg9d8JBLpnXDMgNsRkyh4BJGaTvUEDDeZ11oxNRjLuhmlHwyooehZujTOAEVkiYi/N6ImKv10HXiSZdhT896Y/E/rxFi57wZCS8IETw+PoRCQnJIcyXiioC2hQJENk4OVHiUM8UQQQnKOI/FMO4sHfdhzX4/T6onBeu0cHZt5UoXZIIU2ScHJE8sUiQlckXKpEI4uSNP5Jm8GI/Gq/FmvE9GF4zpTpb8gfHxA79Bobc=</latexit>

� = �+

<latexit sha1_base64="bz1Rsj/tvOIm14Rq/hlGcB5HaNc=">AAACBXicbVA9SwNBEN3zM8avREubxSAIQriTiDZC0ELLCOYDkhjmNpO4uHt37M4pIaT2V9hqZSe2/g4L/4t3MYUmvurx3gzz5vmRkpZc99OZm19YXFrOrGRX19Y3NnP5rZoNYyOwKkIVmoYPFpUMsEqSFDYig6B9hXX/7jz16/dorAyDaxpE2NbQD2RPCqBE6uTyrQvQGvgpb/VTcnPQyRXcojsGnyXehBTYBJVO7qvVDUWsMSChwNqm50bUHoIhKRSOsq3YYgTiDvrYTGgAGm17OI4+4nuxBQp5hIZLxcci/t4YgrZ2oP1kUgPd2mkvFf/zmjH1TtpDGUQxYSDSQyQVjg9ZYWTSCfKuNEgEaXLkMuACDBChkRyESMQ4KSmb9OFNfz9LaodFr1Q8uioVymeTZjJsh+2yfeaxY1Zml6zCqkywB/bEntmL8+i8Om/O+8/onDPZ2WZ/4Hx8A4/cl4Y=</latexit>

f1,⇡
⇣
x,~k?

⌘

<latexit sha1_base64="HluXO9ljx9IYPX/P54SuOFCsrC8=">AAACHXicbVBNS8NAEN34WetX1aOXxSJUkJJIRY+iF48VbCs0JWy207p0kyy7k6KE/AZ/gr/Cq568iVfx4H9xU3vw653evDfDzLxQSWHQdd+dmdm5+YXF0lJ5eWV1bb2ysdk2Sao5tHgiE30VMgNSxNBCgRKulAYWhRI64eis8Dtj0EYk8SXeKuhFbBiLgeAMrRRU9gZB5u1TX4nclzDA2o0txsCzUR5kvgKtcl+L4TXuBZWqW3cnoH+JNyVVMkUzqHz4/YSnEcTIJTOm67kKexnTKLiEvOynBhTjIzaErqUxi8D0sslLOd1NDcOE2gOokHQiwveJjEXG3Eah7YwYXpvfXiH+53VTHBz3MhGrFCHmxSIUEiaLDNfCZgW0LzQgsuJyoCKmnGmGCFpQxrkVUxte2ebh/f7+L2kf1L1G/fCiUT05nSZTIttkh9SIR47ICTknTdIinNyRB/JInpx759l5cV6/Wmec6cwW+QHn7RNJ5aI+</latexit>

f1,⇡ (x)

<latexit sha1_base64="dvCrqxyzZXRcz77R+iSJ0BYR77w=">AAACDHicbVDLSsNAFJ3UV62vqhvBzWARKkhJpKLLohuXFewDmhIm09t26GQSZm7EEuon+BVudeVO3PoPLvwXk9qFVs/qcM693HuOH0lh0LY/rNzC4tLySn61sLa+sblV3N5pmjDWHBo8lKFu+8yAFAoaKFBCO9LAAl9Cyx9dZn7rFrQRobrBcQTdgA2U6AvOMJW84l7fS5xj6kZi4kroY/nO1WIwxCOvWLIr9hT0L3FmpERmqHvFT7cX8jgAhVwyYzqOHWE3YRoFlzApuLGBiPERG0AnpYoFYLrJNMGEHsaGYUgj0FRIOhXh50bCAmPGgZ9OBgyHZt7LxP+8Toz9824iVBQjKJ4dQiFheshwLdJqgPaEBkSWfQ5UKMqZZoigBWWcp2KcdlVI+3Dm0/8lzZOKU62cXldLtYtZM3myTw5ImTjkjNTIFamTBuHknjySJ/JsPVgv1qv19j2as2Y7u+QXrPcvlwma4Q==</latexit>

Z
d2~k?

<latexit sha1_base64="/ljyfCWuSuEQeW+EcQd+zlG3UnM="></latexit>

Collinear parton distribution function

Z
d2~k?

<latexit sha1_base64="/ljyfCWuSuEQeW+EcQd+zlG3UnM="></latexit>
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Parton distribution functions Parton distribution functions

Charge

GPD
(x,�)

FF
(�)

PDF
(x)

<latexit sha1_base64="PExjRLT0Q75O1JYd+paGufynsgc=">AAACA3icbVC7TgJBFJ31ifhg1dJmAjHBmJBdo9GSaGOJiTwSlpDZ4QITZh+ZuWMkhNI/sLPVys7Y+iEU/ovLQqHgqU7OuTf33OPHUmh0nIm1srq2vrGZ2cpu7+zu5ez9g5qOjOJQ5ZGMVMNnGqQIoYoCJTRiBSzwJdT9wc3Urz+A0iIK73EYQytgvVB0BWeYSG0750noYvGRekr0+njStgtOyUlBl4k7J4Vy3jt9npSHlbb97XUibgIIkUumddN1YmyNmELBJYyzntEQMz5gPWgmNGQB6NYoDT6mx0YzjGgMigpJUxF+b4xYoPUw8JPJgGFfL3pT8T+vabB71RqJMDYIIZ8eQiEhPaS5EkkjQDtCASKbJgcqQsqZYoigBGWcJ6JJKsomfbiL3y+T2lnJPS9d3LmF8jWZIUOOSJ4UiUsuSZnckgqpEk4MeSGv5M16st6tD+tzNrpizXcOyR9YXz8hFZpE</latexit>

⇣
x,~k?,�

⌘

<latexit sha1_base64="EHGrIyWQTnU93GH2Qak6EttX9JU="></latexit>

GTMD

⇣
~k?,�

⌘TMFF

⇣
~k?

⌘TMSD

TMD⇣
x,~k?

⌘

<latexit sha1_base64="XyzdWQQvsRPoAqNHgxGERqdpqDM=">AAACFHicbVC7SgNBFJ31GeMrGjubwSBEkLArSiyDNpYRzAOyIcxObpIhsw9m7gbDktYPEPErbLWyE1t7C3s/w80mhSae6nDOvdxzjxNIodE0P42FxaXlldXUWnp9Y3NrO7OzW9V+qDhUuC99VXeYBik8qKBACfVAAXMdCTWnfzn2awNQWvjeDQ4DaLqs64mO4AxjqZWhtoQO5m+PqT0AHvVHrcgOQAUjaivR7eFRK5MzC2YCOk+sKcmVig/3w+z3XrmV+bLbPg9d8JBLpnXDMgNsRkyh4BJGaTvUEDDeZ11oxNRjLuhmlHwyooehZujTOAEVkiYi/N6ImKv10HXiSZdhT896Y/E/rxFi57wZCS8IETw+PoRCQnJIcyXiioC2hQJENk4OVHiUM8UQQQnKOI/FMO4sHfdhzX4/T6onBeu0cHZt5UoXZIIU2ScHJE8sUiQlckXKpEI4uSNP5Jm8GI/Gq/FmvE9GF4zpTpb8gfHxA79Bobc=</latexit>

f1,⇡ (x)

<latexit sha1_base64="dvCrqxyzZXRcz77R+iSJ0BYR77w=">AAACDHicbVDLSsNAFJ3UV62vqhvBzWARKkhJpKLLohuXFewDmhIm09t26GQSZm7EEuon+BVudeVO3PoPLvwXk9qFVs/qcM693HuOH0lh0LY/rNzC4tLySn61sLa+sblV3N5pmjDWHBo8lKFu+8yAFAoaKFBCO9LAAl9Cyx9dZn7rFrQRobrBcQTdgA2U6AvOMJW84l7fS5xj6kZi4kroY/nO1WIwxCOvWLIr9hT0L3FmpERmqHvFT7cX8jgAhVwyYzqOHWE3YRoFlzApuLGBiPERG0AnpYoFYLrJNMGEHsaGYUgj0FRIOhXh50bCAmPGgZ9OBgyHZt7LxP+8Toz9824iVBQjKJ4dQiFheshwLdJqgPaEBkSWfQ5UKMqZZoigBWWcp2KcdlVI+3Dm0/8lzZOKU62cXldLtYtZM3myTw5ImTjkjNTIFamTBuHknjySJ/JsPVgv1qv19j2as2Y7u+QXrPcvlwma4Q==</latexit>

f1,⇡
⇣
x,~k?

⌘

<latexit sha1_base64="HluXO9ljx9IYPX/P54SuOFCsrC8=">AAACHXicbVBNS8NAEN34WetX1aOXxSJUkJJIRY+iF48VbCs0JWy207p0kyy7k6KE/AZ/gr/Cq568iVfx4H9xU3vw653evDfDzLxQSWHQdd+dmdm5+YXF0lJ5eWV1bb2ysdk2Sao5tHgiE30VMgNSxNBCgRKulAYWhRI64eis8Dtj0EYk8SXeKuhFbBiLgeAMrRRU9gZB5u1TX4nclzDA2o0txsCzUR5kvgKtcl+L4TXuBZWqW3cnoH+JNyVVMkUzqHz4/YSnEcTIJTOm67kKexnTKLiEvOynBhTjIzaErqUxi8D0sslLOd1NDcOE2gOokHQiwveJjEXG3Eah7YwYXpvfXiH+53VTHBz3MhGrFCHmxSIUEiaLDNfCZgW0LzQgsuJyoCKmnGmGCFpQxrkVUxte2ebh/f7+L2kf1L1G/fCiUT05nSZTIttkh9SIR47ICTknTdIinNyRB/JInpx759l5cV6/Wmec6cwW+QHn7RNJ5aI+</latexit>

�[�+]
⇤⇤0

⇣
x,~k?,�

⌘

<latexit sha1_base64="5gspHHVAhQ/1dJ7+71HMsU+eVUs="></latexit>

10
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f1,⇡ (x)

<latexit sha1_base64="dvCrqxyzZXRcz77R+iSJ0BYR77w=">AAACDHicbVDLSsNAFJ3UV62vqhvBzWARKkhJpKLLohuXFewDmhIm09t26GQSZm7EEuon+BVudeVO3PoPLvwXk9qFVs/qcM693HuOH0lh0LY/rNzC4tLySn61sLa+sblV3N5pmjDWHBo8lKFu+8yAFAoaKFBCO9LAAl9Cyx9dZn7rFrQRobrBcQTdgA2U6AvOMJW84l7fS5xj6kZi4kroY/nO1WIwxCOvWLIr9hT0L3FmpERmqHvFT7cX8jgAhVwyYzqOHWE3YRoFlzApuLGBiPERG0AnpYoFYLrJNMGEHsaGYUgj0FRIOhXh50bCAmPGgZ9OBgyHZt7LxP+8Toz9824iVBQjKJ4dQiFheshwLdJqgPaEBkSWfQ5UKMqZZoigBWWcp2KcdlVI+3Dm0/8lzZOKU62cXldLtYtZM3myTw5ImTjkjNTIFamTBuHknjySJ/JsPVgv1qv19j2as2Y7u+QXrPcvlwma4Q==</latexit>

f1,⇡
⇣
x,~k?

⌘

<latexit sha1_base64="HluXO9ljx9IYPX/P54SuOFCsrC8=">AAACHXicbVBNS8NAEN34WetX1aOXxSJUkJJIRY+iF48VbCs0JWy207p0kyy7k6KE/AZ/gr/Cq568iVfx4H9xU3vw653evDfDzLxQSWHQdd+dmdm5+YXF0lJ5eWV1bb2ysdk2Sao5tHgiE30VMgNSxNBCgRKulAYWhRI64eis8Dtj0EYk8SXeKuhFbBiLgeAMrRRU9gZB5u1TX4nclzDA2o0txsCzUR5kvgKtcl+L4TXuBZWqW3cnoH+JNyVVMkUzqHz4/YSnEcTIJTOm67kKexnTKLiEvOynBhTjIzaErqUxi8D0sslLOd1NDcOE2gOokHQiwveJjEXG3Eah7YwYXpvfXiH+53VTHBz3MhGrFCHmxSIUEiaLDNfCZgW0LzQgsuJyoCKmnGmGCFpQxrkVUxte2ebh/f7+L2kf1L1G/fCiUT05nSZTIttkh9SIR47ICTknTdIinNyRB/JInpx759l5cV6/Wmec6cwW+QHn7RNJ5aI+</latexit>

�[�+]
⇤⇤0

⇣
x,~k?,�

⌘

<latexit sha1_base64="5gspHHVAhQ/1dJ7+71HMsU+eVUs="></latexit>

H
q(x, ⇠,�)

<latexit sha1_base64="smXhN4ffkebeH7VaGCRX9bD3d88=">AAACCXicbVDLSgNBEJz1GeMrKp68DAZBQcKuKHoM6sGjglEhWUPv2Org7MOZXklY8gV+hVc9eROvfoUH/8XZdQ++6tAUVd10dwWJkoZc990ZGh4ZHRuvTFQnp6ZnZmtz8ycmTrXAlohVrM8CMKhkhC2SpPAs0QhhoPA0uNnL/dM71EbG0TH1E/RDuIrkpRRAVurWFg/Os9vBam+dd3rSln1UBGvdWt1tuAX4X+KVpM5KHHZrH52LWKQhRiQUGNP23IT8DDRJoXBQ7aQGExA3cIVtSyMI0fhZcf6Ar6QGKOYJai4VL0T8PpFBaEw/DGxnCHRtfnu5+J/XTulyx89klKSEkcgXkVRYLDJCS5sL8gupkQjyy5HLiAvQQIRachDCiqkNqmrz8H5//5ecbDS8zcbW0Wa9uVsmU2FLbJmtMo9tsyY7YIesxQTL2AN7ZE/OvfPsvDivX61DTjmzwH7AefsESPuY/Q==</latexit>

GPD

TMD

Charge

⇣
x,~k?,�

⌘

<latexit sha1_base64="EHGrIyWQTnU93GH2Qak6EttX9JU="></latexit>

⇣
x,~k?

⌘

<latexit sha1_base64="XyzdWQQvsRPoAqNHgxGERqdpqDM=">AAACFHicbVC7SgNBFJ31GeMrGjubwSBEkLArSiyDNpYRzAOyIcxObpIhsw9m7gbDktYPEPErbLWyE1t7C3s/w80mhSae6nDOvdxzjxNIodE0P42FxaXlldXUWnp9Y3NrO7OzW9V+qDhUuC99VXeYBik8qKBACfVAAXMdCTWnfzn2awNQWvjeDQ4DaLqs64mO4AxjqZWhtoQO5m+PqT0AHvVHrcgOQAUjaivR7eFRK5MzC2YCOk+sKcmVig/3w+z3XrmV+bLbPg9d8JBLpnXDMgNsRkyh4BJGaTvUEDDeZ11oxNRjLuhmlHwyooehZujTOAEVkiYi/N6ImKv10HXiSZdhT896Y/E/rxFi57wZCS8IETw+PoRCQnJIcyXiioC2hQJENk4OVHiUM8UQQQnKOI/FMO4sHfdhzX4/T6onBeu0cHZt5UoXZIIU2ScHJE8sUiQlckXKpEI4uSNP5Jm8GI/Gq/FmvE9GF4zpTpb8gfHxA79Bobc=</latexit>

(x,�)

<latexit sha1_base64="7439W4hdxgebpwPlKtmCghruzIk=">AAACC3icbVC7SgNBFJ2N7/iKWljYDAlCRAm7omgZ1MJSwUQhu4S7k5s4ZPbBzF0xhHyCnX9gq5Wd2PoRFv6LuzGFJp7qcM693HuOHytpyLY/rdzU9Mzs3PxCfnFpeWW1sLZeN1GiBdZEpCJ944NBJUOskSSFN7FGCHyF1373NPOv71AbGYVX1IvRC6ATyrYUQKnULGy6CttUvt/j7hkqAu5q2bmlnWahZFfsIfgkcUakVC26u4+f1d5Fs/DltiKRBBiSUGBMw7Fj8vqgSQqFg7ybGIxBdKGDjZSGEKDx+sMAA76dGKCIx6i5VHwo4u+NPgTG9AI/nQyAbs24l4n/eY2E2sdeX4ZxQhiK7BBJhcNDRmiZNoO8JTUSQfY5chlyARqIUEsOQqRiklaVT/twxtNPkvp+xTmoHF46peoJ+8E822JFVmYOO2JVds4uWI0JNmBP7Jm9WA/Wq/Vmvf+M5qzRzgb7A+vjG32JnSY=</latexit>

⇣
~k?

⌘

⇣
~k?,�

⌘

GTMD

TMFF

TMSD

PDF
(x)

<latexit sha1_base64="PExjRLT0Q75O1JYd+paGufynsgc=">AAACA3icbVC7TgJBFJ31ifhg1dJmAjHBmJBdo9GSaGOJiTwSlpDZ4QITZh+ZuWMkhNI/sLPVys7Y+iEU/ovLQqHgqU7OuTf33OPHUmh0nIm1srq2vrGZ2cpu7+zu5ez9g5qOjOJQ5ZGMVMNnGqQIoYoCJTRiBSzwJdT9wc3Urz+A0iIK73EYQytgvVB0BWeYSG0750noYvGRekr0+njStgtOyUlBl4k7J4Vy3jt9npSHlbb97XUibgIIkUumddN1YmyNmELBJYyzntEQMz5gPWgmNGQB6NYoDT6mx0YzjGgMigpJUxF+b4xYoPUw8JPJgGFfL3pT8T+vabB71RqJMDYIIZ8eQiEhPaS5EkkjQDtCASKbJgcqQsqZYoigBGWcJ6JJKsomfbiL3y+T2lnJPS9d3LmF8jWZIUOOSJ4UiUsuSZnckgqpEk4MeSGv5M16st6tD+tzNrpizXcOyR9YXz8hFZpE</latexit>

Z
d2~k?

<latexit sha1_base64="/ljyfCWuSuEQeW+EcQd+zlG3UnM="></latexit>

FF
(�)

11



Parton distribution functions Parton distribution functions

GPD

TMD

FF

Charge

⇣
x,~k?,�

⌘

<latexit sha1_base64="EHGrIyWQTnU93GH2Qak6EttX9JU="></latexit>

⇣
x,~k?

⌘

<latexit sha1_base64="XyzdWQQvsRPoAqNHgxGERqdpqDM=">AAACFHicbVC7SgNBFJ31GeMrGjubwSBEkLArSiyDNpYRzAOyIcxObpIhsw9m7gbDktYPEPErbLWyE1t7C3s/w80mhSae6nDOvdxzjxNIodE0P42FxaXlldXUWnp9Y3NrO7OzW9V+qDhUuC99VXeYBik8qKBACfVAAXMdCTWnfzn2awNQWvjeDQ4DaLqs64mO4AxjqZWhtoQO5m+PqT0AHvVHrcgOQAUjaivR7eFRK5MzC2YCOk+sKcmVig/3w+z3XrmV+bLbPg9d8JBLpnXDMgNsRkyh4BJGaTvUEDDeZ11oxNRjLuhmlHwyooehZujTOAEVkiYi/N6ImKv10HXiSZdhT896Y/E/rxFi57wZCS8IETw+PoRCQnJIcyXiioC2hQJENk4OVHiUM8UQQQnKOI/FMO4sHfdhzX4/T6onBeu0cHZt5UoXZIIU2ScHJE8sUiQlckXKpEI4uSNP5Jm8GI/Gq/FmvE9GF4zpTpb8gfHxA79Bobc=</latexit>

(x,�)

<latexit sha1_base64="7439W4hdxgebpwPlKtmCghruzIk=">AAACC3icbVC7SgNBFJ2N7/iKWljYDAlCRAm7omgZ1MJSwUQhu4S7k5s4ZPbBzF0xhHyCnX9gq5Wd2PoRFv6LuzGFJp7qcM693HuOHytpyLY/rdzU9Mzs3PxCfnFpeWW1sLZeN1GiBdZEpCJ944NBJUOskSSFN7FGCHyF1373NPOv71AbGYVX1IvRC6ATyrYUQKnULGy6CttUvt/j7hkqAu5q2bmlnWahZFfsIfgkcUakVC26u4+f1d5Fs/DltiKRBBiSUGBMw7Fj8vqgSQqFg7ybGIxBdKGDjZSGEKDx+sMAA76dGKCIx6i5VHwo4u+NPgTG9AI/nQyAbs24l4n/eY2E2sdeX4ZxQhiK7BBJhcNDRmiZNoO8JTUSQfY5chlyARqIUEsOQqRiklaVT/twxtNPkvp+xTmoHF46peoJ+8E822JFVmYOO2JVds4uWI0JNmBP7Jm9WA/Wq/Vmvf+M5qzRzgb7A+vjG32JnSY=</latexit>

(�)

<latexit sha1_base64="FHTK9muD7Lod0QurRJwp2fi1Jzo=">AAACCHicbVDLSgNBEJz1bXytj5uXwSBEhLArih6DevCoYDSQDaF30kmGzD6Y6RViyA949gO86smbePUvcvBf3N140Gidiqpuurr8WElDjjOypqZnZufmFxYLS8srq2v2+saNiRItsCoiFemaDwaVDLFKkhTWYo0Q+Apv/d5Z5t/eoTYyCq+pH2MjgE4o21IApVLT3vIUtqnknaMi4J6WnS7tNe2iU3Zy8L/E/SbFyo63/ziq9C+b9qfXikQSYEhCgTF114mpMQBNUigcFrzEYAyiBx2spzSEAE1jkKcf8t3EAEU8Rs2l4rmIPzcGEBjTD/x0MgDqmkkvE//z6gm1TxoDGcYJYSiyQyQV5oeM0DKtBXlLaiSCLDlyGXIBGohQSw5CpGKS9lRI+3Anv/9Lbg7K7mH56MotVk7ZGAtsm+2wEnPZMauwC3bJqkywe/bEntmL9WC9Wm/W+3h0yvre2WS/YH18AcnsnEQ=</latexit>

⇣
~k?

⌘

⇣
~k?,�

⌘

GTMD

TMFF

TMSD

PDF
(x)

<latexit sha1_base64="PExjRLT0Q75O1JYd+paGufynsgc=">AAACA3icbVC7TgJBFJ31ifhg1dJmAjHBmJBdo9GSaGOJiTwSlpDZ4QITZh+ZuWMkhNI/sLPVys7Y+iEU/ovLQqHgqU7OuTf33OPHUmh0nIm1srq2vrGZ2cpu7+zu5ez9g5qOjOJQ5ZGMVMNnGqQIoYoCJTRiBSzwJdT9wc3Urz+A0iIK73EYQytgvVB0BWeYSG0750noYvGRekr0+njStgtOyUlBl4k7J4Vy3jt9npSHlbb97XUibgIIkUumddN1YmyNmELBJYyzntEQMz5gPWgmNGQB6NYoDT6mx0YzjGgMigpJUxF+b4xYoPUw8JPJgGFfL3pT8T+vabB71RqJMDYIIZ8eQiEhPaS5EkkjQDtCASKbJgcqQsqZYoigBGWcJ6JJKsomfbiL3y+T2lnJPS9d3LmF8jWZIUOOSJ4UiUsuSZnckgqpEk4MeSGv5M16st6tD+tzNrpizXcOyR9YXz8hFZpE</latexit>

Z
dx

<latexit sha1_base64="FbbZv0zs4Q0bdZSz7AkjMcaamhA=">AAAB+XicdVDLTgJBEJzFF+IL9ehlIjHxRBYCcbkRvXjERB4JEDI7NDhhdnYz02skGz7Cq568Ga9+jQf/xVlcEzVap0pVd7q6/EgKg6775uRWVtfWN/Kbha3tnd294v5Bx4Sx5tDmoQx1z2cGpFDQRoESepEGFvgSuv7sIvW7t6CNCNU1ziMYBmyqxERwhlbqDoRCOr4bFUtu2a26tVqdWrKEJY2GV/U8WsmUEsnQGhXfB+OQxwEo5JIZ06+4EQ4TplFwCYvCIDYQMT5jU+hbqlgAZpgs4y7oSWwYhjQCTYWkSxG+byQsMGYe+HYyYHhjfnup+JfXj3HiDROhohhB8fQQCgnLQ4ZrYXsAOhYaEFmaHKhQlDPNEEELyji3YmyLKdg+vp6m/5NOtVypletXtVLzPGsmT47IMTklFXJGmuSStEibcDIj9+SBPDqJ8+Q8Oy+fozkn2zkkP+C8fgAm85Qr</latexit>

f1,⇡ (x)

<latexit sha1_base64="dvCrqxyzZXRcz77R+iSJ0BYR77w=">AAACDHicbVDLSsNAFJ3UV62vqhvBzWARKkhJpKLLohuXFewDmhIm09t26GQSZm7EEuon+BVudeVO3PoPLvwXk9qFVs/qcM693HuOH0lh0LY/rNzC4tLySn61sLa+sblV3N5pmjDWHBo8lKFu+8yAFAoaKFBCO9LAAl9Cyx9dZn7rFrQRobrBcQTdgA2U6AvOMJW84l7fS5xj6kZi4kroY/nO1WIwxCOvWLIr9hT0L3FmpERmqHvFT7cX8jgAhVwyYzqOHWE3YRoFlzApuLGBiPERG0AnpYoFYLrJNMGEHsaGYUgj0FRIOhXh50bCAmPGgZ9OBgyHZt7LxP+8Toz9824iVBQjKJ4dQiFheshwLdJqgPaEBkSWfQ5UKMqZZoigBWWcp2KcdlVI+3Dm0/8lzZOKU62cXldLtYtZM3myTw5ImTjkjNTIFamTBuHknjySJ/JsPVgv1qv19j2as2Y7u+QXrPcvlwma4Q==</latexit>

f1,⇡
⇣
x,~k?

⌘

<latexit sha1_base64="HluXO9ljx9IYPX/P54SuOFCsrC8=">AAACHXicbVBNS8NAEN34WetX1aOXxSJUkJJIRY+iF48VbCs0JWy207p0kyy7k6KE/AZ/gr/Cq568iVfx4H9xU3vw653evDfDzLxQSWHQdd+dmdm5+YXF0lJ5eWV1bb2ysdk2Sao5tHgiE30VMgNSxNBCgRKulAYWhRI64eis8Dtj0EYk8SXeKuhFbBiLgeAMrRRU9gZB5u1TX4nclzDA2o0txsCzUR5kvgKtcl+L4TXuBZWqW3cnoH+JNyVVMkUzqHz4/YSnEcTIJTOm67kKexnTKLiEvOynBhTjIzaErqUxi8D0sslLOd1NDcOE2gOokHQiwveJjEXG3Eah7YwYXpvfXiH+53VTHBz3MhGrFCHmxSIUEiaLDNfCZgW0LzQgsuJyoCKmnGmGCFpQxrkVUxte2ebh/f7+L2kf1L1G/fCiUT05nSZTIttkh9SIR47ICTknTdIinNyRB/JInpx759l5cV6/Wmec6cwW+QHn7RNJ5aI+</latexit>

�[�+]
⇤⇤0

⇣
x,~k?,�

⌘

<latexit sha1_base64="5gspHHVAhQ/1dJ7+71HMsU+eVUs="></latexit>

H
q(x, ⇠,�)

<latexit sha1_base64="smXhN4ffkebeH7VaGCRX9bD3d88=">AAACCXicbVDLSgNBEJz1GeMrKp68DAZBQcKuKHoM6sGjglEhWUPv2Org7MOZXklY8gV+hVc9eROvfoUH/8XZdQ++6tAUVd10dwWJkoZc990ZGh4ZHRuvTFQnp6ZnZmtz8ycmTrXAlohVrM8CMKhkhC2SpPAs0QhhoPA0uNnL/dM71EbG0TH1E/RDuIrkpRRAVurWFg/Os9vBam+dd3rSln1UBGvdWt1tuAX4X+KVpM5KHHZrH52LWKQhRiQUGNP23IT8DDRJoXBQ7aQGExA3cIVtSyMI0fhZcf6Ar6QGKOYJai4VL0T8PpFBaEw/DGxnCHRtfnu5+J/XTulyx89klKSEkcgXkVRYLDJCS5sL8gupkQjyy5HLiAvQQIRachDCiqkNqmrz8H5//5ecbDS8zcbW0Wa9uVsmU2FLbJmtMo9tsyY7YIesxQTL2AN7ZE/OvfPsvDivX61DTjmzwH7AefsESPuY/Q==</latexit>

F1 (�)

<latexit sha1_base64="g2ocGSUXN9ES+3t0DAqWIrAqN7E=">AAACCnicbVDLSgNBEJz1GeNrVfDiZTAI8RJ2JaLHoCIeI5gHZEPonXSSIbMPZnqFEPMHfoVXPXkTr/6EB//FTcxBE+tUVHXT1eXHShpynE9rYXFpeWU1s5Zd39jc2rZ3dqsmSrTAiohUpOs+GFQyxApJUliPNULgK6z5/cuxX7tHbWQU3tEgxmYA3VB2pABKpZa9f91yPYUdyntXqAg8Lbs9Om7ZOafgTMDniTslOTZFuWV/ee1IJAGGJBQY03CdmJpD0CSFwlHWSwzGIPrQxUZKQwjQNIeT/CN+lBigiMeouVR8IuLvjSEExgwCP50MgHpm1huL/3mNhDrnzaEM44QwFONDJBVODhmhZVoM8rbUSATj5MhlyAVoIEItOQiRiknaVDbtw539fp5UTwpusXB6W8yVLqbNZNgBO2R55rIzVmI3rMwqTLAH9sSe2Yv1aL1ab9b7z+iCNd3ZY39gfXwD/umaAg==</latexit>
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Our modelOur model

�[�+]
⇤⇤0

⇣
x,~k?,�;P

⌘
=

1

2

Z
dz�d2~z?
(2⇡)3

ei(k
+z��~z?·~k?)h⇡(p0,⇤0)|q̄(0)U(0,z)�

+q(z)|⇡(p,⇤)i
����
z+=0

<latexit sha1_base64="du62rlT8WHUeZKZ78ufonYiYFG4="></latexit>

. . .

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

|⇡(p,⇤)i =  ⇤
qq̄|⇡(p,⇤)qq̄i+  ⇤

qq̄g|⇡(p,⇤)qq̄gi+  ⇤
qq̄gg|⇡(p,⇤)qq̄ggi+  ⇤

qq̄ss̄|⇡(p,⇤)qq̄ss̄i+ . . .

<latexit sha1_base64="IkeLBfJQxfQZLmmiZ5hnLEXdnnE="></latexit>
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Our model

 (1)
qq̄ (1, 2) = �(1)qq̄ (x1, x2)⌦2

⇣
x1, x2,~k?1,~k?2

⌘

<latexit sha1_base64="XBw9Hbohn/NZ/tg/I4XM+/r8fWU="></latexit>

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

⇣
x1, x2, x3,~k?1,~k?2,~k?3

⌘

<latexit sha1_base64="glM5NzMYqOZlaTEj2cSlnGNYrOA="></latexit>

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

⇣
x1, x2, x3, x4,~k?1,~k?2,~k?3,~k?4

⌘

<latexit sha1_base64="jykbIjk4hY9EbGrXCRpQlE0EZDU="></latexit>

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

⇣
x1, x2, x3, x4,~k?1,~k?2,~k?3,~k?4

⌘

<latexit sha1_base64="PuPCHuGwI5eau1BpWU0b7Jrgv3c="></latexit>

(Normalization of pion state)

Z h
d2~k?

i

n
⌦n = 1

<latexit sha1_base64="u8Hi33KigMaJsCq+ti/zYdsWEvI="></latexit>

(Link between LFWFs and DAs)

Z h
d2~k?

i

n
⌦2

n =
1

T 2

nY

i=1

xi

<latexit sha1_base64="n7zJgJigOwJdexl0IQO0XZRIHWA="></latexit>

f1,⇡(x) =
X

n

Z
[dx]n

h
d2~k?

i

n

��� LF
⇡

⇣
{xi} ,

n
~k?i

o⌘���
2
�(x� xi)�iq

<latexit sha1_base64="5Of6koEF69stBiviKcvKNFyYV+Q="></latexit>

⌦n ⌘ ⌦n

⇣
xi,~k?i; ⌧n

⌘

i=1,...,n

<latexit sha1_base64="AuyY+CbvYFnjFRQEx6hg+YOgKBA="></latexit>

� ⌘ � (xi;�j , ⌧n)i=1,...,n

<latexit sha1_base64="YvFhRiDgT0zJGJUkOwsDSaLzIBQ="></latexit>
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= C (xi;�j)T (⌧n)i=1,...,n

<latexit sha1_base64="vQ1YNU87fYU8sKSKxxmPbEfXcqo="></latexit>



1) The collinear parton distribution function can be 
parametrized only by the set         .

2) In the transverse direction, we have other “free” parameters, 
the set         , that can be used to fit other distribution 
functions.

{�i}

<latexit sha1_base64="dA56jkO+Q3NMwpZWZ+gqwf1Yj8Q=">AAACDHicbVDLSgNBEJyNrxhfUS+Cl8EgeAq7EtFj0IvHCCYGsmHpnXSSIbMPZnqFsMRP8Cu86smbePUfPPgv7sYcNLFORVUX3V1+rKQh2/60CkvLK6trxfXSxubW9k55d69lokQLbIpIRbrtg0ElQ2ySJIXtWCMEvsI7f3SV+3f3qI2Mwlsax9gNYBDKvhRAmeSVD1yFfXJTV2WZHnjS1XIwJHfilSt21Z6CLxJnRipshoZX/nJ7kUgCDEkoMKbj2DF1U9AkhcJJyU0MxiBGMMBORkMI0HTT6QcTfpwYoIjHqLlUfCri70QKgTHjwM8mA6Chmfdy8T+vk1D/opvKME4IQ5EvIqlwusgILbNqkPekRiLIL0cuQy5AAxFqyUGITEyyrkpZH87894ukdVp1atWzm1qlfjlrpsgO2RE7YQ47Z3V2zRqsyQR7YE/smb1Yj9ar9Wa9/4wWrFlmn/2B9fENLg2b3g==</latexit>

{⌧i}

<latexit sha1_base64="3OycLQrggL/Tl1BLK7jinSUdt3I=">AAACCXicbVC7TsNAEDyHVwivAKKiOREhUUU2CoIygoYySOQhxVa0vmySU84P3a2RIitfwFfQQkWHaPkKCv4FJ7iAhKlGM7va2fFjJQ3Z9qdVWFldW98obpa2tnd298r7By0TJVpgU0Qq0h0fDCoZYpMkKezEGiHwFbb98c3Mbz+gNjIK72kSoxfAMJQDKYAyqVc+chUOyE1dgqQnXS2HI3KnvXLFrtpz8GXi5KTCcjR65S+3H4kkwJCEAmO6jh2Tl4ImKRROS25iMAYxhiF2MxpCgMZL5/Gn/DQxQBGPUXOp+FzE3xspBMZMAj+bDIBGZtGbif953YQGV14qwzghDMXsEEmF80NGaJn1grwvNRLBLDlyGXIBGohQSw5CZGKSFVXK+nAWv18mrfOqU6te3NUq9eu8mSI7ZifsjDnsktXZLWuwJhMsZU/smb1Yj9ar9Wa9/4wWrHznkP2B9fEN8gWaqQ==</latexit>

Our model

f1,⇡ (x)

<latexit sha1_base64="dvCrqxyzZXRcz77R+iSJ0BYR77w=">AAACDHicbVDLSsNAFJ3UV62vqhvBzWARKkhJpKLLohuXFewDmhIm09t26GQSZm7EEuon+BVudeVO3PoPLvwXk9qFVs/qcM693HuOH0lh0LY/rNzC4tLySn61sLa+sblV3N5pmjDWHBo8lKFu+8yAFAoaKFBCO9LAAl9Cyx9dZn7rFrQRobrBcQTdgA2U6AvOMJW84l7fS5xj6kZi4kroY/nO1WIwxCOvWLIr9hT0L3FmpERmqHvFT7cX8jgAhVwyYzqOHWE3YRoFlzApuLGBiPERG0AnpYoFYLrJNMGEHsaGYUgj0FRIOhXh50bCAmPGgZ9OBgyHZt7LxP+8Toz9824iVBQjKJ4dQiFheshwLdJqgPaEBkSWfQ5UKMqZZoigBWWcp2KcdlVI+3Dm0/8lzZOKU62cXldLtYtZM3myTw5ImTjkjNTIFamTBuHknjySJ/JsPVgv1qv19j2as2Y7u+QXrPcvlwma4Q==</latexit>

f1,⇡
⇣
x,~k?

⌘

<latexit sha1_base64="HluXO9ljx9IYPX/P54SuOFCsrC8=">AAACHXicbVBNS8NAEN34WetX1aOXxSJUkJJIRY+iF48VbCs0JWy207p0kyy7k6KE/AZ/gr/Cq568iVfx4H9xU3vw653evDfDzLxQSWHQdd+dmdm5+YXF0lJ5eWV1bb2ysdk2Sao5tHgiE30VMgNSxNBCgRKulAYWhRI64eis8Dtj0EYk8SXeKuhFbBiLgeAMrRRU9gZB5u1TX4nclzDA2o0txsCzUR5kvgKtcl+L4TXuBZWqW3cnoH+JNyVVMkUzqHz4/YSnEcTIJTOm67kKexnTKLiEvOynBhTjIzaErqUxi8D0sslLOd1NDcOE2gOokHQiwveJjEXG3Eah7YwYXpvfXiH+53VTHBz3MhGrFCHmxSIUEiaLDNfCZgW0LzQgsuJyoCKmnGmGCFpQxrkVUxte2ebh/f7+L2kf1L1G/fCiUT05nSZTIttkh9SIR47ICTknTdIinNyRB/JInpx759l5cV6/Wmec6cwW+QHn7RNJ5aI+</latexit>

�[�+]
⇤⇤0

⇣
x,~k?,�

⌘

<latexit sha1_base64="5gspHHVAhQ/1dJ7+71HMsU+eVUs="></latexit>

H
q(x, ⇠,�)

<latexit sha1_base64="smXhN4ffkebeH7VaGCRX9bD3d88=">AAACCXicbVDLSgNBEJz1GeMrKp68DAZBQcKuKHoM6sGjglEhWUPv2Org7MOZXklY8gV+hVc9eROvfoUH/8XZdQ++6tAUVd10dwWJkoZc990ZGh4ZHRuvTFQnp6ZnZmtz8ycmTrXAlohVrM8CMKhkhC2SpPAs0QhhoPA0uNnL/dM71EbG0TH1E/RDuIrkpRRAVurWFg/Os9vBam+dd3rSln1UBGvdWt1tuAX4X+KVpM5KHHZrH52LWKQhRiQUGNP23IT8DDRJoXBQ7aQGExA3cIVtSyMI0fhZcf6Ar6QGKOYJai4VL0T8PpFBaEw/DGxnCHRtfnu5+J/XTulyx89klKSEkcgXkVRYLDJCS5sL8gupkQjyy5HLiAvQQIRachDCiqkNqmrz8H5//5ecbDS8zcbW0Wa9uVsmU2FLbJmtMo9tsyY7YIesxQTL2AN7ZE/OvfPsvDivX61DTjmzwH7AefsESPuY/Q==</latexit>

F1 (�)

<latexit sha1_base64="g2ocGSUXN9ES+3t0DAqWIrAqN7E=">AAACCnicbVDLSgNBEJz1GeNrVfDiZTAI8RJ2JaLHoCIeI5gHZEPonXSSIbMPZnqFEPMHfoVXPXkTr/6EB//FTcxBE+tUVHXT1eXHShpynE9rYXFpeWU1s5Zd39jc2rZ3dqsmSrTAiohUpOs+GFQyxApJUliPNULgK6z5/cuxX7tHbWQU3tEgxmYA3VB2pABKpZa9f91yPYUdyntXqAg8Lbs9Om7ZOafgTMDniTslOTZFuWV/ee1IJAGGJBQY03CdmJpD0CSFwlHWSwzGIPrQxUZKQwjQNIeT/CN+lBigiMeouVR8IuLvjSEExgwCP50MgHpm1huL/3mNhDrnzaEM44QwFONDJBVODhmhZVoM8rbUSATj5MhlyAVoIEItOQiRiknaVDbtw539fp5UTwpusXB6W8yVLqbNZNgBO2R55rIzVmI3rMwqTLAH9sSe2Yv1aL1ab9b7z+iCNd3ZY39gfXwD/umaAg==</latexit>

Preliminary Results for collinear parton distribution function fit

For future: investigate the pion generalized parton distribution.

“State of art”

Work in Progress for transverse momentum distribution fit.

Preliminary Results for pion form factor fit.
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For the fit of pion PDF, we made use of the free software developed by the             collaboration arXiv:1410.4412 [hep-ex].

Results and Comments
Pion collinear parton distribution function

260 experimental data have been included in the fit: the observables come from Drell Yan (NA10, E615) and prompt 
photon production experiments (WA70). From the original dataset, we excluded the data in the rigions of hadronic 
resonances and the Drell Yan data with              .
xF < 0

<latexit sha1_base64="jN4Oj4dovrg7rbSuwwCNMVVRXE0=">AAAB93icbVBNS8NAFNzUr1q/qh69LBbBU0mkogcPRUE8VjBtoQ1ls32tSzebsPsiltDf4FVP3sSrP8eD/8Uk5qCtcxpm3uPNGz+SwqBtf1qlpeWV1bXyemVjc2t7p7q71zZhrDm4PJSh7vrMgBQKXBQooRtpYIEvoeNPrjK/8wDaiFDd4TQCL2BjJUaCM0wl93FwfWEPqjW7buegi8QpSI0UaA2qX/1hyOMAFHLJjOk5doRewjQKLmFW6ccGIsYnbAy9lCoWgPGSPOyMHsWGYUgj0FRImovweyNhgTHTwE8nA4b3Zt7LxP+8Xoyjcy8RKooRFM8OoZCQHzJci7QFoEOhAZFlyYEKRTnTDBG0oIzzVIzTWippH87894ukfVJ3GvXT20ateVk0UyYH5JAcE4eckSa5IS3iEk4EeSLP5MWaWq/Wm/X+M1qyip198gfWxzfKS5LC</latexit>

6 parameters for the valence collinear parton distribution function;

4 (of the 6) parameters for the gluon distribution;

3 (of the 6) parameters for the sea distribution. https://doi.org/10.1103/PhysRevD.102.014040

g = g

<latexit sha1_base64="pgHGIqs9Ej6FMMJBqeMiGpE73tg=">AAAB93icbVBNS8NAFNzUr1q/qh69LBbBU0mkoheh6MVjBdMW2lA229e4dLMJuy9CCf0NXvXkTbz6czz4X0xiDto6p2HmPd688WMpDNr2p1VZWV1b36hu1ra2d3b36vsHXRMlmoPLIxnpvs8MSKHARYES+rEGFvoSev70Jvd7j6CNiNQ9zmLwQhYoMRGcYSa5Ab2iwajesJt2AbpMnJI0SInOqP41HEc8CUEhl8yYgWPH6KVMo+AS5rVhYiBmfMoCGGRUsRCMlxZh5/QkMQwjGoOmQtJChN8bKQuNmYV+NhkyfDCLXi7+5w0SnFx6qVBxgqB4fgiFhOKQ4VpkLQAdCw2ILE8OVCjKmWaIoAVlnGdiktVSy/pwFr9fJt2zptNqnt+1Gu3rspkqOSLH5JQ45IK0yS3pEJdwIsgTeSYv1sx6td6s95/RilXuHJI/sD6+AWh6koQ=</latexit>

S = 2u+ 2d̄+ s+ s̄ = 6u

<latexit sha1_base64="lloDY3C2F5k3Vrx0LSO2Dkcxkws=">AAACGXicbVDJSgNBEO1xjXGLevTSGARBCDPB7SIEvXiMaBZIQqjplNrYs9BdLciQL/AT/AqvevImXj158F/sjDm4PWh49V4V1fXCVElDvv/uTUxOTc/MFuaK8wuLS8ulldWmSawW2BCJSnQ7BINKxtggSQrbqUaIQoWt8Pp45LduUBuZxOd0m2IvgstYXkgB5KR+afOMH/Kq5du8yrsh6GwwdNy4l1dm6Ow92y+V/Yqfg/8lwZiU2Rj1fumjO0iEjTAmocCYTuCn1MtAkxQKh8WuNZiCuIZL7DgaQ4Sml+XnDPmmNUAJT1FzqXgu4veJDCJjbqPQdUZAV+a3NxL/8zqWLg56mYxTSxiL0SKSCvNFRmjpckI+kBqJYPRz5DLmAjQQoZYchHCidcEVXR7B7+v/kma1EuxUdk93yrWjcTIFts422BYL2D6rsRNWZw0m2B17YI/sybv3nr0X7/WrdcIbz6yxH/DePgGmWZ04</latexit>

v = dv � uv =
�
d� d̄

�
� (u� ū) = 2 (d� u) = 2dv

<latexit sha1_base64="OJShWvsOUBGGVtFNISwZ8cc+x2o="></latexit>

Like in the xFitter model, in our model the following definition of “valence”, “sea” and “gluon” collinear parton 
distribution functions  are intended: Z 1

0
v(x)dx = 2

<latexit sha1_base64="kmWxNPkxGNDCxlfR/Z/VszSq7ps=">AAACDHicbVC7TgJBFJ3FF+Jr1cbEZiIxwYbsEow2JkQbS0zkkQCS2eGCE2ZnNzN3CWSDn+BX2GplZ2z9Bwv/xQUpFDzVyTn35t5zvFAKg47zaaWWlldW19LrmY3Nre0de3evaoJIc6jwQAa67jEDUiiooEAJ9VAD8z0JNa9/NfFrA9BGBOoWRyG0fNZTois4w0Rq2wdNobAdO+O72B3TQW54QjtDekELbTvr5J0p6CJxZyRLZii37a9mJ+CRDwq5ZMY0XCfEVsw0Ci5hnGlGBkLG+6wHjYQq5oNpxdMEY3ocGYYBDUFTIelUhN8bMfONGfleMukzvDfz3kT8z2tE2D1vxUKFEYLik0MoJEwPGa5FUg3QjtCAyCafAxWKcqYZImhBGeeJGCVdZZI+3Pn0i6RayLvF/OlNMVu6nDWTJofkiOSIS85IiVyTMqkQTh7IE3kmL9aj9Wq9We8/oylrtrNP/sD6+AYTx5nn</latexit>

Z 1

0
x (v(x) + g(x) + S(x)) dx = 1

<latexit sha1_base64="SJL47FTLhWG5dW6RkXmgKbFjqok="></latexit>
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Results and Comments
Pion collinear parton distribution function

�2 = 0.875

<latexit sha1_base64="n+nS/TaNrrELxaM4fadlMmA1VpQ=">AAAB/nicbVC7SgNBFJ31GeMramkzGASrZTckJI0QtLGMYB6QXcPs5CYZMvtg5q4QQsCvsNXKTmz9FQv/xd11C0081eGce7nnHi+SQqNlfRpr6xubW9uFneLu3v7BYenouKPDWHFo81CGqucxDVIE0EaBEnqRAuZ7Erre9Dr1uw+gtAiDO5xF4PpsHIiR4AwTyXH4RNxXLi2zUa8NSmXLtDLQVWLnpExytAalL2cY8tiHALlkWvdtK0J3zhQKLmFRdGINEeNTNoZ+QgPmg3bnWeYFPY81w5BGoKiQNBPh98ac+VrPfC+Z9BlO9LKXiv95/RhHDXcugihGCHh6CIWE7JDmSiRlAB0KBYgsTQ5UBJQzxRBBCco4T8Q4aaeY9GEvf79KOhXTrpq122q5eZU3UyCn5IxcEJvUSZPckBZpE04i8kSeyYvxaLwab8b7z+iake+ckD8wPr4Bu9mU3g==</latexit>

PRELIMINARY PRELIMINARY PRELIMINARY
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Results and Comments
Pion collinear parton distribution function
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!xFitter model

Our model

PRELIMINARY valence PDF

xF

<latexit sha1_base64="JA2myZtRk5BmFUJNkSabB78jG1U=">AAAB9XicbVC7TsNAEDyHVwivACXNiQiJKrJREJQRSIgyCPKQkihaXzbhlPNDd2sgsvIJtFDRIVq+h4J/wTYuIDDVaGZXOztuqKQh2/6wCguLS8srxdXS2vrG5lZ5e6dlgkgLbIpABbrjgkElfWySJIWdUCN4rsK2OzlP/fYdaiMD/4amIfY9GPtyJAVQIl0/DC4G5YpdtTPwv8TJSYXlaAzKn71hICIPfRIKjOk6dkj9GDRJoXBW6kUGQxATGGM3oT54aPpxFnXGDyIDFPAQNZeKZyL+3IjBM2bqucmkB3Rr5r1U/M/rRjQ67cfSDyNCX6SHSCrMDhmhZdIB8qHUSARpcuTS5wI0EKGWHIRIxCgppZT04cx//5e0jqpOrXp8VavUz/JmimyP7bND5rATVmeXrMGaTLAxe2RP7Nm6t16sV+vte7Rg5Tu77Bes9y/VipJC</latexit>

f
v 1
(x
)

<latexit sha1_base64="kRs+QIZFxF2eWkn3NZHs+aB/Ytc=">AAAB/HicbVC7TsNAEDyHVwivACXNiQgpNJGNgqCMoKEMEnmIxETnyyaccj5bd+uIyApfQQsVHaLlXyj4F2yTAhKmGs3samfHC6UwaNufVm5peWV1Lb9e2Njc2t4p7u41TRBpDg0eyEC3PWZACgUNFCihHWpgvieh5Y0uU781Bm1EoG5wEoLrs6ESA8EZJtLtoOfcxeNp+eG4VyzZFTsDXSTOjJTIDPVe8avbD3jkg0IumTEdxw7RjZlGwSVMC93IQMj4iA2hk1DFfDBunCWe0qPIMAxoCJoKSTMRfm/EzDdm4nvJpM/w3sx7qfif14lwcO7GQoURguLpIRQSskOGa5FUAbQvNCCyNDlQoShnmiGCFpRxnohR0k0h6cOZ/36RNE8qTrVyel0t1S5mzeTJATkkZeKQM1IjV6ROGoQTRZ7IM3mxHq1X6816/xnNWbOdffIH1sc3sV6U9g==</latexit>

hxv(x)i = 0.466

<latexit sha1_base64="zDRFCCvD33WImQfq5ca89HHoB0Y="></latexit>

hxv(x)i = 0.49± 0.05

<latexit sha1_base64="mmgumqa8ZKaoqX/EI2ALfK/O9lo="></latexit>

18



��

��

��

��

��

��

��

�	

�� ��
� ��
� ��
� ��
� ��
� ��
� ��
	 ��
� ��
� ��


�������������
���
����������

������ �����������������
���
����������

����

��

����

����

����

����

�	

�	��

�	��

�	��

�	��

�� ���	 ���� ���
 ���� ���� ���� ���� ���� ���
 �	

��������������������������	��� !	�"
�#$����%����������������
������������	��� !	�"

Results and Comments
Pion collinear parton distribution function

xFitter model

Our model

PRELIMINARY gluon PDF

xFitter model

Our model

PRELIMINARY sea PDF

xF

<latexit sha1_base64="JA2myZtRk5BmFUJNkSabB78jG1U=">AAAB9XicbVC7TsNAEDyHVwivACXNiQiJKrJREJQRSIgyCPKQkihaXzbhlPNDd2sgsvIJtFDRIVq+h4J/wTYuIDDVaGZXOztuqKQh2/6wCguLS8srxdXS2vrG5lZ5e6dlgkgLbIpABbrjgkElfWySJIWdUCN4rsK2OzlP/fYdaiMD/4amIfY9GPtyJAVQIl0/DC4G5YpdtTPwv8TJSYXlaAzKn71hICIPfRIKjOk6dkj9GDRJoXBW6kUGQxATGGM3oT54aPpxFnXGDyIDFPAQNZeKZyL+3IjBM2bqucmkB3Rr5r1U/M/rRjQ67cfSDyNCX6SHSCrMDhmhZdIB8qHUSARpcuTS5wI0EKGWHIRIxCgppZT04cx//5e0jqpOrXp8VavUz/JmimyP7bND5rATVmeXrMGaTLAxe2RP7Nm6t16sV+vte7Rg5Tu77Bes9y/VipJC</latexit>

xF

<latexit sha1_base64="JA2myZtRk5BmFUJNkSabB78jG1U=">AAAB9XicbVC7TsNAEDyHVwivACXNiQiJKrJREJQRSIgyCPKQkihaXzbhlPNDd2sgsvIJtFDRIVq+h4J/wTYuIDDVaGZXOztuqKQh2/6wCguLS8srxdXS2vrG5lZ5e6dlgkgLbIpABbrjgkElfWySJIWdUCN4rsK2OzlP/fYdaiMD/4amIfY9GPtyJAVQIl0/DC4G5YpdtTPwv8TJSYXlaAzKn71hICIPfRIKjOk6dkj9GDRJoXBW6kUGQxATGGM3oT54aPpxFnXGDyIDFPAQNZeKZyL+3IjBM2bqucmkB3Rr5r1U/M/rRjQ67cfSDyNCX6SHSCrMDhmhZdIB8qHUSARpcuTS5wI0EKGWHIRIxCgppZT04cx//5e0jqpOrXp8VavUz/JmimyP7bND5rATVmeXrMGaTLAxe2RP7Nm6t16sV+vte7Rg5Tu77Bes9y/VipJC</latexit>

f
S 1
(x
)

<latexit sha1_base64="yjSDMNEc8JT2GfLZPWjsQEUeess=">AAAB/HicbVC7TsNAEDyHVwivACXNiQgpNJGNgqCMoKEMgjxEYqLzZRNOOZ+tuzUissJX0EJFh2j5Fwr+BdukgISpRjO72tnxQikM2vanlVtYXFpeya8W1tY3NreK2ztNE0SaQ4MHMtBtjxmQQkEDBUpohxqY70loeaPz1G/dgzYiUNc4DsH12VCJgeAME+lm0HNu46tJ+eGwVyzZFTsDnSfOlJTIFPVe8avbD3jkg0IumTEdxw7RjZlGwSVMCt3IQMj4iA2hk1DFfDBunCWe0IPIMAxoCJoKSTMRfm/EzDdm7HvJpM/wzsx6qfif14lwcOrGQoURguLpIRQSskOGa5FUAbQvNCCyNDlQoShnmiGCFpRxnohR0k0h6cOZ/X6eNI8qTrVyfFkt1c6mzeTJHtknZeKQE1IjF6ROGoQTRZ7IM3mxHq1X6816/xnNWdOdXfIH1sc3ekWU0w==</latexit>

f
g 1
(x
)

<latexit sha1_base64="XncQtRb0K1n5YsXGB9jhcE0pu2Y=">AAAB/HicbVC7TsNAEDzzDOEVoKQ5ESGFJrJREJQRNJRBIg+RmOh82YRTzmfrbo2IrPAVtFDRIVr+hYJ/wTYuIGGq0cyudna8UAqDtv1pLSwuLa+sFtaK6xubW9ulnd2WCSLNockDGeiOxwxIoaCJAiV0Qg3M9yS0vfFF6rfvQRsRqGuchOD6bKTEUHCGiXQz7Du38WhaeTjql8p21c5A54mTkzLJ0eiXvnqDgEc+KOSSGdN17BDdmGkUXMK02IsMhIyP2Qi6CVXMB+PGWeIpPYwMw4CGoKmQNBPh90bMfGMmvpdM+gzvzKyXiv953QiHZ24sVBghKJ4eQiEhO2S4FkkVQAdCAyJLkwMVinKmGSJoQRnniRgl3RSTPpzZ7+dJ67jq1KonV7Vy/TxvpkD2yQGpEIeckjq5JA3SJJwo8kSeyYv1aL1ab9b7z+iCle/skT+wPr4BmcGU5w==</latexit>

hxS(x)i = 0.097

<latexit sha1_base64="4DEMzepV4rfEWU7i5ZnqcTyj1ZQ="></latexit>

hxg(x)i = 0.416

<latexit sha1_base64="IuhaxyCooJlwym/lBng1mwEQkQA="></latexit>

hxg(x)i = 0.26± 0.23

<latexit sha1_base64="UpjpymJsUiosoeh7YafkYEqro6I="></latexit>

hxS(x)i = 0.25± 0.12

<latexit sha1_base64="CiTZNpfRCmB+wWVVF6OP2UqH2+w="></latexit>
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Results and Comments
Pion Form Factor

PRELIMINARY

4 parameters for the fit of the pion form 
factor, starting from the parameters 
given by the best fit of PDFs.


65 experimental data included in the fit.


Chi-squared of the best-fit:                    .

⌦n ⌘ ⌦n

⇣
x1, . . . , xn,~k?1, . . . ,~k?n

⌘

=
16⇡2a2n

nY

i=1

xi

exp

"
�a2n

 
nX

i=1

~k2?i

xi

!#

<latexit sha1_base64="xAfVaMCLkntQ9KYQvzC5kN/j+dQ="></latexit>

�2 = 0.938

<latexit sha1_base64="+tW+ZlYlS/uil6IA7HXzf/vyzdA=">AAACAHicbVC7TgJBFJ3FF+ILtbSZSEysNruIEQsToo0lJvJIYCGzwwUmzD4yc9eEEBq/wlYrO2Prn1j4L+6uWyh4qpNz7s0997ihFBot69PIrayurW/kNwtb2zu7e8X9g6YOIsWhwQMZqLbLNEjhQwMFSmiHCpjnSmi5k5vEbz2A0iLw73EaguOxkS+GgjOMpV6Xj0WvTK+oZV6eVfvFkmVaKegysTNSIhnq/eJXdxDwyAMfuWRad2wrRGfGFAouYV7oRhpCxidsBJ2Y+swD7czS1HN6EmmGAQ1BUSFpKsLvjRnztJ56bjzpMRzrRS8R//M6EQ6rzkz4YYTg8+QQCgnpIc2ViOsAOhAKEFmSHKjwKWeKIYISlHEei1HcTyHuw178fpk0y6ZdMc/vKqXaddZMnhyRY3JKbHJBauSW1EmDcKLIE3kmL8aj8Wq8Ge8/ozkj2zkkf2B8fANvr5Uy</latexit>
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<latexit sha1_base64="LhGlvHnekq63npW0jgHSDJgsEHY=">AAAB+nicbVC7TsNAEDzzDOEVoKQ5ESFRRXYUBGUEFJRBIg8pMdH6sgmnnB+6WyNFIT9BCxUdouVnKPgXbOMCEqYazexqZ8eLlDRk25/W0vLK6tp6YaO4ubW9s1va22+ZMNYCmyJUoe54YFDJAJskSWEn0gi+p7DtjS9Tv/2A2sgwuKVJhK4Po0AOpQBKpE7vChXBXbVfKtsVOwNfJE5OyixHo1/66g1CEfsYkFBgTNexI3KnoEkKhbNiLzYYgRjDCLsJDcBH406zvDN+HBugkEeouVQ8E/H3xhR8Yya+l0z6QPdm3kvF/7xuTMNzdyqDKCYMRHqIpMLskBFaJkUgH0iNRJAmRy4DLkADEWrJQYhEjJNmikkfzvz3i6RVrTi1yulNrVy/yJspsEN2xE6Yw85YnV2zBmsywRR7Ys/sxXq0Xq036/1ndMnKdw7YH1gf30bilC0=</latexit>
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Results and Comments

f1,⇡ (x)

<latexit sha1_base64="dvCrqxyzZXRcz77R+iSJ0BYR77w=">AAACDHicbVDLSsNAFJ3UV62vqhvBzWARKkhJpKLLohuXFewDmhIm09t26GQSZm7EEuon+BVudeVO3PoPLvwXk9qFVs/qcM693HuOH0lh0LY/rNzC4tLySn61sLa+sblV3N5pmjDWHBo8lKFu+8yAFAoaKFBCO9LAAl9Cyx9dZn7rFrQRobrBcQTdgA2U6AvOMJW84l7fS5xj6kZi4kroY/nO1WIwxCOvWLIr9hT0L3FmpERmqHvFT7cX8jgAhVwyYzqOHWE3YRoFlzApuLGBiPERG0AnpYoFYLrJNMGEHsaGYUgj0FRIOhXh50bCAmPGgZ9OBgyHZt7LxP+8Toz9824iVBQjKJ4dQiFheshwLdJqgPaEBkSWfQ5UKMqZZoigBWWcp2KcdlVI+3Dm0/8lzZOKU62cXldLtYtZM3myTw5ImTjkjNTIFamTBuHknjySJ/JsPVgv1qv19j2as2Y7u+QXrPcvlwma4Q==</latexit>

f1,⇡
⇣
x,~k?

⌘

<latexit sha1_base64="HluXO9ljx9IYPX/P54SuOFCsrC8=">AAACHXicbVBNS8NAEN34WetX1aOXxSJUkJJIRY+iF48VbCs0JWy207p0kyy7k6KE/AZ/gr/Cq568iVfx4H9xU3vw653evDfDzLxQSWHQdd+dmdm5+YXF0lJ5eWV1bb2ysdk2Sao5tHgiE30VMgNSxNBCgRKulAYWhRI64eis8Dtj0EYk8SXeKuhFbBiLgeAMrRRU9gZB5u1TX4nclzDA2o0txsCzUR5kvgKtcl+L4TXuBZWqW3cnoH+JNyVVMkUzqHz4/YSnEcTIJTOm67kKexnTKLiEvOynBhTjIzaErqUxi8D0sslLOd1NDcOE2gOokHQiwveJjEXG3Eah7YwYXpvfXiH+53VTHBz3MhGrFCHmxSIUEiaLDNfCZgW0LzQgsuJyoCKmnGmGCFpQxrkVUxte2ebh/f7+L2kf1L1G/fCiUT05nSZTIttkh9SIR47ICTknTdIinNyRB/JInpx759l5cV6/Wmec6cwW+QHn7RNJ5aI+</latexit>

�[�+]
⇤⇤0

⇣
x,~k?,�

⌘

<latexit sha1_base64="5gspHHVAhQ/1dJ7+71HMsU+eVUs="></latexit>

H
q(x, ⇠,�)

<latexit sha1_base64="smXhN4ffkebeH7VaGCRX9bD3d88=">AAACCXicbVDLSgNBEJz1GeMrKp68DAZBQcKuKHoM6sGjglEhWUPv2Org7MOZXklY8gV+hVc9eROvfoUH/8XZdQ++6tAUVd10dwWJkoZc990ZGh4ZHRuvTFQnp6ZnZmtz8ycmTrXAlohVrM8CMKhkhC2SpPAs0QhhoPA0uNnL/dM71EbG0TH1E/RDuIrkpRRAVurWFg/Os9vBam+dd3rSln1UBGvdWt1tuAX4X+KVpM5KHHZrH52LWKQhRiQUGNP23IT8DDRJoXBQ7aQGExA3cIVtSyMI0fhZcf6Ar6QGKOYJai4VL0T8PpFBaEw/DGxnCHRtfnu5+J/XTulyx89klKSEkcgXkVRYLDJCS5sL8gupkQjyy5HLiAvQQIRachDCiqkNqmrz8H5//5ecbDS8zcbW0Wa9uVsmU2FLbJmtMo9tsyY7YIesxQTL2AN7ZE/OvfPsvDivX61DTjmzwH7AefsESPuY/Q==</latexit>

F1 (�)

<latexit sha1_base64="g2ocGSUXN9ES+3t0DAqWIrAqN7E=">AAACCnicbVDLSgNBEJz1GeNrVfDiZTAI8RJ2JaLHoCIeI5gHZEPonXSSIbMPZnqFEPMHfoVXPXkTr/6EB//FTcxBE+tUVHXT1eXHShpynE9rYXFpeWU1s5Zd39jc2rZ3dqsmSrTAiohUpOs+GFQyxApJUliPNULgK6z5/cuxX7tHbWQU3tEgxmYA3VB2pABKpZa9f91yPYUdyntXqAg8Lbs9Om7ZOafgTMDniTslOTZFuWV/ee1IJAGGJBQY03CdmJpD0CSFwlHWSwzGIPrQxUZKQwjQNIeT/CN+lBigiMeouVR8IuLvjSEExgwCP50MgHpm1huL/3mNhDrnzaEM44QwFONDJBVODhmhZVoM8rbUSATj5MhlyAVoIEItOQiRiknaVDbtw539fp5UTwpusXB6W8yVLqbNZNgBO2R55rIzVmI3rMwqTLAH9sSe2Yv1aL1ab9b7z+iCNd3ZY39gfXwD/umaAg==</latexit>

‣Error bands on PDF.

‣Error bands on FFs

‣Investigate other distributions, like TMDs and GPDs.

For future:
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