
In questo manuale sono illustrate 
le regole base per la corretta 
applicazione del marchio 
Università di Pavia. 
Il logo, i caratteri tipografici e i colori 
scelti sono infatti gli elementi 
che partecipano alla costruzione 
dell’identità visiva di qualsiasi attore 
che voglia presentarsi al mercato, 
sia esso un prodotto mass market, 
un’Istituzione o un ateneo. 
Sono il suo volto commerciale ma 
anche istituzionale, quello che 
permetterà all’Università di Pavia di 
essere riconoscibile nel tempo 
agli occhi del suo pubblico interno, 
ma anche esterno. 
Proprio per il ruolo centrale  
che rivestono, tali elementi devono 
essere rappresentati e utilizzati 

secondo regole precise e inderogabili, 
al fine di garantire la coerenza e 
l’efficacia dell’intero sistema di identità 
visiva. Per questo è importante che il 
manuale, nella sua forma cartacea 
o digitale, venga trasmesso a tutti 
coloro che in futuro si occuperanno 
di progettare elementi di 
comunicazione per l’Università di 
Pavia.
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•Introduction to Wigner distributions

•Model independent decomposition in phase-space transverse modes

•OAM from Wigner distributions       

•Examples in a light-front quark model       



Phase-Space Distributions in Quantum-Mechanics
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Wigner Distributions in QFT
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 Wigner distributions 
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Ji (2003) 
Belitsky, Ji, Yuan (2004)
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Wigner Distributions in QFT

cW [�](~r, k) =

Z
d4z

(2⇡)4
eik·z ̄(~r � z

2
)�W  (~r +

z

2
)Quark Wigner operator

⇠
Dirac matrix

quark polarization

Wilson line

Fixed light-front time z+ = 0

Z
dk�

 Wigner distributions 
in the Breit frame

Ji (2003) 
Belitsky, Ji, Yuan (2004)

3+3 D

no semi-classical interpretation

⇢[�]⇤0⇤(~r, k
+,~k?) =

1

2

Z
d3~�

(2⇡)3
e�i~�·~rh

~�

2
,⇤0|cW [�](0, k+,~k?)|�

~�

2
,⇤i

Lorcè, BP (2011) 
Lorcè, BP, Xiong, Yuan (2012)

GTMDs(�+ = 0)
2+3 D

 Wigner distributions 
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Quasi-probabilistic interpretation
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<latexit sha1_base64="eFWOJyqKHjiz/Ri+a0km+lRfx5c=">AAAB9HicbVDLTgJBEOzFF+IL9ehlIph4IrtcNJ5IvHjERB4JrGR2thcmzD6cmSUhG77DiweN8erHePNvHGAPClbSSaWqO91dXiK40rb9bRU2Nre2d4q7pb39g8Oj8vFJW8WpZNhisYhl16MKBY+wpbkW2E0k0tAT2PHGt3O/M0GpeBw96GmCbkiHEQ84o9pIbtV77Pt0OERJvOqgXLFr9gJknTg5qUCO5qD81fdjloYYaSaoUj3HTrSbUak5Ezgr9VOFCWVjOsSeoRENUbnZ4ugZuTCKT4JYmoo0Wai/JzIaKjUNPdMZUj1Sq95c/M/rpTq4djMeJanGiC0XBakgOibzBIjPJTItpoZQJrm5lbARlZRpk1PJhOCsvrxO2vWaY9ec+3qlcZPHUYQzOIdLcOAKGnAHTWgBgyd4hld4sybWi/VufSxbC1Y+cwp/YH3+AIzLkUI=</latexit><latexit sha1_base64="eFWOJyqKHjiz/Ri+a0km+lRfx5c=">AAAB9HicbVDLTgJBEOzFF+IL9ehlIph4IrtcNJ5IvHjERB4JrGR2thcmzD6cmSUhG77DiweN8erHePNvHGAPClbSSaWqO91dXiK40rb9bRU2Nre2d4q7pb39g8Oj8vFJW8WpZNhisYhl16MKBY+wpbkW2E0k0tAT2PHGt3O/M0GpeBw96GmCbkiHEQ84o9pIbtV77Pt0OERJvOqgXLFr9gJknTg5qUCO5qD81fdjloYYaSaoUj3HTrSbUak5Ezgr9VOFCWVjOsSeoRENUbnZ4ugZuTCKT4JYmoo0Wai/JzIaKjUNPdMZUj1Sq95c/M/rpTq4djMeJanGiC0XBakgOibzBIjPJTItpoZQJrm5lbARlZRpk1PJhOCsvrxO2vWaY9ec+3qlcZPHUYQzOIdLcOAKGnAHTWgBgyd4hld4sybWi/VufSxbC1Y+cwp/YH3+AIzLkUI=</latexit><latexit sha1_base64="eFWOJyqKHjiz/Ri+a0km+lRfx5c=">AAAB9HicbVDLTgJBEOzFF+IL9ehlIph4IrtcNJ5IvHjERB4JrGR2thcmzD6cmSUhG77DiweN8erHePNvHGAPClbSSaWqO91dXiK40rb9bRU2Nre2d4q7pb39g8Oj8vFJW8WpZNhisYhl16MKBY+wpbkW2E0k0tAT2PHGt3O/M0GpeBw96GmCbkiHEQ84o9pIbtV77Pt0OERJvOqgXLFr9gJknTg5qUCO5qD81fdjloYYaSaoUj3HTrSbUak5Ezgr9VOFCWVjOsSeoRENUbnZ4ugZuTCKT4JYmoo0Wai/JzIaKjUNPdMZUj1Sq95c/M/rpTq4djMeJanGiC0XBakgOibzBIjPJTItpoZQJrm5lbARlZRpk1PJhOCsvrxO2vWaY9ec+3qlcZPHUYQzOIdLcOAKGnAHTWgBgyd4hld4sybWi/VufSxbC1Y+cwp/YH3+AIzLkUI=</latexit><latexit sha1_base64="eFWOJyqKHjiz/Ri+a0km+lRfx5c=">AAAB9HicbVDLTgJBEOzFF+IL9ehlIph4IrtcNJ5IvHjERB4JrGR2thcmzD6cmSUhG77DiweN8erHePNvHGAPClbSSaWqO91dXiK40rb9bRU2Nre2d4q7pb39g8Oj8vFJW8WpZNhisYhl16MKBY+wpbkW2E0k0tAT2PHGt3O/M0GpeBw96GmCbkiHEQ84o9pIbtV77Pt0OERJvOqgXLFr9gJknTg5qUCO5qD81fdjloYYaSaoUj3HTrSbUak5Ezgr9VOFCWVjOsSeoRENUbnZ4ugZuTCKT4JYmoo0Wai/JzIaKjUNPdMZUj1Sq95c/M/rpTq4djMeJanGiC0XBakgOibzBIjPJTItpoZQJrm5lbARlZRpk1PJhOCsvrxO2vWaY9ec+3qlcZPHUYQzOIdLcOAKGnAHTWgBgyd4hld4sybWi/VufSxbC1Y+cwp/YH3+AIzLkUI=</latexit>

✓             : Transverse boosts no transverse Lorentz contraction

✓ Particle number is conserved in Drell-Yan frame �+ = 0
<latexit sha1_base64="jaV7a2a46uRuVM85s+910ahYVgE=">AAAB83icbVDLSgNBEJz1GeMr6tHLYCIIQtjNRRGEgB48RjAPyK5hdtKbDJl9MNMrhCW/4cWDIl79GW/+jZNkD5pY0FBUddPd5SdSaLTtb2tldW19Y7OwVdze2d3bLx0ctnScKg5NHstYdXymQYoImihQQidRwEJfQtsf3Uz99hMoLeLoAccJeCEbRCIQnKGR3Ip7CxLZ4/m1XemVynbVnoEuEycnZZKj0St9uf2YpyFEyCXTuuvYCXoZUyi4hEnRTTUkjI/YALqGRiwE7WWzmyf01Ch9GsTKVIR0pv6eyFio9Tj0TWfIcKgXvan4n9dNMbj0MhElKULE54uCVFKM6TQA2hcKOMqxIYwrYW6lfMgU42hiKpoQnMWXl0mrVnXsqnNfK9ev8jgK5JickDPikAtSJ3ekQZqEk4Q8k1fyZqXWi/VufcxbV6x85oj8gfX5AyzokGw=</latexit><latexit sha1_base64="jaV7a2a46uRuVM85s+910ahYVgE=">AAAB83icbVDLSgNBEJz1GeMr6tHLYCIIQtjNRRGEgB48RjAPyK5hdtKbDJl9MNMrhCW/4cWDIl79GW/+jZNkD5pY0FBUddPd5SdSaLTtb2tldW19Y7OwVdze2d3bLx0ctnScKg5NHstYdXymQYoImihQQidRwEJfQtsf3Uz99hMoLeLoAccJeCEbRCIQnKGR3Ip7CxLZ4/m1XemVynbVnoEuEycnZZKj0St9uf2YpyFEyCXTuuvYCXoZUyi4hEnRTTUkjI/YALqGRiwE7WWzmyf01Ch9GsTKVIR0pv6eyFio9Tj0TWfIcKgXvan4n9dNMbj0MhElKULE54uCVFKM6TQA2hcKOMqxIYwrYW6lfMgU42hiKpoQnMWXl0mrVnXsqnNfK9ev8jgK5JickDPikAtSJ3ekQZqEk4Q8k1fyZqXWi/VufcxbV6x85oj8gfX5AyzokGw=</latexit><latexit sha1_base64="jaV7a2a46uRuVM85s+910ahYVgE=">AAAB83icbVDLSgNBEJz1GeMr6tHLYCIIQtjNRRGEgB48RjAPyK5hdtKbDJl9MNMrhCW/4cWDIl79GW/+jZNkD5pY0FBUddPd5SdSaLTtb2tldW19Y7OwVdze2d3bLx0ctnScKg5NHstYdXymQYoImihQQidRwEJfQtsf3Uz99hMoLeLoAccJeCEbRCIQnKGR3Ip7CxLZ4/m1XemVynbVnoEuEycnZZKj0St9uf2YpyFEyCXTuuvYCXoZUyi4hEnRTTUkjI/YALqGRiwE7WWzmyf01Ch9GsTKVIR0pv6eyFio9Tj0TWfIcKgXvan4n9dNMbj0MhElKULE54uCVFKM6TQA2hcKOMqxIYwrYW6lfMgU42hiKpoQnMWXl0mrVnXsqnNfK9ev8jgK5JickDPikAtSJ3ekQZqEk4Q8k1fyZqXWi/VufcxbV6x85oj8gfX5AyzokGw=</latexit><latexit sha1_base64="jaV7a2a46uRuVM85s+910ahYVgE=">AAAB83icbVDLSgNBEJz1GeMr6tHLYCIIQtjNRRGEgB48RjAPyK5hdtKbDJl9MNMrhCW/4cWDIl79GW/+jZNkD5pY0FBUddPd5SdSaLTtb2tldW19Y7OwVdze2d3bLx0ctnScKg5NHstYdXymQYoImihQQidRwEJfQtsf3Uz99hMoLeLoAccJeCEbRCIQnKGR3Ip7CxLZ4/m1XemVynbVnoEuEycnZZKj0St9uf2YpyFEyCXTuuvYCXoZUyi4hEnRTTUkjI/YALqGRiwE7WWzmyf01Ch9GsTKVIR0pv6eyFio9Tj0TWfIcKgXvan4n9dNMbj0MhElKULE54uCVFKM6TQA2hcKOMqxIYwrYW6lfMgU42hiKpoQnMWXl0mrVnXsqnNfK9ev8jgK5JickDPikAtSJ3ekQZqEk4Q8k1fyZqXWi/VufcxbV6x85oj8gfX5AyzokGw=</latexit>

R
dr� ⇠ �+ = 0

<latexit sha1_base64="GdTD5lmu39gfOQpbwyhJulVCt+I=">AAACCnicbVDLSgMxFM3UV62vUZduoq0giGWmG0UQCrpwWcE+oDMtmUzahiaZIckIZejajb/ixoUibv0Cd/6NaTsLbT1w4XDOvdx7TxAzqrTjfFu5peWV1bX8emFjc2t7x97da6gokZjUccQi2QqQIowKUtdUM9KKJUE8YKQZDK8nfvOBSEUjca9HMfE56gvaoxhpI3Xtw5JHhYapJzkMx7JzBj1FOfRuCNOoc3rllLp20Sk7U8BF4makCDLUuvaXF0Y44URozJBSbdeJtZ8iqSlmZFzwEkVihIeoT9qGCsSJ8tPpK2N4bJQQ9iJpytw1VX9PpIgrNeKB6eRID9S8NxH/89qJ7l34KRVxoonAs0W9hEEdwUkuMKSSYM1GhiAsqbkV4gGSCGuTXsGE4M6/vEgalbLrlN27SrF6mcWRBwfgCJwAF5yDKrgFNVAHGDyCZ/AK3qwn68V6tz5mrTkrm9kHf2B9/gCAeZjP</latexit><latexit sha1_base64="GdTD5lmu39gfOQpbwyhJulVCt+I=">AAACCnicbVDLSgMxFM3UV62vUZduoq0giGWmG0UQCrpwWcE+oDMtmUzahiaZIckIZejajb/ixoUibv0Cd/6NaTsLbT1w4XDOvdx7TxAzqrTjfFu5peWV1bX8emFjc2t7x97da6gokZjUccQi2QqQIowKUtdUM9KKJUE8YKQZDK8nfvOBSEUjca9HMfE56gvaoxhpI3Xtw5JHhYapJzkMx7JzBj1FOfRuCNOoc3rllLp20Sk7U8BF4makCDLUuvaXF0Y44URozJBSbdeJtZ8iqSlmZFzwEkVihIeoT9qGCsSJ8tPpK2N4bJQQ9iJpytw1VX9PpIgrNeKB6eRID9S8NxH/89qJ7l34KRVxoonAs0W9hEEdwUkuMKSSYM1GhiAsqbkV4gGSCGuTXsGE4M6/vEgalbLrlN27SrF6mcWRBwfgCJwAF5yDKrgFNVAHGDyCZ/AK3qwn68V6tz5mrTkrm9kHf2B9/gCAeZjP</latexit><latexit sha1_base64="GdTD5lmu39gfOQpbwyhJulVCt+I=">AAACCnicbVDLSgMxFM3UV62vUZduoq0giGWmG0UQCrpwWcE+oDMtmUzahiaZIckIZejajb/ixoUibv0Cd/6NaTsLbT1w4XDOvdx7TxAzqrTjfFu5peWV1bX8emFjc2t7x97da6gokZjUccQi2QqQIowKUtdUM9KKJUE8YKQZDK8nfvOBSEUjca9HMfE56gvaoxhpI3Xtw5JHhYapJzkMx7JzBj1FOfRuCNOoc3rllLp20Sk7U8BF4makCDLUuvaXF0Y44URozJBSbdeJtZ8iqSlmZFzwEkVihIeoT9qGCsSJ8tPpK2N4bJQQ9iJpytw1VX9PpIgrNeKB6eRID9S8NxH/89qJ7l34KRVxoonAs0W9hEEdwUkuMKSSYM1GhiAsqbkV4gGSCGuTXsGE4M6/vEgalbLrlN27SrF6mcWRBwfgCJwAF5yDKrgFNVAHGDyCZ/AK3qwn68V6tz5mrTkrm9kHf2B9/gCAeZjP</latexit><latexit sha1_base64="GdTD5lmu39gfOQpbwyhJulVCt+I=">AAACCnicbVDLSgMxFM3UV62vUZduoq0giGWmG0UQCrpwWcE+oDMtmUzahiaZIckIZejajb/ixoUibv0Cd/6NaTsLbT1w4XDOvdx7TxAzqrTjfFu5peWV1bX8emFjc2t7x97da6gokZjUccQi2QqQIowKUtdUM9KKJUE8YKQZDK8nfvOBSEUjca9HMfE56gvaoxhpI3Xtw5JHhYapJzkMx7JzBj1FOfRuCNOoc3rllLp20Sk7U8BF4makCDLUuvaXF0Y44URozJBSbdeJtZ8iqSlmZFzwEkVihIeoT9qGCsSJ8tPpK2N4bJQQ9iJpytw1VX9PpIgrNeKB6eRID9S8NxH/89qJ7l34KRVxoonAs0W9hEEdwUkuMKSSYM1GhiAsqbkV4gGSCGuTXsGE4M6/vEgalbLrlN27SrF6mcWRBwfgCJwAF5yDKrgFNVAHGDyCZ/AK3qwn68V6tz5mrTkrm9kHf2B9/gCAeZjP</latexit>

no sensitivity to longitudinal Lorentz contraction✓  

�? 6= 0
<latexit sha1_base64="Y8gGonMe6EzhqbhrlymNZG7eQ6o=">AAAB/HicbZDLSsNAFIYn9VbrLdqlm8FWcFWSbhRXBV24rGAv0IQwmZ60QyeTMDMRQqmv4saFIm59EHe+jdM2C239YeDjP+dwzvxhypnSjvNtlTY2t7Z3yruVvf2DwyP7+KSrkkxS6NCEJ7IfEgWcCehopjn0UwkkDjn0wsnNvN57BKlYIh50noIfk5FgEaNEGyuwq3Xs3QLXJPBSkKknwKkHds1pOAvhdXALqKFC7cD+8oYJzWIQmnKi1MB1Uu1PidSMcphVvExBSuiEjGBgUJAYlD9dHD/D58YZ4iiR5gmNF+7viSmJlcrj0HTGRI/Vam1u/lcbZDq68qdMpJkGQZeLooxjneB5EnjIJFDNcwOESmZuxXRMJKHa5FUxIbirX16HbrPhGr5v1lrXRRxldIrO0AVy0SVqoTvURh1EUY6e0St6s56sF+vd+li2lqxipor+yPr8AVDDk94=</latexit><latexit sha1_base64="Y8gGonMe6EzhqbhrlymNZG7eQ6o=">AAAB/HicbZDLSsNAFIYn9VbrLdqlm8FWcFWSbhRXBV24rGAv0IQwmZ60QyeTMDMRQqmv4saFIm59EHe+jdM2C239YeDjP+dwzvxhypnSjvNtlTY2t7Z3yruVvf2DwyP7+KSrkkxS6NCEJ7IfEgWcCehopjn0UwkkDjn0wsnNvN57BKlYIh50noIfk5FgEaNEGyuwq3Xs3QLXJPBSkKknwKkHds1pOAvhdXALqKFC7cD+8oYJzWIQmnKi1MB1Uu1PidSMcphVvExBSuiEjGBgUJAYlD9dHD/D58YZ4iiR5gmNF+7viSmJlcrj0HTGRI/Vam1u/lcbZDq68qdMpJkGQZeLooxjneB5EnjIJFDNcwOESmZuxXRMJKHa5FUxIbirX16HbrPhGr5v1lrXRRxldIrO0AVy0SVqoTvURh1EUY6e0St6s56sF+vd+li2lqxipor+yPr8AVDDk94=</latexit><latexit sha1_base64="Y8gGonMe6EzhqbhrlymNZG7eQ6o=">AAAB/HicbZDLSsNAFIYn9VbrLdqlm8FWcFWSbhRXBV24rGAv0IQwmZ60QyeTMDMRQqmv4saFIm59EHe+jdM2C239YeDjP+dwzvxhypnSjvNtlTY2t7Z3yruVvf2DwyP7+KSrkkxS6NCEJ7IfEgWcCehopjn0UwkkDjn0wsnNvN57BKlYIh50noIfk5FgEaNEGyuwq3Xs3QLXJPBSkKknwKkHds1pOAvhdXALqKFC7cD+8oYJzWIQmnKi1MB1Uu1PidSMcphVvExBSuiEjGBgUJAYlD9dHD/D58YZ4iiR5gmNF+7viSmJlcrj0HTGRI/Vam1u/lcbZDq68qdMpJkGQZeLooxjneB5EnjIJFDNcwOESmZuxXRMJKHa5FUxIbirX16HbrPhGr5v1lrXRRxldIrO0AVy0SVqoTvURh1EUY6e0St6s56sF+vd+li2lqxipor+yPr8AVDDk94=</latexit><latexit sha1_base64="Y8gGonMe6EzhqbhrlymNZG7eQ6o=">AAAB/HicbZDLSsNAFIYn9VbrLdqlm8FWcFWSbhRXBV24rGAv0IQwmZ60QyeTMDMRQqmv4saFIm59EHe+jdM2C239YeDjP+dwzvxhypnSjvNtlTY2t7Z3yruVvf2DwyP7+KSrkkxS6NCEJ7IfEgWcCehopjn0UwkkDjn0wsnNvN57BKlYIh50noIfk5FgEaNEGyuwq3Xs3QLXJPBSkKknwKkHds1pOAvhdXALqKFC7cD+8oYJzWIQmnKi1MB1Uu1PidSMcphVvExBSuiEjGBgUJAYlD9dHD/D58YZ4iiR5gmNF+7viSmJlcrj0HTGRI/Vam1u/lcbZDq68qdMpJkGQZeLooxjneB5EnjIJFDNcwOESmZuxXRMJKHa5FUxIbirX16HbrPhGr5v1lrXRRxldIrO0AVy0SVqoTvURh1EUY6e0St6s56sF+vd+li2lqxipor+yPr8AVDDk94=</latexit>



⇢(x,~k?,~b?)
<latexit sha1_base64="Xqkx5l4sKG9+X2TRdIF7GmYG5Hg=">AAACDXicbVDLSsNAFJ34rPUVdelmsBUqlJJ0o8uiG5cV7AOaECbTm3bo5MHMpFhCf8CNv+LGhSJu3bvzb5ymXWjrgYFzz7mXO/f4CWdSWda3sba+sbm1Xdgp7u7tHxyaR8dtGaeCQovGPBZdn0jgLIKWYopDNxFAQp9Dxx/dzPzOGIRkcXSvJgm4IRlELGCUKC15ZrnsiGFceag6Y6B45DkJiKSK88qfVxdlzyxZNSsHXiX2gpTQAk3P/HL6MU1DiBTlRMqebSXKzYhQjHKYFp1UQkLoiAygp2lEQpBull8zxeda6eMgFvpFCufq74mMhFJOQl93hkQN5bI3E//zeqkKrtyMRUmqIKLzRUHKsYrxLBrcZwKo4hNNCBVM/xXTIRGEKh1gUYdgL5+8Str1mm3V7Lt6qXG9iKOATtEZqiAbXaIGukVN1EIUPaJn9IrejCfjxXg3Puata8Zi5gT9gfH5A0IcmmQ=</latexit><latexit sha1_base64="Xqkx5l4sKG9+X2TRdIF7GmYG5Hg=">AAACDXicbVDLSsNAFJ34rPUVdelmsBUqlJJ0o8uiG5cV7AOaECbTm3bo5MHMpFhCf8CNv+LGhSJu3bvzb5ymXWjrgYFzz7mXO/f4CWdSWda3sba+sbm1Xdgp7u7tHxyaR8dtGaeCQovGPBZdn0jgLIKWYopDNxFAQp9Dxx/dzPzOGIRkcXSvJgm4IRlELGCUKC15ZrnsiGFceag6Y6B45DkJiKSK88qfVxdlzyxZNSsHXiX2gpTQAk3P/HL6MU1DiBTlRMqebSXKzYhQjHKYFp1UQkLoiAygp2lEQpBull8zxeda6eMgFvpFCufq74mMhFJOQl93hkQN5bI3E//zeqkKrtyMRUmqIKLzRUHKsYrxLBrcZwKo4hNNCBVM/xXTIRGEKh1gUYdgL5+8Str1mm3V7Lt6qXG9iKOATtEZqiAbXaIGukVN1EIUPaJn9IrejCfjxXg3Puata8Zi5gT9gfH5A0IcmmQ=</latexit><latexit sha1_base64="Xqkx5l4sKG9+X2TRdIF7GmYG5Hg=">AAACDXicbVDLSsNAFJ34rPUVdelmsBUqlJJ0o8uiG5cV7AOaECbTm3bo5MHMpFhCf8CNv+LGhSJu3bvzb5ymXWjrgYFzz7mXO/f4CWdSWda3sba+sbm1Xdgp7u7tHxyaR8dtGaeCQovGPBZdn0jgLIKWYopDNxFAQp9Dxx/dzPzOGIRkcXSvJgm4IRlELGCUKC15ZrnsiGFceag6Y6B45DkJiKSK88qfVxdlzyxZNSsHXiX2gpTQAk3P/HL6MU1DiBTlRMqebSXKzYhQjHKYFp1UQkLoiAygp2lEQpBull8zxeda6eMgFvpFCufq74mMhFJOQl93hkQN5bI3E//zeqkKrtyMRUmqIKLzRUHKsYrxLBrcZwKo4hNNCBVM/xXTIRGEKh1gUYdgL5+8Str1mm3V7Lt6qXG9iKOATtEZqiAbXaIGukVN1EIUPaJn9IrejCfjxXg3Puata8Zi5gT9gfH5A0IcmmQ=</latexit><latexit sha1_base64="Xqkx5l4sKG9+X2TRdIF7GmYG5Hg=">AAACDXicbVDLSsNAFJ34rPUVdelmsBUqlJJ0o8uiG5cV7AOaECbTm3bo5MHMpFhCf8CNv+LGhSJu3bvzb5ymXWjrgYFzz7mXO/f4CWdSWda3sba+sbm1Xdgp7u7tHxyaR8dtGaeCQovGPBZdn0jgLIKWYopDNxFAQp9Dxx/dzPzOGIRkcXSvJgm4IRlELGCUKC15ZrnsiGFceag6Y6B45DkJiKSK88qfVxdlzyxZNSsHXiX2gpTQAk3P/HL6MU1DiBTlRMqebSXKzYhQjHKYFp1UQkLoiAygp2lEQpBull8zxeda6eMgFvpFCufq74mMhFJOQl93hkQN5bI3E//zeqkKrtyMRUmqIKLzRUHKsYrxLBrcZwKo4hNNCBVM/xXTIRGEKh1gUYdgL5+8Str1mm3V7Lt6qXG9iKOATtEZqiAbXaIGukVN1EIUPaJn9IrejCfjxXg3Puata8Zi5gT9gfH5A0IcmmQ=</latexit>

Wigner Distributions:

3+2D map
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Light-Front Wave Functions (LFWFs)

• Fock expansion of Nucleon state: 

|Ni =  3q|qqqi+ 3q qq̄|3q qq̄i+ 3q g|qqqgi+ · · ·

⇢⇤N,� =
R
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• Probability to find N partons in the nucleon
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• Linear and angular momentum conservation

• Invariant under boost      independent on  
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LFWF overlap representation
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Light-Front Constituent Quark Model
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• momentum-space wf
Schlumpf, Ph.D. Thesis, hep-ph/921155



Light-Front Constituent Quark Model

           parameters fitted to anomalous  
    magnetic moments of the nucleon

     : normalization constant

• momentum-space wf
Schlumpf, Ph.D. Thesis, hep-ph/921155

• spin-structure:



Light-Front Constituent Quark Model

(Melosh rotation)free quarks

           parameters fitted to anomalous  
    magnetic moments of the nucleon

     : normalization constant

• momentum-space wf
Schlumpf, Ph.D. Thesis, hep-ph/921155

• spin-structure:



Light-Front Constituent Quark Model

• SU(6) symmetry

(Melosh rotation)free quarks

           parameters fitted to anomalous  
    magnetic moments of the nucleon

     : normalization constant

• momentum-space wf
Schlumpf, Ph.D. Thesis, hep-ph/921155

• spin-structure:



Light-Front Constituent Quark Model

• SU(6) symmetry

(Melosh rotation)free quarks

Applications to:  
                        GPDs and Form Factors: BP, Boffi, Traini (2003)-(2007); 
                        TMDs: BP, Cazzaniga, Boffi (2008); BP, Yuan (2010); BP, Schweitzer (2011)-(2016) 
                        Azimuthal Asymmetries: Schweitzer, BP, Boffi, Efremov (2009) 
                        Wigner distributions: Lorcé, BP (2011)-(2017)
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     : normalization constant

• momentum-space wf
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What can we learn from the  
Wigner distributions   ?



Transverse phase-space distributions

★ Twist-2:
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quark polarization:

★ Nucleon polarization: U          L            T
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★Gauge link: T-even and T-odd functions



Transverse phase-space distributions
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quark polarization:
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Phase-Space Transverse Modes

Lorcé, BP, PRD 96, 2016
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~b?<latexit sha1_base64="Rb9ZcYJnZNgoaB3QImNd5j5cW1c=">AAAB9XicbVA9TwJBEN3DL8Qv1NJmI5hYkTsKtSSxscREPhLuJHvLHGzY29vs7mHIhf9hY6Extv4XO/+NC1yh4EsmeXlvJjPzQsmZNq777RQ2Nre2d4q7pb39g8Oj8vFJWyepotCiCU9UNyQaOBPQMsxw6EoFJA45dMLx7dzvTEBplogHM5UQxGQoWMQoMVZ6rPoToDjs+xKUrPbLFbfmLoDXiZeTCsrR7Je//EFC0xiEoZxo3fNcaYKMKMMoh1nJTzVIQsdkCD1LBYlBB9ni6hm+sMoAR4myJQxeqL8nMhJrPY1D2xkTM9Kr3lz8z+ulJroJMiZkakDQ5aIo5dgkeB4BHjAF1PCpJYQqZm/FdEQUocYGVbIheKsvr5N2vea5Ne++Xmlc5XEU0Rk6R5fIQ9eoge5QE7UQRQo9o1f05jw5L86787FsLTj5zCn6A+fzB3/Gkc4=</latexit><latexit sha1_base64="Rb9ZcYJnZNgoaB3QImNd5j5cW1c=">AAAB9XicbVA9TwJBEN3DL8Qv1NJmI5hYkTsKtSSxscREPhLuJHvLHGzY29vs7mHIhf9hY6Extv4XO/+NC1yh4EsmeXlvJjPzQsmZNq777RQ2Nre2d4q7pb39g8Oj8vFJWyepotCiCU9UNyQaOBPQMsxw6EoFJA45dMLx7dzvTEBplogHM5UQxGQoWMQoMVZ6rPoToDjs+xKUrPbLFbfmLoDXiZeTCsrR7Je//EFC0xiEoZxo3fNcaYKMKMMoh1nJTzVIQsdkCD1LBYlBB9ni6hm+sMoAR4myJQxeqL8nMhJrPY1D2xkTM9Kr3lz8z+ulJroJMiZkakDQ5aIo5dgkeB4BHjAF1PCpJYQqZm/FdEQUocYGVbIheKsvr5N2vea5Ne++Xmlc5XEU0Rk6R5fIQ9eoge5QE7UQRQo9o1f05jw5L86787FsLTj5zCn6A+fzB3/Gkc4=</latexit><latexit sha1_base64="Rb9ZcYJnZNgoaB3QImNd5j5cW1c=">AAAB9XicbVA9TwJBEN3DL8Qv1NJmI5hYkTsKtSSxscREPhLuJHvLHGzY29vs7mHIhf9hY6Extv4XO/+NC1yh4EsmeXlvJjPzQsmZNq777RQ2Nre2d4q7pb39g8Oj8vFJWyepotCiCU9UNyQaOBPQMsxw6EoFJA45dMLx7dzvTEBplogHM5UQxGQoWMQoMVZ6rPoToDjs+xKUrPbLFbfmLoDXiZeTCsrR7Je//EFC0xiEoZxo3fNcaYKMKMMoh1nJTzVIQsdkCD1LBYlBB9ni6hm+sMoAR4myJQxeqL8nMhJrPY1D2xkTM9Kr3lz8z+ulJroJMiZkakDQ5aIo5dgkeB4BHjAF1PCpJYQqZm/FdEQUocYGVbIheKsvr5N2vea5Ne++Xmlc5XEU0Rk6R5fIQ9eoge5QE7UQRQo9o1f05jw5L86787FsLTj5zCn6A+fzB3/Gkc4=</latexit><latexit sha1_base64="Rb9ZcYJnZNgoaB3QImNd5j5cW1c=">AAAB9XicbVA9TwJBEN3DL8Qv1NJmI5hYkTsKtSSxscREPhLuJHvLHGzY29vs7mHIhf9hY6Extv4XO/+NC1yh4EsmeXlvJjPzQsmZNq777RQ2Nre2d4q7pb39g8Oj8vFJWyepotCiCU9UNyQaOBPQMsxw6EoFJA45dMLx7dzvTEBplogHM5UQxGQoWMQoMVZ6rPoToDjs+xKUrPbLFbfmLoDXiZeTCsrR7Je//EFC0xiEoZxo3fNcaYKMKMMoh1nJTzVIQsdkCD1LBYlBB9ni6hm+sMoAR4myJQxeqL8nMhJrPY1D2xkTM9Kr3lz8z+ulJroJMiZkakDQ5aIo5dgkeB4BHjAF1PCpJYQqZm/FdEQUocYGVbIheKsvr5N2vea5Ne++Xmlc5XEU0Rk6R5fIQ9eoge5QE7UQRQo9o1f05jw5L86787FsLTj5zCn6A+fzB3/Gkc4=</latexit>

kx
<latexit sha1_base64="XxC6fS7uViVe6h9nFbQ01gYMo04=">AAAB7HicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsKtSSxscTEAxK4kL1lgQ17e5fdOSO58BtsLDTG1h9k579xgSsUfMkkL+/NZGZemEhh0HW/ncLG5tb2TnG3tLd/cHhUPj5pmTjVjPsslrHuhNRwKRT3UaDknURzGoWSt8PJ7dxvP3JtRKwecJrwIKIjJYaCUbSSX530n6r9csWtuQuQdeLlpAI5mv3yV28QszTiCpmkxnQ9N8EgoxoFk3xW6qWGJ5RN6Ih3LVU04ibIFsfOyIVVBmQYa1sKyUL9PZHRyJhpFNrOiOLYrHpz8T+vm+LwJsiESlLkii0XDVNJMCbzz8lAaM5QTi2hTAt7K2FjqilDm0/JhuCtvrxOWvWa59a8+3qlcZXHUYQzOIdL8OAaGnAHTfCBgYBneIU3RzkvzrvzsWwtOPnMKfyB8/kDGBWOKA==</latexit><latexit sha1_base64="XxC6fS7uViVe6h9nFbQ01gYMo04=">AAAB7HicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsKtSSxscTEAxK4kL1lgQ17e5fdOSO58BtsLDTG1h9k579xgSsUfMkkL+/NZGZemEhh0HW/ncLG5tb2TnG3tLd/cHhUPj5pmTjVjPsslrHuhNRwKRT3UaDknURzGoWSt8PJ7dxvP3JtRKwecJrwIKIjJYaCUbSSX530n6r9csWtuQuQdeLlpAI5mv3yV28QszTiCpmkxnQ9N8EgoxoFk3xW6qWGJ5RN6Ih3LVU04ibIFsfOyIVVBmQYa1sKyUL9PZHRyJhpFNrOiOLYrHpz8T+vm+LwJsiESlLkii0XDVNJMCbzz8lAaM5QTi2hTAt7K2FjqilDm0/JhuCtvrxOWvWa59a8+3qlcZXHUYQzOIdL8OAaGnAHTfCBgYBneIU3RzkvzrvzsWwtOPnMKfyB8/kDGBWOKA==</latexit><latexit sha1_base64="XxC6fS7uViVe6h9nFbQ01gYMo04=">AAAB7HicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsKtSSxscTEAxK4kL1lgQ17e5fdOSO58BtsLDTG1h9k579xgSsUfMkkL+/NZGZemEhh0HW/ncLG5tb2TnG3tLd/cHhUPj5pmTjVjPsslrHuhNRwKRT3UaDknURzGoWSt8PJ7dxvP3JtRKwecJrwIKIjJYaCUbSSX530n6r9csWtuQuQdeLlpAI5mv3yV28QszTiCpmkxnQ9N8EgoxoFk3xW6qWGJ5RN6Ih3LVU04ibIFsfOyIVVBmQYa1sKyUL9PZHRyJhpFNrOiOLYrHpz8T+vm+LwJsiESlLkii0XDVNJMCbzz8lAaM5QTi2hTAt7K2FjqilDm0/JhuCtvrxOWvWa59a8+3qlcZXHUYQzOIdL8OAaGnAHTfCBgYBneIU3RzkvzrvzsWwtOPnMKfyB8/kDGBWOKA==</latexit><latexit sha1_base64="XxC6fS7uViVe6h9nFbQ01gYMo04=">AAAB7HicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsKtSSxscTEAxK4kL1lgQ17e5fdOSO58BtsLDTG1h9k579xgSsUfMkkL+/NZGZemEhh0HW/ncLG5tb2TnG3tLd/cHhUPj5pmTjVjPsslrHuhNRwKRT3UaDknURzGoWSt8PJ7dxvP3JtRKwecJrwIKIjJYaCUbSSX530n6r9csWtuQuQdeLlpAI5mv3yV28QszTiCpmkxnQ9N8EgoxoFk3xW6qWGJ5RN6Ih3LVU04ibIFsfOyIVVBmQYa1sKyUL9PZHRyJhpFNrOiOLYrHpz8T+vm+LwJsiESlLkii0XDVNJMCbzz8lAaM5QTi2hTAt7K2FjqilDm0/JhuCtvrxOWvWa59a8+3qlcZXHUYQzOIdL8OAaGnAHTfCBgYBneIU3RzkvzrvzsWwtOPnMKfyB8/kDGBWOKA==</latexit>

k y <latexit sha1_base64="oEo4oX8D3bgDQZmIHkm26J2Myss=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LLaCp5L0oB4LXjxWMK3QhrLZbtqlm03YnQih9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5YSqFQdf9dkobm1vbO+Xdyt7+weFR9fikY5JMM+6zRCb6MaSGS6G4jwIlf0w1p3EoeTec3M797hPXRiTqAfOUBzEdKREJRtFKfn0yyOuDas1tuAuQdeIVpAYF2oPqV3+YsCzmCpmkxvQ8N8VgSjUKJvms0s8MTymb0BHvWapozE0wXRw7IxdWGZIo0bYUkoX6e2JKY2PyOLSdMcWxWfXm4n9eL8PoJpgKlWbIFVsuijJJMCHzz8lQaM5Q5pZQpoW9lbAx1ZShzadiQ/BWX14nnWbDcxvefbPWuiriKMMZnMMleHANLbiDNvjAQMAzvMKbo5wX5935WLaWnGLmFP7A+fwBGZqOKQ==</latexit><latexit sha1_base64="oEo4oX8D3bgDQZmIHkm26J2Myss=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LLaCp5L0oB4LXjxWMK3QhrLZbtqlm03YnQih9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5YSqFQdf9dkobm1vbO+Xdyt7+weFR9fikY5JMM+6zRCb6MaSGS6G4jwIlf0w1p3EoeTec3M797hPXRiTqAfOUBzEdKREJRtFKfn0yyOuDas1tuAuQdeIVpAYF2oPqV3+YsCzmCpmkxvQ8N8VgSjUKJvms0s8MTymb0BHvWapozE0wXRw7IxdWGZIo0bYUkoX6e2JKY2PyOLSdMcWxWfXm4n9eL8PoJpgKlWbIFVsuijJJMCHzz8lQaM5Q5pZQpoW9lbAx1ZShzadiQ/BWX14nnWbDcxvefbPWuiriKMMZnMMleHANLbiDNvjAQMAzvMKbo5wX5935WLaWnGLmFP7A+fwBGZqOKQ==</latexit><latexit sha1_base64="oEo4oX8D3bgDQZmIHkm26J2Myss=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LLaCp5L0oB4LXjxWMK3QhrLZbtqlm03YnQih9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5YSqFQdf9dkobm1vbO+Xdyt7+weFR9fikY5JMM+6zRCb6MaSGS6G4jwIlf0w1p3EoeTec3M797hPXRiTqAfOUBzEdKREJRtFKfn0yyOuDas1tuAuQdeIVpAYF2oPqV3+YsCzmCpmkxvQ8N8VgSjUKJvms0s8MTymb0BHvWapozE0wXRw7IxdWGZIo0bYUkoX6e2JKY2PyOLSdMcWxWfXm4n9eL8PoJpgKlWbIFVsuijJJMCHzz8lQaM5Q5pZQpoW9lbAx1ZShzadiQ/BWX14nnWbDcxvefbPWuiriKMMZnMMleHANLbiDNvjAQMAzvMKbo5wX5935WLaWnGLmFP7A+fwBGZqOKQ==</latexit><latexit sha1_base64="oEo4oX8D3bgDQZmIHkm26J2Myss=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LLaCp5L0oB4LXjxWMK3QhrLZbtqlm03YnQih9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5YSqFQdf9dkobm1vbO+Xdyt7+weFR9fikY5JMM+6zRCb6MaSGS6G4jwIlf0w1p3EoeTec3M797hPXRiTqAfOUBzEdKREJRtFKfn0yyOuDas1tuAuQdeIVpAYF2oPqV3+YsCzmCpmkxvQ8N8VgSjUKJvms0s8MTymb0BHvWapozE0wXRw7IxdWGZIo0bYUkoX6e2JKY2PyOLSdMcWxWfXm4n9eL8PoJpgKlWbIFVsuijJJMCHzz8lQaM5Q5pZQpoW9lbAx1ZShzadiQ/BWX14nnWbDcxvefbPWuiriKMMZnMMleHANLbiDNvjAQMAzvMKbo5wX5935WLaWnGLmFP7A+fwBGZqOKQ==</latexit>



Phase-Space Transverse Modes
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Multipole decomposition 
 
 

from parity and time-reversal properties  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X

Lorcé, BP, PRD 96, 2016
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⇢X(~k?|~b?) =
Z

dx ⇢X(x,~k?,~b?; P̂ = ~ez, ⌘ = +1)
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~b? fixed

T-even⇢eX
<latexit sha1_base64="Ivru4MstK6y6VpWMxAIw9/V47/0=">AAAB8XicbVA9TwJBEJ3zE/ELtbTZCCZW5I5GShIbS0zkI8JJ9pY52LC3d9ndMyEX/oWNhcbY+m/s/DcucIWCL5nk5b2ZzMwLEsG1cd1vZ2Nza3tnt7BX3D84PDounZy2dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5mfudJ1Sax/LeTBP0IzqSPOSMGis9VPpqHA+6j1gZlMpu1V2ArBMvJ2XI0RyUvvrDmKURSsME1brnuYnxM6oMZwJnxX6qMaFsQkfYs1TSCLWfLS6ekUurDEkYK1vSkIX6eyKjkdbTKLCdETVjverNxf+8XmrCup9xmaQGJVsuClNBTEzm75MhV8iMmFpCmeL2VsLGVFFmbEhFG4K3+vI6adeqnlv17mrlRj2PowDncAFX4ME1NOAWmtACBhKe4RXeHO28OO/Ox7J1w8lnzuAPnM8fsPuQOQ==</latexit><latexit sha1_base64="Ivru4MstK6y6VpWMxAIw9/V47/0=">AAAB8XicbVA9TwJBEJ3zE/ELtbTZCCZW5I5GShIbS0zkI8JJ9pY52LC3d9ndMyEX/oWNhcbY+m/s/DcucIWCL5nk5b2ZzMwLEsG1cd1vZ2Nza3tnt7BX3D84PDounZy2dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5mfudJ1Sax/LeTBP0IzqSPOSMGis9VPpqHA+6j1gZlMpu1V2ArBMvJ2XI0RyUvvrDmKURSsME1brnuYnxM6oMZwJnxX6qMaFsQkfYs1TSCLWfLS6ekUurDEkYK1vSkIX6eyKjkdbTKLCdETVjverNxf+8XmrCup9xmaQGJVsuClNBTEzm75MhV8iMmFpCmeL2VsLGVFFmbEhFG4K3+vI6adeqnlv17mrlRj2PowDncAFX4ME1NOAWmtACBhKe4RXeHO28OO/Ox7J1w8lnzuAPnM8fsPuQOQ==</latexit><latexit sha1_base64="Ivru4MstK6y6VpWMxAIw9/V47/0=">AAAB8XicbVA9TwJBEJ3zE/ELtbTZCCZW5I5GShIbS0zkI8JJ9pY52LC3d9ndMyEX/oWNhcbY+m/s/DcucIWCL5nk5b2ZzMwLEsG1cd1vZ2Nza3tnt7BX3D84PDounZy2dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5mfudJ1Sax/LeTBP0IzqSPOSMGis9VPpqHA+6j1gZlMpu1V2ArBMvJ2XI0RyUvvrDmKURSsME1brnuYnxM6oMZwJnxX6qMaFsQkfYs1TSCLWfLS6ekUurDEkYK1vSkIX6eyKjkdbTKLCdETVjverNxf+8XmrCup9xmaQGJVsuClNBTEzm75MhV8iMmFpCmeL2VsLGVFFmbEhFG4K3+vI6adeqnlv17mrlRj2PowDncAFX4ME1NOAWmtACBhKe4RXeHO28OO/Ox7J1w8lnzuAPnM8fsPuQOQ==</latexit><latexit sha1_base64="Ivru4MstK6y6VpWMxAIw9/V47/0=">AAAB8XicbVA9TwJBEJ3zE/ELtbTZCCZW5I5GShIbS0zkI8JJ9pY52LC3d9ndMyEX/oWNhcbY+m/s/DcucIWCL5nk5b2ZzMwLEsG1cd1vZ2Nza3tnt7BX3D84PDounZy2dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5mfudJ1Sax/LeTBP0IzqSPOSMGis9VPpqHA+6j1gZlMpu1V2ArBMvJ2XI0RyUvvrDmKURSsME1brnuYnxM6oMZwJnxX6qMaFsQkfYs1TSCLWfLS6ekUurDEkYK1vSkIX6eyKjkdbTKLCdETVjverNxf+8XmrCup9xmaQGJVsuClNBTEzm75MhV8iMmFpCmeL2VsLGVFFmbEhFG4K3+vI6adeqnlv17mrlRj2PowDncAFX4ME1NOAWmtACBhKe4RXeHO28OO/Ox7J1w8lnzuAPnM8fsPuQOQ==</latexit>

T-odd⇢oX
<latexit sha1_base64="ZsLXbnp5GNN7B9KplxMGbJq+xkM=">AAAB8XicbVDLTgJBEOz1ifhCPXqZCCaeyC4XOZJ48YiJPCKsZHaYhQnz2MzMmpANf+HFg8Z49W+8+TcOsAcFK+mkUtWd7q4o4cxY3//2Nja3tnd2C3vF/YPDo+PSyWnbqFQT2iKKK92NsKGcSdqyzHLaTTTFIuK0E01u5n7niWrDlLy304SGAo8kixnB1kkPlb4eq0H3UVUGpbJf9RdA6yTISRlyNAelr/5QkVRQaQnHxvQCP7FhhrVlhNNZsZ8ammAywSPac1RiQU2YLS6eoUunDFGstCtp0UL9PZFhYcxURK5TYDs2q95c/M/rpTauhxmTSWqpJMtFccqRVWj+PhoyTYnlU0cw0czdisgYa0ysC6noQghWX14n7Vo18KvBXa3cqOdxFOAcLuAKAriGBtxCE1pAQMIzvMKbZ7wX7937WLZuePnMGfyB9/kDwC2QQw==</latexit><latexit sha1_base64="ZsLXbnp5GNN7B9KplxMGbJq+xkM=">AAAB8XicbVDLTgJBEOz1ifhCPXqZCCaeyC4XOZJ48YiJPCKsZHaYhQnz2MzMmpANf+HFg8Z49W+8+TcOsAcFK+mkUtWd7q4o4cxY3//2Nja3tnd2C3vF/YPDo+PSyWnbqFQT2iKKK92NsKGcSdqyzHLaTTTFIuK0E01u5n7niWrDlLy304SGAo8kixnB1kkPlb4eq0H3UVUGpbJf9RdA6yTISRlyNAelr/5QkVRQaQnHxvQCP7FhhrVlhNNZsZ8ammAywSPac1RiQU2YLS6eoUunDFGstCtp0UL9PZFhYcxURK5TYDs2q95c/M/rpTauhxmTSWqpJMtFccqRVWj+PhoyTYnlU0cw0czdisgYa0ysC6noQghWX14n7Vo18KvBXa3cqOdxFOAcLuAKAriGBtxCE1pAQMIzvMKbZ7wX7937WLZuePnMGfyB9/kDwC2QQw==</latexit><latexit sha1_base64="ZsLXbnp5GNN7B9KplxMGbJq+xkM=">AAAB8XicbVDLTgJBEOz1ifhCPXqZCCaeyC4XOZJ48YiJPCKsZHaYhQnz2MzMmpANf+HFg8Z49W+8+TcOsAcFK+mkUtWd7q4o4cxY3//2Nja3tnd2C3vF/YPDo+PSyWnbqFQT2iKKK92NsKGcSdqyzHLaTTTFIuK0E01u5n7niWrDlLy304SGAo8kixnB1kkPlb4eq0H3UVUGpbJf9RdA6yTISRlyNAelr/5QkVRQaQnHxvQCP7FhhrVlhNNZsZ8ammAywSPac1RiQU2YLS6eoUunDFGstCtp0UL9PZFhYcxURK5TYDs2q95c/M/rpTauhxmTSWqpJMtFccqRVWj+PhoyTYnlU0cw0czdisgYa0ysC6noQghWX14n7Vo18KvBXa3cqOdxFOAcLuAKAriGBtxCE1pAQMIzvMKbZ7wX7937WLZuePnMGfyB9/kDwC2QQw==</latexit><latexit sha1_base64="ZsLXbnp5GNN7B9KplxMGbJq+xkM=">AAAB8XicbVDLTgJBEOz1ifhCPXqZCCaeyC4XOZJ48YiJPCKsZHaYhQnz2MzMmpANf+HFg8Z49W+8+TcOsAcFK+mkUtWd7q4o4cxY3//2Nja3tnd2C3vF/YPDo+PSyWnbqFQT2iKKK92NsKGcSdqyzHLaTTTFIuK0E01u5n7niWrDlLy304SGAo8kixnB1kkPlb4eq0H3UVUGpbJf9RdA6yTISRlyNAelr/5QkVRQaQnHxvQCP7FhhrVlhNNZsZ8ammAywSPac1RiQU2YLS6eoUunDFGstCtp0UL9PZFhYcxURK5TYDs2q95c/M/rpTauhxmTSWqpJMtFccqRVWj+PhoyTYnlU0cw0czdisgYa0ysC6noQghWX14n7Vo18KvBXa3cqOdxFOAcLuAKAriGBtxCE1pAQMIzvMKbZ7wX7937WLZuePnMGfyB9/kDwC2QQw==</latexit>

bx

by

~b?<latexit sha1_base64="Rb9ZcYJnZNgoaB3QImNd5j5cW1c=">AAAB9XicbVA9TwJBEN3DL8Qv1NJmI5hYkTsKtSSxscREPhLuJHvLHGzY29vs7mHIhf9hY6Extv4XO/+NC1yh4EsmeXlvJjPzQsmZNq777RQ2Nre2d4q7pb39g8Oj8vFJWyepotCiCU9UNyQaOBPQMsxw6EoFJA45dMLx7dzvTEBplogHM5UQxGQoWMQoMVZ6rPoToDjs+xKUrPbLFbfmLoDXiZeTCsrR7Je//EFC0xiEoZxo3fNcaYKMKMMoh1nJTzVIQsdkCD1LBYlBB9ni6hm+sMoAR4myJQxeqL8nMhJrPY1D2xkTM9Kr3lz8z+ulJroJMiZkakDQ5aIo5dgkeB4BHjAF1PCpJYQqZm/FdEQUocYGVbIheKsvr5N2vea5Ne++Xmlc5XEU0Rk6R5fIQ9eoge5QE7UQRQo9o1f05jw5L86787FsLTj5zCn6A+fzB3/Gkc4=</latexit><latexit sha1_base64="Rb9ZcYJnZNgoaB3QImNd5j5cW1c=">AAAB9XicbVA9TwJBEN3DL8Qv1NJmI5hYkTsKtSSxscREPhLuJHvLHGzY29vs7mHIhf9hY6Extv4XO/+NC1yh4EsmeXlvJjPzQsmZNq777RQ2Nre2d4q7pb39g8Oj8vFJWyepotCiCU9UNyQaOBPQMsxw6EoFJA45dMLx7dzvTEBplogHM5UQxGQoWMQoMVZ6rPoToDjs+xKUrPbLFbfmLoDXiZeTCsrR7Je//EFC0xiEoZxo3fNcaYKMKMMoh1nJTzVIQsdkCD1LBYlBB9ni6hm+sMoAR4myJQxeqL8nMhJrPY1D2xkTM9Kr3lz8z+ulJroJMiZkakDQ5aIo5dgkeB4BHjAF1PCpJYQqZm/FdEQUocYGVbIheKsvr5N2vea5Ne++Xmlc5XEU0Rk6R5fIQ9eoge5QE7UQRQo9o1f05jw5L86787FsLTj5zCn6A+fzB3/Gkc4=</latexit><latexit sha1_base64="Rb9ZcYJnZNgoaB3QImNd5j5cW1c=">AAAB9XicbVA9TwJBEN3DL8Qv1NJmI5hYkTsKtSSxscREPhLuJHvLHGzY29vs7mHIhf9hY6Extv4XO/+NC1yh4EsmeXlvJjPzQsmZNq777RQ2Nre2d4q7pb39g8Oj8vFJWyepotCiCU9UNyQaOBPQMsxw6EoFJA45dMLx7dzvTEBplogHM5UQxGQoWMQoMVZ6rPoToDjs+xKUrPbLFbfmLoDXiZeTCsrR7Je//EFC0xiEoZxo3fNcaYKMKMMoh1nJTzVIQsdkCD1LBYlBB9ni6hm+sMoAR4myJQxeqL8nMhJrPY1D2xkTM9Kr3lz8z+ulJroJMiZkakDQ5aIo5dgkeB4BHjAF1PCpJYQqZm/FdEQUocYGVbIheKsvr5N2vea5Ne++Xmlc5XEU0Rk6R5fIQ9eoge5QE7UQRQo9o1f05jw5L86787FsLTj5zCn6A+fzB3/Gkc4=</latexit><latexit sha1_base64="Rb9ZcYJnZNgoaB3QImNd5j5cW1c=">AAAB9XicbVA9TwJBEN3DL8Qv1NJmI5hYkTsKtSSxscREPhLuJHvLHGzY29vs7mHIhf9hY6Extv4XO/+NC1yh4EsmeXlvJjPzQsmZNq777RQ2Nre2d4q7pb39g8Oj8vFJWyepotCiCU9UNyQaOBPQMsxw6EoFJA45dMLx7dzvTEBplogHM5UQxGQoWMQoMVZ6rPoToDjs+xKUrPbLFbfmLoDXiZeTCsrR7Je//EFC0xiEoZxo3fNcaYKMKMMoh1nJTzVIQsdkCD1LBYlBB9ni6hm+sMoAR4myJQxeqL8nMhJrPY1D2xkTM9Kr3lz8z+ulJroJMiZkakDQ5aIo5dgkeB4BHjAF1PCpJYQqZm/FdEQUocYGVbIheKsvr5N2vea5Ne++Xmlc5XEU0Rk6R5fIQ9eoge5QE7UQRQo9o1f05jw5L86787FsLTj5zCn6A+fzB3/Gkc4=</latexit>

kx
<latexit sha1_base64="XxC6fS7uViVe6h9nFbQ01gYMo04=">AAAB7HicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsKtSSxscTEAxK4kL1lgQ17e5fdOSO58BtsLDTG1h9k579xgSsUfMkkL+/NZGZemEhh0HW/ncLG5tb2TnG3tLd/cHhUPj5pmTjVjPsslrHuhNRwKRT3UaDknURzGoWSt8PJ7dxvP3JtRKwecJrwIKIjJYaCUbSSX530n6r9csWtuQuQdeLlpAI5mv3yV28QszTiCpmkxnQ9N8EgoxoFk3xW6qWGJ5RN6Ih3LVU04ibIFsfOyIVVBmQYa1sKyUL9PZHRyJhpFNrOiOLYrHpz8T+vm+LwJsiESlLkii0XDVNJMCbzz8lAaM5QTi2hTAt7K2FjqilDm0/JhuCtvrxOWvWa59a8+3qlcZXHUYQzOIdL8OAaGnAHTfCBgYBneIU3RzkvzrvzsWwtOPnMKfyB8/kDGBWOKA==</latexit><latexit sha1_base64="XxC6fS7uViVe6h9nFbQ01gYMo04=">AAAB7HicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsKtSSxscTEAxK4kL1lgQ17e5fdOSO58BtsLDTG1h9k579xgSsUfMkkL+/NZGZemEhh0HW/ncLG5tb2TnG3tLd/cHhUPj5pmTjVjPsslrHuhNRwKRT3UaDknURzGoWSt8PJ7dxvP3JtRKwecJrwIKIjJYaCUbSSX530n6r9csWtuQuQdeLlpAI5mv3yV28QszTiCpmkxnQ9N8EgoxoFk3xW6qWGJ5RN6Ih3LVU04ibIFsfOyIVVBmQYa1sKyUL9PZHRyJhpFNrOiOLYrHpz8T+vm+LwJsiESlLkii0XDVNJMCbzz8lAaM5QTi2hTAt7K2FjqilDm0/JhuCtvrxOWvWa59a8+3qlcZXHUYQzOIdL8OAaGnAHTfCBgYBneIU3RzkvzrvzsWwtOPnMKfyB8/kDGBWOKA==</latexit><latexit sha1_base64="XxC6fS7uViVe6h9nFbQ01gYMo04=">AAAB7HicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsKtSSxscTEAxK4kL1lgQ17e5fdOSO58BtsLDTG1h9k579xgSsUfMkkL+/NZGZemEhh0HW/ncLG5tb2TnG3tLd/cHhUPj5pmTjVjPsslrHuhNRwKRT3UaDknURzGoWSt8PJ7dxvP3JtRKwecJrwIKIjJYaCUbSSX530n6r9csWtuQuQdeLlpAI5mv3yV28QszTiCpmkxnQ9N8EgoxoFk3xW6qWGJ5RN6Ih3LVU04ibIFsfOyIVVBmQYa1sKyUL9PZHRyJhpFNrOiOLYrHpz8T+vm+LwJsiESlLkii0XDVNJMCbzz8lAaM5QTi2hTAt7K2FjqilDm0/JhuCtvrxOWvWa59a8+3qlcZXHUYQzOIdL8OAaGnAHTfCBgYBneIU3RzkvzrvzsWwtOPnMKfyB8/kDGBWOKA==</latexit><latexit sha1_base64="XxC6fS7uViVe6h9nFbQ01gYMo04=">AAAB7HicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsKtSSxscTEAxK4kL1lgQ17e5fdOSO58BtsLDTG1h9k579xgSsUfMkkL+/NZGZemEhh0HW/ncLG5tb2TnG3tLd/cHhUPj5pmTjVjPsslrHuhNRwKRT3UaDknURzGoWSt8PJ7dxvP3JtRKwecJrwIKIjJYaCUbSSX530n6r9csWtuQuQdeLlpAI5mv3yV28QszTiCpmkxnQ9N8EgoxoFk3xW6qWGJ5RN6Ih3LVU04ibIFsfOyIVVBmQYa1sKyUL9PZHRyJhpFNrOiOLYrHpz8T+vm+LwJsiESlLkii0XDVNJMCbzz8lAaM5QTi2hTAt7K2FjqilDm0/JhuCtvrxOWvWa59a8+3qlcZXHUYQzOIdL8OAaGnAHTfCBgYBneIU3RzkvzrvzsWwtOPnMKfyB8/kDGBWOKA==</latexit>

k y <latexit sha1_base64="oEo4oX8D3bgDQZmIHkm26J2Myss=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LLaCp5L0oB4LXjxWMK3QhrLZbtqlm03YnQih9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5YSqFQdf9dkobm1vbO+Xdyt7+weFR9fikY5JMM+6zRCb6MaSGS6G4jwIlf0w1p3EoeTec3M797hPXRiTqAfOUBzEdKREJRtFKfn0yyOuDas1tuAuQdeIVpAYF2oPqV3+YsCzmCpmkxvQ8N8VgSjUKJvms0s8MTymb0BHvWapozE0wXRw7IxdWGZIo0bYUkoX6e2JKY2PyOLSdMcWxWfXm4n9eL8PoJpgKlWbIFVsuijJJMCHzz8lQaM5Q5pZQpoW9lbAx1ZShzadiQ/BWX14nnWbDcxvefbPWuiriKMMZnMMleHANLbiDNvjAQMAzvMKbo5wX5935WLaWnGLmFP7A+fwBGZqOKQ==</latexit><latexit sha1_base64="oEo4oX8D3bgDQZmIHkm26J2Myss=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LLaCp5L0oB4LXjxWMK3QhrLZbtqlm03YnQih9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5YSqFQdf9dkobm1vbO+Xdyt7+weFR9fikY5JMM+6zRCb6MaSGS6G4jwIlf0w1p3EoeTec3M797hPXRiTqAfOUBzEdKREJRtFKfn0yyOuDas1tuAuQdeIVpAYF2oPqV3+YsCzmCpmkxvQ8N8VgSjUKJvms0s8MTymb0BHvWapozE0wXRw7IxdWGZIo0bYUkoX6e2JKY2PyOLSdMcWxWfXm4n9eL8PoJpgKlWbIFVsuijJJMCHzz8lQaM5Q5pZQpoW9lbAx1ZShzadiQ/BWX14nnWbDcxvefbPWuiriKMMZnMMleHANLbiDNvjAQMAzvMKbo5wX5935WLaWnGLmFP7A+fwBGZqOKQ==</latexit><latexit sha1_base64="oEo4oX8D3bgDQZmIHkm26J2Myss=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LLaCp5L0oB4LXjxWMK3QhrLZbtqlm03YnQih9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5YSqFQdf9dkobm1vbO+Xdyt7+weFR9fikY5JMM+6zRCb6MaSGS6G4jwIlf0w1p3EoeTec3M797hPXRiTqAfOUBzEdKREJRtFKfn0yyOuDas1tuAuQdeIVpAYF2oPqV3+YsCzmCpmkxvQ8N8VgSjUKJvms0s8MTymb0BHvWapozE0wXRw7IxdWGZIo0bYUkoX6e2JKY2PyOLSdMcWxWfXm4n9eL8PoJpgKlWbIFVsuijJJMCHzz8lQaM5Q5pZQpoW9lbAx1ZShzadiQ/BWX14nnWbDcxvefbPWuiriKMMZnMMleHANLbiDNvjAQMAzvMKbo5wX5935WLaWnGLmFP7A+fwBGZqOKQ==</latexit><latexit sha1_base64="oEo4oX8D3bgDQZmIHkm26J2Myss=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LLaCp5L0oB4LXjxWMK3QhrLZbtqlm03YnQih9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5YSqFQdf9dkobm1vbO+Xdyt7+weFR9fikY5JMM+6zRCb6MaSGS6G4jwIlf0w1p3EoeTec3M797hPXRiTqAfOUBzEdKREJRtFKfn0yyOuDas1tuAuQdeIVpAYF2oPqV3+YsCzmCpmkxvQ8N8VgSjUKJvms0s8MTymb0BHvWapozE0wXRw7IxdWGZIo0bYUkoX6e2JKY2PyOLSdMcWxWfXm4n9eL8PoJpgKlWbIFVsuijJJMCHzz8lQaM5Q5pZQpoW9lbAx1ZShzadiQ/BWX14nnWbDcxvefbPWuiriKMMZnMMleHANLbiDNvjAQMAzvMKbo5wX5935WLaWnGLmFP7A+fwBGZqOKQ==</latexit>



Angular Correlations

quark polarization
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the distributions in red vanish if there is no quark orbital angular momentum 

the distributions in black survive in the collinear limit  

each distribution contains unique information

<latexit sha1_base64="m3+wAdsJb+AycVGYteu2Gsli1+A="></latexit>



Angular Correlations

quark polarization
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the distributions in black survive in the collinear limit  

each distribution contains unique information

<latexit sha1_base64="m3+wAdsJb+AycVGYteu2Gsli1+A="></latexit>



<e[F11] =m[F11]
UU 

Unpolarized quarks in unpolarized proton

naive time-reversal even naive time-reversal odd

bottom-up symmetry        no net OAM

(~k? ? ~b?) (~k? k ~b?)polar flow                preferred over radial flow   
 due to initial/final state interactions   

(~k? k ~b?) net radial flow

Integral over k?
<latexit sha1_base64="bU/7vtUjfEI+h8KzbXiUiXV6/64=">AAAB8HicbVBNSwMxEM3Wr1q/qh69BFvBU9ntQT0WvHisYD+kXUo2nW1Dk2xIskJZ+iu8eFDEqz/Hm//GtN2Dtj4YeLw3w8y8SHFmrO9/e4WNza3tneJuaW//4PCofHzSNkmqKbRowhPdjYgBziS0LLMcukoDERGHTjS5nfudJ9CGJfLBThWEgowkixkl1kmP1cmgr0Cr6qBc8Wv+AnidBDmpoBzNQfmrP0xoKkBayokxvcBXNsyItoxymJX6qQFF6ISMoOeoJAJMmC0OnuELpwxxnGhX0uKF+nsiI8KYqYhcpyB2bFa9ufif10ttfBNmTKrUgqTLRXHKsU3w/Hs8ZBqo5VNHCNXM3YrpmGhCrcuo5EIIVl9eJ+16LfBrwX290rjK4yiiM3SOLlGArlED3aEmaiGKBHpGr+jN096L9+59LFsLXj5ziv7A+/wBJDmP6w==</latexit><latexit sha1_base64="bU/7vtUjfEI+h8KzbXiUiXV6/64=">AAAB8HicbVBNSwMxEM3Wr1q/qh69BFvBU9ntQT0WvHisYD+kXUo2nW1Dk2xIskJZ+iu8eFDEqz/Hm//GtN2Dtj4YeLw3w8y8SHFmrO9/e4WNza3tneJuaW//4PCofHzSNkmqKbRowhPdjYgBziS0LLMcukoDERGHTjS5nfudJ9CGJfLBThWEgowkixkl1kmP1cmgr0Cr6qBc8Wv+AnidBDmpoBzNQfmrP0xoKkBayokxvcBXNsyItoxymJX6qQFF6ISMoOeoJAJMmC0OnuELpwxxnGhX0uKF+nsiI8KYqYhcpyB2bFa9ufif10ttfBNmTKrUgqTLRXHKsU3w/Hs8ZBqo5VNHCNXM3YrpmGhCrcuo5EIIVl9eJ+16LfBrwX290rjK4yiiM3SOLlGArlED3aEmaiGKBHpGr+jN096L9+59LFsLXj5ziv7A+/wBJDmP6w==</latexit><latexit sha1_base64="bU/7vtUjfEI+h8KzbXiUiXV6/64=">AAAB8HicbVBNSwMxEM3Wr1q/qh69BFvBU9ntQT0WvHisYD+kXUo2nW1Dk2xIskJZ+iu8eFDEqz/Hm//GtN2Dtj4YeLw3w8y8SHFmrO9/e4WNza3tneJuaW//4PCofHzSNkmqKbRowhPdjYgBziS0LLMcukoDERGHTjS5nfudJ9CGJfLBThWEgowkixkl1kmP1cmgr0Cr6qBc8Wv+AnidBDmpoBzNQfmrP0xoKkBayokxvcBXNsyItoxymJX6qQFF6ISMoOeoJAJMmC0OnuELpwxxnGhX0uKF+nsiI8KYqYhcpyB2bFa9ufif10ttfBNmTKrUgqTLRXHKsU3w/Hs8ZBqo5VNHCNXM3YrpmGhCrcuo5EIIVl9eJ+16LfBrwX290rjK4yiiM3SOLlGArlED3aEmaiGKBHpGr+jN096L9+59LFsLXj5ziv7A+/wBJDmP6w==</latexit><latexit sha1_base64="bU/7vtUjfEI+h8KzbXiUiXV6/64=">AAAB8HicbVBNSwMxEM3Wr1q/qh69BFvBU9ntQT0WvHisYD+kXUo2nW1Dk2xIskJZ+iu8eFDEqz/Hm//GtN2Dtj4YeLw3w8y8SHFmrO9/e4WNza3tneJuaW//4PCofHzSNkmqKbRowhPdjYgBziS0LLMcukoDERGHTjS5nfudJ9CGJfLBThWEgowkixkl1kmP1cmgr0Cr6qBc8Wv+AnidBDmpoBzNQfmrP0xoKkBayokxvcBXNsyItoxymJX6qQFF6ISMoOeoJAJMmC0OnuELpwxxnGhX0uKF+nsiI8KYqYhcpyB2bFa9ufif10ttfBNmTKrUgqTLRXHKsU3w/Hs8ZBqo5VNHCNXM3YrpmGhCrcuo5EIIVl9eJ+16LfBrwX290rjK4yiiM3SOLlGArlED3aEmaiGKBHpGr+jN096L9+59LFsLXj5ziv7A+/wBJDmP6w==</latexit>

GPD (monopole)

Integral over b?
<latexit sha1_base64="sfcE96O7NYUGM9+TUnKRAeBzBi0=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CbaCp7Lbg3osePFYwX5Iu5Rsmm1Dk2xIskJZ+iu8eFDEqz/Hm//GtN2Dtj4YeLw3w8y8SHFmrO9/e4WNza3tneJuaW//4PCofHzSNkmqCW2RhCe6G2FDOZO0ZZnltKs0xSLitBNNbud+54lqwxL5YKeKhgKPJIsZwdZJj9Vo0FdUq+qgXPFr/gJonQQ5qUCO5qD81R8mJBVUWsKxMb3AVzbMsLaMcDor9VNDFSYTPKI9RyUW1ITZ4uAZunDKEMWJdiUtWqi/JzIsjJmKyHUKbMdm1ZuL/3m91MY3YcakSi2VZLkoTjmyCZp/j4ZMU2L51BFMNHO3IjLGGhPrMiq5EILVl9dJu14L/FpwX680rvI4inAG53AJAVxDA+6gCS0gIOAZXuHN096L9+59LFsLXj5zCn/gff4AFlaP4g==</latexit><latexit sha1_base64="sfcE96O7NYUGM9+TUnKRAeBzBi0=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CbaCp7Lbg3osePFYwX5Iu5Rsmm1Dk2xIskJZ+iu8eFDEqz/Hm//GtN2Dtj4YeLw3w8y8SHFmrO9/e4WNza3tneJuaW//4PCofHzSNkmqCW2RhCe6G2FDOZO0ZZnltKs0xSLitBNNbud+54lqwxL5YKeKhgKPJIsZwdZJj9Vo0FdUq+qgXPFr/gJonQQ5qUCO5qD81R8mJBVUWsKxMb3AVzbMsLaMcDor9VNDFSYTPKI9RyUW1ITZ4uAZunDKEMWJdiUtWqi/JzIsjJmKyHUKbMdm1ZuL/3m91MY3YcakSi2VZLkoTjmyCZp/j4ZMU2L51BFMNHO3IjLGGhPrMiq5EILVl9dJu14L/FpwX680rvI4inAG53AJAVxDA+6gCS0gIOAZXuHN096L9+59LFsLXj5zCn/gff4AFlaP4g==</latexit><latexit sha1_base64="sfcE96O7NYUGM9+TUnKRAeBzBi0=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CbaCp7Lbg3osePFYwX5Iu5Rsmm1Dk2xIskJZ+iu8eFDEqz/Hm//GtN2Dtj4YeLw3w8y8SHFmrO9/e4WNza3tneJuaW//4PCofHzSNkmqCW2RhCe6G2FDOZO0ZZnltKs0xSLitBNNbud+54lqwxL5YKeKhgKPJIsZwdZJj9Vo0FdUq+qgXPFr/gJonQQ5qUCO5qD81R8mJBVUWsKxMb3AVzbMsLaMcDor9VNDFSYTPKI9RyUW1ITZ4uAZunDKEMWJdiUtWqi/JzIsjJmKyHUKbMdm1ZuL/3m91MY3YcakSi2VZLkoTjmyCZp/j4ZMU2L51BFMNHO3IjLGGhPrMiq5EILVl9dJu14L/FpwX680rvI4inAG53AJAVxDA+6gCS0gIOAZXuHN096L9+59LFsLXj5zCn/gff4AFlaP4g==</latexit><latexit sha1_base64="sfcE96O7NYUGM9+TUnKRAeBzBi0=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CbaCp7Lbg3osePFYwX5Iu5Rsmm1Dk2xIskJZ+iu8eFDEqz/Hm//GtN2Dtj4YeLw3w8y8SHFmrO9/e4WNza3tneJuaW//4PCofHzSNkmqCW2RhCe6G2FDOZO0ZZnltKs0xSLitBNNbud+54lqwxL5YKeKhgKPJIsZwdZJj9Vo0FdUq+qgXPFr/gJonQQ5qUCO5qD81R8mJBVUWsKxMb3AVzbMsLaMcDor9VNDFSYTPKI9RyUW1ITZ4uAZunDKEMWJdiUtWqi/JzIsjJmKyHUKbMdm1ZuL/3m91MY3YcakSi2VZLkoTjmyCZp/j4ZMU2L51BFMNHO3IjLGGhPrMiq5EILVl9dJu14L/FpwX680rvI4inAG53AJAVxDA+6gCS0gIOAZXuHN096L9+59LFsLXj5zCn/gff4AFlaP4g==</latexit>

TMD (monopole)
 no counterpart in the GPD and TMD cases



<e[F11] =m[F11]
UU 

Unpolarized quarks in unpolarized proton

naive time-reversal even naive time-reversal odd

bottom-up symmetry        no net OAM

(~k? ? ~b?) (~k? k ~b?)polar flow                preferred over radial flow   
 due to initial/final state interactions   

(~k? k ~b?) net radial flow

Integral over k?
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TMD (monopole)
 no counterpart in the GPD and TMD cases
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Lorcé, BP, Xiong, Yuan, PRD 85 (2012) 114006

Lorcé, BP, PRD 84 (2011) 014015

Quark Orbital Angular Momentum

`qz =
R
dx d2~k?d2~b?(~b? ⇥ ~k?)⇢

q
LU (

~b?,~k?, x)
<latexit sha1_base64="+oahC0whHLHNx5IsAaHSk94ZXGE="></latexit>



Lorcé, BP, Xiong, Yuan, PRD 85 (2012) 114006

Lorcé, BP, PRD 84 (2011) 014015

Quark Orbital Angular Momentum

•mutually orthogonal components of quark position and momentum

no conflict with uncertainty principle

•the integrand         represents the OAM density`qz(x)
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Proton spin
u-quark OAM
d-quark OAM
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⇢LU ! ⇢WLU

`qz =
R
dxd2~k?d2~b?(~b? ⇥ ~k?)⇢LU (~b?,~k?, x)

[Lorcé, BP (2011)] 
[Lorcé, BP, Xiong, Yuan(2011)]

FSIISI

e.g. SIDISe.g. DY

[Ji, Xiong, Yuan (2012)] 
[Burkardt (2012)]

A+ = 0Light-cone gauge              
not gauge invariant, but with simple partonic interpretation

[Hatta (2012)]

Gauge-invariant extension

difference between the two definitions can be interpreted as  
the change in the quark OAM as the quark leaves the target in a DIS experiment  

   [M. Burkardt (2013)]

[Ji (1997)]Kinetic Canonical [Jaffe, Manohar (1990)]



Lattice calculation

Continuous interpolation between the Ji limit  
and the Jaffe-Manohar limit  

⌘ = 0
⌘ ! 1

Ji OAM Jaffe-Manohar  
OAM

Jaffe-Manohar  
OAM

nucleon rapidity

M. Engelhardt, Phys. Rev. D95, 094505 (2017) 
and talk at SPIN2018
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Staple direction off the light-cone
light-cone limit for ⇣̂ = v·Pp
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Conclusions

•Wigner distributions provide a new multidimensional imaging of the nucleon

•Decomposition in phase-space transverse modes helps to understand the  
   physical content of parton distributions 

•Complete characterization of spin structure requires spin-orbit correlation

•OAM from Wigner distributions        calculable in the lattice 

•First processes identified to access gluon and quark GTMDs, but still far away  
  from Wigner distributions


