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Belinfante-Rosenfeld EMT

P =
p+ p0

2
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� = p0 � p
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hp0, s0|Tµ⌫
Bel,a(0)|p, si = ū(p0, s0)�µ⌫

Bel,a(P,�)u(p, s)

<latexit sha1_base64="io7WDhquncJmtCL4VcE8ibPaSyA="></latexit>

Bakker et al. (2004)

�µ⌫
Bel,a(P,�) =

P {µ�⌫}

2
Aa(t) +

P {µi�⌫}�

4M
Ba(t) +

�µ�⌫ � gµ⌫�2

4M
Da(t) +Mgµ⌫C̄a(t)

<latexit sha1_base64="3DR8/QI8IflcUPq0Uzjx1dlQFDw="></latexit>

(a = q, g, {µ, ⌫} = µ⌫ + ⌫µ)

<latexit sha1_base64="bFU3AmUubAkQl7kEhy2w/DfCc98="></latexit>
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Ji (1997)

Kinetic EMT hp0, S0|Tµ⌫
kin,a(0)|p, Si = ū(p0, S0)�µ⌫

kin,a(P,�)u(p, S)
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�µ⌫
kin,a(P,�) = �µ⌫

Bel,a(P,�) +
P [µ�⌫]

2
Ca(t)
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Cg(t) = 0
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Angular momentum relation

Ja
z =

1

2
(Aa +Ba)

<latexit sha1_base64="xOaQPMjpGd+ZoCMURNp5wHWjvSI="></latexit>

Jq
z = Lq

kin,z + Sq
kin,z

<latexit sha1_base64="nIxNi551gMdtwT8nX0qjN6m1di0="></latexit>

Sq
kin,z = �1

2
Cq

<latexit sha1_base64="LzyasdGYjg/1lYVJezhFGa6nGX4="></latexit>

Lq
kin,z =

1

2
(Aq +Bq + Cq)

<latexit sha1_base64="Se2sHmjksiDebc2xM3JKN6uYIXA="></latexit>

(a = q, g, {µ, ⌫} = µ⌫ + ⌫µ)

<latexit sha1_base64="bFU3AmUubAkQl7kEhy2w/DfCc98="></latexit>



Form Factors of the quark spin operator

Gq
A(t)

<latexit sha1_base64="mDACUzvoEZOmC42p2vJDOhyc87Y="></latexit>

Gq
P (t)

<latexit sha1_base64="hcRdu0O0ZyAg0zNVVN/NaAXiGdQ="></latexit>

axial form factor

pseudoscalar form factor

hp0, S0|S�µ⌫
q (0)|p, Si = 1

2
✏�µ⌫↵ū(p0, s0)

h
�↵�5 G

q
A(t) +

�↵�5
2M

Gq
P (t)

i
u(p, s)

<latexit sha1_base64="RRdacHF7w2sBwR9Rx++Ni3p0SVc="></latexit>

QCD equation of motion
1

2
T [µ⌫]
kin,q(x) = �@�S

�µ⌫
q (x)

<latexit sha1_base64="k8XeoK1QFQ8rB8hbrItF7jLHXPs="></latexit>

S�µ⌫
q (x) =

1

2
✏�µ⌫↵ ̄(x)�↵�5 (x)

<latexit sha1_base64="YHB8zAltPHg5wgUkNYiaHQMC01g="></latexit>

Cq(t) = �Gq
A(t)

<latexit sha1_base64="AluZnz7Yl3nBp3Wqu04lGDG0jSQ="></latexit>

Lorcé, Mantovani, Pasquini, Phys. Lett. B776, 38 (2018)



AM Distribution in the impact parameter space

Drell-Yan frame 

~R?
xi,~bi?

~b?
impact parameter space 

Lorcé, Mantovani, Pasquini, Phys. Lett. B776, 38 (2018)

�+ = 0
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FT
~�?  ! ~b?

<latexit sha1_base64="AJdxHcE3c8RqeizjOJ3VYKbEHEw="></latexit>

~�? 6= 0

<latexit sha1_base64="Vk3aXm0dInXe/w/hKaSk5rlDgME=">AAACAXicbVDLSsNAFJ3UV62vqhvBzWAruCpJUeyyoAuXFewDmhAm05t26GQSZiaFEurGX3HjQhG3/oU7/8bpY6GtBy4czrmXe+8JEs6Utu1vK7e2vrG5ld8u7Ozu7R8UD49aKk4lhSaNeSw7AVHAmYCmZppDJ5FAooBDOxjeTP32CKRisXjQ4wS8iPQFCxkl2kh+8aSM3RFQ7N4C18R3E5CJK8Au+8WSXbFnwKvEWZASWqDhF7/cXkzTCISmnCjVdexEexmRmlEOk4KbKkgIHZI+dA0VJALlZbMPJvjcKD0cxtKU0Him/p7ISKTUOApMZ0T0QC17U/E/r5vqsOZlTCSpBkHni8KUYx3jaRy4xyRQzceGECqZuRXTAZGEahNawYTgLL+8SlrVinNZubqvluq1RRx5dIrO0AVy0DWqozvUQE1E0SN6Rq/ozXqyXqx362PemrMWM8foD6zPH81YldA=</latexit>
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~R?
xi,~bi?

~b?
impact parameter space 

Lorcé, Mantovani, Pasquini, Phys. Lett. B776, 38 (2018)
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<latexit sha1_base64="Vk3aXm0dInXe/w/hKaSk5rlDgME=">AAACAXicbVDLSsNAFJ3UV62vqhvBzWAruCpJUeyyoAuXFewDmhAm05t26GQSZiaFEurGX3HjQhG3/oU7/8bpY6GtBy4czrmXe+8JEs6Utu1vK7e2vrG5ld8u7Ozu7R8UD49aKk4lhSaNeSw7AVHAmYCmZppDJ5FAooBDOxjeTP32CKRisXjQ4wS8iPQFCxkl2kh+8aSM3RFQ7N4C18R3E5CJK8Au+8WSXbFnwKvEWZASWqDhF7/cXkzTCISmnCjVdexEexmRmlEOk4KbKkgIHZI+dA0VJALlZbMPJvjcKD0cxtKU0Him/p7ISKTUOApMZ0T0QC17U/E/r5vqsOZlTCSpBkHni8KUYx3jaRy4xyRQzceGECqZuRXTAZGEahNawYTgLL+8SlrVinNZubqvluq1RRx5dIrO0AVy0DWqozvUQE1E0SN6Rq/ozXqyXqx362PemrMWM8foD6zPH81YldA=</latexit>

1

2
(A(t) +B(t))

<latexit sha1_base64="g++sw2vZNJ3FagSW9+VeHMn+CHw=">AAACInicbVBPS8MwHE39O+u/qUcvwSFsCqMdivM29eJRwamwlpFmv86wNK1JKozSz+LFr+LFg6KeBD+M2exBpw8SHu+9H8nvBQlnSjvOhzU1PTM7N19asBeXlldWy2vrlypOJYU2jXksrwOigDMBbc00h+tEAokCDlfB4GTkX92BVCwWF3qYgB+RvmAho0QbqVs+9ALoM5HBrSBSkuFObmMvlIRmbp418upRVdd2j81Vsz0QvR+5brni1J0x8F/iFqSCCpx1y29eL6ZpBEJTTpTquE6i/YxIzSiH3PZSBQmhA9KHjqGCRKD8bLxijreN0sNhLM0RGo/VnxMZiZQaRoFJRkTfqElvJP7ndVIdNv2MiSTVIOj3Q2HKsY7xqC/cYxKo5kNDCJXM/BXTG2IK0qZV25TgTq78l1w26u5eff+8UWk1izpKaBNtoSpy0QFqoVN0htqIonv0iJ7Ri/VgPVmv1vt3dMoqZjbQL1ifX2FEouc=</latexit>

Jz
naive(~b?) =

Z
d~�?
(2⇡)2

e�i~�?·~b?Jz(t = �~�2
?)

<latexit sha1_base64="btlu+ioQoEGrMzFPtEqPgNnMNFY="></latexit>

Jz
kin(~b?) = Jz

naive(~b?) + Jz
corr(~b?)

<latexit sha1_base64="gOLVUxpmJRmghu+oMqyPZstyOLo=">AAACbXicbVFdS+NAFJ1kXT+6H8YVH9RlGbYs6weURFbsiyD4In1yYatCU8PN9LYOnUyyM5NCG/LmL/TNv+CLf8FpzYNWLwwczjn33pkzcSa4Nr5/77gfFj4uLi2v1D59/vJ11Vv7dqHTXDFss1Sk6ioGjYJLbBtuBF5lCiGJBV7Gw9OpfjlCpXkq/5lxht0EBpL3OQNjqci7DWMccFngfwlKwXivrLWui0kZFUWoEjrksix3wh EyGkdhhirbPaatSpTAR1iWU/trC92nretJ5WKpUvMzQpS9Fysjr+43/FnRtyCoQJ1UdR55d2EvZXmC0jABWncCPzPdApThTGBZC3ONGbAhDLBjoYQEdbeYpVXSX5bp0X6q7JGGztiXHQUkWo+T2DoTMDd6XpuS72md3PSb3YLLLDco2fOifi6oSek0etrjCpkRYwuAKW7vStkNKGDGflDNhhDMP/ktuDhoBH8ah38P6ifNKo5lsk1+kh0SkCNyQs7IOWkTRh4cz9l0tpxHd8P97v54trpO1bNOXpX7+wk4XLyi</latexit>



AM Distribution in the impact parameter space

Drell-Yan frame 

~R?
xi,~bi?

~b?
impact parameter space 

Lorcé, Mantovani, Pasquini, Phys. Lett. B776, 38 (2018)

FT of EMT form factors

Scalar diquark model

�+ = 0

<latexit sha1_base64="8ZrXWcb/abTvd8mBCMNbYbNWgWs=">AAAB9XicbVDLSgNBEOz1GeMr6tHLYCIIQtgNirkIAT14jGAekGzC7KQ3GTL7YGZWCSH/4cWDIl79F2/+jZNkD5pY0FBUddPd5cWCK23b39bK6tr6xmZmK7u9s7u3nzs4rKsokQxrLBKRbHpUoeAh1jTXApuxRBp4Ahve8GbqNx5RKh6FD3oUoxvQfsh9zqg2UqdASPsWhaad82u70M3l7aI9A1kmTkrykKLazX21exFLAgw1E1 SplmPH2h1TqTkTOMm2E4UxZUPax5ahIQ1QuePZ1RNyapQe8SNpKtRkpv6eGNNAqVHgmc6A6oFa9Kbif14r0X7ZHfMwTjSGbL7ITwTREZlGQHpcItNiZAhlkptbCRtQSZk2QWVNCM7iy8ukXio6F8XL+1K+Uk7jyMAxnMAZOHAFFbiDKtSAgYRneIU368l6sd6tj3nripXOHMEfWJ8/3QSQxg==</latexit>

FT
~�?  ! ~b?

<latexit sha1_base64="AJdxHcE3c8RqeizjOJ3VYKbEHEw="></latexit>

~�? 6= 0

<latexit sha1_base64="Vk3aXm0dInXe/w/hKaSk5rlDgME=">AAACAXicbVDLSsNAFJ3UV62vqhvBzWAruCpJUeyyoAuXFewDmhAm05t26GQSZiaFEurGX3HjQhG3/oU7/8bpY6GtBy4czrmXe+8JEs6Utu1vK7e2vrG5ld8u7Ozu7R8UD49aKk4lhSaNeSw7AVHAmYCmZppDJ5FAooBDOxjeTP32CKRisXjQ4wS8iPQFCxkl2kh+8aSM3RFQ7N4C18R3E5CJK8Au+8WSXbFnwKvEWZASWqDhF7/cXkzTCISmnCjVdexEexmRmlEOk4KbKkgIHZI+dA0VJALlZbMPJvjcKD0cxtKU0Him/p7ISKTUOApMZ0T0QC17U/E/r5vqsOZlTCSpBkHni8KUYx3jaRy4xyRQzceGECqZuRXTAZGEahNawYTgLL+8SlrVinNZubqvluq1RRx5dIrO0AVy0DWqozvUQE1E0SN6Rq/ozXqyXqx362PemrMWM8foD6zPH81YldA=</latexit>

1

2
(A(t) +B(t))

<latexit sha1_base64="g++sw2vZNJ3FagSW9+VeHMn+CHw=">AAACInicbVBPS8MwHE39O+u/qUcvwSFsCqMdivM29eJRwamwlpFmv86wNK1JKozSz+LFr+LFg6KeBD+M2exBpw8SHu+9H8nvBQlnSjvOhzU1PTM7N19asBeXlldWy2vrlypOJYU2jXksrwOigDMBbc00h+tEAokCDlfB4GTkX92BVCwWF3qYgB+RvmAho0QbqVs+9ALoM5HBrSBSkuFObmMvlIRmbp418upRVdd2j81Vsz0QvR+5brni1J0x8F/iFqSCCpx1y29eL6ZpBEJTTpTquE6i/YxIzSiH3PZSBQmhA9KHjqGCRKD8bLxijreN0sNhLM0RGo/VnxMZiZQaRoFJRkTfqElvJP7ndVIdNv2MiSTVIOj3Q2HKsY7xqC/cYxKo5kNDCJXM/BXTG2IK0qZV25TgTq78l1w26u5eff+8UWk1izpKaBNtoSpy0QFqoVN0htqIonv0iJ7Ri/VgPVmv1vt3dMoqZjbQL1ifX2FEouc=</latexit>

Jz
naive(~b?) =

Z
d~�?
(2⇡)2

e�i~�?·~b?Jz(t = �~�2
?)

<latexit sha1_base64="btlu+ioQoEGrMzFPtEqPgNnMNFY="></latexit>
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kin(~b?) = Jz

naive(~b?) + Jz
corr(~b?)

<latexit sha1_base64="gOLVUxpmJRmghu+oMqyPZstyOLo=">AAACbXicbVFdS+NAFJ1kXT+6H8YVH9RlGbYs6weURFbsiyD4In1yYatCU8PN9LYOnUyyM5NCG/LmL/TNv+CLf8FpzYNWLwwczjn33pkzcSa4Nr5/77gfFj4uLi2v1D59/vJ11Vv7dqHTXDFss1Sk6ioGjYJLbBtuBF5lCiGJBV7Gw9OpfjlCpXkq/5lxht0EBpL3OQNjqci7DWMccFngfwlKwXivrLWui0kZFUWoEjrksix3wh EyGkdhhirbPaatSpTAR1iWU/trC92nretJ5WKpUvMzQpS9Fysjr+43/FnRtyCoQJ1UdR55d2EvZXmC0jABWncCPzPdApThTGBZC3ONGbAhDLBjoYQEdbeYpVXSX5bp0X6q7JGGztiXHQUkWo+T2DoTMDd6XpuS72md3PSb3YLLLDco2fOifi6oSek0etrjCpkRYwuAKW7vStkNKGDGflDNhhDMP/ktuDhoBH8ah38P6ifNKo5lsk1+kh0SkCNyQs7IOWkTRh4cz9l0tpxHd8P97v54trpO1bNOXpX7+wk4XLyi</latexit>



AM Distribution in the impact parameter space

Drell-Yan frame 

~R?
xi,~bi?

~b?
impact parameter space 

Lorcé, Mantovani, Pasquini, Phys. Lett. B776, 38 (2018)

FT of EMT form factors

Scalar diquark model

�+ = 0

<latexit sha1_base64="8ZrXWcb/abTvd8mBCMNbYbNWgWs=">AAAB9XicbVDLSgNBEOz1GeMr6tHLYCIIQtgNirkIAT14jGAekGzC7KQ3GTL7YGZWCSH/4cWDIl79F2/+jZNkD5pY0FBUddPd5cWCK23b39bK6tr6xmZmK7u9s7u3nzs4rKsokQxrLBKRbHpUoeAh1jTXApuxRBp4Ahve8GbqNx5RKh6FD3oUoxvQfsh9zqg2UqdASPsWhaad82u70M3l7aI9A1kmTkrykKLazX21exFLAgw1E1 SplmPH2h1TqTkTOMm2E4UxZUPax5ahIQ1QuePZ1RNyapQe8SNpKtRkpv6eGNNAqVHgmc6A6oFa9Kbif14r0X7ZHfMwTjSGbL7ITwTREZlGQHpcItNiZAhlkptbCRtQSZk2QWVNCM7iy8ukXio6F8XL+1K+Uk7jyMAxnMAZOHAFFbiDKtSAgYRneIU368l6sd6tj3nripXOHMEfWJ8/3QSQxg==</latexit>

FT
~�?  ! ~b?

<latexit sha1_base64="AJdxHcE3c8RqeizjOJ3VYKbEHEw="></latexit>

~�? 6= 0

<latexit sha1_base64="Vk3aXm0dInXe/w/hKaSk5rlDgME=">AAACAXicbVDLSsNAFJ3UV62vqhvBzWAruCpJUeyyoAuXFewDmhAm05t26GQSZiaFEurGX3HjQhG3/oU7/8bpY6GtBy4czrmXe+8JEs6Utu1vK7e2vrG5ld8u7Ozu7R8UD49aKk4lhSaNeSw7AVHAmYCmZppDJ5FAooBDOxjeTP32CKRisXjQ4wS8iPQFCxkl2kh+8aSM3RFQ7N4C18R3E5CJK8Au+8WSXbFnwKvEWZASWqDhF7/cXkzTCISmnCjVdexEexmRmlEOk4KbKkgIHZI+dA0VJALlZbMPJvjcKD0cxtKU0Him/p7ISKTUOApMZ0T0QC17U/E/r5vqsOZlTCSpBkHni8KUYx3jaRy4xyRQzceGECqZuRXTAZGEahNawYTgLL+8SlrVinNZubqvluq1RRx5dIrO0AVy0DWqozvUQE1E0SN6Rq/ozXqyXqx362PemrMWM8foD6zPH81YldA=</latexit>
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<latexit sha1_base64="g++sw2vZNJ3FagSW9+VeHMn+CHw=">AAACInicbVBPS8MwHE39O+u/qUcvwSFsCqMdivM29eJRwamwlpFmv86wNK1JKozSz+LFr+LFg6KeBD+M2exBpw8SHu+9H8nvBQlnSjvOhzU1PTM7N19asBeXlldWy2vrlypOJYU2jXksrwOigDMBbc00h+tEAokCDlfB4GTkX92BVCwWF3qYgB+RvmAho0QbqVs+9ALoM5HBrSBSkuFObmMvlIRmbp418upRVdd2j81Vsz0QvR+5brni1J0x8F/iFqSCCpx1y29eL6ZpBEJTTpTquE6i/YxIzSiH3PZSBQmhA9KHjqGCRKD8bLxijreN0sNhLM0RGo/VnxMZiZQaRoFJRkTfqElvJP7ndVIdNv2MiSTVIOj3Q2HKsY7xqC/cYxKo5kNDCJXM/BXTG2IK0qZV25TgTq78l1w26u5eff+8UWk1izpKaBNtoSpy0QFqoVN0htqIonv0iJ7Ri/VgPVmv1vt3dMoqZjbQL1ifX2FEouc=</latexit>
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<latexit sha1_base64="btlu+ioQoEGrMzFPtEqPgNnMNFY="></latexit>

Jz
kin(~b?) = Jz

naive(~b?) + Jz
corr(~b?)

<latexit sha1_base64="gOLVUxpmJRmghu+oMqyPZstyOLo=">AAACbXicbVFdS+NAFJ1kXT+6H8YVH9RlGbYs6weURFbsiyD4In1yYatCU8PN9LYOnUyyM5NCG/LmL/TNv+CLf8FpzYNWLwwczjn33pkzcSa4Nr5/77gfFj4uLi2v1D59/vJ11Vv7dqHTXDFss1Sk6ioGjYJLbBtuBF5lCiGJBV7Gw9OpfjlCpXkq/5lxht0EBpL3OQNjqci7DWMccFngfwlKwXivrLWui0kZFUWoEjrksix3wh EyGkdhhirbPaatSpTAR1iWU/trC92nretJ5WKpUvMzQpS9Fysjr+43/FnRtyCoQJ1UdR55d2EvZXmC0jABWncCPzPdApThTGBZC3ONGbAhDLBjoYQEdbeYpVXSX5bp0X6q7JGGztiXHQUkWo+T2DoTMDd6XpuS72md3PSb3YLLLDco2fOifi6oSek0etrjCpkRYwuAKW7vStkNKGDGflDNhhDMP/ktuDhoBH8ah38P6ifNKo5lsk1+kh0SkCNyQs7IOWkTRh4cz9l0tpxHd8P97v54trpO1bNOXpX7+wk4XLyi</latexit>

Jz
kin(~b?) = Jz

Bel(~b?) +Mz(~b?)

<latexit sha1_base64="If4O1a+GoUF3vDAVlfwd05+XmVM=">AAACXnicbVHPS8MwGE3rr9k5nXoRvASHMBVGK4pehKEXEQQFp8K6lTT7NsPStCbpYCv9J72JF/8Us9mDUx8EHu+9jy95CRPOlHbdd8teWFxaXimtOuW1yvpGdXPrUcWppNCiMY/lc0gUcCagpZnm8JxIIFHI4SkcXk39pxFIxWLxoMcJdCIyEKzPKNFGCqqpH8KAiQxeBZGSjA9z56abTfIgy3wZ4SETeV73R0BxGPgJyOTgAt 8U5iXwPJ+G5wP4CN92J/OaD6L3Y0dQrbkNdwb8l3gFqaECd0H1ze/FNI1AaMqJUm3PTXQnI1IzyiF3/FRBQuiQDKBtqCARqE42qyfH+0bp4X4szREaz9SfExmJlBpHoUlGRL+o395U/M9rp7p/3smYSFINgn4v6qcc6xhPu8Y9JoFqPjaEUMnMXTF9IZJQbX7EMSV4v5/8lzweN7yTxun9ca15XtRRQrtoD9WRh85QE12jO9RCFH1YluVYZevTXrYr9sZ31LaKmW00B3vnC4R2ta8=</latexit>

Kinetic AM

Belinfante AM



Link to generalized parton distributions 

• Polinomiality:

Z
dx xH(x, ⇠, t) = A(t) +D(t) ⇠2

<latexit sha1_base64="S9G0h8coBQHPMyqpoi1IZRjrxK0="></latexit>

Z
dx xE(x, ⇠, t) = B(t)�D(t) ⇠2

<latexit sha1_base64="Uk+KBhAGrqpD7BtfSU0yuXyu6kI="></latexit>

•Momentum sum rule A
q(0) +A

g(0) = 1 =

Z
dx x(Hq(x, ⇠, 0) +H

g(x, ⇠, 0))

<latexit sha1_base64="Cmeo1gtD1BEjE9423G0euEgCLfI="></latexit>

Bq(0) +Bg(0) = 0 =

Z
dx x(Eq(x, ⇠, 0) + Eg(x, ⇠, 0))

<latexit sha1_base64="cVOqmBPWmtufjqJEAmwH096y5xY="></latexit>

•Gravitomagnetic sum rule

•Angular momentum sum rule  
(Ji’s relation)

J
q,g =

1

2
[Aq,g(0) +B

q,g(0)] =
1

2

Z
dx x (Hq,g(x, ⇠, 0) + E

q,g(x, ⇠, 0))

<latexit sha1_base64="T9Zlo0cXdrxHPboYVcK5fdwrB5E="></latexit>

JTOT = Jq + Jg =
1

2
=

1

2
[Aq(0) +Ag(0) +Bq(0) +Bg(0)] =

1

2
[1 +Bq(0) +Bg(0)]

<latexit sha1_base64="9r//VVoyOpfd0iMRYCL9R+gyTO0=">AAACeHicbVFdT9swFHUCbCyDrWyPvFh0CBhSlVQgpklIfLygvoxJLSA1SeW4N8HCcVLbQaqs/Ib9t73th/DCE24pUqG7kuVzz7lX1z43KTlT2vf/Oe7S8sq796sfvI9r658+Nza+XKmikhR6tOCFvEmIAs4E9DTTHG5KCSRPOFwnd+cT/foepGKF6OpxCVFOMsFSRom21KDxJ0wgY8LASBApyfh77XViY0KZ4+6vbl0fd+LRfi fOjsNUEmqC2rTredw/jc2o3vX39k/jbHKdveRn0zx6VRwsyF4IYjg3fdBo+i1/GngRBDPQRLO4HDT+hsOCVjkITTlRqh/4pY4MkZpRDrUXVgpKQu9IBn0LBclBRWZqXI23LTPEaSHtERpP2fkOQ3KlxnliK3Oib9VbbUL+T+tXOv0RGSbKSoOgz4PSimNd4MkW8JBJoJqPLSBUMvtWTG+JNUrbXXnWhODtlxfBVbsVHLQOf7ebJz9ndqyiTbSFdlGAjtAJukCXqIcoenA2nW/OtvPoYnfH3XsudZ1Zz1f0Ktz2E4TcvBY=</latexit>



Link to generalized parton distributions 

not directly accessible at         unpolarized PDF⇠ = 0
<latexit sha1_base64="+qj446TYjVFf2yvEsZaK8kmdtkM=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFhPBKtylUBshYGMZwSRCcoS9zVyyZG/v2N0Tw5EfYWOhiK2/x85/4ya5QhMfDDzem2FmXpAIro3rfjuFtfWNza3idmlnd2//oHx41NZxqhi2WCxi9RBQjYJLbBluBD4kCmkUCOwE45uZ33lEpXks780kQT+iQ8lDzqixUqfae+LXbrVfrrg1dw6ySrycVCBHs1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3dKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/IzLJDUo2WJRmApiYjL7nQy4QmbExBLKFLe3EjaiijJjEyrZELzll1dJu17z3Jp3V680LvI4inACp3AOHlxCA26hCS1gMIZneIU3J3FenHfnY9FacPKZY/gD5/MHAwCOpA==</latexit><latexit sha1_base64="+qj446TYjVFf2yvEsZaK8kmdtkM=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFhPBKtylUBshYGMZwSRCcoS9zVyyZG/v2N0Tw5EfYWOhiK2/x85/4ya5QhMfDDzem2FmXpAIro3rfjuFtfWNza3idmlnd2//oHx41NZxqhi2WCxi9RBQjYJLbBluBD4kCmkUCOwE45uZ33lEpXks780kQT+iQ8lDzqixUqfae+LXbrVfrrg1dw6ySrycVCBHs1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3dKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/IzLJDUo2WJRmApiYjL7nQy4QmbExBLKFLe3EjaiijJjEyrZELzll1dJu17z3Jp3V680LvI4inACp3AOHlxCA26hCS1gMIZneIU3J3FenHfnY9FacPKZY/gD5/MHAwCOpA==</latexit><latexit sha1_base64="+qj446TYjVFf2yvEsZaK8kmdtkM=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFhPBKtylUBshYGMZwSRCcoS9zVyyZG/v2N0Tw5EfYWOhiK2/x85/4ya5QhMfDDzem2FmXpAIro3rfjuFtfWNza3idmlnd2//oHx41NZxqhi2WCxi9RBQjYJLbBluBD4kCmkUCOwE45uZ33lEpXks780kQT+iQ8lDzqixUqfae+LXbrVfrrg1dw6ySrycVCBHs1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3dKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/IzLJDUo2WJRmApiYjL7nQy4QmbExBLKFLe3EjaiijJjEyrZELzll1dJu17z3Jp3V680LvI4inACp3AOHlxCA26hCS1gMIZneIU3J3FenHfnY9FacPKZY/gD5/MHAwCOpA==</latexit><latexit sha1_base64="+qj446TYjVFf2yvEsZaK8kmdtkM=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFhPBKtylUBshYGMZwSRCcoS9zVyyZG/v2N0Tw5EfYWOhiK2/x85/4ya5QhMfDDzem2FmXpAIro3rfjuFtfWNza3idmlnd2//oHx41NZxqhi2WCxi9RBQjYJLbBluBD4kCmkUCOwE45uZ33lEpXks780kQT+iQ8lDzqixUqfae+LXbrVfrrg1dw6ySrycVCBHs1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3dKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/IzLJDUo2WJRmApiYjL7nQy4QmbExBLKFLe3EjaiijJjEyrZELzll1dJu17z3Jp3V680LvI4inACp3AOHlxCA26hCS1gMIZneIU3J3FenHfnY9FacPKZY/gD5/MHAwCOpA==</latexit>

(⇠ = � �+

2P+ )

<latexit sha1_base64="geg0NFUO5PZAnEnoDeF9fopbHAY=">AAACB3icbVDLSgMxFM3UV62vUZeCBFuhIpaZoiiCUNCFywr2AZ2xZNJMG5rJDElGLEN3bvwVNy4UcesvuPNvTNtZaOuBezmccy/JPV7EqFSW9W1k5uYXFpeyy7mV1bX1DXNzqy7DWGBSwyELRdNDkjDKSU1RxUgzEgQFHiMNr3858hv3REga8ls1iIgboC6nPsVIaalt7haKzgO9OHJ8gXDiXBGm0N3hMClXdT8otM28VbLGgLPETkkepKi2zS+nE+I4IFxhhqRs2Vak3AQJRTEjw5wTSxIh3Edd0tKUo4BINxnfMYT7WulAPxS6uIJj9fdGggIpB4GnJwOkenLaG4n/ea1Y+WduQnkUK8Lx5CE/ZlCFcBQK7FBBsGIDTRAWVP8V4h7SiSgdXU6HYE+fPEvq5ZJ9XDq5Kecr52kcWbAD9kAR2OAUVMA1qIIawOARPINX8GY8GS/Gu/ExGc0Y6c42+APj8weZJpfX</latexit>

Jq = Lq + Sq

<latexit sha1_base64="SWLntfTN/uf1AZddKBBEGCNrIbo=">AAAB+HicbVDLSsNAFL2pr1ofjbp0E2wFQShJURRBKLgRcVHRPqBNy2Q6aYdOJunMRKihX+LGhSJu/RR3/o3Tx0JbD1w4nHMv997jRYxKZdvfRmppeWV1Lb2e2djc2s6aO7tVGcYCkwoOWSjqHpKEUU4qiipG6pEgKPAYqXn9q7FfeyRC0pA/qGFE3AB1OfUpRkpLbTObv2klg9HlbWtwfN8a5Ntmzi7YE1iLxJmRHMxQbptfzU6I44BwhRmSsuHYkXITJBTFjIwyzViSCOE+6pKGphwFRLrJ5PCRdaiVjuWHQhdX1kT9PZGgQMph4OnOAKmenPfG4n9eI1b+uZtQHsWKcDxd5MfMUqE1TsHqUEGwYkNNEBZU32rhHhIIK51VRofgzL+8SKrFgnNSOL0r5koXszjSsA8HcAQOnEEJrqEMFcAQwzO8wpvxZLwY78bHtDVlzGb24A+Mzx9hy5I9</latexit>

J
q,g(t = 0) = 1

2

R 1
�1 dx x (Hq,g(x, ⇠, 0) + E

q,g(x, ⇠, 0))

<latexit sha1_base64="c+IjQ/gxIKPXrR6Mshti7Ezh50g="></latexit>

Sq = 1
2

R 1
0 dx g1(x)

<latexit sha1_base64="jT+C+etOQJwnZ0H2rpd+fjGcf58=">AAACEHicbVDLSsNAFJ3UV62vqks3g61YQUpSFEUQCm5cVrQPaNowmU7aoZNJnJlIS8gnuPFX3LhQxK1Ld/6N08dCWw9cOJxzL/fe44aMSmWa30ZqYXFpeSW9mllb39jcym7v1GQQCUyqOGCBaLhIEkY5qSqqGGmEgiDfZaTu9q9Gfv2BCEkDfqeGIWn5qMupRzFSWnKyh/nbdnyfXNqeQDi2kriU2JQrx2xbsDOwj2HXsQqDo7yTzZlFcww4T6wpyYEpKk72y+4EOPIJV5ghKZuWGapWjISimJEkY0eShAj3UZc0NeXIJ7IVjx9K4IFWOtALhC6u4Fj9PREjX8qh7+pOH6menPVG4n9eM1LeeSumPIwU4XiyyIsYVAEcpQM7VBCs2FAThAXVt0LcQzoapTPM6BCs2ZfnSa1UtE6KpzelXPliGkca7IF9UAAWOANlcA0qoAoweATP4BW8GU/Gi/FufExaU8Z0Zhf8gfH5Awdim0I=</latexit>

Jg

<latexit sha1_base64="JktVSwQxLGyAi1CY5xvMTxgloM0=">AAAB7HicbVBNSwMxEJ31s9avqkcvwVbwVHaLoicpeBFPFdy20K4lm2bb0CS7JFmhLP0NXjwo4tUf5M1/Y9ruQVsfDDzem2FmXphwpo3rfjsrq2vrG5uFreL2zu7efungsKnjVBHqk5jHqh1iTTmT1DfMcNpOFMUi5LQVjm6mfuuJKs1i+WDGCQ0EHkgWMYKNlfzK3eOg0iuV3ao7A1omXk7KkKPRK311+zFJBZWGcKx1x3MTE2RYGUY4nRS7qaYJJiM8oB1LJRZUB9ns2Ak6tUofRbGyJQ2aqb8nMiy0HovQdgpshnrRm4r/eZ3URFdBxmSSGirJfFGUcmRiNP0c9ZmixPCxJZgoZm9FZIgVJsbmU7QheIsvL5NmreqdVy/ua+X6dR5HAY7hBM7Ag0uowy00wAcCDJ7hFd4c6bw4787HvHXFyWeO4A+czx/PRI4F</latexit>

Lq
z

<latexit sha1_base64="WQLpd689XelDX9MGxRF/zA+HSek=">AAAB7nicbVA9SwNBEJ31M8avqKXNYiJYhbugaCUBGwuLCOYDkjPsbfaSJXt75+6eEI/8CBsLRWz9PXb+GzfJFZr4YODx3gwz8/xYcG0c5xstLa+srq3nNvKbW9s7u4W9/YaOEkVZnUYiUi2faCa4ZHXDjWCtWDES+oI1/eHVxG8+MqV5JO/MKGZeSPqSB5wSY6Vm6eb+oftU6haKTtmZAi8SNyNFyFDrFr46vYgmIZOGCqJ123Vi46VEGU4FG+c7iWYxoUPSZ21LJQmZ9tLpuWN8bJUeDiJlSxo8VX9PpCTUehT6tjMkZqDnvYn4n9dOTHDhpVzGiWGSzhYFicAmwpPfcY8rRo0YWUKo4vZWTAdEEWpsQnkbgjv/8iJpVMruafnstlKsXmZx5OAQjuAEXDiHKlxDDepAYQjP8ApvKEYv6B19zFqXUDZzAH+APn8AeBaO/g==</latexit>

Sq

<latexit sha1_base64="XdcX72u2jSKLrkT1x74pCX+jXzo=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CbaCp7JbFMVTwYvHivYD2rVk02wbmmTXJCuUpT/CiwdFvPp7vPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo+up33qiSrNI3ptxTH2BB5KFjGBjpVb57iF9nJR7xZJbcWdAy8TLSAky1HvFr24/Iomg0hCOte54bmz8FCvDCKeTQjfRNMZkhAe0Y6nEgmo/nZ07QSdW6aMwUrakQTP190SKhdZjEdhOgc1QL3pT8T+vk5jw0k+ZjBNDJZkvChOOTISmv6M+U5QYPrYEE8XsrYgMscLE2IQKNgRv8eVl0qxWvLPK+W21VLvK4sjDERzDKXhwATW4gTo0gMAInuEV3pzYeXHenY95a87JZg7hD5zPH7DijyA=</latexit>

• Requires extrapolation at t=0 

• Requires spanning x at fixed values of    (          is the most convenient) 

•                                                                  contribution from surface term 

⇠
<latexit sha1_base64="UO/xpdorVklhlVv2E6Xhc5usDkw=">AAAB7HicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsajRWJjSUmHpDAhewte7Bhb++yO2ckhN9gY6Extv4gO/+NC1yh4EsmeXlvJjPzwlQKg6777RQ2Nre2d4q7pb39g8Oj8vFJyySZZtxniUx0J6SGS6G4jwIl76Sa0ziUvB2Ob+d++5FrIxL1gJOUBzEdKhEJRtFKfrX3JKr9csWtuQuQdeLlpAI5mv3yV2+QsCzmCpmkxnQ9N8VgSjUKJvms1MsMTykb0yHvWqpozE0wXRw7IxdWGZAo0bYUkoX6e2JKY2MmcWg7Y4ojs+rNxf+8bobRdTAVKs2QK7ZcFGWSYELmn5OB0JyhnFhCmRb2VsJGVFOGNp+SDcFbfXmdtOo1z6159/VK4yaPowhncA6X4MEVNOAOmuADAwHP8ApvjnJenHfnY9lacPKZU/gD5/MHEauOJw==</latexit><latexit sha1_base64="UO/xpdorVklhlVv2E6Xhc5usDkw=">AAAB7HicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsajRWJjSUmHpDAhewte7Bhb++yO2ckhN9gY6Extv4gO/+NC1yh4EsmeXlvJjPzwlQKg6777RQ2Nre2d4q7pb39g8Oj8vFJyySZZtxniUx0J6SGS6G4jwIl76Sa0ziUvB2Ob+d++5FrIxL1gJOUBzEdKhEJRtFKfrX3JKr9csWtuQuQdeLlpAI5mv3yV2+QsCzmCpmkxnQ9N8VgSjUKJvms1MsMTykb0yHvWqpozE0wXRw7IxdWGZAo0bYUkoX6e2JKY2MmcWg7Y4ojs+rNxf+8bobRdTAVKs2QK7ZcFGWSYELmn5OB0JyhnFhCmRb2VsJGVFOGNp+SDcFbfXmdtOo1z6159/VK4yaPowhncA6X4MEVNOAOmuADAwHP8ApvjnJenHfnY9lacPKZU/gD5/MHEauOJw==</latexit><latexit sha1_base64="UO/xpdorVklhlVv2E6Xhc5usDkw=">AAAB7HicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsajRWJjSUmHpDAhewte7Bhb++yO2ckhN9gY6Extv4gO/+NC1yh4EsmeXlvJjPzwlQKg6777RQ2Nre2d4q7pb39g8Oj8vFJyySZZtxniUx0J6SGS6G4jwIl76Sa0ziUvB2Ob+d++5FrIxL1gJOUBzEdKhEJRtFKfrX3JKr9csWtuQuQdeLlpAI5mv3yV2+QsCzmCpmkxnQ9N8VgSjUKJvms1MsMTykb0yHvWqpozE0wXRw7IxdWGZAo0bYUkoX6e2JKY2MmcWg7Y4ojs+rNxf+8bobRdTAVKs2QK7ZcFGWSYELmn5OB0JyhnFhCmRb2VsJGVFOGNp+SDcFbfXmdtOo1z6159/VK4yaPowhncA6X4MEVNOAOmuADAwHP8ApvjnJenHfnY9lacPKZU/gD5/MHEauOJw==</latexit><latexit sha1_base64="UO/xpdorVklhlVv2E6Xhc5usDkw=">AAAB7HicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsajRWJjSUmHpDAhewte7Bhb++yO2ckhN9gY6Extv4gO/+NC1yh4EsmeXlvJjPzwlQKg6777RQ2Nre2d4q7pb39g8Oj8vFJyySZZtxniUx0J6SGS6G4jwIl76Sa0ziUvB2Ob+d++5FrIxL1gJOUBzEdKhEJRtFKfrX3JKr9csWtuQuQdeLlpAI5mv3yV2+QsCzmCpmkxnQ9N8VgSjUKJvms1MsMTykb0yHvWqpozE0wXRw7IxdWGZAo0bYUkoX6e2JKY2MmcWg7Y4ojs+rNxf+8bobRdTAVKs2QK7ZcFGWSYELmn5OB0JyhnFhCmRb2VsJGVFOGNp+SDcFbfXmdtOo1z6159/VK4yaPowhncA6X4MEVNOAOmuADAwHP8ApvjnJenHfnY9lacPKZU/gD5/MHEauOJw==</latexit>

⇠ = 0
<latexit sha1_base64="R5hvZNzTzSxLnTRkAk3G8tP2gLQ=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LLaCp5L0oghCwYvHCrYV2lA220m7dLMJuxuxhP4ILx4U8erv8ea/cdvmoK0PBh7vzTAzL0gE18Z1v53C2vrG5lZxu7Szu7d/UD48aus4VQxbLBaxegioRsEltgw3Ah8ShTQKBHaC8c3M7zyi0jyW92aSoB/RoeQhZ9RYqVPtPfFrt9ovV9yaOwdZJV5OKpCj2S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bnzslZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ISXfsZlkhqUbLEoTAUxMZn9TgZcITNiYgllittbCRtRRZmxCZVsCN7yy6ukXa95bs27q1caV3kcRTiBUzgHDy6gAbfQhBYwGMMzvMKbkzgvzrvzsWgtOPnMMfyB8/kDBDSOqA==</latexit><latexit sha1_base64="R5hvZNzTzSxLnTRkAk3G8tP2gLQ=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LLaCp5L0oghCwYvHCrYV2lA220m7dLMJuxuxhP4ILx4U8erv8ea/cdvmoK0PBh7vzTAzL0gE18Z1v53C2vrG5lZxu7Szu7d/UD48aus4VQxbLBaxegioRsEltgw3Ah8ShTQKBHaC8c3M7zyi0jyW92aSoB/RoeQhZ9RYqVPtPfFrt9ovV9yaOwdZJV5OKpCj2S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bnzslZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ISXfsZlkhqUbLEoTAUxMZn9TgZcITNiYgllittbCRtRRZmxCZVsCN7yy6ukXa95bs27q1caV3kcRTiBUzgHDy6gAbfQhBYwGMMzvMKbkzgvzrvzsWgtOPnMMfyB8/kDBDSOqA==</latexit><latexit sha1_base64="R5hvZNzTzSxLnTRkAk3G8tP2gLQ=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LLaCp5L0oghCwYvHCrYV2lA220m7dLMJuxuxhP4ILx4U8erv8ea/cdvmoK0PBh7vzTAzL0gE18Z1v53C2vrG5lZxu7Szu7d/UD48aus4VQxbLBaxegioRsEltgw3Ah8ShTQKBHaC8c3M7zyi0jyW92aSoB/RoeQhZ9RYqVPtPfFrt9ovV9yaOwdZJV5OKpCj2S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bnzslZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ISXfsZlkhqUbLEoTAUxMZn9TgZcITNiYgllittbCRtRRZmxCZVsCN7yy6ukXa95bs27q1caV3kcRTiBUzgHDy6gAbfQhBYwGMMzvMKbkzgvzrvzsWgtOPnMMfyB8/kDBDSOqA==</latexit><latexit sha1_base64="R5hvZNzTzSxLnTRkAk3G8tP2gLQ=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LLaCp5L0oghCwYvHCrYV2lA220m7dLMJuxuxhP4ILx4U8erv8ea/cdvmoK0PBh7vzTAzL0gE18Z1v53C2vrG5lZxu7Szu7d/UD48aus4VQxbLBaxegioRsEltgw3Ah8ShTQKBHaC8c3M7zyi0jyW92aSoB/RoeQhZ9RYqVPtPfFrt9ovV9yaOwdZJV5OKpCj2S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bnzslZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ISXfsZlkhqUbLEoTAUxMZn9TgZcITNiYgllittbCRtRRZmxCZVsCN7yy6ukXa95bs27q1caV3kcRTiBUzgHDy6gAbfQhBYwGMMzvMKbkzgvzrvzsWgtOPnMMfyB8/kDBDSOqA==</latexit>

J
q(x) 6= 1

2x(H
q(x, 0, 0) + E

q(x, 0, 0)

<latexit sha1_base64="H/HJQE5plkEzwjMl9hJ9+UfavWg=">AAACFnicbZDLSsNAFIYn9VbrLerSTbAVWqwlKYriqiBCcVXBXqCpZTKdtEMnkzgzkZbQp3Djq7hxoYhbcefbOG2DaOsPAx//OYcz53cCSoQ0zS8tsbC4tLySXE2trW9sbunbOzXhhxzhKvKpzxsOFJgShquSSIobAcfQcyiuO/2Lcb1+j7kgPruRwwC3PNhlxCUISmW19aPM1e1ddpCzGbZdDlFkjaLiaJAtj928mTdzh5c/mGnrabNgTmTMgxVDGsSqtPVPu+Oj0MNMIgqFaFpmIFsR5JIgikcpOxQ4gKgPu7ipkEEPi1Y0OWtkHCinY7g+V49JY+L+noigJ8TQc1SnB2VPzNbG5n+1Zijds1ZEWBBKzNB0kRtSQ/rGOCOjQzhGkg4VQMSJ+quBelClI1WSKRWCNXvyPNSKBeu4cHJdTJfO4ziSYA/sgyywwCkogTKogCpA4AE8gRfwqj1qz9qb9j5tTWjxzC74I+3jG/KunAc=</latexit>

Ji’s sum rule: 



Ji (kinetic EMT) Sum Rule Jaffe-Manohar (canonical EMT) Sum Rule

• each term is gauge invariant 
Jq

<latexit sha1_base64="3/dr0G2OHsiGKz9kyF/yWIIzoqI=">AAAB7HicbVBNS8NAEJ3Ur1q/oh69LLaCp5IURQ8eCl7EUwXTFtpYNttNu3SzibsboYT+Bi8eFPHqD/Lmv3Hb5qCtDwYe780wMy9IOFPacb6twsrq2vpGcbO0tb2zu2fvHzRVnEpCPRLzWLYDrChngnqaaU7biaQ4CjhtBaPrqd96olKxWNzrcUL9CA8ECxnB2khe5fbhsdKzy07VmQEtEzcnZcjR6Nlf3X5M0ogKTThWquM6ifYzLDUjnE5K3VTRBJMRHtCOoQJHVPnZ7NgJOjFKH4WxNCU0mqm/JzIcKTWOAtMZYT1Ui95U/M/rpDq89DMmklRTQeaLwpQjHaPp56jPJCWajw3BRDJzKyJDLDHRJp+SCcFdfHmZNGtV96x6flcr16/yOIpwBMdwCi5cQB1uoAEeEGDwDK/wZgnrxXq3PuatBSufOYQ/sD5/AN3cjg0=</latexit>

• frame independent

• it works also for the transverse AM 
in the infinite momentum frame

Jg

<latexit sha1_base64="wtw7+fofhqEwQXsZQSuz1Ago2g0=">AAAB7HicbVA9SwNBEJ3zM8avqKXNYiJYhbugaGERsBGrCF4SSM6wt9lLluzuHbt7QjjyG2wsFLH1B9n5b9wkV2jig4HHezPMzAsTzrRx3W9nZXVtfWOzsFXc3tnd2y8dHDZ1nCpCfRLzWLVDrClnkvqGGU7biaJYhJy2wtHN1G89UaVZLB/MOKGBwAPJIkawsZJfuXscVHqlslt1Z0DLxMtJGXI0eqWvbj8mqaDSEI617nhuYoIMK8MIp5NiN9U0wWSEB7RjqcSC6iCbHTtBp1bpoyhWtqRBM/X3RIaF1mMR2k6BzVAvelPxP6+TmugqyJhMUkMlmS+KUo5MjKafoz5TlBg+tgQTxeytiAyxwsTYfIo2BG/x5WXSrFW98+rFfa1cv87jKMAxnMAZeHAJdbiFBvhAgMEzvMKbI50X5935mLeuOPnMEfyB8/kDzqqOAw==</latexit>

Jq

<latexit sha1_base64="3/dr0G2OHsiGKz9kyF/yWIIzoqI=">AAAB7HicbVBNS8NAEJ3Ur1q/oh69LLaCp5IURQ8eCl7EUwXTFtpYNttNu3SzibsboYT+Bi8eFPHqD/Lmv3Hb5qCtDwYe780wMy9IOFPacb6twsrq2vpGcbO0tb2zu2fvHzRVnEpCPRLzWLYDrChngnqaaU7biaQ4CjhtBaPrqd96olKxWNzrcUL9CA8ECxnB2khe5fbhsdKzy07VmQEtEzcnZcjR6Nlf3X5M0ogKTThWquM6ifYzLDUjnE5K3VTRBJMRHtCOoQJHVPnZ7NgJOjFKH4WxNCU0mqm/JzIcKTWOAtMZYT1Ui95U/M/rpDq89DMmklRTQeaLwpQjHaPp56jPJCWajw3BRDJzKyJDLDHRJp+SCcFdfHmZNGtV96x6flcr16/yOIpwBMdwCi5cQB1uoAEeEGDwDK/wZgnrxXq3PuatBSufOYQ/sD5/AN3cjg0=</latexit>

•       and       can be obtained  
from moments of GPDs                                                    

•                   are gauge dependent, 
BUT measurable 

• simple partonic interpretation in the IMF 

•             can be obtained from twist-3 GPDs 
and Wigner distributions         
`qz, `

g
z

<latexit sha1_base64="Wp+V7gJXRcdIJtJhR9VEFMBAZa0=">AAAB/3icbZDLSsNAFIYn9VbrLSq4cTPYCi5KSYqiuCq4cVnBXqCNYTKdtEMnkzgzEdrYha/ixoUibn0Nd76N0zQLbf1h4OM/53DO/F7EqFSW9W3klpZXVtfy64WNza3tHXN3rynDWGDSwCELRdtDkjDKSUNRxUg7EgQFHiMtb3g1rbceiJA05LdqFBEnQH1OfYqR0pZrHpS6hLG7e3dc7pZhyn13XHLNolWxUsFFsDMogkx11/zq9kIcB4QrzJCUHduKlJMgoShmZFLoxpJECA9Rn3Q0chQQ6STp/RN4rJ0e9EOhH1cwdX9PJCiQchR4ujNAaiDna1Pzv1onVv6Fk1AexYpwPFvkxwyqEE7DgD0qCFZspAFhQfWtEA+QQFjpyAo6BHv+y4vQrFbs08rZTbVYu8ziyINDcAROgA3OQQ1cgzpoAAwewTN4BW/Gk/FivBsfs9ackc3sgz8yPn8AfVKVGQ==</latexit>

{

Y. Guo, X. Ji, K. Shiells, NPB 96 (2021) 115440; X. Ji, F. Yuan, Y. Zhao, Nature Rev. Phys. 3 (2021) 1 

Jg

<latexit sha1_base64="JktVSwQxLGyAi1CY5xvMTxgloM0=">AAAB7HicbVBNSwMxEJ31s9avqkcvwVbwVHaLoicpeBFPFdy20K4lm2bb0CS7JFmhLP0NXjwo4tUf5M1/Y9ruQVsfDDzem2FmXphwpo3rfjsrq2vrG5uFreL2zu7efungsKnjVBHqk5jHqh1iTTmT1DfMcNpOFMUi5LQVjm6mfuuJKs1i+WDGCQ0EHkgWMYKNlfzK3eOg0iuV3ao7A1omXk7KkKPRK311+zFJBZWGcKx1x3MTE2RYGUY4nRS7qaYJJiM8oB1LJRZUB9ns2Ak6tUofRbGyJQ2aqb8nMiy0HovQdgpshnrRm4r/eZ3URFdBxmSSGirJfFGUcmRiNP0c9ZmixPCxJZgoZm9FZIgVJsbmU7QheIsvL5NmreqdVy/ua+X6dR5HAY7hBM7Ag0uowy00wAcCDJ7hFd4c6bw4787HvHXFyWeO4A+czx/PRI4F</latexit>

Lq
z
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Proton spin 
(Q2=10 GeV2)

Status of Spin Sum Rule

u+ ū d+ d̄ s+ s̄ g

spin (%) OAM spin (%) OAM spin (%) OAM spin (%) OAM

81± 1 �43± 1 �11± 2 40± 60 DSSV14

79± 5 �45± 5 12± 8 3± 324 NNPDF
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We are constantly improving the knowledge of the contributions to the spin of the nucleon

However the details on the flavor and sea contributions are still sketchy

Quark Spin Gluon Spin

EIC Yellow Report: arXiv: 2103.05419

Impact of future EIC  
for quark and gluon spin contributions

EIC



Hermes Coll., JHEP 06 (2008) 066JLab Hall A, Phys. Rev. Lett. 99 (2007) 242501

extractions from HERMES 
data using two different 
models

QCDSF: PoS (Lattice 2007) 158

LHPC: PRD77 (2008) 094502

Lattice results

DFJK, EPJC39 (2005) 1

GPDs extracted from form factors

Orbital Angular momentum of the proton 
 from available GPD measurements 

Improved accuracy with JLab12 and future EIC measurements! 

J
q,g = 1

2

R 1
�1 dx x (Hq,g(x, ⇠, 0) + E

q,g(x, ⇠, 0))
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dark bars: connected light bars: disconnected contributions (quarks & gluons) 

Results at physical pion mass at the scale of 2 GeV

Momentum Total angular momentum

gravitomagnetic sum rule:
X

q=u,d,s

Bq(0) +Bg(0) = �0.099(91)(28)
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Alexandrou et al. [Extended Twist Mass Coll.],  
Phys.Rev.D 101 (2020), 094513 

Sum rules from lattice QCD



Quark spin Quark orbital angular momentum Jq � 1

2
�⌃q
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dark bars: connected light bars: disconnected contributions (quarks & gluons) 

Alexandrou et al., Phys.Rev.D 101 (2020), 094513 

Spin and orbital angular momentum from lattice QCD



Comparison with Lattice calculations

PDFLattice17: average of phenomenological extractions: JAM15, NNPDFpol1.1, DSSV08 
                       from the community white paper,  Prog.Part.Nucl.Phys. 100 (2018) 107

Overall fair agreement between lattice calculations and phenomenological fits

Lattice QCD results could provide useful inputs to global fits of polarized PDFs

The uncertainties of the two have comparable size

Q2 = 4 GeV2
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Quark spin



Scale dependence

Altenbuchinger, Hägler, Weise, EPJA47, 140 (2011)



Nucleon Structure Properties

em @µJ
µ
em = 0 hN 0|Jµ

em|Ni Q, µ

@µJ
µ
weak = 0 hN 0|Jµ

weak|Niweak gA, gp

@µT
µ⌫
grav = 0 hN 0|Tµ⌫

grav|Nigravity

Qprot = 1.602176487(40)⇥ 10�19 C

µprot = 2.792847356(23)µN

Mprot = 938.272013(23)MeV

gA = 1.2694(28)

gp = 8� 12

J =
1

2

can be accessed from GPDs in hard exclusive reactions

M. Polyakov and P. Schweitzer, Int. J. Mod. Phys. A33 (2018) 1830025 

MN , J,D
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D =
4

5
d1 =

<latexit sha1_base64="fiOCYSM+f0dAHx5Mh1ms0af370s=">AAACG3icbVDLSsNAFJ3UV62vqEs3wSKIi5KUFrspFHThsoJ9QFPKZHLTDp1M4sxEKCH/4cZfceNCEVeCC//G6WOhrQcGDuecy517vJhRqWz728itrW9sbuW3Czu7e/sH5uFRW0aJINAiEYtE18MSGOXQUlQx6MYCcOgx6Hjjq6nfeQAhacTv1CSGfoiHnAaUYKWlgVl2PRhSnsI9x0LgyUVWuK67gcAkrWRpNfMHTt0F7v8KDMyiXbJnsFaJsyBFtEBzYH66fkSSELgiDEvZc+xY9VMsFCUMsoKbSIgxGeMh9DTlOATZT2e3ZdaZVnwriIR+XFkz9fdEikMpJ6GnkyFWI7nsTcX/vF6iglo/pTxOFHAyXxQkzFKRNS3K8qkAothEE0wE1X+1yAjrYpSus6BLcJZPXiXtcsmplKq35WKjtqgjj07QKTpHDrpEDXSDmqiFCHpEz+gVvRlPxovxbnzMozljMXOM/sD4+gF1KqGm</latexit>



Dispersion relation approach



N(p) N(p0)

�⇤(Q2) �

t ⌧ ⌫, Q2

crossing symmetric variable

⌫ =
s� u

4MN
t = (p0 � p)2

x� ⇠ x+ ⇠

x : average fraction of quark  
  longitudinal momentum

⇠ : fraction of longitudinal   
 momentum transfer

t : nucleon momentum  
 transfer

DVCS at leading twist



N(p) N(p0)

�⇤(Q2) �

t ⌧ ⌫, Q2

crossing symmetric variable

⌫ =
s� u

4MN
t = (p0 � p)2

x� ⇠ x+ ⇠

x : average fraction of quark  
  longitudinal momentum

⇠ : fraction of longitudinal   
 momentum transfer

t : nucleon momentum  
 transfer

DVCS at leading twist

F =

Z 1

0
dxF+(x, ⇠, t, Q2)


1

x� ⇠ + i✏
+

1

x+ ⇠ � i✏

�
Compton form factors: F =

n
H, E, H̃, Ẽ

o

singlet GPDs:F+(x, ⇠, t) = F (x, ⇠, t)� F (�x, ⇠, t)

DVCS tensor at twist 2: T
µ⌫ =

P4
i=1 Ai(⌫, t, Q2)Oµ⌫

i

unpolarized quark long. polarized quark

A4 = Ẽ

A3 = H̃A1 = H+ E

A2 = �E
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Dispersion relations at fixed t and Q2

Ai(⌫, t, Q2) : analytical functions in the complex    plane, with cuts on the real axis ⌫

Drechsel, Pasquini, Vanderhaeghen (2003)
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 Unsubtracted Dispersion Relations
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Dispersion relations in terms of GPDs

Anikin, Teryaev (2007); Kumericki-Passek, Mueller, Passek (2008); Diehl, Ivanov (2007);

Polyakov,  Vanderhaeghen (2008); Goldstein, Liuti (2009)
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Subtraction Function

Anikin, Teryaev (2007); Radyushkin (2012)

•Time-Reversal invariance 

⇠•  -independence take ⇠ = 0

Make use of: 

•Use representation of GPD with double distribution (       )+ D-termEDD
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