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Motivation: Why study orbital angular momentum?

Ja↵e-Manohar proton spin sum rule
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Results extracted from experiment (RHIC):
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Missing spin either at x  xmin or/and L

Good theoretical understanding of L at small x is crucial!

Brandon Manley (manley.329@osu.edu) Orbital Angular Momentum at Small x 2 / 15



Motivation: Why study orbital angular momentum?

Ja↵e-Manohar proton spin sum rule

Z 1

0

dx


1

2
�⌃(x ,Q2) + Lq+q̄(x ,Q

2) +�G (x ,Q2) + LG (x ,Q
2)

�
=

1

2

Results extracted from experiment (RHIC):

Z 1

xmin

dx


1

2
�⌃(x ,Q2) +�G (x ,Q2)

�
<

1

2

Missing spin either at x  xmin or/and L

Good theoretical understanding of L at small x is crucial!

Brandon Manley (manley.329@osu.edu) Orbital Angular Momentum at Small x 2 / 15

(Jaffe and Manohar 1990)



Motivation: Why study orbital angular momentum?

Ja↵e-Manohar proton spin sum rule

Z 1

0

dx


1

2
�⌃(x ,Q2) + Lq+q̄(x ,Q

2) +�G (x ,Q2) + LG (x ,Q
2)

�
=

1

2

Results extracted from experiment (RHIC):

Z 1

xmin

dx


1

2
�⌃(x ,Q2) +�G (x ,Q2)

�
<

1

2

Missing spin either at x  xmin or/and L

Good theoretical understanding of L at small x is crucial!

Brandon Manley (manley.329@osu.edu) Orbital Angular Momentum at Small x 2 / 15

(Jaffe and Manohar 1990)

(1212.1701)



Motivation: Why study orbital angular momentum?

Ja↵e-Manohar proton spin sum rule

Z 1

0

dx


1

2
�⌃(x ,Q2) + Lq+q̄(x ,Q

2) +�G (x ,Q2) + LG (x ,Q
2)

�
=

1

2

Results extracted from experiment (RHIC):

Z 1

xmin

dx


1

2
�⌃(x ,Q2) +�G (x ,Q2)

�
<

1

2

Missing spin either at x  xmin or/and L

Good theoretical understanding of L at small x is crucial!

Brandon Manley (manley.329@osu.edu) Orbital Angular Momentum at Small x 2 / 15

(Jaffe and Manohar 1990)

(1212.1701)



Motivation: Why study orbital angular momentum?

Ja↵e-Manohar proton spin sum rule

Z 1

0

dx


1

2
�⌃(x ,Q2) + Lq+q̄(x ,Q

2) +�G (x ,Q2) + LG (x ,Q
2)

�
=

1

2

Results extracted from experiment (RHIC):

Z 1

xmin

dx


1

2
�⌃(x ,Q2) +�G (x ,Q2)

�
<

1

2

Missing spin either at x  xmin or/and L

Good theoretical understanding of L at small x is crucial!

Brandon Manley (manley.329@osu.edu) Orbital Angular Momentum at Small x 2 / 15

(Jaffe and Manohar 1990)

(1212.1701)



Physical picture

Brandon Manley (manley.329@osu.edu) Orbital Angular Momentum at Small x 3 / 15

(Kovchegov and Levin, 2012, Cambridge University Press)



Physical picture

Brandon Manley (manley.329@osu.edu) Orbital Angular Momentum at Small x 3 / 15

(Kovchegov and Levin, 2012, Cambridge University Press)



Roadmap
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Quark OAM: Definitions

OAM operator definition:
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Expect contributions from polarized proton due to cross product in definition!
Quark Wigner function (e.g. for SIDIS)
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Quark OAM: Small x simplification

Polarized contribution enters through sub-eikonal vertex in
shockwave-antiquark interaction
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Quark OAM: Small x simplification

G10 is evolved through soft gluon or quark emission:
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“Helicity BFKL” evolution



Quark OAM: Small x asymptotics

Leading high-energy asymptotics for both terms:
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Gluon OAM: Small x simplification

Gluon OAM constructed via gluon dipole Wigner function
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Gluon OAM: Small x asymptotics

Evolve G
i
10

via soft gluon or quark emission:

Gluon OAM asymptotics follows from evolution equations for G i
10
(zs):
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Summary

Asymptotics for OAM distributions (to be updated!):
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Quarks more important than gluons at small x

Significant portion of nucleon spin at small x could be found in the

quark and gluon OAM!
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Next steps

Recently realized spin isn’t the whole story
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⇣
V

†
w + �V pol[1] †

w + V
pol[2] †
w + . . .

⌘

����0 ⇠ �3
) spin!

���0 ⇠ I) no spin?

Need to re-evaluate derivation of OAM asymptotics

Thank you!! Questions?
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Backup
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Wigner distributions

Wigner distributions encode the average position and average momentum of a
distribution

Can be negative, only give a probabilistic interpretation when integrated over

W (k , b) =

Z
d
2�?d�+

2(2⇡)3k+
hk +

1

2
�| pih p|k �

1

2
�ie i�·b
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CGC Averaging

Expectation value of an operator Ô in proton state is related to Color Glass
Condensate averaged operator:
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Polarized Wilson lines: Explicit operators
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