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Outline

* Old problem and new idea

* Physical’ and pure gauge’ parts of the gauge
field

* Orbital angular momentum



Dilemma in spin decomposition

Jaffe-Manohar Ji

Enormous experimental and theoretical efforts
to determine AG € nonexistent in Ji scheme...

Jaffe-Manohar scheme not gauge invariant

The commutation relation [, x [, — ;J, often abandoned.



A new proposal
Chen, Lu, Sun, Wang, Goldman (2008, 2009)
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Identify the physical” and “pure gauge” parts
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Goal

Revamp the approach by Chen et al.

Obtain a practical, gauge invariant scheme in which the
gluon helicity is given by AG.
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Find a way to access matrix elements involving D, ..



The physical part 4*
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Our proposal (working in the infinite momentum frame)

Aghys( T) = —/dy_IC(y_ —x~ )Pexp (zg/m A+(Z)dz’> FrH(y™)
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where K(y~) = 26(y_), or (y~), or —0(—y~)
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Transformation rule OK —1pm5 — UT Apyys U

The gluon helicity Mo, o = FEA AV — F#* AN coincides with AG

Need to check if A* = A* — A*
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The pure gauge part A*

pure

—> At = AT =— Z—Vva—FVJr V(z) = Pexp (z’g /: A+(:L",:E’)dx’>
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VW is the rotation matrix to the LC gauge A™ = ()

1A/ represents the residual gauge freedom

AR =0 intheLCgauge

pure



Proofof  A* =A", ~+ AL,
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With our choice of A¥ .
phys

pure !
is actually an identify

the defining relation for A
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Boundary conditions in the LC gauge

Aghys(x) = —%/dy_e(y_ —x~ )Pexp (—z’g /fb’ A+(z_)dz_> FHe(y™)

) A (00) + A o(—00) =0

e(y™), Antisymmetric A¥ o (00) = — A% ~(—0)
6(y™) Advanced A* (00) =0

—0(—y™) Retarded A (—00) =0



Orbital angular momentum

“Canonical” OAM

Ji (1997) l Chen et al. (2008)
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“Potential” OAM
Burkardt (2009), Wakamatsu (2010)

Because Agure — (0 inthe LC gauge in our scheme,

LChen — LJaffe—Manohar



Potential angular momentum (l)
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Related to a nonforward matrix element
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Potential angular momentum (lI)

Nonforward generalization of the Qiu-Sterman matrix element
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Canonical angular momentum

Inspired by the relation between the Sivers function approach

and the twist-three approach to SSA
Boer, Mulders, Pijlman (2003)
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nonforward TMD

“Generalized parton correlation function”

Meissner, Metz, Schlegel (2009)
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» Lean = P—+§/d:r;d2qT a7 f(z, q7) No sign flip !

cf. Wigner function approach Lorce, Pasquini (2011)



Gluon OAM

Similarly we define “Generalized gluon correlation function”
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Summary

With our specific choice of Aphys

* The gluon helicity coincides with Ag

e Canonical OAM by Chen et al. = gauge
invariant generalization of Jaffe-Manohar and
Lorce-Pasquini (from Wigner distribution)

* All components are manifestly gauge mvarlant

could be observable on a lattice \
=/}
or in high energy processes. » ‘ \
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