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Recent developments in theoretical basis for twist-3 
mechanism and its underlying universal structure

Proof of Factorization and Gauge Invariance of the twist-3 
single-spin-dep. cross section in the leading order QCD

Master formula allowing to derive twist-3 “SGP”
 

cross 
section directly from twist-2 cross section

Connection between the twist-3 mechanism and the TMD Sivers
 mechanism for intermediate region of hP ⊥
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SISIS, Drell-Yan, Direct γ, p p X↑ → π

update & extension are needed!
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Ward Identity:
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Total twist-3 contribution can be written in a gauge-invariant way:
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twist-3 single-spin cross section
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twist-3 single-spin cross section
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With the present updates, 

no change for the power behaviors

TMD-Sivers

QCD hP Q⊥Λ

but new HP contribution (HPn) survives!



“new”
 

SFP “new”
 

HP

Sivers



(new) HP contribution is leading in most azimuthal
 

structures, e.g. in 
that for the Sivers

 
asymmetry

Not only qg
 

final states, but also qqbar
 

final states 

The twist3 single-spin dep. cross section vanishes in inclusive DIS limit
cancellation of final-state interations

connection with TMD approach ?
 quantitative roles ?

SFP contribution is subleading
 

in all azimuthal
 

structures

Five structure functions with different azimuthal-dependence contribute 
(       TMD factorization approach) 
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Summary
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new SFP & HP contributions
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