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Outline of Lecture One

Single spin asymmetry - definition

Single spin asymmetry before QCD

Parity and Time-reversal invariance

Perturbative QCD factorization

Single spin asymmetry within the
collinear factorization

Outline of Lecture Two
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Outline of Lecture Two

Semi-inclusive deeply inelastic scattering

KT- factorization

Sivers effect and Sivers functions

Collins effect and Collins functions

Single spin asymmetry in Drell-Yan

Open questions and discussion
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Single Spin Scattering – (I)
Single hadron inclusive process:
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Single Spin Scattering – (II)
Inclusive and Semi-inclusive DIS:

s s
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Single Spin Asymmetries – (I)

Spin-avg X-section:

Spin-dep X-section:

Single spin asymmetry:

single longitudinal spin asymmetry: 

single transverse spin asymmetry:
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Single Spin Asymmetries – (II)

Even though cross section               is finite, single
spin asymmetries can vanish due to the difference
of the polarized cross sections and the fundamental
symmetries of the interactions

AL vanishes for Parity conserved interactions:

AL ≠ 0 for W+ production
good for parton flavor separation
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Single spin asymmetry before QCD

Almost 40 years ago, AN in inclusive DIS was proposed
by Christ and Lee to test the Time-Reversal invariance:

In the approximation of one-photon exchange, 
AN of inclusive DIS vanishes if Time-Reversal 
is invariant for EM and Strong interactions

N. Christ and T.D. Lee, Phys. Rev. 143, 1310 (1966)
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Parity and Time-reversal invariance
In quantum field theory, physical observables are given
by matrix elements of quantum field operators

Consider two quantum states:

Parity transformation:

Time-reversal transformation:
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AN for inclusive DIS – (I)
DIS cross section:

Leptionic tensor is symmetric: Lµν = Lνµ

Hadronic tensor:

Polarized cross section:

Vanishing single spin asymmetry:

?
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AN for inclusive DIS – (II)
Define two quantum states:

Time-reversed states:

Time-reversal invariance:
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AN for inclusive DIS – (III)
Parity invariance:

Translation invariance:

Polarized cross section:
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Single spin asymmetry corresponds
to a T-odd triple product
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Perturbative QCD factorization
Perturbative pinch poles:
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Short-distance

Nonperturbative matrix element
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Perturbative QCD factorization (II)
KT –factorization 2   Tp nQ kx k≈⋅
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Collinear factorization: Leading Twist

Provides systematic 
ways to quantify high 
order corrections

Factorization fails beyond 
the next-to-leading powers 
in hadronic collisions
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Spin-dependent parton correlations – (I)
Hadron spin is a long-distance property, and therefore,
spin-dependence of a polarized cross section should be
in parton correlation functions:
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Quark correlations:

Real parton correlation functions:

(or                  )(or                  )
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Spin-dependent parton correlations – (II)

Parton fields under P and T transformation:

Quark correlations contribute to polarized X-sections:

(or                  )

contribute to spin-avg X-sections:
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Spin-dependent parton correlations – (III)

Twist-2 quark helicity distribution: ( )q x∆
with  µ = +

Twist-2 quark transversity distribution: ( , )q x sδ ⊥

r

with  µ = +, and  ν =

Twist-3 quark-gluon correlation functions:



June 10, 2004 Jianwei Qiu, ISU20

AN in hadronic collisions

Even number of  γ’s
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Leading twist contributions to AN
within the collinear factorization

PQCD calculable partonic parts should not depend on
light current quark mass

Need even number of  γ’s in any quark loop trace
Leading twist does not contribute to the AN

5γ γ γ+ ⊥

( , )q x sδ ⊥
r

need an even number γ’s:
need a gluon to contract with 
the extra transverse index 

Twist-3
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AN from polarized twist-3 correlations

x

Unpinched pole to give the phase:

Spin flip from interference between a quark state and 
a quark-gluon composite state

Observed hadron momentum provides the 3rd vector
( )NA i s p⊥∝ ⋅ ×

rr r
l
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Single spin asymmetry within the
collinear factorization

Generic twist-3 factorized contributions

Even  γ’s !
Even  γ’s !

Provides hadron spin dependence

transversity

(1)

(2)

(3)

(1) Calculated by Qiu and Sterman, Phys. Rev. D, 1999
(2) Not yet be calculated
(3) Calculated by Kanazawa and Koike, Phys. Lett. B, 2000

(3) << (1)
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