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QCD and Factorization Theorem

Factorization theorem in QCD:

o(Qm) = 25 [H(Q/ 1, (1) ®5(e.m) +0(1/ Q")

Hard part:  H(Q/ 1, (1)) Perturbative
Soft part: S(u, m) Non-perturbative but universal

Collinear factorization: Unpolarized  Polarized

Parton distribution functions: folz)  Afy(x)

Parton fragmentation functions: D, (z) AD(z) /

y



QCD and Factorization Theorem

Transverse Momentum Dependent (TMD) Factorization:

Dh(zx k_l_) ADh(Z, -L)

=+ Nucleon Spin = Quark Spin

fq(ﬂf; k1) Af9($: k)
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TMD factorization in SIDIS and DY
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X.D. Ji,J.P. Ma and F. Yuan, Phys.Rev.D71,034005(2005); Phys.Lett.B597,299-308(2004)



Operator Definition

Quark Correlation Matrix:

+ 2 _
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Pop(a,Frys) = [F

Gauge Link: £(0,y) = Pexp (—ég/: d£A+(§?§l))

Twist-2 Decomposition in terms of Dirac matrices:
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Gauge Link in SIDIS and DY

Gauge link in SIDIS and DY:

(—00,7) . (00, %1)
(-o00,01) (0,01) (c0,01)
— 2o )

Q(QE; I_{:’l) — dy d YL e—éwp+y—+iﬁ:l-§_L

47 (27)2
X (P, 7 )7 T Ly, 7,;0,0)%(0,0,)|P)

oz, k) = flx,k))+5 Fxk)fir(a k)M

f(m,ku\m = f(a, fa)]m frtek)| = fhr(ek)|

S Y

X. Jiand F. Yuan Phys.Lett.B543,66 (2002); A. Belitsky, X. Ji and F. Yuan Nucl. Phys. B 656,165 (2003)



Gauge link and SSA
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Sivers function

Fir(z, k1) #0

J.C. Collins, Nucl.Phys.B(1993);Phys.Lett.B(2002)

Nuclear effects from gauge link?



Nuclear effects from Gauge Link

e Assume the nucleus:

Very large,
Uniform,
Weakly bound,

No Multiple-nucleon correlation

1 W I o W § 8 - 1§ L]

Nuclear effects will be mainly from gauge link.



Nuclear effects in SIDIS and DY

Maximal two-gluon correlation approximation



Nuclear dependence of TMD PDF

v;
Integral form: L (x. ki) = Aexp !/ dfmf}F({N)TL] b (x, k1)
I, (7, x.
Differential form: 0%ally. X ki) = lé}rf(im)vil G (Eyix kL)

H{;.,_J 4

&, (0;x. k1) = dNV(x, ki), do(oo;x, ki) =dA(x. k1)

Gluon distribution function in a nucleon

2l /

e SO

Quark transport coefficient gri(&y) =

Spatial nucleon number density in the nucleus

Z.T. Liang, X.N. Wang and J. Zhou, PRD(2008); JHG, Z. T. Liang and X. N. Wang PRC(2010)



Azimuthal Asymmetry of DY in pp or pA

' Collins-Soper frame
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Definitions of Azimuthal asymmetry
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Azimuthal Asymmetry in unpolarized DY
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Nuclear effect in unpolarized DY
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Nuclear effect in Single Polarized DY
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Summary

e The relation between the TMD distribution functions
of the nucleon and nucleus can be obtained under
some simple assumption.

e The azimuthal asymmetry is suppressed by multiple
parton scattering for most cases of TMD distribution
while in some kinematic regions the azimuthal
asymmetry can be even enhanced.

e Nuclear effect of azimuthal asymmetry in DY is a very
sensitive probe of twist-2 TMD parton distributions.
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