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TMD parton distributions in SIDIS TMD Parton DistributionsTMD-Parton Distributions
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TMD parton distributions in SIDIS Experiments & Model 
al
ulationsExperiments & Model 
al
ulations
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• Boer-Mulders-E�e
t: (unpolarized pro
esses)
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in DY: cos(2φh)-distribution ∝ h⊥1 ⊗ h̄⊥1
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TMD parton distributions in SIDIS Experiments & Model 
al
ulations

• Estimates & Model-
al
ulations of the Boer-Mulders fun
tion:

1. MIT-Bag model (F. Yuan, 2003): h⊥(u)
1 and h⊥(d)

1 both negative!2. large-Nc arguments (P. Pobylitsa, 2003): h⊥(u)
1 and h⊥(d)

1 both negative!3. Impa
t parameter spa
e (M. Burkardt, 2005):Conne
tion between Sivers-fun
tion f⊥1T (x,~b⊥) and GPD E(x, 0,~b⊥)
→ relation to anormalous magneti
 moment κ(q)Also: Conne
tion between BM h⊥1 (x,~b⊥) and GPDs H̃T and ET
=⇒ h

⊥(u)
1 and h⊥(d)

1 both negative!4. Latti
e-QCD (P. Hägler et al., 2006): h⊥(u)
1 and h⊥(d)

1 both negative!5. Diquark-spe
tator model (A. Ba

hetta, A. S
häfer, J. Yang, 2003): h
⊥(u)
1 and h⊥(d)

1have opposite signs!
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TMD parton distributions in SIDIS Diquark-spe
tator modelBM-fun
tion in the diquark-model

• Quark-Quark Correlator
Φij(x, ~pT ) =

X

X

Z
dz−d2zT
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eixP

+z−−i~pT ·~zT 〈P,S| ψ̄j(0)W[0,∞−] |X〉 〈X|W[∞−, z]ψi(z) |P, S〉

• Diquark-model: |X〉 −→ |dq; q, λ〉 one parti
le-state!

• Two kinds of diquarks: S
alar (spin 0) and Axial-ve
tor (spin 1).Spe
i�
ation of Nu
leon-Diquark-Quark vertex:
〈dq;P − p, λ|ψi(0) |P,S〉 =

P − p
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• Ingredients, su�
ient for T-even PDFs, e.g. f (u)
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TMD parton distributions in SIDIS Diquark-spe
tator model

• T-odd PDFs: 
onsequen
e of Gauge link −→ 1 Gluon ex
hange approximation

l
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P

• Further ingredients:gauge boson-axial ve
tor diquark 
oupling

Γ
µν1ν2
ax = WWγ − vertex (incl. anom. magn. moment κ) ; Γµsc = scalar QCD − vertexaxial-ve
tor diquark and s
alar diquark propagator:
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−→ Loop-Integral (axial-ve
tor diquark):
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TMD parton distributions in SIDIS Diquark-spe
tator modelSpe
ifying the form fa
tor

• Simpli�
ation of the numerator → sort by powers of loop-momentum l

−→ J
(i)α1...αi =

Z
d4l

(2π)4
g((l+ p)2)g(p2)lα1...lαi

[(v · l) + i0]
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i

• v =
[

1−, 0+,~0T

], l+ → 0, l− → ∞, αk = − ⇒Light 
one divergen
e!

• Regularization pro
edure:1) Clean pro
edure: (Gamberg, Hwang, Metz, MS, 2006) Introdu
tion of Wilson lines o�the light 
one, v =
[

1−, λ+,~0T

],

−→ h
⊥,ax
1 (x, ~p2

T , v) ∝ ln

(

v2
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TMD parton distributions in SIDIS Diquark-spe
tator model2) Phenomenologi
al pro
edure: Introdu
tion of add. poles via the form fa
tor

g(p2)

g(p2) = N2n

[

p2 −m2
q

]

F (p2)

[p2 − Λ2 + i0]
n

−→additional pole produ
es additional fa
tor [l+]n in numerator−→ Regularization.

• Transverse Integral:
h
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• E = 0: no IR-divergen
e!
• A 6= 0: UV-divergen
e =⇒ Further spe
i�
ation of form fa
tor:
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• Integration leads to in
omplete Gamma-fun
tions Γ(n, x) ≡
R∞
x

e−ttn−1dt , n > 0.Workshop �Ex
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TMD parton distributions in SIDIS ResultsResultsConstru
tion of �avor-dependent PDFs from diquark models: u = 3
2sc + 1

2ax,

d = ax, moments: f (n/2)(x) =
∫

d2~pT
|~pT |n
2Mn f(x, ~p2

T )

0 0.2 0.4 0.6 0.8 1

x-0.2

0

0.2

0.4

0.6

0.8

1

xf(x)

xf1T
⊥ (u,1/2) 

xf1T
⊥ (d,1/2)

xf
1

(u)

xf
1

(d)

xf
(u,GRV) 

xf
(d,GRV)

0.2 0.4 0.6 0.8 1

x

-0.1

-0.05

0

0.05

0.1

xf(x)

xf1T
⊥ (1) u 

xf1T
⊥ (1) d

xh
1⊥
(1) u

xh
1⊥
(1) d

First Moment of Boer Mulders and Sivers Functions

• Comparison to parametrization of f1 (Glü
k, Reya, Vogt) −→ parameters of themodel, e.g. diquark masses, normalization...
• Comparison to parameterization of Sivers fun
tion f⊥1T −→ size and sign of FSI.Workshop �Ex
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TMD parton distributions in SIDIS SummarySummary

• T-odd PDF h⊥1 (x, ~pT ) (Boer-Mulders fun
tion) essential ingredient for azimuthal

cos(2φ)-asymmetries in unpolarized SIDIS and DY.

• Various approa
hes predi
t negative signs for u and d Boer-Mulders fun
tions

−→ Model 
al
ulation for h⊥1 in an axial-ve
tor and s
alar diquark spe
tator model.

• In
lusion of full axial-ve
tor diquark propagator leads to loop-integrals divergent onthe light 
one

−→ Use of form fa
tors as regulators.
• Results: u and d Boer-Mulders fun
tion negative also in the diquark spe
tator model

−→ Input for phenomenology of azimuthal cos(2φ)-asymmetries in unpol. SIDISand DY.
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