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Outline ⋄ SIDIS vs inclusive hadron production

⋄ The Single Spin AsimmetryAN

⋄ Sivers contribution toAN

⋄ Transversity-Collins contribution toAN

⋄ Conclusions
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Polarized SIDIS
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➢ AsymmetryAUT in theγ∗p c.m. frame:

AUT =
d6σlp↑→l′hX − d6σlp↓→l′hX

1
2 [d6σlp↑→l′hX + d6σlp↓→l′hX ]

≡ 2
dσ↑ − dσ↓

dσ↑ + dσ↓

whered6σlp↑→l′hX = d6σ/dxBdydzhd2P T dφh

dσ↑ − dσ↓ ∝ ∆Nfq/p↑ ⊗ dσ̂ ⊗ Dh/q sin(φh − φS)+

+∆T q ⊗ ∆σ̂↑ ⊗ ∆NDh/q↑ sin(φh + φS)

+h⊥
1T ⊗ ∆σ̂↑ ⊗ ∆NDh/q↑ sin(3φh − φS)

⇒ Separation of the Sivers and Collins effects
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p↑ l → h + X
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• proton-lepton c.m. frame

• p is along the+Z-axis,

• φS is the azimuthal ofST

• h in theXZ plane

• Only h is detected

➢ If PT & 1 GeV then we are in a “perturbative” regime.
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The single spin asimmetry AN

➢ We can define the single spin asymmetryAN :

ATU (φS) ≡ dσ(φS) − dσ(φS + π)
1
2 [dσ(φS) + dσ(φS + π)]

; ATU (φS) = 2 |ST |AN sinφS

➢ ThereforeAN can be written as:

AN =
∑

i

1

2|ST | sinφSi
Ai

TU

or weightingATU with sinφS :

AN =
1

2|ST |[
∑

i sin2 φSi]

∑

i

Asin φSi

TU
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The single spin asimmetry AN

➢ Assuming the factorization, at born level,AN can be written as:

AN ∝ 1

2dσunp

[

∆Nfq/p↑ ⊗ dσ̂ ⊗ Dh/q + ∆T q ⊗ ∆σ̂↑ ⊗ ∆NDh/q↑

+h⊥
1T ⊗ ∆σ̂↑ ⊗ ∆NDh/q↑

]

• The Sivers and the Collins effect add up,h⊥
1T contribution is negligible

• dσ is differential ind3ph (xF = 2pL√
s

andpT ): xa integrated fromxmin
a to 1

In collinear approximation:xmin
a =

√
(P 2

T
+P 2

L
)+PL√

s

➢ Possibility to extend thexa region explored?? (consistently to exp. cuts)
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Kinematics at HERMES:
xa vs xF
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Estimation of AN from the Sivers and the Collins effects
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First moment of the Sivers functions
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⋄ For valence quarks:

• ∆Nfu/p↑ > 0

• ∆Nfd/p↑ < 0

⋄ For sea quarks:

• ∆Nfs̄/p↑ > 0

⋄∆Nf
(1)
q (x) ≡

R

d2 k⊥
k⊥

4mp
∆Nfq/p↑(x, k⊥) = −f

⊥(1)q
1T (x)

Anselmino et al., Eur.Phys.J.A39:89-100,2009
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Transversity and Collins functions

⋄Transversity:u andd ⋄Collins functions: favored and unfavored
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Sivers Effect at HERMES and COMPASS:

➢ Sivers effect
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Sivers Effect at eRHIC:

➢ Sivers effect
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Collins Effect at HERMES and COMPASS:

➢ Collins effect
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Collins Effect at eRHIC:

➢ Collins effect
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Summary and Conclusions

➢ Inclusive hadron production inp↑l scattering

➢ Factorization assumed: experimental test

➢ Different kinematical regions covered with respect to SIDIS

➢ Sivers effect can be large

➢ Transversity⊗ Collins effect small in some kinematical regions

➢ ...only preliminary results
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Parametrizations:

➢ We assume a factorized gaussian smearing for the unpolarized PDF and FF:

⋄ fq/p(x, k⊥) = fq(x) 1
π〈k2

⊥
〉 e−k2

⊥/〈k2
⊥〉 ⋄Dh

q (z, p⊥) = Dh
q (z) 1

π〈p2
⊥
〉 e−p2

⊥/〈p2
⊥〉

〈k2
⊥〉 and〈p2

⊥〉 fixed as found in Ref. [1] by analysing the Cahn effect.

〈k2
⊥〉 = 0.25 (GeV/c)2 〈p2

⊥〉 = 0.20 (GeV/c)2 .

➢ Similarly for the Sivers function:

∆Nfq/p↑(x, k⊥) = 2Nq(x) h(k⊥) fq/p(x, k⊥)

Nq(x) = Nq xαq (1 − x)βq
(αq+βq)(αq+βq)

α
αq
q β

βq
q

≤ 1 , h(k⊥) =
√

2e k⊥

M1
e−k2

⊥/M2
1 ≤ 1 ,

whereNq , αq, βq andM1 (GeV/c) are free parameters
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Fit of HERMES & COMPASS SIDIS data: Sivers functions

⋄GRV98 set for PDF’s

⋄DSS set for FF’s

⋄ 〈k2
⊥〉 and〈p2

⊥〉 from the Cahn Effect

∆Nfq/p↑(x, k⊥) = 2Nq(x) h(k⊥) fq/p(x, k⊥)

Nq(x) = Nq xαq (1 − x)βq (αq+βq)(αq+βq)

α
αq
q β

βq
q

h(k⊥) =
√

2e
k⊥

M1
e−k2

⊥/M2
1

➢ “Broken sea“ ansatz, 11 free parameters:

Nu Nd

Nū Nd̄

Ns Ns̄

αu αd αsea

β M1

Anselmino et al., Eur.Phys.J.A39:89-100,2009
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Fit: HERMES data

➢ HERMES data⋄ fit
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Fit: COMPASS data

➢ COMPASS data⋄ fit
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First moment of the Sivers functions
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⋄ For valence quarks:

• ∆Nfu/p↑ > 0

• ∆Nfd/p↑ < 0

⋄ For sea quarks:

• ∆Nfs̄/p↑ > 0

⋄∆Nf
(1)
q (x) ≡

R

d2 k⊥
k⊥

4mp
∆Nfq/p↑(x, k⊥) = −f

⊥(1)q
1T (x)
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Parametrizations of the Transversity and the Collins function

➢ We assume a factorized gaussian smearing for∆T q(x) and∆NDπ/q↑ :

⋄∆T q(x, k⊥) = 1
2
NT

q (x)[fq/p(x) + ∆q(x)] 1
π〈k2

⊥
〉
e−k2

⊥/〈k2
⊥〉

⋄∆NDπ/q↑(z, p⊥) = 2NC
q (z)h(p⊥)Dπ/q(z) 1

π〈p2
⊥
〉
e−p2

⊥/〈p2
⊥〉

where:
NT

q (x) = NT
q xαq (1 − x)βq (αq+βq)(αq+βq)

α
αq
q β

βq
q

NC
q (x) = NC

q xγ(1 − x)δ (γ+δ)(γ+δ)

γγδδ h(p⊥) =
√

2e
p⊥

Mh
e−p2

⊥/M2
h

Anselmino et al., ArXiv:0812.4366v1
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Fit: HERMES & COMPASS data

➢ HERMES data⋄ fit ➢ COMPASS data⋄ fit
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Fit: BELLE data

➢ BELLE data⋄ fit
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Transversity and Collins functions

Transversity:u andd Collins functions: favored and unfavored
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