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Spin of the Nuleon

Where does the spin of the nuleon ome from?
Contributions from:spin of the valene quarksspin of the sea quarksspin of the gluonsorbital angular momentum of quarksorbital angular momentum of gluons
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Semi�inlusive Deep�inelasti Sattering
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Cross setion ontains Distribution Funtions and Fragmentation Funtions:

σep→eh ∼
∑

q
DFp→q

⊗ σeq→eq ⊗ FFq→h

DF: distribution of quarks in the nuleonFF: evolution of (struk) quark into hadroni �nal state
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Distribution Funtions3 DFs survive the integration over transverse quark momentaunpolarised DF Heliity Transversity

q(x, Q2) ∆q(x, Q2) δq(x, Q2)

well known known unknown

HERMES 1996-2000 HERMES 2002-2005
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Distribution Funtions3 DFs survive the integration over transverse quark momentaunpolarised DF Heliity Transversity

q(x, Q2) ∆q(x, Q2) δq(x, Q2)

Transversity δq is hiral�odd funtion, i.e., involves heliity �ip

➜ aess in ombination with other hiral�odd objet

➜ hiral�odd Collins FF H⊥q→h
1

(z)
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Sivers Funtion f⊥
1T

desribes orrelation between intrinsitransverse quark momentum ~pT andtransverse nuleon spin

naïve T�odd funtion: allowed due to�nal state interations (FSI): quark resattering via a soft gluon

non�zero Sivers funtion requires non�vanishingorbital angular momentum in the nuleon

diret funtional relation between Sivers funtion and orbital angularmomentum for individual quark �avours so far only in models
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Cross Setions
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ross setion for transversely polarised target:
d6σ⇑
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dx dz dy dφS d2Ph⊥
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The HERMES Spetrometer
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traking detetors: momentum resolution < 2.6%partile identi�ation: positron/eletron identi�ation > 98%RICH detetor allows disrimination between harged π, K, p
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Azimuthal Asymmetries

Measurement of ross setion asymmetries depending on the azimuthal angles
φ and φS :

A(φ, φS) =
1

S⊥

N↑(φ, φS) − N↓(φ, φS)

N↑(φ, φS) + N↓(φ, φS)

+ . . . sin(φ − φS)

∑

q e2

q f
⊥(1/2)q
1T (x, ~p 2

T ) · Dq
1(z,~k 2
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q q(x) · Dq
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+ . . .
︸ ︷︷ ︸extrat asymmetry amplitudes

Asin(φ+φS) and Asin(φ−φS)by two�dimensional �t
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Pion Collins Amplitudes
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Artru Modelpolarisation omponent in lepton sattering plane reversed by photoabsorption:
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Artru Modelpolarisation omponent in lepton sattering plane reversed by photoabsorption:

string break, quark�antiquark pair with vauum quantum numbers:
L = 1
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Artru Modelpolarisation omponent in lepton sattering plane reversed by photoabsorption:

string break, quark�antiquark pair with vauum quantum numbers:
L = 1

orbital angular momentum reates transverse momentum:
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Artru Modelpolarisation omponent in lepton sattering plane reversed by photoabsorption:

string break, quark�antiquark pair with vauum quantum numbers:
L = 1

orbital angular momentum reates transverse momentum:
φS = 0 φS = π/2

L = 1

φ = π/2 φ = 0

up left
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Artru Model

δq > 0 ➜ sin(φ + φS) = sin π/2 > 0

positive transversity ➜ Artru model predits positive Collins amplitude

π+ prodution dominated by u quarks
➜ positive π+ Collins amplitude means

δu > 0as predited by all models for transversity -0.05
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Pion Sivers Amplitudes
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Burkardt Modelquarks with orbital angular momentum:observed quark momentum xobs depends on impat parameter b

b > 0 : xobs > xγ∗
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Burkardt Modelquarks with orbital angular momentum:observed quark momentum xobs depends on impat parameter b

b > 0 : xobs > x

γ∗ −b
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Burkardt Modelquarks with orbital angular momentum:observed quark momentum xobs depends on impat parameter b

b > 0 : xobs > x
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Burkardt Modelattrative FSI de�ets quark towards entre of momentum
➜ left�right distribution asymmetry is onverted intoleft�right momentum asymmetry

FSI
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Burkardt Modelattrative FSI de�ets quark towards entre of momentum
➜ left�right distribution asymmetry is onverted intoleft�right momentum asymmetry

FSI
φS = π/2

φ = π

positive orbital angular momentum
➜ sin(φ − φS) > 0 ➜ positive Sivers amplitude

semi�lassial piture yields Lu
z > 0
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Conlusions
First measurement of Collins and Sivers amplitudesfor harged and neutral pions in semi�inlusive DIS.positive Collins amplitudes for positive pions,negative Collins amplitudes for negative pions.Artru model yields positive u quark transversity.Positive Sivers amplitudes for positive and neutral pions isthe �rst signal of a non�zero naïve T�odd DF.Burkardt model yields positive orbital angular momentum for u quarks.
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