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Quark Distributions
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Eight distributions of twist two, and 16 distributions of twist three.
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SIDIS, eN → e
′
hX

(A.Bacchetta et al., JHEP02 (2007) 093; JHEP08 (2008) 023)
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FXY ,Z – X - beam polarization, Y - target polarization, Z - virtual photon poalrization.
X ,Y = U, L,T , Z = L,T .

ε is the ratio of longitudinal and transverse photon flux, ε =
1 − y

1 − y + y2/2
.
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SIDIS

(A.Bacchetta et al., JHEP02(2007)093; JHEP08(2008)023)
The following notations are introduced:
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ĥ ·kT

) (
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Experiment HERMES

27.5 GeV polarized e+/e−

beam of HERA

Beam
Direction

Polarimeter

Transverse
Polarimeter

Spin Rotator

Spin Rotator

pe

Spin RotatorSpin Rotator

Spin Rotator

Spin Rotator

Longitudinal

���
���
���
���
���
���
���

���
���
���
���
���
���
���

���
���
���
���
���
���

���
���
���
���
���
���

���
���
���

���
���
���

���
���
���

���
���
���

���
���
���
���
���
���

���
���
���
���
���
���

���
���
���
���
���
���

���
���
���
���
���
���

1

0

2

-1

-2

�����
�����
�����
�����
�����
�����
�����

�����
�����
�����
�����
�����
�����
�����

�����
�����
�����
�����
�����
�����
�����

�����
�����
�����
�����
�����
�����
�����

m
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DRIFT

FC 1/2

TARGET
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MC 1-3

HODOSCOPE H0
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BC 1/2
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CHAMBERS

FIELD CLAMPS

PRESHOWER (H2)

STEEL PLATE CALORIMETER
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RICH
270 mrad

270 mrad

MUON HODOSCOPE

WIDE ANGLE
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MUON
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MAGNET

m

IRON WALL

e+

27.5 GeV

140 mrad

170 mrad

170 mrad

140 mrad

MUON HODOSCOPES

SILICON

Internal gas Target:
polarized - H↑

Angular acceptance:
40<θ<220 mrad

RICH: π / K / p

• e/h rejection: TRD, Preshower, Calorimeter, RICH
• magnetic spectrometer: ∆p/p < 2.5% and ∆θ < 0.6 mrad
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Asymmetry ALU
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HERMES A.Airapetian et al., Phys.Lett., B648, 164 (2007)

Data of 1996–1997 years

eH⊥
1 A.Efremov, K.Goeke, P.Schweitzer, Ph.Rev. D67, 114014(2003)

h⊥1 Ẽ F.Yuan. Ph.Lett. B589, 28(2004)

g⊥D1 A.Metz, M.Schlegel, EPJ A22, 489 (2004)

g⊥D1, eH
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1 W.Mao, Z.Lu, EPJ C73, 2557 (2013)
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Asymmetry ALU

New analysis.

All data sets.

96–97 – threshold Čerenkov detector:
pions 4.5 < P < 13.5 GeV

97–07 – dual radiator RICH detector:
pions, kaons 2.0 < P < 15.0 GeV
(anti)protons 4.0 < P < 15.0 GeV

Hydrogen – 53 mln DIS events
Deuterium – 20 mln DIS events

1D and 3D analysis

3D – kinematical range is separated in four x , four z , and four Ph⊥ bins.

The results are presented in 64 (x , z ,Ph⊥) kinematical bins for each particle type.
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A
sin(φ)
LU vs. x , 3D
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A
sin(φ)
LU vs. z , 3D
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A
sin(φ)
LU vs. Ph⊥, 3D
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Asymmetry AUT

dσ = dσ0(1 + A
cosφh
UU cos φh + A

cos 2φh
UU cos 2φh + |S⊥| · {A

sin(φh−φS )

UT sin(φh − φS ) + A
sin(φh+φS )

UT sin(φh +

φS ) + A
sin(3φh−φS )

UT sin(3φh − φS ) + A
sinφS
UT sinφS + A

sin(2φh−φS )

UT sin(2φh − φS )})

A
sin(φh−φS )

UT
∝ F

sin(φh−φS )
UT ,T

= C

[

−
ĥ ·pT

M
f ⊥1TD1

]

– Sivers asymmetry (PRL 103 (2009) 152002)

A
sin(φh+φS )

UT
∝ F

sin(φh+φS )
UT

= C

[

−
ĥ ·kT

Mh

h1H
⊥
1

]

– Collins asymmetry (Phys.Lett. B693 (2010) 11)
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UT = C
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2
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) (
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2M2Mh
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⊥
1TH
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]

Other asymmetries are twist-3:
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Sivers Asymmetry

PRL 103 (2009) 152002
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Sivers vs. x , 3D, π+,K+
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Sivers vs. z , 3D, π+,K+
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Sivers vs. Ph⊥, 3D, π+,K+
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Collins Asymmetry

Phys.Lett. B693 (2010) 11
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Collins vs. x , 3D, π+, π−
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Collins vs. z , 3D, π+, π−
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Collins vs. Ph⊥, 3D, π+, π−

-0.2

-0.1

0

0.1

0.2

π
+

0.20 < z < 0.28

2
 〈

s
in

(φ
+

φ
S
)〉

U
⊥

0.28 < z < 0.37 0.37 < z < 0.49

HERMES
7.3%  scale

0.49 < z < 0.70

0
.0

2
3
 <

 x
 <

 0
.0

7
2

PRELIMINARY
uncertainty

-0.2

-0.1

0

0.1

0.2

0
.0

7
2
 <

 x
 <

 0
.0

9
8

-0.2

-0.1

0

0.1

0.2

0
.0

9
8
 <

 x
 <

 0
.1

3
8

-0.2

-0.1

0

0.1

0.2

0 0.5 0 0.5 0 0.5 0 0.5

0
.1

3
8
 <

 x
 <

 0
.6

0
0

Ph⊥ [GeV]

-0.2

-0.1

0

0.1

0.2

π
-

0.20 < z < 0.28

2
 〈

s
in

(φ
+

φ
S
)〉

U
⊥

0.28 < z < 0.37 0.37 < z < 0.49

HERMES
7.3%  scale

0.49 < z < 0.70

0
.0

2
3
 <

 x
 <

 0
.0

7
2

PRELIMINARY
uncertainty

-0.2

-0.1

0

0.1

0.2

0
.0

7
2
 <

 x
 <

 0
.0

9
8

-0.2

-0.1

0

0.1

0.2

0
.0

9
8
 <

 x
 <

 0
.1

3
8

-0.2

-0.1

0

0.1

0.2

0 0.5 0 0.5 0 0.5 0 0.5

0
.1

3
8
 <

 x
 <

 0
.6

0
0

Ph⊥ [GeV]

V. Korotkov, Protvino Recent results on TMDs from the HERMES Experiment 22/34



Pretzelosity A
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Pretzelosity vs. x , 3D, π+, π−
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Asymmetry ALT
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LT vs. x , 3D, π+, π−
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LT vs. z , 3D, π+, π−
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Summary

• HERMES continues the study of the azimuthal asymmetries in SIDIS.

• Azimuthal asymmetries ALU , AUT , and ALT in SIDIS production of (anti)protons
have been evaluated.

• A new, extended, analysis of ALU asymmetries was carried out: high statistics,
all types of charged hadrons, deuterium target.

• 3D analysis of the asymmetries in x , z , and Ph⊥ was carried out.
Each plot contains four x , four z , and four Ph⊥ bins, i.e. 64 bins in total.

• It is expected that the 3D asymmetries could be much more useful for a
phenomenological analysis with a goal to constrain the TMDs. At the moment
HERMES is able to present 18 3D plots for ALU asymmetries, 90 3D plots for AUT

asymmetries, and 60 3D plots for ALT asymmetries.

• Asymmetries for neutral pions are expected to be soon.
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