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Introduction

DIS: only lepton used as a probe

No access to quark kT and transverse polarization at LO

SIDIS: lepton and produced hadron used as a probe

We need excellent understanding of hadronization and 

factorization

Exploited in CFR: xF > 0

For better understanding one have to exploit also TFR: xF < 0

New nonperturbative objects – Spin and Transverse 

Momentum Dependent Fracture Functions
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STMD DFs
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Quark polarization
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SIDIS: CFR 

Transversity 2011, Lošinj, August 30,  2011 Aram Kotzinian

0Fx >

1

( , ) ( , ) ( ) ( ) ( , ) ( , ) ( ) ( , )

, / , ,2 2 2

Nl N P S l h P X l q k s l q k s
h

q s N S q s

S T

d d
f D

dxdQ d dzd P dQ

λ λσ σ

φ

′ ′ ′ ′+ → + + + → +

′= ⊗ ⊗
ℓ ℓ ℓ ℓ

1 2 2

, 1 1

'
( , ) ( , ) ( , )

h T T
q s T T T

h

D z D z p H z p
m

′

×
= +

p s
p



5

LO cross section in SIDIS CFR
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8 terms out of 18 Structure Functions, 6 azimuthal modulations
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SIDIS: TFR 
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Quark correlator

Transversity 2011, Lošinj, August 30,  2011 Aram Kotzinian

2 3
i

5

( · )[ ]

6 3

5

1
( , , , )

4 (2 ) (2 ) 2

, | (0) | , ; , ; | ( ,0, ) | ,

,   ,   

Bx P k X
B h

X X

h

i

h h h

d P
x k P

E

P S P S X P S X P S

d d
e

i

ξ ξξ ξ
ζ

ζ π π

ψ ψ

σ γ

ξ

γ γ

ξ

γ

− +
⊥ ⊥

+
−⊥

−

Γ

−

⊥ ⊥

+

−

⊥Γ

= ×

×〈 〉〈 〉

Γ =

∑∫ ∫
� �� �

�

M

At LO 16 STMD fracture functions



8

Decomposition of quark correlator
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STMD Fracture Functions for spinless hadron production
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Sum Rules
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LO cross-section in TFR

Transversity 2011, Lošinj, August 30,  2011 Aram Kotzinian

( )

( ) ( )

( ) ( )

( , ) ( , ) ( ) ( ) 2
2

2 2

2 2

1

2 2

1 1

2

4

1

(
1 (1 )

, ,

(2 )

si

0)

, ,

, ,

n( )

co ), s(,

Nl N P S l h P X

F

S T

hT
T T T T

h

hT
L L T T T

h S

h

q

q

T S

h

d

dxdQ d d d P yQ

P P

y

x x
y e

P
u x S u x

m

P
y S l x x PS

m
P l

λσ α

φ ζ

ζ

φ φζ

φζ

λ ζ

φ

′+ → + +

−

−

<
+ − ×

 
− + 

 ×
  

− +  
  

=



∑
ℓ ℓ

ɶ ɶ

ɶ ɶ

At LO only 4 terms out of 

18 Structure Functions,

2 azimuthal modulations

No access to quark

transverse polarization

2 2

1 2 2 1

2 2 2 2
1 2 2 1 12

2

2 2

1 2 2 1

2 2 2 2
1 2 2 1 12

2

ˆ( , , )

·
ˆ ˆ( , , )

ˆ( , , )

·ˆ ˆ( , , ) 

T

T
T

T

T

B T

h h T
T B T T T

N T

L B T L

h h T
T B T T T

N T

T

u x P k u

m
u x P k u u

m P

l x P k l

m
l x P k l l

m P

d

d

d

d

ζ

ζ

ζ

ζ

⊥

⊥

=

 
= + 

 

=

 
= + 

 

∫

∫

∫

∫

k P

k P

ɶ

ɶ

ɶ

ɶ



12

Quark spin in hard l-q scattering
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DSIDIS: TFR & CFR 
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Integrated over one hadron transverse momentum cross-sections
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M.Anselmino, V.Barone and AK, article next week to ArXive
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DSIDIS cross section integrated over PT2
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DSIDIS cross section integrated over PT1
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Unintegrated DSIDIS cross-section
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Examples
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AK @ DIS2011; arXiv:1107.2292
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ALU asymmetry
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Hints from LEPTO: h-q azimuthal correlation, a1(ζ)
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h-q azimuthal correlation, a2(ζ)

Transversity 2011, Lošinj, August 30,  2011 Aram Kotzinian
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h1-h2 azimuthal correlation, a1(ζ)

Transversity 2011, Lošinj, August 30,  2011 Aram Kotzinian
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ALU

Transversity 2011, Lošinj, August 30,  2011 Aram Kotzinian
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CONCLUSIONS

New members appeared in the polarized TMDs family -- 16 LO STMD fracture 

functions

For SIDIS in the TFR, only 4 kT-integrated fracture functions of unpolarized and 

longitudinally polarized quarks are probed. 

SSA contains only a Sivers-type modulation sin(φh-φS) but no Collins-type 

sin(φh+φS) or sin(3φh-φS). The eventual observation of Collins-type asymmetry 

will indicate that LO factorized approach fails and long range correlations

between the struck quark polarization and PT of produced in TFR hadron might 

be important.

DSIDIS cross section at LO contains 2 azimuthal independent and 20 azimuthally 

modulated terms. 

Integrated over one hadron transverse momentum DSIDIS cross-section 

expressions are rather simple. The measurements of these cross-sections allow to 

access transverse quark polarization and perform flavor separation.

The ideal place to test the fracture functions factorization and measure these new 

nonperturbative objects are JLab12 and EIC facilities with full coverage of phase 

space.

The role of STMF FracFuns in pp→ µ+ µ- + h +X, pp→ h +X. Factorization? 

Transversity 2011, Lošinj, August 30,  2011 Aram Kotzinian
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σUL

DIS2011, JLab, April 14,  2011 Aram Kotzinian
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σUT

DIS2011, JLab, April 14,  2011 Aram Kotzinian
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σLU,    σLL, σLT

DIS2011, JLab, April 14,  2011 Aram Kotzinian
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Convolutions & tensorial decomposition

DIS2011, JLab, April 14,  2011 Aram Kotzinian
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Structure functions

DIS2011, JLab, April 14,  2011 Aram Kotzinian
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