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• Introduction
• accessing TMD PDFs and FFs with electromagnetic probe

• Examples of weighted asymmetries to access DiFFs
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H1 was measured by BABAR and BELLE 
to 2 back-to-back jets e+e-→h1h2 + X 
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h1+h2 Semi-Inclusive Annihilation (SIA)
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1

Quarks are unpolarized, but their transverse polarization are correlated, 

inducing an azimuthal correlation of produced h

Two hadron production in opposite hemispheres: acces to Collins FF (z,p ).h

qH ⊥

2 2

1 1Obtained (z,p ) FFs are used for transversity ( , ) extraction from SIDIS data.

adrons in opposite jets.
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Quark polarization
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All azimuthal dependences are in prefactors. TMDs do not depend on them  
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Twist-2 TMD qDFs



2h SIDIS: CFR 
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1 2,

,New objects: DiFFs h h

q sD 



2h+2h SIA
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Measured by BELLE: dihadrons production in back-to-back jets in SIA

1 2,

,Access to spin dependent DiFFs h h
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Dihadron FFs: pQCD definition
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Number density distribution in quark to 2h fragmentation 

q pol.

DiFF
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Longitudinal handedness

Interference DiFF (IFF)

Collins-like DiFF

Unpolarized DiFF
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Transverse momentum weighted asymmetries 
AK, Mulders: PRD 54 (1996) 1229; PLB 406 (1997) 373-380; Boer, Mulders: PRD 57 (1998) 5780

H. Xing, S. Yoshida: arXiv:1904.00416 [nucl-th]
“the transverse-momentum-weighted technique as a useful tool to derive the scale evolution equation

for the twist-3 collinear function which is expressed by the first moment of the TMD function.”

COMPASS: NPB 940 (2019) 34( )( )
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https://arxiv.org/abs/1904.00416
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Handedness DiFF in e+e- and SIDIS

Matevosyan , AK, Thomas: PRL 120, 252, 001 (2018): 𝑨𝒇 (𝝋𝑹,𝝋ഥ𝑹) ≡ 0 for ⩝ f
Matevosyan, Bacchetta, Boer, Courtoy, AK, Radici, Thomas: Phys. Rev. D 97, 074019 (2018)

New weight: 𝑾𝑵𝒆𝒘 = 𝒒𝑻
𝟐[𝟑𝒔𝒊𝒏 𝝋𝒒 −𝝋𝑹 𝒔𝒊𝒏 𝝋𝒒 −𝝋ഥ𝑹 + 𝒄𝒐𝒔 𝝋𝒒 −𝝋𝑹 𝒄𝒐𝒔 𝝋𝒒 −𝝋ഥ𝑹 ]

D. Boer, R. Jakob, and M. Radici, Phys. Rev. D 67, 094003 (2003):

BELLE: arXiv:1505.08020
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http://arxiv.org/abs/arXiv:1505.08020
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Final hadron polarization
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Twist-2 quark to spin ½ hadron STMD FFs
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Single hadron and dihadron production in e+e-

Matevosyan , AK, Thomas: JHEP 1810 (2018) 008 .

𝐴 𝑦 =
1

2
𝑦 − 𝑦 + 𝑦2

𝐵 𝑦 = 𝑦 1 − 𝑦
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BELLE: single hadron + Λ transverse polarization
Phys.Rev.Lett. 122 (2019) no.4, 042001

access to polaryzing FF 𝑫𝟏𝑻
⊥
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Flavor decomposition of DiFFs
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Weighted asymmetries in e+e- annihilation: unpolarized hadron

any unpolarized
hadron

First moment of 
single  hadron 

Collins FF
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Λ polarization treatment

Ls
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Weighted “polarization” asymmetries: Λ longitudinal polarization 

The correlations between the longitudinal polarizations of the fragmenting 
quark and antiquark → longitudinal polarization sL of Λ

The correlations between the transverse  polarizations of the fragmenting 
quark and antiquark → longitudinal polarization sL of Λ

ALEPH: PLB 374 (1996) 319



DIS2019, Torino, Italy Aram Kotzinian 18

Weighted “polarizations” asymmetries: Λ transverse polarization

The correlations between the transverse polarizations of the fragmenting 
quark and antiquark → longitudinal polarization sL of Λ

Disentangling chiral-even and chiral-odd contributions
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Final hadron polarization
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Weighted polarized asymmetries gives access to all twist-2 STMD FFs

Too long and complicated
expression to single out
contribution from this 
“worm-gear”  function
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Summary

20

• In our recent works we proposed new measurements in e+e- annihilation 
to probe different combinations of FFs ⊗ DiFFs
• The BELLE zero result in quark handedness TMD DiFF study was explained
• New weighted asymmetries are proposed for measurement of this DiFFs both in 

SIDIS and SIA
• New weighted “polarized” asymmetries to access different STMD FFs for spin ½ 

hadron production in coincidence with dihadron from opposite jet are derived

• Study of these asymmetries will help for flavor decomposition of FFs and 
DiFFs and for test of their universality

• Can be done at BELLE II, Jlab 12 and future EIC 



DIS2019, Torino, Italy Aram Kotzinian 21

Fourier moments of DiFFs

We define Fourier moments of integrated over pair total momentum weighted DiFFs and
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Rederiving dihadron production cross-sections in e+e- and SIDIS 
Matevosyan , AK, Thomas: PRL 120, 252, 001 (2018), : arXiv:1712.06384.

Matevosyan, Bacchetta, Boer, Courtoy, AK, Radici, Thomas: Phys. Rev. D 97, 074019 (2018), arXiv:1802.01578

Fully differential cross section

http://arxiv.org/abs/arXiv:1712.06384
http://arxiv.org/abs/arXiv:1802.01578
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IFFs in e+e- and SIDIS 


