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Outlook

• Introduction

• Recursive model for quark hadronization
• Collinear Field Feynman model

• Generalization to spin and transverse momentum (STMD) case

• Monte Carlo implementation
• Validation

• Results for one and two hadron FFs

• Conclusions
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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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Nucleon 3D partonic structure: Twist-2 STMD qDFs



QCD TMD factorization: SIDIS CFR
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 Access to nucleon PDFs and quark FFs
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QCD TMD factorization: SIA
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Access to  fragmentation finctions (z, p )

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

Two di-hadron production in opposite hemispheres:
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Event generators PYTHIA, LEPTO…

• String fragmentation. No polarization effects in hadronization

• Modify generators to include Sivers effect
• AK, Matevosyan,Thomas, PRL 113, 062003 (2014), PR D 90, 074006 (2014)
• Matevosyan, AK, Aschenauer, Thomas, PR D 92, 054028 (2015) (predictions for EIC and CLAS12)

• Validation: Good description of COMPASS data

• Predictions for 1h and 2h production in CFR and TFR of SIDIS



Modeling FFs: Recursive FF model
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Field, Feynman PRD 15(1977)2590, NPB 136(1078)1 (A PARAMETRIZATION OF THE PROPERTIES OF QUARK JETS)

f(η) – elementary q→q’ fragmentation 
or splitting function



Recursive FF: integral equation

EICUG2017 meeting, 21/07/2017 Aram Kotzinian 8

   2 3 2
1 1 1 1 ,    1 1S x x x x x x xS S x                 

Only longitudinal scaled momentum flow is taken into account
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Generalization of recursive mechanism to STMD FFs

• X. Artru & collaborators: string fragmentation
• See talk by Artru

• H. Matevosyan, A.W. Thomas & collaborators
• First MC study with constant spin transfer

• Matevosyan, AK, Thomas PLB 731(2014)208

• Theory framework: include polarization and transverse momentum flow in recursive FF 
approach

• Bentz, AK, Matevosyan, Ninomiya, Thomas, Yazaki, PR D94 (2016)034004

• MC implementation and results: validation and examples
• Matevosyan, AK, Thomas PR D95 (2017) 014021, one hadron production

• Matevosyan, AK, Thomas (2017), arXiv:1707.04999, two hadron production

https://arxiv.org/abs/1707.04999
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Final quark polarization
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Twist-2 quark to quark STMD FFs
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Polarized quark to unpolarized hadron SF

STMD splitting function (SF) probability distribution
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Quark polarization after hadron emission
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The final quark spin is completely determined by elementary splitting functions
and depends on z, pꓕ and initial quark polarization s



Integral equations for hadron production
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Longitudinal and transverse momentum
(Schäfer-Teryaev) sum rules
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Spectator model for elementary SFs
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Monte Carlo implementation: Validation, two-step process, 1

0
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Monte Carlo implementation: Validation, two-step u→π+, 2.1
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Monte Carlo implementation: Validation, two-step u→π+, 2.2

1 1

)1

)1

(

(

) )( ( h

(

)(

)

Labels:

ˆ ˆRecoil: 

ˆ ˆ ˆ:  

ˆ ˆ ˆ:  

q q

q q

q q q

q h

T

T

T

q h

T

H D

H H H

H H H



 

  

 

  









EICUG2017 meeting, 21/07/2017 Aram Kotzinian 18

Monte Carlo implementation: Validation, two-step process, 2
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Monte Carlo implementation: Collins effect



EICUG2017 meeting, 21/07/2017 Aram Kotzinian 20

Dihadron FFs: definition
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Belle results on G1
ꓕ induced asymmetry 

BELLE: arXiv:1505.08020v1 [hep-ex] 29 May 2015

Fourier series (FS) c1
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Theory: Boer, Jakob, Radici, PR D 67, 094003 (2003)
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COMPASS Dihadron results: longitudinal polarized target

COMPASS (preliminary): arXiv:1702.07317v1 [hep-ex] 23 Feb 2017

FS c1

FS c0
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Extracting D1 and G1
ꓕ from number densities

Number density:

As an example we consider M2 integrated 
Dihadron FFs 

In terms of number density

Calculate number density F from 1012 events generated using extended quark jet model
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Validation: two step (N_L=2) u→π+ π- case 

Transverse polarization of q1

in q→q1 splitting
Collins effect 

in q1→h splitting

Twist-2 STMD one-hadron splitting functions generates
nonzero quark longitudinal polarization dependent FF

without interference effects  
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Results for G1
ꓕ FFs

Small (~2−3%) analyzing power
for z about 0.4−0.5.

Analyzing power of
Collins effect is about 20%

using the same model for SFs

Fast saturation when
increasing number 
of produced pions
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Conclusions
• Complete framework for polarized quark hadronization has been developed

• MC implementation and extraction of STMD FFs:
• Validation

• Results for one and two hadron production
• Collins effect in one-hadron production

• Longitudinally polarized quark fragmentation for two-hadron production

• Transversely polarized quark fragmentation for two-hadron production coming soon

• For the moment only light quarks and pions are included in MC
• Generalization for s quark fragmentation and kaons production is straightforward

• Was already done for unpolarized TMD FFs also taking into account vector meson production, 
Matevosyan et al

• To do list
• Develop MC framework for STMD string hadronization

• Include vector meson production and strong decay for polarized case
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Additional slides


