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Single-spin asymmetry           of  proton and       
production in SIDIS at subleading twist
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Based on arXiv:1808:10565(2018)
2



Formalism

u Transversely polarized hadron production in semi-inclusive DIS by scattering off the 
unpolarized target
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u  The invariants defined as 
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Formalism

the differential cross section

u  The general form for the differential cross section with an  unpolarized
 nucleon target in SIDIS  (D.Boer and P.J. Mulders, Phys. Rev. D57,5780(1998))

the single spin asymmetry
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Formalism
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u  The          dependent  SSA             has the form

u  The kinematical factors           and           are defined as  
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Formalism

u The spin-averaged structure function FUUU can in the be given as  

u  Introduce the convolution integral 

u  The structure function in the numerator FUUT are given as 

u  Using the WW (Wandzura-Wilczek) approximation to ignore the contributions from 
the twist-3 TMD fragmentation functions

Need further studies! 
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u  Focus on the contribution from the twist-3 TMD distribution functions and twist-2 
fragmentation functions  

Formalism



The TMD twist-3 distribution functions 

u  The quark-quark corrector
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T-even:

T-odd: gh  and 

f
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The TMD twist-3 distribution functions 
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The TMD twist-3 distribution functions 

u  Model results for the distribution functions f
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The TMD twist-3 distribution functions 

u  Model results for the distribution function  h

1f



u To estimate the asymmetry, we also need to know the twist-2 fragmentation 
functions           

TT DG 111 ,,H

with the fragmentation correlation function
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The TMD twist-2 fragmentation functions 

and the spin vector of the outgoing hadron  



u Assuming the SU(6) spin-flavor symmetry for the final state hadron, the relation 
between quark flavors and diquark types for proton and Λ we can write as
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The TMD twist-2 fragmentation functions 
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u For the fragmentation function                   , we  can obtain its expression as ）（）（ 2
T

s k z,D
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u Model result of the unpolarized fragmentation function                       zD1 ）（

The TMD twist-2 fragmentation functions 
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u For the fragmentation function                                              , we obtain the results），（），（ 2
T1T

2
T1 k zG  and  k zH

with 

u For the fragmentation function                    , we adopt the form in Y. Yang, Z. LU and I. 
Schmidt PRD96, 034010(2017) 

），（ 2
Tk zD

T1



The TMD twist-2 fragmentation functions 
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u Model result of  the fragmentation functions                                      ）（）（ zzG  and  zzH ,zD uuu
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The TMD twist-2 fragmentation functions 
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The TMD twist-2 fragmentation functions 

u Model result of the fragmentation functions                                      ）（）（ zzG  and  zzH ,zD ddd
1T 1T1
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Numerical  estimate  at  JLab 12GeV

u At JLab 12GeV, the kinematics are as follows

u The invariant mass of the hadron final state
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u Constraints for quark transverse momentum        (Boglione, Melis, Prokudin, 
Phy. Rev. D84, 034033(2011)) :  
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u The single-spin asymmetry of proton production in SIDIS at JLab 12GeV.
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Numerical  estimate  at  JLab 12GeV



20

Numerical  estimate  at  JLab 12GeV

u The single-spin asymmetry of      production in SIDIS at JLab 12GeV.
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u At the twist-3 level, the effect will be suppressed by 1/Q, since the averaged Q value at 
COMPASS is much higher than that at JLab 12GeV 

Numerical  estimate  at  COMPASS

GeV160E beam Suppressed by 1/Q  ! 
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Numerical  estimate  at  COMPASS

u The single-spin asymmetry of proton production in SIDIS at COMPASS.
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Numerical  estimate  at  COMPASS

u The single-spin asymmetry of      production in SIDIS at COMPASS.



SUMMARY

u The asymmetry of proton at JLab 12GeV is sizable, around 4 percent, while at 
COMPASS it is about 1 percent. 
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u The asymmetry of       is much smaller, since only the             can survive in our model 
calculation. 
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u We predict the single-spin asymmetry            of proton and      production in SIDIS 
at JLab 12GeV and COMPASS with a muon beam of 160GeV.
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u We consider the contributions from both the twist-3 TMD distribution 
functions                           and the twist-2 fragmentation functions                             .TT GDH 111  and ,  g and , fh



THANK YOU!
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