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Based on Phys. Rev. D 94,074014 (2016)2



FORMALISM

u Semi-inclusive DIS by longitudinal polarized lepton beam off a transversely 
polarized nucleon target
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FORMALISM

u  The invariants defined as 
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FORMALISM

At twist-3 level Two double spin asymmetries
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FORMALISM

u The unpolarized structure function FUU can in the be given as  



FORMALISM

u  Focus on the              azimuthal asymmetry, the structure function can 
be given as  

Scos

u  Considering the transverse momentum of the outgoing pion is integrated to 
ignore the contributions from the Collins function and the  twist-3 TMD 
fragmentation functions  GD ~~

，
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FORMALISM

u  The collinear counter part of the structure function can be written as  

u  After the integral             is performed, the fourfold differential cross section
has the form

hTPd 2
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FORMALISM

u  The longitudinal-transver spin asymmetry may be defined as

u Thus, the x-dependent or z-dependent               asymmetry  can be written as  Scos
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STRUCTURE FUNCTION

u  From the collinear counter part of the structure function
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the motion relation
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chiral quark model result

u  For a rough estimate, we assume 
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13



）（xhq
1

with

）（xf q
1

）（xgq
1

）（zDq
1

STRUCTURE FUNCTION
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NUMERICAL  ESTIMATE
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NUMERICAL  ESTIMATE at CLAS12

u At CLAS12, the kinematics are as follows

u The invariant mass of the photon-nucleon system is  
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NUMERICAL  ESTIMATE at CLAS12
u The x- and z- dependent double-spin asymmetry           of       production in 

SIDIS at CLAS12.
Scos

LTA  
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NUMERICAL  ESTIMATE at CLAS12
u The x- and z- dependent double-spin asymmetry           of       production in 

SIDIS at CLAS12.
Scos
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NUMERICAL  ESTIMATE at CLAS12
u The x- and z- dependent double-spin asymmetry           of       production in 

SIDIS at CLAS12.
Scos

LTA  -
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NUMERICAL  ESTIMATE at EIC

u At EIC, the kinematical cuts are as follows
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u At the twist-3 level, the effect will be suppressed by 1/Q, since the averaged
      Q value at EIC is much higher than that at CLAS12 



NUMERICAL  ESTIMATE at EIC 
u The x- and z- dependent double-spin asymmetry           of       production in 

SIDIS at EIC.
Scos

LTA  
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NUMERICAL  ESTIMATE at EIC
u The x- and z- dependent double-spin asymmetry           of       production in 
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NUMERICAL  ESTIMATE at EIC
u The x- and z- dependent double-spin asymmetry           of       production in 

SIDIS at EIC.
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NUMERICAL  ESTIMATE at EIC
u The x- and z- dependent double-spin asymmetry           of       production in 

SIDIS at EIC.
Scos

LTA  -
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The transverse double-spin asymmetries in 
semi-inclusive DIS at subleading with the TMDs

Based on Phy. Rev. D 91, 034029 (2015)  

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

u The structure function at twist-3 level 



Predictions at JLab
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Predictions at COMPASS
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SUMMARY

Summary

u We estimate the double-spin asymmetry           of charged and neutral pion 
production in SIDIS at CLAS12 and a future EIC.

Scos
LTA 

u We consider the particular case where the transverse momentum of the final-
state hadron is integrated out.

u We focus on the constributions from the twist-3 distribution function term
                            and the twist-3 fragmentation function term                  .）（zD)( 1xgT

)z(E~)(h1 x

u The asymmetry of pion at CLAS12 is sizable, and           can play an important 
role in the large-z region.  

)z(E~
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THANK YOU!
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