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1.1,Introduction —— motivation
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1, Visible world is made up of nucleon, which dominantly consistent of neutron and proton.

2, Proton spin crisis and Wigner rotation
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1, Visible world is made up of nucleon, which dominantly consistent of neutron and proton.

2, Proton spin crisis and Wigner rotation

3, Wigner Melosh rotation and contribution transverse momentum

4, SIDIS experiment and measurement:                           from CLAS and HERMES 

5, Well-developed factorization theory, energy evolution schemes and reasonable TMD f1 D1    
extraction
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A. Bacchetta, M. Diehl,
 K. Goeke, A. Metz, 
P. J. Mulders and M. Schlegel, 
JHEP02, 093(2007) 

helicity distribution

Only leading twist

J. Collins, Foundations of Perturbative QCD, (2011). 
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2.1, Theoretical formalism——SIDIS
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Alessandro Bacchetta, Markus Diehl, Klaus Goeke, Andreas Metz, Piet J. Mulders and Marc Schlegel, JHEP02, 093(2007) 

18 structure functions



2.2, Theoretical formalism——SIDIS
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Alessandro Bacchetta, Markus Diehl, Klaus Goeke, Andreas Metz, Piet J. Mulders and Marc Schlegel, JHEP02, 093(2007) 



2.3, Theoretical formalism——DSA
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Alessandro Bacchetta, Markus Diehl, Klaus Goeke, Andreas Metz, Piet J. Mulders and Marc Schlegel, JHEP02, 093(2007) 
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Alessandro Bacchetta, Markus Diehl, Klaus Goeke, Andreas Metz, Piet J. Mulders and Marc Schlegel, JHEP02, 093(2007) 

2.4, Theoretical formalism——structure functions
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FF:
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2.5, Theoretical formalism—— TMD evolution
S. M. Aybat and T. C. Rogers, Phys. Rev. D 83, 114042 (2011)
I. Scimemi and A. Vladimirov, J. High Energy Phys. 08 (2018) 003. 

Ignazio Scimemia and Alexey Vladimirovb, JHEP06, 137(2020)

TMD Handbook
e-Print:2304.03302
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3.1, World SIDIS data
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4.1,Fit ——parametrization & evolution
Ignazio Scimemia and Alexey Vladimirovb, JHEP06, 137(2020)

unplorazed pdf & ff
parametrization ： 

evolution ：

Ignazio Scimemia and Alexey Vladimirovb  JHEP08, 003(2018)
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4.2,Fit ——parametrization & evolution

TMD helicity 
function
parametrization ： 

evolution ：

Ignazio Scimemia and Alexey Vladimirovb  JHEP08, 003(2018)
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4.3, World SIDIS data used
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4.4,Fit —— method

1, world data (HERMES, CLAS)

2, replicas generated using central values & uncertainty of world data

3, fit each replica independently

4, every thing we want to know can be described as the central values and  standard deviations of 

result that from those fits.



4.5,Fit —— world data
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CLAS
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HERMES



4.5,Fit —— world data

22

HERMES



4.5,Fit —— world data
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HERMES



4.7,Fit —— xg1L(x,kT)
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4.7,Fit —— polarization
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4.7,Fit —— cosphi modulation
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CLAS
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6, Summary

1. We have extracted the TMD helicity function with error band from SIDIS 
data;

2. The x dependence of polarization is consistent with collinear helicity 
distribution;

3. Around the peak of x dependence, the polarization is concentrate on the 
low kT region, which is  consistent with Wigner Melosh rotation;

4. At low x region, we observe slightly increasing polarization, which imply 
the abundant dynamics of QCD;

5. The TMD helicity extracted can also explain the cos phi modulation of 
the DSA measurement of the SIDIS.

      Thanks
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