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Theoretical formalism Numerical analysis SummaryIntroduction

Motivation  

World SIDIS data

1, Neutrons and protons dominate the visible world.

2, Proton spin crisis
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Motivation  

World SIDIS data

1, Neutrons and protons dominate the visible world.

2, Proton spin crisis

3, Melosh Wigner rotation

4, SIDIS experiment and measurement:                           from CLAS and HERMES 

5, Well-developed factorization theory

J. Ashman et al. (European Muon Collaboration), Nucl. Phys. B 328, 1 (1989)

B.-Q. Ma, J. Phys. G 17, L53-L58 (1991)
B.-Q. Ma, Z.Phys. C 58, 479 (1993)

E. P. Wigner, Annals Math. 40, 149 (1939)
H. J. Melosh, Phys. Rev. D 9, 1095 (1974)  

CLAS, Phys. Lett. B 782, 662 (2018);   HERMES, Phys. Rev. D 99,  112001 (2019) 

J. C. Collins and D. E. Soper, Nucl. Phys. B 193, 381 (1981)
X. d. Ji, J. P. Ma, and F. Yuan, Phys. Lett. B 597, 299 (2004)
X. d. Ji, J. p. Ma, and F. Yuan, Phys. Rev. D 71, 034005 (2005)
S. M. Aybat and T. C. Rogers, Phys. Rev. D 83, 114042 (2011)
I. Scimemi and A. Vladimirov, J. High Energy Phys. 06 (2020) 137

World SIDIS data
World SIDIS data
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Definition

World SIDIS dataTheoretical formalism Numerical analysis SummaryIntroduction World SIDIS data
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Theore t i c a l  f o rma l i sm
F r a m e w o r k
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SIDIS process

Numerical ResultWorld SIDIS data

18 structure functions

Theoretical formalism Numerical analysis SummaryIntroduction World SIDIS data
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Double spin asymmetry (DSA)

Numerical ResultWorld SIDIS dataNumerical ResultWorld SIDIS dataTheoretical formalism Numerical analysis SummaryIntroduction World SIDIS data
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Structure functions

Numerical ResultWorld SIDIS dataNumerical ResultWorld SIDIS dataTheoretical formalism Numerical analysis SummaryIntroduction World SIDIS data
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Structure functions

Numerical ResultWorld SIDIS data

TMD PDF:

TMD FF:

Numerical ResultWorld SIDIS dataTheoretical formalism Numerical analysis SummaryIntroduction World SIDIS data
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Energy evolution

Numerical ResultWorld SIDIS dataNumerical ResultWorld SIDIS dataTheoretical formalism Numerical analysis SummaryIntroduction World SIDIS data

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. 

I. Scimemia and A. Vladimirovb, JHEP06, 137(2020) 12



13/26

Wor ld  S IDIS  da t a
D a t a  f r o m  e x p e r i m e n t s

3
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World SIDIS data

Numerical ResultWorld SIDIS dataNumerical ResultWorld SIDIS dataTheoretical formalism Numerical analysis SummaryIntroduction World SIDIS data

HERMES, Phys. Rev. D 99,  112001 (2019),
CLAS, Phys. Lett. B 782, 662 (2018).
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Numer i ca l  Ana lys i s
M e t h o d  a n d  r e s u l t  o f  g l o b a l  f i t
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Parametrization for unpolarized TMDs

Numerical ResultNumerical ResultWorld SIDIS dataNumerical ResultWorld SIDIS dataTheoretical formalism Numerical analysis SummaryIntroduction World SIDIS data

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

Initial unpolarized TMD 
pdf & ff Parametrization： 

evolution：

Ignazio Scimemia and Alexey Vladimirovb JHEP08, 003(2018)
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Parametrization for TMD helicity distribution

Numerical ResultNumerical ResultWorld SIDIS dataNumerical ResultWorld SIDIS dataTheoretical formalism Numerical analysis SummaryIntroduction World SIDIS data

evolution：

Ignazio Scimemia and Alexey Vladimirovb JHEP08, 003(2018)
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Initial TMD
helicity
distribution： 
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Numerical ResultNumerical ResultNumerical ResultWorld SIDIS dataNumerical ResultWorld SIDIS dataTheoretical formalism Numerical analysis SummaryIntroduction World SIDIS data

HERMES, Phys. Rev. D 99,  112001 (2019),
CLAS, Phys. Lett. B 782, 662 (2018).
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Kinematics regions



19/26

Analysis method

1, world data (HERMES, CLAS)

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

3, fit each replica independently

Numerical ResultNumerical ResultNumerical ResultWorld SIDIS dataNumerical ResultWorld SIDIS dataTheoretical formalism Numerical analysis SummaryIntroduction World SIDIS data

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

deviations of result that from those fits.
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Comparison between extracted result and original CLAS data
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Comparison between extracted result and original HERMES data
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Comparison between extracted result and original HERMES data
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Comparison between extracted result and original HERMES data
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Result of 

Numerical ResultNumerical ResultNumerical ResultNumerical ResultNumerical ResultWorld SIDIS dataNumerical ResultWorld SIDIS dataTheoretical formalism Numerical analysis SummaryIntroduction World SIDIS data

𝑥𝑔1𝐿(𝑥, 𝑘𝑇)
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Polarization of up quark and down quark 

Numerical ResultNumerical ResultNumerical ResultNumerical ResultNumerical ResultWorld SIDIS dataNumerical ResultWorld SIDIS dataTheoretical formalism Numerical analysis SummaryIntroduction World SIDIS data
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Explanation of cos(ϕ) modulation data

Numerical ResultNumerical ResultNumerical ResultNumerical ResultNumerical ResultWorld SIDIS dataNumerical ResultWorld SIDIS dataTheoretical formalism Numerical analysis SummaryIntroduction World SIDIS data

CLAS
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Summary
C o n c l u s i o n s
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Conclusions

1. We have extracted the TMD helicity functions with error bands from SIDIS data;

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

5. The TMD helicity extracted can also explain the cos(ϕ) modulation of the DSA 

measurement of the SIDIS.

3. Around the peak of 𝑥 dependence, the polarization is concentrate on the low 𝑘𝑇 region, 

which is consistent with Melosh Wigner rotation;

4. At low 𝑥 region, we observe slightly increasing polarization, which imply the rich 

dynamics of QCD;

Numerical ResultNumerical ResultNumerical ResultNumerical ResultNumerical ResultWorld SIDIS dataNumerical ResultWorld SIDIS dataTheoretical formalism Numerical analysis SummaryIntroduction World SIDIS data
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