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Motivation

1, Neutrons and protons dominate the visible world.

2, Proton spin crisis Aur, + Adr, + Asy, = 1.
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Motivation

1, Neutrons and protons dominate the visible world.

2, Proton spin crisis Aur + Adp +Asp = 1.

J. Ashman et al. (European Muon Collaboration), Nucl. Phys. B 328, 1 (1989)
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| SIDIS process
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| Double spin asymmetry (DSA)
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| Structure functions

Fyyr = C[f1D1] (1) + N(P) — ((I') + h(Py) + X.
Frp = Clgi. D1

- . - 1
2M | h-k M D
Ffzw" SSp—— d (meLﬂl — —hgu;—)

Q My, M 2

h - M E
— ]\/fT (:chDl—l——th )

x9r = 2J1 + g1z + —hig




Introduction | Theoretical formalism | World SIDIS data | Numerical analysis | Summary

Structure functions
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I Energy evolution S. M. Aybat and T. C. Rogers, Phys. Rev. D 83, 114042 (2011)
|. Scimemi and A. Vladimirov, J. High Energy Phys. 08 (2018) 003.
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| World SIDIS data

TABLE II. World SIDIS data that reported by HERMES and CLAS.

Data set Run Hadron beam Lepton beam point number Process Measurement
HERMES [1] 1996-2000 H, 27.6 GeV e* 80,30 etp s etntX  App, AS%?
HERMES [1] 1996-2000 H, 27.6 GeV e+ 80,30 etp > etn X App, ASyY
HERMES [1] 1996-2000 D, 27.6 GeV e* 80,30 er*d = eF*ntX  App AS%Y
HERMES [1] 1996-2000 Do 27.6 GeV e™ 80,30 etd = etn X App,AS%?
HERMES [1] 1996-2000 D, 27.6 GeV e* 79,30 etd — e*KtX  App, A%
HERMES [1] 1996-2000 D, 27.6 GeV e* 78,30 etd = et KX  App, A%
CLAS [4] 2009 “NH;  6GeVe 21,21 e p—e X  App,A5%?
Total 498,201

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




Numerical Analysis

Method and result of global fit
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Parametrization for unpolarized TMDs

lgnazio Scimemia and Alexey Vladimirovb, JHEPOG, 137(2020)
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Parametrization for TMD helicity distribution
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Kinematics regions
TABLE III. World SIDIS data that reported by HERMES and CLAS satisfy 6 < 0.5.

Data set Run Hadron beam Lepton beam point number Process Measurement
HERMES [1] 1996-2000 Ho 27.6 GeV e™ 42 etp s efntX Arr
HERMES [1] 1996-2000 H, 27.6 GeV e™ 42 eftp =5 efn X Arg
HERMES [1] 1996-2000 Do 27.6 GeV e™ 41 e*d - e*rt X Arr
HERMES [1] 1996-2000 Do 27.6 GeV e™ 4() etd 5 et X Arr
HERMES [1] 1996-2000 D, 27.6 GeV e™ 4(0) etd - et KX Arg
HERMES [1] 1996-2000 Do 27.6 GeV e™ 39 e*d - e"K X Arr
CLAS [4] 2009 14NH, 6GeVe 9 e p—e mX Arr
Total 253
Q? > 1GeVZ HERMES, Phys. Rev. D 99, 112001 (2019),
s _ Pr_o. CLAS, Phys. Lett. B 782, 662 (2018).
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| Analysis method

1, world data (HERMES, CLAS)

2, replicas generated using central values & uncertainties 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.
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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

02<z<035  035<z<0.5 0.5<z<0.8 02<z<035  035<z<0.5 0.5<z<0.8 02<z<035  035<z<0.5 0.5<z<0.8
0.6} . L ALCEA| 0.6) - - A& 0.6} - - AfEA
oop = = & L = = ces f 0.0-!Q| s o § a0 o.o-fﬁi - S
-0.6¢ I r -0.6 - - -0.6f -
0.6/ [ _ ALLGA| 0.6 [ - ALLGA| 0.6 ! _ ! ALLCA
0.0 = % 8 | % o e 0.0 % = ® EPEPEE N 0.0 * 3 A A S B
-0.6¢ r -0.6 - - -0.6r I r
0.6 ! I ATEY o6l I ! I A& 0.6) I I Afr A
T I e 0.0f == e | R
-0.6¢ I r -0.6 - r -0.61 - r
0.6} ! L AlLER| o6t I L ALEA| 0.6k ! L Al &R
0.0 = = e g .o 0.0 + =~ 8 - e« ©o  © s e o 0.0 = = © - e« © R
-0.6f i i -0.6} - i -0.6f - i
0.6f - - ALK 0.6} . 3 AEE o6l ! L AfER
0.0 * o« & + 2 % A 0.0} = = & s 5 o 2 4 o oo » 2 2 N s s o
-0.6¢ I I -0.6 i r -0.6 I r
0.61 - - LSS 0.6} . L ALELY| o6t ! 5 L ALEL
0.0+ <o 2 I — $ 4 3 0.0} » = & £ - + 2 3 00F = 2 : i3 o= it
‘0-6'0(-)(’.725;%;0(-)1.8 '0.2 v o ’0.2 e 0's 1 0.6[01<x<014 [ [ | -06f0l4<x<02 [ . [

. - . : . : £ V. V.0 L. 0.2 0508 0.2 05 08 0.205081.1

Prlel Bl R RGN B BERET RS FE RS




Introduction | Theoretical formalism | World SIDIS data | Numerical analysis | Summary

| Comparison between extracted result and original HERMES data
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Result of xg1.(x, k1)
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| Polarization of up quark and down quark
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| Explanation of cos(¢) modulation data
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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;

3. Around the peak of x dependence, the polarization is concentrate on the low k1 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;

5. The TMD helicity extracted can also explain the cos(¢$) modulation of the DSA
measurement of the SIDIS.
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