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Introduction

• One of the fundamental challenges of high energy particle physics is to
understand the spin structure of protons, neutrons and nuclei in terms of their
quarks and gluons.

• The main experimental tool, which is hoped to help answer this question, is
deeply inelastic scattering (DIS) of polarized leptons on polarized targets.

Inclusive polarized electron nucleon scattering
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• The increasing precision and volume of experimental data on inclusive polarized
DIS of leptons from nucleons allows us to perform global QCD analyses of
polarized structure functions to reveal the spin-dependent partonic structure
function (PPDF) of the nucleon.

• Inclusive DIS: More than 30 years experimental study, many theoretical
developments, …
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• Semi-inclusive deep inelastic scattering (SIDIS) and polarized proton-proton 
collisions are performed to measure the separate valence and sea quark as well 
as gluon polarization.

• Semi-inclusive DIS: In recent years, the main focus has been on semi-inclusive 
polarized deep inelastic Scattering at COMPASS, HERMES and JLab.

• Provide more important information about 
the nucleon structure and QCD
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The spin “crisis”

• The nucleon spin structure is still an unsolved problem in high energy physics! The key
question is how the spin of the nucleon is distributed among its constituent partons.

• Understanding the spin structure of the proton has been the driving force for hadronic
spin physics for the last 25 years!

• After 2 decades of measurements of the spin-dependent structure functions of nucleon,
the third generation of polarized experiments is now running and delivering more precise
data.

Hamzeh Khanpour                                             22nd International Spin Symposium, September 25-30, 2016, UIUC

6



Strange quark polarization puzzle

• Proton helicity sum rule

E. Leader, A. V. Sidorov and D. B. Stamenov, New analysis concerning the strange 

quark polarization puzzle, Phys. Rev. D 91, 054017 (2015)

E. Leader and D. B. Stamenov, Can the polarization of the strange quarks in the 

proton be positive? Phys. Rev. D 67, 037503 (2003)
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The singlet moment derived from the fits to all 𝑔1 data:
ΔΣ = 0.30 ± 0.01 (stat.) ± 0.02 (evol.)
(Δ𝑠 + Δ  𝑠) = −0.08 ± 0.01(stat.) ± 0.02(syst).
COMPASS Collaboration, Phys. Lett. B 647 (2007) 8-17
Nucl. Part. Phys. Proc. 273-275 (2016) 2557-2559

They indicate very clearly that the intrinsic spin of quarks
contributes only with 30% to the total nucleon spin (with a
slightly negative contribution from the strange sea).

∆Σ = Δ𝑈 + Δ𝐷 + Δ𝑆
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The analysis presented in this paper
suggested a positive contribution of gluon
polarization to the spin of the proton Δ𝐺
for the gluon momentum fraction range
𝑥 > 0.05 . The data presented here
extend to a currently unexplored region,
down to 𝑥~0.01 , and thus provide
additional constraints on the value of Δ𝐺.

PHENIX Collaboration,
Phys. Rev. D 93, 011501(R) 2016.
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What we are planning to present

• A global QCD analysis for precise determination of spin-dependent parton
distribution (PPDFs), together with the highly correlated strong coupling 𝛼𝑠(𝑀𝑍

2),
are presented at the next-to-next-to-leading order (NNLO) of QCD utilizing most
of the recent and up-to-date 𝑔1 polarized structure function world data.

• Our main goal is providing a unified and consistent polarized parton distribution
(PPDFs) valid over the whole kinematic range of x and 𝑄2. We checked the
consistency of our PPDFs with the other PPDFs extractions achieved by other
groups as well as the most recent polarized DIS data.
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Overview of recent helicity PDFs @ NLO

• NNPDF: Nocera, Ball, Forte, Ridolfi and Rojo, Nucl. Phys. B 887 (2014) 276-308 & Phys. Lett. B 728
(2014) 524-531

• JAM: Jimenez-Delgado, Avakian and Melnitchouk, Phys. Lett. B 738 (2014) 263-267

Sato, Melnitchouk, Kuhn, Ethier and Accardi, Phys. Rev. D 93 (2016) 074005

• LSS: Leader, Sidorov and Stamenov, Phys. Rev. D 82, (2010) 114018, Phys. Rev. D 84, 014002 (2011),
Phys. Rev. D 91 (2015) 054017.

• DSSV: Florian, Sassot, Stratmann and Vogelsang, Phys. Rev. D 80 (2009) 034030, Phys. Rev. Lett. 113
(2014) 012001

• BB: Blumlein and Bottcher, Nucl. Phys. B 841 (2010) 205-230
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• IPM group: 

• PPDFs @ NLO:

AKS14: Arbabifar, Khorramian and Soleymaninia, Phys. Rev. D 89 (2014) 034006 

THK14: Taheri Monfared, Haddadi and Khorramian, Phys. Rev. D 89 (2014) 074052

• PPDFs @ NNLO:

TKAA16: Taghavi-Shahri, Hamzeh Khanpour, Atashbar Tehrani and Alizadeh Yazdi, Phys. Rev. D 93
(2016) 114024

KTAT: Hamzeh Khanpour, Taheri Monfared, Atashbar Tehrani and Taghavi-Shahri, Nucleon spin 
structure functions at NNLO in the presence of higher twist effects and target mass corrections, 
arXiv:1610.XXXX
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Polarized PDFs analysis method

• The NNLO spin-dependent proton structure functions, 𝑔1
𝑝
(𝑥, 𝑄2), can be written 

as a linear combination of polarized parton distribution functions Δ𝑞, Δ 𝑞 and Δ𝑔
as

• where the Δ𝐶𝑞 and Δ𝐶𝑔 are the spin-dependent quark and gluon coefficient 
functions.
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DGLAP equations

𝑑

𝑑 ln(𝑄2)
∆𝑞𝑁𝑆 =

𝛼𝑠(𝑄
2)

2 𝜋
Δ𝑃𝑞𝑞

𝑁𝑆 ⊗ ∆𝑞𝑁𝑆

𝑑

𝑑 ln 𝑄2

Δ𝑞𝑆

Δ𝑔
=

𝛼𝑠 𝑄2

2 𝜋
(
∆𝑃𝑞𝑞

𝑆 2 𝑛𝑓∆𝑃𝑞𝑔
∆𝑃𝑔𝑞 ∆𝑃𝑔𝑔

) ⊗ (
∆𝑞𝑆

∆𝑔
)

The three-loop Splitting Functions in QCD: The Helicity-Dependent Case, 
S. Moch, J. A. M. Vermaseren and A. Vogt, Nucl. Phys. B 889, 351 (2014)

NNLO logarithmic expansions and exact solutions of the DGLAP equations from x-space,
Alessandro Cafarella, Claudio Corianò, Marco Guzzi, Nucl. Phys. B 748 (2006) 253-308
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Standard parametrizations at the input scale

• We will parameterize the polarized PDFs at initial scale 𝑄0
2 = 4 𝐺𝑒𝑉2 using the 

following form:

• The normalization constants

• are chosen such that the parameters 𝜂𝑞

• are the first moments of the polarized PDFs 
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Jacobi polynomials approach

• In this method, one can easily expand the polarized structure functions, 

𝑥𝑔1(𝑥, 𝑄
2), in terms of the Jacobi polynomials, Θ𝑛

𝛼,𝛽
(𝑥), as follows:

• The 𝑄2 -dependence of the structure functions is codified in the Jacobi
polynomials moments, 𝑎𝑛(𝑄

2). The x-dependence will be provided by the weight
function 𝑥𝛽(1 − 𝑥)𝛼 and the Jacobi polynomials which can be written as
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• Jacobi polynomials satisfy the following orthogonality relation:

• One can obtain the Jacobi moments

• Mellin transform ℳ[𝑥𝑔1, 𝑁] is introduced as
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• The polarized structure function 𝑥𝑔1
𝑝
(𝑥, 𝑄2) can be written as follows:
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N. Khorramian, S. Atashbar Tehrani, S. Taheri Monfared, F. Arbabifar and F. I. Olness,
Phys. Rev. D 83, 054017 (2011).

E. Leader, A. V. Sidorov and D. B. Stamenov, Int. J. Mod. Phys. A 13, 5573 (1998).
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Polarized structure functions in the Mellin space

• In the Mellin space, the twist-2 contributions to the polarized structure functions 
𝑥𝑔1

𝑝
(𝑥, 𝑄2) can be written in terms of polarized PDFs, Δ𝑞(𝑁, 𝑄2), Δ 𝑞(𝑁, 𝑄2) and 

Δ𝑔(𝑁, 𝑄2), and the corresponding coefficient functions Δ𝐶𝑖(𝑁)
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Polarized DIS data
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Proton longitudinal spin structure function 𝑔1
𝑝

, COMPASS Collaboration @ CERN, Phys. Lett. B 753 (2016) 18-28
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We have excluded from our analysis all 
data points with 𝑄2 ≤ 1 𝐺𝑒𝑉2, since 
below such energy scale perturbative 
QCD cannot be considered reliable.

The 𝑔1 and 𝑔2 structure functions
contain all information about the
spin structure of the nucleon
available in inclusive measurements.
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Minimization and error calculation

• Goodness of fit to the DIS data

• Standard error analysis using Hessian methods
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The parameters of the NNLO fit

• The parameters of the NNLO input polarized PDFs at 𝑄0
2 = 4 𝐺𝑒𝑉2 obtained 

from the best fit to the available DIS data
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Results of NNLO polarized PDFs
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The polarized parton distribution as a function 
of x at 𝑄2 = 10 𝐺𝑒𝑉2 in NNLO approximation. 
Our revisited NLO analysis is also shown as well.
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NLO & NNLO
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The theory predictions for the
polarized structure function as a
function of Q2 in intervals of x.

26



Hamzeh Khanpour                                             22nd International Spin Symposium, September 25-30, 2016, UIUC

The prediction for the polarized nucleon structure function as a function of x at 𝑄2 = 5 𝐺𝑒𝑉2.
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First moment of the polarized structure functions
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COMPASS collaboration, Phys. Lett. B 753 (2016) 18-28.
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First moments for the polarized PDFs29



Target mass corrections & Higher twist effects

• KTAT: Hamzeh Khanpour, Taheri Monfared, Atashbar Tehrani and 
Taghavi-Shahri, 

Nucleon spin structure functions at NNLO in the presence of higher 

twist effects and target mass corrections, 

arXiv:1610.XXXX

• The spin-dependent structure functions considering the TMCs and HT
terms
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Summary & Conclusions

• We have presented a NNLO QCD analysis of the polarized lepton‐DIS data on
nucleon.

• We form a mutually consistent set of polarized PDFs due to the inclusion of the
most available experimental data including the recently high-precision
measurements from COMPASS16 experiments

• There is some indication that the biggest change in going from NLO to NNLO is in
the polarized gluon distribution.

• In general, we find good agreement with the experimental data, and the results
from other theoretical models.

• For the future, there are more new and precise data to be included. This will lead
us to produce fully updated NLO and NNLO polarized PDFs with their
uncertainties.
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