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Proton spin puzzle
Quark spin only contributes a small 
fraction to the nucleon spin.
J. Ashman et al., PLB 206, 364 (1988); NP B328, 1 (1989).

Spin decomposition

JAM Collaboration, PR D 93, 074005 (2016).

Lattice QCD 
(kinetic decomposition)

χQCD Collaboration,  
PR D 91, 014505 (2015).

2

~ 0.3

=

JAM15

JAM17: ΔΣ = 0.36 ± 0.09

JAM Collaboration, PRL 119, 132001 (2017).

Gluon spin from LQCD: Sg = 0.251(47)(16) 

50% of total proton spin
Y.-B. Yang et al. (χQCD Collaboration), PRL 118, 102001 (2017).

Nucleon Spin Structure
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Semi-inclusive DIS: a final state hadron (Ph) is identified

• enable us to explore the emergence of color 
neutral hadrons from colored quarks/gluons 

• flavor dependence by selecting different 
types of observed hadrons: pions, kaons, … 

• a large momentum transfer Q provides a 
short-distance probe 

• an additional and adjustable momentum scale 

• cold nuclear effects via eA SIDIS 

Semi-inclusive Deep Inelastic Scattering

Ph
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q
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Figure 8: Sketch, not to-scale, of kinematical regions of SIDIS in terms of the produced
hadron’s Breit frame rapidity and transverse momentum. In each region, the type of sup-
pression factors that give factorization are shown. (The exact size and shape of each region
may be very different from what is shown and depends on quantities like Q and the hadron
masses.) In the Breit frame, according to Eq. (9.7), partons in the handbag configura-
tion are centered on y ⇡ 0 if �k

2

i
⇡ k

2

f
= O

�
m

2
�
. The shaded regions in the sketch are

shifted somewhat toward the target rapidity yP,b (the vertical dashed line) to account for
the behavior of Eq. (9.1) when zN and xN are small.

R1 ⇡ 0.8 for kaons. If R1 ⇡ 0.8 is taken to be large, then confidence that one is in the
current region deteriorates. The flavor of the final state hadron has little effect on the
transverse momentum hardness, R2, from Eq. (8.16). From Fig. 11 (a) and Fig. 11 (c) flavor
dependence is only noticeable at low Q and even then the effect is small. To summarize,
the produced hadron mass affects collinearity R1 significantly, but does not appear to be a
primary factor in determining transverse hardness R2.

Within a specific example, collinearity R1 and transverse hardness R2 have helped us
to map out the current kinematic region (small R1) and to separate the "small" from the
"large" transverse momentum regions (small R2 vs large R2). The former will reasonably
correspond to a region where we expect TMD factorization to apply, while for the latter
a collinear factorization will be appropriate. At this stage, one might wonder whether
a LO calculation could be enough or whether higher order perturbative corrections are
necessary. This is where R3 comes into the game: large R3 coupled with large R2 signal a
large qT region where presumably higher order pQCD corrections are relevant, while small

– 27 –

Sketch of kinematic regions of the produced hadron

[Figure from JHEP10(2019)122] is defined in the photon-hadron framePhT

SIDIS Kinematic Regions

= PhT /z

PhT ∼ Q

PhT ≪ Q

σ ∼ H(Q, PhT) ⊗ fi/P(x) ⊗ Dj→h(z)

σ ∼ H(Q) ⊗ fi/P(x, kT) ⊗ Dj→h(z, pT)
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SIDIS differential cross section
in terms of 18 structure functions 

A: lepton polarization 
B: nucleon polarization 
C: virtual photon polarization

dσ
dxB dy dz dP2

hT dϕh dϕS

=
α2

xByQ2

y2

2(1 − ϵ) (1 +
γ2

2xB )
× {FUU,T+ϵFUU,L+ 2ϵ(1 + ϵ)Fcos ϕh

UU cos ϕh + ϵFcos 2ϕh
UU cos 2ϕh+λe 2ϵ(1 − ϵ)Fsin ϕh

LU sin ϕh

+SL [ 2ϵ(1 + ϵ)Fsin ϕh
UL sin ϕh + ϵFsin 2ϕh

UL sin 2ϕh]+λeSL [ 1 − ϵ2FLL+ 2ϵ(1 − ϵ)Fcos ϕh
LL cos ϕh]

+ST [(Fsin(ϕh − ϕS)
UT,T +ϵFsin(ϕh − ϕS)

UT,L ) sin (ϕh − ϕS) + ϵFsin(ϕh + ϕS)
UT sin (ϕh + ϕS)

+ϵFsin(3ϕh − ϕS)
UT sin (3ϕh − ϕS) + 2ϵ(1 + ϵ)Fsin ϕS

UT sin ϕS + 2ϵ(1 + ϵ)Fsin(2ϕh − ϕS)
UT sin (2ϕh − ϕS)]

+λeST [ 1 − ϵ2Fcos(ϕh − ϕS)
LT cos (ϕh − ϕS)

+ 2ϵ(1 − ϵ)Fcos ϕS
LT cos ϕS + 2ϵ(1 − ϵ)Fcos(2ϕh − ϕS)

LT cos (2ϕh − ϕS)]}

FAB,C(xB, z, P2
hT, Q2)

Structure Functions
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Leading Twist TMDs

6

Quark Polarization
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Electron-ion Collider in China

Electron Ion Collider in China

HIAF + HIAF-U

EicC • Based on HIAF

• energy in c.m.: 15 ~ 20 GeV 
• luminosity: ≳ 2 × 1033 cm-2 . s-1 
• electron beam: 3.5 GeV, polarization ~ 80% 
• proton beam: 20 GeV, polarization ~ 70% 
• other available polarized ion beams: d, 3He++ 
• available unpolarized ion beams: 7Li3+, 12C6+, 40Ca20+, 197Au79+, 208Pb82+, 238U92+

[Figure by EicC Accelerator WG]
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Complementary Kinematic Coverage

R.G. Milner and R. Ent, Visualizing the proton 2022 

gluon 
dominates

sea quarks
+ gluons

valence 
dominates

EicC is optimized to systematically explore the gluon 
and sea quarks in moderate x regime 
At a crucial place between JLab and EIC-US

[Figure from EicC White paper]
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Impact Study: Helicity Distributions
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Figure 4. Results on the uncertainty band of polarized quark and gluon distributions after a
next-to-leading order fit by including EicC pseudo-data. The light blue band represents the orig-
inal DSSV14 global fit. The red (green) band shows the results by adding EicC DIS (SIDIS)
pseudo-data.

of some degree of SIDIS data (green areas) compared to DIS data (red areas). The small
impact difference between the two types of data on the ∆u distribution is to be expected
as ∆u is already the most constrained flavour distribution by the already available high
precision proton inclusive data. On the other hand, the largest difference between the effects
of including DIS versus SIDIS data can be seen in the sea quark distributions (∆ū, ∆d̄ and
∆s) over the whole x-range spanned by the pseudo-data, down to about x = 0.005. The
ability of the EicC machine to pin down the sea distributions through the SIDIS process is
a core feature around which the accelerator is being designed. Our result shows the benefit
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Figure 4. Results on the uncertainty band of polarized quark and gluon distributions after a
next-to-leading order fit by including EicC pseudo-data. The light blue band represents the orig-
inal DSSV14 global fit. The red (green) band shows the results by adding EicC DIS (SIDIS)
pseudo-data.

of some degree of SIDIS data (green areas) compared to DIS data (red areas). The small
impact difference between the two types of data on the ∆u distribution is to be expected
as ∆u is already the most constrained flavour distribution by the already available high
precision proton inclusive data. On the other hand, the largest difference between the effects
of including DIS versus SIDIS data can be seen in the sea quark distributions (∆ū, ∆d̄ and
∆s) over the whole x-range spanned by the pseudo-data, down to about x = 0.005. The
ability of the EicC machine to pin down the sea distributions through the SIDIS process is
a core feature around which the accelerator is being designed. Our result shows the benefit
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-integrated double spin asymmetry: PhT ALL ∼ Δq(x) ⊗ D(z)

D.P. Anderle, T.J. Hou, H. Xing, M. Yan, C.-P. Yuan and Y. Zhao,  JHEP 08 (2021) 034.
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Impact Study: Helicity Distributions
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Impact Study: Transversity Distributions

Transverse single spin asymmetry (Collins asymmetry): Asin(ϕh+ϕS)
UT ∼ h1(x, kT) ⊗ H1(z, pT)

C. Zeng, H. Dong, T. Liu, P. Sun, Y. Zhao, PRD 109 (2024) 056002.
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Impact Study: Collins Fragmentation

Transverse single spin asymmetry (Collins asymmetry): Asin(ϕh+ϕS)
UT ∼ h1(x, kT) ⊗ H1(z, pT)

C. Zeng, H. Dong, T. Liu, P. Sun, Y. Zhao, PRD 109 (2024) 056002.



Tianbo Liu 13

Impact Study: Tensor Charge

C. Zeng, H. Dong, T. Liu, P. Sun, Y. Zhao, PRD 109 (2024) 056002.
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Impact Study: Sivers Function

Transverse single spin asymmetry (Sivers asymmetry): Asin(ϕh−ϕS)
UT ∼ f⊥

1T(x, kT) ⊗ D1(z, pT)

C. Zeng, T. Liu, P. Sun, Y. Zhao, Phys. Rev. D 106 (2022) 094039.
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Impact Study: Sivers Function

Transverse single spin asymmetry (Sivers asymmetry): Asin(ϕh−ϕS)
UT ∼ f⊥

1T(x, kT) ⊗ D1(z, pT)

C. Zeng, T. Liu, P. Sun, Y. Zhao, Phys. Rev. D 106 (2022) 094039.
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Impact Study: Trans-helicity Distribution

Longitudinal transverse double spin asymmetry: Acos(ϕh−ϕS)
LT ∼ g⊥

1T(x, kT) ⊗ D1(z, pT)

K. Yang, T. Liu, P. Sun, Y. Zhao, B.-Q. Ma, Phys. Rev. D (2024).
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eA Collision at EicC
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Nuclear TMD PDF
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Jet Transport in Nuclear Medium

Jet transport parameter

P. Ru, Z.-B. Kang, E. Wang, H. Xing, B.-W. Zhang,  
Phys. Rev. D 103 (2021) L031901; arXiv:2302.02329. 
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Jet Transport in Nuclear Medium

 dependent nuclear medium modificationz
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Jet Transport in Nuclear Medium

Nuclear modified jet function Nuclear modified lepton jet correlation
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• Nucleon spin structures: 
- helicity distributions 
- transversity distributions, tensor charges, and Collins fragmentation functions 
- Sivers distribution functions, 
- trans-helicity worm-gear distribution functions 

• Cold nuclear effects 
- nuclear PDFs and TMDs 
- jet transport parameter 
-  dependent  broadening 
- energy loss

z pT

Thanks to all members in semi-inclusive working group!


