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Nucleon Spin Structure

Proton spin puzzle , |
Quark spin only contributes a small

AY, = Au+ Ad + As ~0.3  fraction to the nucleon spin.

J. Ashman ef al., PLB 206, 364 (1988); NP B328, 1 (1989).

Lattice QCD
(kinetic decomposition)
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Y.-B. Yang et al. (yQCD Collaboration), PRL 118, 102001 (2017).
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Semi-inclusive Deep Inelastic Scattering

Semi-inclusive DIS: a final state hadron (P) 1s identified

* cnable us to explore the emergence of color /
neutral hadrons from colored quarks/gluons

 flavor dependence by selecting different g\

types of observed hadrons: pions, kaons, ... X

* a large momentum transfer O provides a
short-distance probe
e an additional and adjustable momentum scale P,

e cold nuclear effects via eA SIDIS
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SIDIS Kinematic Regions

Sketch of kinematic regions of the produced hadron
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P, is defined in the photon-hadron frame [Figure from JHEP10(2019)122]
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Structure Functions

y

SIDIS differential cross section
in terms of 18& structure functions

2 2 : P
Fy B, cxp, Z, PhT’ 0°) A: lepton pOZarlzc.ztzo.n
B: nucleon polarization
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Leading Twist TMDs

Quark Polarization
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Electron-ion Collider in China

I  Based on HIAF

HIAF + HIAF-U

C_ e-injector )

Electron Ion Collider in China

[Figure by EicC Accelerator WG]
e energy 1n c.m.: 15 ~ 20 GeV
 lJuminosity: = 2 x 1033 cm2 - s-!
e electron beam: 3.5 GeV, polarization ~ 80%
* proton beam: 20 GeV, polarization ~ 70%
» other available polarized ion beams: d, 3He**
e available unpolarized ion beams: 7Li13*, 12C6+, 40Ca20+ 197 Ay79+, 208pp82+ 238[J92+
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Complementary Kinematic Coverage
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[Figure from EicC White paper]

EicC 1s optimized to systematically explore the gluon
and sea quarks in moderate x regime

At a crucial place between JLab and EIC-US

107" 1

gluon
dominates

sea quarks
+ gluons

valence
dominates

R.G. Milner and R. Ent, Visualizing the proton 2022
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Impact Study: Helicity Distributions

P, ;-integrated double spin asymmetry: A;; ~ Ag(x) ® D(2)
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Impact Study: Helicity Distributions
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Impact Study: Transversity Distributions

Transverse single spin asymmetry (Collins asymmetry): ASN@ites) h(x, k7)) @ H((z, p7)
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Impact Study: Collins Fragmentation

Transverse single spin asymmetry (Collins asymmetry): A;’]i;(‘/)”%) ~ h(x, kr) @ H(z, p7)
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Impact Study: Tensor Charge
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Impact Study: Tensor Charge
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Impact Study: Sivers Function

Transverse single spin asymmetry (Sivers asymmetry): A;’]i;(‘/)h_‘ps) ~ fi=(x, k) ® Dy(z, pr)
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Impact Study: Sivers Function

Transverse single spin asymmetry (Sivers asymmetry): Alsji;(‘/)h_‘ps) ~ fi=(x, k) ® Dy(z, pr)
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Impact Study: Trans-helicity Distribution

Longitudinal transverse double spin asymmetry: AE;S("S’Z_%) ~ gi(x, kp) ® Dy(z, pr)
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Momentum transfer Q* (GeV?)

eA Collision at EicC
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Nuclear TMD PDF
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Jet Transport in Nuclear Medium

Jet transport parameter

[ US-EIC | | Jab |

| SIDIS (1) L fec |
U.DB = E_Pb sz 2 GEVE

01

0.1. ﬁ(xBTQZ)(GEVEIﬂn} .

) (GeV?)
o
o
I

D.le:::z..:_::.::_.- : B

2
T

A{p
[ -]
o
i

|

0.02 |

L Exp. um:er{.-lznint}ur

104 104 102 10° 1

e afe o o sfe affe ofe ols s afe ofe e e uDe afe e A =

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

@) £ L wm)

s’ SHANDONG UNIVERSITY, QINGDAO

Tianbo Liu 20



Jet Transport in Nuclear Medium

Z dependent nuclear medium modification
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Jet Transport in Nuclear Medium

Nuclear modified jet function Nuclear modified lepton jet correlation
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Summary

e Nucleon spin structures:
- helicity distributions
- transversity distributions, tensor charges, and Collins fragmentation functions
- Sivers distribution functions,

- trans-helicity worm-gear distribution functions

e Cold nuclear eftects
- nuclear PDFs and TMDs

- jet transport parameter
- z dependent p; broadening

- energy loss

Thanks to all members in semi-inclusive working group!
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