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Outline

• Transverse spin asymmetry – TMDs

• Global analysis of “Transversity” (h1)

• One point energy correlator (OPEC) within jets

• OPEC in the polarized p+p at sqrt(s)=200 GeV

• Predictions vs. measurements 

• Summary & EIC outlooks
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Prehistory of  
Transverse Spin Effect
• 1966 Christ and Lee: transverse single-spin asymmetry (SSA or 
𝐴𝑁), a T-odd quantity, is prohibited by time-reversal invariance in 
DIS.

• 1975 Large SSA in pp→X

• 1976 Large transverse polarization of  in pp→X

• 1978 Kane, Pumplin and Repko: SSAs shall vanish in the massless 
limit.
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History of  
Transverse Spin Effect
• 1990 Sivers: SSAs originating from the intrinsic kT 

motion of quarks in a transversely polarized hadron.

• 1993 Collins: a spin asymmetry in the 
fragmentation of transversely polarized quarks, 
correlating with kT, into an unpolarized hadron, 
which enables the measurement of SSAs in SIDIS.
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History of  
Transverse Spin Effect
• 1993 Collins: Sivers function should vanish due to 

parity and time reversal invariance.

• 2002 Brodsky, Hwang and Schmidt: SSAs in SIDIS 
might be finite taking account of orbital motion of 
quarks and multiple gluon scattering.

• 2002 Collins: Sivers function could be non-zero due 
to the gauge link. The Sivers functions in SIDIS and 
Drell-Yan processes are of opposite sign.
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Multi-dimensional Partonic Structures
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Transverse momentum dependent (TMD) 
PDFs
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Sivers function 
correlation between the 
transverse spin of the nucleon 
and the transverse momentum 
of the quark.
sensitive to orbital angular momentum

Boer-Mulders 
function  
correlation between the 
transverse spin and the
transverse momentum 
of the quark in unpolarized 

nucleons
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arXiv:1212.1701

TMD FF



Dihadron in e+e-: e+e- →h1 h2 X

Accessing TMDs

Hadron production in pp: pp → hX

Drell-Yan: pp → e+e-X

SIDIS: ep → ehX
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TMDs & CT3
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Transversity Sivers Collins

Collinear (twist-2) transversity Qiu-Sterman function



Extracted TMDs 
[arXiv:2002.08384]
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Transversity

Sivers

Collins FF

Current extractions from experimental 
data are limited by their reliance on 
nonperturbative fragmentation functions
(FFs), which carry significant modeling 
uncertainties.



Extracted Tensor Charges 
[arXiv:2002.08384]
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Energy-energy correlator in  
collisions 

16https://arxiv.org/abs/2505.11828 

https://arxiv.org/abs/2505.11828


Energy-energy correlators
(EECs)
• EECs are infrared- and collinear-safe jet 

substructure observables that quantify the angular 
correlation of energy flow within a jet.

• By directly measuring energy flow rather than 
individual hadrons, they provide a unique probe of 
the transition from the perturbative parton shower 
to nonperturbative hadronization, bridging the 
regimes of asymptotic freedom and color 
confinement.
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Asymmetric Azimuthal Distribution of Hadrons inside a Jet



2509.15809
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fragmenting jet functions (FJFs)
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Matching to the TMDs

22

In the limit 𝜃𝑛 ≫ Λ𝑄𝐶𝐷/𝑄
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JAM3D-22
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JAM3D-22
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Theory Predictions
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Measurements by STAR 
[2604.15543]
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Cross-ratio method
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Theory vs. Data
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Data qualitatively align better with the TMD evolution trends.



Theory vs. Data

30

sin( )
( , , )s n jet jet UT

UT T

UU

n

Z
A p

Z

   −
=

Data favor the TMD Evolution model at low 𝑝𝑇,𝑗𝑒𝑡 and small 𝜃ℎ, while the 

JAM3D framework provides a better description at higher values of 𝜃ℎ
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Factorization and Universality
2509.15809

https://arxiv.org/abs/2509.15809


Summary

• Conventionally the nucleon transversity (h1) is determined 
by the azimuthal asymmetries in SIDIS or p+p collisions with 
transversely-polarized beams/targets.

• Accessing the nucleon transversity has been recently 
extended from the studying of particle azimuthal 
asymmetries within a jet to the associated energy correlator.

• Agreement of theory predictions with the measurements 
from STAR suggests that the energy correlators could work 
as a promising tool to explore nucleon spin structures.

• A rigorous test of the factorization and university of the 
involved polarized fragmentation jet function (FJFs, similar 
to Collins FFs in TMDs) from various processes is required 
for validating this theoretical approach.
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Outlooks for EIC

• Simplified approach to extracting nucleon 
transversity in collinear factorization using near-
side energy-energy correlators
https://arxiv.org/abs/2604.28131

• Nucleon Energy Correlators as a Probe of Light-
Quark Dipole Operators at the Electron-Ion Collider
https://arxiv.org/abs/2508.08516 

• Sivers Tomography from Charge and Angle Only 
https://arxiv.org/abs/2605.15280 
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