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First, please allow me to introduce myself

• 2013 – 2018: Master’s and PhD at the Florida State University
• 2018 – 2023: Research Associate at University of Virginia
• 2023 -  Now: Senior Researcher at BRIN

Research Area: Experimental Nuclear & Particle Physics. Worked in Jefferson Lab and Fermilab and just join ALICE 
experiment at CERN

Jefferson Laboratory:
• Located in Virginia
• 12 GeV electron & photon 

beam
• Dedicated for spectroscopy and 

nucleon-structure research

Fermilab:
• Located near Chicago
• 120 GeV proton beam
• Involved in the SpinQuest experiment (for probing 

the internal structure of the nucleon)
• Involved in the installation of the polarized target

ALICE at CERN:
• The HEP group at BRIN will 

be involved in the Forward 
Calorimeter detector 
upgrade
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Outline

• Introduction: Why We Probe Nucleon Structure
• Main Probing Methods
• Unified Picture of Nucleon Structure
• Experimental Frontier
• Summary



• Visible matter only constitutes ~5% of the universe (Standard Model of Particle Physics) 
• ~100% of the visible-matter mass is concentrated in nuclei/nucleons
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Why do we need to study the internal structure of the nucleon? Because we 
understand next to nothing about our universe

• 95% of the universe consists of dark energy and dark matter 
(something that we don’t know yet)

• ~5% of the universe consists of mostly proton and neutron 
(neutron) (also something that we know a little) 

• We understand atoms quite well in term of its constituent and electromagnetic interaction:  



• We also learned that nucleon consist of three (valence) quarks
• But ~99% on nucleon mass comes from the strong interaction among quarks and gluons (Not fully understood) 

Not only the origin of the nucleon mass, but other nucleon properties are also not fully understood (spin and radius)
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A summary:
• So far, we only understand the visible matter 

which constitutes ~5% of the universe
• ~100% of this visible matter is concentrated in 

nucleons
• But we don’t understand even the basic 

properties of the nucleon: the origin of its mass, 
proton spin crisis and the proton radius puzzle

•  Understanding the nucleon’s internal dynamics is 
central to QCD (Quantum Chromodynamics) in 
the non-perturbative regime. 

• Links to hadron mass generation (how most of 
visible mass in the universe arises from quark-
gluon interactions, not just the Higgs 
mechanism).

• Relevant to nuclear physics, particle physics, and 
astrophysics (e.g., neutron star EoS).

Therefore, understanding nucleon structure (along with 
nucleon spectroscopy) is a key to understanding our 
universe  



Main Probing Methods
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How do we probe the nucleon structure? Scattering experiment!
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Rutherford: The father of scattering experiment
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Some terminologies related to scattering
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What we see depend on the resolution scale which depend on 4-momentum transfer (𝑄2)
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Deviation from Mott curve showed 
that Nucleon has finite size

Form factor curve depends on the 
nucleon content

Cross-section from point-like proton Cross section from proton with a finite size

The discovery of finite-size proton and “particle zoo” in 1950’s  led to the Quarks model based on SU(3) symmetry
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Elastic Scattering
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Inelastic 
Scattering
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More kinematics exploration!!
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Deep Inelastic Scattering with polarized target and beam
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24Significant proton spin might be carried by the angular momentum of the parton!!



Unified Picture of Nucleon 
Structure

25



26



27



28



29



30



GPDs are accessible from various production channels:
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Generalized Parton Distributions (GPDs) provide key access to important nucleon properties: 

• Nucleon Tomography: • Angular momentum of the partons
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Experimental Frontier
DVCS at Jefferson Lab, Sivers Measurement at Fermilab & Future 

Experiment at EIC
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A complete picture on Nucleon require many experiments probing the whole kinematic range and 
all configuration of the beam/target polarization
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EIC: Electron – Ion Collider at Brookhaven, USA
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EIC: Electron – Ion Collider at Brookhaven, USA

EIC will probe low-x regime or gluon and sea quarks rich environment



Summary
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Thank You
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