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Overview: High-energy Photon Generation via Compton Scattering 

A Review of Compton sources powered by FEL Oscillators

High Intensity Gamma-ray Source (HIGS) at Duke University

Basic and Applied Research Using Compton Gamma-ray Beams
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Compton Scattering Effect and 
Physics of Compton Photon Beams 



FEL2014, Basel, Switzerland, August 25 – 29, 2014DFELL/TUNL, Duke U. Y. K. Wu



FEL2014, Basel, Switzerland, August 25 – 29, 2014DFELL/TUNL, Duke U. Y. K. Wu



FEL2014, Basel, Switzerland, August 25 – 29, 2014DFELL/TUNL, Duke U. Y. K. Wu



FEL2014, Basel, Switzerland, August 25 – 29, 2014DFELL/TUNL, Duke U. Y. K. Wu



FEL2014, Basel, Switzerland, August 25 – 29, 2014DFELL/TUNL, Duke U. Y. K. Wu



FEL2014, Basel, Switzerland, August 25 – 29, 2014DFELL/TUNL, Duke U. Y. K. Wu

σσ/Ε



FEL2014, Basel, Switzerland, August 25 – 29, 2014DFELL/TUNL, Duke U. Y. K. Wu



FEL2014, Basel, Switzerland, August 25 – 29, 2014DFELL/TUNL, Duke U. Y. K. Wu



FEL2014, Basel, Switzerland, August 25 – 29, 2014DFELL/TUNL, Duke U. Y. K. Wu



FEL2014, Basel, Switzerland, August 25 – 29, 2014DFELL/TUNL, Duke U. Y. K. Wu

Compton Sources Powered by
FEL Oscillators 
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High Intensity Gamma-ray Source (HIGS)
at Duke University 



γ
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780 nm Mirrors
Minimal round-trip loss:  ~ 0.107% 
Finesse  ~ 3,000
Effective: R ~ 99.95%
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On-Going and Future R&D Projects at HIGS
New Gamma-ray Capabilities (short-term)

Two-color FEL and two-color gamma-ray beams

Fast gamma-ray helicity switch

Gamma-ray beam polarization manipulation and control

Energy Front (3 – 5 years)

High-energy gamma-ray beam generation: 100 – 160 MeV

Intensity Front (long-term)

HIGS2 – Fabry-Perot laser driven Compton gamma-ray beams
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Fundamental and Applied Research Using 
Compton Gamma-ray Sources 
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Areas of Applications of Compton Gamma-ray Beams
Accelerator Physics

Polarized positron generation
E-beam diagnostics (beam size, energy, and polarization)

National Security
Special nuclear materials detection (non-destructive assay)

Energy Industry
Nuclear waste management and treatment

Medical Applications
Isotope production
Cancer diagnostics

Industrial Applications
Industrial product inspection

Materials Research
Novel scintillators and detectors
Applications in fundamental research, space program, industry, and medicine 
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γ

Physics Research Using Compton 
Gamma-ray Beams: Nuclear and HEP

Nuclear Structure
Few-Nucleon Physics
Astrophysics
Gerasimov-Drell-Hearn (GDH) Sum Rule
Compton Scattering from Nucleons
Photon-Pion Physics
Hadron structure and quark interactions 
Hadronic parity violation
Physics beyond the Standard Model

Complementary Sources
CEBAF (Jlab)
ELSA Bonn
MAMI Mainz
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