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I. Introduction:

» Multi-color lasing with conventional lasers and FELs



% Multi-color lasing with conventional lasers
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E. Zalewski and R. Keller, H. Pilloff, Appl. Phys. Lett. 21, 339 (1972).
Appl. Optics 10, 2773 (1971).
Gain medium: Applications:
Dye; Pump-probe;
Ti:sapphire; Wavelength-division multiplexing;
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% Multi-color lasing using Optical Klystron (OK) FEL
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i CLIO FEL (Oscillator FEL, mid-infrared)
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% LCLS, SLAC (SASE, soft x-ray, ~ 1.5 keV)
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“ SACLA, Spring-8 (SASE, hard x-ray, ~ 10 keV)
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“ LCLS, SLAC (SASE, soft x-ray, ~ 835 ¢V)
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r Two-color Storage Ring FEL?
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II. Duke Storage Ring FEL.:
Configurations with Multiple Undulators



“ A Wide Wavelength Range: Duke Storage Ring FEL

L)

Accelerator Facility

160 MeV Linac pre-injector

160 MeV - 1.2 GeV Booster injector
240 MeV — 1.2 GeV Storage ring
FELs: OK-4 (lin), OK-5 (circ)
HIGS: two-bunch, 40 — 120 mA (typ)
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mﬁlectromagnetic Undulators

« OK-4: Planar undulators
o« OK-5: Helical undulators

OK-4 OK-5
Polarization Linear Circular
No. of reg. period 33 30
Undulator period (cm) 10 12
Peak field (kG) at 3kA 5.36 2.86

OK-5 undulator

OK-4 undulators



OK-5 + OK-4 + OK-4 + OK-5
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4 * OK-5



OK-5 + OK-4 + OK-4 + OK-5

!

4 * OK-5



AT

% Switchyard for OK-4 and OK-5 Wigglers

1. Preserve existing HIGS capabilities
2. Enable high-energy gamma-ray operation (>100 MeV)
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III. Two-color FEL operation at Duke

» Undulator Configuration
and Dual-band high-reflectivity FEL mirrors
» Wavelength tuning

» Power control



% Dual-band FEL mirrors and Undulator Configurations
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“ High Reflectivity FEL Mirrors

FS I

Mirror degradation
Carbon deposition on the surface

Verticalr $h AL

'y
2

780 nm, CCV020, downstream cavity mirror, D=50 mm

Round-trip Cavity Loss: Increased
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UV Powermeter
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UV Powermeter
(PD)




III. Two-color FEL operation at Duke

» Undulator Configuration
and Dualband high-reflectivity FEL mirrors
» Wavelength tuning

» Power control

24



s Single Wavelength Tuning: Either IR or UV
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Example: UV Tuning
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Y Harmonic Wavelength Tuning
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III. Two-color FEL operation at Duke

» Undulator Configuration
and Dualband high-reflectivity FEL mirrors
» Wavelength tuning

» Power control
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FEL Power Scaled to 16mA (a.u.)

& Power Control

TAIY

Red: IR; Blue: UV.
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IV. Two-color Gamma-ray production at HIGS
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i The High Intensity Gamma-ray Source (HIGS) at Duke

'llll

Facility/Project: HIGS

[[nstitution: TUNL and Duke University
Country: US

[Energy (MeV): 1 -100

Accelerator: Storage Ring, 0.24 — 1.2 GeV

[ILaser: FEL, 1060 — 190 nm (1.17 — 6.53 eV)
Total flux: 107 - 3x1010g/s (max ~10 MeV)

3
Spectral flux: 10 g/s/eV (max ~10 MeV)
Status: User Program

Research: Nuclear physics, Astrophysics,
National Security

An Electron -Photon Collider

FEL mirror

HIGS

FEL mirror

Accelerator Facility

160 MeV Linac pre-injector

160 MeV — 1.2 GeV Booster injector
240 MeV — 1.2 GeV Storage ring
FELs: OK-4 (lin), OK-5 (circ)
HIGS: two-bunch, 40 — 120 mA (typ)
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“ Two-color Gamma-ray Production
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Summary

» Successful operation of a two-color storage ring FEL (Dual-band FEL mirrors;

a three-undulator configuration or a four-undulator configuration)

» Wavelength tunability with a wide tuning range (Single wavelength tuning;

harmonic lasing tuning)

» Full control of FEL power in two colors while maintaining total power at a

steady level

» Two-color gamma-ray production using HIGS

33



More details on Poster WEP033 (Y. K. Wu et al.)
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