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Steady State Microbunching for High Brightness, High Repetition Rate Storage Ring 

Light Sources 
THPD50 

Daniel Ratner, Alex Chao (SLAC, Menlo Park, California), Yi Jiao (IHEP, Beijing)  

Modern accelerator light sources are based on either linac-FELs or storage rings. The linac-FEL type has high brilliance 
(microbunched beam) but low repetition rate. The storage ring type has high repetition rate (rapid beam circulation) but low 
brilliance. We propose to explore the feasibility of a microbunched beam in a storage ring that promises high repetition rate 
and high brilliance. The steady-state microbunched (SSMB) beam in a storage ring could provide CW sources for THz, EUV, 
or soft X-rays. We review several recently proposed SSMB concepts as promising directions for high brightness, high 
repetition rate light sources of the future. 
 
 

W-Band Cherenkov Maser Based on a Periodic Surface Field Structure THPD51 

Alan Richard Phipps, Adrian William Cross, Alan Phelps, Craig Robertson, Kevin Ronald, Colin Whyte, Alan 
Robert Young (USTRAT/SUPA, Glasgow),  
Ivan Vasilyevich Konoplev (JAI, Oxford)  

Two-dimensional Bragg structures have been useful in producing distributed feedback in an FEM driven by an oversized 
annular electron beam [1]. The Bragg structures in this case act as frequency selective mirrors allowing the production of 
narrow band microwaves [2]. This structure can be observed using a hollow, copper, cylindrical waveguide with a sinusoidal 
grating machined into the walls where the diameter of the waveguide is much larger than λ. Localised surface fields are 
excited around the perturbations if the structure is radiated by an external electron beam [3]. The resultant eigenfield can be 
described as a superposition of a near cut-off volume field which synchronises the localised surface partial fields. A relativistic 
electron beam travelling close to the structure interacts with the spatial harmonics of the surface field propagating with υp < c. 
In this paper we demonstrate a novel high Q cavity operating at W band (75-110GHz), where there is coupling between a 
near cut-off TM0,6 volume field and an evanescent HE1,20 surface field, produced within the structure. Results of the 
numerical modelling of this device using the PIC code MAGIC will be presented. 
[1]. N.S. Ginzburg, N. Peskov, et al, J Appl Phys, 92, pp. 1619-1629, 2002 
[2]. I.V. Konoplev, et al, Appl Phys Lett, 92, 211501 2008 
[3]. I.V. Konoplev, A. Maclachlan. et al, Phys Rev A, 84, 013826 2011 
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Gamma-ray Free-Electron Lasers THPD52 

Henry P Freund, Dinh C. Nguyen (LANL, Los Alamos, New Mexico)  

The free-electron laser has demonstrated lasing at Ångstrom wavelength [1] and a sub-Ångstrom FEL has been proposed [2]. 
The next challenge for the FEL is to produce a coherent beam of gamma rays. This paper outlines a plausible approach to 
generating coherent beams of 300 keV and 500 keV gamma rays at the 3rd and 5th harmonics of a SASE FEL operating at 
0.124 Ångstrom (100 keV). The electron beam and undulator parameters as well as MEDUSA simulation results showing 
femtosecond pulses with 1E8 coherent gamma photons at 300 keV (0.041 Ångstrom) will be presented. 
[1] P. Emma et al., Nature Photonics, 4 (2010) 641-647.  
[2] B.E. Carlsten et al., Journal of Modern Optics, 58 (2011) 1374-1390. 
 
 

Linear Gain and Gain Saturation in a Photonic Free-electron Laser THPD53 

Thomas Denis, Klaus Boller, Joan Lee, Peter van der Slot, Marc Wiecher van Dijk  
(Mesa+, Enschede)  

Photonic crystals are used to manipulate the generation of light, for example, stimulated emission can be enhanced. A 
photonic free-electron laser (pFEL) applies this enhancement to generate widely tunable coherent Cerenkov radiation from 
low energy electrons (keV) streaming through the photonic crystal. The lattice constant of the photonic crystal sets an output 
frequency range that can be covered by varying the beam energy. The output power is scalable by increasing the number of 
electron beams. To develop such lasers, we calculate the small signal gain of a pFEL by using the Pierce theory, originally 
developed for slow-wave microwave tubes. We investigate the accuracy of the Pierce theory for pFELs by comparing the 
results of the theory to the small-signal growth rate observed in particle-in-cell simulations. Results will be presented for a 
low-energy (12.5 keV), low current (1A) electron beam propagating through a photonic crystal designed to operate at around 
15 GHz. 


