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Overview
• Beam-Driven Plasma Wakefield Accelerators have demonstrated 
in meter-scale plasmas:

• Accelerating gradients Ez~50 GV/m
• Focusing gradients dBθ/dr~106 T/m

Potential Applications
•“Afterburner” to significantly raise x-ray energy of an existingAfterburner  to significantly raise x ray energy of an existing 
XFEL without a large-scale linac upgrade
• Ion Channel Laser (Whittum, Sessler & Dawson, 1990)

•High-K regime: Hyper-spectral sources: THz (CTR) to 
G R (B R di i )Gamma Rays (Betatron Radiation)

Early BD-PWFA experiments demonstrated x-ray 
production from betatron motion of mismatched beam in 
plasmaplasma 
•Low-K regime: plasma “undulator”, more monochromatic

FACET will study offset witness beam production of 
narrowband radiation as a variant of planned acceleration 

i texperiments



Afterburner Case Study: 
FERMI@Ellettra FEL

Slide from Mark Hogan, SLAC



Afterburner Concept and Example

Preliminary simulation by Weiming An, UCLA
• Drive = 0.75 nC, witness= 0.25 nC
• Bunch lengths: 6 μm, 2 μm

Drive 
Beam

Accelerated 
Beam

g μ , μ
• Plasma density 1018/cc
• Drive/witness separation 32 microns
• dE/E|rms ~ 0.34%

M. Tzoufras et al, Phys. Plas. 16, 056705 (2009).



Parameters for an Afterburner for FERMI@Elletra

Slide from Mark Hogan, SLAC



Radiation Generation from Offset Witness Beam Yi Shi, USC
student of
Patrick Muggli



Saddle Point Calculation of 
Intensity

Yi Shi, USC
student of
Patrick Muggli



Extending the FFTB Experiments to the 
Witness Bunch Case at FACET
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What’s needed for FACET

S. Wang, et al., PRL 88, 135004 (2002)



Operation as an Undulator Requires a 
Different set of Operating Parameters

Parameter Value
np 2x1013 cm-3

5 µm

Parameter Value
λ1 240 nm

80σr 5 µm
Ne 109

γ 1000

Δλ1 80 nm
Nγ,1 5x108

photonsγ

r0 50 µm
Lp 1 m
K 0 94

Etot,1 4x10-10 J
Ptot,1 4 kW

K 0.94
M0 1.4x106

d/
s)

/s
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Summary

• The performance requirements for High Energy 

Summary

Physics and Photon Science applications of Beam-
Driven PWFA are compatible:

High peak current small dE/E low emittance•High peak current, small dE/E, low emittance, 
excellent stability, cost effectiveness…

• The demonstrated ability to sustain GV/m and MT/m 
gradients on the meter scale will enable novel x-ray g y
and THz sources to be developed

A BD PWFA b d ft b ff t• A BD-PWFA based afterburner offers a very compact 
upgrade path for linac XFELs to extend energy reach


