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Plasmas Have Extraordinary Potential
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Electron energy (in MeV)

SM-LWFA electron energy spectrum

Self modulated laser wakefield 
acceleration

E > 100 MeV
Accelerating Gradient > 

100 GeV/m A. Ting et al,
NRL

Plasma Focusing of e+

beams
Focusing Gradient > 

100 MG/cm

P. Chen et al, SLAC

� Laser Wake Field Accelerator(LWFA)
A single short-pulse of photons

evolves to

� Self Modulated Laser Wake Field Accelerator(SMLWFA)
Raman forward scattering instability

� Plasma Beat Wave Accelerator(PBWA)
Two-frequencies, i.e., a train of pulses

Concepts For Plasma-Based 
Accelerators

Pioneered by J.M.Dawson

� Plasma Wake Field Accelerator(PWFA)
A high energy electron bunch

Physical Principles of the PlasmaPhysical Principles of the Plasma
Wakefield  Wakefield  AcceleratorAccelerator

• Space charge of drive beam displaces plasma electrons

•• Transformer ratio

•• Wake Phase Velocity = Beam Velocity (like wake on a boat)

•• Plasma ions exert restoring force => Space charge oscillations

E Ez acc dec beam. .
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E-162 @ SLAC

e-,e+

Nb=2×1010

σσσσz=0.6 mm
E=30 GeV

Ionizing
Laser Pulse

(193 nm) Li Plasma
ne≈2×1014 cm-3

L≈1.4 m

Cherenkov
Radiator

Streak Camera
(1ps resolution)

Bending
Magnet

X-Ray
Diagnostic

Optical Transition
Radiators Dump

12 m

∫Cdt
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 e-, e+ e-, 
Energy    28.5 GeV     
Energy Spread    ˜  0.3%    1.5% 
Number of 
Particles, Charge    

= 2××××1010 /bunch, 
3.2 nC/bunch    

 

Spot Size    = 5 µm     
Bunch Length    = 0.6 mm    < 100 µµµµm 
Normalized 
Emittance    

5, 0.3××××10-5 m rad, 
or 2.5,2.5××××10-5 m 
rad    

 

Peak Current    < 600 A    3500 A 
Repetition Rate    1-10 Hz     

 

Positrons & Short Bunches – The only 
place in the world!  

The Final Focus Test Beam (FFTB)

E-162 Plasma Chamber and 
Experimenters

Brent Blue, Patric Muggli & Mark Hogan
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2. Electron Beam Refraction 
at the Gas–Plasma Boundary
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1. Transverse Beam 
(Betatron) Oscillations

4. Wakefield Acceleration

Four 
Highlights!

E-162: New Physics of GeV Beams in Plasmas

3. X-Ray “Bursts”
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E-162: Dynamic/Time-resolved
Focusing of Electrons

Simulations important for understanding
• The beam (head) creates its own channel
• Different z-slices of the beam experience different focusing field amplitudes 
and undergo a different number of betatron oscillations
• Ideal lens only in blowout region
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E-162: Dynamic/Time-resolved
Focusing of Electrons

Cartoon needed here
QuickTime™ and a

Video decompressor
are needed to see this picture.

QuickTime™ and a
Video decompressor

are needed to see this picture.
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Energy Chirp Along BunchImportance of Diagnostics:
Correlated energy “chirp” along the 
bunch and the imaging spectrometer turn 
the Integrated Cherenkov into a streak 
camera!

Integrated Cherenkov Data
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QuickTime™ and a
Video decompressor

are needed to see this picture.

QuickTime™ and a
Video decompressor

are needed to see this picture.

Simple Model

ORION as a Center addresses the gap 
between the promise of these new ideas and 

their realization for High Energy Physics

• Specialized facilities for beam diagnosis, a highly 
flexible electron source, etc.

• A multi-disciplinary group of leading researchers 
in plasma science, lasers, beam physics, modeling 
and conventional accelerator technology

• A shared set of broad physical and intellectual 
resources in a stable research environment

Plasma Accelerator Progress 
and the Livingston Curve
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UCLA Port J. LLNL/UCLA

?

SLAC/USC/UCLA/LBL

LEP

ORION
E-162

A 100 GeV-on-100 GeV 
e-e+ Collider

Based on Plasma Afterburners

UCLA
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Critical Issues
are addressed at ORION

• Bunch Length Scaling Law MRC 1
• Bunch Shaping & Beam Loading MRC 3,5
• Transverse Beam Dynamics MRC 1, 5

– Betatron, hosing, lensing
• Positron Acceleration MRC 1
• Plasma Source Development MRC 1, 5
• Modeling MRC 6

MRC 6
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Do plasma wakes scale as 1/σσσσz
2 ?
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Critical Issues
are addressed at ORION

• Bunch Length Scaling Law MRC 1
• Bunch Shaping & Beam Loading MRC 3,5
• Transverse Beam Dynamics MRC 1, 5

– Betatron, hosing, lensing

• Positron Acceleration MRC 1
• Plasma Source Development MRC 1, 5 
• Modeling MRC 6

MRC 
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Bunch shaping is key to larger 
wakes and transformer ratios & 

can be studied at ORION

Simulated 
beam phase 
space and 
shape

Simulated 
Wake 
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Driving bunch  N=3×1010 σz=0.063mm

Trailing bunch N- =1 × 1010 σz(trailing) = σz/2
Driving bunch only

Hi beam quality requires specialized infrastructure 
of ORION beamline

(shorter 2nd bunch, precise phasing τ)

τ

PIC Simulation of 2 bunch Afterburner Experiment

Proper beam load 
flattens wake

Critical Issues
are addressed at ORION

• Bunch Length Scaling Law MRC 1
• Bunch Shaping & Beam Loading MRC 5
• Transverse Beam Dynamics MRC 1, 5

– Betatron, hosing, lensing

• Positron Acceleration MRC 1
• Plasma Source Development MRC 1, 5 RC 1
• Modeling MRC 6

MRC 6
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Refraction of an Electron Beam
Interplay between Simulation & Experiment

Laser off Laser on

3-D OSIRIS 

PIC Simulation

Experiment
(Cherenkov

images)

� 1 to 1 modeling of meter-scale experiment in 3-D!
P. Muggli et al., Nature, May 3, 2001

Experiment Physics
Ion Channel Laser (ICL) Short plasma cell replaces a long undulator magnet in an FEL.

Could be demonstrated in visible (50 MeV beam)and ultraviolet
(300 MeV)

Coherent Plasma
Cherenkov Rad iation

Magnetic field outcouples multi kW of microwave power at 100+
GHz.

Laser Guiding Laser Guided over 100 Rayleigh Lengths. Extended interaction for
Laser Wakefield Accelerator.

E-Beam Steering Deflected e-beam. Fast switching via laser plasma.
E-Beam Slicing Energy modulation on intra-bunch timescale + bend = slicer
Bunch  Shaping –High
Transformer Ratio

Chicane optimized drive bunch shap e gives large wake amplitudes
(1.5 GeV)

Electron Hose Instability Parametric study of the onset and saturation. Blowup of beam.
Hi De-magnification
Plasma Lens

4 µ spot with M=1/100 to test geometric and chromatic aberrations.

Energy Compensation Use linear part of wake to remove correlated energy sp read.  A 10%
spread can be reduced to 1%.

Self-Modulated Plasma
Wakefield Acceleration

Beam driven instability bunches beam and exc ites large accelerating
wakes.

ORION Beamline Plasma Experiments

“We recommend that vigorous long-term R&D aimed toward future high-energy 
accelerators be carried out at high priority…” – HEPAP Subpanel, October 2001

• It brings together the elements needed to explore new 
acceleration techniques
– Specialized facilities for beam diagnosis, a highly flexible 

electron source, etc.
– A multi-disciplinary group of leading researchers in plasma 

science, lasers, beam physics, modeling and conventional 
accelerator technology

– A Center  structure to focus a diverse collaboration in a 
coordinated effort.

ORION as a Center addresses the gap between the promise of 
these new ideas and their realization for High Energy Physics


