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Classification of Acceleration ConceptsClassification of Acceleration Concepts

• Slow Wave 
- Cerenkov
- Smith-Purcell 

• Fast Wave:
- FEL
- Cyclotron

• Transition Radiation
• Laser

• Slow Wave 
- Cerenkov
- Smith-Purcell 

• Fast Wave:
- FEL
- Cyclotron

• Transition Radiation
• Laser

Inverse Radiation Processes

• Laser Wake-Field

• Plasma Wake-Field

• Plasma Beat Wave

• Dielectric Wake-Field

• Laser Wake-Field

• Plasma Wake-Field

• Plasma Beat Wave

• Dielectric Wake-Field

Wakes



Wake in a medium
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Frank-Hertz, LASER and AccelerationFrank-Hertz, LASER and Acceleration
 Frank-Hertz

L. Schachter, 
Phys. Lett. A., 205, p.355(1995)

 

LASER
Light Amplification 
by Stimulated 
Emission of Radiation

PASER

Particle Acceleration 
by Stimulated 
Emission of Radiation



Wake in a resonant mediumWake in a resonant medium
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Two waveguide modes 
Two “resonance” modes

Four Poles:Four Poles:

No growth off-resonance
L. Schachter, PRE, 62, p.1252 (2000)



Space-charge wave in a resonant mediumSpace-charge wave in a resonant medium

Space-charge wave propagating in a lossy waveguide 
leads to resistive-wall instability.

Resonant absorption of atoms or molecules may be used 
for amplification or acceleration

Basic Concept:Basic Concept:
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Space-charge wave in a resonant mediumSpace-charge wave in a resonant medium
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L. Schachter, Phys. Lett. A, 277, p.65 (2000)



Space-charge wave in a resonant mediumSpace-charge wave in a resonant medium

Example: Amplifier

• µ=2.5 Debye

• ω0/2π =125 GHz

• ω1/2π =10MHz

• Im(kEM) = 3.36cm-1

• ωp,b/2π = 2 GHz

• Im(kSC) = 0.054cm-1 => 0.47dB/cm

• 100W input, 110cm interaction =>10MW10MW
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L. Schachter, Phys. Lett. A, 277, p.65 (2000)



Space-charge wave in a resonant mediumSpace-charge wave in a resonant medium

Example: Accelerator

• Same as above

• Im(kEM) = 3.36cm-1

• ωp,b/2π = 2 GHz

• Im(kSC) = 0.054cm-1 => 0.47dB/cm

• 100W input => 0.15MV/m 

• 110cm interaction =>45MV/m45MV/m

4nsec,1mm beam 
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Space-charge wave in a resonant mediumSpace-charge wave in a resonant medium
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Wake & SaturationWake & Saturation

Quasi-linear approach
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Self-consistent dynamicsSelf-consistent dynamics

Interaction of a single-mode with a bunch of electrons
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Energy conservation

L. Schachter, PRL, 87, 134802-1 (2001)



Self-consistent dynamicsSelf-consistent dynamics

Energy conservation in the presence of Active Medium
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Self-consistent dynamicsSelf-consistent dynamics

The effect on the population inversion
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Self-consistent dynamicsSelf-consistent dynamics
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Self-consistent dynamicsSelf-consistent dynamics
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Q-factor enhancementQ-factor enhancement
• The energy stored in the cavity of a laser is much higher (Q) by the 

extracted energy.

• Significant fraction of the energy is wasted by the various optical 
components.

• Efficiency of a single acceleration module can be fairly small.

• Number of accelerated bunch in one micro-bunch macro-bunch 
quasi-coherent wake.

• Proposed concept: combine the cavity of the laser 
and the acceleration module, to one unit.

• Different perspectives: 
- “recycle” some of the energy
- “active” enhancement of the Q-factor
- “quasi-coherent” wake

 

Traveling-wave 
Acceleration 

Module 

Active 
Medium 

External 
Laser 



 

Traveling-wave 
Acceleration 

Module 

Active 
Medium 

External 
Laser 

output2.0=α
cvgr 4.0=

input

laser

EMt τ/

N
o
rm

al
iz

ed
 F

ie
ld

output

input

laser

output

input

laser

2.0=α
cvgr 5.0=

2.0=α
cvgr 6.0=

-1.0 0.0 1.0 2.0 3.0
-0.2

0.0

0.2

0.4

0.6

0.8

1.0

EMt τ/
-1.0 0.0 1.0 2.0 3.0

EMt τ/
-1.0 0.0 1.0 2.0 3.0

Tapered laser pulseTapered laser pulse

M dλ =
Q-factor enhancementQ-factor enhancement

Conditions for self-consistent field: 

(I) Amplifier compensates for all  radiation lossradiation loss

(II) External laser compensates for beambeam--loadingloading
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Traveling-wave 
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Q-factor enhancementQ-factor enhancement
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BNL-ATF PASER experimentBNL-ATF PASER experiment
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BNL-ATF PASER experimentBNL-ATF PASER experiment
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Mixture Diagnostics 

Ferro-electric cathode & gas excitation 



BNL-ATF PASER experimentBNL-ATF PASER experiment
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BNL-ATF PASER experimentBNL-ATF PASER experiment
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• In an active medium a particle may be accelerated: In an active medium a particle may be accelerated: 
FrankFrank--Hertz, LASER and PASERHertz, LASER and PASER

•• Wake in an active medium may be amplifiedWake in an active medium may be amplified

•• SpaceSpace--charge wave in a resonant passive medium may charge wave in a resonant passive medium may 
become unstable (resonant absorption instability)become unstable (resonant absorption instability)

•• Wake saturation in an active mediumWake saturation in an active medium

•• SelfSelf--consistent equations (e, field and active medium)consistent equations (e, field and active medium)

•• Active enhancement of the QActive enhancement of the Q--factor of an factor of an 
acceleration moduleacceleration module

•• PASER experiment PASER experiment –– few percents energy changefew percents energy change

SummarySummary
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