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Constraints & AssumptionsConstraints & Assumptions

GradientGradient: order of 1[GV/m] or higher.
EfficiencyEfficiency: limited by radiation source and acceleration scheme

# Lasers anticipated efficiency of wall-plug to light  10% → 30%?!

# Efficiency of acceleration scheme – major difficultydifficulty

BreakdownBreakdown: at optical wavelengths dielectricsdielectrics sustain higher
fields comparing to metals → nonnon--linear effectslinear effects

ManufacturingManufacturing constraints favor planar structures – consistent
with luminosity constraints.

Single ModeSingle Mode: width of vacuum tunnel 0.3λ - 0.8λ → positionposition
Machining toleranceMachining tolerance: 1µm at 3 cm wavelength. Four orders of
magnitude difference are difficult to preserve at λ=1µm.

S. Banna, D. Schieber  and L. Schächter; App. Phys. Lett., Vol.84(5) 723-5 (2004).
S. Banna, D. Schieber and L. Schächter; J. of Appl. Phys. 95(8) 4415-4426 (2004).



Structure parameters Structure parameters 
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Train of microTrain of micro--bunches & feedbackbunches & feedbackSingle bunch & feedbackSingle bunch & feedback

Train of microTrain of micro--bunches & no feedbackbunches & no feedbackSingle bunch & no feedbackSingle bunch & no feedback

ConfigurationsConfigurations
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• Low efficiency

• Low # of electrons

• Moderate efficiency

• Large # of electrons

• High efficiency

• Low # of electrons

• High efficiency

• Large # of electrons

L. Schächter; Energy Recovery in an Optical 
Linear Collider, Physical Review E 
70, 016504 (2004)



Contribution of the fundamental Contribution of the fundamental 
to the total deceleration to the total deceleration 

••Wake parameter:Wake parameter:

Decelerating field for a given charge …………

••BeamBeam--loading parameterloading parameter: 

Beam-loading of the accelerating mode ……….. ( )
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Maximum efficiency is set by the projection of the Maximum efficiency is set by the projection of the 
total deceleration on the fundamental !!total deceleration on the fundamental !!

 

Traveling-wave 
Acceleration 

Module 

External 
Laser 

Zero force chargeZero force charge

Single bunch & no feedback Single bunch & no feedback 



Planar  Bragg StructurePlanar  Bragg StructureCylindrical  Bragg StructureCylindrical  Bragg Structure

Longitudinal PBGLongitudinal PBGTransverse PBGTransverse PBG

[ ]

[ ]

int

Laser

int
4

opt

max acc

0.68
2.1, 1.0[µm] 50 kW

19.5[ ] 6%
0.58 7 10
2[GV/m] 1 GV/m

gr

R
P

Z
q e

E E

λ
ε λ

η
β




= 
Ω ⇒
 ×


[ ]

[ ]
[ ]

int

Laser

int 4
opt

acc
max

0.55
2.1

2.3 kW/ m1.5[µm]
36%/ 250[ ]
5 10 /µm0.2
0.6 GV/m2[GV/m]

y

gr

D

P

Z
q e

EE

λ
ε

µλ
ηλ

β


= 
 ⇒∆ Ω  ×



[ ]

[ ]

int

1 2
Laser

int 4
opt

acc
max

0.68
2.1, 4

18 kW
1[µm]

9%
56.4[ ]

7 100.58
1 GV/m2[GV/m]

gr

R

P

Z
q e

EE

λ
ε ε
λ

η

β


= = 
 ⇒Ω  ×



[ ]

[ ]

int

1 2
Laser

int 4
opt

acc
max

0.55
2.1, 4

5.3 kW/ m1[µm]
8%/ 57[ ]
3.3 10 [ / m]0.48
0.56 GV/m2[GV/m]

y

gr

D

P

Z
q e

EE

λ
ε ε

µλ
ηλ

µ
β


= = 
 ⇒∆ Ω  ×



E. Lin, PR STAB, 2000 B. Cowan, PR STAB, 2003
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By By splitting the bunchsplitting the bunch into a train of microinto a train of micro--bunches, the projection bunches, the projection 
of the wake on the fundamental remains the same, but of the wake on the fundamental remains the same, but higher higher 
frequencies arefrequencies are suppressedsuppressed
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Train of bunches & no feedbackTrain of bunches & no feedback

What is the efficiency in case of a train of microWhat is the efficiency in case of a train of micro--bunches? bunches? 

For an answer, one needs to make two observations:For an answer, one needs to make two observations:

a) The laser pulse duration ought to be a) The laser pulse duration ought to be longer longer in order to in order to 
account for the account for the macromacro--bunch lengthbunch length..

b) The envelope of the laser pulse must be b) The envelope of the laser pulse must be tapered, tapered, in order to in order to 
compensate for compensate for beam loadingbeam loading..
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In spite of splitting the macro-
bunch, there still is 50% waste of 
the laser energy feedback loop.
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Ensure that output & feedback are 
consistent with the necessary input !!
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Conditions for self-consistent field: 

(I) Amplifier compensates for all  radiation lossradiation loss

(II) External laser compensates for beambeam--loadingloading
Active enhancement of 
the quality factor
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BreakdownBreakdown & & NonlinearityNonlinearity: In dielectrics at optical  
wavelengths breakdown threshold is higherhigher than that 
required to excite nonlinear effects. 

Main Nonlinear EffectMain Nonlinear Effect: laser affects dielectric coefficient 
phase shift. 

(1) (2) (3)
0 ...P E EE EEEε χ χ χ = + + + 

Polarization non-linearity Polarization non-linearity 

•• Second harmonic generationSecond harmonic generation

•• SumSum--frequency generationfrequency generation

• Third harmonic generationThird harmonic generation

•• Four wave mixingFour wave mixing

•• Nonlinear refractionNonlinear refraction



Nonlinear Phase-shiftNonlinear Phase-shift
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Non-linear Phase-shift criterionNon-linear Phase-shift criterion
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Heat flow – single pulse operationHeat flow – single pulse operation
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Heat Flow – Train of PulsesHeat Flow – Train of Pulses
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EM Stress on a Planar AcceleratorEM Stress on a Planar Accelerator
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Summary: Dielectric StructuresSummary: Dielectric Structures

Planar  Bragg StructurePlanar  Bragg StructureCylindrical  Bragg StructureCylindrical  Bragg Structure

Longitudinal PBGLongitudinal PBGTransverse PBGTransverse PBG

int 19.5 @ 1Z mµ= Ω

Dielectric periodic structures may confine an accelerating 
mode allowing high order modes to leak out.

Train of micro-bunches contributes to 
suppression of high frequency wakes. 



Train of microTrain of micro--bunches & feedbackbunches & feedbackSingle bunch & feedbackSingle bunch & feedback

Train of microTrain of micro--bunches & no feedbackbunches & no feedbackSingle bunch & no feedbackSingle bunch & no feedback

Summary: ConfigurationsSummary: Configurations
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• Low efficiency

• Low # of electrons

• Moderate efficiency
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• High efficiency

• Low # of electrons

• High efficiency

• Large # of electrons
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(I) Amplifier compensates for all  radiation loss radiation loss (active enhancement of 
the Q—factor) facilitated by the wake being “quasi-coherent”

(II) External laser compensates for beambeam--loading loading (tapered pulse)

(III) Luminosity

Summary: Efficiency & LuminositySummary: Efficiency & Luminosity



(I) With commonly used materials Kerr effect may become a problem. By 
accounting for the local increase in the dielectric coefficient, it is possible 
to compensate for the phase velocity reduction. 

(II) Preliminary estimates indicate that heat dissipation needs close attention 
because the high repetition rate dictated by the luminosity constraint. 
Employing optical fiber technology may eliminate the problem although 
the latter works well in homogeneous medium, implications on multi-
layered structure are unclear  as yet. 

(III) The typical stress is evaluated to be of the order of 1[MPascal] which is 
three orders of magnitude below typical critical values at µm scale.

SummarySummary


