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MotivationMotivation

Shorter and cheaper accelerators.
Availability of high power lasers.
Dielectrics sustain higher fields than metals.
Fabrication: harness technology developed by 
communication or semiconductors industry.
Need vacuum tunnel – confinement can not be 
achieved as in optical fibers – Bragg waveguide!
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EM confinementEM confinement

Optical fiber

high є > 1

low є > 1

Optical  accelerator

high є = 1
(vacuum)

low є < 1
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Evanescent wave: Infinite case Evanescent wave: Infinite case 

T – Unit cell Transition matrix of incoming and 
outgoing amplitudes of transverse waves
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Yeh et al., Opt. Commun. 
19, 427–430, (1976).

Yeh et al., JOSA, 68, 
1196–1201, (1978).

Application to Bragg 
waveguides
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L–periodicity, K–propagation coefficient
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at every 
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interface

cylindrical

planar

First dielectric layer matches between the eigen-mode of the 
vacuum tunnel and the eigen-mode of the Bragg structure 
(stub tunner)
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Field Confinement – Cylindrical CaseField Confinement – Cylindrical Case

0

0.5

1

-2 0 2

-2

0

2

x/λ0

y/
λ 0

|Ez/E0|

0  

0.5

1  

1.4

-1 0 1

-1

0

1

x/λ0

y/
λ 0

Sz/Sz(r=Rint)

0

0.5

1

-2 0 2

-2

0

2

x/λ0

y/
λ 0

0

0.5

1

-1 0 1

-1

0

1

x/λ0

y/
λ 0

I

II

2.1

4

ε

ε

=

=

int 00.3R λ=

int 00.8R λ=



11

int2D

y

z

x

νε

ν∆

Accelerator Parameters – Zint and vEN
Accelerator Parameters – Zint and vEN
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Emitted Power – Qualitative ApproachEmitted Power – Qualitative Approach
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EfficiencyEfficiency
••Wake parameter:Wake parameter:

Decelerating field for a given charge …………

••BeamBeam--loading parameterloading parameter: 

Beam-loading of the accelerating mode ……….. (F)
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Efficiency
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SummarySummary

Detailed design of Bragg acceleration structures –
theoretical feasibility was introduced (PRE 2004)
Structure parameters (interaction impedance, group 
velocity, maximal field).
“Better” materials can dramatically improve performance.
Analysis of wake-field – power decreases with the number 
of micro-bunches, and increases with the number of layers.
Efficiency has an optimum within an internal dimension 
range of 0.3÷0.8λ0.
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Summary - parametersSummary - parameters
Silica-Zirconia structure, Rint,Dint = 0.3÷0.8λ0
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