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How Do Accelerators Work?How Do Accelerators Work?

Charges “surf” on the 

longitudinal electric field

Phase velocity equals 

the speed of light!
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Stanford Linear AcceleratorStanford Linear Accelerator
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MotivationMotivation

Smaller and cheaper accelerators (table-top).

Applications: X-ray, medical, materials.

Availability of high power lasers.

Dielectric materials can sustain higher fields than 

metals.

Fabrication: harness communication technology.

Need vacuum tunnel – confinement can not be 

achieved as in optical fibers – Bragg waveguide!
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ObjectivesObjectives

Design of Bragg waveguide that supports 

propagation with phase velocity c for the 

driving laser frequency.

Analyze accelerator parameters (interaction 

impedance, energy velocity, maximal field).

Analyze wake-field due to a train of micro-

bunches.

Is a dielectric optical Bragg waveguide 

adequate for acceleration?
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Bragg Reflection Bragg Reflection 

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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Field Confinement – Cylindrical CaseField Confinement – Cylindrical Case
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Wake-Fields – Fields of Moving ChargesWake-Fields – Fields of Moving Charges

Charge in free spaceCharge in free space

At high speed the field 

shrinks in the direction 

of motion.

Cerenkov radiationCerenkov radiation

A charge that exceeds the 

speed of light in the material  

(c/n) emits  radiation.

Similarly to a 

ship moving 

in water
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Wake-Field – General ApproachWake-Field – General Approach

constant velocity v

R11

Reflection 

coefficient
Primary field: free-space 

field of the moving charge.

Secondary field: structure 

effect.

chargeimage

Static analogy

Arbitrary structure

Schächter et al., Phys. 

Rev. E, 68, 036502 

(2003).
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Total charge -q is 

split into  M+1 

micro bunches.
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SummarySummary

Detailed design of Bragg acceleration structures –
theoretical feasibility was shown!

Structure parameters suitable for acceleration purposes 
(interaction impedance, energy velocity, maximal field).

Interaction impedance over 10 times larger than that of 
PBG [Lin, Phys. Rev. STAB, 4, 051301 (2001)].

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.
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