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Constraints |

¢ Gradient: order of 1{GV/m] or higher.
¢ Efficiency: limited by radiation source and acceleration scheme
# Lasers anticipated efficiency of wall-plug to light 10% — 30%?!
# Efficiency of acceleration scheme — major difficulty
¢ Breakdown: at optical wavelengths dielectrics sustain higher
fields comparing to metals.
o Manufacturing constraints favor planar structures — consistent
with luminosity constraints.
o Single Mode: width of vacuum tunnel 0.3 - 0.8A
o Machining tolerance: lmm at 3 cm wavelength. Four orders of
magnitude difference difficult to be preserved at I=1mm (poster).
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Structure parameters |
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Configurations

Single bunch & no feedback, bunches &l no feedback,
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Single bunen & Mo feedPack
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*Wake parameter: L0 ]
Decelerating field for a given charge ............ E, =Kq
*Beam-loading parameter: K=2/4ze,R"
Beam-loading of the accelerating mode ........... E) =k ¢
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Sitglebuneih & N feedbaek

‘ Laser pulse length for full overlap

Acc. Structure

Time it takes the micro-
bunch to traverse the
structure

Acc. Structure

External

Laser

I Traveling-wave

Acceleration

Module

K




External

Si n gl e b u n Ch & n O feajbaCk I aS"zaveling-vvave

. ; AModule
e Loaded gradient: E.=FE_-E, =FE.__—kq K

-

» Kinetic energy: AU =qE d
Zero force charge
* EM energy: Clovi=h Vi (1-V,/c)
er
P
7 Al]KIN 75 4q(q0 _q) o 1 AT 1 Eacc
= i 2 = qopt__qO =it
L q, 2 2 K
K

Mwax =




Single bunch & no feedback |
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Single bunch & no feedback
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By splitting the bunch into a train of micro-bunches, the projection
of the wake on the fundamental remains the same, but higher

frequencies are suppressed
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Train of bunches & no feedback | I_

What is the efficiency in case of a train of micro-bunches?
For an answer, one needs to make two observations:

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

b) The envelope of the laser pulse must be tapered, in order to
compensate for beam loading.




Train of bunches & no feedback |

Laser tapered pulse necessary to compensate for the beam loading
in order to ensure uniform acceleration of all micro-bunches

- Tapered laser pulse t
A A /

Uniform laser pulse Uniform & loading Tapered laser pulse

Still we have a problem: wake propagates at ¢
whereas laser’s envelope propagates at cfj,,.

Solution: MA=d
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Train of bunches & no feedback | I_
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External

Single bunch & feedback | [z

Fundamental
mode

* External laser field: £}
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* Input to acceleration module : £, =E, +E¢, 2
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Train of bunches & feedback
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Ensure that output & feedback are
consistent with the necessary input !!
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Conditions for self-consistent field:

(1) Amplifier compensates for all radiation loss

(I1) External laser compensates for beam-loading

AUgy 1
1 UOUT

Q A UKIN

]7:

Upiser T U scrive 1+




External
Laser
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- Peak, efficiency independent of x,/k e g
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Luminosity |

; Fluence

NLC Single |Single |Train |Train 3/
noFB |noFB |&FB

f, [Hzl 20 |l |19 |1©) 1(6) I/
Bl 190 I I 1(3) 1(3) /
N, 0.75(10) | 5(4) 5(4) 1(6) 1(6)
6, [nm)] 0.11(6) |4 4 4 4 Density !
6, [nm| 245 245 24.5 245 24.5
¢, [nm)] 2.7 277 0.27 27 0.27
n 1 [A] 2.1 3.8 0.8 1.4 0.3
HD 1.4 1.0 1.0 1.0 1.0
L{cm2sec] 2(34) 3(25) 3(30) 1.2(34) | 1.2(36)
Beam power [MW] | 13.7 4(-3) 4 80 80




Summary: Dielectric Structures |

Transverse PBG Longitudinal PBG

)

Dielectric periodic structures may confine an accelerating
mode and allow high order modes to leak out.
R —

Cylindrical Bragg Structure ®Planar Bragg Structure

Train of micro-bunches contributes to

suppression of high frequency wakes.
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Summary: Efficiency & Luminosity |

External External
Laser / Il t;:h Laser

I Traveling-wave B Active I Traveling-wave
Acceleration Q, Medium Acceleration
il Module

(1)  Amplifier compensates for all radiation loss

by the wake being “quasi-coherent”

(11) External laser compensates for beam-loading
(tapered pulse)

(111) Luminosity
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(active enhancement of the Q—factor) facilitated
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