Active Medium Acceleration

Levi Schdchter

Department of Electrical Engineering

Technion - Israel Institute of Technology
Haifa 32000, ISRAEL



Outline I

@

= Acceleration concepts

" Wake in a medium

" Frank-Hertz , LASER & Acceleration
" Space-charge wave in resonant medium
" Wake <l Saturation

" Dynamics &, Saturation

" Active enhancement of the Q-factor

" BNL-ATF PASER experiment




Classification of Acceleration Concepts

o Slow Wave

- Cerenkov

- Smith-Purcell
o Fast Wave:

- FEL

- Cyclotron
o Transition Radiation
e Laser

Inverse Radiation Processes )

& Wakes

)

o Laser Wake-Field
o Plasma Wake-Field

 Plasma Beat Wave

o Dielectric Wake-Field




Wake in a medium I
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Frank-Hertz, LASER and Acceleration I
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Wake in a resonant medium I
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Space-charge wave in a resonant medium I

Basic Concept:

leads to resistive-wall instability.

for amplification or acceleration

% Space-charge wave propagating in a lossy waveguide

% Resonant absorption of atoms or molecules may be used
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Space-charge wave in a resonant medium I
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Space-charge wave in a resonant medium I

e u=2.5 Debye

* 0y/21 =125 GHz

* ®,/2n =10MHz
 Im(kpy,) = 3.36cm!
*®,,/2n =2 GHz

e Im(ky) = 0.054cm! => 0.47dB/cm
* 100W input, 110cm interaction =>10MW

Example: Amplifier ’->

v

L. Schachter, Phys. Lett. A, 277, p.65 (2000)




Space-charge wave in a resonant medium I

Example: Accelerator ->

* Same as above

* Im(kpy) = 3.36cm!

*0,,/21 =2 GHz

* Im(ky-) = 0.054cm! => 0.47dB/cm
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Space-charge wave in a resonant medium I
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Wake & Saturation I

Quasi-linear approach
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Self-consistent dynamics I

Interaction of a single-mode with a bunch of electrons
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Self-consistent dynamics I

Energy conservation in the presence of Active Medium

Photon Density
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Self-consistent dynamics I

The effect on the population inversion
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Self-consistent dynamics I
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Self-consistent dynamics I
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Self-consistent dynamics
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O-factor enhancement I

® The energy stored in the cavity of a laser is much higher (Q) by the

extracted enerygy.

e Significant fraction of the energy is wasted by the various optical

components.

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

o Number of accelerated bunch in one micro-bunch = macro-bunch =2

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
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O-factor enhancement

Tapered laser pulse
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Conditions for self-consistent field:

(1)  Amplifier compensates for all radiation loss
(I1) External laser compensates for beam-loading
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BNL-ATF PASER experiment
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BNL-ATF PASER experiment
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BNL-ATF PASER experiment I
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BNL-ATF PASER experiment I
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Summary I ->

» In an active medium a particle may be accelerated:
Frank-Hertz, LASER and PASER,

* Wake in an active medium may be amplified

* Space-charge wave in a resonant passive medium may
become unstable (resonant absorption instability)

* Wake saturation in an active medium
o Self-consistent equations (e, field and active medium)

* Active enhancement of the Q-factor of an
acceleration module

* PASER experiment — few percents energy change
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