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Abstract

A review is given for the various methods for cooling charged particle beam by using laser light in
various-frequency ranges. These methods can be categorized into two mechanisms, ie. (I) non-feedback
methods which include nonlinear laser Thomson scattering cooling, coherent radiation cooling, atomic
transition laser cooling and continuous channeling cooling, and (II) feedback methods such as laser
beatwave cooling and optical stochastic cooling. The basic principle of cooling a charged particle system
is shortly presented. Based on the significant development of high intensity, short pulse T° lasers, novel -
methods of ultra-fast cooling of charged particle beams including high energy electron beams are

emerging.
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Fig.1 Principle of cooling in phase space.
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(b) Cooling of bunches whose size is shorter than
cut-off wave length.
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Fig.5 (a) Radiation reaction force near particles that are
accelerated by bending magnet.
(b) Radiation reaction force which acts on two parti-
cle system that has slightly different energy. Particies
are moving to the right.
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Fig.6 Principle of atomic transition laser cooling.
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ion storage ring TSR. Two counter-propagating laser
beams (A,+-ion laser and dye-laser) are irradiated
to "Ly of f=0.064 [23].
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Fig. 8 Longitudinal velocity distribution at various times dur-
ing bunched beam laser cooling. The .interval be-
tween measurements is 50ms [24].
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Fig. 11 Principle of stochastic cooling.
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Fig. 14 (a) Beam distribution in phase space at (a) N=1
(initial) , (b) N=1000 turn, and (c) N=6000 turn.
(d) shows the spatial distribution of kick field at N=
1000 turn [31].
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Fig. 15 (a) Turn number dependence of emittance in dif-
ferent number of sample. (b) and (c) show the
phase space of laser field (A an/am, A ¢ ) for N_
=32 and N_=8 case, respectively [31]. .
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Fig. 16 Optical stochastic cooling system in storage ring.
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