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Introduction

Beam cooling is the increase in six dimensional (6D) phase space density of the beam. The 
density is inversely proportional to the 6D beam emittance. That is why beam cooling is the 
reduction of its emittance as well. The brightness B of the particle beam (the current 
density per unit solid angle and per unit energy spread) is proportional to the 6D phase 
space density of the beam. This is a very important parameter of the beam quality. It 
determines the luminosity of the colliding beams and brilliance of the light sources based 
on particle beams. It follows the importance of the application of the cooling process for 
the particle beam.
The rate of the beam density change in circular machines is determined by the 6D 
damping increment 

,

Where                                is the friction force,     is the frictional 
coefficient, is the unite vector directed along the particle velocity,        is the 
particle momentum,              ,               is the averaged rate of the particle energy loss owing 
to friction, is the synchronous energy of the particle. It follows from the Robinson 
damping criterion [1], [2].
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Cooling based on friction: 

1) Radiation cooling, 
2) Ionization cooling by energy losses in media (bremsstrahlung, 
ionization, excitation), 
3) Electron cooling,  
4) Cooling of relativistic ion beam by counter propagated 
monochromatic laser beam, 
5) Radiative (Stimulated radiation) ion cooling by broadband 
laser beam. 

Cooling based on interparticle spacing: 

6) Stochastic cooling, 
7) Optical stochastic cooling (OSC), 
8) Transit-time OSC, 
9) Enhanced optical cooling (EOC). 



 

     Robinson’s damping criterion follow from the continuity equation in the 6D
phase space:  
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Finally the above equation can be written in the form ln / 0Frpd dt div Fρ + =
JG

. The 
solution of this equation is  

                                         
6

0 0
Frp D

div F dt te e αρ ρ ρ
− − ⋅∫= =>

JJG

.          
 



6 2
6

22 ( ) ( ) 1| | , , | , | .
( ) ( )

Fr Fr ord stim
D s s s s

Fr FrD

P p P p
P p P p

εσεα τ τ τ
β ε ε α

∂
= + = ≈ ≈

∂





Linear version of the enhanced ion cooling
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Linear version of the enhanced ion cooling



Nonlinear version of the enhanced ion cooling
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Nonlinear version of the enhanced ion cooling



The equilibrium energy spread of the ion beam in the linear case is 

, / 2 / ,seq Pε ε εσ ω τ ω ω σ ω ω= = >>= = = = =

where 2
lω ω γ== = is the average energy of scattered photons,

lω= is the energy of laser photons, 2/ im cγ ε= and 
2

im c are the relative energy and the rest energy of the ion.

Consequences from the quantum nature of the 
light scattering

The equilibrium energy spread of the ion beam in the linear case is 

, ,eqεσ ω= =



The nonlinear version of the laser cooling considered above 
is not optimal one. Faster increase of the power losses like
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nonlinear version is the topic for the future search.



METHODS OF FORMATION OF THE BROADBAND 
LASER BEAMS WITH GIVEN SPECTRAL 

DISTRIBUTION

1) The necessary power can be generated by broadband lasers filtered 
and then amplified by optical parametric amplifiers. 
2) An undulator with a deflecting parameter      together with 
narrowband laser light can be used for the ion excitation in the 
interaction region (equivalent to the broadband laser light). Tapered 
undulator with the magnetic field varying by definite law and 
monochromatic laser beam will be equivalent to laser with a broad band 
and a very sharp frequency cutoff. 
3) Successive frequency shift of a single mode laser by an acusto-optic 
modulator coupled to a passive ring cavity and other methods can also 
be used [4]. 
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Conclusion

Fast (enhanced) 6D ion cooling occur in the case of 
stimulated radiation cooling by broadband laser
beams. In this case the equilibrium energy spread and
6D emittance are extremely small. New generations of
light sources can be based on ion storage rings if
stimulated radiation cooling is used [7], [8]. 
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