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In accelerators ,  part icles exper ience energy losses caused by various effects ( ionizat ion and bremsstrahlung on 
residual gases, magnet ic  bremsstrahlung, etc.).  These losses and their compensation by the high-frequency a c c e l -  
erat ing f ield lead to the following consequences: 1) oscil lat ions (betatron and synchrotron) are exci ted  as a result 
of  the discrete nature of the losses, while the exci tat ion mechanism recalls  the exci ta t ion of oscil lat ions in an os- 
c i l la tor  under the action of noise; 2) the energy losses, on the average,  produce a force which may play the role of 
positive or negat ive friction act ing on the oscillations. Until now, this problem was considered only for one par-  
t icu lar  case - the loss due to magnet ic  bremsstrahlung in the re la t ivis t ic  motion of electrons (see, for instance, 
[ I ] ,  Ch. 5), 

The present a r t ic le  provides the expressions for the decrements of betatron and synchrotron oscil lations in the 
presence of arbitrary energy losses. These expressions, which hold for any par t ic le  energy, make i t  possible to es t i -  

mate  the magnitude and the sign of the friction connected with the losses and also the eff iciency of any method of 
a r t i f ic ia l  osci l lat ion damping. 

We shall  abstract ourselves from the above-ment ioned  osci l la t ion exci tat ion connected with loss fluctuations. 
This exci ta t ion bas ica l ly  depends on the ac tual  conditions, in part icular,  the fluctuation distribution function. 

Let the instantaneous energy loss P depend on the to ta l  par t ic le  energy E, the magnet ic  f ield B at the point in 
question, the radial  coordinate x (along the normal  to the equil ibr ium orbit), and the general ized az imuth  0: 

P = P(E, B, x, 0). 

For determining the osci l lat ion decrements,  we shall  consider the equation of me, tion of particles: 

P dt ( m v ) = e  [vB] - [ - e~ - -  ~ v, (1) 

where the last term represents the damping force connected with the energy losses, v and m are the ve loc i ty  and the 
to ta l  par t ic le  mass, respect ively,  and s is the e lec t r ic  field. Equation (1) holds if  the direction of the dissipative 
force is in opposition to the ve loc i ty  direction. 

From Eq. (1), we can obtain l inear ized equations describing the morion in the symmetry plane of a cyc l ic  ac -  
celera tor  in the v ic in i ty  of the equi l ibr ium orbit (see [1], Ch. 5, paragraph 2~: 

d2x ( ~ ) dx K 2 K e (2) 
dO 2 + F t + ' -  -dO-+K~-o ~ ( t - n )  x =  g~ Es ; 

t de eV sin q9 8 = q 
E dO 2,~E 

--P(O) lnE ~ . / Y  + 
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where K = K(0)  is the curvature of the orbit, 2r t /K 0 is the length of the orbit,  n = (1/KB) �9 (SB/i)x) is the field index, 
8 = (v/c) ;  e = E - N ;  ~ = 0 -  r where r and ~ are the equi l ibr ium values of the phase and the energy, respect ive-  
ly, q is the mul t ip l ic i ty  of accelerat ion,  w is the angular frequency, Vis the ampl i tude  of the acce le ra t ingvol tage ,  and 

dO = q  K z - -  r i =  (4) ; F =.. --~-~ ; E dO 

The closed perturbed orbit  x0(0) is described by the expression 

(0) =~((0) z ' (5) ~C 0 

where # (0) is the known periodic function of the orbit. 

By means of Eqs. (2)-(5), using the methods appl ied in ['1] (see Ch. 5, paragraph 3, or Appendix D), we can 
find the expressions for the decrement  (~x) of radial  betatron oscillations and the decrement  (~,) of synchrotron 
oscil lat ions,  connected with energy losses: 

1 /  " t  " ~ \  
<~;x~ = y  \ r  ~ w - - F  , / /  ; (6) 

c ; o = y \ r \ ~  ls~ FF//, (7) 

where ( ,' denotes averaging with respect to O; 

�9 Kap / 0 In P ", 

From Eqs. (6) and (7), we find the sum of decrements 

10lnP'] 
K Ox A "  (8) 

t / y ,  , O l n p h \  

which character izes  the rate of change in the over -a l l  phase volume of oscil lations during the process of motion. 

The found Eq. (9) indicates that this rate is determined only by the dependence of losses on the energy E. If tile 
lost power P decreases with an increase in D faster than E -t,  then, o < 0, which corresponds to an increase in the 
total  phase volume,  for which simultaneous damping of betatron and.synchrotron oscil lat ions cannot be secured. 
This can be ensured i f  P decreases more slowly than E "t, and even more so i f  P increases with E. 

As an example ,  we shall provide approximate est imates of the o value  for certain part icular  eases. 

1. Ionization losses lead to the buildup of oscil lations for B < (1/4-2) :  

t i , /  213~--1 \,, 
p ~ - f f , a ~ 7 . , r  82 / .  (10) 

2. Bremsstrahlung losses lead to the buildup of oscillations for B < (1/2): 

P--[~E~,a~-~ r [3, /. (11) 

3. The loss due to magnet ic  re la t ivis t ic  bremsstrahlung (B = 1) 

~,, E~ ' ~ = 3  (F )  (12) P 

leads, as is known, to the damping of oscillations, which is of great  impor tance  for the operation of  electron a c c e l -  
erators and accumulators.  

The ca lcula t ion  of the root -mean-square  ampli tudes of the oscillations exci ted  as a result of losses due to 
ionizat ion,  bremsstrahlung, etc. with an a l lowance for the friction described by Eqs. (6) and (7) will  be presented 
in another paper. 
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