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betatron in question, coincides with the expression
for the mea square amplitude of small ralial phase
oscillations in a synchrotron, caused by radiation
fluctuaions,* while the condition g >> 1 is equiva-
lent to the condition E > E,=10° ev assumed in
reference 4. The slow dependence of (9) on time
(or energy) is explained by the strong influence of
the damping due to radiation.

Remak received during proof: Further investigations
by the authors show, that if Eq}.(Z) is complemented by
a term accounting for the law of conservation of momen-

tum in raligion Frocesses, one obtains, insteal of Egs.
(4) and (5), the ollowing formula:
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which materjally differs from the formula of Sokolov
and Ternov .

This problem is studied in detail in another article
by the authors®.
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T is well known tha the quantum fluctuations

of the radiation of arelativistic electron mov-
ing in a magnetic field leads to the particular effect
of “‘broadening’’ of the trajectory. This was no-
ticed first by Sokolov and Ternov'. The effect
of radiation fluctuation on the excitations of syn-
chrotron oscillations in accelerators with weak
focussing has been studied by Sands? (see also
a paper by Lebedev and the author®). The aim of
this note is the investigation of this effect in strong
focussing accelerators* whose designing is now
under consideration.

LETTERS TO THE EDITOR

Consider a system composed of sectors with mag-
netic field (with an angular spread v each) and sec-
tors free of field (of length L each), forming iden-
tical elements of periodicity. The magnetic field
gradients (large in absolute magnitude) have oppo-
site signs in neighboring sectors. If the electron
energy deviates by AE from its equilibrium value,
the instantaneous orbit near which the betatron
oscillations take place are deformed and deviate
from the main equilibrium orbit by a length Py 0),
which can be written in the form:

Pu(®) =(RY(®)/|n|)AE/E, (1)
where R is the radius of the main orbit, n =the index
of the magnetic field (171>1), 6 =the general-
ized azimuth, ¢ (8) = a function determined by
the parameters of the system and having a period
equal to the period of the system 8, =2=/N.

For the behavior of the function ¢ () in the simplest
case, see reference 4. In the case of weak focus-
sing, the expression ¥(0)/17] in (1) is replaced
by 1/(1 — n) where 0 <n <1. The mode of the syn-
chrotron is characterized by AE, pM(O) , and also
by n=¢—9, ie., the difference between the
phase @ of the particle (with respect to theaccelerat-
ing field) and the equilibrium phase /,- Using (1)
we get the relationship:

by AE Ao 1 o

s|n| E "o qw dt' Ry’
where o is the rotation frequency, q = the accelera-
tion, and ¢ =the average of Y¥(6) over the regions
with magnetic field.

Using the well-known expression for the instan-
taneous power of radiation loss®

d‘l) L (2)

dW | dt = (2¢*c [ 3RY,)(E [ mc?)* (3)

One has to take in consideration that, in the
given case, the radius of curvature R¢ of the
trajectory at the point of the instantaneous orbit

does not coincide with the radius-vector of the
4 11.(6) § (0) Px (0)

point:
¢ (9) R ] ’

Rep =Rl1+ L]

Writing the balance between the energy received
by the particle from the accelerating field and the
energy used up by radiation in one period (taking
into account fluctuaions), and using equations
(2)-(4), we obtain the linearized phase relation in
the form

(4)

a1 (Q dW | .\ dn
a2 " E\ Tar E) dt (5)
+ q(n??',aH eV, sin @, qm@H o
sin|E —0‘""|n|E(a1_al)°'
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where V  cosgis the accelerating potential; € —
the mean value of the quanta emitted by the elec-

tron at the given energy E; @ — &, — the deviation
(fluctuation) of the number of quanta emitted per
unit time, from its mean value; the coefficient Q

is determined by the accommodation parameters

Q=2+4y— by + g/l nl, (6)

where l]/"F and ¥ _ are the averages of ¥/(6) over
focussing (n < 0)”and defocussing (z > 0) sectors.
The calculations show that ( ~4. Note that the
coefficient £ of d,,/a’t in (5) can be neglected in
that range of energy where radiation (and its fluc-
tuation) is important. Assuming a linear time de-

pendence, we can solve Eq. (5). For the mean
square of 5 , we find:
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where the factor ¥4 /QI7| isapproximately equal to
1/|n|. Equation (7) can be used to find the azi-
muthal dimensions of the electron concentration,
which are of some interest for evaluation of loss
by coherent radiation.

The largest radial deviation p_ _ of the instan-
taneous orbit is determined by (1), when y(6) is
given its maximum value l//m (0. Using (1), (2),

(5), and (7) we obtain the mean square value:

(8)
o2 = (55V3/96) (kR | me) (U2, / Q1 n ) (E  me2).

Note that exactly the same correction characterizes
the instantaneous orbit in a strong focussing beta-
tron, in which the radiation losses compensate on
the average. The evaluations show that, near the

center of steadiness (V' [n|v=¢t=/2) the factor

ax / QU7 P=10/[n|2 , while in the case of

weak focussing?? it is replaced by the expression
1/(1—n)(3—4n), which, for n ~\ 0.6-0.7 is
"2 10. The small dependence of G‘fnax onk ortis
explained by the influence of powerful extinction
linked to the large magnitude of the mean radiation
losses. This extinction has a simple physical meaning.
It can be shown that it corresponds to the fact that
when the orbit is displaced along the radius, the
particle radiates in such a way that the change of
its energy tends to restore the instantaneous orbit
in its equilibrium position.

If, for instance, we let H, ~10* oersteds,
then, according to Eq. (8), we get the evaluation
& <EsN/In|, which shows that
E=~5_:10BeV is only of the order

2
pmax
even for
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of a centimeter. The considered effect has thus,
by itself, no appreciable effect on acceleration.
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XCITED atoms, in which one of the interior

electrons (say a K-electron) is missing, undergo
transitions to a lower energy state by means of
radiation of a quantum or by a nonradiative transi-
tion with the emission of an electron (Auger Effect).
The total number of transitions per unit time (l/c)e
has been obtained for the nonrelativistic case for
arbitrary Z with the aid of the Coulomb function.!
Only in the case of the interaction of L-electrons
(for Z = 47) has the screening of the atomic nucleus
been taken into account.?

In first arder perturbation theory,

% - 2%, V (sdamy, nalsmy | 100, kL m)
— V' (nylomsy, nylym, [ 100, RUm') |2
and
% - 2: [V (nylymy, nslams | 100, RUm') |2

for the interaction of electrons with parallel and
antiparallel spins, respectively. Here we have

the matrix elements of the operator V = l/lr1 -r,,
which corresponds to a transition from a state witﬁ
quantum numbers ny, Iy, My; my, Iy m, to a state



