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The most probable number of mesons is propor-
tional to AE2/3 in the center of mass system; that
is, n_ ~ (AE b)1/3 in the lab system. The experi-
ments show tLaat AE =nE; n changes little between
0.2 - 0.4. One can put therefore*** np ~ E 3.

In recent experiments ! the production of mesons
by bombardment of protons with neutrons at 2 x 10°
ev was investigated. The following reactions were
studiedin + po>p+p+n andn+p->n+p+n’
+ 7. Tt was found that Wz + »~)/W(z~) ~ 4. No
cases of three meson production were discovered.
From (9) one can find:

(12)

W(nt, ) (_5_4f2 g+ mf\? AEQ
W) 3= (g—f— 2mf] AE,

Assuming that in the mean 30% of the total
energy in center of mass system was transferred
to the mesons* (which does not contradict data of refer-

ence 1), wefindthat AE = 9(1.27 x 109 ev). Thevaluesof

g and f we take as usual, namely g ~ 8 - 10 and
f~0.2 — 0.6. All these values for f and g (g does
not possess a great influence) give values of WZ/W1
in good agreement in order of magnitude. Taking
into account that here W,/W, ~ 0, one should
put 0.2 < f<0.3. If we fad only PV coupling
(g =0), it would be f~ 0.5.

In an analogous way the probability of meson
production in meson-nucleon collisions is calcu-

lated:
e (13)
2"‘}‘3l N, '2 | 2 2 _on—2
SRR UL B— . omf) e
Wn= =72 (2n) ! (n —1)! (g ta +1 mf> ’
(Eo — energy of the incident meson in center of
mass system).
The author wishes to express his deep gratitude
to Prof. D. D. Ivanenko, M. M. Mirianashvili and
V. V. Lebedev.

* The use of perturbation theory would be more accep-
table if we had only PV coupling, as the constant of
this type of coupling is f < 1. However, even in the
presence of the two types of coupling, the results are
reasonable, as obviously the PV coupling has a greater
influence on the variation in probabilijty for different
numbers of mesons [see (11) and (12)].” A fast nucleon
in a collision with another one at rest loses in the mean
only 30% of its energy in the center of mass system,

which makes the use of perturbation theory somewhat
more plausible.

** We make use of dimensionless units: ¢ =#= K= 1
The mass of the nucleon m = 6.7; the energy unit, 1.4
x 108 ev;

x,=1x, ¥, 2, it; ©,=00/0x,, ©=00/dt.
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*** The used method is approximate only and does
not pretend to be rigorous. The part of the matrix ele-
ment containing the nucleonic functions is not given
explicitly . Kqnation (11) gives only the energy de-
pendence. One can assume, however, that the relative

probabilities depend only in a small degree on an and
a more exact calculation has little influence on nye
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HE influence of radiation should be, in general,

taken into account in investigating the motion
of arelativistic electron in a magnetic field. The
quantum mechanical treatment of this problem, based
on the Dirac equation, has been given by Sokolov
and Ternov.! The motion of an electron is described
by two quantum numbers. The interaction with the
field of virtual photons gives the probability of the
change of these numbers, and consequently the
change of trajectory in time. In reference 1 a for-
mulawasfound giving the increase of the mean-
square fluctuation of the radius with time, an effect
not possessing a classical analogue. At the same
time simple physical considerations?2 show, tha

the quantum (wave) character of the electronic mo-
tion should reveal itself only at energies £ > £, ,
=mcXRme/H)*/2 (R = radius of the orbit.),r;vhicﬁ,
for usual values of magnetic field intensit{, amounts
to the extremely great value of Ey;™10 5 ev.

It is therefore not necessary, in studying electron
orbits at E << E /,, to use the solution of the
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Dirac equaion, a procedure connected with tedious
appraximation by Laguerre polynomials.

We would like here to draw attention to the fact,
that the above -mentioned effect of ““widening’’ of
the trajectory can be very easily obtained and ex-
plained on the basis of the usual classical theory
of betratron oscillations, in which we need only
to take into account, additionally, the statistical
character of radiation. This approach permits us
not anly to obtain all the results of reference 1,
but also to correct certain omissions there from.

From the point of view of the theory of betatron
oscillations, the emission of a quantum of the
energy ¢ =fiw is accompanied by a discrete shorten-
ing of the radius of the so-called instantaneous or-
bit, about which the oscillations occur, by the
amount

Aty =(c/EYR/ (L —n), M
where n = —(R/H) 0H/JR is the magnetic field fac-

tor. The anplitude of the oscillations changes as
well by a given value AA. The random changes
Ap, and A4, added statistically, bring about the
“widening”’ of the trajectory. The situation here
is mdogous to pendulum oscillations (betdron os-
cillations), the point of suspension of which (in-
stantaneous orbit) is subjected to random impulses,
governed by a given distribution law.

We shall consider an electron, having a constant
energy (in the mean), moving in an axially-symmet-
ric magnetic field. The equation of the radial mo-
tion of such an electron can be written;

(2)
T k

P"+P=gm—11t7{> h (\Z SzS(T—TL') dT—DT}'

=1

where v = (¢ /R)VI—n t, e;="hw;is the energy of

the ith emitted photon, & = delta function, p = de-
viation of the particle from the basic orbit of radius
R, which is determined by the condition, that the
mean (in time) energy E'= eH(R)R. The € and 7
in Eq. (2) should be regarded as independent ran-
dom variables. The right side of Eq. (2) describes
the influence of radiation fluctuations, the constant
D, describing the compensation of losses, being
selected so that p = 0. Finding the oscillatory

2 .
part of the solution of Eq. (2), P betr and taking
its mean value in time, we obtain
~ 1 < oe
pgeT: 2e% H2 (1 — n)? 2 €jntp (3)
=1

where ‘ﬁj is the mean number of photons of jth
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frequency emitted during the phase % Passing, with
the help of well-known formulas (see e.g. reference

3) to the continuous spectrum, and taking the mean

we obtain

5

6 L ek (b> . (4)

2 = e
der 48V 3 (I — n)* mc Rme \mc?

This result is easily generalized for the case of a
slowly (adiabatically) varying field. Since the
betatron oscillations are damped as H-1/2 ~ E-1/2,
it follows immediately from Eq. (4)

¢
_h ome(/ E )’ (5)
48V3 (L—n)® me Rme ™ E met ) At

0

S 9 1 e

Poer =

which, as well as (4), exactly coincides with the
results of reference 1.

Apart from the excitation of the betatron orbits,
still another effect, not mentioned in reference 1
and consisting in statistical ‘‘widening’’ of the
instantaneous orbit ry itself should be taken into
account. We have then only 7v =X, and not

ryw=R, | as it has been assumed in reference 1.
The expression for p> can be written therefore

Pt = P Pier (6)

We shall note, that one can, of course, deduce the
expression for p2 directly from (1).

For the explanation of the behavior of fluctua-
tions of the instantaneous orbit we shall consider
the acceleration of an electron in a hypothetical
betatron, in which radiative losses are compen-
sated in the mean by the vortex field. Writing
down the energy change of particle on an instan-
taneous orbit, Py We obtain the e quation

sl — D5 (t—t)] - ()
do,, i ¢ H
ar = ) —gd+aem

where € — is the mean value of the energy of quanta
emitted at a given energy E, anis the mean number
of such quanta, emitted in unit time, and

3—dnexc [ £\ 1 (8)
1—n R? \mc2 »L-:'

2
g=—3—

Solving (7), we obtain, for g >> 1 and linea increase
of energy with time,

=, 5V3 %R 1
Pu = g6

[ E ) (9

“me (I — 1) (3 —an) \mc?

It is interesting to note, that (9), obtained for the
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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:

2

55V3 %R 1

96

—_—

s - (£
bet™ me (1 — n):\me*) *

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.
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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)°'



