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1. Introduction pc = eH (rc) • r c • A , (2)

aa;' (4)

where A depends upon the quantities describing the
field variation (E ,dE/dr ,N). The elongation of the
closed orbit due to forced oscillations in the pre
sence of variation can be taken into consideration
by the factor a, i.e.:

where y =l/~, Hc = Ho(rc/ro)n.

From Eq. (4) it follows that in order to keep
the isochronism of closed orbits it is necessary to
hold the conditions

(3)L = 2nrc • a •

With these notations, for particle motion in the
ma~et~c field (I)? where H(r) = Ho(r/rc)n, the
varlatlon of rotatlon frequency of closed orbits
can be written as

Here a possibility of developing a circular
cyclotron is considered, which has -- along with the
isochronism of closed orbits -- the dynamic similar
ity (constancy of natural frequencies) in the mirro~

symmetric spiral structure of magnetic fields when
the kinetic energy of the injected proton or elec
tron beam exceeds Eo.

The cyclotron method of particle acceleration
for generating accelerated beams of maximum intensi
ty is beyond competition nowadays for its perfection.
The cyclic accelerators of other types are not com
petitive owing to their duty-factor and linear
accelerators because of the great losses of RF power
in the continual regime of operation. However, the
absence of dynamic orbit similarity in the cyclotron
method of acceleration limits considerably the maxi
mum kinetic energy of proton cyclotrons which are
either under investigation1 ) or under construction
at present2 , 3) • The limitation is a result of shift
ing the working point to the region of integral
resonance on radial oscillations at the kinetic
energy close to Eo.

2.

Fig. 1.

n/l+n - l/l+n
13 • y

0,95

(5)

f )
lCl+n) (jn/(l+n)

~ . JL =
y 80

8n/(1+n)
Co yl!Cl+n) .

( )

l/(l+n)
Ao a
T · a; =

The diagram of the right-hand side of Eq. (5) is
shown in Fig. 1.

Dynamic Properties 0 f Orbits in the
Spiral Structures of Magnetic Fields

The properties of orbits in fields of the type

Denoting the mean radius of the closed orbit
for the particle of the momentum "p" by r C' one
takes into account the change of H(r)r compared to
the azimuthally symmetric field by the factor A, then

Hz = H(r){l + E(r) sin [N~ - K(r) In :'J} (lJ

have been described in other works 4
-

6
). They give

the dynamic similarity of orbits, provided that
(E,n,K) = constant, where n = (r/H)/(dH/dr),
K = N/tg a, a is an angle between the tangent to
the spiral and the circumference, N is structural
periodicity. From the above-mentioned conditions,
only the condition n = constant is sufficiently
strict for the field (1), since the frequency of ra
dial oscillations is determined mainly by "n" and is
weakly dependent on E: and K. The relations E, K =
constant are a condition for the geometric similar
i ty of orbits. However, this similarity is a suf
ficient but not a necessary requirement for the
constancy of the frequencies of natural oscillations
during acceleration. Taking into consideration ~
fact, let us consider in more detail the effect of
the variation parameter of the magnetic field upon
the isochronism of closed orbits.
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3. Detennination of the A and a Coefficients and equals

The A coefficient characterizing the radial
packing of closed orbits is fOlUld from the following
equation:

x ~ 4(N2 - n - 1) 2 • (12)

The solution corresponding to the closed orbit
with the mean radius can be fOlUld in the form

4. Numerical Illustrations

As an illustration of the method described
above, the proton and the electron relativistic
cyclotrons of 7 and 2 GeV, respectively, have been
calculated.

where

~(¢)

2n

J ~(¢) d¢ o .

(7) The possible parameters of such accelerators
are presented in Table 1. The accelerator para
meters of Table 1 have been obtained by using the
approximate expressions of the linear theory and
need, lUldoubtedly, additional precise determination
by means of the computer.

A particular periodical solution of Eq. (8) may be
fotIDd in the form

~" + [i -1 + I + I (2 + n + £) sin N¢ - e:~ cos N¢] ~ =

The linear approximation (of ~) from Eq. (6) is
the Mathieu equation having the following right-hand
side

Protons Electrons
Parameters End of End ofInjection acceleration Injection acceleration

W (MeV) 2000 7000 50 2000

r (m) 32.05 33.33 7.55 8.15

H (rc) 2820 4000 74 8000

e: (r) 1 4 18.2 1
de:/dr em-I 0 0.045 -0.48 0
A 1.02 1.97 3.0 1.02

Spiral

angle a0 17 58 50 7
n 8.8 61.3

N 14 34

Qr 3.1 to 3.45 8.1 to 8.45

Qz 1.4 1.4

(8)l Ie: . N'+'- I - I Sill '/',

where

00

~ = L ~v sin vN¢ •

v=l

(9)
The emittance of the beam for which the viola

tion of isochronism does not affect the phase mode
of acceleration (isochronous emittance), exceeds,
as a rule, the corresponding space emittances •

In the first approximation the quantity Afrom
Eqs. (8) and (9) is obtained from the equation 5. Conclusion

(10)

Equation (10) was checked by detennining the
parameter by means of computer calculations of
Eq. (6).

Some theoretical investigations are given which
point to the possibility of applying the cyclotron
method of particle acceleration in the relativistic
region of velocities, the dynamic similarity and
mirror-symmetric structure of the leading magnetic
field being conserved. This possibility may prove
optimal in designing powerful K-meson generators.

The coefficient a, corresponding to the elonga
tion of the closed orbit, is calculated from the
relation
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DISCUSSION

T. K. KHOE: What is the weight of the cyclotron?

V. P. DMITRIEVSKY: So far we have only been con
sidering the idea and no weight has been calculated
yet. But dimensions are given in the Table in the
paper. We envisage a ~r about 1.2 m.




