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Abstract force caused by self-field has components
The possibility of selt-focusing of F, = 2‘7006[61 -g)lzx - (1= S)/af]x,
particles in cyclic accelerators is shown. 2)
The energy at which self-focusing effects
occur is found for some special cases. ) >
R, = 27Tpe [(1 +6)] 5 = (1 + )%/ 2,
’ 1. Iotroduction where e 1is the electron charge; the coef-
ficient ? is the fraction of beam neutra-
We consider the influence of space lized. It follows from equation (2) that
charge of accelerating particles on the focusing in ohe direction and defocusing
betatron osc;f}lation frequencies in cyclic in the other are posgsible (for example
accelerators'); 'I'ne possibility of the =1, &= - 1, B~1) when neutralization
self-focusing of beam during its motion in s absent (Z =1). The self-field of the
a cyclic accelerator is discussed. beam leads to a change of the index of the

magnetic field (n) that is equal to the
change of the betatron oscillation frequen-
2. Derivation of basic relations cy. This change is found from the equation
of motion of part%clgs in a ?agggtig field
in the presence of the self-fie of a beam.
The curvature of the vacuum chamber Thus, change of index of magnetic field may
is neglected. It is assumed that the beanm b ted in the f
is a cylinder of infinite length. If the € presented in the lorm
magnet gap, vacuum chamber and beam have a

genergl symmetry axis of second order, then An R 2 Q_Ex
the components of electric and magnetic x ® 5705 2
fields inside the beam to a first approxi- ne /B J x
mation have the form .
| 2 - 24 (3)
Ex = 2?10(1 -£)x, Hy = 27&0ﬁ(1 + g)z, A Ny = = ——g-—-é— ;—z'
) mc /3 S 9z
- -
/ By = 27p(1 +£)z, Hy = 2{70/5 (1 -8)z, where R is the radius of the acgeleggtor;
m is electron mass, ) = (1 -B%<)~ 1/2,
where the coordinates X and Z are with res- If the influence of beam charge on particle
pect to the axis of the beam in the hori- motion in the straight section is neglected,
zontal and vertical directions respectively; +then the change of the betatron oscillation
gp is the charge density; constants & frequency 4) is found with the help of dia-
nd depend on the form of the magnet gap, gram ) (n) for the accelerator. The neutra-
walls of vacuum chamber and form of the lization of beam by ions may give rise to
beam; B = ¥/e¢ , ¥V is the velocity of par- increasing of change of the betatron oscil-
ticles. Asymmetry gives rise to the insig- lation frequency when this change is posi-
nificant constant component in (1). tive in the absence of ions.

It follows from Maxwell's equations
and the symmetry conditions that for p £ 0,

3, Examples
lg&m, 1%@»0, 1%&‘50. 1g-‘-‘=<o,
)° x f) z JO z J° x Let us consider the following examples.
9§x gEz 25 ZH Conductive walls of vacuum chamber and the
+ P = 4790, =X _ 552 47,;@0 . surface of magnet poles are parallel and
Qx z 9; 9x have infinite extent in the horizontal
plane, the magnetic penetration of iron is
Thex:ei'ore, the magnitudes & and § must infinite, the beam is unbunched and all
satisfy the conditions -1 S & < 1, fields are time independent. In this case
-1 = < 1. Note that & is equal to using conformal mapping of the half-band
tor a beam in the free space; in the on the half-plane, one may obtain an ex-

general case & is not equal to & . The pression for scalar and vectore) potenti-
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| als respectively inside the wvacuum chamber
| of an accelerator in the form

\ 2(x .,z ) Jjo(x',z') In S dx'da‘,
| chTﬁ(x-x')+cos7£(z+z')

S = .
\ chE(X-x')+cosE(z-z')
‘ (4)
\ A(x,2) ‘ﬁjf(x"z') In G dx'dsz?,
| ,

G = (sin-fz' - chf(x - x')sinﬂ)a,.

q q q
+sh2.z(x-x') coszzz .
q q

‘ where A is the vector potential component
along the axis of the beam, coordinates
x,x' and z,z' are calculated from the axis
of the beam in the horizontal and vertical
directions respectively; q 1s the separa-
tion between magnetic poles; h is the ver-
tical aperture of the vacuum chamber. The
coefficients of proportionality in expreg-
sions (1) 27p (1 -£) and - 27

‘ are equal to the derivatives

%5, %
dx J x° ’;:8'

98, . P /ko
z=0

(1 -19%)

Ix  Ixd=

respectively. (For the sake of convenience
differentiation is perfo§med in the integ-
rals (4) in calculating dEy//x and QH‘E/jx
and then letting x=0, zx0. The constants

& and are then determined. In the
three special cases of practical interest
calculations are performed.

3.1 Circular beam

In the case of a circular beam of ra-
dius r««h and of uniform density we have

2 2 2
/A | e - 0 T_ (5)
E="g w2 3 g2

The focusing in the radial direction begins
from = 1.7 for the beam dimension

r/h = v/q = 0.3.

3.2 Elliptical beanm

In the case of an elliptical beam of

\major radius ay and minor radius a,

(axy<«<h, az«h) of uniform density we have

axag, axy - ag
£=6 h2 * ay + ag ’ (6)
8:-7-/:2 axaz 8 - &z
3 q ay + 8z

In this case it is worth while to present \
coefficients £ and in the form

E=E' +£1', =6 + &1, The coeffici-
ents £' and §' are due to the presence
of the medium and the coefficients £'' and

** are due to the non-circular form of

the beam. It is obvious for a circular
beam that we obtain £'' = §'' = 0. Foran
elliptical beam a simple calculation gives
E' = 8" = (ax - az)/(ex + az). For el-
liptical beam ay>>ag the self—%ocusing in
the radial directions begins at a iower

gnergy than tnat in the case of a circular
eam.

3.5 Rectangular beam

In the case of a rectangular beam of
dimensions ? and a, (az = h = q large
beam) and of uniform density we have

C‘;‘:']-%arctg (shg )'1, §=-1 \

¢))
If ay, = 2h the self-focusing of the par-
ticles in the radial direction begins for

X-"-‘ 1 (F = 0.24).

4, Conclusion

Thus, the effect of self-focusing in
higher current beams may have significant
influence on particle dymamics in a cyclic
accelerator. Moreover, this effect may be
used in designing beam tra??port systems as
was indicated in reference’/.

References

1. A.M. Sessler, Proc. 5-th Int. Conf. on
High Energy Accelerators, Frascati (1965);
CNEN 319.

2. W.H. Smythe, Static and Dynamic Electri-
city (New York, Toronto, London, 1950).

3. A.G. Bonch-Osmolovski et all. Trudy
Vsesouznogo Sovetshaniya po uskorite-—
liyam. Moskva 19Y70,v.2, p.507.



