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First proposed by Vladimirskii in 1956, the beam foousing mcthod for
a drift-tube proton linear accelerator,which uses a quadrupole cenfigura-
tion of an acoelerating zap has been treated in /1-7/. However,originally
it required rather a high injection energy /8/, In 1964, Teplyakov /9-11/
has found a way to expand the limits of the UF focusing by inserting two
accelerating gaps with different focusing action into each accelerating
period, Values of current considered in /1-11/ were low, It is the aim of
this report to analyse the !IF quadrupole foousing in a linac with suitab-
ly positioned lenses,for a high current bean of accelerated particles,

e shall assume that focusing period, L ,holds an even number X of
accelerating periods, D , each consisting of two accelerating gaps with
equal transit time factors,T. The midgaps are spaced by,ﬁﬁ ,i.e, by a
transit angle 42 = 3€.2x /‘3/\ . An accelerated bunch is represented by &
uniformly charged ellipsoid, A guadrupole lens is inserted only into the
second gap to obtain optimuw focusing actlom /11/, ¥We shall suppose that
the defocusing forces of both the accelerating field and the self charge
are uniform over a period while the quadrupole forces are concentrated
at the center of a lens.

With the cbove suppositions,the equation of partiole motion as pro-
jected onto the transversal }{ -axis is /8/
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where the summation is made over all the lenses, &
ing and defocusing half-periods,correspondingly. The equation in terms of
T{ is similar to this one but for the sign before A . In (1)
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are dimensionless co-ordinates, P:h%&/yq-ﬁt
briun particle, m, and [ are the proton wass and velocity,
C is the velocity of light. The defocusing paraweter, A , and the focus-

ing parametler, Az', are given by

A= A+ PE, -”";’5"; 7 3
Ao R v QE, fass Yo s) ]
= SPELM, A= kSPEM, @
xe L*[{-g?) f&}_bzfi pz)g/2 _ ,.é: M. . (5}
- m,ciﬁg" 1 Q= — metats 7 o= He %

In (3) the Ac¢ and A:’ terms represent the defocusing and the quadru~
pole action due to the bunch self-charge (usunlly 4 ._-/,“:/,4‘:5 012‘ ),
and the P and ) terus repvesent the defocusing and the quadrupole
action due to the acoelcerating field, Iurther, Y is the particle phase
related to the accelerating wave, Y. is the eguilibrium phase , &, =
__zf 7%ar£. ‘9 1s the accelerating ficld amplitude, Zﬁ” is the voltage
amplitude across the accelerating period, qu, is the distance between
the opposing (of the same sign) lens electrodes. The quadrupole lens pa~

rameter is
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where f; and £; are the cross-sectional components of the gap field,
In (3) - (5) JO
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is a parameter propnrtional to the bunch ¢harge density, l: is the beam

current, y and 4,

/ﬂg Is the ellipsoid form factor, and @, , g,
are the ellipsoid semiaxes,

Fig.l illustrates the diagrams of radial oscillation stability in
terns of A one (that drown by dash-and-
dot lines) for n’_AZ and the othier (that drown by fiat lines ) for,&g 4’.

The foousing mode is represented in the (14 ,AZ }=-plone by a poznt that

und ,ﬂi'plotted for two cases:

moves during oscillations of the phase ¥ along an are of ellipse de-
scribed parametrically by (3). %We shall limit an operating region of the
diagrom by a straight line at the left side and by a parabola at the

right side (Lhe dashed lines in [ig.l):
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Sinee the are of cllipse wust fofl entirely into the operating region (8)

the value of ﬁ? 15 limited by
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Here /‘fz- \/ £~ xr‘) M, 8nd the phase ¥~ & .y represents the intersectionm
point of the arc of ellipse and the right-hand bound of the operating
region. From (9) it is clear that a displacement of the lens off the cen-

ter of acceleration period frooilitates focusing by expanding the range
of permitted values of £, . It resulis from (9) that the injection ener
gy can not be less than
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If the current increases g&om zero to its maxinum“vaﬂun ‘IM

per limit of £,
right, An inorease in current has a two-fold effect on the lower limit of
£, : ellipse shifting to the right in an increase of ,f/& while the
phase oscillation diminishing results in a smaller Y, in the left-hand
side of (9), Which effect dominates on the values of 4, , M, , ond§ .
The table below gives the permitted injeotion energy M‘Q
responding values of £, for various shift angles £ determined from (9)-
(11) with ¥ =4, K =1, ) =2m, @ =1 cm, @ =0.125, @ =30°, £ =0.2, M, =0.33,

then the up~
increases due to the ellipse ocenter (3) shifting to the

and the cor-

k =10, £, =11.0, f =0.026,
& =0° £ =20° & =30° & =40° £ 250°
I=0 |I =LiT=0 (LT (1=0I=0 I-0|I=1 |10 I-1,
W“?Mev 3,57 | 3,57 | 1.33] 1.33 | ¢.88 0,93 | 0,58 {0,609 | 0.28 0,51
E o kv/em | 7.8 1 70k (12,3 [ 12,3 [ 15.1[14.8 | 18,7 {16.3 [36.2 !17.5

As the veloecity of particles grows the lens displacement decreases to
become unnecessary at an energy of 10 or 15 MeV., This decrease results im
a better field efficienoy, The walue of & can be lessened smoothly down

to 20° after which it is more dcsirsble to turn to a one gap per accelerat-
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ing period structure ( £ =0), To avoid a lowering of the upper limit of
[;' it 1s better to use gradually weakening quadrupole lenses (with a de-
creasing 3 ),

F'ig.2 illustrates an approximate variation of & and 2 as well as of
their corresponding lower end upper limits of E% for the input part of
the acocelerator beginning with |’ =0,75 MeV ( f =0,04) up to M/ =12,25MeV
( F =0,16). The curves are valid for any current between zero and

with the above parameters,

It 1s concluded that the accelerating-field quadrupole focusing im-
poses directly no extra limitation on the beam current that is still 1i-
mited by phase oscillation conditions alone, However,iniroduction 6f an-
other gap lowers the efficiency of field utilization proportionally te
cos& . In addition,gaps with a quadrupole geometry are more subjeocted
to a breakdown so that the accelerating wave amplitude is limited by not
so high a value, This results in a lower current limit as imposed by

phase oscillation conditions,
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