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TECENIQUE OF RACE~TRACK ICROTRON
INJECTION INTO LINAC

Tumanian A.R., Tumanian R.V.

Yerevan Physics Institute

A new technique of the beam injection into the linac accelera-
ting section of {the race-track microtron is considered in this work,
The essence of the technique consgsists in the injection from the outer
area of the microtron into the area of the coincided orbits of the
first end magnet in such a way that the trajectory of the injected
beam has the form of the intersecting loop. It is achieved with
the help of the additional displaced field made by the distortion
of the scattered fields of bvotir end magnets in the area of the acce-
lerated beam coincided orbit intersection witlhi the border line of
interpolar gpace magnets.

The given figure .shows the scheme of charged particle beam in-
jection into the race-track microtron, where 1 - the injected béam
trajectory, 2 - the injected beam intersecting loop trajectory,

3 - the end magnet of the microtron, 4 - gradient field area,

5 - the end vertical plane of the magnet poles, & - the accelerating
section, 7 and 8 - the first and second turns of the circulating
beam, 9 and 10 - regions, where the displaced magnetic field is
excited,

The realization of the technique may be carried out by active
and passive ways. The active way, for example, may be carried out
by the pole-face windings of the definite configuration. The passive
one may be done by changing the poles' end profile of the field end
magnets or by making the ferromagnetic screens with the slot in
the scattered fields of the end magnets., Let's consider the latter
way in detail,

The field in the median plane of the end magnet, between th
magnet and the screen, being at the angle to the front of the magnet,

has the following view:

Bx :BY:O
Bz =B, Y = [BoJx )axzag X/y

(1)
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Zgo-'ﬁhe field in the magnet, the angle 9ﬂ ig counted off from
the screen,

vecvor potential may be cuogen as

Ax =/42 =
Ar = /50/%)yf/f/

o $=H)y, Fly)= g omaty) - /ZZZ//+;/ (2

©0 golve eguations of particle movement in the field (1) we assume

41

the approximation on the orvit as Y = )4== congt. Ehen the vector

potential (2; will depend on Y =2nd the summarised pulse 9Dy will
be approximately preserved. In %his approximation we get the tra -

y CZV _ X-“(_Q X/oﬂ)/p/f) 3)
X N )

jectory:

wiere v ~ full speed, >/ >/ initial speed component, }’
is supposed independeat of ::)94V . The turning angle of the
o

particle flying into the field towards the screen at the angle of
72 - and leaving it after describing a loop in the scattered.

field is 26 . 3ince the full turning angle of the incoming partil icles

is suitable to take as =%T2; the angle A Dpetween the screen and

the magnet must be equal to 9%/4., The distance between the points

of particle .ncome nd outgoing on the screen is the integral orf (37,

V.~ (1 Y/ ) Fl}?) A B,
22 f Ve g s = nc

where j}z - is the remotest point of the trajectory Ifrom the

screen, and is determlned from the equation
A »/ ‘
F/fﬂz)zd_ﬂ_y (/7‘5'[/20(/) ('57
-4

“he integral (4) has no strict solution, so it can be not only
calceulated numerically but also approximately integrated.
Then we'll Laves
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Equation (5), except the smallfm , has no strict solution either:

Sn<<1 F)= 5755 fnmAf2VY (148 11

For the end magnet with the screen o turn the circulating beam
[¢]
by 180 , the following condition should hold:

el (x)=(%/4) F11) (5)

where (I - the width of magnet gap, Ty - the potential of the
gcattered field without the screen, X, - the point, where the
gcattered field is equal to zero., The potential /[; is logarithmic:

A’/x)://z/ﬁ- X/[Z)’ 30 the distance between the magnet and the
screen at the point of outgoing of all the orbits will be:

: £ (%)
ﬂC: %5&/‘20( = 0(,/[’/// &/Z (9

The accuracy of all the formulae is estimated in the approximsiion
(77 as:

=AYy f) 5 ay=A oY A
14)=29%; (14 Sind )2+ [/ 211+Sint) = 2,6

The numerical example: if /3 =0,1; f: 1; H = ’104, x,- 3a ; )/ /25””_
d =5 cm, then af -8,8 cm; AY = 2,8 cm; A)/)A, 20 %

Thus the creation of the displacing gradient field at the end
sections of the race-track microtron end semimegnets provides
the possibility of obtaining the ttajectory of a full intersecting
loop by the injected beam.

The setting of the gradient field boundary at the acute angle
to the bordering vertical plane poles of the end magnet provides
realization of the injection from the outer area of the microtron.
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The application of this technique will apparently essentially
enlarge the possibilities of construction of the race-track
microtrons, simplify the injection system and facilitate the tuning
of the beam injection and calculation. All these will ensure safety

and high quality of microtron operation.
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