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A 600 kV proton injector for a lirear accelerator

Yu. M. Antonev, L.l @7

The present report devcribes a proton ilnjsehor
with a pulsed current of 50 mA and a beam energy of 600 KeV.
It inciudes a description of the proton source, the accele-
rating ccolumn aad thelir power oupplies. It alsoc deals with

beam focusing in the columu.






1. THETROLDUCTION

To produce the injection current for the 10 GeV
Synchrophasotron of the Joint Institute for Nuclear Research,
the auvthors had to construct an ion scource giving a high
current proton beam, to extract this beam and to focus it
for acceleration vup o 800 KeV. The geometry snd angular
divergence of this beam at the output end of the column had
to satisfy the conditions regquired for injection into the

linear accelerator.

2., ION SOURCE

The work involved an ion source for the production
of a gas discharge plasma, with a double constriction of the
plasme thread, using the oscillaftion of electrons in an arc
discharge. The source was desipgned at the Institute of Phy-~
sics of the Academy of Science of the Georgian 5.S.R., and,
Jointly with V.M. Blagoveshohenskij, T.I, Gutkin and Yu. V.
Kursanov, of that Institute, subsequent modifications and con-

structional improvements have been made in our laboratory.

A schematic cross-section of the source is shown

on fig. 1.

The source cathode OJ is made from a standard
T 1 - 90/8 thyratron. The cathode lead-in wires (2) are
cooled by circulating water and insulated from the flanges (5)
of the cathode by P.T.F.H. insulators (4). Hydrogen is fed
into the discharge tube via a palladiuwm filter fitted to the

pipe (3).
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The inner cavity of the intermediate anode (6)
forms the cathode region of the discharge; the presence in
S e S X

the intermediate ancde of a channcel (15) 9 mn in diameter and

spherical boundary,

ads to a

10 mm long causes the lormation of a hend

whose spherical part {aces the cathode and which L

constriction of the plasma throad. The intermediate anode
is also cooled with water circulating in the cavity (7} A

coil (8) is wound directly on the intermediate anode to create
an sxial magnetic field which constricts the plasma between

the channel {15) and the outlet (17). The intermediate anode,
the envelope of the source (16) and the outlet flange (12)

form a magnetic path.

The copper anode (10) has an aperture 9 mm in diameter
in line with the channel {(15) and the outlet; the electron oscil-
lation takes place in the gap between the last two. Inuset in
the outlet flange of the source (“anticathode”) is a plece of
non-magnetic material (1%) (tungsten or stainlesa steel) with an
opening 2 mm in diamneter and ~0.95 mm long, ™

As the source operates al a potential of 600 ¥V with
respect to earth, all the power supplics were mounted on a column
2.6 m high, nade of porcelain iasulators and equipped with 1ts own
220V, 5O c/$9 4.5 ¥W generator to which 1s connected a 220 V,
500 c/:—s9 0.6 kW CM generator. The drive to the generator from
an electric motor at sarth potential ig provided by a wood and

hakelite shaft 2 m long.

* It ig mosit essential to design the outlet channel in
such a way that one minimises loss of ion current to the wall of
the channel; the necessary condition for the outlet. channel isg
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& schematic diagram of the power supply is shown

on fig. 2.

The source cathode is heated by 50 ¢fs a.c. 7.8 V
and 6.4 A from a TP 1 step-down Ltranslormer. The hydrogen
pressure in the discharge chamber is maintained at about .
1.5 - 10“2 mm Hg; the hydrogen is fed in through a Pa pal-
ladium filter and the feed iz regulated by & heated palla-

dium pipe.

The magnetic field in the source is produced by a
%20 turn winding, the current being of the order of 2ZA.
fhe induction in the gap between the intermediate anode and

the anticathode reaches 1000 Gauss.

The artificial line discharging through the T Fyil
w 90/8 thyratron gives a negative pulse on the source cathode
for aboul 500ps; the amplitude of the pulse is regulated by
varying the voltage of the B2 rectifier charging the line.
The synchronized triggering of the source takes place ag
follows @  the driving pulse fires the ¥H~3 neon lamp placed
at the base of the power supply column, the flash through the
light guide is fed to the cathode of the %Eﬁ—?B photomultiplier
placed on the column, After being amplified and differentiated,
the pulse of the photomultiplier acts on the grid of the thy-

ratron of the gsource line.

The 400-500 V nezative pulse Trom the line feeds the

gource cathode and Tires the arc between this and the interme-

diate anodes. The arce current, flowing through resistance
Rl = 200(2, creates between the intermediate ancde and anode

10 (fig. 1) a difference of potential, which assures the pene-

tration of the arc into the channcel of the intermediate anode.

9328/



As the cbannel disturbs the homogensity of the gap there is

a shortay

L

2 of wlectrons in tho anode region of the plasma,

which leads to the formation of a hemispherical boundary that
accelerates and focused the clzetrons; as a result the con-
centration of lons in the anode rogion of the plasma is an
order of magnitude greater than thet in the cathode rogion.

The voltage discontinuity in the boundary is such that the
production of ilons In the region of the anode plasma 1is suf-
ficient to satisly the stability condition for o two-dircetionsl

current Iiimited by space char;e

rhen Ip ig the directed component of the positive ion current)
Ie the directed component of the slaciron current and m  and
mp are the respectlve wmasses of the elecltron and the positive

¥

0.

The strong inhomogeneous magnetic rield in the region
of the anode plasma causes o furither consiriction of the discharge,
which leads to an additional increase in the density of the charge
carriaers. The douvuble constiiction of the discharge and the uti-
lization of the osecillation of are electrons in the gap between
the intermediate anods and the anticathods resuwli in a considerable
degree of ionisation in the anode region of the discharge. The
ions producced in the anode plasma are dirccted under the influence
of the electric field towards the outlet of the source and are

axtracted.

The geometry of the discharge chamber of the source was

determined cxperimentally to secure optimum conditions for the
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firing of the arc,. It proved essential for the intermediate

anocde to be of conical shape. The angle of the cone in the
. i . a A0 - . " Cs

Finael wversion is 1207, If this figure ig increased or dec-

reased, there is a sharp fall in the ion current extracted,
obviocusly, this configuration of the axial magnetic field essenw
tlally affects the dynamics of the slectrons and the parameters
of the low pressure plasma (cf. vef. 2). The current extracted
from the source was also investigaied as a Ffunction of the dia-
meter of the outlet. If the diamcter of the outlet is enlarged
from 0.8 mm to 2.0 mm, the current increases approxinately as
the sguare of the diameter (cf. fig. 3). However, 1f the dia-
meter of the outlet is enlarged to 5.0 mm, the firing of the

arc becomes difficult, on account of the strong penetration of

the field of the extraction clectrode into the discharge chamber.

It is most desirable to have a plccce of non-magnetic
material inset in the region of the outlot. If there is not
oné, there is an appreciable dropn in the extracted current and a
deterioration in focusing. In the final version of the source,

this pivce of non-magnetic material is 10 mm in dlameter.*

The extracted current I  increascs almost linearly
with the increase in the arc current 15 (ef. fig. 4). Thia is
casy to understand, taking into account the fact that ions are
produced in the anode region of the plasma mainly by the dirccted
electron current and that, as a rosult, the ion concentration in
the region of the anode plasma must grow linearly with the
increase in the are current. Owing to a factor influencing the
axtracted current in the opposite dircetion, it so happens that

for any configuration of the magnetic field the constr ction

*  There are data which show that the current somewhat increases

il it dg 20 mm in diameter.
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From the point of vicw of the radial motion of the
particles, the field distribution in the column can be divided

A

inte Three regions:

L. Zero [fieid bhefore the colunn
2a Constant ficld along the column

Be Zero field at the cubtput ond of the column.

The radial motion of the particles in the accelerating
column (region 2 in fig. &) takos the shape ol a parabola. At
the output end of th: column (ftransiticn from ragion 2 to region
%) the particle goss through the scattering fiold of the output
glectrode and finds itsell at point B instesd of point A The

focal length of the output electrode dis given by the expression
fo= - au . 4¥ ' (1)

where U is the acceleraling voltage in the coluan, £ the length

of the accelerating tube, a, and be being linked by ithe relation

R (2)

-+ - S - st
a b I
(6] (&4 3

from which one obtains

4 L .
o — " [P O-L AU (

Yoo T 44+ bo

AN
g

Tha radius of the bear at the output end is related to

its radius at the input end by the following relation (ef. ref. 4)

T 2 oW -
S (g = (4)




where r  is the radiuve of the besm at the output end of the
G’:
column, r the radiuvs of fthe boma at the input end of the column
. o .
and %}u corraection factor,

V being the cnoergy of thoe bheam at tho input end of the column.

For U>2V and a small aporture, onc has

'y Jﬁf

where y is the aperturc of the beam at the output end of the
2
column and y the aperture of the beam at the input end of the
o

column.

Taking (5) into account, assuming & = L1, which can be
done without any major error, and using the expression given

in refl. 4 for the relation JL, one can write (4) as follows:

0 /v
¥ - X - 2k '
Yo Yo e Yo VU (6)

Considering the aperiure is amall, one can see directly
from fig. 6 that:

. 4K
a L Y. =¥ - ZEM:M%: (7) and = - 2 Y (8)

i

o7 o0

Substituting (5), (7) and (8) in (6), onc has:

A
T TR
/?Jj e (9)
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and hence

a focal

trode

10

(9a)

» nots ag

s focusing lens with

4y
.

(Lo)!

A

I

where VI 4+ 0,6

v
0

VO being the input electrode voltage with resrect to the

focusing electrode, 4 a correction Tactor and n  the num-

her of anti-corona rings in the column,

By analogy with (2), one has

(11)

Beam Tocusing st the output end ¢an be adiust

ed by

31
4.

varying the focusing eleclrode voltage, i, the value of bo.

At the outpult end of the tube the loun current is

g
A

observed visuslly by the Inminescence of & guartz screen and

with the nelp of a Farasdsy cylinder fitted with a

coil for
protection against sccondary electrons, which gives on the

axis of the cylinder a field of the order of 500 ocersted.
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Fetimation of the angulayr divergence of the beanm
st the input end of the line r accelerator gives a Tigure of
the order of 3 10_5. The diameter of the swot at the input
end of the linear accelerator (about & m from the output end
the column) is 8~10 mm, When the beam ls fooused at a dise-
tance of about 1 m from the outputl end of the column, the

dismeter of the spot does not excead 2 mm,
To conclude the authors with to express thelr sine

cere gratitude Lo M,.I', Vagil'ev and V.V. Slegarev for the

active part they have played in this work.
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Photograph 1 - The source mounted on the accelerating column

Photograph 2 - Details of the power supply



Photograph 8 - Delails of the power supply

Photograph 4 - 600 KV accelernting cohumn

S8R4T0



SIS0

copper

steel 8 3

B P.T.¥.L. rubber vacuum seal

Fig. 1 - Schematic cross-sechion of the source
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Fig, 2 - Cireuit diagram of the power supply
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Fig. 3 - Extracted current as a function of diameter of outlet
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Fig. 4 - Extracted current as & function of arc current

BB RS100s



4 exiraction electrode
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Fig. 5 - Block diagram of extraction and focusing electrodes and their power supplies

Fig. 6









