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: 1
The - present- invention relates generally . to
particle accelerators.and: in-more particular to
improvements .in HIJ\,CtOI'S for synchrotrons: and
the like,

The injection of -charged: particles: into par--
ticle accelerators: and similiar apparatus that

constrain charged particles to retraverse substan-.
tially. circular orbits often interferes. with the

subsequent -aceeleration of- the particles in that.

- the: injector mechanism is, of necessity, located
in close proximity to the:particle orbit: This is,
particularly true-in synchrotrons which con-
strain injected particles to travel-in orbits -of
constant radius that therefore approach the .in-
Jector mechanism ‘and it is thus with reference

to part1cle accelerators of the synchrotron type -

that the invention is- disclosed and. described.
Cons1der1ng first the magnitude of 1nterfer-

ence normally resulting from: the. 1n3ector

mechanism of a synchrotron it- is noted that

maximum 1n_1ector efﬁciency is obtamed w1th the .

1n3ector mechamsm located approx1matley on
the circular -orbit of the accelerated particles

Ina typical synchrotron operatlon electrons are.

accelerated about a constant radius orbit where-
in, for example, they. traverse the orbit about

25 times each microsecond and an acceleratmg;v

cycle lasting 8, 000 microsecends requires. . 900,000
complete traversals of the orbit within:this time.
It will be appreciated . that only- the. relatively
few electrons which follow. displaced orbits or

orbits. deviating from normal will complete the.

above accelerating cycle Thus only these few
electrons constitute the final accelerated beam
and comprise useful output of the, apparatus
Numerous synchrotron modifications have in
the past been developed for the purpose of over=
comiing the above-noted problems’ and these
modifications have proven more. or less advan-
tageous w1th the maXimum increase in the out~
put béam being of the order of 50%.. While such
an increased output is undoubtedly desirable,

the modifications generally relate to. magnet -
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modifications. or the addition of expansion coils .

which not only add to the complex1ty and cost_

of the acceleration apparatus but -also. contam
inherent limitations which limif further im-~
provement. in the acdeelerator efﬁciency

The present invention accomphshes injection
W1thout interference. with subsequent particle
acceleratlon in a manner explamed in: detail
below and in conformity with. the following obh-
Jects.

It is an object of -the. present invention

to, provide .2 new and improved inJector mecha-.

nism Tor. particle acceierators
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It. is .another: object of the present, 1nvent10n_
to prov1de an 1mproved injector mechamsm for
particle accelerators which. does not 1nterfere.
with particle acceieration

It is another obJect of the. present invention
to prov1de synchrotron 1mector mechanism cg=
pable of preventing particle 1mp1ngement
thereon

It is st111 another object of- the present inven-
tion to provide. an improved 1nJector mechanlsm :
for particle accelerators and mcludmg an elec-,
trostatlc field guidmg agcelerated particles past_.
said 1n3ectoi mechamsm

It is yet anothei obJect of the present inven-
t1on to prov1de an- improved method of inject-
ing particles 1nto a_particle accelerator wherein
the acceleration of particles -is not impeded by
the inj ect1on .

It is.a further object of the present invention
to prov1de an improved synchrotron muector
mechamsm havmg an electrostatic fleld guiding
accelerated particles about the injector.

It is a st111 further object of -the present in=-
vention to prov1de an improved synchrotron in-~
Jector mechamsm havmg an integral accelerats:
ing field further employed to guide accelerated:
particles past.the injector.

The manner in which the above - objects -are-.
accomplished is fully set forth in the: followmg;
description of constructwn and operatlon 'which
will best be. understood When con51dered in-con~-
Junctlon With the. accompanying drawmgs,,
Wherem

Figure 1 is a plan view of the injector mecha-.
nism in section

Fig 2 is a side elevation of the injector tip. -
partially broken away and ineluding sunpliﬁed
representatlon of .an assomated electrical sys~
tem; and

Fig. 3 is a plan view of a synchrotron cham-
ber showing the injector mechamsm in pos1t10n

Referring first to an injector mechanism as.
shown in Figs..1 and 2, it will be noted that there. .
is provided g ﬁlament Ii heated: by electncai
conductors 12 and, formed.of an electron emis-
sive, matenal adapted to supply a copious quana: -
tity. of electrons upon. the apphcation of hea‘t;l
thereto. About ﬁlament i and. leads: 12 ‘there
is disposed a shield 13 which entirely encloses;
filament i and leads i2 adJacenu thereto: with.
the: exceptlon of: one face of filament 1f. An
elongated aperture t4 in shleld 13: disposed-ad-.
jacent ﬁlament i and ahgned with the major:
dimensmn thereof provides. exit- means whereby.
electrons produced by. filament - 1{: may be. re-:
moved therefrom past shield 18.  Exterior to.
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shield {3 and surrounding same is an accelerat-
ing electrode 16 which may be formed in the
general shape of a square truncated cone with a
closed small end or may alternatively comprise
a generally U-shaped plate disposed about shield
13 as shown in Fig. 1. Electrode 16 has an elon-
gated aperture [7-therein in general alignment
with the aperture 14 in shield {3 and preferably
of a greater width to accommodate the passage
of a slightly divergent beam of electrons. A
second aperture I8 in electrode (6, of the same
size as aperture 17, is provided on the opposite

- side of filament {1 and shield (3 from aperture .

{1. In the illustrated embodiment of the in-
vention, strengthening of the tip of electrode

{6 may be accomplished by the use of braces 19.
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filament current supply 3i, electrons are ther-
mally emitted from the surface of filament {1 in
copious quantities.  Filament I{ and associated
conductors {2 are electrostatically shielded by
shield member 13 except for one face of filament
i1 which lies adjacent aperture 14 in shield I3.
The relatively high positive potential upon ac-
celerating electrode 16 establishés an electrostatic
field which, acting through aperture 14 in shield

13, attracts electrons formed at filament (I,
'Under the influence of this field, electrons at

filament 11 are accelerated through aperture (4

. in shield . 13 toward .electrode . 16. and thence . . .

through aperture [T therein, These electrons
emerge from the injector mechanism with a cer-

. tain minimum velocity and a small divergence in

secured to electrode 18 across the ends of aper-

tures {71 and 18.

The above-described injector elements may be
secured in position by any suitable means such
as, for example, the mounting arrangement illus-
trated in Fig. 1. As shown, electrode (6 is pro-
vided with a flange 20 extending outwardly from
the open: end- thereof, and this flange is secured
as by ‘soldering to a plate 21, which is in turn
mounted upon pins 22, as shown. Extending
into the synchrotron chamber 23, as shown in
Fig, 3,is an insulating stem 24 having indenta-
tions upon the inner end thereof into which pins
22 mate to provide support for electrode 16.
Within' insulating stem 24 there is provided a
second elongated insulating member 26 through
which - filament leads (2 pass in rigid relation
thereto and upon which is mounted shield mem-
ber- 13, as by clamping means 27. Synchrotron
chamber 23 is made vacuum tight about stem
24 and insulating member 26 by any suitable
means, not shown, in order that particle accel-
eration may be accomplished in a high vacuum.

The elements of the injector are maintained
at particular potentials relative to each other in
order that they may accomplish their functions,
as briefly stated above and more specifically ex-
plained :below in the description of operation.
As. shown -schematically in Fig. -2, a filament
current supply 31 is connected between filament
leads 12 to provide heating current for filament
i1. Shield 13 is electrically connected to filament
{i-to maintain each at the same potential, and
potential supply means 32 is electrically con-
neected between electrode 16 and shield 13. In the
embodiment of the invention illustrated, elec-
trons ‘are produced at filament (i for accelera~
tion and in this instance electrode 16 is main-
tdined at a positive potential with respect to
shiéld 13 and filament (I by potential supply
means 32 for the purpose of attracting electrons
from filament (1. It will be appreciated, how-
ever, that the relative potentials of the elements
of the injector are determined by the type of
particles to be accelerated, and also the type of
source- employed may be varied in order to pro-
duce the desired type of particles.

Cons1der1ng now the operation of the invention,
attenition is first directed to the fact that the in-

jeetor- mechanism contemplates ejection ~of

-tharged particles into a chamber or other en-
velope wherein these particles are more or less
separately operated upon. For convenience of
illustration, the following explanation is with ref-
erence to synchrotron operation wherein electrons
expelled from the injector mechanism are con-
strained to travel constant radius orbits with in~
creasing velocities, With filament {1 energized
by. heating current through conductors {2 from

20

direction. Because of this small but unavoidable
divergence in direction, these emerging electrons
actually follow slightly different orbits which each
have the same radii but which have the centers
thereof slightly ‘displaced. For the sake of sim-
plicity, it -is désirable to consider the electrons
emerging from the injector mechanism as com-

- prising a plurality of beams, ag illustrated in Fig.
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- main slightly deflected toward the center of their
orbit. This deflection or repelling action is suffi- -
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3.  As may be seen from Fig. 3, upon completion
of one revolution within the synchrotron, the dis-

~ placed electron beams converge upon the injector -
mechanism and in the-absence of preventative -
measures would:in the great majority impinge - -

upon the back of the injector mechanism much to
the detriment of further acceleration of these
beams.
difficulty by the novel arrangement described’
above with respect to construction features there-
of. In essence, these features include the pro-
vision of shield member 13 adjacent aperture 18
in the back wall of electrode 16, Considering the
electrostatic field configuration about shield 183,

it will be appreciated that the equipotential lines-

hetween electrode 16 and shield 13 lie generally

parallel thereto except in the vicinity of aper-

tures in these elements. Immediately adjacent
aperture 18 in electrode 16, the equipotential lines

are howed toward the aperture and in fact equi~ -

potential lines directly adjacent electrode 16 are
materially expanded intoa bubble which pro-
trudes through aperture I8 exterior to electrode
16 much in the manner illustrated by dashed lines
36 in Fig. 1. 'This field configuration extends
outwardly from the back of the injector mecha-’
nism and directly affects the orbits of electron
beams accelerated in synchrotron chamber 23.
As previously noted, the electron beams from the
injector mechanism travel orbits of constant ra-
dius which are, however, slightly displaced froin
one another as a result of a small divergence in
the direction of the electrons leaving the injector
mechanjsm. This divergence is greatly magnified
in Figs. 1 and 3, in order to more clearly illustrate
the phenomenon. As will be seen from Fig. 3,
the beams generally converge in the vicinity of
the injector mechanism and it is this portion of
the orbits that is depicted by lines 37 in Fig, 1.

As the electron beams approach the bubblelike
electrostatic field protruding from the back of

the injector mechanism, they encounter a re-
pelling force by virtue of the relative polarity of
the electrostatic fielq thereabout and are in the

cient to guide a large portion of the electrons
around the injector mechanism and these elec- '
trons then continue to revolve about the synchro-

tron chamber without subsequent interference i by
the injector mechanism. As -will be seen’ from

The present -invention overcomes this:-
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Flig. 1, some few electrons approach the back.of -

the injector  mechanism: -at such -an angle that
they are deflected away from the center of their
orbit’ and subsequently deaccelerated; however,
this proportion is so small as to be negligible. It
has been found that maximum advantage is ob-
tained from the guiding electrostatic fisld at the

back of the injector mechanism ‘when aperture -

18 is made the same size. as aperture. (7 and is
exactly alighed therewith, T

Typical operation of a ‘synchrotron includes
electron injection for .a period of two microseo-
onds, in‘the course of which some fifty: revolii-
tions are made by electrons in the synchrotron.
Total acceleration may last 8,000 microseconds
in which time some 200,000 revolutions are made
and with a conventional injector a large percent
of the electrons impinge upon the back of the
injector mechanism; however, with the present
injector the synchrotron output is multiplied
some fifteen or more times over that possible
with conventional apparatus.

The above description of the invention is ref-
erenced to only one type of particle acecelerator
and is disclosed in terms of but g single embodi-
ment; all of which is in no-wise to be taken as
limiting but only as cne illustration of the inven-
tion. As it will be apparent to those skilled in the
art that numerous modifications and variations
are possible within the spirit and scope of the
invention, no limitations are to be taken from
the above description but instead attention is di-~
rected to the following claims for a precise defi-
nition of the novelty contained in the invention.

What is claimed is:

1. Particle accelerator  injector mechanism
comprising an electron emissive filament, a, shield
about said filament electrically connected to said
filament and having an aperture therein for the
passage of electrons therethrough, and an accel-
erating electrode adapted to be maintained at g
positive potential with respect to said shield and
filament and encompassing said shield and fila-
ment, said accelerating electrode having a first
aperture therein aligned with the aperture in
said shield and a second aperture situated on. the
opposite side of said shield and filament and
aligned with said first aperture.

2. Synchrotron injector mechanism comprising
an electron emissive filament, electrostatic shield-
ing means including first and second electrodes
surrounding said filament and defining an elec-
tron path therethrough.from said filament, said
first and second electrodes heing disposed in part

in front and in back respectively of said filament, .

and potential supply means connected between
said filament and first and second electrodes to
maintain said first electrode at g positive poten-
tial with respect to said second electrode and
filament for attracting electrons from the front
of said fllament and repelling electrons from the
back of said filament.

3. Synchrotron injector mechanism adapted to
be disposed within a synchrotron chamber and
comprising an electron emissive filament, an elec-
trostatic shield about said filament and electri-
cally connected thereto, said shield having an
aperture therein adjacent one face of said fila-
ment for the passage of electrons from said fila~
ment therethrough, and accelerating electrode
structure about said shield at a distance there-
from, said accelerating electrode having a first
aperture therein in alignment with said shield ap-
erture and adapted to be maintained at a positive
potential with respect to said shield and filament
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6
whereby.electrons emitted from:said:filament aré -
urged-through said shield aperture and.said-first
accelerating electrode aperture into said synchros.
tron chamber, and- said accelerating .electrode...
having .a.second aperture therein on the.opposite
side of said filament and shield and-aligned with. -
said first. aperture whereby the positive potential,
of:said -accelerating: potential is-modified; in the.
vicinity.of said second aperture to repel electrons:
approaching said injector mechanism..

4. Synchrotron injector mechanism comprising.
a. source. -of  electrons, first: apertured. .clectrode.
means, powersupply means having a positive:ter=
minal connected to said first electrode and a
negative terminal connected to said source of
electrons to establish an electrostatic field for
attracting electrons from one side of said source,
and second electrode means connected to the neg-
ative terminal of said power supply to establish
a further electrostatic field exterior to the opposite
side of said source of a polarity to repel electrons.

5. A synchrotron injector mechanism including
an electron source disposed within a toroidal
synchrotron chamber, an apertured electrostatic
shield about said source and electrically connected
thereto, and an accelerating electrode structure
disposed about said shield to be maintained at a
positive potential relative thereto whereby elec-~
trons are attracted from said source, said accel-
erating electrode having a first aperture therein
in alignment with the aperture in said shield
whereby electrons are accelerated therethrough
into said synchrotron chamber, and said accel-
erating electrode having g second aperture in the
opposite side thereof from said first aperture and
in substantial alignment therewith to thereby
form a relatively negative electrostatic field con-~
figuration about said second aperture exterior. to
said accelerating electrode from said electrostatic
shield for repelling electrons approaching said
injector mechanism.

6. In combination with ah electron source havy-
ing an apertured electrostatic shield thereabout,
the improvement comprising accelerating elec-
trode structure disposed exterior to said shield
and having first and second apertures therein,
sald apertures being in substantial alignment
with one being disposed on each side of said shield
and the first facing the aperture in said electro-
static shield, and said accelerating electrode struc-
ture being adapted to be maintained at g positive
potential relative to said-electrostatic shield and
electron source whereby electrons are attracted
from said electron source through the aperture in
said electrostatic shield and the first aperture in-
said accelerating electrode structure and electrons
are repelled from said aceelerating structure in
the vicinity of the second aperture therein by
virtue of the relatively negative potential upon
said electrostatic shield.

7. Injector mechanism for apparatus accelerat-
ing electrons along a constant radius orbit com-
prising an electron source, an apertured electro-
static shield about said electron source, electron
accelerating means adjacent and exterior to said
electrostatic shield for removing electrons from
said source and urging said electrons into the
orbit of said apparatus, and electrostatic fleld
producing means for establishing an electron re-
pelling electrostatic field exterior to said ion
Source and shield on the opposite side thereof
from the removal of electrons whereby the orbits
of said electrons in said apparatus are deformed
to pass said injector mechanism.

8. An improved injector mechanism adapted
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for disposition within an evacuated chdmber and
comprising an electron source, first and second
electrodes disposed about said -electron source,

said first electrode being exposed to said electron

source and to said chamber to. define an electron

path therebetween and said second electrode be- -

ing exposed to said chamber on the opposite side
of sald. electron source from said electron path,
and potential supply means having a positive
terminal connected to said first electrode and a
negative terminal connected to said second elec-
trode. whereby electrons are attracted from said
electron source along said electron path and
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electrons aré fépélled from thé 6

sald mechanism from s

posite side 6f~
aid .electron path. - °
" MARVIN D. MARTIN.
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