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MICROTRON EXTRACTION TUBE

Herman F. Kaiser, University Park, Md., Wesley T
Mayes, Washingtun, D. C,, and Wlllxam J. Wlllls, Up-
ten, N. Y., assighors {6 the Uiiited States of America
as represenfred by the Secretary of the Navy

Application July-18, 1957, Serial No. 671,111
7 Claimis. (CL 313=62)
(Granted under Title 35, U. 8. Code (1952), sec. 266)

Thé invention described heérein may be manufactured
and used by or for the Government of the United Statés
of: America for governmental purposes without the pay-
ment of any royalties thereon or therefor.

The present invention relates in general to charged
particle accelerators and more. particuilarly to the extrac-
tion of accelerated electrons from that type of electron
accelerator or electron cyclotron known as a microtron.

As is well known, the microtron comprises in general
an evacuated flat circular chamber traverséd axially' by a
substantially uniform stationary magnetic guide field into
which are injected bunches of electrons, by field emis-
sion from a cavity resonator excited by powerful pulses
of radio frequency power, the bunches of electrons be-
ing repeatedly accelerated into orbits of increasing radius
by repeated passage through theé resonant cavity.

The present invention has to do with thé extraction
from a microtron of electrons from an outer orbit con-
taining the higher accelerated electrons through an ex-
traction tube to a point beyond the guide field or outside
of the evacuated chamber for further control, observation
or direct use.

Heretofore extraction of accelerated electrons from a
microtron has been through the use of an extraction tube
of low reluctance material in the form of a gradually
tapered hollow cone tapering toward the ingress end
positioned in the path of the orbit from which electrons
are to be extracted. .

Among some disadvantages of the tapered or conical
extraction tube is the lack of magnetic shielding material
near the point of entrance to the tube with insufficient
reduction in field strength to permit the particles to as-
sume a substantially straight path into and through the
extraction tube.

An object of the invention is the provision in a micro-

tron of an extraction tube so constructed and mounted in °

the microtron vacuum chamber as to permit the elec-
trons to pass in a substantially straight path through the
tube.

Another obiject is the provision of an extraction systém
for a particle accelerator affording fine adjustment of
the path of partlcle travel through the exfraction tube.

A further object is thé prov1s10n of an extraction tube
capable of permitting a mergence with the eéxtracted
-beam, of an electron beam éntering the tube from: out-
side the microtron,

Various other objécts and advantages of the invention
will become apparent from a perusal of the followmg
specxﬁcanon, having reference to the accompanying draw-
ings in which: ,

Fig. 1 is a horizontal section through the mid plane
of a’ microtron to \vhich the invention is applied:

Fig. 2 is a side view on a reduced scale looking in the
direction of the arfow in Fig. 1, paitly in section.

Fig. 3 is a view of the extraction fibe per se in long1-
tudinal séction. .

Figs. 4, 5, 6 and 7 are, respectively, transverse sec-
tions on linés 4—4, 5—5,-6—6 and 7—7 of Fig. 3.
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Fig. 8 is an enlargement of Fig. 6 showing deviation
of the magnetic field in the channel.

Inasmuch as the mode of operation and general struc-
ture of the microtron are known in the art, it is believed
sufficient here to illustrate and describe only those fea-
tures concerned with the application of the present in-
vention thereto.

A typical microtron with known form of extraction
tube - applied thereto has been described in an article
by H. F. Kaiser and W. T. Mayes entitled “General
Purposé X-band Laboratory Microtron” which appeared
in the Review of Scientific Instruments, June 1955, pages
565-67.

Referring first to Figs. 1 and 2, here is shown in the
one, a horizontal section and in the other, on a reduced
scale, a side view, of the essential elements of a micro-
tron having in combination therewith the improved ex-
traction tube of the present invention. The usual circu-
lar vacuum chamber 10 is positioned between a pair of
pole pieces 11, 12 for directing a substantially uniform
static magnetic guide field axially through the vacuum
chamber. Energization of the magnetic field is effected
by a set of energizing windings 13, 14 surrounding the
pole pieces, which windings are omitted from Fig. 1 for
the sake of clearness. The magnetic circuit is com-
pleted in the usual manner through a suitable yoke
structure 16. Bunches of electrons are injected into
the vacuum chamber 18 in known manner by a high
voltage cavity resonator 17 located near one side of
the chamber, and excited at radio frequency say in the
S-band or X-band. Electrons extracted from the metal
of the resonator gap element by electric field emission, a
bunch of electrons for each resonator period, are ejected
into the magnetic guide field to be guided through circular
orbits substantially in a common orbital plane back
through the resonator gap for repeated accelerations into
successive circular orbits 18 of increasing radius co-
tangent at the resonator gap.

For improved efficiency and facﬂlty in extraction of
accelerated electrons from the given outer orbit appli-
cants provide the novel extraction tube constructed as
shown in detail in Fig. 3 and mounted in the vacuum
chamber as shown in Fig. 1. Referring to Figs. 3-7,
the extraction tube 19, in order to function as a mag-
netic shielded conduit and outer field diminishing element,
is constructed of high permeability, magnetic material
such as iron, and in the form of a straight tube with a

lateral ingress opening 21 shielded by a magnetic shield-

ing hood 22 of the same or similar material as that of
the straight portion. The end portions 23 and 24 are
of annular cross section as indicated in the sectional views
of Figs. 4 and 7, while the central portion 26 with the
lateral opening 21 is of channel section with parallel
inner side walls 27, 28 as indicated in Figs. 5 and 6. . To
increase the volume of iron in the vicinity of the lateral
ingress opening 21 of the extraction tube with consequent
reduction of guide field intensity, the walls of the tube are
increased slightly in thickness from left to right as shown
in Fig. 3. To further control the transition zone from
full microtron field to internal shielded field, and provide
a shielded passageway for electrons into the opening 21,

_a shielding hood 22 is provided in the form of a hollow

relatively thin walled cone of oval section fitted over the
exit half of the extraction tube with its flared end ex-
tended inwardly of the vacuum chamber oveérlying and

"spaced away from the lateral ingress opening 21, with

the ingress opening facing towand the orbital centers to
provide a passageway for electrons into the ingress open-
ing 21 shiclded by the hood. )

Because of the presence of the low reluctance material

element 22, the magnetic field between an outer orbit 29
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and the ingress opening 21 is gradually diminished as the
extraction tube is approached. As the path of an elec-
tron must satisfy the equation

ﬂz_v_Z_H e
r ¢ :
where m is the mass, v the velocity, .r the radius, H the

magnetic field strength, e the charge on the particle and ¢
the velocity of light, the equation for the radius is:

mue
e 1HUE
He

The second equation shows that at a given point in the
orbit the instantaneous radius of curvature of the orbit
is inversely proportional to the strength H of the trans-
verse magnetic guide field at the given point.” Since the
momentum (mv) is a constant of the motion, and e and
¢ are natural constants (charge on electron and velccity
of light). Thus it will be seen that as H decreases the
orbital radius increases continuously so that the direc-
tion of travel of the electrons gradually becomes a
straight line motion to bring about an  asymptotic ap-
proach to parallelism with the tube axis. It may be
noted that the hood 22 with its possible design of shield-
ing thickness varying along a given ejection trajectory
allows the shape of this ejection trajectory to be empiri-
cally altered into a variety of curve shapes particularly
those which approach the final direction in an asymptotic
manner.

Extension of the extraction fube structure. completely
across the field region of the microtren through the vacu-
um chamber to points in vacuum but outside the vacoum
chamber 190, provides a shielded passageway for elec-
trons ejected into the tube from another scurce cutside
the microtron vacuum chamber for mergence with those
extracted from the microtron. Where such enrichment
of the electron stream from' outside is not required, the
end portion 24 of the tube may be closed off by a suit-
able vacuum seal closure.

Vertical focusing of a kind for diverting the beam of
electrons in its passage through the tube for purpose of
adjustment, is obtained by mounting the tube in the walls
of the vacuum chamber for slight rotational adjustment
about its axis with the channel facing in the' general di-
rection of the orbit centers. This is accomplished by the
use of suitable bearing blocks 31 with vacuum seals in
the form of O-rings 32. With this -construction, and
with the parallel sides of the channel section lying normal
to or nearly normal to the direction of the guide field,
such of the magnetic guide field as penetrates the. tube
across the space within the channel, tends to maintain a
direction normal to the parallel sides even though'the
tube may be slightly rotated about its axis to move the
sides out of perpendicularity with the magnetic field lines.
Rotational adjustment of the tube may-be effected by
any known or other suitable means as by the knurled
collar 33 mounted on an extension . of the extraction
tube ocutside the vacuum chamber. However, it will be
understood that where desirable the means for rotational
adjustment of the tube may take the form of any known
or aother suitable remote control system for rotatable
adjustment of the tube about its axis.. Thus, as shown
in Fig. 8, with slight rotation of the tube about its axis,
such weak magnetic field as exists across the space. be-
tween the parallel sides of the channel may be warped
or canted to impart a slight rotation of the field vector
away from the vertical and cause a vertical force com-
ponent raising or lowering the extracted eléctron beam.
Tt will be understoed that the terms “vertical” and “hori-
zontal” are here used to indicate relative direction and
are not to be construed as limiting the position of a part
independently of other parts. .

While ‘a specific embodiment of the “invention . has
herein been described for the -sake of disclosure, it is
to be understood that the invention contemplates all such
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variations and modifications thereof as fall fairly within
the scope of the appended claims.

What is claimed is:

1. In a microtron having an evacuated chamber in
which electrons are acceléerated through a static magnetic
guide field to travel in orbits increasing in radius with
increase in velocity and energy, the combination of an
extraction tube of low reluctance material extending from
a point of egress beyond the guide field into the guide
field along the orbital plane near an outer orbit having a
lateral ingress opening facing in a direction to receive
electrons from said outer orbit, and a conical hood
member of low reluctance material fitted over the extrac-
tion tube with its flared end extending into the guide field
over said ingress opening to provide a shielded passage
for electrons into the ingress opening of ‘the tube, said
extraction. tube and hocd member being constructed to
provide a volume of the low. reluctance material near
the ingress opening greater than that near the point of
egress, the reduction in volume being gradual whereby
the volume of magnpetic material present within the guide
field near the ingress opening will be sufficient to gradu-
ally’ diminish the field strength between an outer orbit
and the ingress opening as the ingress opening is ap-
proached and the field within the tube gradually reduced
to cause the trajectory of the electrons to approach
parallelism with the axis of the tube in an asymptotic
manner.

2. In a microtron having an evacuated chamber in
which “electrons are accelerated through a static mag-
neiic. guide field to travel in orbits increasing in radius
with increase in velocity and energy, the combination of
an extraction tube of low reluctance material extending
from a point of egress beyond the guide field into the
guide field along the drbital plane near an outer orbit,
said tube having a lateral ingress opening facing in a
direction to receive electrons from said outer-orbit and
a portion of its interior formed with a pair.of opposite
flat parallel walls lying normal to the magsetic guide
field, a conical hood member of low raluctance material
fitted over the: tube with its flared end extending into
the guide field over said ingress opening and spaced there-
from to provide a shielded passage for electrons into the
ingress opening of the tube, and means mounting the
fube for rotational adjustment about its axis whereby
such magnetic lines of force as traverse the tube between
said parallel side  walls may be canted away from the
vertical to deflect vp or down an electron beam passing
through ‘the tube. .

3..In a microtron having an evactated chamber in
which clectrons are accelerated through.a static vertical

-magnetic guide field to travel substantially in a common

horizontal plane in orbits increasing in radius with in-
crease in velocity. and energy, the combination of an
extraction tube of low reiuctance material extending
from a point outside the vacuum chamber into the
vacuum chamber through the guide field along the orbital
plane near an outer orbit and having a lateral entrance
portion facing in a direction to receive electrons from
an outer orbit, and a conical hood member fitted over
the -extraction tube with its flared end extending in-

.wardly of the vacuum chamber over said lateral en-

trance portion to provide a shielding passage for elec-
trons into the lateral entrance portion of the tube, said

-extraction- tube extending with closed side walls from
.the lateral entrance portion through the guide field in a

direction opposite from the first mentioned outside point
to-a second point outside the -evacuated chamber pro-
viding a shielded. passage for a merging stream of elec-
trons from outside the vacuum chamber,

4.-In. 2 microtron having an evacuated chamber in

.which eclectrons are accelerated through a static vertical

magnetic gnide field to travel substantially in a common

_horizontal plane in orbits increasing in radius with in-

crease in velocity and energy, the combination of an
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extraction tube of low reluctance material extending from
a point outside the vacuum chamber into the vacuum
chamber through the guide field along the orbital plane
near an cuter orbit and having a lateral entrance portion
in the form of a channel with parailel sides normal to
the magnetic guide field, and means mounting the tube
for rotational adjustment about its axis whereby such
magnetic lines of force as traverse the channel section
may be canied away from the vertical to deflect up or
down an electron beam passing through the tube.

5. In a microtron having an evacuated chamber in
which electrons are accelerated through a static mag-
netic guide field to travel in orbits increasing in radius
with increase.in velocity and energy the combination of
an extraction tube of low reluctance material extending
from a point of egress outside the vacuum chamber into
the vacuum chamber through the guide field with an
ingress opening near an outer orbit, said extraction tube
having a wall thickness near the ingress opening greater
than that of the remainder of the tube extending to-
ward the point of egress.

6. In a microtron having an evacuated chamber in
which electrons are accelerated through a static mag-
netic field to travel in orbits increasing in radius with
increase in velocity and energy, the combination of an
extraction tube of low reluctance material extending from
a point of egress beyond the guide field into the guide
field with an ingress opening near an outer orbit, said
extraction tube being constructed to provide a volume
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of the low reluctance material near the ingress opening
greater than the volume of material near the point of
egress, the reduction in volume being gradual whereby
the volume of magnetic material present within the guide
field near the ingress opening will be sufficient to grad-
ually diminish the magnetic field between an outer orbit
and the ingress opening as the ingress opening is ap-
proached and the field within the tube gradually reduced
to cause the trajectory of the electrons to approach the
axis of the tube in an asymptotic manner.

7. In a microfron having an evacuated chamber in
which electrons are accelerated through a static vertical
magnetic guide field to travel substantially in a common
horizontal plane in orbits increasing in radius with in-
crease in velocity and energy, the combination of an
extraction tube of low reluctance material ‘ extending
from a point outside the vacuum chamber into the
vacuum chamber through the guide field along the orbital
plane near an outer orbit with an ingress opening near
such outer orbit, said ejection tube having a portion
of its interior formed with a pair of opposed flat parallel
walls lying normal to the magnetic guide field, and means

‘mounting the tube for rotational adjustment about its

axis whereby such magnetic lines of force as traverse the
tube between said parallel side walls may be canted away
from the vertical to deflect up or down an electron beam
passing through the tube.

No references cited.



