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ABSTRACT

A low emittance immersed foilless diode injector
was uUSlgued and built for the upgraded RADLAC-T1
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beam with a 9-mm outer radius. A conical cathode field
shaper eliminates the previously observed large cathode
shank The non-immersed foilless diode approach
was utilized in the design of the Sandia recirculating
lincar accelerator (RLA) injecter. A low energy design
{(~1.7 MV) and high energy (4 MV) design were carried
out in conjunction with a solenoidal vacuum beam

transport and in
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Foilless diode electron sources are the most
appropriate for very high current, high energy linear
They produce well defined 10 - 100-kaA
Heams that can be easily transported and further
accelerated through the post-accelerating gaps of the
dO”Lvo. The beam transport can be uccompllshed either
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accelerator.
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We have investigated two types of foilless diodes:
a magnetically immersed and a non-immersed
confipguration. The non-immersed diodes are ideally fit
tor the lower end of the beam current range of
interest. Poth approaches can produce very low
temperature beams with transverse velocities of the
order of ﬂl = 0.05. The immersed diodes are preferred
for applications where the beam either does not exit
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the solenoldal magnetic field such as
lasers, x-ray production devices, microwave generators,
3 or is extracted from the accelerator after it has
acquired high encergies (~20 MV). The
these diodes produce beams with considerable canonical

momentum (Pg) which spin quite fast once out of

reason is that
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the magnetic field in which they were generated.
Consequently, after extraction, an additional term is
PR I AT 1y add=aAd =4 o e oa wvaland by sl oy
quadratically added to the transverse velocity equal to

The non-immersed foilless
canonical angular momentum

the angular velocity wvg.
diode does not have the

limitazions,; however, because of space charge in the A-
K gap region, it cannot produce larger than 20-kA
larminav beams with reasonable size radia (5-10 cw).

The beam in the RADLAC-I11(2) accelerator is
magncetically transported and accelerated up to 20 MV
1

before being cxtracted from the 20-KG solenoida

magnetic field. On the other hand, in our
Recirculating Linear Accelerator (RLA)(l\ the beam is
extracted from the diode injector at energies between
1.5 - 4 MV and is then injected into a

closed goometry racetrack-shaped beam containment
sel similar to a conventional "storage ring.
cam is recirculated many times through the post-
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d of a non-magnetic IFR
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accelerator, we selected an immersed foilless diode
wlille Lfor Lhie RLA, Llhie non-immersed
a more appropriate choice.

In this paper, we report a new immersed foilless
diode for the upgraded RADLAC-IT(3) accelerator and a
non-immersed foilless diode injector for the Sandia
Recirculating Linac.

diode appears to be

The New RADIAC-II Foilless Diode Injector Design

Figure 1 shows the RADLAC-II injector cavity where
the foilless diocde and both the cathode and anode field
shapers are located. The beam current is monitored by
a Rogowski coil located 1.4-m downstream from the A-K
gap of the foilless diode. The total current emitted
by the cathode shank and by the cathode field shaper
(Fig. 1) is measured by a larger Rogowski monitor
surrounding the base of the field shaper inside the
injector cavity.
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A conical design was chosen for the new cathode
field shaper which starts at the cathode end plate with
a 10-cm diameter cylinder and tapers off smoothly at
the cathode tip. The half angle of the cone is 4% and
the radius of the conical surface as a function of the
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distan
provide magnetic insulation against radial emission all
along its length. The magnetic field at the A-K gap is
20 kG.

Some radial losses occur in a region where the
mapgnetic insulation would be expected to fail if there
were not a self-magnetic field By. On the
of the region, magnetic insulation is obtained due to
£

the mnrhnu m’lﬁl“(‘f‘(‘ field B.{..

anode side

Figure 2 shows the

oqulpotentlnl suLfaces for the conical injector as
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obtained the JASON(4) code, and Figure 3 gives the
electron map for the new injector geometry. A new
version of MAGTC(3) which includes subroutines allowing
space-charge limited emission from slanted conducting
surfaces was utilized for these simulations. The shank
current losses are 7.5%.
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Fig. 3. Electron map for the new injector. The
applied voltage to the A-K gap is 4.75 MV.
A1l electron losses occur radially and
account only for 5 kA of the 68 kA total

shank current.
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sses (=shank current minus beam current)
are less than 11%.

Time-integrated pinhole photograph of the
beam from the new injector. The slight
ellipticity is due to a small parallax
between the beam and camera axis.

Fig. 5.

The experimental results indicate pood agreement
between numerical simulation and measurements. The
meas ~arhode shank enrrent losses are only 5-17%.
Peam cuirents range from 35 kA at 3.6 MV to 43 kA at
4.1 MV (Fig. 4). The cathode shank ecurrent for those
shots was 37 kA and 45 kA, As shown by the time-
integrarved x-ray pinhole photograph (Fig. 5), the beam
halo is eliminated and the beam is annular without any
appreciable filling-in. From Figure 5. we estimate(6

a ﬂl:\) .10,
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The superior beam quality produced by the injector
has been further verified in the most recent
exp@rimonts(y)‘ A very well defined -40 kA annularv
bean was generated and transported through the first
half of the upgraded RADLAC-II accelerator structure
(=5 m downstream from the cathode tip) without any
losses or beam quality deterioration. Actually the
measured ﬁl after the beam had been accelerated by the
first two post-accelerating gaps was smaller than that
at the injection point and of the order of Bl =0.08.

The RLA Non-Immersed Foilless Diode Injector and Beam
Transport System

The present RLA configuration consists of a 1.7-MV
isolated Blumlein injector(l) and one post-accelerating
cavity with the accelerating gap located inside the IFR
channel. The electron diode of the injector is outside
the racetrack and ~1.5 m away. The beam cannot be
transported frum the injector te the racetrack with a
straight IFR channel formed by the same low electron
beam (LEER) ionizing technique as the one utilized for
the racetrack IFR. The solenoids of the two IFR
chammels would aot be compatible at the intersection
point, The foilless diocde design presented here
produces a very cold beam which can be magnetically
transported into the injection area through a vacuunm
line with minimum beam temperature increase.

The diode design presented here incorporates the
advantages of both a planar and an immersed foilless
diode. 1t produces a fairly parallel laminar beam with
small divergence as in the case of the planar diode
(Fig. 6). The pinching effect of the anode foil is
eliminated along with the canonical angular momentum
term of an immersed foilless diode.
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Fig. 6. Non-immersed 1g- Injector voltage

as measured
along the
diode stack.

foilless diodes
can produce
very cold beams.

Close to the anode electrode, the beam encounters
the magnetic field region of the transport system. The
cathode is at zero magnetic field. The electric field
at the cachode is kept as low as possible and at a
right angle to the cathode surface (Ey = 0). The
electrvon emission region is specified by an area
covered with felt which starts undergoing explosive
electron emission at as low an electric field as
60 kV/cm. The current density for these configurations
scales as

. 3.52x10
I
d2

3, N
[72/3 1132 D

where v = eV/me 2 41 The A-K gap (d) is selected
depending on the besm radius and total current required
for each dinde voltage.

In designing these diodes, we select first the
approximate A-K gap and define the emitting area
according to the scaling foimula (1). Then we define
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the shape of the electrodes using the JASON code. (4}
Finally, we use the code TRAJ(B) to study the beam
production and to design the magnetic transport system.
Much care is taken in designing the cathode surfaces to
avoid electric fields in excess of 200 kV/cm. However,
since the voltage of the present injector is bi-polar
(Fig. 7), attention is given to reducing the field on
the anode electrode. Figure 8 is a design of the
1.7-MV diode with both cathode and anode electrode
shapes optimized. Figure 9 shows the electron
trajectories for the 1.7-MV case. Figure 10 shows the
magnetic
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Fig. 8. Both the anode and cathode surface shapes
are optimized for minimum electric field
stresses.
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Fig. 11. Electron trajectories for a 4-MV

beam.

field on axis generated by two solenoids and three
focusing coils. It must be close to zero not only at
the emitting surface of the cathode but also at the
injection point in order to prevent any interference
with IFR channel. Figure 1l presents a 4-MV, 10-kA
design for our new RLA injector.

CONCIUSTONS

A new immersed and a non-immersed foilless diode
injector has been recently designed and constructed
respectively for the upgraded RADLAC II and the
Recirculating Linear Accelerator (RLA). Creedon's
model formalism(g), the JASON code and the new version
of MAGIC PIC code that includes the slant geometry
package was extensively utilized for the immersed diode
injector design. The design of the non-immersed diode
and beam transport system is simpler, and only the
JASON and the trajectory code TRAJ were necessary to
simulate this diode.

The new RADLAC-IT injector has been installed and
very successfully operated. It met and in many
instances exceeded all of our design goals. The
previously observed excessive electron losses have been
eliminated. The total measured shank current is only
5-10% higher than the 40-kA beam current. A high
quality annular beam was generated with a 8| of 0.1 and
normalized emittance equal to 0.8 rad-cm. This beam
was injected into the RADLAC-I1 beam line and further
accelerated by the first two post-accelerating gaps
without losses or emittance increase.

The non-immersed foilless diode injector will be
installed in our RLA and experimentally validated in a
few weeks. We expect it to produce a very low
temperature and emittance electron beam which will be
transported in a vacuum beam pipe with no losses and
minimum quality degradation. The elimination of the
anode foils and of the previously utilized gas cell,
wire zones and classical IFR, makes this injector
attractive.
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