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5 mm of the filter rods, is achieved by placing 1 cm spacers in the
extraction electrode assembly. Four lines of magnets across the back
face complete the confinement of the plasma.

The chamber body is a copper cylinder (20 cm diameter by 26 cm
deep inside) with 2.5 cm walls into which the Sm-Co magnets are set.
Continuous operation requires water cooling which is provided by
cooling passages next to each line of magnets, allowing up to 20 kW of
power dissipation. Two filaments of thoriated tungsten wire (2.4 mm
diameter) are mounted on the back face extending approximately 10 cm
into the plasma chamber. The vacuum weld for the water-cooled
filament electrodes are protected from plasma breakdown by shielding
with quartz tubes. The extraction face, which is insulated from the
cusp chamber body, consists of a 20 cm diameter plasma electrode with

a 6.5 mm diameter extraction aperture.

B. Extraction Lens

The geometry of the 25 kV extraction system is shown by the
cross-section in Fig. 1. It is an axially symmetric four electrode
structure similar to that employed at KfK.3 The first electrode, the
end plate on the plasma chamber, is usually set at approximately +3V
with respect to the cusp body. The H™ is extracted through the 6.5 mm
hole by applying a positive 3 kV potential on the second electrode.
The gap between the first and second electrode is 3 mm. Permanent
magnets in the first and secound electrode, arranged such that they
have a SfBedl of zero, serve to sweep the simultaneously extracted
electrons from the beam while giving the heavier H™ ions only a small

net displacement. An additional voltage increase of ~22 kV between
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the second and third electrode then brings the ion energy to 25 keV.
The third electrode is held slightly positive with respect to ground
in order to prevent backstreaming of low energy positive ions into the
acceleration gap. The fourth electrode, held at ground, has a 4 cm
long 12 mm diameter snout which serves as a conductance restriction
for differential pumping purposes. The optimum dimensions of the
extraction system were calculated using the computer code AXCEL.S

The geometry of the extaction system can be easily modified by
replacing small inserts on each electrode. The electrode material is

copper and is water cooled externally.

C. Vacuum System

In order to reduce gas stripping in the extraction lens region
and run the source at optimum gas pressure, the extraction system was
designed to allow differential pumping. Two turbopumps (310 and 340
Torr 1/s mmv are located on pumping ports in the extractions system
vacuum- jacket and evacuate the region between the first and fourth
electrode. arm last aperture in the extraction system limits the con-
ductance into the extracted region and allows a good vacuum
(1 x 1076 Torr) to be maintained along the beamline, while a flow of
15 cc/min of H, maintains a plasma chamber pressure of 7 x 1073 Torr.
A 15 cm diameter diffusion pump (3700 Torr 1/s air) is mounted on the
first diagnostic box immediately after the extraction system and two
cryogenic pumps (1000 Torr 1/s air) are placed in boxes 2 and 4. A
gate valve between diagnostic boxes 1 and 2 allows source changes

without affecting the beamline vacuum.



D. Diagnostics

On-line tuning of the extracted beam is accomplished with the aid
of the four wire scanners shown in Fig. 1. The first wire scanner is
placed in a diagnostic box immediately after the extraction system.
The remaining three wire scanners are placed in diagnostic boxes down-
stream of a solenoid magnet. A single wire (0.5 mm diameter W)
mounted on the end of a insulated arm extends into the vacuum and can
be m»<0nmn. via a bellows, through the beam from outside. The angular
position of the arm is determined with the aid of a linear slide
resistor attached to its outer end.

The analog signals from the wire scanners can be fed directly
into a storage scope and the profiles displayed on-line. The source
is tuned in this mode for minimum emittance. The current on the wire
can be digitized by means of a CAMAC log linear current amplifier
module (LLCAM) provided by SIN.® A water cooled thermocouple wire
scanner, which measures the power profile of the beam, can be placed
in any of the diagnostic boxes alongside a current wire scanner and
gives an independent measurement of the beam profile. This scanner
served as a check that the profile given by the faster wire scanners
was not distorted by low energy electrons.

An axially symmetric graduated Faraday cup, placed downstream of
the fourth diagnostic box, is used to monitor the total extracted beam
current and the radial profile. A water cooled Faraday cup, designed
to measure total beam power as well as beam current, can be swung into
the beam in the first diagnostic box. The beam power is measured
calorimetrically by means of thermocouples placed in the water cooling

circuit.
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The beam emittance can be determined by a tomographic method with
the beam focused to form a waist at the third wire scanner. Beam
profiles from the final three wire scanners are digitized and stored
in a computer data file. A beam tomography program’ analyzes the
profile data and produces emittance plots.

An independent emittance measurement technique, developed at Los
Alamos,® employing electrostatic deflecting plates located between two
slits was also used. A linear feed screw allows the precise posi-
tioning of the slit detector in the beam. A portion of the beam
passes through a narrow slit (0.06 mm) into a region where two parallel
plates (2.8 mm gap by 38 mm long) impose a variable transverse
electric field. The beam, which passes through the second slit,

(.06 mm) is detected by a Faraday cup. The plate voltage can be
stepped uniformly from -500 to +500 and the cup current digitized for
each voltage. The detector position is moved and a set of curves
generated whose width is proportional to the angular spread of the
beam at each position. A computer is then used to calculate the beam

emittance as a function of beam fraction.

E. Power Supplies

A power supply scheme for achieving the 25. keV H™ beam is shown
in Fig. 2. The cusp body is held at a maximum reference potential of
=25 kV by a 150 mA supply. The filaments are heated by a 300 A
current regulated supply. A maximum arc power of 21 kW is provided by
two 70 A - 150 V arc supplies. A feedback loop from the arc to the
filament supply regulates the arc current. The floating supplies are

controlled and monitored via an optical link.
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where I is the Faraday cup current, f is the fraction of total beanm

within the one dimensional emittance contour and €n is the normalized

beam emittance. The brightness is nearly constant between 3 and 10
mA/cm?. Above 10 mA/cm? lens abberations degrade the beam and the
apparent brightness falls. The linear dependence of emittance on
extracted current density, if truly a property of the source and not
an artifact of the extraction optics, would indicate that the source
brightness will plateau between 6 and 10 mA/cm? and then gradually

decline.

4. CONCLUSIONS

The cusp source has proved to be operationally stable and easily
tuned. The testbed measurements suggest that it should out-perform
the operational Ehlers' PIG source.? We intend to move the system to
a new high voltage terminal nearing completion and subject the source
to the operational demands of H™ production in order to examine its
reliability. A second cusp body is being built to serve as a spare
and will be set up on the testbed to allow further source development.
We have extracted a maximum current density of ~12 mA/cm? corre-
sponding to a total H™ current of 4.2 mA. The maximum measured nor-
malized beam brightness, 11.7 mA/(mm.mrad)? at 81% fraction and 18
mA/(mmemrad)? at 64% fraction, occurred at a lower extracted current
density of 5.6 mA/cm?. This corresponds to a rms brightness of
223 wA/(mmemrad)?. The wire scanning profile technique has proved to
be a fast, operationally easy, method for on-line tuning of the source
The emittance can be determined reliably over a wide range of current

densities using the slit scanning technique.
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