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WILL NEGATIVE HYDROGEN ION SOURCES SOON REPLACE PROTON SOURCES

IN HIGH ENERGY ACCELERATORS?*

Th. Sluyters and K. Prelec
Brookhaven National Laboratory

Upton, New York

Although charge exchange injection into circular
accelerators and storage rings has been proposed quite
some time ago, the application of this attractive meth-
od has not been widespread because of low intensities
of negative hydrogen beams available until recently.
For synchrotrons and storage rings tnultiturn injection
of protons via stripping of negative ions offers a
better and simpler alternative to the present injec-
tion schemes by increasing the phase space density of
the coasting beam. For cyclotrons injection of pro-
tons via stripping of relatively high energy neutral
particles (obtained by partial stripping of negative
ions) may alleviate the space charge problem during the
early part of acceleration. However, beam intensities
of negative hydrogen ions obtained by direct extraction
from standard sources such as duoplasmatrons and Penn-
ing sources were seldom higher than several milliam-
peres, which was not sufficient for most of present cir-
cular accelerators. Indirect method of producing nega-
tive ion beams via charge exchange of protons, although
at that time promising with respect to the intensity,
had a disadvantage of yielding beams of a too low qua-
lity and requiring a too complex mechanical structure.

During the last year or so several papers and re-
ports appeared describing two new approaches to the
production of negative hydrogen beams extracted direct-
ly from a plasma. One of them was the hollow discharge
duoplasmatron,1'4'5 developed from a standard source by
placing a rod along the main axis and reaching into the
anode discharge region. A 100 us pulsed beam of 6 mA
was obtained with a normalized emittance less than 0.1
cm-mrad. An accompanying electron current of 0.3 A, a
relatively low ion current density of 0.1 A/cm2 and a
high arc current of 100 A were features still to be
improved.

The second approach was the use of the racetrack
magnetron. Even when operated with hydrogen gas
only, the source yielded considerably higher H" cur-
rents than a duoplasmatron. From an extraction slit of
1 mm X 10 mm, pulsed H currents ranged up to 75 mA,
which corresponds to a current density of 0.75 A/cm3.
Even higher densities were obtained when cesium was in-
jected into the source. The maximum reported3 current
density was 3.7 A/cms. These high current densities
have been explained by an efficient production of nega-
tive ions at the cathode surface, especially when cov-
ered by a layer of cesium, and by decreasing the dis-
tance negative ions have to travel between the cathode
and the extraction slit.

Prototypes of both sources have been built at BNL.
With the hollow discharge duoplasmatron and hydrogen as
the operating gas up to 8 mA of H current was obtained,
corresponding to an ion current density of 0.25 A/cm2.
The normalized emittance was 0.3 cm-mrad and the pulse
length 1 ms.
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A significant improvement was achieved by inject-
ing cesium through the hollow center tube. The beam
intensity increased to 18 mA and the emittance remain-
ed about the same.

Two models of a magnetron source were also built
at BNL. While the first of them already showed a be-
havior similar to the original source, there were sev-
eral weak points in the construction and a new improved
model was designed. By using a narrow extraction slit
(0.5 Em X 10 mm) and with hydrogen as the operating gas,
extracted H~ currents reached 17 mA, with normalized
emittances in two directions of 0.44 and 0.60 cm-mrad
at an extraction voltage of 8 kV. A dramatic change
was observed after cesium was injected into the source.
The extracted current of negative hydrogen ions in-
creased to 100 mA, which corresponds to a current den-
sity of 2.0 A/cm2. The normalized emittance measured
in the direction of the extraction slit was 1.2 cm-mrad.

The new developments in the production of negative
ion beams from sources using the direct extraction
method have made their application more attractive in
several fields. Current densities and phase space
areas are becoming comparable to those of standard pro-
ton sources presently used in preaccelerators. Achieve-
ment of such characteristics seems to eliminate one of
the main objections to the charge exchange injection
into circular accelerators.
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