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Performance of the LAMPF H Injector 

Paul W, Allison, Earl A. Meyer, Donald W. Mueller, and Ralph R. Stevens, Jr. 
Los Alamos Scientific Laboratory 

Los Alamos, New Mexico 87544 

Abstract 

The 750-keV H" injector for LAMPF was de
signed to provide a beam of modest intensity 
to. be accelerated simultaneously with a 17-mA 
H beam in the LAMPF linac. A positive hydro
gen ion beam is extracted at 20 kV from a duo-
plasmatron and then passed through a hydrogen 
charge-exchange canal for partial conversion 
to H ions. The source has been operated at 
a current of up to 1-mA peak with a duty fac
tor of up to 6% (i.e., 120 Hz, 500 us) for 
linac injection during the past year. A peak 
current of 2.1 mA has been reached in off-line 
tests. Design features of the injector and 
future plans will be presented. 

Introduction 

The layout of the source is shown in Fig. 
1. A positive hydrogen ion beam is extracted 
from a LAMPF duoplasmatron and focussed into 
a charge exchange canal in which the hydrogen 
outflow from the source provides the charge 
exchange medium. The beam is accelerated to 
approximately 750 kV by a Cockcroft-Walton 
(C-W) generator and is then transported (Fig. 
2) to the linac through a 12.5 m long trans
port system. Diagnostics in this transport 
line provide a means of matching the H" beam 
and the H+ beam for simultaneous acceleration 
in the linac. The duty factor of the source 
is 6% and follows that of the linac - 120 Hz 
x 500 us. A recently implemented device can 
chop an arbitrary portion of the beam in sev
eral possible modes, one such mode producing 
single micropulses every 80 ns. 

Some of the details of source development 
have been reported previously,''^ and much of 
the injector itself is similar to that of the 
\v injector.3 This paper will therefore dis
cuss primarily the operation and performance 
of the H" ion source. 

Source Performance 

Although the duoplasmatron produces about 

75% protons, analysis of the H" beam shows 
that molecular hydrogen ions are the predomi
nant components of the beam extracted from the 
plasma. If the ion beam enters the charge-
exchange canal at 20 keV, then H" ions pro
duced from the species fT/H2

+/H3
+ will have 

20/10/6.7 keV energy, and they will retain 
this energy spread after acceleration to 750 
keV. By operating the two 45° bends at the 
column exit (Fig. 2) in a dispersive mode, 
these components may be focussed on a screen 
(Fig. 3) and then differentially scraped, 
allowing the individual currents to be meas
ured. Beam currents were measured vs. source 
gas flow and therefore expansion cup pressure. 
These currents were then related to the compo
sition of the beam before charge-exchange on 
the simple assumption that H+/H2+/H3

+ ions 
produce H" ions in the ratio 1:2:3 and that 
transmission through the injector system is 
the same for all. A diffuse fourth component 
(of several percent) is believed to originate 
from H" ions produced directly in the charge-
exchange canal plasma. 

It is possible to account for the ob
served species ratios in a simple way. If one 
assumes that the density of H,° is much less 
than that of H? in the expansion cup and that 
the only reactions taking place there are4 

1) p + H 2 -»• h^
0 + H 2

V - 1.8 eV 

2) H 2
+ + H 2 * H 3

+ + H.J0 + 2.2 eV 

then the growth and decay of the three compo
nents is given by the equations 

n, = N, e"x 

n2 = ^ (e"x - e - W ) + N ^ * 
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n3 = 1 - n, - TI2 

x = a 1 2 t 

n = o 2 3/a 1 2 
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a,g = cross section for reaction 1) 

°23 = cross section for reaction 2) 

t = target thickness of expansion cup pas 

The solid curves,in Fig. 4 are calculated 
for ci2 = 16.4 x 10"'°cmz and c23=3.6xl0"

16cm2, 
using measured pressure to obtain t. The val
ue obtained for a2S is in the range of meas
ured values5, 3 to 7xl0~16cm2, in the energy 
range of 1 eV. No measurement of a 1 2 is known 
at these low energies. 

Another interesting aspect of beam vari
ation with gas flow is that if half the source 
gas flow is diverted directly to the extractor-
plasma cup region the H" current increases by 
25%, The total gas flow and therefore the 
charge-exchange gas thickness is the same, 
but probably the concentration of H2 increases 
and that of Hj.° decreases. This might make a 
difference if charge-exchange efficiencies 
were different in Hi0 than in H2, for example. 

The variation of H" current with gas flow 
(Fig. 5) is a measure of the variation with 
target thickness, in this case 46 u-cm for 
1 cm3/min. Considering the many effects that 
increased pressure has on the ion beam, the 
agreement with published data6 giving 100 M-CIJ 
for the optimum target thickness is fairly 
reasonable. Values of current source opera
ting parameters are listed in Table 1. The 
upper limit of estimated equivalent proton 
current is obtained from perveance measure
ments by Harrison7 using our observed species 
ratio. The lower limit is based on measure
ments of the source showing a positive ion 
yield of 5 mA/Amp of arc current, hence H" 
currents of 6 mA and 2 mA, respectively, are 
predicted. Extracted current variation with 
aspect ratio may have followed the variation 
found by Harrison, but delivered H" current 
has not been found to be so sensitive. Meas
urements of perveance for beam into various 
cones of divergence have been made by Coupland 
and Riviere,8 and in the range of our geom
etry variations a low sensitivity to aspect 
ratio and solid angle was observed. For our 
mixture of positive hydrogen ions and the 
geometry of Table 1, an H current of 3 mA 
is predicted. 

Plasma oscillations are not expected to 
affect the space-charge neutralization be
cause of the high pressure in the canal re
gion.9 The solid angle subtended by the 
canal might be thought to limit the current, 
but the solid angle was doubled in an experi
mental modification and the H" yield increased 
no more than 305S. Higher voltage operation 
is beneficial, and 2.1 mA has been obtained 
at 24.4 kV canal voltage. Gap breakdown is 
not a serious problem, but power supplies 
limit operation to i> 24 kV at present. 

Overall fault rate of the H" injector at 

6% DF is about 4/day, including Cockcroft-
Walton sparks, modulator trips, and extractor 
sparks. Two 1000 £/sec ion pumps are used on 
the source, and they can handle about 
5 cmVmin under normal voltage, and at least 
12 cm3/min (the palladium leak limit) at 
about half voltage. Using a single linac-
buncher 55% of the injected beam is captured 
to 800 MeV. Installation of a prebuncher as 
in the H+ line (Fig. 2) is expected to raise 
this to 75%. Transverse phase-space measure
ments (Fig. 6,7) clearly show the multiple 
beam components. These data, taken with the 
buncher on, give an emittance value of 4.5 IT 
cm-mrad. Other measurements indicate an emit
tance before bunching of 2 to 3 IT, about 50% 
larger than that for the 38 mA proton injector 
beam. 

Conclusion 

Injector performance now exceeds the re
quirements of experimenters. It seems likely 
that minor changes in the source will allow 
it to deliver 1-2 mA, sufficient for the fore
seeable future. Should substantially higher 
current be required, sources using direct 
extraction or charge exchange in alkali vapors 
would be the probable approach. 
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TABLE 1. H" Source Parameters 

Charge-exchange canal potential 20 kV 

Extractor potential 

Gap lens 

H" current at FC1 (peak) 

Duty factor 120 Hzx500 ps 

Canal current (peak) 

Extractor current (peak) 

Gas flow 

Extractor pressure 

Canal target thickness 

Arc current 

Arc potential 

Estimated equivalent proton 
current 

Plasma expansion aperture 

Plasma diameter (2 r2) 

Extractor aperture (2 rj) 

Extractor gap (d) 

Aspect ratio (d/rx) 

Canal length 

Canal diameter - tapered 

Gap lens aperture 

Column object aperture 

Column apertures 

25.8 kV 

22.5 kV 

1.06 mA 

6% 

300 mA 

40 mA 

6 cm3/min 

22 v 

200 u-cm 

13A 

198 V 

100-300 mA 

1.2 mm 

14 mm 

8 mm 

4.4 mm 

1.1 

20 cm 

1-2 cm 

3.5 cm 

£ mm 

5 cm 

Column operating pressure 
(indicated) 2x10"%™ Hg 

System base pressure (indicated) 3xl0"8mm Hg 

Duoplasmatron magnetic f ie ld 
variable 1,000-8,000 

Gauss 



Figure Captions 

Fig. 1 Layout of the H" Injector Source 

Fig. 2 Layout of the LAMPF Injectors 

Fig. 3 Photograph of Dispersed H" Ions on Viewing Screen. Left 

+• + + 
to right components produced by H , H 2 > H 3 ions. Scale 

mark = 1 cm 

Fig. 4 Composition of Extracted Positive Ion Beam vs. Source Gas 

Flow 

Fig. 5 Beam Current at Faraday Cup FC1 vs. Source Gas Flow 

Figs. 6,7 Horizontal and Vertical Phase Space Measurements of the 

H" Beam at EM3 
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