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Abstract

A e e seurce of HY Lons, wnth a full rotational symmetry,
s Ln uesiened and studied. We have acnieved a_pulsed H-
carrest a3 mA, at g currgnt density of 25 mAsem=. Using a
sediedd aperture of Uoem=, the emittance of a 10 - 16 keV
Seam was measured for different source parameters, and for a
heam aurient of 20 mA 1t was found to be less than (1.5 = mm
mrad (wsmaiized. 4 rms). When operating with deuterium,
the D° cutput was found to be 50 - 60%% of the H- current
obtincd ander the same discharge conditions. Adding cesium
L dscitarge increased the H- output by a factor of twa,
while reducing the electron current. After the addition of
cestan, greater thun 20 mA of H° coeld be extracted with
l!:' Iy !

Studies of the BNL voiume H” wn source with a toroidal dis-
charpe «Bamber have deen in progress since 1988. The source
soantended teoone day repluce an exising magnetron surtace-
plasmia wource and to suppiy 30 mA of H lons in 1 ms pulses to
e REG) and hnac ingeciors for tha AGS. The source design is
Giabigiosiied by iy torordal geometry, with the discharge
el safTounding the central extracion region, the separation
comung trom a conicel dipole field. Detaiis of the design were
reported ;m-,v-au\l).zr The comcal dipole field. produced by a
permanent magnet disc placed in the center of the filament
flunge, nas geen snown to be substantially better than a plane
Jdipole tictd= and the former s now heing used exclusively. A
airculur W filament 1s used 1n the source. The parametric study

he wource consisted of measuremen:s of the H- or D~ yield
ue of the accompanving electron component when varying
-¢seral source parameters (arc current, extraction voltage,
plusm clectrode bias, gas denwity, purameters of the filament,
strenptt of the comcai hekd),

In jnevous studigs, un HT vield of 15 mA wag achieved
nroueh the L5 am= aperture. 35 mA thraugh 1 cmg aperture,
et 48 oA through the targest aperwure of 187 em<; the ratio
1. h - =aned between 20 and $0.= Variation of the negative ion
ical iunciion o ke eairacuon voltage for a congtgnt arc
curtest shows @ steep nise finst {the Chitd-Langmuir V/¢ jaw),
ol a By o semie-plateaws. There s also a dependence on the
nestrad pas densityl the yicld increases with the density up to a
broad maximum: however, the elecjron component shows a
stecjs tull down 0 a hroad minimum? at about the position of
the nuunum in the - vield. The bias on the plasma electrode
had a munor effect on the H- vield, but a more pronounced one
on the clectron component:) as the bias varied from negative
values through zero into the positive region, the H- yield would
siowly decrease but the electron component would decrease
much taster, resulting in a lower ratio Iﬁ/IH-. Filament par-
ametens (heating current. pusition of the filament, size of the W
wire) wie very important for the source performance. The
selinor of the source depends most on the direction of the
Qe current and on whether the tilament is on or inter-
rupted dusing the arc pulse: the source performance can be
aptunized Dy selecting the proper direction ot the filament cur-
rent and hy finding the best position of the filament in the axial
atrecton == Finally, preliminary resuits obtained with a small,
pulsed coil replacing the center magnetic disc have shown that
there s u broad optimum in the H- vield as the coil current (or
conical field) would increase: the electron component was

coreiming with the £oil current in the whole range of available
*Wark performed under the auspices of the Dept. of Energy.
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values.2 Preliminary results of emittance micusuremenin® aor
obtained for an H- current of 20 mA. In the ranpe ot hear
energies between 10 and 16 keV, the nurmadized 3 rae s
tance was lower than 0.5 * mm mrad.

This paper will first describe resuits of <rmpariv
hetween hydrogen and deutertum, mumiv e deperivng o
negative 1on yields and of the clectron component v e (s
rent and the strength of the comcal ficld. 1 he ~source pero-
mance was also studied when some cesiuim was e s
effect wilt be described as well.

N

sty

The source geometry used [or isotape stuties B e coigad
dipole field, as shown in Ref. 3; however, a smailcr Hilament
was svilccled for an imFmvcd perfarmance at lower cure
rents,c In ail isotope effect studies, the extrachon i tire was
1 cm<, the extraction gap was (.97 em, und the piasina cieciroge
grounded. A dipole magnet aj the exit of the soura ong
a line integrated field of ~ 1077 T-m, which etticiense
the electrons out of the heam. A Faraday cup to s,
H* current was located 10 ¢m fram the ~curee 11
extractor power supply loading was meisuted witn oot
trunsformer, and the difference hetween the tota! Lading
the H- current in the Faraday cup 15 assumed ta he chocirnes
The source was operated with a 1.5 ms pulse width, at . 005 FHy
:,ep-rate. The gas was pulsed, and the extraction

c.

i !.q_‘g‘ o

shows the negative ion vield as a funiciion o e
extraction voltage for several values of the arc curroi v the
range between 20 A and 125 A; for each value of the are wur-
rent, the gas density was optimized for the best nepasive on
vield. It is evident that the negative 1on vicids tor fonncoon
are only 50% to 6U% of thuse for hydrogen, ter vy

P bty -

rents and extraction voltages. While the st of the tnstn
region in the curves (for aqual negative 1on current~ s uncan

spuce charge effects in the extraction gap. ditterenc
yield in the saturation portions of the curves

T

Jat o r

. o
(MH/MI?BIR. = 0.7 (for equal arc currents) indicate v oioss (1
cient production mechanism for deuterium.
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Fig. 1: Negative ion field vs the extraction voitage Yy W o ang

current as parameter, for hydragen (dotted) and
deuterium (solid lines).
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Ligure. 2 shows the rato_te/l® as a function of [°, for a con-
Qi vairgetion voltuge of 16 KV und a grounded plasma elec-
trocde. n this respect as well, the performance of the source
with deutenum is much worse bezause both the arc power effi-
ciency and the extraction efficiency are much lower than when
hyurogen was used.
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Fig. 2. Ratio [/17 vs [* for a constant extraction voltage of 16
WV, fur%ydmgen {doted) and deuterium (solid line).

Au sueresting experiment was then performed with the
pulsed conl rep‘f‘ucing the center permanent magnet. In this
way, 1L wus pussible to vary the conical field strength from low
values up 12 and bevond the corresponding value for the per-
manent magiv;l. The arrangement for timing pulses was such
that the careent in the cosl was initiated first and only after
reaching a tattop, the arc was triggered. A cuil current of 400
A correspunded approximately 1o the 3 kG field of the perma-
nent magnet. Fifur; 3 shows the ratio /1" as a function of
[=. for several values o

200-600 A). Values of the arc current are indicated on the
Curves.
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Fig. 3: Ratio /17 vs I” for several values of the current in the
coil produeing the conical dipole field, for hydrogen
{dutted) and deuterium (solid lines).

f the pulsed ccil current (in the range’

[t is true again that the yield and the ritio 117 are Jess Lives
able when the source is running with deuteninm; when the por
formances are compared for the same coil current, the 1) il
is always about SQ - 60% of the H" yield und :he raun 1. 1
higher by at least a factor of 3. However, by adjusting the v
ues of the coil current it is possible 10 match the valuc I, I°
= f(I") for the two gases, although the are efficiencics woukl
still differ. It is, therefore, possible that one could reduce th
isotope effect (as manifested in [o/17) by suhsttalh
increasing the strength of the conical dipole field whon the
source is running with deuterium.

Cesium Vapur Etteyt

The beauty of the volume source, when compared to v hac
production H* sources, is the fact that it operates cesiwn tiee
At several laboratories, however, cesium hus been tod
volume sources, and it is of interest 1o see what the clivet ot
cesium is in this source, since the geametry is quite dittvrewt
from other valume sources.

The experimental setup was the sume ay thit used torihe isa-
tope effect studies, except that both 1 cm= und 1L.B? ym= entrie-
tion apertures were tried, and a larger diameter tilnwni was
used. In our standard configuration, there is a = S an dhaneter
cover over the SmCo disc magnet in the filiment flaoe - 1
magnet produces the conical fllter fisld, and the cover, vliclis
floating electrically, shields the magnet from the phia. A\
small Cs oven was incorporated imo this cover. Polless maae
from a mixture of cesium dichromate and titunium were placed
in the caver, & heater and thermocouple were added ot
When the pellets are heated to 300 - SU0 OC, cesum v s
released. The source had no hot inner tiner to the di darpe
chamber, as was used in Refs. 5 and 6, s0 cesiuny presumabny
condensed fairly quickly on the water canled chamber wils.

When Cs was added to the dischurge. the H" .urient
increased, one could aperate at lower gas pressure, nd the
cleetron current decreused. Also, the discharge sd 11 conem
pulses became flanter. Figure 4 shows the H- current i a fune;
tion of are current with and 3ilhout cesium, for the 1 K7 em=
aperture. For both the I cm® and 1.87 em= aperture. the II°
current approximately doubled with the addition of €. With
the plasma electrode foating, the ratio of clectron o H7 cur-
rent, Io/Ig- stayed in the range of 10 - 20 for 50 - 130 A urc.
didnot ¢ ange with the addition of Cs. With the piasma clec-
trode grounded, however, the ratio was 5 - 10 at 5t - 150 A
without Cs, and dropped to s 1 when Cs was added.
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Fig. 4: H- curcent vs discharge current, with and wilbout
cesium in the source. Extraction voltage = 16 kV.



in Figure 3, the H- current and the 1o [fy- ratio are shown as a
funcuon of ias on theeplasma eizctrode, with and without
conium added. Note that when cesium has heen added, one can
adjust the plasma elecirode mas w get a very low lgity- ratio
without inuch loss in H™ current.
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Fig. 5 11" current and electron-to-H- ratio, as a function of the
plasma electrode bias, with and without cesium. I =
150 A, Vare = 250 V, Vaxr = 16 kV. The dots iRdicate
ihe floating potential.

Figute 0 shows an H- current pulse and the power supply load-
ing {1+ 111e) after adding cesium. We ure not aware of any
other "volume” H- source which has obtained > 30 mA of H*
with -2 30 mA of extriucted electrons. We have not yet been
able 1o quuntify the reduction in operating pressure when Cs
was addded, but it appears to be at least a factor of two.
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Fig. 6 H- current (upper trace, 5 mA/div.) and total extractor
sugply load {lower trace, 50 mA/div.). Time Scale =
0.5 mp/div. Taken with cesium in the source.

When the Cs heater was turned off, effects of the Cs remained,
except for a partial drop in the H- current. Even when the
source was opened :0 air, but not cleaned, some effects
remained. While the H- current dropped back to near the lev-
els before Cy was introduced, the operating pressure remained
low, and the 1./ly- ratio rzmained at ~1. Only a thorough
cleaning brought the source back to its original "cesium-free”
ievels.
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