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Abstract in addition to providing direction for future source
hardware modifications.

The next generation spallation neutron sources, such as

the upgrade to the Los Alamos Neutron Science Center 2 EXPERIMENTAL SET-UP

(LANSCE) will require high intensity negative hydrogen  tpe typical multicusp Hsurface conversion source

(H) beams. The newANSCE source in pacular will s orimarily composed of a plasma chamber and a

need to generate 40 mA of Heam current at & duty pegaiively biased converter electrode [1]. The ions

factor of 12% (1 ms pulse at 120 Hz). One option thﬂresent in the hydrogen plasma’(Hd,, H,) are

we are currently studying concerns altering the existing:e|erated towards the converter surfacé.cah then

LANSCE source to utilize an RF induction plasmgy formed either through leack scatteringprocess [2],

discharge. ~ However, before proceeding with any. 5qpytteringprocess [3] when the ions collide with the

changes a full understanding and optimization of OWq,nyerter surface. The converter is either composed of,

current prototype ion source was required. This surfagg cqated with a low work-function metal such as barium

conversion source, similar to the presePANSCE . ~osium which greatly enhances theyi¢ld [4].

source, will be used as a benchmark against which t0 1o | BNL source is composed of a stainless steel

measure future modifications, as well as to providg, sicusp plasma chamber 20 cm in diameter and 23 cm
direction for those madifications. Results to date alonﬁ;l height. A picture of the source and its interior can be
with future plans will be presented. seen in Fig. 1. The molybdenum converter has a cross-

sectional diameter of 3.8 cm with a spherical face
1 INTRODUCTION

The upgrade of the Los Alamos Neutron Scienc
Center (LANSCE) to 160 kW of beam power to the
spallation target will require a corresponding
improvement of its Hion source. Specifically the new
LANSCE ion source will need to more than double itsg
intensity from 16 to 40 mA. In addition, source
emittance, reliability, and availability will need to be
improved. All of which must be achieved while]
operating under the facility’s prescribed 12% duty factons-
While there are many options that may lead to th;j
achievement of these goals, a thorough study of t
original R & D prototype source developed at Lawrenc
Berkeley National Laboratory (LBNL) was necessaryg
The LBNL source is slightly different in size and
configuration from the current LANSCE surface
conversion source. Therefore a series of experime
was initiated first to optimize the LBNL source to
reproduce the results of the LANSCE source, and seco ¥4 o
to set a standard to evaluate future modifications. TSN == - : ]
work furnished a better understanding of how th&ig. 1. Close-up of LBNL surface conversion source
operating conditions of the source affect ptoduction, interior (top down view).
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cut to a 12.7 cm radius of curvature. The converter 81 Cesium Factors
typically operated at a DC bias of -250 V. To coat th‘la‘he amount of cesium

. S . in the source and more
converter, cesium vapor is injected into the source

anortantly the amount condensed on the converter
through a nozzle connected to an oven mounted on the : - o
surface is a significant factor affecting Mield [5]. If

lower end-flange. The cesium neutrals will condense : ) _ .
ere is not enough cesium, the dutput is low. As the

the water-cooled converter (or any other cool surface), . S .
ésium oven temperature is increased, more cesium

and if ionized they will simply be accelerated toward

the converter surface. The plasma is generated by t V\(/)rv ermi?rsestir:liw iang(r:?i?) ,n iggﬂn}f:lérsr%rg oI:Zreaassrstéin
1.5 mm diameter tungsten filaments mounted throu OWEVEr, I © ) y

the top and bottom end-flanges. The plasma is pulsed b el th? th'eld. b(la:g|n33 tol d;opt, ter:/entually tgoflng t_o
switching the filaments’ arc voltage with a 1 ms pulse &°'o as Is shown in Fig. s. - In tact, the amount of cesium
120 Hz to produce the necessary 12% duty factor. Apaust be tailored to the very operating conditions of the

power delivered to the plasma is controlled b;ource;[ Eior e)lian;fplet, V\%Jt}[' ﬂf_]aCtorlm?;f ng}ﬁi:’osgg
maintaining a constant arc voltagél 60 V) while converter bias afl efiec at the op

adjusting the filament heater current. temperature W'” be. . . . .

The exit region of the source contains a plasma _Along with H'yield con3|de_rat|ons_ the _tlme_
aperture plate, a beam aperture cone, and a Faraday éﬁrﬂ.u'md _for the source to ree_lch its optimal yield is
All three of which are isolated from the source, and fromt on_g_ly !nfluence_d by the cesium !evel_. The source
each other. A schematic of the source and its e)gpn_dmomng time is affected _b_y Fhe time it takes for the
section is shown in Fig. 2. The isolation of the plate a sium to come to an equilibrium within the source.
cone allows for more complete beam diagnostics th urce _condmonlng IS a Ien_gthy process by \.Nh'Ch the
with the Faraday cup alone. The aperture cone has fource is operated untll_optlma_l _beam is achieved (the
same dimensions as thANSCE source, and the samegurrent LANSCE source is conditioned for ”_“?re.thaﬁ 12
distance to the converter. The major difference betwegﬂurs)' In order to reduce the source conditioning time,

the LBNL source and the current LANSCE source is t %nd to better control the cesium dosage, a molybdenum

magnetic cusp field which crosses the LBNL source’éner was added to the interior walls of the source. The

exit aperture. While this does prevent electrons fror'HIer ke_eps the walls at a h'gh. temperature, _thus
leaving the source along with thé Ins, it also perturbs preventing cesium condensation while still maintaining a

the H ion trajectories, making accurate beanEOOd. electrlgal contact for the plasma anode. By
e eeping the interior surfaces of the source warm enough
measurements difficult.

to prevent condensation (except the converter), cesium
3 RESULTS AND DISCUSSION usage efficiency increases, enabling less cesium to
provide the same converter coverage, as well as

In the process of reproducing the Meld of the providing that coverage more quickly. After the addition

existing LANSCE source it became evident that a goast the liner, conditioning time for the LBNL source was

deal of interdependency existed between the parametgesrly cut in half without any observable decrease in

of operation (duty factor, gas pressure, arc power, etcgpurce performance.

Two parameters of interest, namely filament cathode

location and the quantity of cesium, were found t8-2 Cathode Position

greatly influence high Hyield. High H vyield was also found to depend on the
[ location of the filament cathode relative to the converter

YV uv

200 us/sdiv

Fig. 2. Schematic of source interior (1. Cusp Magnet, Big. 3. H beam current on Faraday cup with complete
Cusp Field, 3. Converter, 4" HBeam, 5. Aperture Plate, Over-cesiation, (1 mA per division) 10 mA present
6. Aperture Cone, 7. Faraday Cup). before occurrence of over-cesiation.
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and to that of the nearest end-flange. Initially, long
filaments were positioned away from the cusp field of
the end-flanges, and the cathode was in a nearly field-
free region with a clear line of sight to the converter
face. It was thought that creating the plasma near the
converter face and in a field free region, would lead tog—————
high H yield. This was not the case. The longer
filaments consistently performed poorly, yielding n :>

more than 12 mA of total Hbeam current. These
filaments were then replaced with a shorter set that w
closer to the end-flange with their cathodes roughly
parallel to that of the converter surface. With this ’j:
filament configuration the Hyield on the Faraday cup

was 20 mA, and a total beam current (aperture cone %

current plus Faraday cup current) of 33 mA Wagijy 5 Source schematic with chamber extensions and
observed. magnetic filter (1. High TRegion with Filter, 2. Low T

Due to the geometry Of the source |t was d|ff|cu|t tdegion W|th Filtel’, 3. Cesium NOZZle, 4. Converter, 5.
separate filament location (with respect to the convertdjagnetic Filter, 6. Filament, 7. Faraday Cup).
with that of magnetic filtering effects associated with the
cathode in the cusp field [6]. To deal with this probleniesponse of the Hcurrent as a function of arc power
and to determine the source of the increase in yield, twlike the diminishing return problem that was evident
10 cm long plasma chamber extensions were addedWghout the magnetic filter.
the source. The extension chambers allow one to change Once these experiments have been completed we
the filament location eas”y, and the increased spa@,“é” be able to turn our attention to RF induction plasma
permitted a movable magnetic filter to be added (s@€neration. While it is quite possibly that the new
Fig. 5). With the extension chambers in place (witholtANSCE source’s éam requirements could be met
filtery and the two filament cathodes in field-freeusing filament discharge, filament lifetime and reliability
regions, total beam current was increased to 43 mA.ate still a concern which RF discharge could easily

was also observed that with no filter in place as the afditigate. With the increased cesium efficiency of the
power was increased "Hcurrent approached anmolybdenum liner and the increased durability of an RF

asymptotic value. antenna over filaments, source lifetime and reliability
should be greatly enhanced along with that of beam
4 CONCLUSION AND FUTURE PLANS current.
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Fig. 4. 20 mA of H beam current on the Faraday cup.

2766



