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Introduction 

The objective of the BNL Neutral Beam Program is to develop a 250 keV 

neutral beam system. suitable· for heating experiments in toroidal or mirr.or 

plasma devices. The system will be based on acceleration and neutralization 

of negative hydrogen ions produced in and directly extracted from a source. 

The objective of source studies is to develop a unit delivering 10 A of 

negative ion cu~rents in pulses of 1 s duratiori or longer, operating with 

extracted current densities of at least 0~5 A/cm2 and having acceptable 

power and gas efficiencies and good beam ~ptics. The 250 keV accelerator 

develripment work co~ers different structures, including those separated from 

the source by a bending magnet or a beam transfer system. .During FY 1979 

substantial progress was achieved toward the objectives of the Frogram; in the 

same period the BNL program was reviewed by a panel, resulting in suggestions 

for a better orientation toward prospective users' requirements and in 

establishment of contacts with ·Princeton Plasma Physics. Laboratory (TFTR 

Project) and Lawrence Berkeley and Livermore Laboratories (HFTF Project). A 

cooperative ·effort with Westinghouse was initiated in the second half of FY 

1979 in order to utilize industrial facilities ·and expertise. 

BHL Approach 

Components of a negative ion source based neutral beam system can be 

identified as follows (Fig. 1). 
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1) Ion source; 

2) Extractor and beam transport; 

3) Accelerator; 

4) Stripping (neutralizing) cell; : 

S)· Ion deflector; 

6) Ion beam dump. 

In FY 1979 work has been in progress on first three components only. 

Two types of direct extraction ion sources have been studied, a standard 

~agnetrnn source and a Penning source with an auxiliary electrode to enhance 

tho Ir prnilnrtion, In either source a hydrogen-cesium plasma· is established 

in the interelectrode gap and serves as the sourct.! uf p.:1.rticlco to bomb~rrl r1 

cesium covered electrode (cathode, .auxiliary electrode), where negative 

hydrogen ions are produced. All BNL sources are of a compact design and 

operate with high extracted lr current densities (space charge limited);. for 

operation with pulses longer than 0.1 s source electrodes and extractor grids 

have·to be cooled. In addition to the magnetron and Penning sources, a new 

source, planar.magnetron, has been under consideration because of a substan­

tially improved power efficiency ~nd possibly an improved gas efficiency. 

Although the. size of existing sources does not allow lr current yields above 

1-2 A in pulses longer than 0.1 s, once the preferred configuration has been 

identified a large, cooled module will be designed to deliver 10 A in long 

pulse/steady state mode of operation. 

The purpose of tl1e extractor system is to extract negative ions ~rom the 

source, form a beam with a sufficient current density and having goud optical 

properties, Separate electrons apd, p~~~ibly, remove them tn An electrode at a 

lower potential. t:xcept 1u the case of an lLwHeoii.s~te accoleration (r.lose 

coupled system); a beam transporL ~ystem is required tn transfer the beam from 

the extrr~r.tor to the accelerator. For that purp?se a bending magnet has been 

studied, \vlLl1 .:~doH ti opal ad'?antr~eP.s of an easier pumping, better matching to 

the accelerator and full removal of all unwanted components from the beam 

(e.g. heavy negative ions). 
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Earlier in the B!~ program close coupl~d accelerating structures have 

been studied and the conclusion was that they do not offer a practical 

solution for high current long pulse beams due mainly to a high background 

pressure, presence of Cs vapors in the accelerator, and the existence of a 

large beam halo. In order to eliminate these problems the new approach calls 

for a 90° bending magnet separating the high current density source from the 

much lower current density accelerator, the latter being a single aperture 

structure accepting the total beam. Acceleration to 250 kV would be 

accomplished in two steps. 

Stripping cell is a beam line element common (except possibly in details) 

to all negative ion based systems. Gas or metal vapor jets, plasmas and 

lasers have been considered but no decision has been made yet. No studies 

have been made on the ion deflector and beam dump, either. 

Project Goals for FY 1979 

Negative ion sources. The project goals are: to continue studies of Mk 

~V Penning and magnetron sources (without cooling) with the objective to 

extract Ir-/n- beams in pulses of 50-100 ms and with an intensity limited by 

cathode heating; to fabricate a Penning jet type source and test the dis­

charge; to build and test a computer system for monitoring and control of 

sources; to design and procure elements of a test stand for studies of long 

pulse/steady state ion sources with nucleated boiling electrode cooling; to 

initiate a cooperative program with Westinghouse, including nucleated boiling 

studies, cesium transpiration studies, and design and fabrication of cooled 

sources. 

Negative ion transport and acceleration. The project goals are: to 

study negative ion beams at 15 keV level, including emittance measurements, 

for different source slit and extractor geoQetries, as function of source 

parameters; to study the transport of beams through bending magnets having 

different field indexes; to design and test components of the new 250 keV beam 

facility. As part of the cooperative effort with Westinghouse to start 

studies of a conceptual design of a neutral beam line. 
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Progress in FY 1979 

Negative ion sources. Studies of the l1k IV models (without ,cooling) of 

magnetron and Penning sources have. continued, with the objective of gaining 

experience for the design of sour~es that would operate reliably with long 

pulses (> 1 s) and would deliver higher currents. It was found that 

machinable glass ·electrode supports were the main cause for breakdowns and 

contamination of the source. The design was subsequently changed ·and all 

insulators removed from the vicinity of the discharge chamber and placed 

inside pole tips (Fig. 2); complications due to the presence of electric and 

wagt'u~tic fiGldii in the smne regio,n were also greatly reduced. Addition of 

biased shields between the cathode sides and the anot.le further improved the 

operation. The first successful run of the modified source lasted about two 

months~ with the source operating. 24 hours a day and often 7 days a week; the 

reliability was better than 95%. Parameters of the discharge were limited by 

the cathode heating to a discharge current of about 120 A and a pulse length 

of .S0-100 ms. During the run about 75,000 pulses were accumulated, 

·corresponding to an integrated time of more than 1 hour. Cesium was fed into 

the discharge from a·separately heated container, making the diffusion rate 

independent of source operating parameters. 

H2 LINE 

Figure 2 
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A second problem that has plagued Hk IV sources was the extractor, with 

frequent sparking due to a poor shielding and showing overheating during long 

pulse operation caused by E x B drifting electrons. The extractor was 

redesigned and an electrode on a potential much lower than the extractor was 

added; the objective was to collect electrons from the source with a much 

lower energy (improved power efficiency, lower heat load). Tests have shown 

an extra~ted current limit of about 0.2 A of Ir, at a pulse length of 0.1 s, 

due to electrode heating; initial results of electron collection have been 

encouraging, with ~nore than 30% of electrons collected at the low voltage. 

The design of the Uk IV Penning source has been improved by. adding 

electrodes to fully shield the cathodes (Fig. 3). The parasitic magnetron 

mode, previously observed in the t1k IV Penning source, has been eliminated and 

reliable operation achieved. In the hydrogen mode, the source has accumulated 

more than 200,000 pulses, 0.1 s long, while in the cesium mode 10,000 pulses 

were achieved at cathode current densities of 5-7 A/cm2 and a pulse length 

of 20 ms. The duration of the cesium run was limited by the cesium supply. 

Studies of the extraction of beams from the Penning source have not been con-. 

eluded. The Penning jet source has been put into operation and lmoJ current 

CATHODES . Cs 
CONTAINER 

Hz LINE 
. . . 

ANODE 

MAGNET POLE 

Figure 3 

- 5 -



density discharge in the hydrogen mode obtained. Expectations about a subtan­

tially improved gas.effic~ency have been confirmed, but due to the departure 

of the physicist in charge of this experiment the work has proceeded with a 

low priority. 

A computer system for source monitoring and control was designed, built 

and tested with the source •. Its purpose is first, to monitor the operation of 

the source overnight and during weekends and change parameters if necessary, 

and, second, to serve for source conditioning according to a predetermined 

schedule. A substantial saving in time and manpower will result by using such 

a system. 

Studies of nuelt!al.t:!Ll boiling cooling ot ::1 Hk IV Pennlug t.:allnide were. 

completed. Previous computer studies have shown that .this design should be 

usable for heat fluxes up to 0. 5 k~v/cm2 , the limitation being due to the 

turbulence at the water passage exit.' The test run confirmed these conclu­

sions ~nd at 0.5 kW/cm2 the surface temperature i~ the center of the test 

piece was 360°C, while opposite the fluid exit channel it was 430°C. 

The existing ion source test stand has limited capabilities: a pumping 

speed of 10,000 ~/s, a discharge power supply delivering 500 A in pulses of 

0.1 s and no electrode cooling system. In order to be able to study sources 

that operate with higher currents and much longer pulses and requiring cooling 

of electrodes, it was decided to build a new ion source test stand. The 

design parameters are: a vacuum systt!m with a pumping speed of 80,000 R,/s 

for hydrogen; a discharge power supply delivering 500 A at 450 V and in 30 s 

pulses or 25 A at ·1000 V, steady state; a power supply for the first extractor 

grid delivering 5 kV, 3 A d.c.; a powe~ supply (existing) for the second 

extractor grid delivering 25 kV, 5 A in 5 s pulses or 3 A steady state; a 

cooling system using deionize·d· water for source electrode (anode·, cathode) and 

extractor grid cooling·. All main elements of the new test ·stand have been 

clP.signed and procured and constructi<:m has ·proceeded on schedule. 

There have been three types of sources, all of them incorporating elec­

trode cooling, under consideration and they have reached different design and 

fabrication stages. A Penning source, similar in size to ~& IV model but with 

cathodes to be cooled by nucleated boiling, has been designed and fabrication 

has begun at Westinghouse; the design of a magnetron source cooled by water 

flow has begun, and concept studies of a planar magnetron source cooled by 

water flow have begun. 
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As part of the cooperative effort with-Westinghouse aud .in addition to 

the fabrication of .a cooled Penning source,-different shapes of cathode cool~ 

ing channels have been studied and the construction of a test facility has 

begun where the optimum cathode channel design will be determined by experi­

ment. Cesium transpiration studies have begun as well and results indicate 

that porous wall transpiration method cquld be used to feed the cesium into 

the discharge chamber. 

Negative ion transport and acceleration. Negative -ion beam studies have 

been done at an energy level of 15 keV. A computer controlled emittance 

monitor was constructed and brought into operation to study the beam param­

eters (density distribution, divergence, emittance). Beam parameters have 

been first measured after the extr.actor and it was found that· for beams up to 

0.5 A beam divergence and emittance depend little on the extraction geometry 

and that beams from single and multiple slit geometries should be 

transportable through a 90° dipole magnet having an 8 em gap and a 20 em 

bending radius. Second, beam properties were measured after the· 90·0 bend, for 

beam currents up to 0.5 A. It was found that an extracted beam with an 

initial density of 0.5 A/cm2 can be transported through the bending t~gnet 

with an efficiency of better than 80%, resulting in a low divergence beam with 

a density of 10-15 mA/cm2. This lower density beam is well suited for large 

single aperture acceleration to high energies. Almost complete space charge 

neutralization occurs in the negative ion beam during its passage through the 

magnet due to ionization of the. background gas (pressure:::: 5.lo-5 torr). 

Comparison of measured optical properties with the theory shows a good 

agreement. 

The new. building to house th.e 250 keV neutral beam test facility has been 

completed. Progress was made with. the conversion of the short pulse (10 ms), 

low current· (1 A) accelerator test stand· into a long pulse (Ool s), high 

current (10 A) test facility, located in the new building. The 14 ft long 

vacuum vessel has been constructed and delivered and some vacuum equipment has 

been ordered. The 25 kV nnd 150 kV power supplies were modified to include 

computer control. A computer control system has been designed and partially 

constructed. 
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By means of a trajectory computer program and using experimentally 

determined beam emittances after the 90° bend, several designs of a 250 kV, 

four electrode accelerating structure have been studied and its parameters 

finalized. 

Plans For FY 1980 

Negative ion sources. The m~in objective of the program will be to 

achieve the proof-of-principle for negative ion sources: to design a source 

and extract a 20 keV beam having an intensity of at least 1 A, in pulses of 1 

s duration or longer. The source· should have a good power efficiency so that 

t,:hA heat can be removed by water flow·(no nucleated boiling cooling), and 

operate with an acceptable gas efficiency. Studieo of 'the exiioting Hk III and 

~& IV sources will continue to gain information on the best shape of source 

electrodes (cathode, anode) and on the electron collector and extractor system 

(distribution of the electron component as function of the·ratio of voltages 

and the geometry of the system). Based on these data, the Hk V cooled models 

will be designed and fabricated, with parameters adequate for the proof-of­

principle requirements. The test stand for studies of cooled sources will be 

put into operation and tests of such sources will begin in the second half of 

the y~ar. Studies of the nucleated boiling cooling will be finished, with the 

goal to reach heat inputs of 1 kH/cm2. 

Negative ion tr_ansport and acceleration. · SLuui~s of 15 keV beam propertit:>s 

of l:'lk III and Uk IV sources (density d:i.stribution, divergence, emittance) will 

continue, with the goal to get information on different sources, operating 

under different .conditions, and with different extraction systems, without and 

with a bending magnet. Beam tran!;port and 'accelerating systems (single aper­

ture, d. c., quadrupole, Heqalac) will be studied theoretic;ally. llork on Lhe 

construction of the new accelerator test facility will continue wit:ll a luw 

priority; it is expecleu that the Phase I (vacuum system, source~ 30 kV 

extraction power supply) will be finished and that ~:;Ludies of .10 kcV be;3.m 

properties and transp?rt will begin. 
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