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(54) Neutral beam monitoring 

(57) A neutral beam 18 generated by 
passing accelerated ions 14 through a 
walled cell 16 containing a low energy 
neutral gas, such that charge 
exchange partially neutralizes the high 

energy ion beam, is monitored by 
detecting the current flowing through 
the cell wall produced by low energy 
ions which drift to the wall after the 
charge exchange. By segmenting the 
wall into radial and longitudinal 
segments various beam conditions are 
identified. 
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SPECIFICATION 
Neutral beam monitoring 

65 

This invention relates to a method and 
apparatus for monitoring characteristics of neutral 

5 beams, particularly for use in plasma technology. 70 
High energy neutral beams are gaining 

significant importance for plasma and other 
technologies. Neutral beams are particularly useful 
as a means for adding energy to the plasma in a 

10 confining device. Where the plasma is held within 75 
* a magnetic bottle, neutral beams can be projected 

across the magnetic field, for example, across 
toroidal windings or between turns of a toroidal 
coil. 

15 Although the use of neutral beams has gained gg 
increasing importance, there is a paucity of 
technology supporting neutral beam monitoring 
devices. Presently neutral beams are monitored by 
calibrating the beam with calorimetric or beam 

2 0 dump means. This necessitates shutting down the 35 
operation in which the beam is required, and never 
provides a true indication of beam characteristics 
during actual beam use. 

A neutral beam is typically generated by 
25 accelerating ions to a desired energy level, and qq 

subsequently passing the ion beam through a low 
energy neutral gas background. Through the 
process of charge exchange, electrons from the 
background gas are passed to the high energy 

30 ions, thereby neutralizing the beam. gg 
A neutral beam thus generated can be used for 

plasma energy addition. However, parameters such 
as those indicating the amount of energy added, 
the continued productive operation of the 

35 confinement system, the cross section and -j qq 
direction of the neutral beam, are of substantial 
importance. If, for example, the plasma is not of 
sufficient density and the neutral beam is of too 
high an energy level, the beam can pass through 

40 the magnetic confinement or magnetic mirror and 1 q q 
have little interaction with the plasma. Under this 
condition the high energy neutral beam is not 
attenuated, and can damage the walls of the 
containing reactor. 

45 It is therefore the principal object of the present ^ q 
invention to provide a method and apparatus for 
the monitoring of neutral beams. 

With this object in view, the present invention 
resides in a method for monitoring selected 

5 0 characteristics of a high energy neutral beam 
generated by passing accelerated ions through a 
low energy neutral gas disposed within a walled 
cell characterized in that the current flowing 
through the walls of said cell as produced by low 

55 energy ions which drift to said cell walls is ^20 
measured at preselected locations and used as an 
indication of characteristics of the neutral beam 
generated. 

This invention provides method and apparatus 
50 useful in monitoring selected characteristics of ^ 5 

neutral beams. In those applications where neutral 
beams are generated by passing accelerated ions 
through a low energy neutral gas to achieve 
charge exchange, the gas is disposed within a 

walled cell. As a result of the charge exchange low 
energy ions drift to the walls of the cell and 
produce a current. By detecting the current, an 
indication of the strength of the neutral beam is 
obtained. The manner in which the current is 
detected can include specifically positioned 
probes or segmented walls so as to also produce 
an indication of the distribution and direction of 
the current, useful as an indication of beam 
direction, radial alignment, and strength along its 
longitudinal axis. 

The invention will become more readily 
apparent from the following description of a 
preferred embodiment thereof shown, by way of 
example only, in the accompanying drawings, in 
which: 

Figure 1 is a simplified block diagram 
identifying the major components of one 
embodiment of the invention; 

Figure 2 is an elevation view, in cross section, 
of a neutralizing cell in accordance with this 
invention; 

Figure 3 is a perspective view, in cross section, 
of another neutralizing cell in accordance with this 
invention; 

Figure 4 is an elevation view, in cross section, 
of another neutralizing cell in accordance with the 
invention; and 

Figure 5 is an illustrative graph plotting the 
fraction of two constituents (Y axis) versus 
neutralizing cell position (X axis). 

Referring now to Figure 1 there are shown 
components in accordance with one method for 
forming a high energy neutral beam including an 
ion source 10. The ion source 10 can be of any 
type well known in the art, including those 
providing ions by electrical discharge or electrical 
arc. Either positive or negative ions can be formed, 
and both are compatible with the invention. For 
purposes of description, however, positive ions are 
described. Ions of hydrogen, deuterium, tritium 
and helium are commonly utilized. 

The positive ions are formed by stripping 
electrons from neutrals, and the ions are then 
passed to means, also known in the art, which 
accelerate the ions to the desired energy range, 
such as the accelerator 12. For purposes of 
plasma research and formation, and for controlled 
nuclear fusion, ion energies in the range of twenty 
Kev and higher, into the Mev range, are desirable. 
Typical accelerations include a plurality of charged 
grid plates (not shown) to accelerate the ions. The 
ion source and accelerator are typically arranged 
to collimate the ions into a thin focused ion beam 
14. 

The ion beam is next passed to a neutralizing 
cell 16. The cell can be of various geometric 
configurations, although it is preferably 
elongated, having a length dimension several 
times greater than the lateral cross section. The 
cell 16 contains a background gas or vapor 
maintained at relatively low pressure and 
temperature, for example deuterium gas at 2 0 
degrees centigrade and 10~3 torr. Background 
gases commonly used in the neutralizer cell 16 
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include hydrogen, deuterium, tritium and helium. 
As the ion beam 14 passes through the cell 16 a 
portion of the energetic ions undergo a charge 
exchange with the background gaseous medium. 

5 The positive ions, for example, undergo collisions 
with the gaseous atoms or molecules and acquire 
an electron, while negative ions, if utilized, give up 
an electron. In either case, competitive 
interactions such as charge exchange and 

1 o reionization occur to a degree dependent upon 
parameters such as the density of the neutralizing 
gas, the length and geometry of the cell 16 and 
the energy of the ion beam. A portion of the ion 
beam, ranging from about ninety percent at 

15 twenty Kev to less than one percent at 500 Kev, 
which enters the cell 16, however, leaves the 
neutralization cell 16 as a collimated beam of 
energetic neutrals. In addition, the residual 
energetic positive ions travel with the beam. This 

2 0 emerging neutral beam 18 can then be utilized as 
desired, such as for etching surfaces or adding 
energy to a plasma held within a vessel 2 0 by 
magnetic forces formed by a plurality of 
specifically oriented coils 22. 

25 While the competitive interactions occur in the 
gaseous neutralizing medium, also occurring is a 
drift of the low energy ions to the cell 16 walls. 
The low energy ions remain after giving up 
electrons to the high energy ion beam 14. While 

30 some of the low energy ions exit the cell 16 with 
the energetic neutral beam, a finite number will 
drift to the cell walls. With probabilistic analysis a 
reasonable basis for monitoring the neutralization 
process can be obtained from a monitoring of the 

35 drifting ions. Further, directional and magnitude 
properties of the neutral beam can be identified 
through monitoring of the spatial distribution of 
the drifting ions. While the charge exchange and 
reionization interactions occur, also taking place 

4 0 is additional ionization from direct impact of the 
high energy beam and the background gas. This 
ionization process results in the formation of a 
generally equivalent number of positive ions and 
free electrons, which also tend to drift to the cell 

45 wall where neutralization occurs. While the net 
current developed from this process tends toward 
zero, it is recognized that the distribution of the 
current can result in small current indications at a 
given monitoring location. It is also recognized 

5Q that the high energy beam will not be completely 
neutralized, and that it also will carry away a 
portion of the charged particles formed by the 
discussed processes. Additionally, as the 
neutralizercell is long as compared with its cross 

55 section, the loss of low energy particles through 
the entrance and exit of the cell will be small. 

To perform the monitoring, an ammeter 24 or 
other current monitoring means is utilized in 
conjunction with means for discharging the 

q q neutralizing current flowing through the walls of 
the cell 16, such as the electrical connector 26. As 
shown in Figure 2, the connection can then be to 
ground 27. Alternatively, the connection can be to 
a high voltage source 29, shown as being negative 

gg for the positive ion example. The high voltage 

source 29 would be positive if negative ions are 
utilized. Regardless of the polarity, the connection 
must complete the beam voltage circuit. The 
neutralizing cell 16 shown in Figure 2 includes, in 

70 addition to a narrow ion beam inlet means 28 and 
a narrow neutral beam outlet means 30, a 
neutralizing gas inlet 32 and a pressure 
maintenance outlet 34. The gas inlet 32 is 
connected to a source (not shown) of the desired 

75 gaseous medium, and the pressure outlet 34 is 
connected to apparatus such as a vacuum pump 
(not shown) to control pressure within the cell 16. « 
Since the ion source 10 is not one hundred 
percent efficient, some neutral gas will also tend 

go to flow along with the accelerated ions into the 
neutralizing cell 16. For some applications this 
neutral gas represents an adequate supply for the 
neutralizing process so that no additional gas need 
be added to the cell 1 6 . . 

gg For some applications, it is important to know, 
with a great deal of accuracy, the direction at 
which the neutral beam is travelling as it departs 
the cell. If the beam is off center, as shown in 
Figure 3, the condition can be detected by 

q q longitudinally segmented walls 36a, 36b, each 
communicating with a respective current detector 
24a, 24b. The cell 16 must be specially 
manufactured so as to electrically insulate one 
segment from the next, and any convenient 

g5 number of segments can be utilized. An 

imbalanced current from the various segments 
provides an indication of an improperly aligned 
beam, and adjustments can be made accordingly. 

It is also desirable to have an indication of the 
1 q q neutral fraction of the beam at various axial 

positions as it flows through the cell 16. It is well 
known that the neutral beam neutral fraction 
typically follows an exponential curve due in large 
part to the competitive reactions as the beam 

105 t r a v e r s e s the cell- A typical curve illustrating the 
fraction of positive ions and neutrals as a function 
of position in the cell 16 is shown in Figure 5. The 
fraction of neutrals and ions in the beam can 
therefore be monitored by segmented walls 38 as 

110 shown in Figure 4, separated by electrical 
insulation 40. Each segment is accordingly in 
communication with an ammeter 24. The 
segments and insulation can be comprised of 
many materials, since the voltage difference 

115 among segments is small but sufficient to allow 
separate metering. The configuration and 
fabrication must be sufficient to maintain pressure 
integrity. Accordingly, a cell comprised of, for 
example, copper segments separated by alumina 

120 insulators would be satisfactory. The readings 
provided by the segments and the respective 
current detection means provide an indication of 
the beam composition as the beam traverses the 
cell. It will be readily apparent that both 

125 longitudinal and radial monitoring can also be 
incorporated in a single cell, if desired, through 
desirably selected segment geometries. 

CLAIMS 
1. A method for monitoring selected 
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characteristics of a high energy neutral beam 
generated by passing accelerated ions through a 
low energy neutral gas disposed within a walled 
cell characterized in that the current flowing 

5 through the walls of said cell (16) as produced by 
low energy ions which drift to said cell walls is 
measured at preselected locations and used as an 
indication of characteristics of the neutral beam 
generated. 

1 o 2. Apparatus for monitoring selected 
characteristics of a high energy neutral beam 
generated by passing accelerated ions through a 
low energy neutral gas disposed within a walled 
cell characterized by means (24, 26) provided for 

15 detecting the current flowing through the walls of 
said cell (16) as produced by low energy ions 
which drift to said cell wall. 

3. Apparatus as claimed in claim 2, 
characterized in that said cell (16) consists of a 

2 0 plurality of segments (38) electrically insulated 
from one another and that each of said segments 
(38) has a current (24) detecting means 
associated therewith. 

4. An apparatus as claimed in claim 3, 
25 characterized in that said cell (16) is tubular and 

said segments (38) are tubular sections disposed 
adjacent each other and separated by insulating 
means (40). 
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