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Summary 

Significant progress in plasna confinement and 
temperature has been achieved in the 2XIIB facility at 
Livermore. These encouraging results, and their theo
retical corroboration, have provided a firm basis for 
the design of a nt« generation of magnetic mirror ex
periments, adding support to the mirror concept of a 
fusion reactor. Two new mirror experiments have been 
proposed to succeed the currently operating 2X1IB 
facility. The first of the Be called TMX (Tandem Mirror 
Experiment) has been approved and is currently under 
construction. THX is designed to utilize the intrinsic 
positive plasma potential of two strong, and relatively 
small, minimum B mirror cells to enhance the confine
ment of a much larger, magnetically weaker, centrally-
located mirror cell. The second facility, HFTF (Mirror 
Fusion Test Facility), is currently in preliminary 
design with line Item approval anticipated for FY 78. 
MFTF is designed primarily to exploit the experimental 
and theoretical results derived from 2XIIB. Beyond 
that, MFTF will develop the technology for the transi
tion from the present small mirror experiments to 
large steady-state devices such as the mirror FERF/FTR. 
The sheer magnitude of the plasma volume, magnetic 
field, neutral beam power, and vacuum pumping capacity, 
particularly in the case of MFTF, has placed new and 
exciting demands an engineering technology. An engi
neering overview of MFTF, TMX, and associated MFE 
activities at Livermore will be presented. 

Introduction 

The mirror fusion program has progressed dra
matically over a broad front in the past two years ' 
largely because of the availability of high-energy, 
high-current neutral beams. The application of these 
very high-powered neutral beams to the 2X1IB, minimum 
|B| magnetic mirror facility (Fig. 1) has greatly ex
panded the experimental options, which have resulted 
In significant advances in plasma confinement and 
heating. Highlights of the 2X1IB accomplishments 
Include: 

• Plasma stabilized by a small percent of warn 
plasma. 

• Plasma heated and sustained by energetic 
neutral-beam Injection. 

• Plasma confinement parameters, ni and m _ 
P Ei 

Increase markedly with ion energy provided 
by neutval beams. 

• Start-up achieved in steady-state magnetic 
field. 

• Attained central plasma 0 > 1. 

The current magnetic-mirror program Is designed 
to exploit the 2XIIB results, develop and test Q-

enhancement techniques, and provide sufficient flexi
bility in the experimental facilities to explore other 
possibilities such as field-reversed mirrors. This 
plan has produced two new engineering and construction 
programs, an upgrade of the 2. IB facility and a vigor
ous development effort involvi •* neutral beams, direct 
conversion, and vacuum technol. v. The Tandem Mirror 

3 4 Experiment (THX) * and Mirror Fusion Test Facility 
(KFTF) comprise the new construction, 

Ceneral Technical Consi orations 

The major components comprising toroidal or 
mirror fusion devices are largely common to both. 
Typically, they both employ: 

• Electro magnets produce the j on fining field. 
• Neutral Injectors to produce and/or heat the 

plasma. 
• Confinement vessels to conta.n the necessary 

plasma environment. 
• Vacuum pumping to produce anc ustain the 

environment. 
a> Control and diagnostic systems. 

However, differences in geometry and plasma confine
ment characteristics dictate engineering or design 
constraints peculiar to each approach. 

One of the more obvious differences is in the 
magnetic-field shape. To prevent gross instabilities, 
mirrors require magnetic wells or minimum JB| field 
configurations (Fig. 2). A number of conductor con
figurations will produce such a field: the baseball 
seam, the mlrror-quadrupole, and the "C" coll pair or 
Yin Yang. The Yin Yang (Fig. 3) appears the best 
choice in most cases if we consider field efficiency 
and access for neutral injection. Both the baseball 
or Yin Yang magnet pose difficult structural and fabri
cation problems. The structural problem arises from 
the severe bending moments that must be constrained 
without encroaching on the neutral-beam injection 
access. The fabrication difficulties stem from the 
axial asymmetry, which requires a two-axis winding 
machine. 

The confinement characteristics of mirrors re
quire significantly more neutral beam current than 
toroidal devices for a given plasma volume. Plasma 
volume, vacuum pumping, magnet size, neutral beam 
access, neutral beam quality, and current density are 
all Interrelated in a complex optimization problem. 
Also, the neutral beam access that is designed into 
the magnet Is useful only in those areas where the 
neutral beam can Intercept the plasma-confining field 
lines at a nearly normal (90* ± 15*) angle. As the 
angle approaches 45 s, nearly all of the beam that Is 
ionized by the plasma is Immediately transported to 
the loss cone and is lost through the mirrors. 

This work was performed under the auspices of the U. 
under contract No. w-7405-Eng-48. 

S. Energy Research and Development Administration, 
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Target plasma Pyroceram high 
vacuum wall 

3-meter-d(am dc magnets 

j0^J\ / -Long re-entrant vessel 

Short re-entrant vessel 

50-A pulsed 
neutral beam module 

Neutral beam 
apertures 

20-kcV neutral beam 

Deuteraicd titanium 
plasma guns 

Aluminum end tank 

LN 2 Cooled surface-/ L Titanium sublimator 

Fig. 1. Magnetic mirror facility 2XTIB. 

Pig. 2. Magnetic well. 

Further, a magnetic mirror is inherently a 
dc device. It can be started by establishing a warm 
plasma coluan along the steady-state magnetic-mirror 
axis with plasma-stream guns. This provides the 
plasma target for trapping the energetic neutral bean, 
which then replaces the warm plasma and builds to the 
equilibrium volume and teoperature. During the build
up phase, the plasma density and energy is lev. This 
condition reduces the rate of neutral-beam trapping 
and enhances the rate of charge-exchange loss. To 
get the plasma through this critical period, it is 
necessary to maintain the density of the cold gas, 
which surrounds the plasma, below a critical value. 

Fig. 3. "Yin Vang magnet wind
ings with relative plasma 
shape. 



More Importantly, the reflux or re-emission of atonic 
and molecular gas from the plasma wall, owing to im
pact of energetic, charge-exchange neutrals from the 
plasma, must also be kept below a critical level. The 
latter is accomplished by maintaining the plasma wall 
at -20°C and starting with a fresh layer of evaporated 
titanium. The necessary critical wall-reflux ratio 
can be sustained in this way for a time that is long 
compared to that of the build-up phase. Dynamic vacu
um equilibrium is reached when the plasma wall satu
rates, giving up one molecule of gas for every two 
energetic atoms impacting it. Thus, the plasma volume 
and energy is in equilibrium with the injected neutral-
beam power, the vacuum pumping system, and the mirror-
field confinement parameters. 

Mirror Fusion Test Facility (MFTF) Design 

The overall objective of MFTF (Fig. U) Is Co 
provide the physics and technology bridge between 
present experiments and experimental reactors, such 
as Fusion Engineering Research Facility (FERF), which 
could be operating In the 1980's. This facility em
bodies the main elements of a conceptual mirror roac-
tor5 a super-conducting magnet and an Intense neutral 
beam Injection. The MFTF machine parameters are 
listed In Table I. 

The Initial goals of the MFTF experiment, based 
on the established machine parameters and consistent 
with S = 0.5 at a central field of 2T, are listed In 
Table II. The most important physics objective of 
MFTF is to further test the theoretical scaling laws 
for micro-Instabilities. 

MFTF Magnet 

Figure 5 shows the geometry of the MFTF conduc
tor bundle. Two "C" colls In a displaced Yin-Yang 
configuration provide the required oiniiaum JBJ, The 
displacement and the trapezoidal bundle shape icproves 
bean access but some additional conductor is required. 

Both water-cooled and superconducting magnets 
were considered. The superconductor system was chosen 
on the basis of relevance to reactor technology and dc 
field capability. There was no clear cost advantage 
for either system. The overall magnet parameters are 
given in Table Til. 

Conductor Design 

To minimize development tine, the superconductor 
design is based on "established technology." The 
superconductor chosen was Nb-Ti in a copper matrix. 
The basic requirements of the conductor are that It 
must be: 

• Cryogenically stable in pool-boiling liquid 
helium at 1-atm pressure. 

• Convenient size for winding. 
• Sufficient current rating to Unit quench-

discharge voltage to tolerable levels (<lk7). 
• Sufficient current density rating for reason

able conductor bundle dimensions. 

The conductor being developed to meet these basic re
quirements is shown in Fig. 6. The superconducting 
Nb-Ti core will be specified to earn' a minimum cur
rent of 10 kA (-1.5 tines design) at 7.5 T and 4.2 K. 
The copper, within which the superconductor core is 
wrapped and soldered, provides the necessary heat-
transfer surface area and electrical conductivity to 
stabilize the conductor. A large test coil (lo-bore) 
is being fabricated to verify the conductor design 
and provide a firm value for the allowable current 
that is consistent with cryogenic stability. 

Fig. U. Conceptual drawing of the MX experiment. 

Magnet Structure 

The high nagnetlc-field intensity induces very 
large forces (see Fig. 7) on the conductors. A major 
restriction on the coil structure is that it allow 
free access to the plasma. The unrelnforced winding 
offers access between the magnet lobes and between 
the two coils at the -45° plane. The goal is to mini
mize encroachment on these areas by the magnet struc
ture. This can be achieved by increasing the magnet 
casing section and providing connecting nenbers be
tween the two coils so th \ one restrains the other 
like a "C" clamp. In addition, the connecting cones 

Table I. HFTF Machine Parameters. 

Magnet Sustaining beans Start-up beans 

B (central) = 2.0 T E = 80 keV E = 20keV 
L (nirror-to-nirror) I = 750 A I = 1000 A 

= 3.4 M 
Mirror ratio, R 220 KH power drain Pulsed (10 as) 

_ _ 102 duty cycle 

Table II. Initial MFTF Goals. 

Plasna parameter Value 

Density, n io 1 4 «r' 
Ion energy, T 50 keV 
Confinement, m product , 12 -3 lo cci s 



2.50m-
major rad. 

Fig. 5 . HFTF coi l geometry. 

Stebilizing Cu 

Fig. 7. Resultant forces resulting from 
distributed magnetic pressure. 

Table III. HFTF Magnet Parameters. 

Fig. 6. Superconductor design. 

Parameter Design value 

Type of f ie ld Minimura-fB| mirror 

Magnet type Displaced Yin-Yang pair 

Major radius (mean) 2.5 m 

Minor radius (mean) 0.78 n 

Axial half-displacement 0.78 ra 

Coil Section 0.28 * 0.84 m 

Mirror- to-oirror length 3.4 m 

Vacuum central f ield 2.0 T 

Mirror f ie ld 4.18 T 

Mirror r a t i o 2.09 

Conductor f ie ld near mirror points 6.4 T 

Maximum conductor f ie ld 7.5 T 

Conductor type Cu-stabilized Nt>Ti 

Conductor current 6.8 kA 

Overall current density 3400 A/cm" 

Mustier of turns IIB0 

Ampere turns 8.03 MA 

Conductor quantity (both CO l i s ) 330 * 10 6 a-ra 

Conductor mass (both co i l s ) 60 x 10 3 kg 

Tr ' a l mass of c o i l s with s t ruc ture 195 * 10 3 kg 

resist the farce that drives the two coils toward each 
other. Figure 8 shows the magnet with its supporting 
structure. 

The structure, which must be fully austenitic 
and exhibit high strength and toughness at 4.2K, re
quires a material such as Nitronlc 40 (21-6-9), which 
has yield strength of 196,000 psl at 20K. The remits 
of preliminary stress analysis indicate that a struc
tural casing thickness of 3 in. is needed to provide 
the required structural integrity. 

Magnet Fabrication 

The magnet will be pancake-wound on a large, 
specially designed, two-axis winder (Fig. 9). A con
ductor joint will be required between each pancake 
pair. The joint must have maximum mechanical strength 
and minimum electrical resistance. The winding form 
will be a part of a stainless-steel jacket that pro
vides a vacuum-tight container for the conductor 
bundle and liquid helium coolant. The turn-to-turn 
and layer-to-layer Insulation will provide a flow of 



Pig. 9. Coll winder: Front view on left, side view 
on right. 

Fig. 8. MFTF magnet with Its support
ing structure. 

liquid heliun throughout the conductor bundle and a 
wetted surface of liquid helium over at least SOX of 
the external conductor area. The conductor bundle Is 
fitted tightly Into the welded jacket to minimize con
ductor movenent under magnetic loading. 

The quench-dlscharge voltage Is Halted to 1 kV 
by an external protective circuit which will discharge 
the 500 HJ in about 75 s. Thus, the conductor bundle 
nust he adequately insulated from the Jacket. 

Figure 10 depicts the sequential assembly of the 
Jacket bundle into the structural case. The case is 
welded vacuum tight, providing both structural integ
rity and a differentially pumped guard vacuus to the 
liquid-he Hun-containing jacket. 

Neutral Beam Injection i 

The MFTF Injection system is comprised of 100 
2XTIB-type plasma guns to provide a large diameter 
plasma column, twenty-four 20-keV neutral beans to 
inject a start-up current of 1000-A into the plasma 
column for 10 ms, and twenty-four 80-keV sustaining 
neutral beams to inject 750-A into the plasma for up 
to 0.5 s. Figure 4 shows the arrangement of the 
plasma guns and the four neutral bean lines on the 
vacuum tank. 

The 20-keV modules are essentially replicas of 
the units developed by Lawrence Berkeley Laboratory Fig. 10. Coll assembly. 

Table XV. Neutral Injector Hodule Specifications. 

Parameter Start-up nodule Sustaining module 

Operating number 26 24 
Spares 1 1 
Total nunfcer 25 25 
Maximo neutral-bean energy 20 keV 80 keV 
Average neutral-bean energy -16 keV 56 keV 
Extracted ion current 80 A SO A 
Pulse length 10 as up to 0.5 s 
D, 80S inlet 10 Torr t/s 30 Torr-t/s 
Beaa divergence 52* U * 10.5* H 2' W * ±0.5° R 
Neutral bean at plasma SO A of mtoms 32 A of atoms 

Coil|«ck*t 

I __i— e*. —=^ D a > 
4 3 2 1 s 

Explodldvltw of taction A-A StclionA-A 



(LBL) and nov in service on 2X1IB. The 80-keV nodules 
are an extrapolation of the LBL 20-keV design. The 
size of the 80-keV module will depend on the extract-
able current density, vhich is expected to range be-

? 
tween 0.25 to 0.5 A/ca . Table IV lists the specifi
cations of the HFTF neutral-injector module. 

The positioning of the bean nodules is complicated 
because, to minimize the direct reflux of gas molecules 
on the plasma, the total beam must necessarily clear 
through the magnet apertures to a burial region. The 
bean dump disposes of the untrapped fraction of the 
sustaining beam at plasma equilibrium and, more impor
tantly, oust take the full bean power (?16 kW/cm ) 
during start-up. The plan view (Fig. 11) of the In
jection system shows the dump entrance duct, which is 
located between emerging beam paths. All four beam* -
tanks are identical, each containing six modules per 
tank. Figure 12 is on elevation view, showing th-
80-keV modules on one side and the corresponding beam 
dump on the other. 

Associated with each beam module is a neutralizing 
duct, magnetic shield, flexible atcoring mount, and an 
isolation valve. Also shovn is the module power supply, 
no small part in terms of cost and complexity. Figure 
13 is a schematic representation of the 80-kV module 
power supply. 

HFTF Vacuum System 

The minimum vacuum requirement for continuous 
operation of a beans-sustained, magnetic mirror-
contained plasma is set by the balance (In the plasma 
surface layer) of charge-exchange losses by the trap
ping of energetic, neutral beam particles through ion 
and electros impact ionization. Charge-exchange 
losses arise from the ambient neutral density external 
to the plasma and from molecular streaming of thermal 
neutrals from the neutralizing cells in the energetic 
beam lines. Gas diffusion, from the magnet chamber 
and the beam tanks through the opening in the magnet 
and into the plasma chamber, and reflux af particles 

Fig. 11, Plan view of injection system showing 
beam lines. 

Fig, 12. Elevation view of Injection system. 

from the containment chamber walls contribute to the 
Ambient neutral density. Analysis of the plasma bound
ary equilibrium leads to the following conclusions: 

• Containment chamber walls during start-up 
must act as pumps. 

• The injected, neutral-beam fraction that 
penetrates the plasma and ions that are lost 
through the magnet mirrors must be prevented 
from returning to the plasma as low-energy 
neutrals. 

• Gas diffusion from the neutral-bean tanks 
into the plasma chamber must be restricted 
to values comparable to the direct streaming 
from the neutralizer cells. 

The first requirement is met by foming active pumping 
surfaces on the walls of the containment chamber; 
prior to each containment run, titanium is deposited 
by retractable getters. 

Disposal of those unneutrallied, accelerated 
ion beams, those uutrapped neutral beams, and the 
plasma lost through the mirrors is complicated by the 
considerable energy content of these beams- This 
energy is collected by allowing the beams to fall on 
water-cooled panels in the beam tanks and in the end 
section of the large vacuum vessel. 

Fig. 13. Neutral beam system. 



Impedance to gas flow is provided by dividing 
each beam tank into two sections that are connected 
by ducts, the latter enclosing the individual beams. 
The second chamber is a single duct that allows pas
sage of all beams (see Fig. 14). The BO-keV beams 
are "focused" beyond the plasma in the opposite be*»m 
tank. 

value, we predict the panel pumping to be 0.3 of the 
"black hole" speed, or 

te) baffled 
cryopanel 

With respect to the vacuum system, the primary 
components of MFTF are four, iden t ica l , injector dump 
tanks and also the main tank. The main tank is fur
ther divided into the plasma chamber, the side region, 
and the two end regions (see Fig. 15). 

The injector dump tanks provide pumping for the 
large amount of molecular gas introduced by the ion 
sources and also for the neutral beam par t i c l e s that 
penetrate through the plasma- The end regions pump 
the mirror leakage pa r t i c l e s ; the side region (annular 
space) provides an additional sink for gas In the plas
ma chamber. 

The molecular gas load of 720 Torr-*./s wi l l be 
vacuum pumped by condensation onto LHc-cooled cryo-
panele operating a t 4.2 K. A standard cryopuap design 
consists of a f l a t , LHc-cooled cryopanel separated 
from the chamber volume by an array of LSI -coaled 
chevrons (see Fig. 16). The chevrons act In two ways 
to reduce the refr igerat ion requirements of the cryo
panel ; 

• The chevrons shield the 4.2-K surfaces from 
high-temperature radia t ive sources. 

• The chevrons reduce the internal energy of 
the gas molecules before the molecules impact 
the cryopanels. 

The st icking coefficient for deuterium at 4.2K i s near 
unity. The normalized conductance of a chevron array 
is about 0.3 for an included angle of 120°. For th i s 

0.5 - m long ducts 

Chamber # 2 

Chamber — 1 

20 keV beams 

This value is in excellent agreement with experiments 
on the cryopump of the beam project a t LLL. 

Gas-pumping surfaces (LHe-cooled cryopanels 
shielded by LN.~-cooled chevrons) l i ne the chamber 
walls of the four, injector dump tanks, the cvo end 
regions, and the side region. The pump areas given 
in Table V arc the ac tual surface areas of the cryo
panels. The equivalent black hole areas arc calcu
lated by multiplying the pump areas by 0 . 3 , as de
scribed previously. 

f Plasma region 

Mirror leakage duel 7 

L Cryogenic pumps End region J 

Side region -

Fig. 15. Main chamber showing vacuum 
regions. 

LHe-cooled panels 
/-LN2-cooled panel 

.-Vacuum vessel will 
/ 

4-Coolant I 
passages 

Inclined dump surface 
uLN2-cooled chevrons Pumped volume 

Fig. 14. Injector tanks. Fig. 16. Typical cryopanel arrangement. 



Table V. MFTF Cas-pumpinj* Surfaces 

Punp area 
f (rf) 

Equivalent 
black hole area 

(m 2) 

First injection chamber 
(next to source modules) 
Second injection chamber 
(next to magnet) 
Total of both Injection chambers 
(for i* source tanks) ion 

240 

4.5 

3.0 

30.0 
72 

Also of Interest Is the breakdown of tlic pump 
throughputs. Table VI gives the breakdown for a plas
ma midplane radius (r ) of 30 cm. The total purap 
throughput, 720 Torr*£/s, Is equal to the source input 
gas; 30 Torr«E/s per source times 24 sources. 

Calculations Indicate that for plasma radii of 
interest (r = 30 cm), the ratio of gas molecu.';s itt-

P 
pinging on the plasma to injected neutral atoms must 
be limited to about 0.1. Figure 17 shows our predicted 
values for this ratio as a function of r . Figure 18 

P 
shows the gas pressures in the various chambers as a 
function of r . 

P 
One of the more difficult technological problems 

encountered in high-power, long-duration, neutral beac 
injection experiments is providing for absorption of 
the neutral beam power that passes through the plasma. 
A similar problem involves the absorption of the un-
neutralized ion beam that is deflected by the magnetic 
field and dumped in the injector dump tank. During a 
0.5-a pulse, the energy is absorbed in a 1-cn thick
ness of the copper beam dump. The surface temparature 
at most will rise 550°C. With a total thickness of 
3-5 cm, the maximum temperature at the back face can 
be kep" below the boiling temperature of the cooling 
water. i'i,e cooling water will remove •...« energy in 
the 5-min, or greater, interval between shots. For 
six beams, such a dump will weigh nearly 2 tons. 

MFTF Facilities at U L 

An existing building at LLL will house MFTF (see 
Fig. 19). The existing concrete vault (7-ft thick) will 
provide adequate shielding for the expected neutron 
production of 10 /s during the pulse. Contiguous 
facilities will include external vacuum system, liquid 
helium cryoplant, control room and diagnostics, and 

the various and myriad power supplies. The heat loads 
on the liquid helium and liquid nitrogen systems arc 
1500 W and 205 k*\ respectively. 

Tandem Mirror Experiment (TMX) 

The tandem mirror coi.i'cpt uses t3 advantage one 
of the features that has contributed to the low Q 

' ' J*— L~ ' I 

J °-°8 -
_ * 0.04 - / -

i i i • I I 

0 20 40 60 
r p - c m 

Fig. 17. Ratio of gas molecules inping-
Ing on plasma as a function of injected 
neutral atoms. 

o 10" 5 

Injector tank-first chamber 

Injector tank-second chamber 

F I R . ]8 . C.is pressures in various 
chambers .is a function of plasma 
midplane radium r . 

Startup & stabilizing 
power systems 

L Superconducting 
magnet pair 

Neutral-beam 
injectors 

Vacuum vessel 

Fir;. 19. Mirror Fusion Test Facility (artist': 
conception). 



Table VI. Pump Throughputs (r = 30 en). 

Chamber Each 

Injector dump tank: 
First chamber 154.6 
Second chamber lO.l 

Side region 10.6 
End region 25.8 

(fusion power/injected power) of mirror systems: the 
strong, positive, ambipolar potential that confine* 
the electrons but expels the low-energy Ions. In a 
conventional mirror machine, the magnetic field con* 
fines the ions, but the ions confi.ie the electrons 
electrostatically. 

7n the TMX. the idea Is to plug the ends of a 
solenoid c1cctrostatically by means of aablpolar poten
tial barriers created by two mirror machines, one at 
each end of the eolenoid. Although Input power Is re
quired to sustain the plasmc in the end cells, the 
overall Q can be high if the plasma volume in the 
solenoid greatly exceeds that in the end cells. The 
geometry of TUX is shown in Fig. 20. 

The Tandem Mirror Experiment has three main 
objectives: 

• To establish and maintain a potential well 
between two mirror plasmas. 

• To develop a scalable magnetic geometry while 
keeping macroscopic stability high. 

• To investigate the mlcrostability of the 
plug-solenoid combination in order to maximize 
the ratio of the plug density to the Injec-
cIon power. 

Magnet System 

Identical high-field mirror cells at the two 
ends are joined by a large, low-field solenoldal cell 
as shown in Fig. 21. This configuration Is provided 
by a set of colls whose geometry, although fixed, can 
produce a range of flux shapes by adjustment of the 
currents in the various coils. Thus, the magnetic 
field shape becomes an adjustable experimental param
eter. 

The winding elements of the end magnets, or 
plugs, are a baseball-type coil and a pair of "C" 
coils nested within the baseball winding. By changing 
the ratio of currents in the two types of coils, it is 
possible to vary the axial mirror ratio between 3.5 
and 1.3 and the radial well depth between 0.9S and 
1.04. With available power supplies, the central 
field of the plug may be held constant st 1.0 T over 
a portion of this range, while the extremes can be 
realized for a central field above 0.55 T. 

The center-cell windings are an existing set of 
solenoidal colls. A set of segmented Ioffe bars that 
extend the length of the solenoid section helps in 
making the transition between the central cell and 
the plugs. 

Flow 
(Torr-8/s) Torr-Z/s/m 

Total of cryopanel 

617.4 10.3 
40.1 1.0 
10.6 0.1 
51.7 0.3 

720.0 

All of the magnet colls arc to be wound with 
hollow, square, copper conductor and arc to be oper
ated at near room temperature in a pulsed mode, with 
an "on" time of about 3 s. °lug magnets will be wound 
on forms suitable for vacuum Impregnation after 
winding. 

The TMX oagnet parameters are summarized in 
Tabic VII. 

TMX Vacuum System 

As in all mirror confinement experiments sus
tained by neutral beam injection, the vacuum require
ments are primarily determined by a balance between 
the rate of charge-exchange loss of trapped tons and 
the rate of trapping of beam particles. 

Fig. 20. The geometry of THX. 

Fig. 21. TMX coil set. 
-9-



Table VII. THX Magnet Parameters 

Parameter 

Magnet Type 
Plug (2) 
Transition 
Central cell 

Distance between Inner mirrors 
Distance between plug mirrors 
Plug central field 
Center-cell field 
Plug mirror ratio, axial 
Plug nlrror ratio, radial (at 10 cm) 
Maximum plasma radius 

In plug 
In center cel l 

Total stored energy 

A schematic of the THX vacuum system la shown 
in Fig. 22. For the plug sections of the system, the 
plasma can tolerate a gat load on i t s surface about 
equal to the hot-ion current trapped in the core, with
out either eroding the plasma surface or seriously de
grading the hot-Ion temperature. The trapped current 
per plug for the four 40-keV sustaining beans operating 
at ful l rated output i s estimated to be 19 A; and t i e 
gas flow to the surface of the plug plasms la estimated 
to be 30 A, which la tolerable. 

The other major contribution to the gaa load i s 
from the reflux of charge-exchange particles from the 
walls of the containment region. This contribution 
i s conservatively estimated on the basis of unity re-
fluxing, a value consistent with the 2XIIB analysis . 
With the smoother metallic walls planned for the THX 
system, the reflux coefficient nay tie leas than unity. 

The diffuse flov of gas from the injectors i s 
minimized through the use of large-area active pumping 
formed by deposition of titauiuu on surfacea cooled by 
liquid nitrogen prior to each containment run. Source 
gas i s differentially pumped in regions separated by 
minimum-conductance baffles. Reflux of energetic par
t i c l e* i s minimized by burial la titanium-coated, 
vater-cooled surfaces located on the magnet walla and 
in the beam and plasma dump regions. 

Tea central ce l l contains no cooled l i n e r . , and 
gaa refluxlng from the walls la pumped both by the 
plasma (ultimately exiting through the plugs to the 
plasma dump region) and by a titanium coating on the 
walls . 

Injection System 

The THX Injection system includes two 2XUB-typ* 
plasma generators to form a plasma column for buildup 
and 24 neutral-baam source modules to generate, and 
sustain the heatad plasma. One plasma generator I s 
mounted on the dump tank at each end and Is located 
on fl;-* Hoes that map to the center of each plug 
magnet. 

The neutral-baam modules arm mounted, 12 to each 
plug tanfc» aa shown In Fig* 22. This orientation a l 
lows for disposal of untrapped beam and optimum differ
ent ial pumping between source region* and plug magnets. 

Value 

Baseball plus "C" coll pair 
Reverse "C" + Octupole 
Solenoids 
5-5 m 
1.1 n 
1.0 T 
0.05 to 0.2 T 
1-3 to 3.5 
0.98 to 1.04 

0.1S a 
0.7 n 
40 HJ 

Each group of six source* contains four modules rated 
at 20 keV, 50 A; and 2 modules rated at 40 keV, 40 A. 
Both kinds of modules are of the type developed at LBL 
and in current use on 2XIIB. Specifications for the 
Injector modules are listed in Table VIII. Neutral-
beam injectors will be Individually shielded from the 
fringe nagnctlc field and individually mounted to the 
plug vessel through an Isolation valve to facilitate 
maintenance. 

Facility 

The THX experiment wi l l be housed in an existing 
building at LLL in an area previously used by the Base
ball II-T experiment. The vacuum vessel w i l l be set 
in a pit in order to provide ful l access and overhead 
clearance and also to minimize radiation shielding. 
The machine w i l l be flanked by t iers for supporting 
neutral-beam and streaming-gun power supplies. Magnet 
power supplies are located in an adjacent building, 
with cabling to the magnets through existing tunnels -
An existing 17-ton, bridge crane services the central 
bay area. All systems wil l be controlled from racks 
along the east side of the central bay. An a r t i s t ' s 
conception of the fac i l i ty i s shown in Fig. 23. 

A wall of concrete blocks surrounds the pit area 
to provide shielding against neutron*. A calculated 
thickness of 2 ft of concrete wi l l reduce the neutron 
flux well below the acceptable l eve l . 

Fig. 22. Schematic of THX vacuum system. 



Table VIII. Neutral Injector Module Specifications. 

P a r s x e t e j 20-keV module 40-keV module 

Max. n e u t r a l - b e a n e n e r g y 20 keV 40 *-:eV 

Avg. n e u t r a l - b e a m e n e r g y - 1 5 keV - 2 9 keV 

Power s u p p l y d r a i n 80 A 65 A 

E x t r a c t o r c u r r e n t d e n ^ i i y 0 . 5 A, cm 2 0 . 4 A/cm" 

E x t r a c t o r d i m e n s i o n s 7 cm * 35 e n 7 cm • 35 en 

O v e r a l l d i m e n s i o n s 20 cm - 58 cm 20 era • 58 cm 

P u l s e l e n g t h 75 a s 25 ins 

D, gas I n l e t 30 T o r r « £ / s 30 T o r r * t / s 

Bean d i v e r g e n c e t2' U x *0 .5« H r2* W - : 0 . 5 ° H 

Beam a t p lasma 50-A n e u t r a l s in 40-A n e u t r a l s in 

Rated v a l u e 10 cm h i g h • 33 cm wide 10 cm h i g h - 3J cm wide 

y - r — l ^ J 
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