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Abstract
A low-temperature plasma can very well be confined by a simple magnetic dipole, such as in the
Van Allen belts of Earth’s magnetosphere. This configuration can be reproduced in laboratory as
a small experimental device, designed in such a way that the magnetic field lines remain within
a vacuum-tight container and are virtually not intercepted by the container wall. In this paper we
propose to use a dipole field for the realization of an efficient negative Ion source. To this
purpose, we analyze the plasma confinement capabilities of such plasma source, in order to
assess the equilibrium pressure and estimate the particle trajectories and drifts.

Keywords: plasma sources, particle beams, magnetic confinement, magnetic mirrors and cusps,
low-temperature plasmas

1. Introduction

Negative ion sources used for fusion applications are required
to produce up to∼50A of Hydrogen or Deuterium ion current
from a low-temperature (few eV) plasma. Considering that the
negative ion current is typically in the range∼200–300Am−2

at the extraction apertures (where gas pressure is kept<0.3 Pa,
to avoid excessive neutral gas flow in the accelerator), these
sources can be quite large and their input power ranges from
some tens to hundreds of kW [1].
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Two types of Negative Ion Sources are currently used
for fusion experiments: the first is the Japanese filament-arc
sources, where hot biased filaments produce an arc plasma dis-
charge, which is confined inside a ‘plasma box’ by a multi-
cusp magnetic configuration. An example is the ‘kamaboko’
source described in [2], and it is generated by permanent mag-
nets. The configuration is sketched in figure 1(a). The second
one is the class of RF (radio-frequency) plasma-driver sources,
mainly developed in Europe, where a coil operating at about 1–
2MHz induces a plasma discharge inside a cylindrical volume
surrounded by thick metallic shields [3]. In this second case,
the confining magnetic field is outside the metallic box, as
shown in figure 1(b).

The generated plasma expands towards a cesiated Plasma
Grid (PG), where some of the impinging particles are conver-
ted into negative ions and then accelerated through the grid
apertures. In both source types, a power of about 1–4MWm−2

is necessary for achieving the required negative ion current

1 © 2024 The Author(s). Published by IOP Publishing Ltd
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Figure 1. (a) Kamaboko plasma source, which is a planar multi-cusp, magnetic DC configuration; (b) the cylindrical RF-driver plasma
source, which is an axially symmetric magnetic configuration. The red arrows indicate the direction of ion extraction.

to be extracted at the grid. This reveals the limitations of the
existing negative ion sources, which, depending on the adop-
ted technology, are:

• for RF sources, magnetic field lines intercepting the plasma
chamber determine fast parallel transport of particles to the
wall;

• a large fraction of the electric power of the RF coils is also
dissipated by eddy currents induced on the metallic struc-
tures of the RF driver [4];

• for kamaboko sources, regular access is required for main-
tenance, due to the limited lifetime of the Tungsten fila-
ments [5];

• for both source types, strong particle drifts and non-
uniformity of the extracted beam is typically caused by the
transversemagnetic field, which is necessary for filtering out
the E≳ 1 eV electrons, that have a high probability of des-
troying negative ions by impact in the extraction region.

The efficiency of the negative ion source has a consid-
erable impact on the fusion power gain, defined as Q=
Pfusion/Pheating, of any fusion device based on magnetic con-
finement and neutral beam injectors heating [6]. For these
reasons, in this paper we propose and describe the project
of a negative ion source based on a simple dipole configur-
ation [7]. The scheme has in principle various advantages:
the dipole magnetic configuration is well-known since the
70’s in geophysics [8] and it is a rather simple geometry to
be realized in laboratory; it is characterized by an intrinsic
high beta, and, last but not least, the magnetic field is placed
inside the ion source, thus avoiding the dissipation of RF
power which plagues present-day ion source schemes [3].
Therefore, in principle a dipole ion source has a higher effi-
ciency with respect to the ion sources available nowadays. The
paper is organized as follows: section 2 discusses the over-
all magnetohydrodynamic equilibrium of the dipole source,
section 3 shows an initial estimate of particle trajectories and

expected neoclassical effects, while in section 4 we draw our
conclusions.

2. Plasma confinement in a purely poloidal
magnetic field

Plasma sources, contrary to magnetic confinement devices as,
for example, the tokamak, are current-free plasmas. Therefore,
the low-temperature plasma in the source can be confined
using a configuration with a purely poloidal magnetic field.
Such a configuration has the clear advantage that the magnetic
field lines do not cross the solid walls of the device and thus
most of the electron trajectories are not intercepted by a mater-
ial wall. Among the configurations with poloidal magnetic
field only, the dipole can achieve plasma pressure equilibrium
with no induced plasma current. Moreover, the dipole config-
uration is also intrinsically stable with respect to ideal mag-
netohydrodynamic (MHD)m= 1 andm= 0modes (or at least,
at very high beta values, β < 86%, β being the ratio between
kinetic and magnetic pressure, see equation (1) and [9]). In
fact, the dipole with Bθ field, only, can be considered as a tor-
oidal version of the ‘hard-core Z-pinch’ [9]. The concept of
plasma confinement in a dipole configuration is not new: it has
already been applied for nuclear fusion experiments, follow-
ing the pioneering work of Hasegawa [10], in the Levitating
Dipole eXperiment (LDX) which was operated in years 2004–
2011 at the Columbia University [11]. LDX obtained record
values of β ≈ 25%, much larger than in the tokamak [12]. A
dipole configuration has also been proposed in the Polomac
device [13], which does not require the levitation of a super-
conducting coil, that is the main ingredient of the Hasegawa
scheme, but goes back to the older design of a supported ring
devised in the 60’s by Bo Lehnert [14, 15]. Finally, a small
device for magnetron sputtering has been realized using the
dipole configuration produced via permanent magnets [16].

In this paper we propose a new plasma driver based on the
dipole configuration: the device is shown in figure 2. It consists
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Figure 2. (a) CAD view of the coil system of the proposed plasma driver; and (b) the corresponding magnetic field configuration. The
system has axial symmetry along ẑ.

in a central cylinder coil, placed inside a larger external stew-
pot coil, as shown in figure 2(a). The device will be contained
in a vacuum vessel and has axial symmetry along the coordin-
ate ẑ, similarly to the RF driven plasma sources [3], but with
smaller size: it is a scaled-down, proof-of-principle prototype
for the ITER NBI ion source. The radii of the two coils are rc
= 40mm and rp = 120mm, respectively; the overall diameter
of the device is about 250mm (including the necessary space
for the coil feeder) and about 200mm in height. The radius
rp of the ‘stewpot’ coil can be considered as the maximum
plasma radius. The central coil produces a steady-state pol-
oidal magnetic field Bθ(r) of maximum amplitude ≈ 80mT,
which is large inside the cylinder and decreases rapidly out-
side, as shown in figure 2(b). The field decays like ∼ 1/r for
r> rc, as shown in figure 5(b).

The rapid decay of the magnetic field with radius sta-
bilizes the plasma m= 1 ideal mode, which is the major
problem of the Z-pinch [9]. Plasma pressure vanishes just
outside the central cylinder coil, then peaks and decreases
again for large r, and it is mainly due to a diamagnetic
effect which guarantees the MHD equilibrium of the con-
figuration, as we will discuss more in detail in section 2.2.
A similar mechanism governs the Van Allen belts [8] and
was observed on LDX, too [17]. Figure 2(a) shows a CAD
view of the dipole plasma driver: the central cylinder coil is
constituted by water-cooled current-carrying conductors; the
external stewpot coil is also constituted by water-cooled con-
ductors, while three current-carrying supports also provide
magnetic shielding to reduce heat load on the supports
themselves.

Three options are considered possible for producing a
plasma inside the ‘stewpot’ coil, namely:

(i) filament-driven arc discharge, using a hot Tungsten fila-
ment (heated by a DC current) and negatively polarized
with respect to the vacuum vessel (and the coils) with a
voltage of 10–30 Volt DC, so as to produce a steady-state
arc discharge.

(ii) radio-frequency (RF) heating, by superimposing a relat-
ively small sinusoidal current (with a frequency of the
order of the ion cyclotron frequency ≈ 0.1–2.0 MHz) to
the much larger DC current in the central cylinder coil.

(iii) microwave heating, using an external microwave source
(magnetron, with a frequency of the order of the elec-
tron cyclotron frequency ≈0.2–2.45 GHz) with a trun-
cated waveguide or a horn antenna and a vacuum-tight
window.

In all cases, access for heating is possible on the lower
external part of the stewpot coil (see figure 2(b)).Wewill prob-
ably use a simple filament-driven arc discharge for the first
plasma experiments.

2.1. Estimate of beta

A first estimate of the plasma beta in our device can be
obtained from global pressure balance in a Z-pinch equilib-
rium. Following Freidberg [9], we define beta as

β =
16π2

µ0 (Ic + Ip)
2

ˆ ∞

rc

p(r)rdr , (1)

where p(r) is the radial profile of the plasma pressure, Ic is
the current flowing in the coils and Ip is the plasma current.
Equation (1) can be easily understood considering that the
magnetic field far from the plasma approaches µ0(Ic + Ip)/2π.
Starting from the equation of the radial pressure balance for the
general screw pinch [18] (with Bϕ = 0), a simple calculation
shows that β, defined as in equation (1), can be related with
the current in the coils through

β = 1−
(

1
1+ Ip/Ic

)2

. (2)

In our system, the central coil current is Ic = 1 kA × 8 turns
= 8 kA, while we can assume the plasma diamagnetic current
to be less than 1% of the central coil current [19], namely Ip
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∼ 80 A. In this way, according to equation (2), it should be
β ≈ 2%. This is anyway a lower bound for the plasma beta.
In fact, in a dipole the magnetic field can be much larger in
the central area of the cylinder (purple color in figure 2(b)):
in fact, a dipole can be seen as the limit for r→ 0 of a loop
with current I and radius r, keeping the magnetic moment µ
= constant. It follows that the current scales as I= µ/r2, and
Ip/Ic = (rc/rp)2. Equation (2) then becomes

β = 1−

(
1

1+(rc/rp)
2

)2

. (3)

By inserting the geometry of our device (rc = 40mm and rp
= 120mm) the beta of a pure dipole would be β = 19%. This
would correspond to a plasma diamagnetic current of≈ 890A,
which can be taken as an upper bound for the plasma current.
We might therefore expect an operating space of the proposed
ion source configuration with values of beta in the interval
β ≈2%–19% and corresponding diamagnetic plasma current
Ip ≈ 80–890A.

2.2. Force-balance equilibrium

The force balance axisymmetric equilibrium for a dipole con-
figuration is described through a 2D elliptic partial differential
equation [20]:

∆∗Ψ = µ0⃗j , (4)

where ∆∗ =∇· 1
r
∇ is the elliptic operator, Ψ is the poloidal

magnetic flux and j⃗ is the plasma current density. Since there
is no toroidal magnetic field, the plasma current is purely
diamagnetic, and it is related to the pressure gradient, only,
through

j⃗=−∇p× B⃗
B2

. (5)

Since the pressure gradient is radial and the field is purely pol-
oidal, it follows from equation (5) that the diamagnetic cur-
rent is purely toroidal, as observed indeed in LDX [20]. Thus,
a purely poloidal vacuum field gives rise to a purely toroidal
diamagnetic current, which in turn adds to the poloidal field.
Equation (4) is iteratively solved by using the IET code [21]
by properly imposing the poloidal magnetic flux at the bound-
aries of the computational domain (i.e. the central coil and the
plasma boundary). The problem in (4) has been solved for two
different cases identified by properly defining the right hand
side of (4):

(i) Vacuum case, where no plasma current exists (i.e. j⃗= 0),
as shown in figure 2(b);

(ii) Plasma case, where a plasma diamagnetic current density
profile has been assumed, shown in figure 4(b).

In the second case, the toroidal current density is assumed
to follow the ‘trifurcated model’ used for equilibrium recon-
struction in LDX [20, 22], with a linear transition between

Figure 3. Assumed diamagnetic current density profile j(Ψ),
plotted as a function of the normalized poloidal flux Ψ. The
parametrization is the same used for the LDX equilibrium
(’trifurcated’ profile) [20, 22].

the negative toroidal current density inside the pressure peak
to the positive toroidal current density outside the peak
corresponding to a parabolic pressure profile (see figure 3).
Moreover, the boundary conditions at r= rp and r= rc are
updated iterativelywith the contribution of the plasma diamag-
netic current.

The solution of problem (ii) is shown in terms of poloidal
flux surfaces in figure 4(a) while the related plasma diamag-
netic current density is represented in figure 4(b). Note that,
while the direction of the current density must change sign in
the plasma, there is always a net plasma current that flows in
the same direction as the central coil current in order to provide
radial force balance [19]. This current is estimated to be less
than 1% of the total central cylinder coil current, as anticipated
in section 2.1.

The magnitude of the equilibrium poloidal magnetic field is
shown in figure 5(a) together with the poloidal magnetic field
vector (red arrows). The radial profile of the poloidal mag-
netic field on the equatorial plane is reported in figure 5(b): the
presence of the central cylinder coil leads to a Bθ profile that
is large at the surface of the coil and then decreases approx-
imately proportional to Bθ ∼ 1/r, although with a superposed
diamagnetic depression due to pressure effects [9]. This decay
is weaker than the ideal dipole, as we will see in section 3. To
better approximate the dipole, we have modified our plasma
driver in order to increase the flux in the cylinder by widening
the space between rc and rp, at the same time decreasing the
current in the stewpot coils. The ideal dipole is obtained in fact
in the limit rc → 0, Ic →∞ and rp →∞, see the discussion on
equation (3) above.

The effect of the diamagnetic current on the equilibrium can
be quantified by comparing the vacuum solution (i) with the
plasma solution (ii): since the impact of diamagnetic current
is relatively low both in terms on poloidal flux (figure 6(a))
and poloidal magnetic field (figure 6(b)), we can assume
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Figure 4. Equilibrium configuration obtained by solving (4) with the trifurcated current profile of figure 3 in terms of poloidal flux surfaces
(a) and plasma diamagnetic current density (b). The presence of the toroidal diamagnetic current provides plasma equilibrium.

Figure 5. (a) Contour plot of magnetic field magnitude |B| with overplotted B⃗ vector map (red arrows); (b) radial profile of poloidal
magnetic field Bθ(r) on the equatorial plane.

that the equilibrium magnetic field with plasma can be well
approximated by the vacuum solution. This result is consistent
with the assumed ratio Ip/Ic ≈ 1%, as discussed above and in
section 2.1.

3. Particle trajectories and neoclassical transport

The rather simple dipole geometry, which has been seen in
solving equation (4), leads to simpler particle orbits than in
tokamak and stellarator configurations. In fact, the ideal (or

point) dipole is represented in spherical coordinates (r,θ,ϕ),
where (r,ϕ) are similar to toroidal coordinates, while the
elevation θ= 0 on the upper pole, and θ = π/2 on the equat-
orial plane. The resulting analytic expression [23] is:

B⃗=
sinθ θ̂+ 2cosθ r̂

r3
, (6)

with corresponding magnitude:

B=

√
3cos2 θ+ 1

r3
. (7)
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Figure 6. Impact of diamagnetic current in terms of poloidal magnetic flux (a) and magnitude of the poloidal magnetic field (b).

In the dipole approximation, the poloidal flux is Ψ = sin2 θ/r
and the resulting field strength is B∼ 1/r3 , which is a stronger
decay than what predicted in our device, see figure 5(b).
Despite this, the point dipole is a good approximation of
particle orbits in our device. The poloidal flux decays like
Ψ ∼ 1/r, which is consistent with equations (4) and (5). From
the point of view of particle motion, the absence of toroidal
field implies the absence of drifts across the poloidal flux sur-
faces, Ψ̇ = 0. Trapped particles follow closed orbits on the
poloidal plane, corresponding to zero-width bananas: there-
fore, a dipole is characterized by negligible neoclassical trans-
port, contrary to tokamaks and stellarators. Toroidal preces-

sion, which is proportional to ϕ̇≈ Bθ
∂B
∂Ψ

, is instead rather

strong, due to the presence of the radial derivative of the field
magnitude [24]. Contrary to tokamaks, passing particles also
possess closed orbits lying on the poloidal plane, and precede
along the toroidal angle ϕ, in all respects similar to banana
orbits. Trapped particles are anyway the majority in a dipole
configuration. An initial estimate of the trapped fraction in our
device can be done by using the traditional expression [25]:

λ(Ψ,θ) =

√
1− B(Ψ,θ)

B(Ψ,θb)
, (8)

where λ= v∥/v is the ratio between parallel and total velocity,
a.k.a. particle ‘pitch’, and θb is the ‘bounce angle’, namely
the angle where the particle bounces back on the magnetic
mirror. As anticipated above, particles can either be trapped,
following closed ‘banana orbits’ outside the central cylinder
coil (figure 8(a)), or can enter inside the central cylinder coil,
circulating on the poloidal angle (figure 8(b)). The critical

condition is when the bounce angle touches the axis of the
device, namely θb = 0. Note that equation (8) is expressed in
spherical coordinates, therefore θ= 0 corresponds to the axis
of the central cylinder coil (z= 0, r< rc) and θ = π/2 corres-
ponds to the outer equatorial plane (z= 0, r> rc). Inserting
θb = 0 in equation (8) one can write the critical pitch as

λc (Ψ,θ) =

√
1− B(Ψ,θ)

B(Ψ,0)
. (9)

Particles whose pitch is smaller than the critical λ < λc are
trapped, while passing particles have λ⩾ λc . The map of λc,
for the equilibrium fields calculated in section 2.2, is shown
in figure 7(a): in large part of the plasma volume, for radii in
between rc < r< rp, the critical pitch λc ≈ 0.9. This means
that 90% of particles are trapped and they perform banana tra-
jectories along the field lines shown in figure 5(a). This phe-
nomenon is well known in Earth’s magnetosphere, where the
majority of ions are trapped in the Van Allen belts [8], and it is
the reason for the very good particle confinement which was
measured in the LDX device [12].

The bounce angles θb of the banana trajectories can be eval-
uated analytically for the point dipole equilibrium: using again
equation (8) and considering particles deposited on the outer
midplane at θ = π/2 with a given pitch 0< λ < 1, we can
express the equation in terms of θb, thus obtaining:

B(r,θb) =
B
(
r,
π

2

)
1−λ2

. (10)

Now insert equation (7) in (10), taking care that orbits con-
serve the poloidal flux Ψ, therefore one must substitute
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Figure 7. (a) Map of critical pitch, for the realistic fields of the plasma source calculated in section 2.2; (b) bounce angle θb as a function of
pitch, ideal dipole field of equation (6).

r= sin2 θ/Ψ. In this way, we end up with an implicit equation
for the bounce angle:

√
3cos2 θb + 1

sin6 θb
=

1
1−λ2

. (11)

Equation (11) can be solved numerically, and the correspond-
ing curve is shown in figure 7(b). Note that, contrary to toka-
maks [26], θb does not depend on radius. As expected, deeply
trapped particles, namely particles with zero parallel velocity
(λ= 0) have θb = π/2, that is, they barely oscillate remain-
ing on the equatorial plane. Bananas become more and more
elongated when approaching the trapped-passing boundary,
until they touch the origin at θb = 0 for λ= λc. Note also
that for the point dipole λc = 1, meaning that almost 100% of
particles are trapped: only particles with velocity aligned with
the field B⃗ are passing. This behavior is linked to the diver-
gence of B for r= 0 in equation (7). In a real device there is
no divergence, yet 90% of particles are trapped, as shown in
figure 7(a).

A consequence of this preliminary analysis is that, due to
the combination of banana motion and precession, all trapped
particles cross the equatorial plane at θ = π/2. This is an
issue for the present design of the device, which shows three
horizontal supports between the cylinder coil and the ‘stew-
pot’ coils, see again figure 2(a). Even slanting the supports,
e.g. at θ = 60◦ does not help much, since ∼20% of particles
will eventually hit the supports, with a mechanism similar to
Earth’s auroras (see figure 7(b)). For this reason, a modified
design with three current-carrying supports attached to a cent-
ral stem at z= 0 is under consideration: also LDX had supports
in the central hole of the superconducting ring, see figure 1
in [17]. This geometry minimizes particle losses because only
passing particles hit the supports, and, according to figure 7(a),
they are only 10% of all particles.

An example of a banana (trapped) and of a passing orbit
in the device is shown in figure 8. The initial pitch of the
particles are λ= 0.58 and λ= 0.99, respectively, which is con-
sistent with the values of the critical pitch shown in figure 7(a).
The particle trajectories are calculated by integration of the
Newton-Lorentz equation of motion with a Boris algorithm
[27], which—in absence of an electric field—automatically
satisfies the conservation of energy E= 1/2 mv2. The error on
magnetic moment µ= 1/2 mv2⊥/B is also globally bounded
[28]. A single electron is deposited at Z= 0 and R = 7 cm
with an energy of E = 10 eV. For the electron energy, we
use the value measured in the center of the magnetron dipole
device [16]; the deposition radius has been chosen, in sim-
ilarity with LDX, near the zero of the diamagnetic cur-
rent, where β is predicted to be maximum [17]. From the
trapped trajectory we can estimate the electron bounce time
to be τb ∼ 0.3µs and the precession frequency ωd ∼ 1.6×
105 rads−1 (corresponding to a real frequency fd ∼ 25 kHz).
As a comparison, the same numbers for a trapped electron
(pitch λ= 0.4) with energy E = 800 eV deposited at the
reversal (where Bϕ = 0) for a typical reversed-field pinch dis-
charge are τb = 1µs and ωd ∼= 1.3× 103 rads−1 (real fre-
quency fd ∼ 210Hz). The precession frequency is two orders
of magnitude larger than at the null surface Bϕ = 0 of a tor-

oidal fusion device, due to the steep field gradient
∂B
∂Ψ

which

is the main characteristic of a dipole. Also the passing elec-
tron experiences a precession motion (this is a peculiarity of
a dipole, as explained above), with a precession frequency
of nearly the same order of magnitude, ωd = 6× 104 rads−1

(real frequency fd = 9.6 kHz). To study more in detail and
with higher precision particle trajectories in the phase space,
the development of a more sophisticated Hamiltonian, guid-
ing center code in spherical coordinates, using the ana-
lytic expression of the dipole field given in equation (6), is
underway.

7
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Figure 8. (a) Trapped (initial λ= 0.59) and (b) passing (initial λ= 0.99) electron trajectories in the device. The coil system is shaded in
gray.

Finally, we can provide a rough estimate of the power con-
sumption of our device by calculating a standard, 0D particle
balance in Hydrogen, following [29]. We assume a power
input Pabs ≈ 21 kW and an equivalent loss area of≈ 0.02m−2

(corresponding to the region of open field lines in figure 5(a)).
We also make the conservative hypothesis of equal atomic
and molecular Hydrogen densities, nH = nH2 in the evaluation
of the collisional energy loss Ec [30], and of a flat electron
temperature radial profile with Te = 10 eV. We obtain an
electron density of the order 1× 1018 m−3, which is similar
to the density obtained in present-day sources (1.5× 1018 in
SPIDER [31, 32]), but using a larger power, ∼50 kW per
driver. The absorbed power Pabs ≈ 21 kW proposed for the
dipole device, is a reasonable number, since cold plasmas in
this range of density and temperature (ne = 1× 1018m−3 and
Te = 10 eV) are typically obtained in industrial applications
with a power input Pabs ≲ 10 kW [33]. The density obtained
with the 0D balance is also consistent with the plasma beta
2%⩽ β ⩽ 19% evaluated in section 2.1, which corresponds
to a density in the interval 7× 1017 ⩽ ne ⩽ 7× 1018m−3. It is
worth noting that the same density can be obtained with even
lower Pabs if one relaxes the hypothesis of a flat electron tem-
perature profile (which is expected in the dipole, due to the
presence of the strong, transverse magnetic field).

4. Conclusions

In this paper we propose a novel prototype of negative ion
source in Neutral Beam Injectors (NBI) for nuclear fusion
applications. The prototype is based on a simple magnetic
dipole configuration, with an axially symmetric magnetic
field. The field is purely poloidal, with maximum amplitude
∼80mT. We demonstrate that the device satisfies basic MHD
equilibrium, with a purely toroidal diamagnetic current of
∼80A, corresponding to ∼ 1% of the current flowing in the

central coil. Plasma will be produced with a filament, or by RF
and/or microwave heating (maximum frequency∼2MHz and
2GHz, respectively). We estimate that the plasma will pos-
sess a beta parameter in the range β ≈ 2− 19%: if it is feas-
ible experimentally to reach the upper bound 19%, this will
imply a much higher plasma current of ∼890A. Particles fol-
low closed orbits on the poloidal plane, with negligible drifts
across the flux surfaces since Bϕ = 0, and precede with a velo-
city proportional to the radial derivative of the magnetic field.
Almost all particles (∼ 90%) are trapped in the magnetic mir-
ror, thus we expect that our device will possess a good particle
confinement. In order to reduce the unavoidable interaction of
energized plasma particles with the supports of the central cyl-
inder coils, the current-carrying supports can either be mag-
netically shielded as proposed in [15], or positioned inside the
central cylinder coil, where the plasma density is expected to
be much lower than outside.

The proposed ion source is promising under many aspects:
the dipole magnetic configuration is well-known in geophys-
ics, it is a rather simple geometry to be realized in laboratory,
it is characterized by an intrinsic high beta and good particle
confinement, and, last but not least, themagnetic field is placed
inside the ion source, which is a considerable advantage with
respect to present-day source schemes since it reduces the
input power to Pabs ≈ 20 kW or less. In this respect, the main
advantage of the dipole source over the existing ones is the
expected reduction of the required input power for producing a
plasma with the same parameters. In addition, the dipole mag-
netic configuration already includes the transverse magnetic
field necessary for filtering out the E≳ 1eV electrons before
they reach the negative ion production region.

We are now planning the construction of a small proof-of-
concept device. For the first plasma experiments we will prob-
ably use a simple filament-driven arc discharge. We expect
that one of the critical issues to be tackled in the design and
during experiments will be related to the heat load on the
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current-carrying supports (feeders) of the central cylinder coil.
As mentioned in section 2 and shown in figure 2(a), these
components necessarily intercept the plasma flux surfaces in
a small area. For this reason, they will be water cooled and
will be shaped so as to produce a local magnetic shield, which
should deflect the charged particle trajectories and reduce the
interaction with plasma. However, at the moment, no exper-
imental data or reliable model is available for estimating the
efficiency of this kind of local magnetic shield.

A second expected issue could be related to the magnitude
of the plasma diamagnetic current, which we have estimated
to be not smaller than 1% of the central cylinder coil current.
However, this value is based on experiments on larger devices
(such as LDX) and might be optimistic in a very small device.
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