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Abstract. We develop the description of a neutron generator construction for
the synthesis of light nuclei. The design of the neutron generator with plasma
target is given together with a description of the types of nuclear reactions that
are implemented in it. The brief theoretical description of the ion multiphase
flow in the synthesis generator is considered.

1 Introduction

Nowdays, neutron generators have applications in logging of oil and gas fields; logging of
ore, including uranium, deposits; inspection systems remotely detecting of movement of ex-
plosives and nuclear materials; anti-cancer therapeutic systems and others [1]. Special at-
tention of researchers and engineers is attracted by the possibility of synthesis of substances
by neutron generators. Neutron generators with electronic control of ion flows in a magnetic
field are used for nuclear synthesis too. In this case, it is important to create movement rules
of ion flows. The study of the generation processes of short neutron pulses and the devel-
opment of appropriate technical solutions aimed at creating neutron generators with certain
time characteristics is a complex task that requires an effective solution.

To get into the range of nuclear forces in cases where charged particles or ions are used
as flying particles, their kinetic energy must be sufficient to overcome the Coulomb repulsion
of the nucleus. In cases where the energy of a charged particle or ion is less than the height
of the Coulomb barrier, the probability of a nuclear reaction will tend to zero [2–5]. Particle
beams of the required energies are easily obtained on modern accelerators. If the energy of the
particle is insufficient to overcome the Coulomb barrier, it will experience an elastic scattering
in the Coulomb field of the nucleus. This rule does not apply to light nuclei where the
Coulomb barrier is low. To generate a stable nuclear fusion reaction, a number of conditions
must be executed: 1) the total energy of the incoming particle and the target must be higher
than the Coulomb repulsion energy; 2) The density of the incoming flow and the density
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of the target for the pulse mode of operation must be ≥ 1022cm−3; 3) Retention time in the
magneto-optical chamber τ ≥ 1s; 4) Energy of ions in the incoming stream ≥ 200 keV.

In this paper, we offer a synthesis generator of light nuclei with a magneto-optical control
system of ion flows, which satisfies the above conditions.

2 The neutron generator design

Our synthesis generator uses of controlled flows of lithium and deuterium plasma. The syn-
thesis section is combined magneto-optical system of alternating controlled magneto-optical
subsystems. Synthesis occurs in the bombardment of a stream of deuterons and tritium
plasma target. An upper dense layer of lithium or boron plasma with an average energy
of 250 keV is used for shielding drift neutrons. You can see the design of this generator on
the Figure 1.

Figure 1. Neutron generator components: 1) Ionizer and deuterium and lithium; 2) Injector; 3) Lin-
ear pulsed accelerator; 4) Magneto-optical ion accumulator of 2H, 7Li; 5) Accelerator-accumulator;
6) Magnetodynamic 4-cyclic camera; 7) Magneto-optical drive-limiter; 8) The system output neutrons.

The types of reactions for neutron generation are presented in the Table 1. These reactions
are exothermic and can occur at arbitrarily low deuteron energies. In comparison with the
generation of neutron pulses with a duration of 1 − 100 ns [6] using small-sized vacuum
accelerator tubes, where it is possible at (D-T reaction, 300 kV) the neutron yield is 2 · 107

n/imp, the synthesis generator creates accelerated beams of lithium, deuterium and tritium
ions, and then the formation of a dense ion or plasma target and a dense incoming flow
allows the formation of neutron pulses from units of seconds to milliseconds from 2 · 1010 to
2 · 1014 n/imp. The generation of the dense flow of protons, deuterium or tritium atoms for
the neutrons synthesis on the ion-plasma target of deuterium, tritium or lithium occurs as the
result of primary flow compaction and discretization by software-defined concentration and
average energy of the flow. Flows are formed in strictly specified parameters: T sequence
period, n concentration and the frequency of discrete flows ω.

3 Modeling of ion and plasma multiphase flow

Magnetodynamic N-cyclic camera synthesis consists of MOS magneto-optic systems – syn-
thesis performed according to the scheme of combination of magnetic quadrupole lenses
(MQL), providing a "strong" focus compression method discrete ion beams of hyperbolic
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Table 1. Types of reactions and energy parameters of synthesis

Reaction Energy, MeV σmax, b (region ≤ 1 MeV) Eimp.particle, MeV
1)p +6 Li→4 He +3 He 4.0 10−4 0.3

2)p +7 Li→2 4He+ 17.3 6 ∗ 10−3 0.44
3)d +6 Li→7 Li + p 5.0 0.001 1.0
4)d +6 Li→ 24He 22.4 0.026 0.60

5)d +7 Li→ 24He + n 15.0 10−3 0.2
6)p +9 Be→ 24He + d 0.56 0.46 0.33
7)p +9 Be→6 Li +4 He 2.1 0.35 0.33

8)p +1 1B→ 34He 8.7 0.6 0.675
9)p +1 5N →1 2C +4 He 5.0 0.69 (at 1.2 MeV) 1.2

fields separated by a magneto-optical system shapers-limiters, performing the function of
locking or crossing a discrete flow.

Effective length Le f f =
1

G0

+∞∫
−∞

G(z)dz. The field in the aperture of quadrupole lenses

satisfies Maxwell’s static equations: rot�B = 0, div�B = 0, static magnetic field potential
�B = gradU0, satisfying the Laplace equation in cylindrical coordinates, the General solu-

tion of which is written as U(r, ϕ) =
∞∑

n=1
r(an sin(nϕ) + bn sin(nϕ)). The initial parameters

for the design calculation of a quadrupole lens determine the gradient of the focusing field,
the distance from the lens axis to the pole and the number of ampere turns required to cre-
ate a field with a given gradient, which is determined from the Maxwell integral equation:∫
Γ

�Hd�l =
∫
S

�jd�S . Calculating we obtain Ga2

µ0
= 2NI, where NI – number of ampere turns, G

–field gradient. The value of the transverse field gradient, which is related to the value of the
current of the supply coils of the poles and Bp magnetic induction at the pole G = Bp

ra
. Here

µ0 is magnetic constant, NI – number of ampere-turns in the exciting coil of the pole, k –
coefficient, what takes into account the physical properties of the material poles and yoke of
the magnetic quadrupole lens; ra – the radius of the lens aperture.Offer to the attention of the
development relies on the method of obtaining the controlled streams of ions or plasma, the
realized magneto-optical shaper-drive, forming and modulatory accelerators for the forma-
tion of linear streams of plasma concentration required and the period of engagement. The
technology of electronically controlled plasma synthesis of generators is a new method of ob-
taining the controlled streams of ions to obtain linear flow of ions or electrons selectable flow.
That is, setting the laws of change of parameters (energy E, particle current I, concentration
n, period Tsl allows to form primary electronically controlled flows of charged particles-ions
and electrons. The most common functional discretization in which the ion current, ji, ni

concentration, energy flow Ei interconnected and change according to a certain law specified
as a single function of sampling rate, F(Ii, ni, Ei).

The obtained discrete flows of ions and electrons formed by a group of particles with the
same velocities and coordinates and concentrated in a small region of phase space forming
clots or discrete. In the synthesis generator motion occurs in a magnetic solenoidal and
quadrupole magnetic lenses MQL. In the electromagnetic field, the motion of the discrete is
given by the Newton-Lorentz equation (v = dR

dt ):

dmv
dt
= q(E + [v × B]), (1)

3

EPJ Web of Conferences 222, 02014 (2019) https://doi.org/10.1051/epjconf/201922202014
QFTHEP 2019



where R - radius-vector of the observed particle in the laboratory coordinate system; m, q –
particle mass and charge; v – velocity; E – vector of electric field intensity; B – magnetic
induction vector. Then for a two-component flow 1 can write so (vi j =

dR
dt ):

dmvi j

dt
= q(E + [vi j × B]) (2)

The movement of the discretes has the complex spatial nature, but if the speed lies in
the symmetry plane, the motion is discrete to be flat. Quadrupole lenses are referred to as
transverse lenses whose magnetic fields have a stronger effect on the movement of particles
compared to longitudinal. For a discrete moving in the quadrupole lens in the plane y = 0 the
force Fx = evzBy acts, where e - particle charge, vz - the longitudinal velocity of the particle
is equal to the value of the total velocity at y = 0. For a more rational solution we need to
find the matrix function we need to find the matrix function K( z

z0
). Transformation of the

coordinates of the trajectory phase moments of each discret on the plane perpendicular to the
axis with the coordinate z0 at the entrance to the MQL in the plane z1 ≥ z, where z1 is the
plane at the output. Then can be write:

dK( z
z0

)

dz
= P(z)K(

z
z0

), K(
z
z0

) = E, (3)

where E - identity matrix. For each MQL, and their synthesis generator from 4 to 16, in
our case 8, knowing the matrix transformation function can describe the dynamics of motion
of the discrete throughout the synthesis chamber by a series of matrix transformations of
the coordinates of its trajectory phase moments. By setting each thread a time interval τi j

termines the parameter sequence (ki, k j of each discrete D. For each τi j rresponds to a set
of values Ui j, Ii j, discrete flow zi j. Ui j - matrix of values of the accelerating voltage of the
accelerator-driver and Ii j - matrix of values of the electric current of the accelerator-generator.
Generally Ui j, Ii jsponds to Pi j - matrix of values of electric power for a given accelerating
voltage of the accelerator-driver.

Then for the formation of a multiphase flow will take place:

Fi(D) = sinωt + φi, Fi(D) = sinωt + φn, F j(D) = cosωt + φi, F j(D) = cosωt + φn (4)

where Fi(D) - function of i-component, F j(D) - function of j-component, ω - repetition
frequency discretes, φi, φn - phase discrete flow.

One of the embodiments of a method of forming a discrete trajectory streams with differ-
ent phase values substantially rectilinearly relative to the axis of MQL is quadrature sweep
along the axes x,y in the output accelerator-modulator. The MOS scan DAC is supplied with
a deflecting voltage functionally with the given values, which allows forming at the entrance
distributed in the space of discrete multiphase flows.

4 Conclusion

We looked at the light isotope synthesis generator with plasma target. An important part of
the device is the magneto-optical system, which has been discussed by us theoretically. The
device of our generator allows us to increase the number of neutrons up to 1015 per pulse.

According to the data on nuclear reactions the minimum energy of the incident flow must
be at least the threshold energy for the reaction p +7 Li → 24He+, 0.44 MeV at an energy
output of 17.3 MeV. In our case, the energy of the target and the energy of the incoming
flow are equal. By specifying the number of ions NLi, NH and taking NLi = NH , we find the
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energy required for a given number of ions. At the given that in 8 grams of LiH it contains
6.022 ∗ 1023 of nucleons.
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