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The nano-structured micro-reactor concept

Figure: The target consists of 400 cylindrical boron - proton - deuteron nano-rods, rod radius R = 100 nm, rod gap
D = 600 nm. The laser pluse length is τ ≈ 30 fs, laser intensity is relativistic for electrons,the laser wavelength is
λ = 400 nm,the laser spot size is RL ≈ 4 µm, and the polarization is circular.
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The nano-structured micro-reactor concept

The reactor concept is microscopic.

The reactor concept is nano-structured.

The reactor concept is all fuel based.

The reactor operates at near solid density.

Nanoscopic fuel seeding is analyzed.

Drift fields are analyzed.

Goal A: Improvement of nuclear fusion over pitcher - catcher configuration.
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Nanoscopic seeding

The basic framework is
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Nanoscopic seeding

Figure: Short intense laser pulse interacting with nano-rods.

Concept The abstraction model Mixed fuel cross sections The drift field configurations Drift motion of fuel ions The conversion fraction Literature

H. Ruhl - Nano-structured micro-reactors - 6/19



Nanoscopic seeding

Figure: Proton momentum distributions integrated over the configuration space after the laser pulse has exited the
nano-structures. The proton momenta are normalized to mpc.
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The abstraction model

With the help of the seeding configuration (3) and as outlined in [1] the abstraction model is
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where Nk is the number of fuel ions of sort k , the g⃗ s
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where v⃗e is the electron velocity at the position r⃗e and nl the fuel density of sort l .
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Mixed fuel cross sections
As the (4) implies the conversion efficiency ηkl is limited by
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while the velocity is determined by the initial seeding fields as well as secondary fields. The nuclear fusion cross sections are parametrized
as
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where σkl
0 , ϵkl

1 , and ϵkl
2 with ϵkl

1 ≤ ϵkl
2 are the parameters required to fix a lower limit approximation of the multi cross sections

considered. An example is given in Fig. 4.

Figure: Comparison between the cross sections of pB and DT as quoted in reference [2].
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The drift field configuration

Simulations indicate that secondary fields are generated in the nano-structures as well. We make a parametric ansatz for the secular
electromagnetic field context
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where RL is the approximate diameter of the electronic forward current.
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The drift field configuration

Figure: Simulated magnetic drift field.
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The drift field configuration

Figure: Simulated electric drift field.
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Drift motion of fuel ions

The abstraction model implies

dx⃗ s
k

dt
= g⃗ s

k , (12)

dg s
kx

dt
= −

qk
(

E xs
k − gs

kz B xs
k

)
mk

√(
xs
k

)2
+
(

ys
k

)2
− ν

s
ke gs

kx , (13)

dg s
ky

dt
= −

qk
(

E ys
k − gs

kz B ys
k

)
mk

√(
xs
k

)2
+
(

ys
k

)2
− ν

s
ke gs

ky , (14)

dgs
kz

dt
= −

qk B
(

xs
k gs

kx + ys
k gs

ky

)
mk

√(
xs
k

)2
+
(

ys
k

)2
− ν

s
ke gs

kz . (15)

The configuration is energy-momentum conserving.
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Drift motion of fuel ions

Figure: Gyro motion of fuel ions for x0 = 100 µm, gy0 = 0.1 c, E = 1012 V/m, B = 104 vs/m2, and νke = 1010/s.
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The conversion fraction

The cycle-averaged drift field enhanced conversion fraction becomes
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The conversion fraction

under the constraint
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holds for the resistivities and initial velocities. The parameter R is the nano-rod radius, α is the fraction of free electrons, and Cl is the
strength of the embedded nano-accelerator composed of the fuel constituent l .

Concept The abstraction model Mixed fuel cross sections The drift field configurations Drift motion of fuel ions The conversion fraction Literature

H. Ruhl - Nano-structured micro-reactors - 16/19



The conversion fraction

Figure: Illustration of the nonlinear fuel velocity in the drift field configuration denoted by |g|sk , of the cycle-averaged fuel velocity in the

drift field configuration denoted by |gav |sk =

√
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(
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gx0 = 0.01 c, gy0 = −0.01 c, gz0 = 0.0, E = 1011 V/m, and B = 104 T. Seeding velocities correspond to the green line.
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The conversion fraction

Figure: Conversion fraction ηDT ,pB (with fields plus damping) for various seeding velocities and the limiting cases ηDT ,pB
1 (without

fields) and ηDT ,pB
2 (with fields without damping). The parameters are E ≈ 2.0 · 1011 V/m, B ≈ 104 Vs/m2, νke ≈ 1010/s. The

densities are nD = nT = nB = np = 1.25 · 1028 m−3.
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