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Analysis
Ion-ion collision mean free path “λ”

(3)
np = plasma density
T = temperature
For np = 10 16 cm-3 and T = 10 keV
λ = 1.253x104 cm
Gasdynamic condition:
λ/RM << L
RM = plasma mirror ratio  optimum 
55
L > 2.28m 
must reconcile this with “L” given by 
the confinement time “τ” in Eq. (1)

(1)

𝜆 = 1.253 × 1018
𝑇2(𝑘𝑒𝑉)

𝑛𝑝(𝑐𝑚
−3)

 

𝜏 =
𝑅𝑀𝐿

𝑣𝑡𝑕𝑖
 



Multiple Eq. (1) by np

(4)
If npτ = npτ)BE = 1014 for D-T
Then L = 182 m, Too large
So use npτ = 10-1 npτ)BE = 1013
Then  L = 18.2 m  reasonable!

Breeding Equation

(5)
N32 = Thorium-232 particle density
N33 = U-233 particle density
ϕ = fast neutron flux
σγ = Thorium microscopic capture X-
section
σf = fast neutron Uranium fission X-
section

𝑛𝑝𝜏 = 𝑛𝑝
𝑅𝑀𝐿

𝑣𝑡𝑕𝑖
 

𝑑𝑁33

𝑑𝑡
= 𝜑𝜎𝛾𝑁

32 − 𝜑𝜎𝑓𝑁
33 = 0 



Note that
(6)

where            are averaged over neutron 
spectral distribution (Ala MCNP)

Neutron flux distribution in Blanket

(7)
or

(8)
or

(9)
with

(10)
Σat = total absorption macroscopic X-
section
Σf = fission macroscopic X-section
ν = neutrons produced per fission (~2.5)
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Solution to Eq. (9) subject to 
appropriate Bounday Conditions leads 
to the power generated per unit length, 
Pl, of the proposed hybrid reactor i.e.

(11)
where S = fusion produced neutron 
source, namely

for (D-T) at 50-50%

(12)
E = energy produced per fission

K1(αrp) = modified Bessel function

Numerical Result
S = 0.25x1016 neutrons/cm3/sec
N33 = 0.1N32 = 3x1021 #/cm3

E = 200MeV
D = 3cm; rp = 5cm
σf = 2.343 barns
K1(αrp) = 16.81 

𝑆 =
𝑛𝑝
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Fast fission (@ several MeV) = 15%
Coolant ducts = 70% of cross section

Pl = 61 MW/cm (13)

In presence of moderator e.g. H2O fast 
neutrons thermalize in about 10 μsec’s.
Power estimate for Thermal neutrons

(14)
where

(15)
i.e. subcritical!, Σf/Σt = 0.4

Pl = 75 MW/cm (16)

assuming coolant ducts = 70% of cross 
section note that one fusion neutron 
yields thermal neutrons!

𝑃𝑙 = 𝜋𝑟𝑝
2𝑆 
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𝑘𝑒𝑓𝑓 =
Σf

Σat + 𝐷𝐵𝑔
2 = 0.99 < 1 
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Conclusions
1. The Fusion-Hybrid Reactor Based on the 

Gasdynamic Mirror (GDM) can produce 
large amounts of power “safely” because 
it is “subcritical”, and “securely” because 
of the thorium fuel-cycle which is known 
to be “resistant” to “proliferation” and 
“clandestine operation”

2. Since the Fusion component (i.e. The 
GDM) serves primarily as a neutron 
source, it can operate at or near 
“breakeven” condition, which is much less 
stringent than that required for pure 
fusion reactor

3. The hybrid can breed its own fuel and 
simultaneously burn it to produce power.  
With proper design, it can operate for a 
long time without refueling.

4. The D-T fusion fuel is not particularly 
desirable since the 14.1 MeV neutrons 
cause very little fission but large amount 
of actinides in the blanket



5. Lower energy neutrons such as those 
from D-D are more suitable since they 
reach “thermalization” much faster, and 
thus produce much less actinides (al 
MCNP)

6. At npτ = 10-1 (BE)  Injection Power (Pinj) 
~ 10 fusion power (Pf).  Early estimates 
show that Pinj ~ 1-2% of the gross power 
produced by the reactor.

7. Since the reactor is “driven”, and not 
“critical”, its control can be achieved 
through manipulation of the fusion-
produced neutrons!


