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A magnetic mirror neutron source as a driver for a fusion-fission hybrid has significant advantages in construction, operations and maintenance. This white paper describes a strategy for developing such a driver based on recent results from the Gas Dynamic Trap GDT mirror device in Novosibirsk, Russia. Following experiments in an upgrade of GDT, we consider here the implementation of a DT Neutron Source (DTNS) as an

intermediate step to a magnetic mirror fusion-fission hybrid system.  The DTNS parameters are a physics-based extension of GDT data and are similar to those published by the GDT group, thereby increasing confidence in the projected performance of DTNS. The DTNS will provide a 14 MeV neutron source for qualification of materials and sub-components, as well as providing the physics basis to proceed with a magnetic mirror fusion-fission hybrid system.  
Table I lists device parameters of GDT and DTNS.  DTNS has the same 60% beta as achieved in GDT and the same magnetic field profile, except the field strength is increased 5-fold to 1.25 Tesla.  The neutral beam energy is increased 4-fold to 80 keV to increase the fusion reaction rate. The 8-fold increase in heating power to 33 MW should sustain an electron temperature of ~1 keV and produce a neutron power of ~2 MW. However, if we hold the ratio of Te to Eih constant, so as not to enlarge the loss cone hole to assure avoidance of  low level DCLC mode activity, then Te~ 0.6 keV which would result in ~1 MW neutron power, as a conservative estimate.
Development of such a mirror hybrid system could be carried out as a national program or in collaboration with the Novosibirsk GDT group.  US participation in GDT theory, diagnostics, experiments and upgrades would lead to increased scientific understanding and accelerate extending the data base.   The knowledge gained in DTNS material and subcomponent testing would be applicable to a wide range of fusion concepts.
Device Design Parameters


GDT

DTNS

Length, Lc (m)




7

7

Central Field, Bc (T)



0.25

1.25

Mirror Field, Bm (T)



5

25

Mirror Ratio, R = Bm/Bc



20

20

End Wall Field, Bw (T)



0.01

0.05


End Wall Mirror Ratio, Bm/Bw


500

500

Neutral Beam Energy, Eb (keV)


20

80

Neutral Beam Ion Mass, A



2

2.5

Neutral Beam Injection Angle (degrees)

45

45

Plasma Design Parameters


GDT

DTNS

Plasma Beta




0.6

0.6

Plasma Radius (cm)



11

11

Electron Density, ne (1e20 m-3)


0.5

3.1

Electron Temperature



0.15

0.6

Hot Ion Energy, Ei (keV)



10

40

Hot Ion Density, nh (20m-3) @tp


0.4

2.5

Hot Ion Gyro radius, a-ih (cm)_


5.8

3.7

Hot Ion plasma Radius, rh (cm)


6

6

Hot Ion Length (m)




2

2

Warm Ion Density, nw (1e20 m-3)


0.3

1.9

Warm Ion Temperature, Tw (keV)


0.15

0.6
Calculate Plasma Parameters

GDT

DTNS

Hot Ion Scatter time (ms)



25

52

Hot Ion Electron drag time (ms)


0.7

2.2

Required NBI Beam Current (A)


200

410

Electron Drag Power Loss (MW)


4

33

Warm Ion Confinement Time (ms)


1.2

0.95

Warm Ion (mfp) x lnR/R (m)



1.4

3.6

Warm Ion Scatter time (ms)



0.08

0.16

Warm Ion – Electron Equilib. (ms)


0.7

2.25

Warm Ion End Loss Current Iw (kA)


1

2.5

End Loss Power Loss 8kTe x Iw


1.2

12

NBI mfp (cm)




16

3.6



Neutron Power (MW)



---

0.76

Test Area (m2)




---

0.88

Neutron Flux (MW/m2)



---

0.91




Dimensionless Parameters


GDT
     DTNS
DTNS  vs GDT

Beta





0.6

0.6
Same MHD Stability

Te/Ei (%)





1.6

1.6
Same Loss-cone

rh/ai





1.0

1.6
More Stable DCLC

Tau-w/tau-eq




1.7

0.4
Less Stable DCLC

Ne/(B)(B)




1

0.25
More Micro Stable

Lc/ai





120

190
More FLR Stability, 

Sigma-v(cx)/Sigma-v(tot)



0.53

0.35
Less CX Loss 

