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Advantages of Axisymmetric Tandem Mirr ors
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l Simplicity of engineering with no interlinked magnetic-�eld coils
and no volt-second transformer considerations

l True steady-state operation with superconducting coils adapted
from those fabricated for ITER

l Ease of remote handling and simpli�ed maintenance

l Symmetrical system � ions and electrons con�ned in
perpetuity (KAM theorems of orbital mechanics, radial
collisional transport is classical, not neoclassical)

l Open axial system with access to fusion products

l Direct conversion of the escaping plasma to electrical energy
(Kobe direct convertor on GAMMA-10)

l Toroidal curvature of tokamak replace with short sections of
unfavorable magnetic curvature close to regions of favorable
curvature.



Simple and elegant �ux surfaces
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GAMMA-10 �ux surface (left). KSTM �ux surface (right). Both of
these machines have large end tanks for stabilization mechanisms.



Magnetic Curvatures
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Global energy con�nement scaling predictions
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radial losses faster than axial pitch angle scattering losses for
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J. Pratt and W. Horton. Phys. Plasmas, 13:042513, 2006.



Radial Energy Con�nement Times in the GAMMA-10
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A variety of energy con�nement times adapted to the tandem mirror
geometry and GAMMA-10 parameters.



Radial Energy Con�nement Times in the KSTM
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Predictions for the KSTM machine design. Drift wave scaling laws (Bohm,
gyro-Bohm,and ETG) are calculated from formulae for diffusivity and
normalized to match the empirical L97 results from NSTX at 3.3 MW of
radial power loss.
B.P. LeBlanc, R.E. Bell, S.M. Kaye, et al. Con�nementstudiesof auxiliaryheatedNSTX plasmas.NuclearFusion.44(4),2004.



Tandem Mirr or Machine Parameter s
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Parameter KSTM G-101 GDT 2

BDC 0.3-.6 m .18 m 0.15 m
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Cho, private communication, Dec. 2006

2
A. V. Anikeev et al., Phys Plasmas 4, p.347 (1997) and Ivanov ATM Workshop presentation, LBL, Sept 2008.



MHD Stability and Trapped Partic le Modes
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l The kinetic stabilizer innovation involves injection of a low energy
beam into a speci�c point in the expander. This injection causes a
bump in density and a potential that re�ects escaping electrons back
into the machine.

l Pratt and Berk 3 show that a kinetic stabilizer can create a collisional
plasma in the expander region. They conjecture that collisional terms
will low the growth rate of the trapped particle mode.

3
J. Pratt, Ph.D. thesis, University of Texas At Austin (2009)



Focused Neutr on Beams – Spin-Polariz ed D-T Fuel
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l enhanced fusion yields from SPIN polarized D and T nuclei
produced by Optical Pumping of the gas. 4

l The new linear Tandem Mirror facility would allow the testing of
key qualitatively new aspects of the fusion system that are
dif�cult and thus have not been, and are unlikely to be, carried
out in toroidal systems. If instead the D nuclei are spin
polarized across

�

there is a peaking of the neutron spectrum
along the magnetic �eld.
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R. M. Kulsrud, H. P. Furth, E. J. Valeo, and M. Goldhaber, Phys. Rev. Lett. 49, 1248 (1982).



Alpha Channeling
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l connection between rf region parameters and diffusion path
parameters �r mly established

l analytic and simulations of stochasticity, diffusion along the
diffusion path, and simple wave dynamics

l numerical study of particle distribution evolution in a mirror
machine under the in�uence of several rf regions.

l fusion power enhancement by a substantial factor.5
5

A.I. Zhmoginov, N.J. Fisch, Phys. Plas. 15, 042406 (2008).



Gas Dynamic Trap
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6
Axisymmetric Expander Stabilization established by Anikeev et al. Phys.Plas.1997.



Conc lusions
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l Tandem mirrors have signi�cantly lower �uctuations and radial
transport. Pratt and Horton, 2006, Post 2007.

l GAMMA-10 demonstrates low �uctuation levels and their
external controlled with

gih

shear.

l The KSTM design is simple and elegant quadrupole anchored
tandem mirrors demonstrating MHD stability.

l MHD stability can be achieved with a kinetic stabilizer design.

l National Instruments FPGA and LabVIEW for quick prototyping
of key control components.

l Toshiba has blue-prints for basic TM architecture with circular
coils and no linked �ux es or currents.
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