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Abstract

Ultra-high-beta (> 50%) spherical tokamak has been pro-
duced in TS-3 merging experiment using two types of
CT/ST merging. Co-helicity merging of two STs was ob-
served to heat ions significantly and to increaseβ value of a
merged ST 2-3 times as large as that of a single ST. Counter-
helicity merging of two spheromaks formed an FRC with
ion temperature up to 200[eV] and further fast application
of external toroidal magnetic field transformed an FRC into
an ultra-high-β ST. A new finding is that the ultra-high-β
ST had an ”absolute minimum B” configuration together
with diamagnetic toroidal field and hollow toroidal current
profile. Both high-β STs have largest pressure gradient and
magnetic shear around the plasma edge, indicating the for-
mation of ultra-high-β ST in the second stability regime for
ballooning mode. Heating power was varied by factor 10
by varying reconnecting magnetic field angle and strength.
It was found that the high-β ST decayed quickly due to
large magnetic fluctuation if its pressure gradient exceeds
the threshold value. Stability limit ins-α diagram against
ballooning mode will be reported based on experimental
and computational analyses.

Introduction

What is a high-β spherical tokamak (spherical torus)?

We can think of a high-β ST as an improved form of an FRC.

low-β ST

spheromak

FRChigh-β ST

external
toroidal field

counter-helicity merging

conventional
tokamak external

toroidal field

heating /
profile control

stability /
confinementstability /

confinement

beta

beta

large internal Bt

(poloidal current)

low / no internal Bt

(poloidal current)

external Bt

Two ways to high-β ST
- FRC with external toroidal field
- ST merging

-> ballooning stability (second stable?)
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Formation of a high-β ST from an FRC
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High β Values of Merging ST
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Limits for Several Flux Surfaces (Stable ST)

Ψ=0.46, 0.53 exists in the "window" region.
Ψ=0.61 is most close to its stability limit.

Enlarged s-α diagram for the stable ST
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Examination Result

High-β ST from FRC exists in the second stable region.
(reconfirmed)
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