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Abstract
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The dependence of plasma energy confinement time on the magnetic field was _ _
i i - T ———— th=! =pOoh NBI .
demonstrated to be much stronger in spherical tokamaks (STs), such as MAST, NSTX and [ Te'"=Win/PL, Where P, =P+ PNEL,-dW,,/dit
GLOBUS-M2, than in conventional tokamaks with high aspect ratio A>2.5 [1]. The maximum B .

Te and Ne profiles from Thomson scattering data
poloidal flux evolution equation : o = o™°

ASTRA transport code [5] with a boundary taken
from EFIT reconstruction analysis.

POhm and PNBl (HNBI only shots) power is
calculated in ASTRA and NUBEAM [6]
dW,,/dt~0 time slice to be taken for analysis
Zeff is taken as uniform and prescribed (=2.5 is
close to measurements) with equal contribution
from Arand C

No radiation is included to the model

toroidal field achieved in those STs was 0.9 T [2] and, therefore, to be applicable for future
ST-based fusion devices with a foreseen toroidal field of 4-5 T, extrapolation of the ST
confinement scaling law is required.

Experiments on the high-field spherical tokamak ST40 [3,4] with an NBI beam power of
around 1 MW were carried out, with a toroidal magnetic field scan 0.6 - 1.7 T at the
geometric axis, in L- and ELM-free H- modes plasmas with plasma current 390 - 500 kA .
Interpretation of these experiments took into consideration all available measurements
including spectroscopic data, SXR radiation, neutron data, magnetic sensors and Thomson
scattering data.
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B-scan experiments in ST40 —
Main uncertainties
« Ti profile: lon heat transport equation is solved
Xion™ Xionneocr*Cr(1+C5 p®); §,=(0;20), G, is calculating to fit Tjxacs
Ti(0)/<Ti>=2.5-4, Higher Ti(0) - lower confinement

SXAemission

Typical features of B-scan shots

« Diverted plasma

« Sawteeth oscillations

« Different L-H transition timing

« Chosen the steady state time for analysis
Measured data used in calculations

T. and N, profiles are measured by Thomson
scattering.

Ti is determined by chord integrated Argon

fast particle losses : introducing anomalous losses inside g=1 surface D,,=0-1 m?/s
Redistribution of fast particles over the radius causes enhanced CX and orbital losses
Lower field - larger fast particle losses

Higher losses - higher confinement

neutral density profile: Calculated, boundary neutrals density (“Wall”) is set as a parameter

line emission N,,y= 106 -107 m-3
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Data from diamond detector normalized to maximum
values 50ms averaging in time. Modelling
interpretative results are also shown by blue and
green. Introducing fast particle losses in modelling
gives a better coincidence with the slope over TF
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