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Fig. 1. Evolution of discharge parameters in HL-2A high
Bn plasmas in shot 27055: (a) Plasma current; (b) average
electron density; (c¢) power of NBI and LHCD; (d) deuteri-
um « signal; (e) stored energy; (f) confinement improve-

ment factor; (g) normalized beta.
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Fig. 2. Profiles of the high An discharge profiles of (a) Tj, (b) electron temperature, (c) electron density and (d) toroidal rotation

frequency of plasmas. Exp. and Fit. mean the experimental data from diagnostics systems and the fitting curves. The colors of blue

and red present the data from ¢ = 602 ms and 675 ms, the triangulares and solid curves mean the data in experiment and fitting.
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Table 1.  Comparisons between the experimental data and OMFIT simulation results at ¢ = 602 ms and 675 ms in shot
27055.
T/ms Ne,1/m™3 We/k] BN Hog fBs Ne/Ne,G li
602 2.11 46 3.05 1.65 X 0.60 X
Exp.
675 2.29 43 2.83 1.38 X 0.64 X
602 2.11 44 3.04 1.68 46% 0.60 0.97
Mod.
675 2.27 43 2.84 1.41 45% 0.64 0.91
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Fig. 3. Integrated simulation results from OMFIT about distributions of (a) plasma pressure and ¢ profile, (b) NBI power depos-

ition, (c) 602 ms plasma current density, (d) 675 ms plasma current density. The solid line represents data of 602 ms and the

dashed line represents data of 675 ms in panel (a). The solid and dashed curves present the NBI power deposited on ions and elec-

trons in panel (b). Jrowl , JNBI, jonm and jgs means the total current density, current density driven by NBI, Ohmic and boot-

strap current densities in panels (c) and (d).
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with fast ions, the blue line means with out fast ions.
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Abstract

Tokamak is considered as the most promising experimental setup for achieving controllable nuclear fusion
requirements. The parameter Oy is an important parameter for tokamak devices: high Sy benefits not only to
plasma fusion but also to the enhancement of fusion reaction efficiency and the facilitation of steady-state
operation. The HL-2A tokamak device has achieved stable plasma with Anx exceeding than 2.5 through neutral
beam injection heating, and transiently reached Ay = 3.05, with a normalized density (ne,/nea) of about 0.6,
stored energy (W) of around 46 kJ, and confinement improvement factor ( Hes ) of about 1.65. In this work,
the integrated simulation platform OMFIT is used to analyze the plasma at Sy = 2.83 and An = 3.05, and the
obtained Wg, nci/nec, Hos, By, etc. are consistent with the experimental parameters. The bootstrap current
(fss) can reach to 45% and 46% . At both of the above moments, there are ion temperature double transport
barrier (DTB) generated by the coexistence of internal transport barrier (ITB) and edge transport barrier
(ETB), while high An is usually related to DTB. In addition, the formation of ion temperature ITB in the HL-
2A device is further analyzed, which is attributed to the dominance of turbulent transport in plasma transport,
the suppression of turbulent transport in the core by fast ions and E x B shear, and the resulting improvement
in confinement, thereby ultimately leading to the formation of ion temperature ITB. The ITB of ion

temperature and the ETB of H-mode synergistically contribute to the creation of high Ay plasma.

Keywords: HL-2A |, High-8y, OMFIT integrated simulation, fast ion, internal transport barrier
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