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Abstract: Recent experiments employing multi-pellet injection in NBI-heated plasmas in the TJ-II stellarator
have achieved record energy confinement times [1,2], surpassing predictions derived from the ISS04 scaling law
[3]. This enhanced confinement regime is characterized by the highest ion temperatures yet measured and record
densities. While these observed profile modifications are suggestive of a potential neoclassical transport
mechanism, due to its strong collisionality dependence, simultaneous measurements of reduced density and
electrostatic potential fluctuations in the density gradient region point to a non-negligible contribution from
turbulent transport to the overall enhanced confinement. Here it is shown that the increased ion temperature due
to the multi-pellet injection reduces neoclassical diffusion from the Pfirsch-Schliiter to the Plateau collisionality
regimes and partly explains the enhanced plasma performance in these NBI-heated TJ-II conditions.

1. INTRODUCTION

For the last few years pellet injection experiments in TJ-II have expanded beyond previous works on ablation,
deposition, and fueling efficiency [4-6] to study the effect of multiple cryogenic hydrogen pellet injections, into
NBI-heated plasmas, on enhanced performance scenarios. An extensive comparison shows a significant plasma
triple product improvement compared to other plasma fueling methods with record ion temperatures and
diamagnetic energy confinement times exceeding ISS04 predictions. The plasmas obtained with multiple pellet
injections are found to have sustained record central densities, ion temperatures and normalized . Furthermore,
broader density profiles along with the somewhat more negative radial electric field measurements point to
improved ion confinement thereby suggesting a neoclassical connection. However, the strong reduction of density
and electrostatic potential fluctuation in the outer plasma region does not rule out a reduced turbulent channel [7].

7 T T T T T T T
NBI#2 450 kW e -
5 6 a1 (ne)
2 2 CXRS #fzfgisi € |
g5¢ 455300

P iahd ol W

-
-~ ——— -
e B e o B o S -~

<n > (x10"" m®), w
w

2f Nt 1
® ”~ V4 [7)) (7] \\\ \N\I/‘[/
v - ~ W \
1 —— ™ \ .
e : \ N
/"\s.r""’ﬁ \ \
0 L I L L 1 L Noo L
1140 1150 1160 1170 1180_ 1190 1200 1210 1220
Time (ms)
T T T T 400 T T T T 250 T T T T
10} i L 4 .
Lo #55300 My L Te ] #55300 Tz

200

IR

Ny #55300 150k
N N
2
" 100f
FUNIRD ' 455511
#55511 4 50 7
0 L 1 . L 0 . . . . 0 . A L .
0 0.2 0.4 0.6 0.8 0 0.2 0.4 0.6 0.8 0 02 0.4 0.6 08
rla rla rla

Figure 1: Top: Time traces of line-averaged density (solid) and stored diamagnetic energy (dash) for discharges with
#55300 and without #55511 pellets. Bottom: density, electron and ion temperature profiles for the same discharges. Figures
4 and 5 from McCarthy K.J. e a/ in [2].
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2. NEOCLASSICAL SIMULATIONS

To clarify the impact of neoclassical transport in this new confinement regime, simulations with and without pellet
injection and a comparison with the energy confinement times obtained from the ISS04 and experimental power
balance analysis are done using the monoenergetic treatment procedure from [8] with a combination of MOCA
[9], for the radial diffusion, and DKES [10], for the bootstrap and momentum correction, codes.

The effect of the pellets is to increase not only the density, which is expected, but contrary to the usual behavior,
to significantly increase the ion temperature, while keeping the electron temperature unaltered, see Figure 1.
Neoclassical simulations show a reduction of the collisionality from v* = 0.8 in #55511 to v* = 0.3 in #55300,
their profiles being quite flat, which changes the collisionality regime from the Pfirsch-Schliiter in #55511 to the
Plateau in #55300, resulting in a decrease of the diffusion coefficient.

Shot  Waiag [kJ]  7H£E [ms] 7550 [ms] Y€ [ms] PN kW] I, [kA]

#55511 2.2 8.5 10 21 55 0.6
#55300 4.4 14 12.5 18 120 1.1

Table 1: Results of neoclassical (NC) simulations with #55300 and without #55511 pellet injection compared with ISS04
and power balance (PB) analysis.

The explanation why neoclassical calculations yield a lower energy confinement time for #55300 than for #55511,
see Table 1, is that the decrease in the diffusion coefficient is partly offset by the increase in both the density and
temperature gradients in the calculation of the particle and heat fluxes. The small changes predicted for the radial
electric field are consistent with the mild dependence for these collisionality regimes below radial electric field
resonance values.

3. CONCLUSSIONS

An enhanced confinement regime is obtained in NBI-heated plasmas at TJ-II induced by multi-pellet injection.
This can be clearly seen by the doubling of the diamagnetic energy content from 2.2 kJ in discharge #55511 to
4.4 kJ in discharge #55300 with the same heating power Pyz; = 320 kW. Compared to this injected power, the
neoclassical integrated heat fluxes, see Table 1, can only account for 55 kW of #55511 and 120 kW of #55300,
clearly indicating that other transport mechanisms are involved in supporting the enhanced confinement regime
[11]. A systematic comparison between neoclassical and ASTRA [12] simulations is underway to quantify these
transport channels.
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