Link between edge radial electric field and confinement improvement in
negative triangularity plasmas in TCV

S. Rienicker', P. Hennequin', L. Vermare', C. Honoré', B. Labit?, S. Coda?, B. Vincent?, O.

Krutkin?, A. Balestri?, K. E. Thome?, B. J. Frei*, the TCV team?, and the EUROfusion
Tokamak Exploitation team®

' Laboratoire de Physique des Plasmas, CNRS, Sorbonne Université, Ecole polytechnique, Institut
Polytechnique de Paris, Palaiseau, France
2Ecole Polytechnique Fédérale de Lausanne, Swiss Plasma Center, Lausanne, Switzerland
3General Atomics, San Diego, CA, United States of America
*Max Planck Institute for Plasma Physics, Garching, Germany

Introduction. Negative triangularity (NT) has emerged as a promising alternative to the
conventional positive triangularity (PT) shape of tokamak plasmas. Owing to the suppression
of large ELMs, combined with outstanding L-mode confinement, NT appears to be a suitable
candidate for core-edge integration'?>. The improved L-mode confinement in NT relative to PT
is commonly attributed to a stabilizing impact of NT-shaping on turbulence, as supported by
experiments®® and theory’"'?. Experiments further emphasize the importance of the NT edge
region'>!* to the overall performance gain. Drawing on recent experiments '° on the Tokamak a
Configuration Variable (TCV)* and extending them, we investigate the radial electric field (F),.)
and its associated F, X B shear at the edge as a possible mechanism for reducing turbulent
transport in NT relative to PT.

Experiment design. To test this hypothesis, the perpendicular velocity of density
fluctuations v, —a proxy for the F, x B drift—is measured us-
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Figure 1: NT/PT shapes of the

aSee author list of C. Theiler et al 2026 Nucl. Fusion 66 116007 reference scenario.

bSee author list of N. Vianello et al 2026 Nucl. Fusion 66 116010
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Comparison in matched USN geometry. The edge £, pro-
files collected under various heating conditions in plasmas with
the reference USN shapes of Fig. 1 are compiled in Fig. 2 (upper panels), alongside the electron

pressure (p.) inferred from Thomson Scattering (bottom panels). In all cases, the NT plasma

(a) Ohmic ref. (b) NBI (¢c) ECRH  (d) ECRH matched prof.
. —E— 85429 (PT) I & 81781 (PT) I &= 82854 (PT) y B 82854 (PT)
By 5—A- 85430 (NT) | —A=- 81785 (NT) | +—A- 82856 (NT) .§ +—f- 82856 (NT) o
= ; : ‘
9 0 . 9 R e tin :
El ‘ j e,
> 51 ‘ ST o [
v X | xﬂ:
;ﬁ, ] ] ] ]
=) —10p L00,150)s |+ T [0.6,0.7]s T [0.8,1.0]s T [1.2,1.6]s P
. [1.00,1.50)s 1 . [0.6,0.7]s | . [0.8,1.0]s | |

Z | N | |

» LOF | -;\ FONO\ | |

\ - i i . i i

=1 = 1 1 1 1

:nH \:g | \\; \:0 i i

L 0.5 PN o 3 T N i

= : N : ! :
=00 0.8 0.9 1008 0.9 L0 08 0.9

P Py P

Figure 2: (Upper panels) E, profiles mapped to the outboard midplane and (bottom panels) electron pressure,
for the USN shapes of Fig. I under different heating conditions: (a) 195 kW Ohmic only, (b) 420kW co-current
NBI, (c) 580kW second-harmonic ECRH, and (d) also ECRH but with higher power in PT (850 kW) than NT
(580 kW )—resulting in similar pressure profiles.

exhibits a remarkably deep negative F, well compared to their PT counterpart (and more gen-
erally to typical PT L-mode plasmas '®). With equal heating in NT and PT (a-c), the stronger
edge E. x B shear in NT is accompanied by a steeper edge p. profile and—although not shown
here—also a higher edge T; '°. Globally, the total thermal energy is about 25-30% higher in
NT. Interestingly, the difference in £, persists also when (d) using higher ECRH power in PT
to match the NT density and temperature profiles. This suggests that the enhanced £, well in
NT does not merely reflect the edge (Vp;)/en; behavior. It thus appears as a plausible cause
for, or a contributor to the edge transport difference between NT and PT, rather than merely a
consequence of it.

Extension to other scenarios. These findings are not unique to the specific USN shapes
shown in Fig. 1. Similar comparisons were performed in other scenarios, covering various
geometries (LSN, USN, limited). Likewise, they showed that the edge F, is consistently more
negative in NT. As an example, we consider a high-performance, fully-NT (DIII-D-like) shape
and its flipped PT counterpart (Fig. 3 a) 1°. Both are subject to 850 kW of co-current NBI heating
and remain in L-mode, partly because of the unfavorable BxV B drift. Despite the unfavorable
B x VB drift—usually associated with a shallow E, profile '"~?°, the NT discharge exhibits a

remarkably pronounced £, well. Consistent with the results shown in Fig. 2, the NT case also
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Figure 3: Comparison between a high-performance, fully-shaped NT plasma to its flipped PT counterpart’>.
(a) Equilibria, (b) radial electric field profiles at the outboard midplane, (c) electron pressure and (d) ion pressure

profiles.

has significantly steeper electron and ion pressure profiles (c-d) than its PT counterpart. We
note, however, that in some other NT/PT geometries, neither the edge E, x B shear nor the
confinement is significantly enhanced in NT. This may relate to the observation that, in TCV,
negative X-point triangularity has a weak impact on confinement compared to negative non-X-
point triangularity 2! —this will be investigated further.

Statistical link with confinement. In view of statistically capturing the link between edge
E, behavior and confinement improvement in NT, we compute the NT/PT difference in £, at
the minimum of the well (E™™)—as a crude proxy for the F, x B shear difference at the edge.

This E™ difference is plotted in Fig. 4 over relative confinement improvement, according to
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Figure 4: Difference (NT—PT) in |E™"| as a function of the NT/PT ratio of normalized f3.

the normalized beta (). The data cover various comparable NT/PT pairs (L-mode only),
across different shapes (LSN, USN, limited) and under various heating or density conditions.
A detailed assessment of the correlation is difficult, given the currently limited number of com-
parable NT/PT pairs with both E, and T} data. However, we note that larger E™" differences

coincide with significant confinement improvement, indicating a tight connection between edge



E,. x B shear enhancement and reduced transport in NT.

Conclusions. Over a wide range of scenarios, NT plasmas in TCV show a deeper edge
E,. well than corresponding PT plasmas. £, x B shear differences are associated with steeper
edge pressure profiles (at equal heating) along with higher total energy content. Thus, £, X B
shear regulation of turbulent transport at the edge is a plausible candidate to explain the L-mode
confinement gain in NT over PT, alongside other proposed mechanisms, such as geometry-
induced direct stabilization of ion-scale instabilities 7-'1322, To clarify the origin and role of the

differing edge E, behavior in NT and PT, edge transport simulations of TCV plasmas using the

GENE-X code are underway >}, complementing similar efforts using other turbulence codes **%°.
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