
H. J. Sun1, RJ. Goldston2, A.Huber3, XQ. Xu4, J. Flanagan1, DC. McDonald1, E. de la Luna5, M. Maslov1, J.R. Harrison1, F. Militello1, J. 
Fessey1, S. Cramp1 and JET Contributors*

EUROfusion Consortium, JET, Culham Science Centre, Abingdon, OX14 3DB, UK
1UKAEA/CCFE, Culham Science Centre, Abingdon, Oxon, OX14 3DB, UK; 2 Princeton Plasma Physics Laboratory, Princeton, USA; 3Forschungszentrum Jülich, Institut für Energie- und Klimaforschung – Plasmaphysik, 52425 Jülich, Germany ;4 Lawrence Livermore National Laboratory, Livermore, USA; 5 Laboratorio Nacional de Fusión, Asociación EURATOM-CIEMAT, Madrid, Spain; 
* See the Appendix of F. Romanelli et al., Proceedings of the 25th IAEA Fusion Energy Conference 2014, Saint Petersburg, Russia

The Role of Edge Plasma Parameters in H-mode Density Limit on the JET-ILW

ABSTRACT

• JET-ILW plasmas stay in dithering phase after reaching MHD limit,

associated with a higher (≈20%) HDL than JET-C equivalents.

• A new, reliable estimator for JET Er has been derived by

combining HRTS measures of pedestal and SOL regions

• JET-ILW radial Er ETB wells are in the range -15 to -60 kV/m in H-

modes. A higher positive E×B shear plays a role in sustaining a

marginal phase.

• SOL broadens at high collisionality and a hypothesis for the

dithering H-mode phase is proposed.

BACKGROUND

• The high-density plasma is desirable for fusion power and reducing the
exhausting power

• The H-mode cannot be sustained when the density approaches the H-
mode density limit (HDL)

• The studies of the HDL in JET-ILW have excluded excessive radiation,
MARFE and divertor detachment as the causes of HDL

EXPERIMENTAL METHODS AND ESTIMATION OF  𝑬𝒓,𝒎𝒊𝒏

Assuming 𝑇 ≈ 𝑇 and 𝑛 ≈ 𝑛 for high density JET pulses, 𝐸 can be
estimated by 𝐸 ≈ ∇𝑝 𝑒𝑛⁄ ≈ ∇𝑝 𝑒𝑛⁄ , where all the parameters are
routinely measured on JET-ILW

Demonstration of the method for estimating the edge radial electric field minimum, 𝐸,

Experimental Results 

CORRELATION WITH BALLOONING STABILITY AT THE SEPARATRIX
The ballooning parameter for the separatrix position, 𝛼ெு,௦, can be
expressed as:
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𝛼ெு,௦ increases almost linearly
as ne,sep until the 𝛼ெு,௧ ≈ 2.5,
when 𝑛,௦ 𝑛ீௐ⁄ ≈ 0.35. The very
large range of 𝑛,௦ with 𝑛,௦ >

0.35 implies that the HDL is NOT
directly set by ballooning stability
at the separatrix.

EXPERIMENTAL RESULTS

ROLE OF THE EDGE RADIAL FIELD FOR HIGH DENSITY PLASMA
• 𝐸, are in the range -15 to -60

kV/m in H-mode, consistent with
AUG[2].

• 𝐸, vary little between the L-
mode and dithering phases,
suggesting that HL transition is not
due to a reduction of the inner 𝐸

shear.

• The trend of 𝐸,ௌை against
confinement is similar with that of
𝐸,, the confinement increases as
the absolute value of 𝐸,ௌை increase.

•  𝐸,ௌை decreases in dithering H-mode
phase, but is generally higher than
that in L-mode phase

The figures below for #91676, support that a higher positive Er shear plays
a role in sustaining a marginal phase

Discussion and summary

This two-parameter phase space in [3-5] can explain the edge plasma
behaviour on JET-ILW.
• For low collisionality, the drift wave turbulence can be suppressed

by 𝐸 × 𝐵 shear (𝐸, threshold). Pressure gradient increases until the
MHD stability limit.

• As collisionality increases, the perpendicular transport is enhanced by
resistive modes and the confinement degrades even when 𝛼ெு is well
below MHD limit.

• The enhanced transport reduces the pressure gradient and cools down
the plasma, corresponding to a decrease of 𝐸,.

• The JET-ILW results suggest that ITER could be operated in H-mode with
higher density, but likely with a dithering phase plasma with lower
confinement.
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SOL width is found to increase with increasing
collisionality, as AUG [6]. A hypothesis for the
‘dithering’ H-mode phase is proposed:
• 𝑛 increases  𝜈∗,ௌை increases  SOL

broadens  𝐸 shear decreases  H-L
transition;

• 𝑛 decreases  𝜈∗,ௌை decreases  SOL
narrows  𝐸 shear increases  L-H
transition.

ID: EXP3-13 


