IOP PUBLISHING and INTERNATIONAL ATOMIC ENERGY AGENCY

NUCLEAR FUSION

Nucl. Fusion 52 (2012) 114027 (8pp)

doi:10.1088/0029-5515/52/11/114027

ELM mitigation by supersonic molecular
beam injection into the H-mode pedestal
in the HL-2A tokamak
W.W. Xiao1,2 , P.H. Diamond2,3 , X.L. Zou4 , J.Q. Dong1,5 ,
X.T. Ding1 , L.H. Yao1 , B.B. Feng1 , C.Y. Chen1 , W.L. Zhong1 ,
M. Xu3 , B.S. Yuan1 , T. Rhee2 , J.M. Kwon2 , Z.B. Shi1 , J. Rao1 ,
G.J. Lei1 , J.Y. Cao1 , J. Zhou1 , M. Huang1 , D.L. Yu1 , Y. Huang1 ,
K.J. Zhao1 , Z.Y. Cui1 , X.M. Song1 , Y.D. Gao1 , Y.P. Zhang1 ,
J. Cheng1 , X.Y. Han1 , Y. Zhou1 , Y.B. Dong1 , X.Q. Ji1 , Q.W. Yang1 ,
Yi Liu1 , L.W. Yan1 , X.R. Duan1 , Yong Liu1 and the HL-2A Team
1

Southwestern Institute of Physics, PO Box 432, Chengdu, People’s Republic of China
WCI Center for Fusion Theory, National Fusion Research Institute, Daejeon 305-333,
South Korea
3
UCSD, San Diego, CA 92093, USA
4
CEA, IRFM, F-13108 Saint-Paul-lez-Durance, France
5
Institute for Fusion Theory and Simulation, Zhejiang University, Hangzhou,
People’s Republic of China
2

E-mail: xiaoww@swip.ac.cn

Received 21 November 2011, accepted for publication 2 March 2012
Published 2 October 2012
Online at stacks.iop.org/NF/52/114027
Abstract
Density profiles in the pedestal region (H-mode) are measured in HL-2A and the characteristics of the density
pedestal are described. Cold particle deposition by supersonic molecular beam injection (SMBI) within the pedestal
is verified. Edge-localized mode (ELM) mitigation by SMBI into the H-mode pedestal is demonstrated and the
relevant physics is elucidated. The sensitivity of the effect to SMBI pressure and duration is studied. Following
SMBI, the ELM frequency increases and the ELM amplitude decreases for a finite duration. Increases in ELM
SMBI
0
frequency of fELM
/fELM
∼ 2–3.5 are achieved. This experiment argues that the ELM mitigation results from an
increase in higher frequency fluctuations and transport events in the pedestal, which are caused by SMBI. These
inhibit the occurrence of large transport events which span the entire pedestal width. The observed change in the
density pedestal profiles and edge particle flux spectrum with and without SMBI supports this interpretation. An
analysis of the experiment and a model shows that ELMs can be mitigated by SMBI with shallow particle penetration
into the pedestal.
(Some figures may appear in colour only in the online journal)
is whether external control tools can be developed to reduce
the ELM size to acceptable values while maintaining good
confinement. An effective control scheme should show an
increase in the actual ELM frequency relative to the intrinsic
ELM frequency fELM . Since the relation fELM × WELM ≈
const., with WELM the energy loss per ELM [5], holds for
intrinsic ELMs on many diverted tokamaks, increasing the
frequency should decrease WELM , as we desire. Existing
techniques for ELM control or mitigation include pellet pacing
[6], nitrogen seeding injection [7, 8], RMP [9] and other
external perturbation fields [10]. Both such physics problems
require tuning the macroscopic relaxation oscillations of a
self-organized criticality which can manifest spatiotemporal
chaos and cyclic bursts. In particular, the aim of ELM control

1. Introduction
Since the H-mode was first discovered in the ASDEX tokamak
[1], more than a quarter-century of related studies has followed
[2]. H-mode is characterized by an edge pedestal or edge
transport barrier (ETB) as it is manifested on the profiles of
the plasma density and temperature. In the ELMy H-mode,
the plasma edge is a region of crucial importance due to its
influence on plasma confinement and performance. The ELMy
H-mode exhibits fast, quasi-periodic short bursts called edgelocalized modes (ELMs), which eject particles and energy
from the plasma. The loss of energy leads to large quasiperiodic power impulses on the divertor target, which can
cause significant erosion [3]. A central question for ITER [4]
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