
26th IAEA Fusion Energy Conference - IAEA CN-234

Contribution ID: 177 Type: Overview Poster
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This article assesses the understanding of and impacts by the hysteresis of transport relation. The rapid
changes of fluxes compared to slow changes of plasma parameters are overviewed for both edge barrier and
core plasmas. The theoretical approaches to understand the direct influence of heating power on turbulent
transport are addressed. The advanced data analysis method to search the hysteresis in gradient-flux rela-
tion is explained. Finally, the importance of transport hysteresis on the control system of fusion device is
discussed.
The modulation ECH experiment, in which the heating power repeats on-and-off periodically, revealed the
hysteresis and fast changes in gradient-flux relation. The decisive progress is that both the hystereses in the
gradient-flux and gradient-fluctuation relations were observed simultaneously. Analyses of observations that
can be interpreted as the hysteresis have been undertaken on various experiments: LHD, ASDXE-U, DIII-D,
HL-2A, JFT-2M, JT-60U, KSTAR, TJ-II, and W7-AS. Hysteresis with rapid timescale exists in the channels of
energy, electron and impurity, and plausibly in momentum.
The causes of hysteresis and fast timescale are discussed. The nonlocal-in-space coupling works here, but
does not suffice. One mechanism for ‘the heating heats turbulence’is that the external source S in phase space
for heating has its fluctuation in turbulent plasma: S[f] = S[f0] + (dS/df) δf, where δf is the perturbation of
distribution function. This coupling can induce the direct input of heating power into fluctuations. The height
of the jump in transport hysteresis is smaller for heavier hydrogen isotope, and is one of origins of isotope
effect on confinement.
Advanced methods of data analysis are overviewed. The transport hysteresis can be studied by observing
the higher harmonics of temperature perturbation δTm in heating modulation experiments. The hysteresis
introduces the term δTm , which depends on the harmonic number m in algebraic manner (not exponential
decay).
The impacts of transport hysteresis on the control system are assessed. The control system must be designed
so as to protect the system from sudden plasma loss. Thermonuclear instability due to fusion power is also
discussed.

Paper Number
OV/P-8

Country or International Organization
Japan

Primary author: Prof. ITOH, Kimitaka (NIFS)

Co-authors: Dr MOON, CHANHO (NIFS); Prof. HIDALGO, Carlos (CIEMAT); Prof. YUN, Gunsu (Pohang
University of Science and Technology); Dr TSUCHIYA, HAYATO (NIFS); Prof. PARK, Hyeon K. (UNIST); Prof.



DONG, Jiaqi (Southwestern Institute of Physics); Prof. IDA, Katsumi (National Institute for Fusion Science); Dr
KAMIYA, Kensaku (JAEA); DrYOSHINUMA,Mikirou (National Institute for Fusion Science); DrKASUYA,Naohiro
(Kyushu University); Dr MAKINO, RYOHEI (NIFS); Prof. ITOH, Sanae (Research Institute for Applied Mechanics,
Kyushu University); Dr SONG, Shaodong (SWIP); Prof. INAGAKI, Shigeru (Kyushu University); Prof. KUBO,
Shin (NIFS); Mr KOBAYASHI, Tatsuya (Interdisciplinary Graduate School of Engineering Sciences, Kyushu Univer-
sity); Dr EVANS, Todd E. (General Atomics); Dr TOKUZAWA, Tokihiko (NIFS); Dr TSUJIMURA, Toru (National
Institute for Fusion Science); Prof. STROTH, Ulrich (IPP); Dr KO, Won Ha (Korea, Republic of); Dr NAGASHIMA,
YOSHIHIKO (RIAM, Kyushu Univ.); Dr KOSUGA, Yusuke (Institute for Advanced Study, Kyushu University); Dr
KAMADA, Yutaka (Japan Atomic Energy Agency)

Presenter: Prof. ITOH, Kimitaka (NIFS)

Session Classification: Overview Poster

Track Classification: OV - Overviews


