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Introduction 

Edge localised modes play an important role in I-i-mode confinemem and stability / 1/ . 
Recent studies have identified precursors to the H to L transition rotating in the 
opposite direction to co-injected neutral beams /2/, and proposed that the 1-1 to L 
transition is triggered by a gian t ELM /3/. Tearing modes driven by edge current density 
and ballooning modes driven by pressure gradient have been put forward as possible 
explanations for these precursors . 

Initial studies on J ET /4/ have described the characteristics of edge fluctuations in 
X-point plasmas and their effects on energy and particle confi nement. 

In this paper we perfo rm a detailed magnetic analysis.ofELMs and their precursors, 
and make a comparison with the H to L transition. These magnetics results correlate 
with those of other diagnostics such as the microwave reflectometer and X-po int 
langmuir probes. Localization of ELMs and H to L transition spike is determined wi th 
the soft X-ray camera, and particle transport est imated by an H-alpha detector. Finally 
possible theoretical explana tions for ELMs arc discussed. 

Structure of ELMs and precursors 

The ELM structure is examined poloidaUy by two sets of co ils (10kHz cut-off, 6dB 
rOll-om near the X-points and t oroidally by lower frequency response coils (10kHz 
cut-off, 12dD roll-ofl). . 
. Typical ELMs during an H-mode a re presented fig( la). ELMs are visible by all the 
diagnostics mentioned above. In addition a significant magnetic fluctuating toroidal 
component was observed (typically, larger than one tentJ:l of the fluctuating poloidal 
component : be/Bpq, ~ 5.10 .... ). The ELM spike has predominantly an n=O component 
with an n= I contnbution of typically 30%. The poloidal component is predominantly 
m = I, with a phase inversion about the X-point for bo th single null and double null 
plasmas. In the single null case, the second phase inversion does not occur in a 
reproducible location. 

ELMs are preceded by precursors and a lso often followed by postcursors (fig(lb». 
Typically precursors start at about 0.5ms before the ELM, and po~cursors stop lms 
after. Both are identical except that the amplitude of postcursors ( %/BpoI 8: 3. 10,' ) is 
often two or three times higher than the amplitude of precursors. . 
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Because of this sma ll amplitude they arc only detected by the magnctics and the 
langmuir probe. Toroidal correla tions show an 0 = 1 component ro tating oppos ite la the 
co-injected neutral beam direction with a frequency of about 6 to 8k ll z. The frequenc)' 
of precursors has been found to be close to the elect ron diamagnet ic drift frequency 
calcu lated in the high shear region (:;:;: IOk Hz). Poloidal mode numbers in the range of 5 
to 10 have been estimated for the ELY! precursors. Such high m (n= I) modes an: 
resonant ve ry near the sepa ratrix.in the high shear boundary region. 

Soft X·rays have verified /4/ that EL\1 s originate near the edge, and also exh ibit 
an in version radius at about 5 to 10 cm inside the plasma indicating the enhanced 
particle and energy transport in this region when ELY1s occur. To explain this large 
transport during the EL:v1s the island width has been calculated in the high shea r region 
for two ne ighbouring surfaces , assuming a teari ng mode model for the precursors. 
Within the range of uncenainties over the edge shea r and poloidal mode number of the 
p recursors, overlap appears possible for the measured ampl itude of E LY! ( b ID I :;:;: 

5. 10"'), thus leading to a stochastic field topology an d enhanced transport. To-suppon 
this interpretation , renectometry measurements of n.near the inversion radius have been 
made during and in between ELMs. Preliminary re sults show at all frequencies an 
increased level of density nuctuations (by a facto r two or three) during ELY!s. 
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Diffcrcncics have also been noticed on reroidal correlations, but more complete analysis 
is required . 

Comparison "illt the 1-1 to L transition 

A simi lar magnetic ana lysis has been carried out for lhe H to L transition (fig(2». 
Unlike ELMs, the spike that occurs at the H to L trans ition has dominantly an n = I 
structure with a strong n = 0 contribution of about 40%. The poloida\ structure is also 
m= I predominantly but the phase inversions does not occur at the X-point. lI owever 
this n = 0 m = J component is probably due to the fast displaccmcn: of the plasma (", I cm 
radially,,,,,2cm vertically) when the transitio n occurs. 

In addition, the H to L tran si tion is also orten preceded by precursors for about 
tms. They aga in rota te in the electron diamagnetic drift di rection with a Jrequellcy of 
6 to S k l [z, and exhibi t a predominantly n"" I , and m = 5 to 10, structure, indicating that 
they are localized near the separatrix. 

The edge localization of the I [ to L transition is co rroborated by the soft X·my 
reconstruction shown lig(3). The spike of the transition does not arrect the cente r of the 
plasma, and is a much faster phenomenon ( ...... 100 IoIS) than the ELM spi ke (",0.5 ms). 

Given the identical precursors observed before the ELMs and the H to L transition, 
it seems that they may both have the same underlying cause. However, a decisive 
conclusion cannot be drawn due to diffe rences in the modes structure and the dumtio n. 

inl('rpl"('lation and co nclusion 

As the ELMs during II-modes are accompanied by n:::: I m =5 to 10 precurso r 
SlrUClUres, high n ballooning activity would seem to be precluded as an explanation o f 
their origin. It secms likely that in the high shear edge region, n = I instabilities with a 
broad spectrum of coupled po loidal harmonics arc destabilizcd. The observed rOlat ion 
of the precurso rs in the elect ron diilmagnetic drift direction with approximately the 
electron diamagnetic drift frequency is in agreement with the tearing theory /5/. 

The magnetic nuctuation level during ELM spikes may be s.ufficent to give island 
overlap in the high shear region.This overlapping could lea·d to ergodization officld lines 
and enhanced edge transport /4/ . reducing the edge pressure gradients. Thus, tearing 
modes arc a possible candid.:tte to explain the precursors a nd would lead to stochastic 
t ransport during ELMs. 

The I-l to L t ransition spike is preceded by simila r precursors, but its different mode 
st ructure and shoner duration ma~e it difficult to iden tify the transit ion as a giant ELM. 
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Fig 3 : Reconstructed X-ray cmisS;i\'ity of an 
1I to L transition spike o\"er O.5ms along 
the \'cnicct! chord (Z = -1.6 la Z = 1.6). 
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