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Analysis of MHD events in spherical tokamaks
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What is an Internal Reconnection Event (IRE)?

U IRE is a very common instability observed in Spherical Tokamaks

L Three-dimensional resistive MHD simulations:
Naoki Mizuguchi, Takaya Hayashi, Phys. Plasmas, 7, 940 (2000)

1. Plasma deformation 2. During IRE plasma energy is
« IRE is a magnetic reconnection between lost along field lines through fast
inside and outside magnetic flux parallel transport

Plasma deformation Energy flow CCD picture, START

O Helical deformation, followed by reconnection, is caused by linear and
non-linear growth and coupling of pressure-driven modes



Mega Ampere Spherical Tokamak (MAST)

MAST parameters
d R, (Major radius)~0.85m
. a (Minor radius)~0.65m
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Objective of the IRE study

1 To Isolate unique physics of IREs (in contrast to

sawteeth, etc.)
O SXR cameras and Mirnov coils are used to study mode
structure

d To investigate the drive of this instability (is it

pressure driven, as predicted by theory? or not)
O Pressure profile evolution studies before the reconnection
1 need to classify first sawtooth, mode coupling and energetic
particle mode.
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Difference between sawtooth oscillation and IRE

‘ Sawtooth oscillation \ IRE 18557
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Three dimensional poloidal mode analysis

Trajectories of magnetic lines at
rational surfaces (EFIT)

MAST: #18547 t=0.247
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Major IRE: time evolution of the precursors

shot: — 18557
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mode positions from CXRS (preliminary results)

no g=1.5 surface on | For the 2/1 and 3/2 modes, radial positions are calculated by

the EFIT results toroidal speed and frequency of the signal of Mirnov coils
NOTE: ignoring poloidal rotation
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collapse starting on SXR
SXR profile also shows co-existence of 2/1 and 3/2 mode
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IRE drive: pressure-driven modes?

e Critical pressure gradient has been measured using
KEFIT[1] in discharges
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Critical pressure gradient at g = 2 increases with
magnetic shear suggesting pressure-driven nature
of IREs

[1] L.C. Appel et al., Nucl. Fusion 41 (2001) 1609.



Summary for IRE study

dDifference between IRE and sawtooth oscillation can
pe identified in the propagation of decrease on SXR
orofile.

d Comparison with the three dimensional MHD

simulation
dlinear growth: 2/1 mode confirmed, 7 ~2ms

dnon-linear growth: directly not confirmed, but close co-
existence of 2/1 and 3/2 mode. (CXRS and SXR profile)

d Pressure profile evolution suggest stability effect of
shear at g=2

H.Tojo, T.Yamaguchi, JAEAE F K%, 17-19/03/2008, Naka
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ECH start-up
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Three different cases have been analyzed by Hayashi:

e Three-dimensional resistive MHD simulations, 3 different
cases:
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« We compare these simulation with MAST experimental results
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