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Abstract

Disruptions and their consequences pose basic design and plasma operation challenges
for reactor-regime tokamaks in general and for ITER in particular. It is well-known that stable
disruption-free operation in a tokamak system is limited with regard to maximum L,
maximum 71, and maximum total normalized plasma pressure By by 3 basic operational
limits:

* current limit: set by a requirement for gg5 = ~2,

 density limit: the plasma density should not exceed the empirical Greenwald density
limit ngy, (102° m=3) = I(MA) /ma? (m?),

e pressure limit: normalized toroidal f should not exceed the Troyon ideal MHD beta
limit.

The beta and density limits and energy confinement define the significant design and
plasma performance of reactor tokamaks. The combination of these parameters determines
the achievable fusion power, neutron wall loading and fusion power gain.

In contrast, disruptions arise from consequences of MHD instabilities and can determine
the operational lifetime of specific components, especially those associated with particle
exhaust and plasma power.

Since the consequences of disruptions shorten the operational lifetime of plasma-facing
components, it is important to

* minimize both the number and severity of disruptions and

* mitigate the consequences of disruptions that cannot be avoided.

So it is necessary to find
* ways of reliable prediction of the disruptions and
* methods for ‘fast shutdown’ intervention which will make it possible to either avoid
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ﬁmain approaches to sawtooth control exist:
* In the first, one attempts to eliminate or avoid the sawtooth crash for the duration of the discharge
by lengthening the sawtooth period (stabilization);
» while in the second, the goal is to increase the rate of the sawteeth (destabilization) to reduce the
perturbation to the plasma at each individual crash.

However in some ST Globus-M experiments sawtooth oscillations have been observed not to trigger
WM seed island formation but tearing modes were suppressed by sawteeth.

= Another potential source of seed islands is the fishbone instability, also related to the g = 1 surface
but is driven unstable by energetic, trapped particles.

ﬂ Edge localized modes (ELMs) are periodic edge-plasma eruptions caused by the steep pedest%
pressure gradient in H-mode, which can also create seed islands.

To avoid damage to the plasma facing components, future tokamaks will have to avoid ELMs or find
ways of minimizing their size, which should reduce the chance of creating seed islands bigger than
threshold width.

= J

(= Triggerless or spontaneous NTMs, which grow, apparently without a seed island, from an unknown\
small size below the background noise level.

Explanations for the growth of such NTMs include coupling between an (m - 1)/n mode and the g =

m/n surface [1], proximity to a plasma beta limit [2] or a removal of the threshold by a coupling to

\resstlve wall modes [3]. )
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It is of interest to study effects of each of the terms in the MRE.

Error fields

The effect of axial asymmetric error fields in inducing locked modes in ST Globus-M also should be taken into
account. The error fields occur due to toroidal and poloidal field coil imperfection. Error field locked modes arise
from the braking torque applied to the plasma from a static error field, which can bring the rotating plasma to rest
and allow islands to form [4]. A set of error field correction coils has been installed on Globus-M to minimize the
effect of locked modes. The set consist of four coils arranged symmetrically outside of the vacuum vessel, with
each coil spanning 67.5° toroidally.

The stability of NTM is given by a sum of various contributions, included in the modified Rutherford
equation (MRE):

the occurrence of disruption or to soften the consequences of those disruptions which
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magnetic energy change due to the presence of a tearing mode is proportional to —A’, which again ‘ c.l_/’m e

An IRE (Internal Reconnection Event) is the most noticeable relaxation phenomenon,
which is characterized by a collapse and a subsequent resilience of the pressure profile, the
appearance of a positive spike in the toroidal plasma current trace and a large elongating

indicates that A’> 0 makes the tearing mode unstable [4]. A" is considered to be constant, giving rise to Time (ms)
linear growth or decay in time.

Ay is the bootstrap drive term:

An empirical scaling for the error field threshold §B: §B/B < n*n - BB - g9c%a - R*R (above which locked modes
are induced).
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So since complete avoidance of disruptions is not achieved, we should mitigate its
damaging effects through better understanding of the various events that accompany them
and investigating types of the instabilities, responsible for evolution of the IRE.

MHD Instabilities & Disruptions

About Spherical Tokamak Globus-M mBg

change during the existence time of an NTM.
In Globus-M experiments it was investigated that NTM occurs since f8,~0.25.

= Complete avoidance of disruptions has not been achieved yet, so mitigation of its damaging effects
through better understanding of the events that accompany them and investigating instabilities,
responsible for evolution of the IRE, should be the primary goal.
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Calculation of the magnetic island width from Mirnov coil data and comparison with a model
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= The IRE accompanies almost every spherical tokamak disruption, but experimental data about the IRE

Mirnov coil signal V = Sw-%, 8B, ~ 1.56B,, sw ~ 63sm? 2022 2 . : : shot #26148 seems to be not sufficient. Nowadays a few theories of the internal reconnection exist. One of them is a
(h = 16 mm, d = 8.5 mm) _ well-known Hayashi theoretical model [6], which assumed non-linear coupling of low n modes. This
af : IP < 0.25 MA , _ ) disruption scenario was observed and consists in coupling of impurity associated snake and 2/1 tearing
Globls. Discharges 26148 and 22607 are presented as an example, in & mode
. Br =04T, (1T Globus-M2) which a spontaneous NTM is destabilized and IRE occurs. An NTM : '
starts to grow, saturates, locks and then terminates the plasma. ;E;'j Mirmov coi signal ‘ehot £26140 . . . . ' . .
. R=036m,a=0.24m - g = The behavior of MHD modes was investigated in Globus-M experiments during reconnection events
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emax tmax interrupt or modify evolution of the NTM ) o | catastrophic 2/1 mode. Evolution of the NTM is described by the MRE and it is of interest to outline the
. Pyor < 1.2 MW S results from fitting of the MRE to the observed NTM evolution in one of these discharges.
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® |n order to characterize the plasma current quench scaling for ramp up and ramp down rates of the
current spike was obtained. It was found similar with analogous locked mode dependencies. As a result
of this analysis some statements of the instabilities evolving just before the IRE on ST Globus-M have
been suggested.
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Snake instability m/n=1/1 Sawtooth oscillations and NTM 2/1
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