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The effect of the electron temperature Te on the plasma current decay after the mini-collapse was investigated
for the disruption in JT-60U owing to a massive neon gas puff by using the disruption simulation code DINA.
During the current quench in JT-60U, the fast electron temperature decrease is followed by a transient plasma
current increase. This is called “mini-collapse”, typically occurring when the plasma current decreases to 80 -
90% of its value at the flattop phase. The plasma evolution after the mini-collapse was investigated using the
DINA code for three assumed Te profiles: flat, broad, and peaked profiles. The time evolution of the plasma
current, plasma center position, plasma cross section, and vacuum vessel current were not found to be sensitive
to the Te profile after the mini-collapse. The plasma current after mini-collapse decreased owing to the plasma
resistance, although it was previously found that the plasma current decrease during the initial phase of current
quench was owing to the time derivative of the plasma inductance [Y. Shibara et al., Nucl. Fusion 50, 025065
(2010)].
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1. Introduction
Disruption is extremely critical in ITER and DEMO

reactor. Methods to mitigate and prevent disruption have
been developed for many tokamak devices [1]. However,
no such techniques have been established yet for ITER and
DEMO reactor.

Large eddy and halo currents induced by current
quench (CQ) owing to the disruption may seriously dam-
age the vacuum vessel and in-vessel components [1]. In
ITER and DEMO reactor, the simulations of disruption are
used to predict the damege caused by disruption in the de-
sign of the fusion devices. Many disruption simulation
codes have been developed; e.g., DINA [2] and TSC [3]
are for asymmetric simulations, while M3D [4] and NIM-
ROD [5] are for non-asymmetric simulations.

The validation of DINA code with experimental data
for disruption has been carried out for JET [6], JT-60U [7],
and MAST [8]. In the JT-60U validation [7], the plasma
current Ip calculated with the DINA code well agreed with
the experimental data measured with a Rogowskii coil.
However, other plasma parameters (e.g., major and mi-
nor radii, plasma cross-section, and so on) were not com-
pared in these validations. In the DINA code, the electron
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temperature Te profile during the CQ was assumed spa-
tially constant and calculated from the energy balance [2].
However, it was observed that the Te profile in the core
region was greater than 400 eV immediately after the ther-
mal quench in JT-60U [9]. In this case, time derivative of
the plasma inductance dLp/dt was reported to be impor-
tant for determing the current decay time during the initial
phase of the CQ from 100 - 90% of Ip immediately before
disruption. The validation of the DINA code using experi-
mental data was carried out during the initial phase of the
CQ in JT-60U caused by massive neon gas puff [10]. In
addition, the time change of the Te profile was important
for establishing the plasma current decay.

During the CQ in JT-60U, a fast decrease in the
electron temperature followed by a transient increase in
the plasma current was observed. This is called “mini-
collapse”, typically occurring when the Ip decreases to 80 -
90% of the value at the flattop phase in JT-60U. In addition,
the Te after the mini-collapse was not measured because
the Te was below the limit of electron cyclotron emission
(ECE) measurement. To clarify the mechanism for the cur-
rent decay time for entire CQ period, we need to investigate
the effect of Te on the plasma current decay after the mini-
collapse. In this study, we calculated the time evolution of
Ip, the plasma center position, Lp, and the vacuum vessel
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Fig. 1 Time evolution of the (a) plasma current Ip, (b) an amount
of massive neon gas puff, and (c) the electron temperature
Te profile measured by ECE measurement.

current using the DINA code and assuming several Te pro-
files. Finnaly, we compared the results of the calculations
with the experimental data.

2. Experiment
Figure 1 shows the time evolution of Ip, the amount of

massive neon gas puff, and the Te profile obtained with the
ECE measurement. In the discharge, the toroidal magnetic
field is 2.268 T, the safety factor of the plasma surface is
6.05, and the poloidal beta is 0.2 immediately before dis-
ruption. The line averaged electron density ne gradually
increased and the stored energy decreased after the mas-
sive neon gas puff [9]. The CQ started at t = t0 with
many mini-collapses occurring during the CQ. In the ini-
tial phase of CQ (t0 ∼ t1), Te had a profile and the value in
the plasma center was ∼600 eV. Subsequently, in the first
mini-collapse at t = t1, Te rapidly fell below the ECE mea-
surement limit of 100 eV.

Figure 2 shows the time evolution of Lp, the plasma
major radius R0, the vertical position Z0, and the plasma
cross-section S calculated with the Cauchy Condition Sur-
face (CCS) code including the vacuum vessel (VV) cur-
rent [11, 12]. Lp consists of the plasma internal inductance
Li and the plasma external inductance Le. Lp is evaluated
with the following equation:

Lp = Li + Le (1)

= μ0R0li/2 + μ0R0 (ln (8R0/a) − 2) ,

where μ0 is a magnetic permeability, li is the internal in-
ductance, and a is a minor radius. In the CCS code, li is
calculated with the following equation,

li = 2(Λ − βp), (2)

Fig. 2 Time evolution of the (a) plasma current Ip, (b) plasma in-
ductance Lp, plasma internal Li and external inductance
Le, (c) the plasma major radius R0, (d) vertical position
Z0, (e) plasma cross-section S , and (f) vacuum vessel cur-
rent. Red lines are measured by using the Rogowskii coil
and the blue lines are calculated by using the CCS code.

where Λ and βp are the Shafranov lambda and poloidal
beta, respectively. The Shafranov lambda is evaluated by
integrating the magnetic field components on the plasma
boundary in the CCS code. The poloidal beta is obtained
by measuring the magnetic sensor. In this study, the time
change of βp is neglected because the time change and
absolute value of βp are quite small during the CQ. The
plasma and VV currents were measured with a Rogowskii
coil. The plasma and VV current calculated using the CCS
code well agreed with the measured values. After the first
mini-collapse at t = t1, R0, Z0, and S gradually decreased.
Lp, especially the Li, was increased after the first mini-
collapse.

3. Simulation and Discussion
The disruption simulation code DINA is a two-

dimensional free-boundary equilibrium evolution code that
includes the poloidal field (PF) coils and surrounding con-
ducting structure. In the simulation, the PF coil current in
experiment was input in the DINA code. The ne is calcu-
lated by using the energy balance, assuming it is spatially
constant. The effective charge profile is Zeff = 4(1−ρ2)+1,
which is based on the calculation results using the neon
fraction in ref [9].

The comparison between the calculated and experi-
mental plasma parameters was performed. The compared
plasma parameters are as follows: Direct measurement is
Ip, VV current, and loop voltage Vloop using flux loop lo-
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Fig. 3 (a) Assumptions of several Te profile in DINA simulation.
(b) The time evolutions of plasma current and the input
data of Te profile in DINA simulation.

cated in high field side (HFS) of toroidal magnetic field at
Z0 = 0.14 m: CCS code is R0, Z0, and S .

Three Te profile types were assumed to investigate the
effect of Te on the current decay time after the first mini-
collapse. Figure 3 (a) shows the assumed Te profiles. After
the first mini-collapse (t1 ∼ t2), Te was assumed by the
following equation:

Te(ρ) =
(
Te0 − Te−edge

) (
1 − ρ2

)κ
+ Te−edge, (in eV)

(3)

where Te0 is the Te in the plasma center, κ is the peak index
of the Te profile, and Te−edge is the Te in the edge region.
The DINA code calculations started at t = t0. The mea-
sured Te profile using the ECE was used until the first mini-
collapse (t0 ∼ t1). After the first mini-collapse (t1 ∼ t2), the
assumed Te profile by using Eq. (3) is shown in Fig. 3 (b).
In the simulation, the time change of the assumed Te pro-
file was not considered.

The time evolution of the plasma current was repro-
duced by using the following assumed Te profiles: the
flat Te profile parameters are Te0 = 25 eV and κ = 0:
the broad Te profile parameters are Te0 = 80 eV, κ = 3,
and Te−edge = 10 eV: the peaked Te profile parameters are
Te0 = 500 eV, κ = 170, and Te−edge = 25 eV. Figure 4 shows
the time evolution of Ip, Vloop, VV current, R0, Z0, S , and
Lp in each assumed Te profile. In the flat Te profile (green
line), most of the plasma parameters were reproduced with
the DINA code. Only Lp differed for DINA and CCS code
calculations. The Lp decreased after the mini-collapse at

Fig. 4 Time evolutions of (a) plasma current Ip, (b) loop voltage
Vloop, (c) VV current, (d) major radius R0, (e) the vertical
position Z0, (f) plasma cross section S , and (g) plasma
inductance Lp.

t = t1. Figure 5 (a) shows the time evolution of the current
density j profile calculated by using the flat Te profile. The
j profile changed from peaked to flat profile in this case.
Hence Lp decreased in the flat Te profile.

In the broad Te profile (blue line), the plasma param-
eters in Fig. 5 reproduce the experimental values that are
common with flat Te profile in Fig. 4. The results suggest
that the behavior of plasma parameters (Ip, VV current, R0,
Z0, and S ) is not sensitive to the Te profile when the Te pro-
file is lower than 100 eV. The j was the peaked profile at the
center after the mini-collapse, as shown in Fig. 5 (b). The
calculated and experimental Lp and Vloop values differed in
the simulation. The Lp decreased because the plasma cur-
rent density in the plasma center gradually decreased.

In the peaked Te profile (red line), the plasma param-
eters had values close to those of the flat Te profile. In this
case, j peaked for ρ < 0.1 because the Te in the plasma cen-
ter was much higher than one in the edge region as shown
in Fig. 5 (c). For ρ > 0.1, j changed to the flat profile sim-
ilor to the flat Te profile case. Therefore, the DINA simu-
lation suggest that Te in the plasma center does not affect
the plasma parameters and Lp. The DINA code did not
reproduce the increase in Lp, whereas it reproduced other
plasma parameters (Ip, VV current, R0, Z0, and S ).

The increase in the plasma inductance after the mini-
collapse at t = t1 was not reproduced using the DINA code
and assumed Te profiles. However, Ip decreased after the
mini-collapse in the DINA simulations. Figure 6 shows the

3402084-3



Plasma and Fusion Research: Regular Articles Volume 9, 3402084 (2014)

Fig. 5 Time evolution of the current density j profile in the case
of (a) flat, (b) broad, and (c) peaked Te profiles.

time evolution of Ip profile in each assumed Te profile. Ip

profile ΔIp(ρ) was evaluated by the following equation:

ΔIp(ρ) =
∫ ρ2

ρ1

j(ρ)dS , (4)

where j(ρ) is the current density profile, and ρ2−ρ1 = 0.06.
In the DINA calculations using the broad Te profile, Ip

mainly decreased for ρ = 0.3. Therefore, in this case, Ip de-
creased because of the plasma resistance Rp near ρ = 0.3.
The time evolution of ΔIp in the peaked Te profile was
similar to that in the flat Te profile. For ρ = 0.3, Ip was
rapidly decreased, whereas Ip in the edge region increased.
In these cases, Ip was diffused into the plasma edge re-
gion. In the peaked Te profile, the effect of peak of Ip in
the plasma center is small. Therefore, in these DINA sim-
ulations, the plasma current decay was determined by the
Rp in middle and edge regions.

4. Conclusion
The effect of electron temperature Te on the plasma

current decay after the mini-collapse during the CQ was

Fig. 6 Time evolution of plasma current profile in the case of (a)
flat, (b) broad, and (c) peaked Te profiles.

investigated using the DINA code and assuming several
Te profiles during disruption in JT-60U owing to massive
neon gas puff. The estimated Te after the mini-collapse was
lower than 100 eV because the ECE was below the detec-
tion limit of its measurement. The plasma current was re-
produced by using the following assumed Te profiles: flat,
broad, and peaked. The DINA simulations suggest that the
time evolution of the plasma current, the position of plasma
center, the plasma cross-section, and the VV current are
not sensitive to the Te profile when the Te profile was lower
than 100 eV. In these cases, the plasma current after the
mini-collapse decreased owing to the plasma resistance in
the middle and edge regions, although the plasma current
during the initial phase of the CQ decreased owing to the
time derivative of the plasma inductance. The increase in
the plasma inductance estimated with the CCS code during
the CQ was not reproduced with the DINA code because
the current density profile becomes flat when the Te profile
was lower than 100 eV. In the future, we need to investi-
gate the reason why the plasma inductance evaluated with
the CCS code is not reproduced by the DINA code after
the mini-collapse.
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