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1. Introduction

The precise prediction of current decay time during tokamak disruptions is one of the

most critical issues in next generation tokamaks such as ITER because the current decay time

t ?determines electromagnetic forces acting on in -vessel components. The database of current

decay times during disruptions has also been set up among the different tokamaks based on so

called L/R model [1]. In this model, t normalized by the plasma cross-section area S is

proportional to Te
3/2
, where Te is electron temperature. Some problems, however, have been

found that data of the normalized t ’s have large scatters among different tokamaks, as well as

different shots. The validity of the L/R model has not been confirmed yet, moreover the

understanding of the determination mechanism of t is rather poor at this moment. The

difficulty may come from the co-existence of different mechanisms to determine t during the

current decay, such as atomic/molecular processes associated with electron cooling and rapid

change of magnetic surface in tokamaks. On the other hand, in helical devices, we can

distinguish the influences of atomic/molecular

processes and the magnetic surface change on

the current decay because the helical devices

always keep magnetic surfaces externally.

Therefore, the systematic study of the current

decay in the helical system can give better

understanding of the mechanism of the current

decay in tokamaks.

On the other hand, in helical devices, it is

anticipated that the bootstrap current and

Ohkawa current are generated. It is necessary

to control the spontaneous current because the

magnetic field reduced by the spontaneous

current disturbs the equilibrium of magnetic

field. It is also one of the important issues to

study the physics of plasma current decay in

helical systems in order to control the

Fig. 1 (a)Schematic view of Neutral Beam Injection

system in LHD, (b) Map of the magnetic surfaces at a

magnetic axis of Rax=3.6m and Bax=2.75T. The Z and R

axes indicate the vertical and major radius,

respectively. The red line is the line of sight for

spectroscopy.
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magnetic confinement. Then, we carried out the current decay experiment in the Large Helical

Device (LHD) to understand the mechanism for the current decay time.

2. Experimental setup

Figure 1 (a) shows schematic view of neutral

beam i njection (NBI) system in the LHD. In

order to generate plasma current, we used NBI

#1 and NBI #3. The current decay was

observed by turning off the NBIs. In order to

evaluate L/R model, we measured the time

evolution of Te during the current decay by

using two methods, i.e., from the

measurement of the emission intensities of

HeI lines with a high time resolution

spectrometer (maxium:16µs) and from

Thomson scattering measurement with a time

resolution of 33ms. Figure 1 (b) shows the line

of sight of the spectroscopy. It is possible to

evaluate the electron temperature and density

from HeI intensity line ratios by comparing

them to the CR model calculation [2], the

electron temperature is obtained from the

intensity ratio of 667.8nm (2
1
P-3

1
D)/728.1nm

(2
1
P-3

1
S) and the electron density is from the

intensity ratio of 728.1nm (2
1
P-3

1
S)/ 706.5nm

(2
3
P-3

3
S).

3. Experimental result

Figure 2 (a) and (b) show the waveforms of

plasma current and NB Injection power during

the current decay. After turning off the NBI at

t = 3.3s, the plasma current began to decrease.

The time evolution of the plasma current

shows slow decay phase ( t = 3.3s ~) and fast

decay phase (t = 3.95s~) as shown in (a).

3.1 Slow decay phase

Figure 3 shows Te profiles in the slow decay phase ( t =3.3 - 3.95s). In order to estimate the

current decay time by using L/Rmodel in the slow decay phase, we evaluated the plasma
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Fig. 3 Temporal evolution of electron

distribution measured by Thomson

scattering system in slow decay phase.

Fig. 2 Temporal evolution of (a) plasma current I p,

(b) NB Injection power, (c) plasma resistance Rp,

(d) plasma inductance Lp in slow decay phase.
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resistance Rp and the plasma inductance Lp from Te profiles. First, we calculated the plasma

resistance by considering the neo-classical effect

from Te profile by using Eq. (1) and (2).

∫=
a

p drarFrRR
0

0 )/(/ σ �(1)

)ln1065.1/(1/1 2/39 −− ×Λ×××== eeff TZησ �(2)

where R0 is major radius and a is minor radius,

Zeff is effective charge, and ln? is Coulomb

logarithm. We consider the neo-classical effect on

Rp. F(r/a) in Eq. (1) represents the ratio of the

plasma resistivity ?neo by considering the

neo-classical effect as shown in Fig 4 to the

spitzer plasma resistivity ? spitzer. We assumed the

effective charge Zeff=3. Second, we evaluated the time evolution of plasma inductance Lp by

using Eq.(3)-(5).

0
0

0 2/)( RjdSrB
r

πµϑ ∫= �(3) ∫=
a

ai BardrBl
0

222 /2 θϑ �(4)

)2
8

ln
2

1
( 0
00 −+=

a

R
lRL ip µ �(5)

where B? is poloidal magnetic field and B?a is

poloidal magnetic field at r = a. When we

evaluated B?(r), it is assumed that the current

density j is proportioned to Te
3/2
. Figure 2 (c)

and (d) show the time evolution of Rp and Lp

calculated from Te profiles. As shown in Fig. 2,

it is found that Rp changes drastically in the

slow decay phase whereas Lp is almost

constant. Because NBI components would

survive even after turning the NBI off, we

need to consider the slowing down of high

energy particles associated with NBI. Eq. (6)

shows the circuit equation of Ip by taking the

slowing down of the energetic particles into

account, where t slow is given by Eq. (7) .

)exp(0

slow

NIp

p t
RIRI

dt

dI
L

τ
−=+ �(6)

Λ
×= −

ln)10/(
102

202

2/3
1

ei

ei
slow

nZ

TAτ �(7)

Figure 5 shows comparison between t cal and t exp. t exp is the plasma current decay time

obtained from the plasma current waveform. It is found that t exp and t cal has correlation.

Fig. 5 The evaluation of plasma current decay

time. ��ö� is the plasma current decay time

calculated by L/R model and ��ö�+NBI is the

plasma current decay time calculated by Eq. (6).

� exp is the plasma current decay time

calculated by the experimental plasma current

waveform. The solid line has shows �cal= �exp.
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Fig. 4 The relationship between r/a and F(r/a).

F(r/a) is the ratio of �neo and �spitzer. �spitzer is

the spitzer resistivity and �neo is the resistivity

by considering the neo-classical effect.
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However both t L/R and t L/R+NBI are larger than t exp.

3.2 Fast decay phase

Figure 6 (c) shows the time evolution of

HeI emission intensities (667nm, 706nm,

728nm). The HeI emission intensities

increase dramatically at t ~ 2.4s, which

indicates that the volume plasma

recombination occurs. In order to evaluate

Te before t = 2.4s, we used HeI intensity

ratio. Boltzman plot method is used in order

to determine Te when the volume plasma

recombination occurs around t = 2.4s [3]. In

the fast decay phase, HeI emission

intensities begin to decrease. It seems that

the whole plasma becomes the recombing

regime and the plasma volume could

decrease. It is found that the fast current

decay in LHD was related to the

atomic/molecular processes. Unfortunately,

L/R model was not able to be evaluated in

the fast decay phase because the plasma

inductance Lp could not be obtained.

4. Conclusion

We carried out the experiment on current decay by using NBI system in the LHD. We found

that there are two phases during the plasma current decay, the slow decay phase and the fast

decay phase. In the slow decay phase, we evaluated the plasma resistance and inductance

from Te profiles. We evaluated the current decay time from the L/R model, and it is found that

the current decay time was related to the electron temperature. In the fast decay phase, we

found from spectroscopic observation that the rapid plasma current decay in LHD was related

to the atomic/molecular processes. In future works, we need to evaluate directly the plasma

inductance and effective charge in the current decay phase.
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Fig.6 The time evaluation of (a)plasma current

Ip, (b)NB Injection power, (c)HeI emission

intensities(667nm,706nm,728nm), (d)electron

temperature obtained by the spectroscopic

method.
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