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1. Introduction 

The confinement improvement by the formation of edge transport barrier (ETB) is 

observed in the Compact Helical System (CHS) by inducing large net plasma current [1] and 

increasing co-injected neutral beam power [2, 3]. Similarly to H-mode in tokamaks, the power 

threshold exists and depends on various parameters. In this paper we present features of 

plasma with ETB and the parameter dependences of the power threshold. We also show 

comparisons with tokamak H-mode power scaling. 

2. Features of plasma with ETB in CHS 

CHS is a low-aspect-ratio helical device (major 

radius R=1.0 m, minor radius a=0.2 m). Figure 1 

shows one example of time evolutions of 

characteristic parameters in a plasma with ETB. In 

this discharge the magnetic field B is 0.95 T at 

magnetic axis and the total NB port-through power 

is 1.4 MW. Following NB injections, spontaneous 

and sharp drop in Hc emission signal is observed. It 

drops in two steps糫 as illustrated with red arrows. 

The first drop takes more than several milliseconds, 

which is comparable to or longer than the energy 

confinement time. The second takes less than 1 ms. 

We presume that changes during the first drop 
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Fig.1: Time evolutions of characteristic 

parameters in ETB formed plasma. A 

transition and a back transition occur 

at t = 76.5 and 132.4 ms, respectively.
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induce the transition. Line densities especially 

along plasma edge chord of HCN laser 

interferometer start to increase simultaneously 

with the second drop in Hc signal. The electron 

density gradient near the plasma edge becomes 

steeper after a transition as shown in Fig. 2. 

These phenomena indicate improvement in edge 

particle transport. On the contrary the electron 

and ion temperature profiles do not change. 

These are different points from H-mode in 

tokamaks because simultaneous changes in ne, 

Te and Ti profiles have been reported. The 

transitions occur with delay times in the range between 5 and 80 ms after NB injections. The 

delay time depends on the injection power and magnetic configurations. After a transition the 

stored energy increases by about 40%. In order to evaluate a confinement improvement factor, 

we use the international stellarator scaling (ISS) 04v3 as given follows [4]; 
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where Pabs, ne, 3/2k  and fren are absorbed power (in MW), line averaged density (in 10
20

 m
-3

), 

rotational transform at t of 2/3 and renormalization factor, respectively. fren is a factor which 

depends on the magnetic configuration and is 0.43 for CHS. In this analysis the absorbed 

power is calculated on the basis of the results of Monte Carlo simulation HELIOS code [5]. 

Based on the ISS04 scaling, the energy confinement is improved by about 20%. The 

improved state, however, is kept for only about 5 ms and degrades gradually although Hc 

signal keeps at a low level. We infer that this degradation is not related to ETB itself since 

such degradation is observed in a plasma without ETB. 

3. Power  threshold and parameter  dependence 

From NB power-scan experiments the power threshold for transition was found. The NB 

power approaching to the threshold, the delay time and the first Hc drop phase become longer. 

Spiky Hc signals, whose time width is 1-2 ms, are observed when the power is close to the 

threshold. Finally the second sharp drop in Hc signal disappears (“Obscure Transition” 

shown in Fig. 3) and then the first slow drop does not occur (“No Transition” in Fig. 3). 

Dependences of threshold power on plasma and configuration parameters have been 

studied well and reported in tokamak devices. Figure 3(a) shows the dependence on electron 
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Fig.2: Change in radial profiles before and after 

transition. ne and Te profiles are obtained 

with a Thomson scattering measurement 

and Ti profile from charge exchange 

spectroscopy. 
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density in CHS. In this figure the line averaged electron density at 15 ms after NB injection, 

that is almost the same as the time of a transition, is plotted. The threshold increases with 

increasing electron density. In addition the drop in Hc signal was not observed for the 

electron density of less than about 1 × 10
19

 m
-3

. The threshold also increases with increasing 

magnetic field strength as shown in Fig. 3(b). In this magnetic-field-scan experiment electron 

density at the transition is constant to be 2.5×10
19

 m
-3

. Although these dependences are 

similar to those in tokamaks, it is under study whether these similarities are attributed to the 

same mechanism of ETB formation or not. Furthermore the threshold depends on the 

magnetic field configurations such as the position of the magnetic axis [6]. The magnetic axis 

is usually between R of 0.899 and 1.02 m in CHS. The position of magnetic axis where a 

transition is observed is between R of 0.899 and 0.949 m. In this range the last closed flux 

surface (LCFS) is determined by the inboard side of vacuum vessel wall and transitions are 

observed only in the limiter configurations so far. From Fig. 4, it can be seen that the 

threshold becomes lower in outer shifted configurations. Since electron densities at transitions 

are not constant in this data set, the absorbed power normalized by electron density is used. 

Here the dependence on density is considered to be linear approximately because the 

quantitative estimation is not enough at this moment. This result indicates that there are 

hidden parameters which are associated with magnetic configuration such as k  at the LCFS, 

magnetic shear and so on. The magnetic shear near plasma edge region becomes stronger 

when magnetic axis is shifted to the outward direction in CHS. Strong magnetic shear may 

help ETB formation. A decisive parameter, however, has not been identified yet.  

Figure 5 shows comparison with the threshold predicted from H-mode threshold power 

scaling derived from divertor tokamaks shown as follows [7]; 

Fig.3瑍Dependence of power threshold on (a) line averaged electron density and (b) magnetic field. Black, 

gray solid circles and open circles denote clear, obscure, no transition, respectively, as shown in right 

side figures. 
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where S and M are the surface area of plasma and mass number of fuel gas, respectively. The 

threshold in outer shifted configuration is comparable to the scaling while it is 2.5 times larger 

in inner-shifted one. In the case of limiter H-mode there are no scaling and few reports on the 

threshold. Twice larger threshold in limiter H-mode has been reported from TEXT-Upgrade 

[8]. Although it is not certain that this is typical in tokamaks, the threshold in CHS is almost 

comparable or less than that in tokamaks.  

4. Summary 

ETB is observed in CHS and the power threshold increases with increasing electron 

density and magnetic field. It also depends on the magnetic configuration. This implies that 

there are hidden parameters which relate to the configuration. The ratio of threshold power in 

CHS to tokamak H-mode scaling is in the range of 1 to 2.5 and depends on the configuration. 
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Fig. 4: Dependence of power threshold on the 

position of magnetic axis. 
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Fig. 5: Comparison with tokamak H-mode power 

threshold as a function of the position of 

magnetic axis.  
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