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In the Large Helical Device (LHD), the reactor-
relevant high-beta plasmas with the volume averaged beta 
value, < >~5%, are achieved in low field strength [1]. In the 
reactor, the high beta plasma is maintained in the high-field 
strength. To closer reactor parameters, the high-beta 
discharge with higher field strength is attempted. In the 
higher field strength of LHD, a heating efficiency of a 
perpendicularly injected neutral beam (perp-NB) becomes 
higher than that in the low field strength. It is important for 
optimization of heating power and transport analyses to 
evaluate the heating power properly. Therefore, to validate 
the tendency of heating efficiency which predicted by 
simulation, we roughly evaluate the heating efficiency of 
perp-NB from the measurements of stored energy in the 
experiments of the perp-NB modulation.  

In this rough evaluation, the stored energy evaluated 
from diamagnetic current (Wdia) consists of stored energies 
of bulk plasma (Wth) and fast ions (Wf) produced by 
perpendicularly injected NB as follows.  
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From the energy conservation, the time variation of stored 
energies of bulk plasma is given by 
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where E is energy confinement time of plasma and relax 
energy relaxation time of fast ion. The stored energies of fat 
ions in each NB are given from 
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The heating power of fast ions is rough evaluated by time 
variance of Wdia as follows. 
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By using the rough evaluation, the ratio of the absorption 

power of perpendicularly NB to the the port-throguh power 

is evaluated in the high beta plasma in LHD. In the field 
strength, Bt = 1 T, the ratio is compared with the different 
mangnetic field configulations (the magnetic axis of 
vacumm field, R0 = 3.56 m,  = 1.254 and R0 = 3.56 m,  = 
1.2). In this comparison, a electron temperature Te ~ 1.2 
keV and a density ne ~ 3.5 x 1019 m-3. Figure 1 shows the 
heating efficiency with chang in the averged volume beta or 
magnetic axis of equilibrium field. In these figure, vertical 
axis is the ratio of the absorption power evaluated by the 
rough evalutation to port-throgh power. Open square ( ) is 
a case of  = 1.254, and closed square ( ) is  = 1.2. From 
figs. 1, the position of magnetci axis shifts torus outside 
with increase in the averaged volume beta in the case of  = 
1.254. The heating efficinecy in Rax ~ 3.8 decrease from 
~0.3 to less than 0.2.  On the other hand, the position of 
magnetci axis in the case of  = 1.2 changes smaller than 
that in the case of  = 1.254 and the heating efficiency rarely 
changes with change in the averaged volume beta.  

In the future, we will improve this rough evaluation for 
increasing accuracy, and the heating efficinecy evaluated by 
analyese code will be compared with the heating efficinecy 
of this rough evaluation.  
 

 
(a) Averaged volume beta 

 
(b) magnetic axis of equilbrium field 

Fig. 1 Comparision of heating efficiency between  = 1.254 

and  = 1.2. 
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For general three-dimensional (3D) systems, the
magnetic field structure becomes easily stochastic be-
cause it is no symmetry. In such a case, the definition
of the plasma boundary is a big problem where is the
plasma boundary.

Usually, the Last Closed Flux Surface (LCFS) can
be used as a plasma boundary. However, for high-β
plasmas, the magnetic field structure is changed by the
“3D plasma response” and a significant pressure gra-
dient is observed in the edge region where the three-
dimensional magnetohydrodynamics equilibrium analy-
sis predicts the stochastization of magnetic field lines.
This suggests the LCFS is not an “effective plasma
boundary” of the plasma because there is a possibility
the stochastic region is still the plasma confined region.

Recently, in LHD experiments, the radial electric
field is studied in the peripheral region. If electrons are
lost along the open field lines of the stochastic field, a
positive Er might appear. This means that the posi-
tive Er or strong Er shear suggests the appearance of
the effective plasma boundary between open and closed
field lines. Er shear profiles are compared with 3D MHD
equilibrium calculations. Positions of maximum Er shear
correspond the edge of the stochastic layer. However,
those studied very collisional plasma of low-Te and high-
ne. The extensive study in the collisionless plasma is
necessary with the sensitivity of the electron transport
along stochastic field lines.

An advantage of the LHD device is the flexibility
of the width of the stochastic layer in the vacuum mag-
netic field. In the LHD device, the vacuum magnetic
configuration can be controlled by the preset vacuum
axis position, Rax. The preset vacuum magnetic axis
position of the inward shifted configuration is 3.6m and
that of the outward shifted configuration is 3.9m. In
both configurations, clear flux surfaces are seen inside
the vacuum LCFS. The outer position of the LCFS for
the inward shifted configuration is R=4.55m on the Z=0
line. For the outward shifted configuration, the posi-
tion of the LCFS is R=4.56m on the Z=0 line. This
means the position of the vacuum LCFS is almost the
same in both configurations. Outside of the LCFS, open
field lines appear and the magnetic field lines become
stochastic. Especially, for the outward shifted configura-
tion, the width of the stochastic layer is wider than that
of the inward shifted configuration. At the region for
R > 4.65m, opened and closed field lines overlap in the
stochastic layer. Since the stochasticity of the magnetic
field in the peripheral region can be controlled for the
vacuum field, LHD is a good platform to study MHD and

transport in a stochastic field. Thus, two magnetic con-
figurations with thin stochastic layer (Rax=3.6m) and
wider stochastic layer (Rax=3.9m) are studied with col-
lisionless plasmas of high-Te and low-ne. Er profiles are
measured for Rax=3.6 and 3.9m configurations and Er

shear are calculated in Fig. 1. Purple arrows indicate the
position of vacuum LCFS. For Rax=3.6m configuration,
the Er increases at R > 4.5m then Er is zero at R ∼
4.57m. A strong Er shear appears in that region. In
that region, finite Te exists but ∇Te is sufficiently small
at R > 4.57m. This point is almost the edge of the vac-
uum stochastic layer. On the other hand, for Rax=3.9m
configuration, the Er is increased at R > 4.65m then Er

is zero at R ∼ 4.68m. This point is also the edge of the
vacuum stochastic layer. In this shot, the finite Te ex-
ists similar to the inward shifted configuration and ∇Te

is small outside of the strong Er shear region. These
results reflect differences of the width of the stochastic
layer in the vacuum magnetic field.

(a) Rax = 3.6m

(b) Rax = 3.9m

Fig. 1: Profiles of the radial electric field for (a) inward
and (b) outward shifted configurations are shown as a
function of R, respectively. For reference, electron tem-
perature profiles for both configurations are also plotted.
The purple arrow indicates the position of the vacuum
LCFS.
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