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In anisotropic plasmas, the pressure components parallel and perpendicular to field lines are not flux 

surface quantities. The effects on the measured values caused by the pressure distortion from the surface 

average are investigated in the Large Helical Device (LHD). The MHD equilibria with the anisotropic 

pressure are studied using a 3D MHD equilibrium code, ANIMEC, which uses the bi-Maxwellian model as 

an anisotropic plasma pressure model in the 3D geometry. We study the position of magnetic axis and the 

magnetic flux measurements as candidates of characteristic parameter in the MHD equilibrium. As the 

results, we find that the position of magnetic axis is not sensitive to the distortion from the flux surface 

average, but the magnetic flux is sensitive to the distortion. This suggests that the magnetic diagnostics has 

a possibility to estimate the distortion from flux surface average. 

 

 

1. Introduction 
High beta plasmas in LHD experiments are 

generated and maintained only by tangentially 

injected neutral beams. Because of the long slowing 

down time of high energy particles in low density 

regimes and the small thermal pressure due to the 

low field, the beam pressure cannot be ignored 

compared with the thermal pressure and thereby 

expected to cause an anisotropy in the pressure with 

parallel component along the field lines p|| greater 

than p ⊥ , the perpendicular component[1]. The 

MHD equilibrium theory with the anisotropic 

pressure predicts that the pressure is not the flux 

surface quantity. The evaluation of the magnitude 

of pressure distortion from the flux surface average 

is an important subject to identify the MHD 

equilibrium. Recently, a three dimensional MHD 

equilibrium analysis code, ANIMEC, was 

developed [2], in which a bi-Maxwellian model was 

implemented in the VMEC code to take anisotropic 

pressure into account. In this paper, the effects of 

the distortion from the flux surface average on the 

magnetic axis positions and the magnetic flux are 

investigated for p⊥> p|| plasmas. 

 

2. Pressure profile distortion from the flux 

surface average 
The bi-Maxwellian distribution function 

 

 

(1) 

 

was implemented to energetic ions in the ANIMEC 

code. Where s is the radial index, N(s) is the density 

amplitude factor, ε is the kinetic energy, mh is the 

mass of the high-energy particles, and T|| and T⊥are 

the temperatures of high energy particles in the 

direction parallel and perpendicular to magnetic 

field. The value T⊥/T|| is related to the pressure 

anisotropy. Bc is a threshold field strength which 

prescribe the magnitude of trapped particles fraction. 

The trapped particles are assumed to exist in the 

surfaces which include smaller field than Bc,. Fig.1 

shows the magnitude of pressure profile distortion 

from its surface average[5]. For the case which 
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Fig.1 The maximum absolute value of the 

difference between the parallel pressure and its 

flux surface average normalized to its average 

value on axis (a) and the corresponding maximum 

absolute value for the perpendicular pressure (b) as 

a function of the ratio of <p ⊥ > to <p||> 

corresponding to the strength of the anisotropy at 

the magnetic axis[5]. 

(a) (b) 



includes trapped particles, the ratio of the surface 

averaged pressure p⊥ to p|| at the axis <p⊥>/<p||>|ρ

=0 does not be unity even when T⊥/T|| = 1, and the 

difference of pressure from its averaged value 

remains considerable, whereas the distortion 

decrease as <p⊥>/<p||>|ρ=0 decrease in the case 

without trapped particle. 

 

2. Effects of the trapped particles on the axis 

position and the magnetic flux 

First of all, we define the equilibrium beta 

value which is expected to yields the 

equivalent magnetic axis shift to the 

isotropic pressure equilibria with the same 

beta value. From a previous study[6] with 

CGL formula p = p⊥I + (p|| - p⊥)nn and a low 

β ordering, a beta value proportional to the 

Pfirsch-Schlüter current can be defined [5] as 

 

(2). 

 

Fig.2 shows the axis position analyzed in 

two models. One is the case without trapped 

particles and another is the case with 

trapped particles. All of the points in Figs.2 

(a, b) nearly coincides to the isotropic case. 
Fig.3 shows the estimated saddle type loop flux 

calculated from equilibrium current. The saddle 

loop is placed at the bottom of the LHD torus, and 

can detect the vertical field generated by 

Pfirsch-Schlüter current. The points housed in red 

circle represents the results with T⊥/T|| = 0. The 

magnetic flux varies with the trapped particles exist 

or not, namely the difference in the shape of 

velocity distribution and the value deviates from the 

isotropic case. The saddle loop flux seems to detect 

the effect of the distortion from the surface average, 

and therefore, the flux could be a candidate of 

estimating the distortion.  

 

3. Summary 

The distortion of parallel and perpendicular 

pressure from its surface average are estimated with 

p|| > p⊥. The distortion, particularly for p⊥ was 

strongly affected by the presence of the trapped 

particles. To establish the method of identifying the 

pressure anisotropy and the shape of velocity 

distribution, the response of the magnetic axis 

position and the magnetic flux were examined in 

LHD magnetic field configurations. For the 

magnetic axis, the position is depending only on βeq, 

regardless of the amount of trapped particles or the 

pressure anisotropy. In contrast, the magnetic flux 

vary in whether the trapped particles exist or not, or 

in other words, the difference in the velocity 

distribution prescribed by Bc. This result suggests 

that the saddle loop measurement can detect the 

distortion of pressure from its surface average. 
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Fig.3 The dependence of the magnetic flux 

obtained by a model which trapped particles 

does not exist(a) and exist(b). The gray points 

correspond to the isotropic pressure plasma 

axis positions which T⊥/T|| = 1[5]. 

 

 

 

 

 

 

 

 

 

 

Fig.2 The dependence of the magnetic axis 

position obtained by a model which trapped 

particles does not exist(a) and exist(b). The 

gray points correspond to the isotropic 

pressure plasma axis positions which T⊥/T|| = 

1 [5]. 
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