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Isotope effect on confinement/transport is a 

long standing mystery in magnetic fusion research. 
It should be emphasized that experience that 
deuterium works out better than hydrogen is not 
enough. Elucidation of the underlying physics of 
isotope effect is demanding and demanded in order 
to prospect DT burning plasmas. Recently, LHD 
has started deuterium experiment. Discussion of 
isotope effect has been just began based upon 
findings in elaborated experiments.  

Energy confinement time, local thermal 
transport and particle confinement time of 
NBI-heated plasmas in LHD are discussed in terms 
of non-dimensional parameters in particular the 
normalized gyro radii, colilisionality, and pressure, 
namely *, * and . Uneventful ordinary 
NBI-heated plasmas without spatial and temporal 
peculiarity have been chosen carefully in order to 
secure accuracy of analysis. It should be noted that 
electron heating is predominant in these plasmas 
and consequently Te(0)>Ti(0). 

Statistical regression analysis of thermal 
energy confinement time has yielded the scaling 
expression of  
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which indicates no isotropic influence on energy 
confinement time. However, when this expression 
is rephrased in non-dimensional parameters as 
follows 
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E th i A      , 
clear mass dependence is identified and at the same 
co-existence of the gyro Bohm nature is confirmed. 
    Comparison of non-dimensional similar 
plasmas is highlighted in local thermal transport 
analysis. By adjusting three operational parameters 
such as B, ne and Pabs, plasmas with the same 
non-dimensional parameters such as *, * and , 
but with different mass, namely hydrogen and 
deuterium can be obtained. If the gyro-Bohm model 
holds in this comparison, these non-dimensional 
similar plasmas should have the same normalized 

thermal diffusivity /i. However, in the 
experiment, deuterium plasmas show clear 
improvement compared with hydrogen plasmas. 
The tendency of this improvement has been 
investigated in several tens pairs of 
non-dimensional similar plasmas.  
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Figure shows the ratio of normalized thermal 
diffusivity in deuterium to that in hydrogen as a 
function of *. Here thermal diffusivity at =2/3 is 
evaluated. The ratio of electron heat diffusivity 
(black symbols) stays robustly stays significantly 
below 1 regardless of *. In contrast, improvement 
in ion channels (red symbols) becomes less 
pronounced with the increase of *. Correlation 
analysis of this improvement ratio with other 
non-dimensional parameters such as , Ln/R and 
Te/Ti suggests that improvement in electron 
channels is insensitive to these parameters while ion 
channel shows significant correlation with  and 
Te/Ti. This observation suggests that physics related 
to these non-dimensional parameters independently 
affects peculiarity in ion channel. 
    In contrast to energy confinement time, the 
particle confinement time has moderate dependence 
on mass ( A0.26). It is suggested that isotope effects 
on energy/thermal transport and particle transport 
are different. 
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