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1. Introduction 
JT-60SA (Super Advanced) is a superconducting (all the toroidal and poloidal coils) 

tokamak updated from JT-60U [1]. The JT-60SA project has been pursued under the Broader 
Approach Satellite Tokamak Programme jointly implemented by Europe and Japan, and 
under the Japanese national program. The objective of the project is to support researches on 
ITER and develop physics and engineering basis towards DEMO reactor. Towards realization 
of a steady-state tokamak DEMO reactor, establishing a plasma operational scenario of high 
normalized beta (βN) and high bootstrap current fraction (fBS) is indispensable. This is one of 
the major objectives of the JT-60SA project. For understanding of plasma physics in DEMO 
relevant regimes, operation at the higher plasma current is also important. Towards these 
issues, several operational domains are considered in JT-60SA. The plasma current (Ip) up to 
5.5 MA is expected both in a double null and a single null configurations. The high βN 
operation is expected at Ip of above 2 MA. An important feature of the JT-60SA device is its 
flexible heating and current derive system inherited from JT-60U. Especially, the tangential 
N-NB (Negative-ion based Neutral Beam) system as a strong current driver. In this paper, 
brief over view of plasma variation in JT-60SA and what freedom, especially in terms of the 
current profile, can be expected are presented. 
 
2. Plasma configurations and tools for analysis 

As mentioned, Ip up to 5.5 MA is expected. To reach this high current with keeping q95 > 
~3, the plasma bore should be maximized even at the highest toroidal magnetic field (Bt) of 
~2.2 T. Such a plasma can be obtained either in a double null or single null configuration. For 
ITER contribution, a plasma cross section as close as possible to that of ITER would be 
desired. Since the optimum aspect ratio is determined from the engineering geometry, it is 
around 2.5, matching to the ITER aspect ratio (3) is practically difficult. Also due to the lower 
divertor design which is aligned to higher triangularity (δ), the lower triangularity in JT-60SA 
tends to larger than that of ITER. Therefore, a configuration that has the same up and down 
averaged triangularity and elongation as those of ITER standard scenario is taken as an 
ITER-like configuration. Due to smaller cross-section, the maximum Ip for this configuration 
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with q95~3 at the maximum Bt would be ~4.6 MA. A higher βN configuration should be cope 
with the high δ lower divertor. These configurations are illustrated in Fig.1. Several reference 
plasmas have been designed from assumed performance and conditions for each domains. 
That is, the confinement enhancement (H98(y,2)), the density normalized to the Greenwald 
density (fGW), q95 non-inductive current drive requirement and so on. These reference plasmas 
have been used for engineering design and assessment. At 
the same time, validation of these plasmas in view of 
physics is under way, with updated knowledge and codes.  

In order to analyze characteristic of these plasmas, 
various codes are utilized. TOSCA and ACCOME[2] for 
solving equilibrium. ACCOME is also used to evaluate 
current profiles, ohmic, bootstrap, NB and EC driven 
currents. TOPICS[3] is used for transport analysis. And 
MARG2D[4] is used for ideal MHD stability in both the 
core and the pedestal regions.  

 
3. Plasmas in high βN domain 

As mentioned a reference scenario for the high βN 
domain was designed from assumed performance and 
conditions. Full non-inductive current drive capability is 
also added towards steady-state DEMO. A reference 
plasma in this domain is shown in Fig.2, Ip=2.3 MA at 
Bt=1.7 T. In Fig.2 (a) plotted are assumed density (ne) and 
electron and ion temperature (Te and Ti) profiles. These are 
chosen to meet fGW = 0.85, H98(y,2) = 1.3 with the injected 
power of 37 MW (N-NB: 10 MW, P-NB: 20 MW and 
ECRF: 7 MW) and full non-inductive current drive 
condition (the ohmic current is zero everywhere in the 

 

Fig.1: Typical plasma configurations. (a) Full bore double null, (b) full bore single null, (c) ITER-like and 
(d) high triangularity. 

 

Fig.2: A reference plasma profile for 
high βN full non-inductive CD. (a) 
Density (solid), ion (dotted) and 
electron (dashed) temperatures, (b) 
break down of driven currents and q, 
(c) electron temperature profile from 
TOPICS + CDBM simulation  
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plasma). Fig.2 (b) shows 
breakdown of the total 
current (NBCD, Boot Strap 
and ECCD) and the safety 
factor (q). Though the 
profiles in Fig.2 (a) are 
prescribed from the JT-60U 
experience with reasonable 
H98(y,2), it is necessary to 
assess confinement 
characteristics. For that a transport model “CDBM (Current Diffusive Ballooning Mode)”[5] 
model is used. The Te  profile evaluated by TOPICS + CDBM is shown in Fig.2 (c). Here, 
the q and ne profiles and the pedestal Te and Ti are prescribed from the reference. As shown in 
the figure, the simulation indicates better confinement that expected. The enhancement factor 
reached ~1.5 in the simulation. Full simulation including the evolutions of the current and the 
density profiles will be carried out as the next step. Using the same shapes of the Ti, Te and ne 
profiles as in Fig.2 (a), possible full non-inductive current drive (CD) operational space was 
evaluated. The ne profile is scaled to scan fGW, while Ti and Te profiles were adjusted to 
achieve full non-inductive CD for each Ip. The result is shown in Fig.3. Although they are a 
kind of schematic pictures, would give a image in what extent full non-inductive CD can be 
expected. As the current profile plays an important role in such 
a reversed shear plasma, capability of the current profile 
modification is one of the key issues. The JT-60SA N-NB 
system has two ion sources. These sources can be injected 
separately. In Fig.3 (a). the N-NB driven current profiles using 
the upper (solid line) or the lower unit (dashed line) 
respectively. The target plasma is similar to that shown in 
Fig.2 but with lower density (fGW = 0.7) but higher temperature 
to keep near full non-inductive CD condition. Suppose that the 
back ground plasma does not change, resultant safety factor 
profiles varies largely as shown in Fig.3 (b). By modulating  
power of each unit, intermediate jBD can be produced. Though, 
the background plasma should not stay unchanged in reality, 
the results would give an idea how widely the current (safety 
factor) profile can be modified. It should be noted that with 
higher confinement (H98(y,2)~1.5), fBS ~ 0.7-0.8 in these cases. 
Even though, small fraction of NBCD can give these changes. 
 

 

Fig.3: (a) N-NB driven current 
profile, upper beam line (solid), 
lower one (dashed), and (b) 
resultant q profiles. 

 

Fig.3: Expected operational space of full non-inductive CD plasmas. (a) 
Driven Ip against HH98(y,2) with various fGW, (b) corresponding fBS vs βN.	  
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4. Plasmas in high current domain 
What kind of the q profile can be achieve is one of key interests for achievement of another 

kind of improved plasma state. That is the advanced inductive or so called Hybrid plasma. 
The plasma is know to have better confinement and βN larger by 15-20% those expected in 
the ITER standard H-mode plasma. One key feature of such a plasma is a flat q profile near 
the plasma center with q0 >~1. Though it is not yet clear if this is a necessary condition to 
achieve the advanced mode or a result of being the mode, it is of interest what kind of q 
profile can be formed especially at the high Ip domain of the JT-60SA operation. In a 5.5 MA 
full bore single null plasma, prescribing the density and temperature profiles as shown in 
Fig.4 (a) results in a q profile shown in Fig.4 (b). These prescribed profiles correspond to fGW 
~0.5 and H98(y,2) ~1.3 with 41 MW injection. Towards the plasma center, a flat q(ρ) ~1 is 
maintained up to ρ ~0.2. Since such an advanced mode has been obtained in the most of the 
current experiments at a bit higher q95 ~4 - 5, a lower Ip case was examined (as the maximum 
Bt is assumed here, it can not be increased to raise q95). Reducing Ip to 4.4 MA results in q95 
~4.2 in a full bore single null configuration. Again with the density and temperature profile 
prescribed, but even with fGW ~0.7 and H98(y,2) ~1.1 with 34 MW injection, a q profile with q > 
1 except very vicinity of the plasma center was obtained (Fig.4 (c) and (d)). Though the 
resultant q profile depends on the 
electron temperature profile, in 
other words the energy transport, 
this would suggest in what extent 
a flat q profile obtained. Also as 
shown in many experiments, the q 
profile tends to stay flat with q(0) 
> 1 by unknown reason. This 
mechanism, if common for Hybrid 
operation, would help further to 
tail the q profile favorably. 
Simulations using appropriate 
transport model are to be carried 
out in the next steps.  
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Fig.4: Prescribed density (solid) and temperature (dashed) profiles 
and expected q profile for 5.5MA (a) and (b) and 4.4MA (c) and 
(d). 
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