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The construction of the lower carbon society has 
been closed up largely as part of the restraining the 
warming of earth’s atmosphere.  The nuclear-fusion 
power generation is one of the clean energy sources in the 
lower carbon society.  We have proposed that the 
simultaneous transport both superconducting power 
transmission and liquid hydrogen as the new energy 
sources, which is so-called “Hybrid Energy Transfer Line 
(HETL)”.  In the view points of the social restore of the 
fusion technology, we have developed Cu addition MgB2
superconducting cable made in NIFS under liquid 
hydrogen temperature (20 K).  In this study, Ic-B 
performances of Cu addition MgB2 wire under various 
temperatures from 4.2 K to 30 K were measured to 
investigate high Jc around high temperature region. 

 We prepared Cu addition MgB2 wire via low-
temperature diffusion process [1], and it was the influential 
candidate material for the HETL.  The feature of the Cu 
addition MgB2 wire via low-temperature diffusion process 
is higher Jc property below magnetic field of 4 T compared 
with Nb-Ti alloy wire.  In the large current 
superconducting cable such as HETL, the transport Ic
performance is important factor compared with magnetic 

field property.  We investigated the transport Ic property 
under high temperature region around 20 K on the Cu 
addition MgB2 wire synthesized with the low-temperature 
diffusion process made in NIFS.  In the evaluation of 
transport Ic property under the high temperature region, we 
used 15 T superconducting magnet system installed 
variable temperature insert (VTI) in Tsukuba magnet 
laboratory of National Institute for Materials Science 
(TML-NIMS).  The schematic view of the transport Ic – 
magnetic field (B) measurement system under the high 
temperature region is shown to Fig.1.  Transport Ic-B 
measurements were carried out at 4.2 K, 5 K, 10 K, 15 K, 
20 K, 25 K and 30 K, and transport Ic criterion is defined to 

carried out by the cooling He gas and conductive heater 
and temperature sensor such as cernox put in sample probe 
and needle valve of VTI system. 

 Fig.2 shows that transport Ic – temperature – 
magnetic field property of the Cu addition MgB2/Ta/Cu 
multifilamentary wire.  The number of sub-elements in 
MgB2 multifilamentary wire is nineteen, and its diameter 
has also 1.04 mm.  Transport Ic-B property of MgB2
multifilametary wire was decreased with elevating 
temperature from 4.2 K to 30 K.  However, transport Ic
value over 100 A at high temperature region such as 20K, 
25 K and 30 K was obtained under lower magnetic field 
around 1 T.  Furthermore, in the conceptual design of 10 
kA class HETL, the critical current density of 
superconducting wire was offered to 50 A/mm2 [2].  This 
suggested that the results of fig.2 were satisfied with the 
conceptual design of 10 kA class HETL and the prospect 
for the 20 K operation superconducting cable observed by 
the applying MgB2 wire.   
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Fig.2  Transport Ic-Temperature (T)-Magnetic field 
(B) property of the Cu addition MgB2/Ta/Cu 
multifilamentary wire. 

Fig.1 The schematic view of the transport Ic measurement 
system under the high temperature region  

7. Collaboration Using SINET3 

SNET is the network for the collaboration research built 

on SINET3 with L2/L3VPN service. SINET3 is the 

national-wide academic network operated by National 

Institute of Informatics (NII). SNET directly connects the 

universities, research institutes and NIFS.  NIFS has 

operated SNET for the category of “LHD experiment remote 

participation” since March 2002.  The categories of 

“Remote use of supercomputer system” and “Bilateral 

collaboration”, which is formerly called “All Japan ST 

research program”, were added to SNET in FY 2005.
1-3)

 The 

facilities of “Bilateral collaboration” are Kyushu Univ.'s 

spherical tokamak experiment equipment (QUEST) at 

Kyushu Univ., GAMMA-10 at Tsukuba Univ. and High 

Density Plasma Experiment-I (HYPER-I) at Kyushu Univ. 

The number of sites is on the increase; 25 sites participate to 

the SNET as shown in Fig. 1. 

 The operation of QUEST was started in July 2008. It had 

been already connected by L2VPN. Because the number of 

clients was increased when the operation began, the rest of 

free IP address was decreased. To clear this problem, the 

network mask of L2VPN was changed from /27 (32 

addresses) to /26 (64 addresses) on March 2010. The VLAN 

for QUEST at Univ. of Tokyo (Kashiwa campus) was 

included into this L2VPN.  

In FY 2009, Hiroshima Univ. was added to QUEST 

activities of “Bilateral collaboration” category (6
th

 site) with 

L3VPN on October 2009. The Univ. of Tokyo at Kashiwa 

campus (11
th

 site) has been added to “LHD experiment 

remote participation” category on March 2010.  

Kyoto Institute of Technology (KIT) has newly joined 

SNET as 12
th

 site of “LHD experiment remote participation” 

category and 7
th

 site of “Bilateral collaboration” category on 

March 2010. The campus LAN of KIT connects to the 

SINET node at Kyoto Univ. with the dedicated line because 

KIT does not have the SINET node. The new port for SNET 

was arranged at the SINET node of Kyoto Univ. by NII and 

connected the network of laboratory at KIT through the 

dedicated line between Kyoto Univ. and KIT and the campus 

LAN with tag VLAN. It is the first case that the remote site 

of SNET does not have a SINET node. 

The separation of access area for “LHD experiment remote 

participation” and “All Japan ST research program” was 

done on March 2010. The remote site of latter category had 

been able to access the LHD experimental network at NIFS 

by the historical reason. The operation policy of SNET, 

which decided in FY 2009, requests the server which the 

remote sites of “All Japan ST research program” need to 

access clear. The access control list was inserted into L2/3 

switch and the route from remote site to NIFS network was 

adjusted. 
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Fig.1  Connection map of SNET 
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