
  
It is important to understand plasma-wall interaction 

(PWI) in fusion devices. The surface of plasma-facing wall 
is modified by PWI phenomenon, such as erosion, 
redeposition and irradiation damage. Long-term samples 
mounted on plasma-facing surface in fusion devices are 
useful to investigate the modification of plasma-facing 
surface. The modification of the wall surface significantly 
influence the retention/desorption behavior of discharge 
gases, such as H2 and He. The purpose of this study is to 
understand the gas recycling behavior of the modified wall 
surface using long-term samples. 

Changes of wall surface are quite different for each 
location in vacuum vessel due to the different plasma-facing 
interaction at each location. Thus, many samples are needed 
to be mounted at a lot of locations to precisely understand 
the wall conditions. The location of long-term samples in 
the 17th experimental campaign is shown in Fig.1. In each 
toroidal section, samples (stainless steel and silicon 
substrate) were mounted on the top of the helical coil and 
close to the outer divertor tiles. In the toroidal sector 7, 
samples were mounted on the frange located at outside of 
vacuum vessel. After the 17th experimental campaign, the 
samples were extracted from vacuum vessel and sample 
analysis was conducted. 

In this study, first, impurity deposition and gas retention 
in toroidal direction were investigated. Figure 2 shows the 
depth profile of atomic composition for stainless steel 
sample located on the top of the helical coil at toroidal 
sector 1. This depth profile was obtained by a technique of 
Auger electron spectroscopy (AES, Hokkaido Univ.). In this 
sample, a thick boron film containing a little amount of 
carbon and oxygen was observed. An anode and diborane 
inlet nozzle used for boronization is located at toroidal 
sector 10.5 and 1.5, respectively. This is the reason for a 
large amount of boron deposition at toroidal sector 1. Boron 
film containing carbon was also observed at toroidal sector 
6 and 10. In other toroidal sectors, no deposition was 
observed on the samples. Figure 3 shows the depth profile 
of deposited elements for stainless steel sample located at 
toroidal sector 5 obtained by a technique of glow discharge 
optical emission spectroscopy (GDOES, NIFS). A thick 
carbon film was observed and the thickness was 
approximately 2 micro meters which was estimated by 
measuring the depth of etching crater produced during 
GDOES analysis. This carbon deposition is due to 
redepostion of carbon sputtered on the graphite divertor tile 
during main discharges. These results indicated that the 
situation of deposition and erosion in LHD is significantly 
different on each location. 

Investigations on retention/desorption behavior of H2 
and He and irradiation damages and additional ion 
irradiation for the LHD samples are now ongoing. Also, the 
crystal structure of the carbon film and chemical bonding 
state of hydrogen in deposition film will be analyzed with 
Raman spectroscopy at Toyama University and X-ray 
photoelectron spectroscopy at Shizuoka University, 
respectively. Based on these results, hydrogen and helium 
recycling behavior of the modified surface will be discussed. 

 
Fig.1  Sample locations mounted in vacuum vessel of 
LHD. This schematic diagram is a top view of LHD and 
sample locations are indicated by asterisks. 
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Fig.2  Depth profile of atomic composition for sample 
located on top of helical coil at toroidal sector 1. 
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Fig.3  Depth profile of deposited elements for the 
sample located at outer torus in toroidal sector 5. 

Fusion Science Archives (FSA)

KUBO Shin

The Fusion Science Archives was established in 2005
to learn a lesson from the past fusion science archives
preserved and to maintain collections of historical docu-
ments and materials that are related to fusion research
in Japan. These activities are important from the view-
point of the historical evaluation of fusion research, its
social accountability and making references for seeking
the future direction.

Since then historical materials on fusion research
and/or organizations related to fusion research have been
collected and preserved at FSA. They are stored in acid-
free folders and boxes. The total number of registered
items is now about 24,000. Most of those catalogues are
available to the public through the internet in a hierar-
chical structure and can be accessed by the use of an
electronic retrieval system.

Following collaborative works are performed this fis-
cal year along this line:

• Collaborative Activities at NIFS Fusion Science
Archives (NIFS FSA), H. Iguchi et al.

The purpose of this collaboration is to arrange and
promote the total archival activities under the NIFS
collaboration framework. More than 50 people from
universities and research institutions have joined
this collaboration research.

Collected new documents include those contributed
from Y. Ichikawa, M. Fujiwara, NIFS administration
office, etc. The catalog of them are under registra-
tion in the FSA database.

Online-opening of the catalog database using a com-
mercial cloud server provided by InfoCom Co. is
continuously running. About 1,700 items among to-
tal number of 25,000 are open through Internet.

The first network meeting in this fiscal year of the
natural science archives under the research institu-
tions of SOKENDAI framework was held at KEK
on July 17th.

Workshop style meeting was held at NIFS in Decem-
ber 18th and 19th, 2015, which was a joint meeting
of the two networks for the natural science archives
and the fusion science archives. The main purpose
of the meeting was to discuss on the role of archival
activities from the view point of social acceptance
of science research activities and to exchange in-
formations. Two special lectures were given by S.
Hotta entitled“ 20 year history of Nagoya Univer-
sity Archives”, and by M. Konuma entitled“On
visiting Niels Bohr Archive at Copenhagen”. A tu-
torial lecture on“Basics of the Archival Database”

by H. Gotoh was also given. Status reports from the
members of natural science archives were presented.

Continued contribution of FSA has lasted till March
2015 for the publication of“K.Husimi’s Collection,
Supplement” edited by H.Ezawa and Y. Husimi.
Publication is scheduled in July 2015.

• Collection of Historical Materials on Fusion Re-
search in Japan by Oral History Method, C.Namba
et al.

FSA has tried to collect and preserve any avail-
able materials so as to fulfill any request from any
view point of fusion science archive, but never com-
plete. Oral histories through interviews with fusion
researchers who played important roles in the past
may supplement the incompletion.

The record of oral history of Y. Ichikawa was
completed and published as a FSA documents.
Proofreading and editing the oral history record
of M.Yoshikawa are almost completed and will be
printed soon. Interview to H.Momota was carried
out to clarify and evaluate the so-called R-Project
that was planned but was never realized. The record
is now under proofreading.

• Studies on History of Nuclear Fusion Research at the
Dawn Stage, T. Amemiya(CST, Nihon Univ.),et al.
Hayakawa and Kimura’s articles discussed the his-
torical facts of plasma physics and nuclear fusion
research in Japan in detail in the 1960s based on
the historial materials. Although many papers and
articles on hisotry of nuclear fusion in Japan fre-
quently are written citing several texts from their
article as secondary sources, there still remain a lot
of historical facts which were not covered in previous
studies. One of such uncovered points is the the ori-
gin of the A-B plan and its relation to the establish-
ment of the Institute of Plasma Physics (IPP) which
emerged and resulted from the discussion of future
plan of nuclear fusion research in Japan. This point
was featured this fiscal year. The A-B plan was
proposed and discussed in Kakuyugo Senmonbukai
(the Special Panel on Nuclear Fusion Research) be-
tween 1958 and 1959. The A-plan aimed at training
and shape of the new theory (mainly basic research
of plasma physics); the B-plan at introduction and
makeup of the middle size device already in opera-
tion abroad.

As a result of this collaborative research in this fiscal
year, new historical interpretations of the relation-
ship between the A-B plan and IPP were found by
historical documents that are filed in NIFS FSA.

The following studies are planned in next fiscal year:
(i) On the discussion of establishment of IPP in
Kakuyugo Tokubetsu Iinkai and (ii) Effort of nu-
clear fusion community in Japan toward the Second
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United Nations Conference on the Peaceful Uses of
Atomic Energy.

• Consideration on History of Compact Helical Sys-
tem Based on Historical Documents, K. Matsuoka
et al.
In the course of compiling the history of CHS, the
specific feature of the project became evident, that is
the project was scarcely review & checked by the Sci-
entific Committee of the Institute of Plasma Physics
of Nagoya University under which CHS should have
been controlled if it had been a normal project. The
study clarified following points: 1. In the Scientific
Committee the number of researchers who were fa-
miliar with helical plasma was only 10 percent of the
members. 2. The situation of helical plasma in the
world was that ATF and W7-AS that opened a new
era of helical plasma research would soon be oper-
ational. It was necessary to start quickly the new
helical plasma project in Japan, too. IPP might
not be able to wait the discussion at the Scientific
Committee and the Steering Committee. 3. The
top-down character of coming new institute did not
seem to affect what the members of the Scientific
Committee said.

• Archival Studies on Collaborations in Heliotron
Studies at Kyoto University, T.Mizuuchi(IAE, Ky-
oto Univ.) et al.
This archival study is focused on the fusion oriented
high temperature plasma experiments performed in
the series of Heliotron devices at Kyoto University.
After the POP experiment in Heliotron E (Kyoto
Univ.), the Helical-Heliotron concept is now in its
parameter expansion phase and a lot of remarkable
results have been obtained through the LHD project
in NIFS. On the other hand, a new generation of
the heliotron concept, Helical- Axis Heliotron con-
figuration, was proposed and has been experimen-
tally examined its basic ideas through the Heliotron
J project in Kyoto Univ. Comprehensive and sys-
tematic collection of the research materials on each
heliotron device, including the materials about tech-
nical notes in the R&D phase of machine construc-
tion and of control sequences, the minutes of ex-
perimental meetings/discussions at each stage are
pursued under the collaboration program. In ad-
dition to these documents image video records, In
addition to making a digital library of photographic
slides of experimental devices and presentations in
the Heliotron E era, the raw data of Heliotron E
experiments (including some program files for data
analyses) are restored into a set of hard-disk (HD).
The minutes of weekly meetings for experimental
group, (Project Heliotron E Committee Meeting,
since FY1980 are also started to be conveted into
electric files.

• Practical Issues in Management of the Co-operative
Internet Information Searching Systems of Multiple

Scientific Archives, Y.Takaiwa(KEK) et al.
It is important to provide compact and easy cross
referencing method to discuss the history of a sci-
entific research by archiving historical documents
stored individual research institutes, since any scien-
tific research activities are performed under mutual
interactions or influences between them. Develop-
ing such method has been started as NIFS collab-
oration to study and prepare network servers and
software systems for archiving databases that are
stored over several institutes. Now it is tried to be
operated in the systems called Information Sharing
System. This project is now studied in two systems,
[A] The SOKENDAI Archival Information Database
and [B] Adatabase server for finding aids of Memo-
rial Archival Libraries of H. Yukawa, S. Tomon-
aga, and S. Sakata placed at YITP, Kyoto Univer-
sity These two systems have been operated fairly
well, but still needs upgrades to be user friendly
system. The system [A] is adopted by NIFS FSA,
KEK Archives Office and Sokendai Archives and ef-
fectively utilized. Issues here is that it is necessary
to extend the database over the field of the other
Sokendai’s parent institutes, which does not have
rigorous archival organization inside.

The KAKENHI project [B] was terminated in March
2014, and the memorial archival libraries lack finan-
cial support for intensive maintenance work. More-
over, the develpment of the free system software Ar-
chon used here is announced to be stopped and re-
placed by another free software ArchiveSpace. Con-
sidering this situation next step of the server mete-
nance and development should be re-examined.

Due to the ”Public Records and Archives Manage-
ment Act” law has been effective since 2011, the
documents and records of Inter-University Research
Institute Corporations are subjected to the law. It
is time to re-examin the structure and policy of the
archive database.
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