
 

 

 

 

 

Fig. 1 Schematic of the new apparatus. 

 

 

i) Introduction 

FIREX targets have been developed under two 

layering strategies: foam shell and cone guide laser heating 

methods.1,2) To date, basic studies have been conducted by 

the collaboration research between ILE and NIFS. The next 

stage requires the characterization of a layered solid fuel. 

The present system is at the disadvantage of optical 

observations. Therefore, a new apparatus is designed. In this 

report, its cool-down performance is described. 

 

ii) Design of the new apparatus 

The configuration of the new apparatus is shown in 

Fig. 1. The Gifford-McMahon (GM) cryocooler, RDK-415D 

(Sumitomo Heavy Industries, Ltd.) is used to cool the 

cryogenic system. The refrigeration capacity is 1.5 W at 4.2 

K. Its disadvantage is generating low frequency vibrations. 

To compensate it, the cryocooler and the vacuum chamber 

with a target can are supported by individual structures with 

vibration control units. Flexible copper braids are also 

applied as thermal conductive links to mechanically insulate 

from each other. These should provide a low vibration 

environment.  

Four viewing windows with a wide aperture are 

installed for an interferometer and a microscope. The 

shortest distance between the target centre and room 

temperature is designed to be 80 mm to apply the digital 

microscope VHX-100 (Keyence Corporation) with the 

long-distance zoom lens VH-Z50L (Keyence Corporation). 

For the characterization of a layered solid fuel from multiple 

angular views, a target rotation mechanism on the z-axis is 

equipped. 

A quick target exchange mechanism has been 

developed to deal with different types of FIREX targets. A 

target holder is detachable from a main vacuum chamber. A 

metal gasket with not fixing bolts but a load of ~ thousand 

newtons on ensures GHe leak tightness for target cooling. 

 

iii) Experiment 

Cool-down performance was tested without a target. 

The target can is designed to be able to cool a target below 

10.00 K. 10 hours were required to reach 10.00 K. The heat 

leak to the target can must be more than 1.5 W accoding to 

the specification of the cryocooler. Major heat leaks have 

been estimated to be via cryogenic supporting structures. 

The cool-down performance indecates that the new 

apparatus can provide a cryogenic environment for fuel 

layering demonstrations. 
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We have witnessed recent fast, significant and 

remarkable advancement in past decades in areas such as 
high-tech. industries, medical research, environmental 
science, atmospheric science, fusion sciences as well as 
other basic sciences including astrophysics and radiation 
physics and chemistry, which are fully depend on extensive 
utilization of atomic and molecular (A&M) data for basic 
understanding of various phenomena, but also establishing 
guiding new key principles and basic technologies based on 
simulations with this accurate and complete A&M data 
basis. We undertook this collaborative effort to establish the 
forum as a platform connecting between A&M data 
producers and data users to integrate independent and 
isolated effort of data production and storage so that more 
efficient and complete data production and transmission 
could be possible, through the establishment of a non- profit 
organization (NPO), named “The Forum for the Atomic and 
Molecular Data And Their Applications”.  

We held meetings on Apr. 3, May 13,  June 6, July 10, 
and Oct. 2, 2013. We held a joint seminar on Oct. 30 – Nov. 
1, 2013, with the collaboration for meetings of NIFS titled, 
“Seminar of the Forum of Atomic and Molecular Data And 
Their Applications on VAMDC (Virtual Atomic and 
Molecular Data Center)”. Furthermore, members of the 
project presented invited talks at the symposium organized 
by the division of CVD reactions in chemical reaction 
engineering of the society of chemical engineering in Japan, 
on the atomic and molecular data for the simulation of the 
plasma processing on Sep. 6.  

In these activities, we investigated technologies for the 
development and application of the atomic and molecular 
databases. The atomic data in existing databases are mainly 
collected and evaluated by hands thus it has been difficult to 
supply enough data to users in application fields. Since 2009 
in the VAMDC activity has been carried out for the 
development of a worldwide database. The VAMDC is a 
Consortium of Databases & Services Providers that has built 

a unified, secure, documented, flexible and interoperable 
e-science environment-based interface to its members 
atomic and molecular databases [1]. Not only VAMDC has 
a portal (fig.1), which provides web interface of the 
database,  but provides standard format of atomic data 
called XSAMS based on the XML technologies. Tools for 
manipulating atomic data in XSAMS format for both data 
producers and data users are also developed by the 
contribution of community members, which will enable 
users to evaluate the data as well as develop the collisional 
radiative model automatically for application purposes. For 
instance, users can develop their own computer program, 
which submit queries to the VAMDC to download XML 
format data and converts the data to the user’s format. 
VMADC is based on the idea of VO (Virtual Observatory), 
which has a policy of open use of data and software in the 
scientific community, which enables a large number of 
contributors to join the project for the development of large 
database and improvement of quality of the data in the 
database.  

In the study of W plasmas for fusion applications it is 
realized that a large-scale collisional radiative model should 
be developed, which should also be validated through 
systematic sensitivity studies [2-4]. The atomic model is 
developed using an algorithm, which is also used to 
calculate wavelength and radiative rates of emission lines 
concerning to a large number of atomic energy levels. 
Significant effort has also been carried out for the 
investigation of the mathematical and computational 
methods in ADAS project [5]. These show increasing 
demands of computational technologies for accurate and 
efficient processing of atomic data. 

 

 
 

(fig.1) VAMDC portal [1]. 
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