
We have constructed and made public atomic 
and molecular (AM) numerical databases for various 
collision processes, mainly for fusion plasma research 
but also for other areas such as astrophysics, applied-
science with low temperature plasmas, plasma 
processing, etc. The AM data activities in Japan were
initiated in 1970s.

The current web accessible database system1) has 
been opened and maintained since 1997. The database 
system consists of 6 sub databases. Table 1 shows a 
list of AM and PWI numerical databases. For a
bibliographic database “ORNL” original data records 
are collected by Oak Ridge National Laboratory 
(USA). Cross references are partly supported between 
bibliographic and numerical databases. Users can 
retrieve numerical data through the web form by 
element, ionic stage, initial states and other 
constraints.

The databases include: “AMDIS” for cross 
sections and rate coefficients for electron impact 
ionization, excitation, recombination, and 
dissociation; “CHART” for cross sections of heavy 
particle collisions; “MOL” for numerical data on 
molecular collision processes, “SPUTY” for 
numerical data on sputtering yields for mono-atomic 
solids and “BACKS” for numerical data on reflection 
coefficients. 

During the 2013 fiscal year, we mainly updated
the data for AMDIS, MOL and SPUTY. A list of 
publications which data are newly included to the 
database is shown as “What’s new” window of the 
database homepage since 20121). The working group 
for atomic and molecular compilation worked on 
collision processes data for light elements.

Fig.1 shows recombination rate coefficients for
W ions available in literature. Tungsten data are 
highly required for fusion plasma study, but not many 
data are available yet. Fig. 2 shows sputtering yield 
rates. We newly included data from compilation of 
Eckstein2) who compiled various available data.
Sputtering data are also interested in fusion research.

Table 1. AM and PWI databases
Name No. of Records* Period

AMDIS 671,994 1929-2013
CHART 7,054 1940-2010

MOL 3,951 1956-2013
SPUTY 2,084 1931-2007
BACKS 396 1957-2002
ORNL 78,097 1959-2009
* as of April 14, 2014.

Fig. 1 Recombination rate coefficients for W ions in
AMDIS-REC and there are not many data available yet. 

Fig. 2 Sputtering yield rates for D bombardment to W 
target. Newly included data are taken from compilation of 
Eckstein (2007)2): (Eckstein 1993), (Finfgeld 1970),

(Guseva 1976), (Guseva 1999), (Ruth 1979,1980, 
Eckstein 1993), (Bohdansky 1980, Eckstein 1993)

(Yonts 1969).

1) NIFS Database, http://dbshino.nifs.ac.jp/
2) Eckstein, W., “Sputtering by Particle 
Bombardment, Topics Appl. Physics” (R. Behrisch 
and W. Eckstein eds., Springer, Berlin 2007) 110,
p.21-187 (2007)

     Reducing high heat load on divertor plates is one of 
issues to prevent serious damage of divertor plates in future 
fusion devices such as the ITER, a DEMO and a helical 
reactor FFHR1). Impurity gas injection into a divertor 
plasma is one feasible idea to reduce the heat load on 
divertor plates, since impurity gas causes radiation power 
loss and decreases electron temperature, which would result 
in plasma detachment. There are several works considering 
the effect of impurity gas puff for scrape-off layer and 
divertor region for ITER2,3) and JT-60SA4) by using 
transport codes. Nitrogen, neon, argon, and other noble 
gases are the candidates for impurity gas injection. 
     We carried out theoretical calculations to examine 
the effect of impurity gas puff for peripheral plasmas using 
one-zone plasma modeling5). We found that Ne and N gas 
puff can reduce electron temperature down to a few eV 
within 1s if gas puff rate is high enough with 1% 
contamination rate. Dominant ionic states for radiation loss 
are different when electron temperature is different.

In the 17th LHD experimental campaign we injected 
impurity gas to the divertor region and measured extreme
ultraviolet (EUV) spectra to examine how the impurity gas 
contributes to reduce electron temperature. Fig. 1 shows 
EUV spectra when Ne gas was injected and Ne VIII – Ne 
VI lines were observed. Those intensities decrease during
4.0 – 5.4s, but the intensity ratios keep almost constant as 
shown in Fig. 2. Electron density distribution does not 
change during this period, but the temperature distribution 
changes after 5.3s (Fig. 3). From the model calculation 
using ADAS6) the line intensity ratios depend on electron 
temperature. This implies these lines were emitted at the 
same temperature region even if the temperature 
distribution changes. These ions are supposed to exist at Te
~ 30 - 40eV region under the ionization equilibrium 
condition. We need more detailed analysis to confirm their 
emitting region in order to estimate the effect of radiation 
power loss.
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Fig. 1 EUV spectra measured with SOXMOS for the 
discharge #117467. Ne gas was injected at t=3.8 – 3.9s.

Fig.2 Temporal distribution of spectral intensities and 
intensity ratios for Ne VIII – Ne VI lines.

Fig.3 Electron temperature and density distribution 
measured by a Thomson scattering.
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