
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 were collected by Oak Ridge National 
Laboratory (USA) but no update since 2010. 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 2014 fiscal year, we updated the data 
for AMDIS, CHART and MOL. 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 electron-impact elastic scattering 
cross sections for methane (CH4) with new data by 
Brigg et al.2) calculated with an R-matrix method. Fig. 
2 shows electron-impact ionization cross sections for 
Fe16+ ion with new experimental data using the TSR 
storage ring3).

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

AMDIS 730,469 1929-2013
CHART 7,106 1940-2010

MOL 3,986 1956-2014
SPUTY 2,084 1931-2007
BACKS 396 1957-2002
ORNL 78,097 1959-2009
* as of April 7, 2015.

Fig. 1 Electron-impact elastic scattering cross sections for 
CH4 molecules as a function of electron energy.  New 
theoretical data by Brigg et al. (2014)2) are included in 
AMDIS Molecule. 

Fig. 2 Electron-impact ionization cross sections for Fe16+

as a function of electron energy. New experimental data 
by Hahn et al. (2013)3) are included in AMDIS 
Ionization. 

1) NIFS Database, http://dbshino.nifs.ac.jp/
2) W. J. Brigg et al., J. Phys B, 47 (2014) 185203.
3) M. Hahn et al., Astrophys. J, 767 (2013) 47.

     We need to prevent serious damage of divertor plates
from high heat load in a fusion device such as the ITER, a 
DEMO and a helical reactor FFHR1). One of feasible ideas
to reduce the heat load is impurity gas injection into a
divertor plasma, since radiation power loss caused by 
impurity gas decreases electron temperature, which would
result in plasma detachment. There are several transport 
calculations considering the effect of impurity gas puff for 
scrape-off layer and divertor region for ITER2,3) and JT-
60SA4). Nitrogen, neon, argon, and other noble gases are 
the candidates for impurity gas injection. 
     We carried out one-zone theoretical calculations to 
examine the effect of impurity gas puff for peripheral 
plasmas5). We found that Ne and N gas puff can reduce
electron temperature down to a few eV if gas puff rate is 
high enough with 1% contamination rate. Dominant ionic 
states for radiation loss are different with different electron 
temperature.

In the 17th and 18th LHD experimental campaigns we 
injected impurity gas to the divertor region and measured 
extreme ultraviolet (EUV) spectra to examine how the 
impurity gas contributes to reduce electron temperature6).
Fig. 1 shows EUV spectra when Ne gas was injected and 
Ne VIII and Ne VII lines were observed. Fig. 2 shows 
temporal distribution of various quantities for discharge 
#125895 in the 18th campaign. Gas puff port was moved far 
from the divertor region and Ne VIII line intensities
increased, which is different from the similar discharges in 
the 17th campaign with nearly constant Ne VIII intensities6).
However, those intensity ratios are almost constant for both 
cases. From the model calculation using ADAS7) the line 
intensity ratios depend on electron temperature as shown in 
Fig. 3. The constant intensity ratios imply these lines were 
emitted at the same temperature region. If we assume ion 
density ratio n(Ne IX)/n(Ne VIII) as 1-4, the electron 
temperature for Ne VIII is expected as about 12-18 eV for 
this discharge. 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 #125895. Ne gas was injected at t =4.3-4.45 s.

Fig. 2 Temporal distribution of (a) tangential and 
radial NBI input power P_t and P_r, and amount of Ne 
Gas puff, (b) stored energy Wp and radiation power Prad,
(c) line averaged electron density <ne> and ion 
saturation current at divertor plate Iis, (d) intensity of 
Ne VIII lines, and (e) intensity ratios of Ne VIII lines
for discharge #125895.

Fig.3 Intensity ratios of Ne VIII lines a-c in Fig.1 as 
functions of electron temperature. Ion density ratios
n(Ne IX)/n(Ne VIII)=1 and 4 are assumed for solid 
lines and dotted lines, respectively.
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