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1. NIFS database
http://dbshino.nifs.ac.jp/

Nifs datahase information | = R t H b I - I
What's 1. Lindsay, B.G. I.Phys.B 38 p1977-1986 (2005) [CHART molecule] Hin CH, , e r I e Va e n u m e r I c a
New: 2. Sanders, JM. J.Phys B 36 p3835-3846 (2003) [CHART molecule] Hin H,, CH,. C,H,. d b f I I . .
cm,Ciycl, B 2 atabase 1or collision
4 Kimora M Phvs Rev A 32 n802-809 (1985) [CHART molecnle] H™ + H_ 2 p rO C e S S e S

3. Seredyuk. B. PhysRev.A 71 022713 (2005) [CHART molecule] He®" in CH,
NIFS DATABASE

<National Institute for Fusion Science>

_ _ Recent changes
Atomic & Molecular Numerical Databases
Cross Sections and Rate Cocfficients for Tonization, Excitation, and Recombination by Flectron Impact, 3 D at a u p d at e fo r A M D I S ;

Charge Transfer by Heavy Particle Collision, and Collision Processes of Molecules,

Sputtering Yields of Solids, and Back Scattering Coefficients from Solids C H A RT A M O L C M O L a n d
) ) )

Bibliographic Databases

Fusion and Plasma Sciences, Atomic and Molecular Physics, and Atomic Collision Processes. S P U I Y n
Made by A&M and PWI data research section } N 0 n eW d ata fo r O R N L

More detailed information is here. Samples on Numerical Data are here.

We welcome your data submission. Details are here. H -

We welcome your comments and snggestions. Please send email to dbadmin@dbshino.nifs.ac.jp. I I O g ra p y [}
Please Logon Free

m

Information on Database Service

Please used the URL http://dbshino nifs. ac.{p/ to connect to the NIFS database.

Thank you for your cooperation.

Free Access Databases on Atomic and Molecular Data provided by NIFS:



AM and PWI Numerical Database (http://dbshino.nifs.ac.jp)

. Records
DB Name Contents Period (Oct.13. 2015)
EXC | Electron impact excitation of atoms
. ... 747,001
ION | Electron impact ionization of atoms
AMDIS 1961-2015
DIO | Electron impact dissociation of simple molecules (671,972,
Aug. 2013)
REC | Electron recombination of atoms
CHART Charge exchange of ion—atom collision 1957-2013 (77’(6);46)
AMDIS MOL Electron collision with molecules
(AMOL) 9,295
1956-2014 ’
CHART MOL Heavy particle collision with molecules (9,920
(CMOL) yp
SPUTY | Sputtering vield of solid 1931-2007 (21'(2’4814)
BACKS Reflection coefficient of solid surface 1976-2002 396
(AM Bibliographic database)
Bibliography on atomic collisions _
ed at ORNL. USA 1959-2009 78,097




Change of number of data recodes in the database
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BEAMDIS EBCHART OMOL OSPUTY BBACKS OORNL

Number of Data as of Oct. 13, 2015
- AMDIS 747,001 *

CHART 7,616 * I I
- MOL 5,295 * User interface revise for AMDIS REC (2007-8)

SPUTY 2,084 * NO registration (2007)

BACKS 396

ORNL 78.097 User interface revise I
i ’ forAMDIS EXC (2006) I I

Rate coefficients in AMDIS (2003) I -
- IAEA GENIE (2002)
MOL (2001) v

i Data Update Working Group (2000+) !

&
«

- AMDIS Recombination (1998)
WWW (1 997);

199219931994 19951996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 200920102011 201220132014 2015




Access counts to the database (query counts)

query counts
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Example of data in AMOL (electron collisions)
http://dpc.nifs.ac.jp/amata/amol.html

CoH3 11 HCI



http://dpc.nifs.ac.jp/amata/amol.html

Example of data in CMOL (heavy particle collisions)
http://dpc.nifs.ac.jp/amdata/cmol.html

Projectle | target | Data sets __ Projectile | target | Data sets

K K (cs 318050774) ‘ CaHl 13 s
H Ho 244 (cs) | ke co 15 (cs)
He H,  63(cs59rcd) | ¢ CoHs 14 (cs)
T H. 45 (rc) | H D, 16 (cs)
He CH, 35 (cs 1; rc 4) | H CO, 15 (cs)
He CO  2(si1&rcd | © Ho 12 (cs)
He 0, 21 (cs 17; rc 4) | H, Kr 11 (cs)
He CO, 20(si6red | O N 11 (cs 9; rc 2)
H ofe 19Gs) | H, Xe 10 (cs)
H CH, 23 (cs) | Ne CsH, 10 (cs)
Hs H, 16(cs) | H, Ar 9 (cs)

CHq 6(cs) | D Ho 9 (cs)

Cs = cross sections; rc= rate coefficients


http://dpc.nifs.ac.jp/amdata/cmol.html

Working group for data update

» Working group has been organized to update
data with Japanese atomic and molecular
physicists.

» Main targets to search data of last two years are
(1) light elements from Li to Ne (- FY2014) and
(2) tungsten and heavy elements (FY2015 -).

» New data on light elements are included to ION,
CHART, and CMOL so far. Some data for EXC are
prepared to be included.

» New data on heavy elements will be searched for
update this year.



Examples of newly registered data:
CMOL

]0 ]35 I I ||||||| I I |||l||| I I |l||||| I I IIIIIII I ' TTTTI
E H+ + D2 9 D2+ + H - (1) E HY + Dz+ .
- - --> D02 +H
10”"* - 9 D*+ HD ... (2) — © Maier, W.B. (1971)E -
= > H+D,* ... (3) LR
B > HD*+D ... (4 1 x Maier,ws. (1971)E -
- R ( ) S Ito, R. (1996)V
M = L 3 H + D2
0 C B - --»> H+D:"
4 - - = Kusakabe, T. (2000)E
810-15 == ! = H. + D2
- = 3 --> HD'+D
o = 7 @ lto, R (1996)V
w: B -+ Maier, W.B. (1971)E -
-17
o0 F E
0 - 2
“ el 1 Data found by the
- = working group
1017L ]
]0-20 1 lllllil | | JJIlJlJ | | lllllll 1 1 1 l||||| | I T N
10" 10° 10' 10° 10° 10"

Energy (eV) 10




Examples of newly registered data:
AMDIS ION

AMDIS-IONIZATION 2015010030 22-23
W+ e -2 W+ 2e
1DI¢§ T T T 111T] T T T T TT71T] T T ||||||§ | Distortedwave
- 1 © Pindzoia, MS. et al. {1902)T
n ] « memgercea e Crossed beam
- m)| ¢ Vanshien L etal (2011)T
p-ls = Stenke, M. et al (1905]E Coulomb Born
g Beam
= _ _
iR a“’ﬁiiih_:
Q - =
@07 E
]D'Iﬂ__ _
1o 'F [ N I B N Ll [ N I B N
10° 10 10% 10?

Electron Energy (eV)
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Examples of newly registered data:
CHART

C® + H(1s) > C> (n=8) + H+

-13
]0 T TTTITI I TTTTIT TTIT TTTTI T TTTTI
[ [ [ [ [
10" c® +H --> c*(n=8> + H*
8 & ® Olson,R(1989)T
10 v, x Fritsch,W.(1989)T
- T Janev,R(1993)
10 i ﬁ@ug’: B Janev,R(1993)T
i . ] U] :U’ clo + HC1g) ==> Chtn-ﬂ) - Ho
~10 . 4 v Belkic,D(1992)T
~N
510-13 " C**¢n=8) + HCn=1) --> CC+5) + H’
w M
v " Jorge, A(2013)T <\'4‘§|
C,A-19 3 2
E .
= -]
- - v
41 5 v
. —_Q_7-
& . s » CVI (n=8-7;
10 v
V. o L
n
10-22 2520.09nm) is
(8]

INS N used for charge
10 - exchange
recombination
vl ol ol spectroscopy

0

10 10° 107 1 10

Energy (eV)
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2. Satellite databases

Information on Database Service

Please used the URL http://dbshino nifs ac_ijp/ to connect to the NIFS database.

Thank vou for your cooperation.

Free Access Databases on Atomic and Molecular Data provided by NIFS:

ATLADDIN (lonization Cross Sections and Excitation Rate Coefficients by Electron Impact)

Data for Autoionizing States (Energy Levels of Autoionizing States and Satellite Lines by Dielectronic Recombination)
Differential Cross Sections for Molecules by Electron Impact

Differential Cross Sections of [onization for Atomic Hvdrogen by Proton Impact

Electron Dissociative Attachment to Molecular Hydrogen

Havashi's bibliographic database for electron and photon collision cross sections with atoms and molecules

ION FRACTION (Ion Abundance Tables in lonization Equilibrium)

Photoabsorption database (Oscillator strength spectra and related quantities of 9 atoms and 23 molecules over the entire
energy region)

Recommended data set of electron collision cross sections of atoms and molecules (compiled by The Institute of
Electrical Engineers of Japan)

Sputtering vield. Reflection coefficient and Range vale of solid sufaces (Calculated by Dr. W. Eckstein)

[PPJ-AM publications (Reports on atomic data for fusion research published by Institute of Plasma Physics, Nagova
University in 1977-1989)
NIFS-DATA publications

Links to Atomic and Molecular Databases in the World

By Atomic and Molecular Process Research Section
Fusion System Research Division, Department of Helical Plasma Research in NIFS

m

Various small
databases are
linked at the
database top page,
such as rate
coefficients of
electron
dissociative
attachment to
molecular
hydrogen.

» NOo new entries

during last 2 years
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3. Research activities related to AM data

»  Experimental and theoretical study on tungsten
ions have been carried out.

»  EUV and visible spectra of Tungsten ions
measured with Tokyo-EBIT, CoBIT, and LHD

»  Atomic structure calculations for Tungsten ions
»  CR model for Tungsten ions
»  Sputtering experiments for Tungsten target

»  EUV spectra measurements of high Z elements
such as lanthanides, tungsten, and bismath with
LHD have been done.

14



Experiments with Large Helical Device

» Toroidal magnetic field <3 T
» Major radius =3.6 m

Helical coils
LHD plasma
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Tungsten pellet injection experiment in LHD

10 #121517 _yPellet injection 4.3 s » Tungsten pellet injection

P | | - Coaxial structure of a thin tungsten wire
o inserted into a polyethylene or carbon
cylindrical tube

— o TunGgsten wire: 10.6 mm x ¢0.15 mm, ~7 X
10 tungsten atoms

B - Accelerated by pressurized He gas of 10-20
atm with speed of ~200 m/s.

8 " = » Plasma conditions
4+ ! — > H discharges
2
0

— n - ° R,=3.60m, B,=-2.75T.
> Three n—-NBI beams with
t(s) total port-through power of 10 MW

Neo (10130m-3) TeO (keV) IDn-NBI (MW)

#121517

2.0
[ [ [ [ » The measurement of

tungsten WIV-WVII line
emissions was carried
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Collaboration with Univ. Electro-
Communications :Experiments setup for CoBIT

Kubota et al., Phys. Rev. A 92, 022510 (2015)  VISible spectrometer
Top view (Jobin Yvon HR320)

[

==

gas injector

flat field grazing incidence
EUV spectrometer

\w ACHI grating CoBIT




Charge analysis system based on the
time of flight method

Side view

MCP

@l

Bender
:

— Einzel lenses

Normalized Voltage

T T T T T T
g=15 14 13 12 11 10

Time of Flight(us)

Ee=340eV
Ee=320eV
Ee=300eV
Ee=280eV
Ee=260eV




Charge state identification

Nd-like

Pm-likeé
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Visible spectra of tungsten ion
for the 340 600nm range
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Observation of the M1 transitions between the fine
structure levels in the metastable state
W(Z=74) [4f1355%] =7/, - 5/,

i 5p+__|, ] i T T T * T T
|

: 3408V'¢ ;
" 5p—+— I Y1340 eV Nd-like
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a Present result with GRASP2k

5g2 TV | b Hatree-Fock rerative calculation with COWAN

¢ Relativistic many-body perturbation theory with the FAC
ﬂ Relativistic configuration interaction with FAC

4f14 4f13  4f125s2



Wavelength of the observed visible
transitions in tungsten ions in the wavelength
range of 380-680nm

. lon | Wavelength(nm)

wizt  388.19, 399.81, 451.68, 483.26, 496.55
Sm-like 527.27, 535.90, 540.53, 549.33, 660.30

401.38, 429.03, 457.26, 459.08, 472.68
wist  495.16, 537.49, 542.11, 547.22, 553.81
Pm-like 560.25, 561.46, 563.99, 593.28,678.20

431.75, 462.59, 486.57, 506.40, 508.39
witt  517.74,527.70, 546.22, 549.93, 583.23
Nd-like 595.70, 620.62, 638.63




Atomic model for Tungsten ions

Murakami et al., Nuclear Fusion 55, 093016 (2015)

We have constructed a collisional-radiative (CR) model for W ions to analyze
spectra taken by LHD and CoBIT.

The CR model calculates population densities of excited states n(p) with quasi-
steady state assumption for given electron temperature and density.

Spectral line intensities are obtained from the population densities:

L (p, 0; Te, ne) = n(p; T, ne) Ap, A)AE(p, )
Atomic data used in the CR model are calculated by HULLAC code.

Fine structure levels are considered including inner-shell excitation states. Up to
23,000 levels for one ion are included in the model.

Excitation rate coefficients C(p, q) = <o,, v>. Maxwellain velocity distribution is
assumed for LHD plasma, and mono-energy is used for CoBIT plasma.

Recombination processes are ignored.

‘V33+
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w _ 1200 | o 656 I |
- .
800 |- o e 64 = 65 I =
=i 100016 2 o o m i ]
— 71 78 I =2 ! st o = a 0= 5 I ||
= 600 | 4 7p7d =~ B ii5 | © 800 |E = st S m
g - _:,_I7:-5p _ £ _5 Eii_. sd f %
20 _—ef 8= 2 g/5s - 5 600ls. 2~ 0 =/ 1> af
o) = - = 5s = ) . 5
2 400} — _6d =- [ B = | S0 s P
K 6s = Sgi = 5f = H | = A
=500 5Psd af 400 L= i) -
200 —5d I | i u
— 5 ; A 200 Vg -l
p ' -~ Vp d
5s = ad 4
0 4f:‘_ 0 <

5 10 r 5 5
4p°adnl apad’ afm AP0 4d T 4fnl 405 4d* ni ap’ 4d’ nl




Fitting synthesized spectra to the LHD spectra

§ ‘lecemesosev e 5 Synthesized spectra reproduce
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1.0 | (c) calculation Te=0.7keV .
5 ' w21+ 28+ 1 0.6 ® leasurement (0. 7keV)
s 05+ 1 : T T a Measurement (1.4keV)
- . ] L -— Sasaki 0.379keV [23]
= 09 [ T Sasaki 0.678keV [23]
B v e Sasaki 0. 946keV [23]
3 (d) CoBIT Ee 137 keV 20+ i --=— Asmussen 0. 8keV [4]
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Predicted radiation power rate

» We estimate the radiation power rate of tungsten ions.
Total line emission power for each ion is calculated with
the CR model and estimated ion abundance is used.

» Our obtained power rate is consistent with models within
factor 2

6 10731 |

51031 |

110°31 £ Putterich (2010) A 3
: Sudo (2014) '

1000 104
Te (eV)
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4. NIFS-DATA publications (2013 - 2015)

» NIFS-DATA-115
G. Gaigalas, D. Kato, P. Jonsson, P. Rynkun, L. Radzilte,

“Energy Level Structure of Er3+ Free lon and Er3+ lon in Er203 Crystal”
June 20, 2014
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a]
o
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o U oooo o
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Energy level structure of Er3+ on in
crystal by using the Multiconfiguraton
Dirac- Hartree-Fock method.

Energy levels are carefully calculated
and convergent.
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5.

Domestic collaborations related to AM

data in NIFS

>

Measurements of absolute cross sections for electron capture
processes of low energy multiply charged heavy metal ions in
diverter region (K. Soejima et al.) (W9 + He; g=6 and 7; W9 + H)
(-FY2014)

Isotope effect in dissociation processes of deuterated molecules
(Sakai et al.) (FY2015-FY2017)

Atomic and Molecular database of Light Elements (M. Kitajima et
al.) (-FY2014)

Update of Atomic and Molecular Database for tungsten and high
Z elements (M. Kitajima et al.) (FY2015-)

Spectroscopy of highly charged tungsten ions using Electron
Beam lon Trap (N. Nakamura et al.)

Systematic study on spectra and atomic structures for highly
charged rare earth elements (F. Koike et al.) (FY2015 -)

Improvement of diagnostic capability for solar high-temperature
non-equilibrium plasmas by using LHD (T. Watanabe et al. )
(FY2015 -)
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Measurements of absolute cross sections for
electron capture processes of low energy
multiply charged heavy metal ions in diverter
region (K. Soejima et al. (Niigata Univ.))

(Wa+ + He; q=6 and 7; W3+ + H) (-FY2014)
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. @
== Collision energy dependence: W8 - He -~
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6. Concluding remarks

» A&M database activities:
- slowly but updated with new data
- The server is needed to be replaced in
near future.
- Implementation to VAMDC is pending.

» A & M data related activities:
- LHD experimental group on AM
processes continues to measure various
spectra especially W ions and activate our
AM related research.
-Domestic collaboration projects are
progressed.
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