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Time variation of electron temperature was
derived from intensity ratios of Clll (2s? 'S —

2s2p 'P, 977A | 2s2p 3P — 2p? 3P, 1175 A). Time

variation of Clll density was obtained.
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X-ray spectrum of Mg ions: Experiment (red
line) and CRM. (black line:total, green line:
satellite lines, blue line: Lya lines)

T, =200 eV and N, = 5x102°cm-2 were derived
from spectral fit.
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Total DR rate coefficients (cm3s™)
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O IVD2EFMHHEHES DR) DEFREKRFH.
03*(2s22p) + e -> 02+**(232p2nl + 2p3nl)

-> 02**(2s22pnl + 2s2p3 + 2p* + 2s2p23/) + hv.

U | Safronova, Yu Ralchenko, | Murakami, T Kato and D Kato,

Phys. Scr. 73 (2006) 143.

Xe XID2EFMHH#EE (DR) &gt
BHEE(RR)DE ?umf"ﬁi?? 4.
Xe10+ (4d8) + e -> Xe®".
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Collaborators:

ERT—) T RIDOME (BIEZ{fiA 4> ENICE) N. Nakamura, S. Ohtani (UEC) etc.
A 4 B — A(q—j)+**"'(n,n’,...)+ B/t 5=q=<30
. . Al
—= A L BT (j-i)e +hv+hv'+-- B: He,Ne, Ar, Kr, Xe

1 19"+ B collision .
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q : initial ion charge

IP: ionization energy of target atom
Typical coincidence spectrum for the charge state distributions Total electron transfer cross sections scaled by g/IP2. The solid
between the product ions and the recoil ions in [2°*+Xe collisions.  line represents the our scaling law.

*The electron transfer processes of up to eight electrons (j=8) were clearly observed.
*The absolute total electron transfer cross section o_, partial cross section G; and U;,q_i
, and the branching ratios of decay processes were experimentally determined.

*We proposed a simple scaling law for the electron transfer cross sections systematically.

()-q =26 x 10—13 . Q/IPZ(sz) q : initial ion charge

IP: ionization energy of target atom 5



Excited state formation and H, emission above refractory

D_(656.1 nm) emission from high
metal surface °

energy neutrals of a deuteron beam
reflected at Mo surfaces

H+H~ )
P S [ N,_
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/e ‘\//\ o 5 o: D' ®:D) — Mo

i Val 4 NG HY + H"+ 2e H,, photons per hydrogen z §

' & o F - molecule < 0.1 for T,=10- [N .-
! ‘ c £ | HH 1000eV, low s i, e ™8
: - l H+ + H* + Ie S o N O

\ e 0.l 000 @ -04 -
| ) W, 08 310 b
| : : 4 % :
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‘o] M i H* + hy of 04 o [ TT02h
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S s 4 Excited-state formation at surface o B

- Il 1 1 = = 1
e H,, photons per hydrogen atom ~-0.44 2 0 5 10 15 20 25 30
® \ g INCIDENT ION ENERGY/ keV
€ |H*+e H,, photons per hydrogen atom < 0.1 )
for Te=10_1000ev’ nezlolz-]dm.j T Tanabe et al, J NUCI Mater 220'222
(1995) 841.

*One excited H atom would emit more photons than one H atom at the ground
state in boundary plasmas.

Excited states would be ionized before reaching a core plasma boundary;
Less charge-exchange neutral particle loss.

*Excited states in sputtered particles (e.g. Be), H~ formation in NBl source,
ionization/excitation of He ash at PFM surfaces are also to be studied.



Occupation probability

Semi-classical and quantum statistical calculations of
electron transfer to excited atomic levels at metal surface

1 i
n=1
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e
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Level occupation of atomic hydrogen emitted
from tungsten surface. 1D model calculation.

Constant velocity classical

trajectory normal to surface < <

induced electron density [a.u.]

0.003

Dielectric response of the electron gas for tungsten.
Random phase approximation of linear density
response theory. Proton is placed at 5 a.u. above the
tungsten surface.

Free electron gas in metal slab




Ab initio study on atomic structures of vacancy-hydrogen clusters
in metals

0.9
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03

=  VASP (present) |
EMT (1987)

binding energy (eV)

0.2
0.1+

0.0

Binding energies of H atoms trapped at octahedral sites
around a mono-vacancy in ferritic iron (bcc). Dotted lines are
deduced from experimentally observed hydrogen retention.
Solid line stands for solution energy of interstitial H atom
(tetrahedral-site). [1: effective medium theory (EMT).

1 2 3 4 5 6
number of trapped H atoms

% % %N
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N ——WN
% % o %,
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LI T

Atomic structure of mono vacancy-hydrogen cluster in
ferritic iron. Blue: Fe atoms, Red: H atoms.

*‘Modeling hydrogen cluster, bubble and hydride formation is important
concerning hydrogen retention and embrittlement of metals.

*First principle molecular dynamics was used to study atomic structures of
mono vacancy-hydrogen clusters in ferritic iron and tungsten.

‘Present ab initio calculation favors a conjecture that hydrogen trapping
observed at ion-beam experiments is due to mono vacancy-hydrogen cluster
formation for irons.
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Views from Database assessed data on AM collision cross sections

Data providers A Data provide /Data users in various \
------------------------------ > application fields

* fusion science

* astrophysics

* industrial plasmas

* environmental physics
* medical (radiotherapy)

(Atomic physicists)
* theory
* experiment

/ Data centers

data compilation

data evaluation (important but not easy)

dissemination and updating of database
retrievable online database

\ = easy to access, use, find data j

International A&M
data center
network
IAEA, NIFS,
NIST, ORNL,

GAPHIOR, eftc.
9



Data compilation

We compile atomic and molecular data with help of working
groups of atomic physicists from Japanese universities. Some of
compiled data were published as NIFS-DATA series.

Recent works:

(1) Cross sections for electron and ion collisions with molecules
of hydrogen, hydrogen isotopes, nitrogen, oxygen, hydrocarbons,
water and carbon oxides (M. Kimura et al., NIFS-DATA-98
(2006))

(2) Cross section data for low energy ion-molecule reactions in
hydrogen systems and for charge transfer of multiply charged
ions with atoms and molecules (K. Okuno, NIFS-DATA
submitted)

(3) Fe ions data (excitation, recombination) are being compiled in
2005-2006.

10



Data evaluation

For data evaluation, we search data, compile data, examine data,

select or estimate recommended data, and fit to an analytic formula.

Recent work:

(1) Collision processes of Li3* with atomic hydrogen: cross section
database (Murakami et al., NIFS-DATA-86 (2004))

(2) Cross section data for C atom and ions: electron-impact
lonization, excitation, and charge exchange in collision with
hydrogen atoms (Suno & Kato, ADNDT, 92, 407 (20006))

(3) Recommended data on proton-ion collision rate coefficients for
Fe X-Fe XV ions and FeXVIIl-FeXXIlll ions (Skobelev, Murakami,
Kato, NIFS-DATA-95 (2006) and one in preparation)

(4) Evaluation of electron-impact excitation rates of Fe M-shell ions
(Murakami, Skobelev, Itikawa, Kato, in preparation)
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€

Promote interdisciplinary research between atomic
physics and plasma physics

https://dbshino.nifs.ac.jp/

National Institute for Fusion Science Web Site (Please visit our home page.)

What's
New

o Apr 17, 2006 LED debriefing session (Tapanese)
o Apr 17, 2006 Announcement. from "Cryogenics and Suepreonductivity [

Laboratories" to "Superconducting Magnet System Laboratory” (Japanese)
o Apr 12, 2006 World record was renewed in the area of long-pulse high- NIFS

temperature plasma generation experimnet, (Japanese)
o Apr 12, 2006 Award: "Science and Technology Division, the Year 2006 Minister of

“* NIFS DB homepage (https://dbshino.nifs.ac.jp

<MNatonal Institute for Fusion Science>
Atomic & Molecular Numerical Databases
tions and Rate Coefficients for lonization, Excitation, and Recombination by Elects

Charge Transfer by Heavy Particle Collision,

ttering Yields of Solids, and Back Scattering
Bibliographic Databases

lar Physics, and Atomic Collision Process

1 n and Plasma Sci , Atomic an
Made by Atomic and Moleculer Data Research Center

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

For using these databases, please do registration from here

We welcome your data subission. Detais are here
We welcome your comments and suggestions. Please send emal to dbmaster(@dbshin 1ifs ac.jp.

Please Enter Your Account ID :

Logon D,

Password

[L_LogonToTheSystem |  Local Access Only (NINS Members Only)

Information on Database Service
<MNo Service Stop is scheduled >
Free Access Databases on Atomic and Molecular Data provided by NIFS:

ALADDIN (fonization Cross Sections and Excitation Rate Coeficients by Electron Impact)
Data for Autoioniring States (Energy Levels of Autoionizing States and Satelie Lines by
Dielectronic Recombination)

Differential Cross Sections for Molecules by Electron Impact

Differential Cross Sections of Lonization for Atomic Hydrogen by Proton Impact

Sputtering yield, Reflection coefficient and Range value of solid surfaces (Calculated by Dr. W.
Eckstein)

Electron Dissociative Attachment to Molecular Hydrogen

ION FRACTION (Ton Abundance Tables in Ionization Equiibrium)

Links to Atomic and Molecular Databases in the World

How NIFS AM databases are used

-—p /Data

—» Large Helical Device

(LHD) at NIFS

Atomic data package & software
ADAS

Plasma modeling & simulatio CHIANT| Astrophysics

Fusion, Process plasma, radiotherapy, etc Solar plasma

By Atomic and Molecular Data Research Center, Coord Research Center in NIFS
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Other data activities

 We correspond to data requests or inquiries
on atomic and molecular data. We use Human
network in the World to answer.

 We are providing other databases made by
domestic and international collaboration
programs.

* New study for making software which
automatically searches atomic data from internet
resource are studied as a collaboration with
computer scientists (A. Sasaki, JAEA).
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