
CONTROLLED FUSION ATOMIC DATA CENTER
Oak Ridge National Laboratory

Progress Report, October, 1989 - September, 1990

R.A. Phaneuf

1. Data Compilation/Evaluation Activities

During this period, the major activity in the ORNL Controlled
Fusion Atomic Data Center has been the completion, publication and
distribution of/the compilation of recommended data, entitled:
"Atomic Data for Fusion, I: Collisions of H, H2, He and Li atoms
and Ions with/Atoms and Molecules," by C.F. Barnett. This volume
contains evaluated and recommended data for 321 different heavy-
particle collision processes. The breakdown according to type of
process is as follows:

Total electron capture (36 reactions)

State-Selective Electron Capture (74 Reactions)

Direct Excitation and Spectral Line emission (75 reactions)

Ionization and Charged-Particle production (50 reactions)

Electron Loss or stripping (15 reactions)

Electron Detachment from Negative Ions (17 reactions)

Dissociation of Molecules and Molecular Ions (33 reactions)

Heavy-Particle Interchanger reactions (21 reactions)

Cross-section data as a function of collision energy are
presented for all reactions. Rate coefficients have also been
calculated from the cross-section data for the case of two
interacting Maxwell-Boltzmannn velocity distributions, and also for
a mono-energetic beam interacting with a Maxwell-Boltzmann velocity
distribution. Rate coefficients are presented as a function of
temperature only for those reactions for which cross-section data
are available over a sufficiently wide energy range to permit their
accurate determination. Beam-Maxwellian rate coefficients are
presented only for neutral particle beams.

The recommended data for each reaction are presented in the
form of tables, graphs and Chebyshev polynomial fitting
coefficients. The estimated accuracy of the recommended data,
references to original data sources, and comments or notes are
given for each reaction. The rms uncertainty of the polynomial fit
and the maximum percent deviation from the actual data are also
given.

An ALADDIN database was also created for this volume, and
distributed on a PC-DOS diskette along with a copy of the ALADDIN
program (IAEA Version 1.0) to 150 of the 500 recipients of ORNL-
6086. Due to the cost of production, the diskette was supplied
only to those who requested it by returning a questionnaire. In
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the course of creating the ALADDIN data base, several new process
labels were added to the dictionary, in co-ordination with the IAEA
Atomic and Molecular Data Unit. A "README" help file was also
created and distributed along with the diskette, to facilitate the
adoption of the ALADDIN system by users.

At the request of the IAEA Atomic and Molecular Data Unit,
cross-section data for ion-atom collision processes which play
important roles in the edge plasma of magnetically-confined fusion
devices were surveyed and reviewed. A manuscript was also prepared
for inclusion in a Special Supplement to Nuclear Fusion, which is
being co-ordinated by the Data Unit. The species considered
include H, He, Li, Be, C, 0, Ne, Al, Si, Ar, Ti, Cr, Fe, Ni, Cu,
Mo, W and their ions. The most important ion-atom collision
processes occurring in the edge plasma are charge-exchange
reactions. Excitation and ionization processes are also
considered. The scope is limited to atomic species and to
collision velocities corresponding to plasma ion temperatures in
the 2-200 eV range. Sources of evaluated or recommended data are
presented where possible, and deficiencies in the data base have
been indicated.

A collaboration was initiated with T. Shirai of JAERI on the
development of an improved analytical scaling formula for
ionization of H, H2 anf He by multiply charged ions. This work
addresses the deficiency of existing scaling formulae in the low-
energy region. A manuscript on this work has been prepared for
submission to Nuclear Instruments and Methods in Physics Research.

2. Bibliographic data Base

The on-line bibliographic data base has been kept up-to-date,
and now contains 22,500 categorized and indexed references from 120
journals, covering the period from 1978-present. Input from 4 ORNL
atomic physics staff members and 5 consultants under contract is
entered regularly. Access for on-line searching is available via
a local area personal-computer network. Semi-annual updates were
supplied on diskette to the data centers at the IAEA, for inclusion
in the Bulletin, and also to NIFS-Nagoya and JAERI.

3. Planned Data Compilation Activities

Data compilation activities planned for the CFADC include the
preparation of a "Redbook" compilation of evaluated and recommended
data, entitled "Atomic Data For Fusion, Volume 2: Collisions of
Electrons with Atoms and Molecules," by C.F. Barnett, J.W.
Gallagher and D.C. Gregory. The scope of this compilation, which
will include an ALADDIN data base, is as follows:

e + H, H2, He, Li, C, 0, 02, N, N2, Li, Fe, CH4, H20

Ionization (24 reactions)

Excitation (62 reactions)

Dissociation (24 reactions)

Dissociative Excitation (6 reactions)
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Radiative recombination (5 reactions)

Electron Attachment (5 reactions)

Elastic Scattering [differential] (10 reactions)

Inelastic scattering [differential] (5 reactions)

A high priority for the next year will be given to the
creation of an evaluated ALADDIN database for dielectronic
recombination involving C and 0 ions. Improved radiative cooling
rates for C and O will also be calculated from these data, and from
the recommended excitation data in the ORNL-6086 "Redbook"
compilation.

Plans also call for the CFADC to establish a user area on the
NERSC Cray computer network, where the ALADDIN databases will be
available.

4. Manpower

The CFADC regrets the departure of H.T. Hunter during the past
year to the ORNL Engineering Physics Division. The present CFADC
staff and manpower levels are organized as follows:

Clerical/Information Specialist:

Scientific/Technical:

Consultants Under Contract:

M. I. Kirkpatrick 1.00 PY

R.A.
D.C.
F.W.
C.C.

H.B.
E.W.
M.S.
T.J.
E.W.

Phaneuf
Gregory
Meyer
Havener

Gilbody
McDaniel
Pindzola
Morgan
Thomas

0.20
0.10
0.05
0.05

0.05
0.05
0.05
0.05
0.05

PY
PY
PY
PY

PY
PY
PY
PY
PY

TOTAL 1.65 PY

5. Recent Publications

Atomic Data for Fusion, Volume 1: "Collisions of H, H2, He and Li
Atoms and Ions with Atoms and Molecules," C.F. Barnett, ORNL-6086
(July, 1990).

Atomic Data for Fusion, Volume 6: "Spectroscopic Data for Titanium,
Chromium and Nickel," W.L. Wiese and A. Musgrove, ORNL-6551
(September, 1989).
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